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ABSTRACT

The increasingly sedentary lifestyle of the past 30 years has contributed o declining
health. Consequently, exercise is vital for good health maintenance. The global Health
and Fitness Industry repeatedly indicates the need for optimally managed exercise
with accurate information feedback. Compared to other industries, the fitness industry
is lagging behind in incorporating Infonmation Technology into its operations. On the
other hand, the most current exercise equipment impose fixed-trajectory exercise on
users with the dominance of static equipment designs. These exercise equipment are
normally deadweight-based equipment. In deadweight-based exercise equipment, the
weights generally can be changed only when the equipment is inactive. Therefore, a
more novel exercise envircnment is required for current exercisers in the fitness

industry.

This thesis explores to develop a computer-controlled pneumatic dynamic resistance
exercise equipment with onboard data management. This new technology optimises
exercise effectiveness for users. Exercisers will have advanced diagnostic capacity,
and will capture user data which can be manipulated into meaningful information for

use by Health and Fitness Industry stakeholders.

This thesis will explore all the key concepts about computer-controlled equipment.
The key concepts to be investigated will include FX (force-displacement) control
technology, pneumatic system control, fail-safe mechanics, and Graphical User
Interface design. The primary aim of the project is to replicate and enhance the
functionality, performance, and sensation of deadweight-based equipment. A further
aim of the project is to investigate the feasibility of designing a compact retrofit-able
pneumatic unit to replace the deadweights of existing standard exercise equipment.
The computer control will be implemented on a “National Instruments PXI" computer

featuring Data Acquisition and Control (DAQAC) capacity, and the software will be



implemented using “LabVIEW 7.0°, which is a graphic object-oriented computer

language developed to facilitate hardware / software communications.



GLOSSARY

Software Development / Engineering: is a systematic and disciplined approach to
developing software. It applies both computer science and engineering principles and

practices to the creation, operation, and maintenance of software systems.

Deadweight-based Exercise Equipment: the unrelieved weight of a heavy, motionless

mass. The weights generally can be changed only when the equipment is inactive.

Force-Displacement Control Technology: a bi-directional pneumatic cylinder has each
chamber connected via an electronically controlled pressure control valve to a high
pressure reservoir. By reducing or increasing pressure force can be controlled

through differential pressure.

Pneumatic Actuation: converts energy typically in the form of compressed air into
motion. The motion can be rotary or linear, depending on the type of actuator. Some
types of pneumatic actuators include: tie rod cylinders, rotary actuators, grippers,
rodiess actuators with magnetic linkage, rodless actuators with mechanical linkage,
pneumatic artificial muscles, speciality actuators that combine rotary and linear

motion-frequently used for clamping operations, and vacuum generators.

Closed-loop Control System: is one in which an input forcing function is determined in
part by the system response. The measured response of a physical system is
compared with a desired response. The difference between these two responses
initiates actions that will resutt in the actual response of the system to approach the
desired response. This in turn drives the difference signal toward zero. Typically the
difference signal is processed by another physical system, which is called a

compensator, a controller, or a filter for real-time control system applications.



PID Controlier: a Proportional Integral Derivative controller is a generic control loop
feedback mechanism widely used in industrial control systems. A PID controller
attempts to correct the error between a measured process variable and a desired
setpoint by calculating and then outputting a corrective action that can adjust the

process accordingly.

Fail-safe Mechanics: capable of compensating automatically and safely for a failure,
as of a mechanism or power source. Acting to discontinue a military attack on the

occurrence of any of various predetermined conditions.

Exercisers: during this thesis, exercisers have two meanings, which one meaning
reflects exercise equipments. Another meaning reflects the persons who will use the

equipment to exercise.



ACKNOWLEDGEMENTS

| am deeply indebted to many people who have provided help, support and
encouragement. | would like to thank my supervisor, Mr. Bennett Alexander, for his
invaluable help and unselfish support throughout the preparation of this thesis. I thank

him for teaching me to be a researcher.

Secondly, | would like to thank all the participants who graciously offered time to
participate in this study. Your willingness and co-operation was an invaluable

contribution to this study.

| would also like to thank the Cape Peninsula University of Technology, and the
department of Information Technology for providing a conductive environment to

undertake my research.

Finally, 1 would like to express my warmest gratitude to my family and all my friends
for making my life rich and joyful. | express my heartfelt thanks to my parents for their

support, care, and love.,



TABLE OF CONTENTS
AB ST RACT ...t irareressessemmamaurmeseairassnsnsessssharmmmttaassssins s nnmtenssnespanaseninmnnntinresasssan i
GLOSSARY .oiiiieiiitisinscieessassrtnsssssmmcintnsssssssssssnssmrssssstansrassssasassanasaassasssnssaonssnnensanssnn iii
ACKNOWLEDGEMENTS ...octcicceccmcrceee i csanessnncsaneseasnreass rastsnsnsreseanssabessansnamssasis v
TABLE OF CONTENTS....cccircimiinrermrermrcarecsesamsasmsstmsn s avnsnsann s sanamsnsasarasas vi
LIST OF FIGURES...........c oo cce st s as s sn s ns s s s e s smnsn s maa s s nens ix
LIST OF TABLES ..uuureesecsssssssnrssssssssessssesssssssssssssssssssassssesssssesesssssasessssssassssansesesss xii
LIST OF EQUATIONS ......cccoeeeciiecimre e ctanenssmsse e catiees s s ra s a e sbemn s e ens e s e s me b anmna e xiii
CHAPTER 1
INTRODUCTION ..ot iiaeriesisimnscccsissectiesssessmssasisssssanssesssasssnssananansnenass nanssmsssnnsnssass 1
1.1 Background to the research problem ... 2
1.2 MOBIVAON ot b e e e e s e s ee s s b e e e e s ne e msn e e e e a e aanns 7
1.3 Statement of the research Problam . et e 8
1.4 Research questions, sub-questions and objectives .....cccoceececeeeececeee 8
1.4.1 Research question statement ... ..o e 8
1.4.2 Research sub-questions and objectives ..........cccoiceece e, 8
1.5 Current status of studies on physical activities used in modem exercise
equipment developing and related technologies ... 10
1.5.1 PRYSICAl ACHVITY .oerrvreiiieie et rr s s s s e e st e e s e s s e s e sre s 10
1.5.2 Health-relatad flNeSS ..o es e e se s ea e e s 11
1.5.3 Health-related exercise equipment ... 1
1.5.4 Dynamic variable reSIStANCE ..ooovv ettt s et neeas 12
1.5.5 Intelligent &xXercise eqUIPMENT ..o eire e e s eee s e eenene e 12
1.6 Research design... .ottt et ss s e sy e sr e e 13
1.7 Delineation of the research............ccooc e e rr e 15
1.8 Contribution of the reSearch ... e 16
TAPROJECE PlAM .ot scs s 16
CHAPTER 2
LITERATURE REVIEW ON HEALTH AND FITNESS ....cooccierreercecr e ssaemsssnennasa. 22
2.1 PhySiCaI BCHVIY......coireeeirre ettt e ms s et 22
2.1.1 Physical activity MOGe.... ...t 25
2.1.2 Physical activity intenSity .....ccoo v s 25
2.1.3 Physical activity TeqUEBNCY .....oe e s rm e 26



2.1.4 Physical activity dUration........cooooer et s 26
2.2Fitness and Realth........oocoeeeee ettt e s 27
2.2.1 Performance-related fiNeSS ... e s 27
2.2.2 Health-related fNess ..ot 28
2.3 EXBICISE c..eeeeeeeeenerecir e sseen e e e e e s ensesesre s e e e s a et e e ae bt n st e taanasaeanean 29
LA T Y=o o 1T = (= =T T OO SRR OURR 30
2.3.2 ANAETODIC BXEICISE. ..o it e s s e e e e ae et eeba s menenns 32
2.4 EXercise equIPMENt (...t e e eae s 34
2.4.1 Cardio (aerobic) eXercise equUIDMENt ... rar e rme st 34
2.4.2 Strength training (anaerobic) exercise equipment.............ccccvevrcrvirrnecccieeennen. 37
2.5 Intelligent exercise equUIPMENt ....... ..ot esr s 39
2.6 FitNess OrganiSation......ccccveireeiee et rn e re s st ssnan e shasnrns 40
2.7 Key concepts and technologies of building intelligent related software .............. 43
2.7.1 Intelligence and inteligent Control...........ccccviriviesse e 44
2.7.2 Computer-CONrolled .....vi s et 47
Pt s IS0 1] o = o OSSO 50
CHAPTER 3
DESIGN METHODS OF A COMPUTER-CONTROLLED PNEUMATIC SYSTEM... 51
3.1 The pReUmMalc SYSIOMI e e e e e et 51
3.1.1 Role of the pneumatic System...........ooo e e 52
3.1.2 Components of the pneumatic system ...t 53
3.1.3 Design overview of the pneumatic SYStem ... icmrcercsrcr e 59
3.1.4 Process control pneumatiCs..........veevv e 66
3.2 Monitoring and control SOftWATE ... e e veens 72
3.2.1 National instruments LabVIEW ..ot 73
3.2.2 Object-oriented design methodology ......coovveernriesceeeeee e 75
G TR T 1011 1= o U USSR 80
CHAPTER 4
COMPUTER-CONTROLLED PNEUMATIC EXERCISE EQUIPMENT ......cccoenveeumenees 81
4.1 Design enMVIMOMITIBNE ... teerer e es s e s ear e e ene e e e ssas s e s ene s s saassanesanes 82
4.1.1 Hardware environment..........cccciiccmrnmnrcrevees s es st s ssmseesse s stes e 82
4.1.2 Software enviroNmMEN ... ...ttt sme e st se e 89
4.2 Pneumatic mechanical inkage ........covevievvicrcnncciee e SUUPRUPRR 92
4.2 1 Experiment 1 — one valve open and close anothervalve ..o 92
4.2.2 Experiment 2 — W0 ValVES ODEN ..ot e s 98
4.3 Computer-controlled exercise BYStemS . ... 100
4.3.1 Database deSIgN cooee et e 100
4.3.2 System architecture design.......vcee e 103
4.3.3 System analysis with abject-oriented..........ccoeeeeenicceee e 106
4.3.4 Software features and functionalities oo e 110
4.3.5 System iNTegration ..o et 127
4.3.6 SOfWAre 18SHNG - e n 133



4.4 SUMMEANY .. creevrerreeereeersesrersre e e s e ssr i ssrtaesssmt s s sasernetsassassnsesesssreesssrrrnsassssansensasnsers 140
CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS. ......coociieiiemreeermeccessenennee e rnnnarerecsees 141
.1 G ONCIUSIONS et ceeeeir e rcreerre st e e s s s e re s s e s en e s e s et s s s e r e s s e anmeee s nnnersan 141
5.2 Recommendations..........oooooiiiiiier et ee etk rae s 143
5.3 The future of intelligent exercise machine..............oooo e 147
REFERENCES......o e rcrrcrsrert s mccememmrsmeca s reme st s e rr s mmesmm s ss e s en b s bm e sem s nereen mmmms 151
APPENDICES ... s sctsae s rsrrasresassassnsmssss s rrarrrmmssssaesas samemrrmaaanransans 166
Appendix A: Interview QUESHIONS ..o e e 166
Appendix B-1: Personal observation of the training equipment functionalities ....... 169
Appendix B-2: Personal observation of the training equipment functionalities........ 170
Appendix C: MPZ setpoint module user manual .........eoivccicinccviennccceeeercceeen, 171
Appendix D; Proportional pressure regulator type VPPM... user manual .............. 172
Appendix E: MLO-POT-450-LWG displacement transducer data sheet................. 188
Appendix F: UZB force transducer data sheeb ... 196
Appendix G: Air treatment use manual.............ccoo i sre s e 200
Appendix H: INA 128 amplifier data sheet..........ccoriome i 202
Appendix |: OPA 2132 amplifier data sheet ...t 212
Appendix J: National instrument TBX-68 DAQ card data sheet.........ccccoeeieinee. 227

viii -



LIST OF FIGURES

Figure 1-1: The components of physical fitness portrayed in the weight lifter, modemn

dancer, and basketball player (Robergs & Robers, 2000)........cccvceeeeeeeene 3
Figure 1-2: The usability engineering lifecycle (Mayhew, 1998} .......covvemerrreeeenene. 14
Figure 1-3: Work schedule ...ttt e 20
Figure 2-1: Key technologies far intelligent control systems - Martin & Hideki (1996)

..................................................................................................................... 47
Figure 2-2: Schematic diagram of a computer-controlled system — Bjérn et al. (2002)

..................................................................................................................... 48
Figure 3-1: System ArchiteClUre ...t r e rme e 52
Figure 3-2: DNC-50-450-PPV-A double-acting eylinder ... s 54
Figure 3-3: Double-acting pushes in action .......ccveerrrercveeecceeeccee e e 54
Figure 3-4: Double-acting pulls back action ..., 54
Figure 3-5: MPZ setpoint MOQUIE .......covee vt 55
Figure 3-6: MPZ display and operating elementS........ccoccvevvrrisinienenesssinennnsenens 55
Figure 3-7: Operating elements and connections of VPPM ........ccocoireieveivvrvenen, 56
Figure 3-8: MLO-POT-450-LWG displacement transducer..........cocccevevceeecciecceneen. 57
Figure 3-9: U2B force transSduCer ..o ae e 58
Figure 3-10: MS..-LFR-/LR(B}-..., MS-LF(M)-/LFX-... air treatment.............coon...... 59
Figure 3-11: SiMUlate @XerCISEr .. .ot 60
Figure 3-12: Differential pressure control principle......ocnin e 61
Figure 3-13: Simulate exercise eqUIPMENT ... vrciecrrrr st 61
Figure 3-14: Response tiMe ... ettt e e ree e st s e s e e e e e 63
Figure 3-15: Increase pressure on one Side......c.ccccvevveverre s 64
Figure 3-16: Pressure vs. response time......ccooo e ee e e 65
Figure 3-17: Increase on one side and decrease on other side.....ccvecv e 65
Figure 3-18: 40 bars force applied on both side working cylinder..........cooveeeeenee. 65
Figure 3-19: INtake VAIVE ..ot eenesenees 66
Figure 3-20: Exhaustvalve..................... et et e e ee e et e et eeaas 66
Figure 3-21: Closed 100p CONrol... . 67
Figure 3-22: System rE€SPONSES. ... i i eccerreieerteeeieeeee s re s sre st s eaee s besssnsesnnes 68
Figure 3-23: Block diagram of a2 PID Controller ..........ooovvevemeeiicieeeesecevieeeeee e e 69
Figure 3-24: Modified closed 100p control...........co e e 72
Figure 4-1: Diagram of design environment ..........ccococeieveevircirceeccercee e e ceee e 82
Figure 4-2: Interface of PXI modular instrumentation.........ccocr e 84
Figure 4-3: Pneumatic fig........oiiniis et 85
Figure 4-4: instrument amplifier........ccooeo e e 87
Figure 4-5: Block diagram of instrument amplifier..........cccccoooeecirvn e 87
Figure 4-6: Block diagram of INA 128 e 88
Figure 4-7: Single, dual, and quad versions of OPA2132.........cccoorecveiiinieenns 89
Figure 4-8: A simple LabVIEW VI example — front panel ........cccoeeeeiiiieece e, 90
Figure 4-9: A simple LabVIEW VI example — block diagram...........ccccoccmreennvcienen, 91



Figure 4-10: Controls palette ... a1

Figure 4-11; FUnctions paletle. ..o e e .91
Figure 4-12: Experiment 1 —valve 1 & valve 4 open............ccooiiiceeecea, a3
Figure 4-13: Experiment 1 — valve 2 & valve 3 open...... e, 94
Figure 4-14: Experiment 1 — block diagrami ... 94
Figure 4-15: National Instrument TBX-88 DAQ Card .......cccccvcvrecccineceeceeeceeeceeenas 95
Figure 4-16: TBX-88 — I/O CONNECION. ...ttt se e s ccnr s sesss s ae s smnneeas 96
Figure 4-17: TBX-68 - 1/O of experiment 1 & 2....cocovivvcei et e rer e evr e eeeeen ... 98
Figure 4-18: Pneumatic rig — signal control unit..........ccoooreecneecee e 96
Figure 4-19: Block diagram of signal contral unit ... 97
Figure 4-20: Wires connection diagrams.....ccvccenrriernnnsrernrneres s sssssssessnnens 938
Figure 4-21: Experiment 2 — both sides valve open...........ooiiiiiece 99
Figure 4-22: Experiment 2 — block diagram.... et ssscinsssssnnes 99
Figure 4-23: Related data tables. ... 102
Figure 4-24: Macro cross-functional diagram.......ccccveerieicircincccicnnnccsrereeee e 104
Figure 4-25; Diagram of system functionality .......ccovcvvrrevrrrcrevrrernvneeevnerer e 105
Figure 4-26: Class diagram — FX control..........coieceee e 107
Figure 4-27: Class diagram — Exercise Motion control............ccoccooeiivi 2l 107
Figure 4-28: Class diagram — Smart card control..............cccooiiieeee 107
Figure 4-29: Class diagram — Heart-rate control.............. ... 107
Figure 4-30: Class diagram — Exercise data recording control .......cc.ocoeeeeniennen 107
Figure 4-31: Class diagram —Fail safe control............cc.cooiiiii i 107
Figure 4-32: Class diagram — Data warehouse control ... 108
Figure 4-33: State diagram — Exercise motion control ..o 108
Figure 4-34. Sequence diagrams — Heart-Rate control.........ooe oo rccccieeiaes 10
Figure 4-35: Collaboration diagrams — Heart-Rate control ........ccoooeviiiiiciccinvinnes 110
Figure 4-36: FX control — Define FX profiles ..., 112
Figure 4-37: Lift exercise — fOrward ... s 112
Figure 4-38: Liftexercise —backward. ... 2
Figure 4-39: One of lift exercise FX profiles ..., 113
Figure 4-40: Spring EXEICISE ...uiiiiiirisiitre e e e rae e ee e s ee e reateeeesaneeemeeeanmneeaneeeneeeas 113
Figure 4-41: One of spring exercise FX profiles.......cccccvvevercerveeenrecceceeereeeecene 114
Figure 4-42: FX profile for 2erobiC @Xercise ... e 114
Figure 4-43: Actual force oUtpUES ... 115
Figure 4-44: State diagram — FX CONtrol.......c.oo oo 115
Figure 4-45: Sequence diagram — FX control...........covviriininon e 115
Figure 4-46: Collaboration diagram — FX control ... 116
Figure 4-47:LabVIEW spreadsheets — Load programs .........coceveeceeeecreeenecceenecennn. 16
Figure 4-48: Exercise motion Status ... 117
Figure 4-49: State diagram — Exercise motion status...........cccoveivicvcviineceiicinenan. 118
Figure 4-50: Sequence diagram — Exercise motion status............ccooiiiiiii . 118
Figure 4-51: Collaberation diagram - Exercise motion status ... 118
Figure 4-52: State diagram — Smart card control .........ccccvemnvcimmnnrercccree e 119
Figure 4-53: Sequence diagram — Smart card control ..., 119



Figure 4-54:
Figure 4-55;
Figure 4-56:
Figure 4-57:
Figure 4-58:
Figure 4-59:
Figure 4-60:
Figure 4-61:
Figure 4-62:
Figure 4-63:
Figure 4-64:
Figure 4-65:
Figure 4-66:
Figure 4-67:
Figure 4-68:
Figure 4-69:
Figure 4-70;
Figure 4-71:

Figure 4-72:
Figure 4-73:
Figure 4-74:

Collaberation diagram — Smart card control ..., 120
Smart card control — User administration.........cceccomvececivennncccieennnns 120
Heart-Rate COMIOL... ...t rs e cees s an e b anens 121
State diagram — Heart-rate control.........coo e, 122
Exercise data recording control.......cco e eevnrer e 123
Exercise data sampling ... 123
State diagram — Exercise data recording control.......oooviiiiiiiennn, 123
Sequence diagram — Exercise data recording contral...........ccccoeeeet 123
Collaboration diagram — Exercise data recording control.................. 124
The general scheme for fail-safe systems (Dobia$, 2005) ................. 124

Fail-safe desigri....co et aar e 126
State diagram — Array updates and database control.............cc.....c... 126
System integration inputs and results (GSAM, n.d.) i, 127
System integration planning (GSAM, n.d.) e, 128
System integration process (GSAM, N.d. )i 129
lterative, progressive nature of integration (GSAM, n.d.) ........c......... 130
lterative, progressive nature of integration in application .........c..c.... 130
Interfaces between system parts and between systems (GSAM, n.d.)

............................................................................................................. 131
Integrated system interface between subsystems..........cocecoccnenes 131
Integrated system GUI ... e 132
TESHNG PrOCESS. ... eeereeieieire et e s ee e ceecereree ot ssaaeeae s e e rsnrreaneasssenessannaan 134



LIST OF TABLES

Table 1-1; SPECIIC WOTKS ....cieiereereeee et s e e e rae st e s s sr e e ees s e s s emeaen e s s snssnnn 17
Table 4-1: EXerciser details......covieoviiirce ettt cerenecritn e cte s s sssa s ssaens 100
Table 4-2: FX Profile ittt st e e 101
Table 4-3: Exercise data reCold .. ..o e et mae s 101
Table 4-4: Heart-rate ... ecece et se et eer e emnr s s oot 102

xil



LIST OF EQUATIONS

Lo (T 1T YR S [ OSSR 62
o | BE (o] I USSP TP 62
Lo TUE=x o) 1 1 S T OO 69
o LU= (10T o TR - S o SO 70
EQUAION 3-5. . ettt et e e s e e s e s e e mren et an e e 71
o (o T I R SO 86
EGUALION -2 ... et irrceeee e tre s s stemsbnr s e e e snan s e anamssreaes s sannesssnnerrrrsnmaasesreens OO

xii



CHAPTER1
INTRODUCTION

This research aims at designing and implementing a computer-controlled pneumatic
device fo replace deadweight in standard exercise equipment. The functioning of this
exercise equipment is based on a force-displacement (FX) relationship. A counter
force (F) is presented by the equipment against the exerciser's effort. In
deadweight-based equipment, the weight (force) at which the exercise is performed
can be set. For a given setting, the weight will remain constant with respect to

displacement (X) of the point of application of the exercise, that is, F{X) = constant.

In standard deadweight-based equipment, the weights generally can be changed only
when the equipment is inactive. This research presents an approach where the
“weights” of the exercise equipment can be changed dynamically in exercise, that is,

F{X) = variable.

in this research, the deadweights will be replaced by (a) pneumatic cylinder/s and
directional control valves, which wili allow the FX relationship to by dynamically varied
under computer control. The computer control will be implemented on a “National
Instruments PXI” computer featuring Data Acquisition and Control (DAQAC) capacity,

and the software will be implemented using “LabVIEW 7.0”.

The software implementation will feature fail-safe design approadhes to safeguard
both human and machine. The software will also feature performance monitoring of

both the human and the machine.

The primary aim of the research is to replicate and enhance the functionality,
performance, and sensation of deadweight-based equipment. A further aim is to

investigate the feasibility of designing a compact retrofit-able pneumatic unit to

1



replace the deadweights of existing standard exercise equipment.

Although this research also explores innovation of the mechanics of exercise
equipment, it is essentially the development of the control and monitoring algorithms
and its implementation in software that is at the heart of the research. The control

algorithms will feature state-of-the-art software-based PID control.

(Note: In spring-based exercise equipment, the FX relationship could be represented
by F(X) = kX. In damper-based exercise equipment, the FX relationship could be
represented by F(X} = k dX/df).

1.1 Background to the research problem

According to Wittenmark, Astrom, and Arzen (2002), computers are today essential
for implementing controllers in many different situations. The computers are often
used in embedded systems. An embedded system is a built-in
computer/microprocessor that is a part of a larger system. Many of these computers
implement control functions of different physical processes, for example, vehicles,

home electronics, cell phones, and now in exercise equipment.

The increasingly sedentary lifestyle of the past 30 years has contributed to declining
health (Alexander, 2006). Consequently, exercise is vital for fitness and maintaining
good health maintenance. The term “exercise” needs to be defined. The Webster's
dictionary (1984} gives three important definitions of “exercise”. The first relates to
“regular or repeated use of a faculty or body organ”; the second to “bodily exertion for
the sake of developing and maintaining physical fitness”; and the third to “something
performed or practiced in order to develop, improve, or display a specific power or
skill”. Another definition is given by The New Encyclopedia Britannica (Micropaedia

Volume 4, 2005) which states that “exercise is the training of the body to improve its



function and enhance its fitness.” In terms of the above definitions, “exercise” can,
therefore, be used to denote activity that is performed for the purpose of improving,

maintaining, or expressing a particular type of physical fithess.

Rebecca (2005) categorises exercises into three types, depending on the overall
effect they have on the human body. According to Rebecca, the first type of exercise
is “flexibility exercises such as stretching that improve the range of motion of muscles
and joints”; the second is “aerobic exercises such as walking and running that focus
on improving the cardiovascular endurance”; and the third type is “anaerobic
exercises such as weight training, functional training or sprinting that increase the
short-term muscle strength”. Figure 1-1, shows examples of these three types of

exercises.

i
~

‘ .,
o

Sriorotaiony mduraros

- i
. .

- a1 N oL
Muile powse 1 4l

hustle vresg™ Tady compaiton Aghee T
teus’s madurone

Figure 1-1: The components of physical fitness portrayed in the weight lifter, moedern
dancer, and basketball player
Source: Robergs & Robers (2000)

The weight lifter is doing muscle strength training in order to improve the capacity of
muscles to generate force and make the muscles tone; the modern dancer is
performing flexibility training that enabies the ability to maximise joint range of motion,

and the basketball player is engaged in aerobic exercise to improve his



cardio-respiratory endurance, increase the capacity of the lungs to exchange gases,

and the heart and blood vessels to circulate blood around the body.

More people are committed to, and are undergoing exercise sessions today, for many
health-related benefits. Exercise can lower our blood glucose, blood pressure, and
cholesterol; it also reduces our risk for heart disease and stroke, relieves stress, and
strengthens our heart, muscles, and bones. In addition, regular activity helps insulin
work better, improves our blood circulation, and keeps our joints flexible. Furthermore,
if we are trying to lose weight, a combination of physical activity can help us reach our
target weight and maintain it (American Diabetes Association, 2006). To this end,
researchers indicate that individuals should perform exercises continuously for 15

minutes up to an hour, 3 to 5 times a week (World Book A Volume 1, 2006).

As it has become well known, exercise gyms and clubs have grown in popularity over
the last decade, largely because of increasing awareness and desire for more expert
exercise environment and the need to communicate with other exercisers. In addition,
exercisers are no longer only focusing on exercise processes, but are also interested
in the relevance and quality of various types of exercises. For this purpose, many
exercise equipment have been produced to enhance the quality of exercise
processes for improved outcomes. Exercise equipment fall into two categories based
on the type of exercise provided: cardiovascular or strength training (Wisegeek, n.d.;

Standhousehotel, n.d.).

Cardiovascular exercise helps to increase heart health and to burn fat by raising the
heart rate. Cardiovascular exercise equipments include stationary bikes, treadmills,
elliptical trainers, and stair climbers (Wisegeek, n.d.; Standhousehotel, n.d.). Most of
these exercise equipment include a display screen which tracks our heart rate and
provides options for customising our workout, the amount of miles or kilometres we

have travelled and our total calories burned (Wisegeek, n.d.; Standhousehotel, n.d.).



Strength training helps to build muscular strength and to maintain the results of cardio
exercise (Wisegeek, n.d.; Standhousehotel, n.d.). Exercise equipment for strength
training is more varied. One of the more common types of exercise equipment is the
weight type which uses weights to provide the necessary resistance. This type of
equipment has a stack of incremental weights attached to a pulley which we can lift by
pulling or pushing other parts of the machine (Wisegeek, n.d.). In addition, this weight
equipment has largely been used in mast gyms and clubs because of the ease of use,
and low cost. While there are numerous benefits derived from the use of the
deadweight equipment, they are not without disadvantages. They are cumbersome to
move since they are generally associated with a frame and bench assembly and the
weights have to be moved when the equipment is moved (Cook & Gerry, 1989). They
may cause injury to inexperienced users since the weights may be accidently dropped
suddenly. Furthermore, when weights are lifted, an inertia of movement is created
which tends to provide unevenness in the operating resistance during the exercising

process (Cook & Gerry, 1989).

To overcome these disadvantages, various hydraulic systems have been developed.
Hydraulic equipment was first developed for the Henley Corporation in the 70’s, and
are becoming an increasingly popular form of exercise (Wikipedia, n.d.). Unlike
deadweight type equipment, the resistance provided by hydraulic exercise equipment
depends on the force exerted by the user (Beyondmoseying, n.d.). The fundamental
principle of hydraulic equipment is based on fluid dynamics. Force is applied at one
point and transmitted to ancther point using an incompressible ﬂuid_ (Wikipedia, n.d.).
Hydraulic exercise equipment comes with a combination of various pieces. Circuit
training hydraulic exercise systems, helps to tune the body into perfect shape by
exercising all the parts of the body (Hydraulic-equipment-manufactures, n.d.). The
versatile exercise system appeals to all groups of exercisers, and adapts well to any
fitness level and operates (Hydraulic-equipment-manufactures, n.d.}). Even though
hydraulic exercise equipment is better and more convenient than weight type
equipment, their disadvantages are apparent when used. Most hydraulic equipments
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use a frame or bench assembly to which the apparatus is mounted. As a result, the
equipment is not easily fransportable (Cook and Gerry, 1989). Furthermore, this
equipment has the disadvantage of requiring somewhat complicated setup
procedures before a person can exercise a particular muscle group (Cook and Gerry,
1989). This is a problem for physical therapists who want to have equipment which is
easily transportable from the office to a patient's home and which can be easily used
by the patient without the necessity of providing expensive accessory equipment

{Cook and Gerry, 1989).

To overcome the disadvantages of both deadweight and hydraulic equipment,
pneumatic systems have been developed. Pneumatic equipments generate and use
compressed air to provide necessary resistance. Compared with pneumatic
equipment, the hydraulic system is a hard system since fluid is not compressible. A
pneumatic system is a much softer system since air is compressible to a certain
degree (Rgriley, n.d.). The advantages of using compressed air to provide resistance
in exercise equipment have been known for years. During the 80’s and 90’s
pneumatic equipments were adopted by many upscale commercial fitness centres in
order to provide their customers the finest equipment available (Rgriley, n.d.). With
pneumatic exercise equipment, exercisers future use compressed air to open the way
for dynamically adjustable resistance; smooth and silent operation; with no adverse

effect of inertia (Rgriley, n.d.).

Whether weight type equipment, hydraulic equipment, or current pneumatic
equipment, they all cannot absolutely satisfy every exerciser’s desires and requests.
Today, exercisers pay more and more attention to exercise and health sfatus data,
made possible by the fast development of IT technology. In addition, the fitness
industry is lagging behind on incorporating IT into its operations (Alexander, 2008).
That is why the need to integrating IT technology into the fitness industry is becoming
urgent. In this research, we will present a novel exercise equipment, that is, a
computer-controlled pneumatic equipment. This new technology will optimise
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exercise effectiveness for exercisers. Exercisers will have advanced diagnostic
capacity {exercise and health status monitoring}), and will capture user data which can
be manipulated into meaningful information for use by health and fithess industry

stakeholders.

1.2 Motivation

The global Health and Fitness Industry repeatedly indicates the need for
optimally-managed exercise with accurate information feedback (Alexander, 2006).
Compared to other industries, the fitness industry is lagging behind in incorporating
Information Technology into its operations (Alexander, 2006). As the researchers
investigated, there are many shortcomings and inconveniences that exist in the
current weight type equipment. Exercisers have to adjust the weight physically, and
remember all the exercise items without any exercise data and body status feedback
(Wang 1, 2008). The current weight type equipment is mostly manually controlled.
The capturing and gathering of exercise data is, therefore, difficult {(if not impossible}
to achieve using the current weight type equipment (Wang 2, 2006). On the other
hand, safety is often a problem in current weight type equipment (Deril, 2006). Deril,
an experienced exercise instructor at the Virgin Active Gymnasium, points out that
although the current weight type equipment have some basic physical protections,
they still have highly dangerous characteristics that may not always be obvious. Some
inexperienced exercisers, for example, may not often know where the physical
protections are and how to use them when they get trouble or injuries, because they
do not understand the procedures of how to use equipment before they train, adds
Deril (2006). The general conclusion, therefore, is that most of exercisers and athletes
hope the fitness industry could supply a multifunctional exercise equipment to help
them to concentrate on the exercise without manual adjustment, interruptions and
related inconveniences. There is a need for an enhanced secure exercise

environment. For this purpose, pneumatic systems that generale and use
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compressed air to produce necessary resistance are developed in the market. This
research aims to develop a novel exercise equipment that uses a pneumatic unit to
replace deadweight / weight stack in standard deadweight equipment in order to
enhance exercisers to meet their fitness objectives more seamlessly. The novelty of
this research lies in the exercises configured for individuals and without the need for
physically adjusting weights. Exercisers will have advanced diagnostic capacity for
their body status, and will also capture user data for future exercise plan, maximally
satisfy all different exercisers’ needs and optimise exercise effectiveness for

exercisers.

1.3 Statement of the research problem

The lack of dynamic in-exercise foad variation capability will result in the poor efficient

and unsafe in deadweight-based standard exercise equipment.

1.4 Research questions, sub-questions and objectives

1.4.1 Research question statement

The main research question, the research addresses is:
Can the dynamic in-exercise performance of standard deadweight-based exercise
equipment be enhanced by using dynamic load variation capability in replacing the

deadweights with a computer-controlied pneumatic actuator?

1.4.2 Research sub-questions and objectives

Four sub-questions need to be answered to address the main research question.
There are:

® Sub question 1



What deadweight-based equipment or environments are available?
Proposed Research Method: Literature analysis

Objective: To understand the categories of deadweight-based equipment, the

environment and composition of deadweight-based equipment.

® Sub question 2
What deadweight-based equipment exists for aerobic exercise?
Proposed Research Method: Literature analysis
Objective: To know few or none deadweight-based equipment cannot only train

anaerobic exercise, but also train aerobic exercise in the current market.

® Sub question 3
What is exercise optimisation?
Proposed Research Method: Literature analysis

Objective: To understand how to make exercise more effective based on
physical capability (i.e. heart rate) to best achieve exercise goals for different

group of exercisers.

® Sub question 4
Why do we need to, and how do we manage, exercise effectively?
Proposed Research Method: Literature analysis, Interviews, Case study

Objective: Exercise load (and number of repetitions, and repetition rate) is
based on exercise goal, fitness profile of the exerciser, and the (in-exercise)

heart rate of the exerciser.



1.5 Current status of studies on physical activities used in modern exercise

equipment developing and related technologies

This literature review starts by discussing physical activity in order to illuminate why
health outcomes are becoming more and more emphasised in the fitness field.
Afterwards, health-related exercise equipment are introduced to show us the process
of developing exercise equipment, from simple mechanical-based exercise equipment
to complex computer-controlied exercise equipment. It will faciiitate the understanding
of why exercise equipment developed so fast during the recent decades. After that,
the concept of dynamic variable resistance (DVR) is presented to show how exercise
load can be changed without any physical adjustments but based on health status (i.e.
heart rate). Finally, some design issues of intelligent exercise equipment are

investigated that must be considered.

1.5.1 Physical activity

Movement is an essential aspect of life for most animal species, but over the course
of civilisation, movement has become a less critical component of everyday life for
humans (Torun, 1984). Advances in modern technology have made it possible to live,
work, and even play without much effort or movement (Torun, 1984). While these
developments have contributed to the ease and perhaps the quality of life, they have
been the scourge of our public health system (Torun, 1984). It has become
increasingly evident that the movement made possible by the body is also essential
for its health and maintenance (Torun, 1984). Corbin, Lindsey, and Welk (2001) states
that a number of diseases are directly associated with physical inactivity and can be
viewed as “hypo-kinetic” conditions. With respect to public health, Powell and Blair
(1994) estimated that sedentary living habits account for a third of the deaths from
coronary heart disease, colon cancer, and diabetes. McGinnis and Foege (1993) also

reported that physical inactivity is second only to smoking as a leading cause of
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preventable mortality. These statistics are often cited to indicate the overall impact of
physical inactivity on society. Although the absolute impact on public health can be
debated, there can be no denying the overwhelming evidence documenting the

critical importance of regular physical activity for optimal health (Torun, 1984).

1.5.2 Health-related fithess

Health-related fitness refers to the state of physical and physiclogical characteristics
that define the risk levels for the premature development of diseases or morbid
conditions presenting a relationship with a sedentary mode of life (Bouchard &
Shepard, 1993). Important determinants of health-related fitness include such factors
as body mass for height, body composition, subcutaneous fat distribution, abdominal
visceral fat, bone density, strength and endurance of the abdominal and dorso-lumbar
musculature, heart and lung functions, blood pressure, maximal aerobic power and
capacity, glucose and insulin metabolism, biood lipid and lipoprotein profile, and the
ratio of lipid to carbohydrate oxidised in a variety of situations (Bouchard, Shephard, &
Stephens, 1994). A favourable profile for these various factors presenis a clear
advantage in terms of health outcomes as assessed by morbidity and meortality
statistics (Bouchard, Shephard, & Stephens, 1992). The components of health-related
fitness are numerous and are determined by several variables, including

cardiovascular fitness, strength, flexibility, and muscular endurance.

1.5.3 Health-related exercise equipment

Current exercise equipment imposes fixed-trajectory exercise on users with the
dominance of static equipment designs (Alexander, 2008). Some advancements
include the mechanisation of resistance systems, and visual-interfaces recording
exercise activities on computerised systems (Alexander, 2006). Many exercise

equipment developed are tending to health-related characters, especially in cardio
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exercise equipment, such as stationary bikes, treadmills, elliptical trainers, and stair
climbers. This type of equipment always includes a display screen which tracks our

heart rate and provides options for customising our workout.

1.5.4 Dynamic variable resistance

According to Ariel (1883), in conventional resistive exercises, loads are moved
through a range of motions. The muscular force and the load are not constant
because of the modifying effects of the lever system throughout the range of motion.
In an exercise such as the bench press, for example, the resistance achieves
maximum effect at a specific point, and becomes less anywhere above or below that
point. This ilflustrates a phenomencn that the muscle works at maximum potential
during a very small range of motion throughout an exercise stroke. To facilitate
maximum muscular involvement, we must vary the resistance. in some exercises, this
resistance must be varied as much as 100% in order to maintain the maximum
moment of force. The resistance must be varied according to biomechanical data

obtained under dynamic conditions.

1.5.5 Intelligent exercise equipment

In exercise equipment, the user has to determine the amount of resistance and the
number of repetitions desired. The reason the user makes the choices is, that the
exercise equipment itself is inherently incapable of any intellectual participation.
However, with the advent of computers, it is possible to design exercise equipment
with artificial intelligence enabling the computerised machine to select the best
exercise method based on each individual user. Thus, the user need not be an expert
in any biclogic, physiclogic, or exercise area, since the exercise equipment is
programmed with information from many scientific fields, thereby, correctly benefiting

the different individual users.
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1.6 Research design

T_he key purpose of the research is based on case study design and implement in
order to face a real-world problem. It includes a bi-directional pneumatic cylinder
fastened to the points of application on a fitness equipment. An air accumulator receives
compressed air from the air cylinder and to give a gradually increased air resistance to the
points of application, and a pressure control system to control the pressure of the air
accumulétor by a programmable control unit. The FX control unit will replace the weight
stacks of standard deadweight-based exercise equipment thereby greatly enhancing its
functionality in respect of exercise optimisation and exercise data gathering. Fail-safe

mechanics Is provided to safeguard both human and machine.

Parts of the research will be based on the literature analysis, and personal interviews
with role players who are working in the fitness industry. Literature analysis is used to -
develop understanding the structures, algorithms, and elements of research areas.
Interviews are used to explore the enlightenment and empirical information in the

fields of research and also will be the resources for further study.

The research will address user requirements in combination with an analysis of the
existing problems of dynamic variable resistance ability in exercising based on
health-related status. The research will be employed and implemented into the project
design with an integrated Object-oriented method. The design will base on the

usability engineering lifecycle (UEL).

The usability engineering lifecycle is divided into three phases each one involving a

set of tasks (Mayhew, 1999). The lifecycle is illustrated in Figure 1-2.
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Figure 1-2: The usability engineering lifecycle
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Phase one is reguirements analysis and involves five tasks. Phase two is
design/testing/development and divided into three levels each one dealing with
different design issues. Level 1 is concerned with high-level design issues and
contains four tasks; level 2, the design/testing/development phase involves four
additional tasks; finally, level 3 of the design/testing/development phase involves two
tasks. The final phase of the UEL is installation. It involves only one task

corresponding to user feedback.

The UEL approach also provides guidelines for integration with Object-Oriented
Software Engineering (OOSE) (Mayhew, 1999). The integration is based on coupling
OOSE models and workflows with UEL tasks (Jacobson, 1992). Therefore, the user
profile and contextual task analysis should parallel the development of the
requirements model in OOSE. The work re-engineering task corresponds roughly with
the development of the analysis model. Finally, the actual design starts with the

cenceptual model design in order to enhance the design model.

1.7 Delineation of the research

The acknowledge data which concerns to define the optimal exercise are collected
through personal interviews (gym consultants, original concepts and product
developer of the project), from exercise magazines, and intemet resources. Only
existing proven technologies, examples, and peer-reviewed joumnals will be

considered, such as books, journals, internet publications, emails, and forums.

Because this research is based in the IT area, most work will be from the IT
perspective, that is, the research is only devoted to software development and
implementation, but will not be concerned with any new powerful evidence about
health-related exercises. Furthermore, the setting up of the mechanical devices is not

part of the research. Corporate companies are going to support it. On the other hand,
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the components used in this testing model machine will not be used in the actual
physical product because their size is much bigger than those used in the product.
The current research, only focuses on the feasibility of the concepts, but does not
consider the best and smallest components available in the market because of limited
funds. To pursue miniaturisation of components and use of suitable technology
instead of using computer for a PC with the PXI LabVIEW that needs to be
incorporated or integrated into a sort of micro chip scenario, so those is the kind of

levels of issues that need to be explored in future studies.

1.8 Contribution of the research

This research will be geared to related industry such as exercise machine
manipulation and design to give exercisers more useful, efficient, and safe exercise
environment, so that exercisers meet their fithess objectives more seamlessly. In this
research, medical specialists and fitness consultants will, via technology inputs, define
the dynamics of exercise to help some special patients to recovery. The data statistics

of machine users will be remotely stored for manipulation by various third parties.

1.9 Project plan

The general plan for this research can be divided into six phases, as follows:
1. Establishment and clarification
2. Building up the computer laboratory

3. Design and implementation

4. Testing
5. Reporting
6. Publishing
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In the establishment and clarification phase, specific interviews help to work out the
existing real-world problem, abundant books, articles, and other reading materials
{such as internet publications and journals) are considered in order to clarify the

solutions to problem. This part was done in 2006.

In the second phase involved setting up of the computer lab, installation of software

and mechanical devices. This part was done in 2008.

The third phase consisted mostly of project activities, including design, coding, and

implementation of software development.

Three testing methods will be used in the testing phase, namely unit test, integration

test, and system test.

The specific tasks are shown in Table 1-1:

Phases

Tasks

Deliverables

Resources

Establishment
&

Clarification

1. Problem Statement
2. Feasibility Analysis
3. Data Gathering

4, Assumptive Solution

5. Reports

A solution idea
is proposed in

order to solve

the current

problem.

Books, articles,
journals, internet
publications, and
related reading

materials; interviews

Building up the

computer lab

1. Computer set up

2. Purchasing software
and related mechanical
devices

3. Software installation
4. Purchasing exercise

simulators

Computer lab is
build up,
includes
software and
hardware
design

environments.

Related equipments
manuals and
specifications;
Technical supports
from the related

companies.
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5. Reports

Design

1. Database design
2. Object relationship
model

3. High level event
models

4. Report progress

5. Prototype user
interface

6. Prototype event
dialogues

7. Preliminary design
review

8. Report progress

9. System architecture
10. Design reusable
components

11. Design unique
components

12. Communications

prototype

13. Critical design review

14. Report progress

A prototype
control system
has been

designed.

Programming design
books; Internet source
codes; Internet forums;
Technical supports
from the related

companies.
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15. Code reusable
modules

16. Code unique
components

17. Report progress

1. Unit test reusables The specific test | Testing methods and
2. Unit test uniques plans are testing plans
Testing 3. Report progress defined.
4. Integration test
5. System test
6. Report progress
1. Debugs The user User manual and
. Report progress manual and specification

Implementation

2

3. Regression fest

4. Report progress

5. Write user manual
6. System impletment

7. Report progress

specification are

defined.

Reporting is existed

Phases reports

Status of phases tasks

Reporting during the whole
process.
Publishing System fraining Implemented User manual and
system specification

Figure 1-3 is shown a draft work schedule of the whole project.
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based on two years framework, assuming full funding. Because different sponsors are
funding different aspects of the project, the timelines will need to have flexibility

depending on which aspects are prepared to fund.
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CHAPTER 2
LITERATURE REVIEW ON HEALTH AND FITNESS

This chapter starts by describing the relationships between physical activity,
health-related fitness, and health. This section specifies that physical activity can
influence fitness which, in turm, may modify the level of physical activity. For instance,
with increasing fithess, people tend to become more active while the fittest individuals
tend to be the most active. This section also specifies that fitness is related to health
in a reciprocal manner. That is, fitness not only influences health, but health status
also influences both physical activity level and fitness level. The second section
presents health-related equipment which is used to maintain and promote fithess
ability. Following the fast developed IT areas, the build-in computer system became
popular using in all manufacturing, of course inciudes fitness industry, thereby,
intelligent exercise machine is developed to provide appropriate responses in order to
obtain optimal exercise. Finally, the design issues of developing intelligent machine

will be concerned in this chapter.

2.1 Physical activity

In the 2000 World Health Report, the World Health Organisation (WHQO) recognised
the ten leading killer diseases woridwide (WHQO, 2000). Coronary heart disease was
ranked number one, killing 7.09 million peopie. Cancers followed with 7.06 million
deaths. The remaining top worldwide killer diseases are cerebrovascular disease,
acute lower respiratory infection, tuberculosis, chronic obstructive pulmonary disease,
diarrhea, HIV/AIDS, and malaria. However, a number of these diseases can be
reduced and even prevented by living a healthy lifestyle based on regular physical

activity, exercise and sporis.

U.S. Department of Health and Human Services (USDHHS) gives two definitions of
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physical activity. The first, any form of exercise or movement, may include planned
. activity such as walking, running, basketball, or other sports; it may also include other
daily activities such as household chores, yard work, walking the dog (2002). The
second definition is any bodily movement produced by skeletal muscles that result in

an expenditure of energy (1996).

Physical activity which is an important public health issue has received a lot of
attention in recent years. In response to the numerous harmful effects of today's
sedentary lifestyles, governmental as well as non-governmental organisations have
recognised the need to increase physical activity across the whole population
{Brownson, Baker, Housemann, Brennan, & Bacak, 2001). Indeed, physical inactivity
is recognised as one of the most important population health risk factors. Its role as a
risk factor is at least as significant as hypertension or high cholesterol in contributing
to cardiovascular disease (Armstrong, Bauman, & Joanne, 2000). On the contrary,
physical activity protects against several cancers, reduces the risk of diabetes,
improves mental health and may reduce the risk of falls and injuries in the elderly
(Armstrong et al. 2000). Regular physical activity, fitness, and exercise are critically
important for the health and wellbeing of people of all ages. Research has
demonstrated that virtually all individuals can benefit from regular physical acfivity,
whether they participate in vigorous exercise or some type of moderate
health-enhancing physical activity. Even among frail and very old adults, mobility and
functioning can be improved through physical activity (Butler, Davis, & Lewis, 1998).
Despite the well-known benefits of physical activity, most adults and many children
fead a relatively sedentary lifestyle and are not active enough to achieve these health
benefits. In 1996, the Department of Health (DoH) in England issued a strategy
statement on physical activity, outlined a new policy promoting 30 minutes of
moderate intensity physical activity on at feast five days .of the week and for those
already taking some vigorous physical activity, three periods per week of vigorous
intensity physical activity of 20 minutes each (DoH, 1996). Unfortunately, in 1998
statistics showed that just 40% of men and 26% of women were physically active at
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either of these levels (DoH, 2000).

Keeping regular physical activity, you can get many benefits for your body health.
People who participate in moderate to vigorous levels of physical activity and / or have
high level of cardiorespiratory fitness have a lower mortality rate than those with a
sedentary lifestyle or low cardiorespiratory fitness (Ammstrong et al,, 2000). The
effects of physical activity on reducing all-cause mortality are strong and consistent
across studies and populations (Blair et al, 1996; Lee & Paffenbarger, 1997;
Villeneuve, Morrison, Craig, & Schaubel, 1998). Even among diverse elderly
populations in studies in Israel and in Holland, relationships between regular physical
activity and reduced risks of death are consistently demonsirated (Bijnen, Feskens,
Caspersen, Nagelkerke, Mosterd, & Kromhout, 1999; Stessman, Maaravi, & Cohen,
2000). In 1996, the USDHHS also pointed out that regular physical activity improves
health in many ways — regular physical activity reduces the risk of dying prematurely
from heart disease and other conditions; reduces the risk of developing diabetes;
reduces the risk of developing high blood pressure; reduces blood pressure in people
who already have high blood pressure; reduces the risk of developing colon and
breast cancer; helps to maintain a healthy weight; helps build and maintain healthy
bones, muscles, and joints; helps older adults to become stronger and better able to
move about without falling; reduces feelings of depression and anxiety; and promotes

psychological wellbeing.

Exercise is a form of physical activity that is usually performed on a repeated basis
over an extended period of time (exercise training) with a specific external objective
such as the improvement of fitness, physical performance, or health (Bouchard,
Shephard, & Stephens, 1994). American College of Sports Medicine (1990), when
prescribed by a physician or exercise specialist, the optimum regimen advised
typically covers the recommended mode, intensity, frequency, and duration of such

actlivity.
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Although physical activity is recommended for health, selecting an appropriate setup
of upper factors is the most important and has to be considered before doing any
physical activity An example of issues surrounding measurement relate to the
quantum of activity needed for different health outcomes. For example, the primary
mode of physical activity required to prevent cardiovascular disease (that is, moderate
intensity regular physical activity) is not the same as that required to prevent falls in
the elderly (i.e. weight bearing and strength training activity). In other words, different
intensities and duration of activity are needed for different purposes. For example,
more vigorous and sustained activity may confer additional benefits for disease
prevention, but may be required for weight loss or improvements to lipid profiles

(Armstrong et al., 2000).

2.1.1 Physical activity mode

This mode of exercise covers not only the type of activity to be performed (that is, fast
walking, jogging, or swimming), but also the temporal pattern of activity,
recommended (that is, continuous or intermittent activity), with a detailed specification
of the duration of exercise and rest periods in the case of intermittent activity bouts
(Bouchard, 1994). The issues of intensity, frequency, and duration of exercise are,

therefore, considered important to prescription and activity assessment.

2.1.2 Physical activity intensity

USDHHS (1996) described intensity as the self-perceived and self-reported intensity
at which a respondent participated in physical activity. Generally, to obtain health
benefit, physical activity at a moderate intensity is required. For example, brisk
walking is a moderate intensity physical activity. Participation in vigorous intensity
physical activities confers even greater health benefits than does participation in more

moderate activity. The primary measurement goal is to provide examples within
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questions of the kinds of activity that reach a sufficient energy expenditure threshold
to be of health benefit. This is usually activity that results in energy expenditure of at
least three times the resting rate or activities which correspond to at least three
metabolic equivalents (METs). Brisk walking and other moderate intensity activities
(for example, gentle swimming and social tennis) correspond to around 3-5 METs.
More vigorous activities such as aerobics, jogging and competitive tennis correspond

to around 7-9 METs (USDHHS, 1996).

2.1.3 Physical activity frequency

Frequency is defined as the number of times the respondent self-reported
participating in physical activity within a reporting period (Armstrong et al., 2000). This

period of time can be undertaken in a week, or month, or even year.

2.1.4 Physical activity duration

Duration is defined as the length of time spent participating in physical activity. This
item is generally reported in minutes or hours, and may be summed to provide an
indication of total time participating in physical activity over the reporting period
(Armstrong et al., 2000). It is important that only the period of actual physical activity
be considered, omitting travel, socialising, and preparations for participation

(Shephard, 1977).

From the above it can be summarised that regular physical activity makes important
contributions to one’s health, sense of wellbeing, and maintenance of a healthy body
weight. In contrast, physical fitness is a multi-component of a set of attributes a
person has in regard to the person’s ability to perform physical activities that require
aerobic fitness, endurance, strength, or flexibility and is determined by a combination

of regular activity and genetically inherited ability (USDHHS, 1996). Maintenance of
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good physical fithess enables one to meet the physical demands of work and leisure
comfortably (USDA, 2005). People with higher levels of physical fitness are also at

lower risk of developing chronic disease.

2.2 Fitness and health

Quality of life is what we all want. Good health helps us achieve a high quality of life.
Fitness makes us want to live it every day. The World Health Organisation (1968)
defines fitness as “the ability to perform muscular work satisfactorily.” In keeping with
this definition, fitness implies that the individual has attained those characteristics that
permit a good performance of a given physical task in a specified physical, social, and
psychological environment (Bouchard et al., 1994). The components of fithess are
numerous and are determined by several variables including the individual’'s pattern
and level of habitual activity, diet, and heredity (Bouchard et al., 1994). Fitness is
operationalised in present day Western societies with a focus on two goals:

performance and health related fitness (Bouchard et al., 1994).

2.2.1 Performance-related fitness

Performance-related fitness refers to those components of fitness that are necessary
for optimal work or sport performance (Bouchard, Shephard, Stephens, & McPherson,
1990; Gledhill, 1990; Pate & Shephard, 1989; Pate, 1988). It is defined in terms of the
individual’'s ability in athletic competition, a performance test, or occupational work
(Bouchard et al.,, 1994). Performance-related fitness depends heavily upon motor
skills, cardiorespiratory power and capacity, muscular strength, power or endurance,
body size, body composition, motivation, and nutritional status (Bouchard et al., 1994).
In general, perfarmance-related fithess shows a limited relationship to health (Pate &
Shephard, 1989). The next section focuses on health-related fitness which can be

achieved through regular physical activity.
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2.2.2 Health-related fithess

The theme of health-related fitness is explored, with recognition of its increasing
importance for health promotion in schools, the community and commerce (Health
Promotion International, 1988). Health-related fitness refers to those components of
fitness that are affected favourably or unfavourably by habitual physical activity and
relate to health status (Bouchard et al., 1994). Health-related fitness has been defined
as a state of being able to perform daily activities with vigour, and traits and capacities
that are associated with a low risk of premature development of hypokinetic diseases

and conditions (Pate, 1988}.

Important determinants of health-related fithess include such factors as body mass for
height, body composition, subcutaneous fat distribution, abdominal visceral fat, bone
density, strength and endurance of the abdominal and dorso-lumbar musculature,
heart and fung functions, blood pressure, maximal aerobic power and tolerance to
submaximal exercise glucose and insulin metabolism, blood lipid and lipoprotein
profile, and the ratio of lipid to carbohydrate oxidised in a variety of situations
(Bouchard ef al., 1994). A favourable profile for these various factors presents a clear
advantage in terms of health outcomes as assessed by morbidity and mortality

statistics (Bouchard ef al., 1994).

Fitness is best understood in terms of the components that should be taken into
consideration for its assessment, and the context in which the concept is
operationalised. According to the Toronto model presented by Bouchard et al. (1994),
the components of health-related fitness are defined as morphological, muscular,
motor, cardiorespiratory and metabolic fitness. Morphological fitness refers to body
composition and bone strength (Skinner & Oja, 1994). Body composition describes

the amount of fat mass and fat free mass and considers also whether body fat is
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peripherally or abdominally distributed (Howley, 2001). Muscular or musculo-skeletal
fitness refers to muscular strength, muscular endurance and flexibility, and motor
fitness refers to postular control (Skinner & Oja, 1984). Cardiorespiratory fitness
reflects the ability of cardiovascular and respiratory systems to supply oxygen to the
working muscles during heavy dynamic exercise (Howley, 2001), and direct
measurement of maximal oxygen uptake (VOama) during 2 maximal exercise test is
regarded as the gold standard for the evaluation of cardiorespiratory fitness.
Metabolic fitness refers to carbohydrate and lipid metabolism usually defined by
glucose tolerance, insulin sensitivity, lipid profile and the ratio of lipid to carbohydrate
oxidised at rest during steady-state exercise (Bouchard ef al.,, 1994). As discussed,
exercise is a form of physical activity that is performed to improve fitness, physical

performance, and health.

2.3 Exercise

Exercise is an essential part of a healthy lifestyle. Regular exercise helps to maintain
fitness and health. Not only does exercise increase energy ievels, it also helps to
improve general health, circulation and posture. Doing exercise can have a positive

impact on health.

Exercises are generally grouped into three types, depending on the overall effect they

have on the human body:

® Flexibility exercises such as stretching improves the range of motion of muscles
and joints (O’Connor, Crowe, & Spinks, 2006).

® Aecrobic exercises such as cycling, walking and running focus on increasing
cardiovascular endurance (Wilmore & Knuttgen, 2003).

® Anaerobic exercises such as weight training, functional training or sprinting

increases short-term muscle strength (Singh, de Vos, Ross, & Stavrinos, 2005).



Many benefits appear when doing exercise. It is important for maintaining physical
fitness and can contribute positively to maintaining a healthy weight; building and
maintaining healthy bone density, muscle strength, and joint mobility; promoting
physiological wellbeing; reducing surgical risks; and strengthening the immune

system (Wikipedia, n.d.).

Frequent and regular aerobic exercise has been shown to help prevent or treat
serious and life-threatening chronic conditions. Strength training appears to have
continuous energy-burning effects that persist for about 24 hours after the training,
though they do not offer the same cardiovascular benefits of aerobic exercises
(Wikipedia, n.d.). Exercise can also increase energy and raise one’s threshold for pain

(Wikipedia, n.d.).

Exercise has been shown to improve cognitive functioning via improvement of
hippocampus-dependent spatial learning, and enhancement of synaptic plasticity and
neurogenesis (van Praag, &‘Kempermann, 1999). In addition, exercise has been
shown to be neuroprotective in many neurodegenerative and neuromuscular
diseases (Grondard, 2005). Exercise is thought to have other beneficial effects related
to cognition as it increases levels of nerve growth factors, which support the survival
and growth of a number of neuronal cells (McAuley, Kramer, & Colcombe, 2004,).
Both aerabic and anaerobic exercise work to increase the mechanical efficiency of the
heart by increasing cardiac volume (asrobic exercise), or myocardial thickness

(strength training) (Wikipedia, n.d.).

2.3.1 Aerobic exercise

Many people already know that regular aerobic exercise and eating properly

contributes to great overall health and wellness. Aerobic exercise includes taking part



in physical activities that make the heart and lungs work harder than they do at rest for
a continuous period of time, therefore keeping blood oxygenated and flowing
smoothly throughout the entire body getting to key components that need to function
properly {Vincent, n.d.). Aerobic means ‘with oxygen’. It is exercise that is lower in
intensity and longer in time. Aerobic metabolism occurs when the body breaks down
fat and glucose by combining with oxygen (Betterhealth, n.d.). During intense aerobic
exercise, the body uses more oxygen, and breathing and heart rate increase
(Betterhealth, n.d.). There are plenty of aerobic exercises to choose from which
include, but are not limited to, dancing, skating, skiing, jogging, walking, swimming

and any sport that requires physical activity.

Different kinds of aerobic exercises can be performed for varying lengths of time
depending on how strenuous the exercise is. People can get aerobic exercise at
home, at work, or at school. For example, thirty minutes of walking at a moderate
pace is the same as jogging or running for fifteen to twenty minutes (Vincent, n.d.).
Stair climbing is also a good aerobic exercise that can be done on a lunch break or at
home. With prolonged aerobic exercise, the heart muscles become more efficient and
are, therefore, better able to supply blood flow throughout the body. in addition,
aerobic exercise c¢an actually open up arteries clogged with cholesterol (Lige, 2002).
An increase in heart rate will not only help to improve circulation, but it will also

stimulate the lymphatic system to feed and clean cells (Lige, 2002).

The most profound impact of aerobic activity may be on our long-term health. There is
a great deal of research that clearly indicates the enormous long-term health benefits
related to aerobics. According to the College of Sports Medicine, aerobic exercise
helps to decrease coronary disease, blood pressure, the risk of diabetes,
osteoporosis and some forms of cancer (Lige, 2002). The probability of heart
probiems and strokes decreases up to 44% for those who maintain a healthy, active
lifestyle (Lige, 2002). Public health reports indicate that aerobic exercise helps to build
strong bones, increases lean muscle mass, helps lower body fat and increases the
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body’s tolerance for glucose, it helps combat aging conditions such as lack of
coordination and balance, decreased muscle strength and flexibility, as well as wards

off high lipid cholesterol levels in the bloodstream (Lige, 2002).

Working a certain group of muscles for a specific amount of time to reach and
maintain one’s target heart range is the point of aerobic exercise. Target heart range,
is the safest range of heart-beats per minute during exercise (Newfitness, n.d.). This
works the heart out better and makes the body bum more calories. Commonly,
exercisers will hit the aerobic curve when they start working out and increase their
intensity level to the top then slow down gradually. Target heart range (THR) can be
calculated based on maximum heart rate (MHR) which is determined by subtracting
age from 220, and multiplying answer by 50% and by 80%. The lower number
suggests a safe rate for beginners, while the higher number would be the goal as
fitness level improves. For example, for a 40-year old, MHR would be 220 - 40 = 180
beats per minute, multiplied by 50% (180 x 50% = 90) and 80% (180 x 80% = 144),
the THR would be between 90 and 144 beats per minutes.

Aerobic exercise may be somewhat difficult to do at first, but it is absolutely obligatory
for cardiovascular fitness, because maintaining a steady heart rate is more efficient. A
healthy body takes steady aerobic sessions and is a continuous process. The body
has another energy system, the anaerobic energy system, which it relies on during

brief periods of high intensity activity.

2.3.2 Anaercobic exercise

“Anaerobic” means “without oxygen”. Anaerobic exercise uses muscles at high
intensity and a high rate of work for a short pericd of time. li relies on energy sources
that are stored in the muscles. Unlike aerobic exercise, it is not dependent on oxygen

from the air (Sparkpeople, n.d.). Anaerobic exercise helps increase one's muscle

32



strength and stays ready for quick bursts of speed (University of lowa, n.d.).

Examples of anaerobic exercise include heavy weight-lifting, sprinting, or any rapid
burst of hard exercise. Anaerobic exercise is typically used by athletes in
non-endurance sports to build power and by body builders to build muscle mass in
order to develop biologically differently giving them greater performance in short

duration — high intensity activities (Answer, n.d.; Wikipedia, n.d.).

There are two types of anaerobic energy system, the ATP — PCr energy system,
which uses creative phosphate as the main energy source, and the lactic-acid system
that uses glucose in the absence of oxygen (Answer, n.d.; Wikipedia, n.d.). The latter
is the dominant energy system during high to maximal intensity exercise over short

durations,

Lactic acid contributes to muscles fatigue and must be burned up by the body during a
recovery period before ancther anaerobic bout of exercise can be attempted
(University of lowa, n.d.). The recovery period also allows the muscles to use oxygen
to replenish the energy used during the high intensity exercise (University of lowa,
n.d.). When lactic acid accumulates at high levels in the blood, it causes muscular
fatigue. This is why anaerobic exercises cannot last long. The body produces ‘buffers’
that delay the onset of fatigue during anaerobic exercise (Sparkpeople, n.d.). Studies
have shown that with anaerobic training, the muscle’s buffering capacity is increased
by 12% to 50%. With this increased buffering capacity, more lactic acid can

accumulate during high intensity exercise without causing fatigue (Sparkpeople, n.d.).

Most experts recommend not immediately starting with high intensity activity.
Beginners should start at about 50% intensity and increase gradually. Anaerobic
exercise is not recommended if one is pregnant. It is recommended that one does a
5-10 minute warm up before starting any anaerobic exercise, and a 5-10 minute cool
down a workout session (Sparkpeople, n.d.).
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Overall, anaerobic exercise burns fewer calories than does aerobic exercise and may
be somewhat less beneficial for cardiovascular fithness. However, itis better at building
strength and muscle mass and still benefits the heart and lungs (Sparkpeople, n.d.).
Both aerobic and anaerobic exercises are needed for the development of physical
fitness. For some special groups, it is advisable to check with their healthcare

providers before starting an exercise programme.

One can participate in exercise anywhere. However, pecople are no longer only
focusing on exercise processes, but also interested in the relevance and quality of
various types of exercises. For this purpose, many exercise equipment have been
produced to enhance the quality of the exercise processes for improved outcomes.
Exercise gyms and clubs have become more and more popular in the last decades. In
most exercise gyms or clubs, both aerobic and anaerobic exercise equipment are

provided.

2.4 Exercise equipment

Exercise equipment fall into two categories based on the type of exercise provided:

cardio (aerobic) and strength training (anaerobic).

2.4.1 Cardio (aerobic) exercise equipment

Cardiovascular, or cardio, exercise helps to increase heart health and bumns fat by
raising the heart rate. This kind of exercise equipment includes stationary bikes,
treadmills, elliptical trainers, stair climbers, and so on (Standhousehotel, n.d;
Wisegeek, n.d.). Most of these exercise equipment include a display screen which
tracks the heart rate and provides options for custornising workout, the amount of

miles or kilometers travelled and total calories bumed (Standhousehotel, n.d.;
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Wisegeek, n.d.). Heart rate monitoring has been widely used in cardio exercise
equipment. A person’s heart rate provides a direct indicator of the physiological

response associated with physical activity.

Heart rate monitor

Investigators have been interested in assessing physical activity using a physiological
variable that is easy to measure since at least the early 1900s, when Benedict
proposed the use of heart rate as an indirect indicator of energy expenditure (Torun,
1984). This concept was refined in the 1950s when Berggren and Christensen (1950)
recognised that the acute response of heart rate to increasing levels of physical
activity is directly proportional to the intensity of movement and driven by an
increasing need to deliver oxygen to skeletal muscles. However, the practical use of
heart rate method to assess physical activity and energy expenditure in epidemiology
only became possible in the 1970s with the development of heart rate monitors (Torun,

1984).

Early portable monitors either (1) accumulated heart rate over time providing an
average heart rate or (2) accumulated heart rate over time and stored values into
distribution ranges (Andrews, 1971; Saris, Snel, & Binkhorst, 1977). However, earlier
monitors precluded precise estimates of physical activity and energy expenditure
(Andrews, 1971; Montoye, Kemper, Saris, & Washburn, 1996; Saris et al., 1977).
Advances in microtechnologies during the 1980s and 1990s have provided what is
now the standard in ambulatory heart rate monitoring: lightweight, continuous heart
rate recorders with extended data siorage capacities (Torun, 1984). Continuous
recorders have improved the precision of activity and energy expenditure estimates,
and have expanded the use of the heart rate method in epidemiclogy to include the
study of the temporal patterns of physical activity: intensity, duration, and frequency
(Armstrong et al., 1990; Armstrong, Welsman, & Kirby, 2000; Kelly, 2000; Vuori, 1998).
Recent advances in electrocardiogram (ECG) signal transmission, recording functions,
programming, and software features make heart rate monitors versatile and
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uncbtrusive instruments for use in epidemioclogy as well as in athletics, physical
education, and psychophysiclogy (Bemtson, Bigger, Eckbert, Grossman, Kaufmann,
Malik, Nagaraja, Porges, Saul, Stone, & van der Molen, 1897; O'Toole, Douglas, &
Hiller, 1998; Steptoe, 2000; Stratton, 1996).

Almost all of the continuous heart rate monitors use the ECG signal to detect the
beat-to-beat heart rate via an ECG transmitter attached to the chest (Leger &
Thivierge, 1898). In contrast to gymnasium equipment, this transmitier consists of
circuitry packaged in a small, lightweight unit usually attached using an elastic strap
that encircles the chest, a specially designed sport bra, or disposable ECG electrodes
(Torun, 1984). Wireless (radio) signals are sent to a microprocessor receiver, which is
designed to resemble a wristwatch (Torun, 1984). When the ECG signals are
transmitted to the receiver, a timing circuit measures the interval between heartbeats
(Torun, 1984). The receiver then processes the values by calculating a moving heart
rate average for short periods of time (usually 5 to 15s), which is updated and
displayed as beats per minute (b/min) (Karvonen, Chwalbinska-Moneta, &
Saynajakangas, 1984). Because the number of heart rate values determine the
averaging time, the calculation period is shortened during vigorous physical activity
and the averaged heart rate value nearly approximates real-time heart rate (Karvonen

ef al., 1984; Montoye, Kemper, Saris, & Washburm, 1996).

Heart rate monitor is not only used to assess physical activity and energy expenditure
in health-related observational, but also has other applications. For example, heart
rate monitor can be used to optimise training programmes for athletic or exercise
performance. Setting training intensity based on heart rate rather than speed or pace
is particularly useful in bicycfing, cross-country skiing, and other sports where an
athlete’s speed varies depending on environmental conditions and other athletes
(Torun, 1984). Monitoring heart rates with or without equipment has been an important
component of physical programmes for decades. However, as the cost of monitors
decreases, using continuous heart rate monitoring to present cardiovascular
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responses, to provide exercise intensity feedback, and to individualise aerobic training
programmes has become a real option for many physical programmes. Based on
these benefits of heart rate monitoring, heart rate monitor as a tool has been
appropriate in corporate health promotion programmes and fitness clubs in the last

decades.

2.4.2 Strength training (anaerobic) exercise equipment

Strength training helps to build muscular strength and maintain the results of cardio
exercise {Standardhousehotel, n.d.; Wisegeek, n.d.). Exercise equipment for strength
training are more varied. Free weights, weight type equipment, and balancing or

resistance equipment can all be used for strength training.

Free weights come in many different shapes, sizes, and weights. Many people prefer
free weights to weight type equipment because muscles are used these equipment.
Throughout the entire body to maintain balance as one lifts them (Standardhousehotel,
n.d.). However, weight type equipment is safer and easier to use than free weights

and may allow one fo lift greater amounts (Wisegeek, n.d.}.

Weight type equipment, as one common type of exercise equipment, use weights to
provide the necessary resistance. Many features exist for this type of equipment,
including deadweight equipment, hydraulic equipment, and pneumatic equipment. In
deadweight equipment, has a stack of incremental weights attached to a pulley which
one can lift by pulling or pushing other parts of the machine (Wisegeek, n.d.). A pinis
used to select the amount of weight to be lifted and adjust the equipment to
accommodate the body type (Standardhousehotel, n.d.). Deadweight equipment have
largely been used in most gyms and clubs because of the ease of use, and low cost.
However, they are not without disadvantages. They are cumbersome to move; do not

have enough protection for inexperienced users since the weights may be dropped
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suddenly; and an inertia of movement is created when weights are lifted. In order to
avoid these disadvantages, various hydraulic equipment have been developed and
are becoming an increasingly popular form of exercise. Unlike deadweight equipment,
the resistance provided by hydraulic exercise equipment depends on the force
exerted by the user (Beyondmoseying, n.d.). Therefore, depending on whether one
pushes or pulls harder and performs faster movements, one will be met with more
resistance than if one were to perform the same movements, but slower or with less

strength involved.

Hydraulic equipment offer resistance only when the users are exerting force, and
because of this, they are less likely o experience soreness. Many people prefer
hydraulic equipment to deadweight equipment as they are able to go at their own
pace. For this reason, hydraulic exercise equipment is ideal for children, seniors, and
women, as well as those people who are simply too daunted by the stacks of weight
that are evident on deadweight equipment. Hydraulic exercise equipment are popular
today because they come with a combination of various pieces. Circuit training
hydrautic exercise systems help to tune the body into perfect shape by exercising all

the parts of the body (Hydraulic-equipment-manufactures, n.d.).

There are, however, both advantages and disadvantages to hydraulic exercise
equipment. The disadvantages have come out when used. The equipment does not
move as smoothly as other types of exercise equipment, and there is an upper limit to
the amount of resistance that most models can provide. This makes them less
desirable, especially to more advanced athletes and body builders. To overcome the
disadvantages of both the deadweight and hydraulic equipment, pneumatic
equipment has been developed. Pneumatic equipment generate and use compressed
air to provide necessary resistance. Compared with hydraulic equipment, the
hydraulic system is a hard system since fluid is not compressible. On the other hand,
a pneumatic system is a much softer system since air is compressible to a certain
degree (Rqriley, n.d.). With pneumatic exercise equipment, exercisers use
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compressed air to open the way for dynamically adjustable resistance. They have

smaooth and silent operation and no adverse effect of inertia (Rqriley, n.d.).

Whether deadweight equipment, hydraulic equipment, or pneumatic equipment, they
all cannot absolutely satisfy every exerciser’s desires and requests. Today, exercisers
pay more and more aftention fo data (such as exercise and health status data),
because of the fast developing IT technology. Indeed, IT technology has become the
most important contributor working in most manufactures. On the other hand, the
fitness industry is lagging behind in incorporating IT into its operations. Therefore,
how to integrate IT technology into the fitness industry is becoming urgent. Because
of this, another advanced technology has been proposed in recent years. That is
intelligent exercise equipment, which has the capability to achieve goals under

conditions of uncertainty.

2.5 Intelligent exercise equipment

in all of the various descriptions of exercise equipment, the user has to determine the
amount of resistance and the number of repetitions desired. The reason the user
makes the choices is that the exercise equipment itself is inherently incapable of any
intellectual participation. However, with the advent of computers, it has possible o
design exercise equipment with artificial intelligence enabling the computerised
equipment to select the best exercise method for each individual user. Thus, the user
need not be an expert in any biologic, physiologic, or exercise area since the exercise
equipment is programmed with information from many scientific fields, thus correctly

benefiting the different individual users.

The exercise equipment described here is the result of the application of many unique,
innovative features and mechanisms to the long-established fields of resistive

exercise or training for athletics, rehabilitation, and physical fithess. The underlying



principle behind these innovations is that of a computer-controlled feedback that is
able to maintain any desired pattern of force and motion throughout the range of each
exercise, regardless of the magnitude or rate of force applied by the person exercising.
Therefore, the advantages of an intelligent feedback-controlled mechanism over

existing resistive exercise mechanisms are many (Ariel, 1983).

2.6 Fithess organisation

With exercise equipment widely used in the fitness industry, more and more advanced
technologies and equipment are required in today’s exercise equipment development.
For this purpose, many companies and enterprises are devoted to developing
intelligent exercise equipment. Polar Fitness, one of these companies, has developed
many products to support intelligent exercise. The Polar Fitness system provides
many intelligent exercise functions. The new Polar ProTrainer 5 is an advanced and
dynamic training, planning and analysing software. Easily prepare a detailed training

programme and transfer it to other compatible Polar products via infrared.

Polar Sport Zones help to train at the right intensity. It provides an easy way to select
and monitor the intensity of one’s training and to follow Polar's sport zones based
training programmes (Polar Fitness, n.d.). The training is divided into five zones
based on percentages of the exerciser's maximum heart rate (HRmax): very light

(60-60%HRmax), light (60-70%HRmax), moderate (70-80%HRmax), hard

(80-90%HRmax) and maximum (20-100%HRmax) {(Polar Fitness, n.d.).

The Polar Own Workout Program guides exercisers to reach their personal fitness
goals, how often, how hard, and how long they need to exercise to reach their
personal fitness goals (Polar Fitness, n.d.). Each setting is given a number, and the
number of exercise files stored in the heart rate monitor includes total exercise time,

time in target zone and average heart rate. Furthermore, one can create training
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sessions with individual settings for duration and heart rate limits with mutiiple interval
and recovery sessions. Each exercise profile may include up to six pre-programmable
exercise phases. Each phase may include up to 30 interval and recovery periods,

which alternate continuously throughout the phase.

Polar Fitness also provides special programs to help one lose and maintain weight.
The weight management program gives guidance on how many calories to eat and
how many to expend through exercise in order fo achieve target body weight in
chosen duration {Polar Fitness, n.d.). Polar OwnCal counts and displays calorie
expenditure. This Polar OwnCal feature shows energy expenditure during one
exercise session as well as accumulated kilocalories during several exercise sessions.
In Polar M-series heart rate monitors, OwnCal calculation takes into account gender,
body weight and exercise heart rate. The calculation starls when exercise intensity
reaches 100 bpm (Polar Fitness, n.d.). In Polar S-series heart rate monitors, OwnCal
calculation takes into account VO,.,, HRmMax and exercise heart rate (Polar Fitness,
n.d.). The calculation starts when exercise intensity reaches 60% of one’s HRmax or
90 bpm. in Polar weight management products, the calculation starts when one puts
the transmitter on and starts exercising (Polar Fitness, n.d.). One can set daily and
weekly exercise goals in terms of calorie expenditure with the OwnCal feature, and
then monitor the accumulated amount of calories expended during one week or
during a single exercise session or a set amount of time, for example, one week

(Polar Fitness, n.d.).

On heart rate, Polar OwnZone determines personal heart rate limits for a training
session. It guides one through an appropriate warm-up routine and automatically
determines a safe and effective exercise heart rate zone, while taking into account
one’s current physical condition (Polar Fitness, n.d.). Polar heart rate monitors use
multiple methods for determining an exerciser's QwnZane. The primary method is to
measure heart rate variability during the warm-up period before exercising. If the
measurement is not successful, the exerciser’s latest saved OwnZone limits are used.
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If there are no previous limits in the memory, the Polar heart rate monitor will
automatically calculate OwnZone limits based on one’s age-predicted maximum heart
rate {220 minus age) (Polar Fitness, n.d.). One should determine one's OwnZone at
the beginning of workout whenever one changes exercise environment and/or
exercise mode. The OwnZone Basic corresponds to 65-85 % of the maximum heart
rate. Exercise at the lower end of this intensity level can be conducted for extended
periods safely and often yields the best results for weight control, while exercise at the
upper end of this intensity produces the best results for improving cardiovascular
(aerobic) fitness (Polar Fitness, n.d.). The OwnZone Advanced feature consists of two
training areas: OwnZone Low and OwnZone High, providing greater variations in
exercising than the OwnZone Basic area, which can be rather wide for more focused
training (Polar Fitness, n.d.). The OwnZone Light corresponds to 60-70% of one’s
maximum heart rate. This intensity still feels fairly easy for most people. It helps in
weight control and improves endurance and cardiovascular fitness. The OwnZone
Moderate corresponds to 70-80% of one's maximum heart rate. This intensity is
especially good for people who exercise regularly. Exercising in this zone is
particularly effective for improving cardiovascular fitness. The OwnZone Hard
corresponds to 80-90% of maximum heart rate. Using this, one finds oneself
breathing heavily, having tired muscles and feeling fatigued. This intensity is
recommended occasionally for fit people. The OwnZone Weight corresponds to about
60-75% of one’s maximum heart rate. This is ideal for weight loss exercise for less fit
individuals and for those recovering from sickness or intensive training (Polar Fitness,

n.d.).

Polar data recording depends on the Polar product model and accessories used, the
samples of one’s heart rate, speed, intensity stored in a defined time interval (Polar
Fitness, n.d.). Along interval gives one more recording time, while a shorter interval
allows recording of more detailed data. A shorter recording rate uses up the memory
of.the running and cycling computer more rapidly. The remaining recording time is
shown at the start of the exercise or on the bottom row of the product display when
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setting the recording rate (Polar Fitness, n.d.). The samples recorded during exercise

are transferred to the software where they can be used to further analysis on.

The pervious descriptions of exercise equipment, illustrate some common functions
that are available in today’s intelligent exercise equipment. Researchers are still
working on trying to add more human ideas into exercise software. In order to deeply
understand intelligent control related to software development, the following sections

present some key concepts and technologies that are usually used.

2.7 Key concepts and technologies of building intelligent related software

According to Antsaklis and Passino (1992), the ever increasing technological
demands of today call for very complex systems, which, in turn, require highty '
sophisticated controllers to ensure that high performance can be achieved and
maintained under adverse conditions. There are needs in the control of these complex
systems which cannot be met by conventional controllers and this is primarily due to
the lack of precise knowledge about the process to be controlled. Acquisition of
adequate system knowledge is often problematic or impractical due to sysiem
complexity and the fact that the structure and parameters in many systems change in
significant and unpredictable ways over time. Moreover, to reduce design complexity
control designers often utilise less detailed models for control than what they have
access 0. To address the control demands of such highly complex and uncertain
systems one can enhance today's control methods using intelligent control systems

and techniques.
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2.7.1 Intelligence and intelligent control

Intelligence is a property of mind that encompasses many related mental abilities,
such as the capacities o reason, plan, solve problems, think abstractly, comprehend
ideas and language, and leam. Although intelligence is sometimes viewed quite
broadly, psychologists typically regard the trait as distinct from creativity, personality,

character, knowledge, or wisdom (Wikipedia, n.d.).

Two major consensus definitions of “intelligence” have been proposed. First, from
Intelligence: Knowns and Unknowns, a report of a task force convened by the

American Psychological Association (1995):

Individuals differ from one another in their ability to understand complex
ideas, to adapt effectively to the environment, to learn from experience, to
engage in various forms of reasoning, to overcome obstacles by taking
thought. Although these individual differences can be substantial, they are
never entirely consistent: a given person’s intellectual performance will
vary on different occasions, in different domains,. as judged by different
criteria. Concepls of “intelligence” are attempts to clarify and organize this
complex set of phenomena. Although considerable clarity has been
achieved in some areas, no such conceptualization has yet answered all
the important questions and none commands universal assent. Indeed,
when two dozen prominent theorists were recently asked to define

intelligence, they gave two dozen somewhat different definitions.

The second definition of “intelligence” comes from “Mainstream Science on

Intelligence”, which was signed by 52 intelligence researchers in 1994:

A very general mental capability that, among other things, involves the

ability to reason, plan, solve problems, think abstractly, comprehend
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complex ideas, learn quickly and learn from experience. It is not merely
book learning, a narrow academic skifl, or test-taking smarts. Rather, it
reflects a broader and deeper capability for comprehending our
surroundings — “catching on”, “making sense” of things, or “figuring out”

what to do.

Intelligent control is currently a well-established field within the discipline of control
systems. It represents a generalisation of the concept of control to include
autonomous anthropomorphic interactions of a machine with the environment and has
been successfully represented by a Technical Committee of the EEE Control Systems
Society. The technical results of many researchers in the area are regularly reported
in many of the annual conferences in the USA and around the world (Antsaklis &

Passino, 1892).

The area of intelligent control is a fusion of a number of research areas in systems
and control, computer science and operations research, among others, coming
together, merging and expanding in new directions and opening new horizons to
address the new problems of this challenging and promising area (Antsaklis and
Passino, 1992). Intelligent control systems are typically able to perform one or more of
the following functions: planning actions at different levels of detall, learning from past
experience, identifying changes that threaten the system behaviour, such as failures,
and reacting appropriately. This identifies the areas of planning and expert systems,
fuzzy systems, neural networks, machine learning, and failure diagnosis, to mention
but a few, as existing research areas that are related and important to inteliigent

control (Antsaklis and Passino, 1992).

It is difficult and quite subjective to limit the scope of intelligent control. In general,

intefligent control can be the following:

® Integrating sensor, actuator, and software into a mechatronic (which is fused by
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mechanical, electrical, and computer engineering (Martin & Hideki, 1996) module

is one step towards but short of realisation of intelligent systems;

Hierarchical control systems with increasing levels of abstractness in information

processing;

Structure changing adaptive systems including parameter adaptation on low-level
control and more sophisticated adaptation mechanisms on higher levels in the

control hierarchy;

Intelligent “reference generating algorithms”™ for hierarchical control systems such
as cars, mobile robots, robotic mechanisms, and numerically controlled
manufacturing equipment. The term “reference generating” means algorithms
which flexibly generate appropriate reference trajectories depending on the

measured environment state;

Flexible intersystem communication among distributed semi-autonomous

systems and system components with defined and guaranteed global behaviour;

networked mechatronics through a computer network information infrastructure;

Optimisation schemes for automatic and optimal intelligent control system design;

Intelligent human interaction to make the system be perceived as an intelligent

control system;

Discrete event dynamic systems — DEDS, hybrid systems; as such gain

scheduling and structure adaptation redefined from a DEDS point of view;

Increased flexibility, robustness, and fault-tolerance; and
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®  Ability for careful iterative improvements, learning, and self-organisation.

Martin & Hideki (1996)

To summarise the proposition for an approach to intelligent control system and
technology integration may include mechatronics, computer science, system design
optimisation, communication, and human interaction. This view of intelligent control is

ilustrated in Figure 2-1.
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Operations Artificial Control Computer
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Figure 2-1: Key technologies for intelligent control systems
Source: Martin & Hideki (1996)

2.7.2 Computer-controlled technologies

Computers are today essential for implementing controllers in many different
situations. The computers are often used in embedded systems. An embedded
system is a built-in computer that is a part of a larger system. Many of these
computers implement control functions of different physical processes, such as
vehicles, home electronics. Of course, it can be used in the exercise environment as

well.

47



Astrom and Wittenmark (1997) indicate that using computers to implement controllers
has substantial advantages. Many of the difficulties with analog implementation can
be avoided. For example, there are no problems with accuracy or drift of the
components. It is very easy to have sophisticated calculations in the control law, and it
is easy to include logic and nonlinear functions; tables can be used to store data in
order to accumulate knowledge about the properties of the system; it is also possible

to have effective user interfaces.

A computer-controlled system can be presented schematically as shown in Figure 2-2.
Essentially, the system contains five parts:

® Process;

® Sampler together with Analog-to-Digital (A-D} converter;

® Digital-to-Analog (D-A) converter with a hold circuit;

e Control algorithms;

e Computer with a clock, and software for real-time applications.

Wittenmark, Astrém, & Arzén (2002:4-5)

Hf‘t) )fﬂ
’ > f P AP % I o
— — uit) g T ¥y s \’\‘_\
A —w=1 ' Process . . 4 e

t | t
‘D-A Sampler
and and
Hold A-D

1

o Communication netwerk

.’ u, h "o

'Computer

Figure 2-2: Schematic diagram of a computer-controlled system

Source: Wittenmark et al. {2002)

The process is a continuous-time physical system to be controlled. The input and



output of the process are continuous-time signals. The AD converter converts the
analog output signal of the process into a finite precision digital number depending on
how many bits or levels are used in the conversion. The conversion is also quantised
in time determined by the clock. This is called the sampling process. The control
algorithm, thus, receives data that are quantised both in time and in level. The control
algorithm consists of a computer program that transforms the measurements into a
desired control signal. The control signal is transferred to the DA converter which, with
finite precision, converts the number in the computer into a continuous-time signal.
This implies that the DA converter contains both a conversion unit and a hold unit that
translates a number into a physical variable that is applied to the process. The
communication between the process, or more accurately the AD and DA converters,
and the computer is done over a communication link or network. All the activities in
the computer-controlled system are controlled by the clock with the requirement that
all the computations have to be performed within a given time. In a distributed system
there are several clocks that have to be synchronised. The total system is, thus, a

real-time system with hard time constraints.

In many situations, it is not necessary to know anything about computer control or
real-time systems to implement a simple controller. There are, however, many
situations where the result will be much better when the sampled-data aspects of the
system are taken into consideration when the controller is designed. Also, it is very
important that the real-time aspects are regarded. The real-time system influences the
timing in the computer and can thus minimize latency and delays in the feedback

controller (Wittenmark et al. 2002).



2.8 Summary

This chapter has described the relationships between physical activity, health-related
fitness, and health, indicating that physical activity can influence fitness, and also that
fitness is related to heatth in a reciprocal manner. That is, fithess not only influences
health, health status also influences both physical activity level and fitness level.
Health-related equipment which are used to maintain and promote fitness ability are
presented. Following the fast developed IT areas, not only the traditional exercise
equipment are required and used, but intelligent exercise equipment are also
developed and devoted to provide appropriate responses in order to optimally
exercise with a build-in computer system. Finally, the key concepts and technologies

that are usually used in developing intelligent exercise equipment are presented.
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CHAPTER 3

DESIGN METHODS OF A COMPUTER-CONTROLLED PNEUMATIC
SYSTEM

This chapter presents an approach where the weight of the exercise equipment can
be changed dynamically in exercise. In standard deadweight-based equipment, the
weights generally can be changed only when the equipment is inactive. In this chapter,
the deadweights will be replaced by pneumatic cylinders and directional control
valves, which will allow FX control to be dynamically varied. On the other hand, a
single PID control circuit is provided for regulating the output pressure response
provided to a load under computer-controlled situation. The computer control will be
implemented on a “National Instruments PXI" computer featuring Data Acquisition and
Control (DAQAC) capacity, and the software will be implemented using “LabVIEW
7.0" to control a FX mechanical linkage via the accompanying electro-pneumatic

components with friendly GUI design.

3.1 The pneumatic system

One of the important features of the research is a pneumatic system. The control
system includes two double-acting electro-pneumatic cylinders which are used to
simulate an exerciser and exercise equipment, respectively (Figure 3-1). The core of
this research is based on a force-displacement (FX) relationship. A displacement
transducer scales the precision measurement of positions that respond to a change in
condition. On the other hand, a counter force is presented by the equipment cylinder
against the exercisers effort and generated by a force transducer. Four pressure
control valves are included for producing control pressure signals and a booster for
providing an output pressure response to a pneumatic load in accordance with the
control pressure signals. The built-in pressure sensors are further provided for

measuring the output pressure response to the load and for generating a
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corresponding feedback voltage signal to the control circuit. The control circuit
compares the feedback signal to a command signal input in accordance with a
predetermined transfer function having proportional, integral and derivative (PID)
components, and generates a control voltage signal for stably controlling the output

pressure response provided to the load.
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Figure 3-1: System architecture

3.1.1 Role of the pneumatic system

The pneumatic system has two main roles. In Figure 3-1, pneumatic system can be
seen as two separate frames. Cylinder 1 combines with a displacement transducer to

simulate an exerciser. The directional valves (valve 1, valve 2) are used for controlling,
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pushing or pulling action of the simulated exerciser. On the other hand, cylinder 2 is
used to simulate an exercise equipment combined with a force transducer, connected
to the first frame by a rod. The simulated exercise equipment will generate comrect
forces in order to match the power from cylinder 1, depending on the position of the

displacement transducer, calculated by the formula F(X).

3.1.2 Components of the pneumatic system

In considering the design of the pneumatic system, the development will focus on the

following major parts:

3.1.2.1 Double-acting cylinders

Two DNC-50-450-PPV-A (DNC...) double-acting cylinders are included in the
pneumatic system. Each DNC... cylinder has two ports for compressed air, which
means that fluid under pressure can be applied to either side of the piston to apply
force and provide movement. When the piston is to be returned {o its resting position,
pressure is applied to the second port, but also open up the first port so that the air in
it can be expelled. Figure 3-2 shows the feature of DNC... cylinder, with neither valve
operated, both sides of the piston are exhausted so the piston rod is free to move in
either direction. If valve V, is operated alone the piston rod extends. Conversely, if
valve V, only is operated the piston rod will retract. If both valves are operated at the
same time both sides of the piston will be pressurised, the larger force being exerted
on the full bore side as it has the larger area, depending upon cylinder load, the piston
will try to extend. Figures 3-3 and 3-4 show the features of both vaives when operated
together. The used air in this case is exhausted as the incoming air pushes the

cylinder forwards and backwards.
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Figure 3-2: DNC-50-450-PPV-A double-acting cylinder

Forcing air into one port extends piston
/

Alr into other port
retracts piston

Figure 3-3: Double-acting pushes in action

Figure 3-4: Double-acting pulls back action

3.1.2.2 MPZ setpoint module

The MPZ setpoint module has been designed for generating 6+1 analog nominal
values for Festo proportional valves. Figure 3-5 features the MPZ setpoint module.
The MPZ is a setpont value generator. Six reference or setpoint voltages can be

preset by means of rotary potentiometers. The output of the MPZ provides constantly
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the voltage which is actuated via a digital controller. The nominal values SP1, SP2,
SP3, §P4, SP5, and SP6 have priority (Figure 3-6). SP1 has the highest priority, and
SPS the lowest priority. If none of the six nominal value voltages is activated, the

output will supply the voltage which is specified by the external input (FESTO, 2007).

Figure 3-5: MPZ setpoint module
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Figure 3-6: MPZ display and operating elements
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3.1.2.3 Proportional pressure regulator valves

The pneumatic system has four proportional pressure requlafor valves, named VPPM.
The VPPM has been designed to regulate a pressure proportional to a specified
setpoint value which is defined by MPZ setpoint module. An integrated pressure
sensor records the pressure at the working line and compares this value to the
setpoint value. In the case of deviations between the setpoint and actual value, the
requiator is activated until the output pressure has reached the setpoint value (FESTO,

2007). The features of the VPPM are shown in Figure 3-7.
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Figure 3-7: Operating elements and connections of VPPM
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3.1.2.4 Displacement transducer

A displacement transducer is defined as a transducer that physically moves in
response o a change in condition, often used for precision measurement of small
distances (Intota, n.d.). A MLO-POT-450-LWG (MLO...) displacement transducer is to
be used in combination with cylinder for positioning measures. The features of the

MLO... displacement transducer are shown in Figure 3-8.

Figure 3-8: MLO-POT-450-1 WG displacement transducer

3.1.2.5 Force transducer

A force transducer is defined as a device that senses the magnitude of a load upon it,
such as a tension load, and sends a corresponding signal out (Google Glossary
Definition, n.d.). The U2B force transducer (Figure 3-9) is to be used exclusively for
force measurement tasks and directly-related control tasks. The U2B force transducer
is also suitable for measuring tensile forces and pressures. It measures static and

dynamic forces with great accuracy (HBM, 2007).
The U2B force transducer is manufactured from stainless steel and is suitable for use

under harsh environmental conditions and severe operating constraints. s measuring

signals can be transmitted to remote measuring equipment (HBM, 2007).
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Figure 3-9: U2B force transducer

3.1.2.6 Air treatment

Drying of compressed air is probably the most important form of air treatment because
water contamination results in inefficiency and can cause serious damage to
equipment (Stacey, 1998). The additional air treatment and other components are

normally positioned at the point of use, these are:

® Anisolation valve — an on-off vaive for the plant served at this point.

® A filter — simitar to the filter already described with very probably a higher filtration
rating.

® A pressure regulator and pressure gauge. The regulator is an adjustable
corﬁponent which allows mains pressure downsfream of the plant only up to the
pressure to which it has been adjusted. It therefore imposes a limit on the plant
pressure. A secondary function of most regulators is to vent pressure from
downstream when that pressure exceeds the regulator setting — a situation which
can arise if the regulator sefting is reduced or if actuator loads cause back -
pressures.

® A soft — start / dump valve

® Aljubricator

Stacey (1998)
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The MS..-LFR-/LR(B)-..., MS-LF(M)-/LFX-... air treatment is used in pneumatic
system (Figure 3-10). The MS..-LFR-..., MS..-LR-... has been designed to regulate
compressed air in the following string to the set work pressure. The MS..-LFR-...,
MS..-LR-... thereby smoothes out fluctuations in pressure. The MS..-LF-...,
MS..-LFR-... with water separator frees compressed air blown through from dust

particles and condensed water (FESTO, 2007).

Figure 3-10: MS..-LFR-/LR(B}-..., MS-LF{M}-/LFX-... air treatment

3.1.3 Design overview of the pneumatic system

The design process criteria are focused on research with the algorithm to support the
optimumn control of the pneumatic cylinders. The best initial pressures are provided to
prime cylinder. Chambers are considered as well. On the other hand, the STEP
function is used for validating the responses of the pneumatic system. For estimating
any industrial system, the response time always is the important consideration. In
order to get the best condition, the PID control circuit is concerned in the pneumatic
system with specific reference to the manifestation of P-control for responsiveness,

I-control for accuracy, and D-controf for stability.
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3.1.3.1 Simulate exerciser

The simulate exerciser contains a DNC... double-acting cylinder in combination with a
MLO... displacement fransducer. In Figure 3-11, two VPPM proportional valves are
giving pressures to make the cylinder piston move. A measured value is gained by

MLO... displacement transducer to opposite each of position of cylinder.

Figure 3-11: Simulate exerciser

3.1.3.2 Simulate exercise equipment

The simulate exercise equipment presents a counter force against the exerciser’s
effort. The functioning of the simulate exercise eguipment is based on a

force—dispiécement (FX) relationship.

The principle of FX contro! relies on differential pressure control as represented in
Figure 3-12. FX control can be described as follows:
A bi-directional pneumatic cylinder has each chamber connected via an

electronically controlled pressure control valve to a high pressure
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reservoir; by reducing or increasing pressure force can be controlled

through differential pressure (Alexander, 2006).

Room
Pressure

= Cofipression

o e e A i gt et

Figure 3-12: Differential pressure control principle

Source: Alexander {2006)

In FX technology, exercise trajectory is specifically controlled using a computer-based
profile that determines the differential pressure in the cylinder relative to the spatial
position of the mechanical linkage (Figure 3-13). An exercise trajectory control system
uses mathematical algorithms to deliver the required pressure to achieve the desired
force trajectories. This is dealt with in more detail in the section dealing with the

exposition of the control software.

Figure 3-13: Simulate exercise equipment
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3.1.3.3 Pressure

All fluids can convey force from one place to another. Fluid can be liquid or a gas such
as air. Aforce applied to the surface of fluid in a container will cause a force fo occur at
every point where the fluid is contained. These forces result from the fluid trying to

escape in all directions.

Pressure is the measure of how much force is present on an area of the fluid. It is
created by applying a force to an area. A force applied to a small area will give a high
pressure, while the same force applied to a large area will give a low pressure. When
the pressure in the fluid has conveyed the force through the fiuid to another location,
the force is available for use. A high pressure in the fluid acting on an area will create
a large force, or a low pressure acting on the same area will create a smalf force. Also,
a low pressure applied over a large area results in a large force, and a high pressure

applied over & small area will create a small force.

Stacey (1998) defined “pressure” for pneumatic purposes:
Pressure is the force in air due fo compression, per unit of surface

area.

Focusing on the above definition, the pressure created in a fluid by the application of a

force can be presented as Equation 3-1:
Pressure = Force / Area Equation 3-1

Consequently, the force exerted by pressure acting on an aréa will be presenied as

Equation 3-2:
Force = Pressure x Area - Equation 3-2

The units of the above formulas are given as follows:
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® Force ~newton (N) |
® Area—mm?

® Pressure — bar

3.1.3.4 Initial pressures to prime cylinder

From Equation 1 and Equation 2, suppose a force applied to an unchangeable area,
area will be seem as a constant, that is to say, high pressure will produce great force.
Conversely, small pressure will produce low force. Therefore, a direct proportion has
been created between force and pressure. Anather important factor is response time,
which is the waiting time needed for increasing or decreasing enough pressure to

produce the target force.

In Figure 3-14, a STEP input is applied in (a), and the relative force output is shown in
{b). The actual force cutput in (b) does not reach the target force immediately, but
gradually increased till the target force is produced. The time used during this process

is called response time or time defay. The shortest response time is desired.
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Figure 3-14: Response time
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The fastest response is all the system desired, depending on the above description,
the criteria that defines response time is focused on how soon can generate enough
pressure to produce a setting STEP input, and pressure is decided by STEP input. in

this research, the STEP input can be implemented in two ways:

1. Increase pressure on one side of cylinder.

2. Increase pressure on one side, and decrease on other side of cylinder.

In the first implementation, the cylinders will open one valve and close another. Initial
pressure is empty on both sides, for example, V4 opens and closes V., initial pressure

is 0 bar (Figure 3-15).

Pinatia=0

L
Vt V?

Figure 3-15; Increase pressure on one side

Response is getting soon if V; pressure is increased at the beginning, but with
increased pressure, the response decreases, because the more pressure in the
cylinder, tﬁe more difficult it is to put pressure into it. The trend is shown in Figure 3-16.
For example, with a balloon, at the beginning the pressure in it would be 0. As soon as
inflating starts, the more pressure added the harder it would be to add more. As soon
as the opening of the balloon is released, it would deflate, the amount of pressure

would decrease dramatically, and the balloon will be deflated.



Pressure 4

-
: ol

~ Response time

Figure 3-16: Pressure vs. response time

In the second implementation, both side valves are opened, and the initial pressure is
set to half of the maximum pressure of the cylinder. If pressure is increased on V,
valve, and decreased on V; valve, the maximum pressure of the cylinder is 200 bars,

S0 Pinisa will be 100 bars for each of side (Figure 3-17).

Pinitiat=1 UU Piraim=100

1 1

Vi p _—om V2

Figure 3-17: Increase on one side and decrease on other side

If produce 40 bars force on the second implementation, the V; valve needs an
increase of 20 bars pressure, and V; valve needs a decrease of 20 bars pressure in
order to generate 40 bars pressure. Therefore, Py, will be 120 bars, and P,; change to

80 bars. Py; {120) minus P,,(80), 40 bars pressure created (Figure 3-18).

Picitiar= 100 Pinitiat=100
l Increase 20 bars l Decrease 20 bars
L |
P,1=120 P,s=80

Figure 3-18: 40 bars force applied on hoth side working cylinder
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To calculate the response time for the second implementation, it will be calculated on
both side valves at the same time, increases half pressure of first implementation on
one side valve, and exhaust another half pressure on other valve. As we know,
exhalist pressure is a very quick action. Therefore, the second implementation
response seems quicker than the first implementation, but that is not exactly the case;
it is quicker when applying a small pressure force. However, for a big pressure force,
nobody knows the response time because it depends on the maximum pressure of
the cylinder. The trend line of the intake and exhaust valves are shown in Figure 3-19
and Figure 3-20, respectively. Therefore, the two implementations are used in

different considerations.

Pressure , , . Pressure ,
max/2 =
maxi2 -
Reasponse time Response time-
Figure 3-19: Intake vaive Figure 3-20: Exhaust valve

3.1.4 Process control pneumatics

In some industrial process is to be automatically controlled, there will be many
process variables, e.g. temperature, flow, pressure, level, which need to be measured
and kept at the correct value to ensure safe and economic operation (Parr, 1998). In
this research, displacement and force are measured. In Figure 3-21, the force is
measured to give the current value (usually termed PV — for process variable) which is
generated by F(X) that in order to against exerciser action by moving the position of
the cylinder. This is compared with the required force (called SP — for set point) to give
an error signal, which is passed to the control system. This adjusts the actuator drive

signal to move the valve in the direction to give the required force. The arrangement



of Figure 3-21 is called closed loop control.
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Figure 3-21: Closed loop control

3.1.4.1 Closed loop control

Closed-loop control is the type most commonly used in process control system
because it responds to control quicker and with greater accuracy. A closed-loop
control system is called a feedback control system, and uses feedback to control
states or outputs of a dynamic system. Its name comes from the information path in
the system: process inputs (e.g. voltage applied to a motor) have an effect on the
process outputs (e.g. velocity or position of the motor), which is measured with
sensors and processed by the control, the result (the control signal) is uséd as input to

the process, and closing the loop (Wikipedia, n.d.).

In a closed-loop control system, input and output quantities are compared to produce
an error signal which actually operates the forward path, which is the whole of the

system between the error signal and the final output.

The great advantage of a closed-loop control system is that since it .is error-operated it
contains the facility to compensate for any departure of the output from the required
condition set by the input because this departure changes the ermor, causing a
correcting signal to be applied to the forward path. The disadvantage of feedback

system is that due to give an oscillatory response to any change of input which may



take some time to die away, or that the system may even become unstable and

maintain self-oscillation, this is shown in Figure 3-22.

ERSTARE.
- [BSELESS)

Figure 3-22: System responses

In order to avoid oscillatory and unstable feedback system, a PID controller is used. It
has the specific reference to the manifestation of P-control for responsiveness,

I-control for accuracy, and D-control for stability.

3.1.4.2 PID controller

A proportional-integral-derivative controller (PID controller) is a generic control loop
feedback mechanism widely used in industrial control systems (Wikipedia, n.d.). A
PID controller attempts to correct the error between a measured process variable and
a desired setpoint by calculating and then outputting a corrective action that can

adjust the process accordingly, based on three parameters (Parr, 1998).

The PID controller algorithm involves three separate parameters: proportional,
integral, and derivative. The proportional determines the reaction to the current error,

the integral determines the reaction based on recent emors and the derivative

68 -



determines the reaction based on the rate by which the error has been changing
(Wikipedia, n.d.). The weighted sum of these three actions is outputted to control

elements such as the position of control valves.

By tuning the three constants in the PID controller algorithm, the PID can provide
individualised control specific to process requirements including error responsiveness,
overshoot of setpoint and system oscillation. Figure 3-23 shows a block diagram of a

PID controller.
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Figure 3-23: Block diagram of a PiD controiler

Proportional term

The proportional term responds to a change in the process variable proportional to the
current measured error value. The proportional response can be adjusted by
multiplying the error by a constant K,,, called the proportional gain. The proportional

term is given by Equation 3-3:

Pouxt = Ky (1) - Equation 3-3

where
® P, Proportional output
® K, Proportional gain

® ¢:Error=SP-PV
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® { Time

From Equation 3-3, a high proportional gain results in a large change in the output for
a given change in the error. If the proportional gain is too high, the system can
become unstable (Scrcek, Mahoney, & Young, 2000). In contrast, a small gain results
in a small output response to a large input error, and a less responsive controller. If
the proportional gain is too low, the control action may be too small when responding

to system disturbances (Wikipedia, n.d.).

In the absence of disturbances pure proportional control will not settle at its target
value, but will retain a steady state error that is a function of the proportional gain and
the process gain. Despite the steady-state offset, both tuning theory and industrial
practice indicate that it is the proportional term that should contribute the bulk of the

output change (Wikipedia, n.d.).

Integral term

The contribution from integral term .is proportional to both the magnitude of the error
and its duration. Summing the instantaneous error over time gives the accumulated
offset that should have been corrected previously. The accumulated eror is then
muitiplied by the integral gain and added to the controller output (Wikipedia, n.d.). The
magnitude of the contribution of the integral term to the overall control action is

determined by the integral gain, Ki. The integral term is given by Equation 3-4:
lout = Ki Equation 3-4

where

® i, Integral output
® K Integral gain

® e Emor=SP-PV

® t: Time in the past contributing to the integral response
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The integral term accelerates the movement of the process towards setpoint and
eliminates the residual steady-state error that occurs with proportional only controller.
However, since the integral term is responding to accumulated errors from the past, it

can cause the present value to overshoot the setpoint value (Wikipedia, n.d.).

Derivative term

The derivative term provides a braking action to the controller response as the
process variable approaches the setpoint. To accomplish this, the process error is
predicted by the derivative gain Kg, calculated by analysing the slope of error vs. time
(i.e. the rate of change of error, which is its first derivative with respect to time)
(Wikipedia, n.d.). The magnitude of the contribution of the derivative term to the
overall control action is determined the derivative gain, K;. The derivative term is

given by Equation 3-5:
Doyt = Kq de/dt Equation 3-5

where

® D, Derivative output
® Ky Derivative gain

® ¢e:Emor=SP-PV

& t{ Time

The derivative term slows the rate of change of the controller output and this effect is
most noticeable close to the controller setpoint. Hence, derivative control is used to
reduce the magnitude of the overshoot produced by the integral component and

improve the combined controller process stability (Wikipedia, n.d.).

The output from the three terms, the proportional, the integral and the derivative are

summed to calculate the output of the PID controller.
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Loop tuning

If the PID controller parameters (the gains of proportional, integral and derivative
terms) are chosen incorrectly, the controlled process input can be unstable. Tuning a
control loop involves the adjustment of its control parameters to the optimum values
for the desired control response. Generally, stability of response is required and the
precess must not oscillate for any combination of process conditions and setpoints.
Tuning of loops is made more complicated by the response time of the process. It may
take minutes or hours for a setpoint change to produce a stable effect. In order to
have the shortest response time with stable effect, this section describes a method -~

PID tuning software-which is widely used for loop tuning.
PID tuning software will gather the data, develop process models, and suggest
optimal tuning. The National Instrument LabVIEW PID Model is one of the software

package, used in this research.

Therefore, Figure 3-21 will be modified to Figure 3-24.

i F
—_— .
. ) . ¥

. PID Contral Four
F Cantroller System >

Figure 3-24: Modified closed loop control

3.2 Monitoring and control software

Another important feature of this research is developing a monitoring and control

software. The purpose of the software is to control a FX mechanical linkage via the
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accompanying electro-pneumatic components in a manner that fulfils the objectives of
the exercise routine designer. The control software is developed to demonstrate F(X)
cantrol using the following functions:
1. Stepinputs
2. Ramp inputs
3. Stepcycles
4. Ramp cycies
5. Sinusoidal

Details of F(X) control functions will be presented in Chapter 4.

Furthermore, the friendly GUI is designed in order to simulate the physical
environment into computer. The physical components are simulated and shown as

controllers in to GUI.

On the other hand, the software is implemented Data Acquisition and Control
(DAQAC) capacity that collects control signals and converts to analog input or output
signals between physical environment and software. With this DAQAC capacity, the
exercise data can be saved in the software control system, the fitness consultant can

then review the data, ensuring that the user meets the required fitness objectives.

The monitoring and control software will be implemented on a “National Instruments
PXI" computer, and developed using “LabVIEW 7.0” based-on Object-Oriented (OO)

software design methodology.

3.2.1 National Instruments LabVIEW

LabVIEW is a graphical programming language and uses icons instead of lines of text
to create applications; in contrast to text-based programming languages, where

instructions determine program execution, LabVIEW uses datafiow programming,
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where the flow of data determines execution {National Instruments, 2003).

in LabVIEW, we build a user interface with a set of tools and objects. The user
interface is known as the front panel, and then, add a code using graphical
representations of functions to control the front panel objects; the block diagram

contains this code, resembles a flowchart (National Instruments, 2003).

LabVIEW is designed for use in the laboratory. The features that make LabVIEW
stand out as a research tool are the ease of controlling data flow between computers
and instruments, the large number of algorithms that come with the software as
premade Vis that can be easily incorporated into other Vis (i.e. PID controller which
concemned in 3.1.4.2), the ability to incorporate code from other programs into
LabVIEW VIs, and the ability to make Vls that may be used in place of physical

instrumentation (Jehander, 2003).

Working with LabVIEW is very different from working with languages like Basic,
FORTRAN, and C, which are text-based and procedural. L.abVIEW uses a graphic,
00 computer language. This type of language takes advantage of the Macintosh or
Windows-type operating system, and every variable, function, or subroutine is

represented as an object (Gulotta, 1995).

In LabVIEW, instead of writing programs, it creates Vls. Vis have front panels just like
any other instrument on your benc_h; the input variables are set the same way as the
settings on a “real’ instrument; output is displayed using LEDs, charts, graphs, and
digital indicators (Guotta, 1995). VIs may be run as autonomous \programs or may be
incorporated into other programs. A VI that is called from within another Vi is a subVl,
it is locok like a subroutine in a texi-based program (Gulotta, 1995). Therefore, the

object-oriented design methodology is also used to develop VI and subVl in LabVIEW,
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3.2.2 Object-oriented design methodology

Object-oriented (OO) offers a new and powerful model for developing computer
software. The OO methodology speeds the development of new programs, and if
properly used, improves the maintenance, reusability, and modifiability of software
(Baudoin & Hollowell, 1996). According to Baudoin and Holloweill (1386), by providing
first class support for the objects and classes of objects of an application domain, the

OO paradigm precepts offer better modeling and implementation of systems.

3.2.2.1 Object-oriented methodology

Object-Oriented (O0) methodology is a system development approach encouraging
and facilitating re-use of software components. With this methodology, a computer
system can be developed on a component basis which enables the effective re-use of
existing components and facilitates the sharing of its components by other systems

(HKSAR, 2005).

00O methodology applies a single object model that evolves from the analysis and
design stage and carries all the way down to the programming level. An object
contains both the data and the functions that operate upon that data. An object can
only be accessed via the functions it makes publicly available, so that all details of its
implementation are hidden from all other objects. This strong encapsulation provides
the basis for the improvements in traceability, quality, maintainability and extensibility

that are key features of well-designed object-oriented systems (HKSAR, 2005).

Many benefits are cited for OOD, some of these potential benefis are:
® Faster development: OQOD has long been touted as leading to faster
development. Many of the claims of potentially reduced development time are

correct in principle, if a bit overstated.



Reuse of previous work: This is the benefit cited most commonly in literature,
particularly in business periodicals. OOD produces software modules that can
be plugged into one another, which allows creation of new programs. However,

such reuse does not come easily. It takes planning and investment.

Increased quality: Increases in quality are largely a by-product of this
program reuse. If 90% of a new application consists of proven, existing
components, then only the remaining 10% of the code has to be tested from

scratch. That observation implies an order-of-magnitude reduction in defects.

Modular architecture: Object-oriented systems have a natural structure for
modular design: objects, subsystems, framework, and so on. Thus, OOD
systems are easier to modify. OOD systems can be altered in fundamental
ways without ever breaking up since changes are neatly encapsulated.
However, nothing in OOD guarantees or requires that the code produced will
be medular. The same level of care in design and implementation is required
to produce a modular structure in OOD, as it is for any form of software

development.

Client/server applications: By their very nature, client/server applications
involve transmission of message back and forth over a network, and the
object-message paradigm of OOD meshes well with the physical and

conceptual architecture of client/server applications.

Better mapping to the problem domain: This is a clear winner for OOD,
particularity when the project maps to the real world. Whether objects
represent customers, machinery, banks, sensors or pieces of paper, they can
provide a clean, self-contained implication which fits naturally into human
thought processes.

Adhikari {1995); Taylor (1995); Shah, Sivitanides & Martin (1997)
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3.2.2.2 Object-oriented design theory

The aim of OO design is to design the product in terms of objects, that is,

instantiations of the classes and subclasses that were extracted during OO analysis.

An object like a "black box" which receives and sends messages, provides a
canonical focus throughout analysis, design, and implementation by emphasising the
state, behaviour, and interaction of objects in its models, providing the desirable

property of seamlessness between activities (objectfaq, n.d.).

QO design can be thought of in two phases. The first, called high-level design, deals
with the decomposition of the system into large, and complex objects. The second
phase is called low-level design. In this phase, attributes and methods are specified at
the level of individua! objects. This is also where a project can realise most of the
reuse of object-oriented products, since it is possible fo guide the design so that
lower-level objects correspond exactly to those in existing object libraries or to

develop objects with reuse potential (objectfaq, n.d.).

00 methodology emphasises the following concepts:

« Class — the unit of definition of data and behaviour for some kind-of-thing. A
class is the basis of modularity and structure in an object-oriented computer
program. A class should typically be recognisable to a non-programmer
familiar with the -problem domain, and the code for_ a class should be
self—cont_ained and independent. With such modularity, the structure of a
prograrﬁ will correspond to the aspects of the problem that the program is
intended to solve. This simplifies the mapping to and from the problem and

program.

77 -



Object - an instance of a class, an object is the run-time manifestation of a
particular exemplar of a class. Each bbject has its own data, though the code

within a class (or a subclass or an object) may be shared for economy.

Method - also known as message. It is refers to how code can use an object
- of some class. A method is a form of subroutine operating on a single object.
Methods may be divided into queries returning the current state and

commands changing it.

Inheritance — a mechanism for creating subclasses, inheritance provides a
way to define a (sub)class as a specialisation or subtype or extension of a
more general class. A subclass inherits all the members of its superclass(es),

but it can extend their behaviour and add new members.

Encapsulation — refers to ensuring that code outside a class sees only
functional details of that class, but not implementation details. The latter are
liabie to change, and could allow a user to put an object in an inappropriate
state. Encapsulation is achieved by specifying which classes may use the
members of an object. The result is that each object exposes to any class a
certain interface — thase members accessible to that class. Members are oftent
specified as public, protected and private, determining whether they are

available to all classes, sub-classes or only the defining class.

Abstraction ~ the ability of a program to ignore the details of an object’s

(sub)class and work at a more generic level when appropﬁate.

Polymorphism - polymorphism is behaviour that varies depending on the
class in which the behavior is invoked, that is, two or more classes can react
differently to the same message.

Wikipedia (n.d.)
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OO0 programming is a computer program that may be seen as comprising a collection
of individual units or objects that act on each other, as opposed to a traditional view in
which a program may be seen as a collection of functions, or simply as a list of
instructions to the computer. Each object is capable of receiving messages,
processing data, and sending messages to other objects. Each object can be viewed
as an independent little machine or actor with a distinct role or responsibility

(Wikipedia, n.d.).

Three major steps are involved in object-criented approach to systems analysis and
design (van Vliet, 2001):

1. Identifying the objects;

2. determining their attributes and services; and

3. determining the relationships between objects.

Object-oriented analysis and design methods use a variety of graphical notations to
depict the models developed. In particular, there is an overwhelming agreement that

at least the following types of diagram are required:

® A class diagram io depict the static decomposition of the system. A class
diagram is a graph in which the nodes are objects (classes) and the edges are

relationships between objects.

® Astate diagram to model the dynamic behaviour of single objects. The nodes in
a state diagram represent possible states of an object.\ The edges denote

possible transitions between states.

® An interaction diagram to model the sequence of messages of which a fypical

interaction is composed.

van Vliet (2001}
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3.3 Summary

This chapter has presented the methods use a computer-controlled pneurhatic rig to
replace ftraditional deadweight in standard exercise equipment. The pneumatic
system has two double-acting electro-pneumatic cylinders that are used to simulate
exerciser and exercise equipment. The core of this research is based on
force-displacement relationship. FX contro! relies on different pressure control. It has
heen defined as a bi-directional pneumatic cylinder that has each chamber connected
via an electronically controlled pressure control valve to a high pressure reservoir. By
reducing or increasing pressure, force can be controlled through different pressure. In
FX this is specifically con.trolled using a computer-based profile that determines the
differential pressure in the cylinder relative to the spatial position of the mechanical

linkage.

Closed-loop control has been represented as feedback to control outputs of a
dynamical system with great accuracy. In closed-loop control, input and output
quantities are compared to produce an esror signal which actually operated. In order
to avoid oscillatory and unstable from occurring in feedback system, a PID controller
is used, with specific reference fo the manifestation of P-control for responsiveness,

i-control for accuracy, and D-control for stability.

Finally, a monitoring and control software is developed with a friendly GUl design. The
objective of the software is to control FX mechanical linkage via the accompanying
electro-pneumatic components. On the other hand, the software is implemented on a
“National Instruments PXI” computer featuring Data Acquisition and Control (DAQAC)
capacity, and developed using “LabVIEW 7.0" based on object-oriented software

design methodology.
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- CHAPTER 4
COMPUTER-CONTROLLED PNEUMATIC EXERCISE EQUIPMENT

Current exercise equipment impose fixed-trajectory exercise on users with the
dominance of static equipment designs. These exercise equipment are normally
called deadweight-based exercise equipment. In standard deadweight-based
exercise equipment, the wéights generally can be changed only when the equipment
is inactive. This chapter, will present a dynamic resistance exercise equipment with
onboard data management. The functioning of this exercise equipment is based on a
force-displacement (FX) relationship. A counter force (F) is presented by the
equipment against the exercisers effort. In deadweight-based equipment, the weight
(force) at which the exercise is performed can be set. For a given setting, the weight
will remain constant with respect to displacement (X) of the point of application of the

exercise, i.e. F(X) = constant.

In this equipment, the FX control unit will replace the weight stacks of standard
deadweight-based exercise equipment thereby greatly enhancing its functionality in
respect of exercise optimisation and exercise data gathering. The actuation unit will

feature a single pneumatic cylinder actuation based on FX control technology.

The software implementation will feature fail-safe design approaches to safeguard
both human and machine. The software will also feature performance monitoring of

both the human and machine.

The software design will be based on object-oriented methodology. Each function will
be developed as an independent unit. Each unit can be called by one or more units.
The integrated sofiware is combined with all independent units, and has all

functionalities.
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With integrated software, the exerciser can perform a comprehensive set of exercise
routines on exercise equipment without manually having to effect any adjustments.

This new technology optimises exercise effectiveness for exercisers.

4.1 Design environment

The design environment consists of hardware environment which provides the
real-world entities for applications, and software environment which supports how to
execute applications. A software environment for a particular application includes the
operating system, the database system, and specific development tools. Considering

the whole system, the design environment is depicted in Figure 4-1.
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Figure 4-1: Diagram of design the environment

4.1.1 Hardware environment

In this research, hardware environment is made up of a pneumatic rig connected with
data acquisition card in order to communicate with a Nationa! Instruments PXI

machine.
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4.1.1.1 National Instruments PXI machine

With PXI modular instrumentation, we automatically benefit from the low cost, ease of
use, and flexibility of PC technology. PXI also delivers significant performance
improvements over older architecture by combining the high-speed, industry-standard
PCl bus with a modular chassis-based architecture; PXI adds timing and
synchronisation to provide a high-level of integration between modules designed
specifically for measurement and automation appiications (National instruments,
2005). The PC-based architecture and advanced synchronisation features, are the
heart of PXI modular instrumentation (National Instruments, 2005). Figure 4-2 shows

the interface of PX1 modular instrumentation.

National Instruments PXI offers a wide variety of PX! controllers, such as PXI

embedded controller, PXI real-time controller, and PXl network system controller.

National Instruments PXI embedded controllers provide a high-performance compact
embedded computer solution for our PXi measurement system. NI PXl embedded
controllers come with standard features such as integrated CPU, hard drive, RAM,
Ethernet, video, keyboard / mouse, serial, USB, and other peripherals, as well as
Microsoft windows and all device drivers already installed (National instruments,

2005).

National Instruments PXl real-time controllers deliver realtime, deterministic, and
reliable /O for measurement, automation, and control (Nationél Instruments, 2005).
We develop oiJr LabVIEW application with the N! LabVIEW real-time module on
Windows, and then download the program to our embedded controller via Ethernet.
The embedded code executes on a real-time operation system. Thus, we use all of

the powerful, flexible development tools of LabVIEW to build reliable real-time

&3



solutions.

,  Portable, bench-top, or-. " Mutti-chassis -
Cﬁassus ' rack-mount installation . configurations with MX1-4
B o Lo : - 3U Eurocard, modutar
L and rugged far industrial
Standard Windows ehvironments
OSs and software :
ST A Modules
o 10 MHz system
_ COI'IITO“_G reference clock, trigger
o L - lines, and 1ocal buses
" 132 MBfs PCI __ '

- bus architecture =

Defined system power,
integrated ceoling, and
EMC

" GPIB and MXI-2
" interface to thousands
of GPIB and ¥X] —
instruments '

System slat accepts

- embedded controller ar Select 4,8, or 16 Fully interoperable with

MXM4 interface for PC . slot chassis . ComPpactPCl praducts
" contro} _
. Use Sfot 2 for peripheral

or optional star trigger
“contro! module -

Figure 4-2: Interface of PX| modular instrumentation

National Instruments PXI network system confrollers are ideal for Ethernet-based
measurement systems that are controlled remotely, publish data, or are accessed
over a network from one or more desktop or laptop PCs (National Instruments, 2005).
With National Instruments PXI network system controllers, we can use standard
Ethernet-based network technology to easily create simple point-to-point
measurement applications or distributed measurement applications requiring muitiple
measurement and control nodes. The PXI network system confrofiers consist of PXi
embedded controliers with LabVIEW or LabVIEW real-time software. LabVIEW and
L abVIEW real-time have built-in functionality for easily building and deploying

networked measurement applications (National Instruments, 2005).
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4.1.1.2 Pneumatic rig

A pneumatic system has been described in Chapter 3. The exercise equipment is
controlled by software through electro-pneumatic direct controf to accomplish
high-speed and accurate positioning in repetitive movement. Figure 4-3 presents the
configuration of the whole pneumatic rig. The DNC... double-acting pneumatic
cylinder has two chambers, each connected via a VPPM proportional pressure control
“valve to a high pressure reservoir. In the middle of Figure 4-3, is a power supply and
four MPZ setpoint modules controlling and providing voltages to each VPPM. The
built-in pressure sensors are further provided for measuring the output pressure
response provided to the load and for generating a corresponding feedback voltage

signal provided to the control circuit.

Figure 4-3: Pneumatic rig

Figure 4-3 depicts a simulated exerciser doing pushing or pulling action. In the
simulafed exercise equipment, increasing ot reducing pressure force in the cylinder
depends on the relative positions from simulated exerciser in order o get correct force
to against exerciser effort. A closed cycle has been produced between position /

displacement (X) and force (F) which has discussed in Chapter 3.

Finally, the pneumatic rig control signals are connected to a DAQ card as a bridge
finking between the pneumatic rig and the control computer. In this section, four
analog input signals will throughout DAQ card to connect each MPZ setpoint module

to produce different voltages from the control computer in order to actuate each of the
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VPPM. Two analog output signials which are produced by the displacement and force
transducer are sent back to control computer as the feedback signals through the

DAQ card.

4.1.1.3 Instrument amplifier

In order to increase the weak voitage signals detected from the force transducer, an
amplifier has been designed to convert a small amount of epergy to a larger amount
of energy. The designed amplifier is shown in Figure 4-4. It includes two main
componenis — INA 128 and OPA 2132. The block diagram of the amplifier is depicted
in Figure 4-5. The signals from force fransducer have been signed to a sin{) signal ~
V. Positive signals are transferred to INA 128 port 3, and negative signals to port 2 of
INA 128, Signals will be amplified once they arrive at INA 128 which is the main
amplifier in the functioning. According to the gain Equation 4-1, in INA 128

G:H_SOkQ
R

(R; =50) Equation 4-1
G

Therefore, to calculate gain equal to 1+—55%C—=1001, which means signals will be

amplified 1001 times by INA 128, then the out signals transferred by INA 128 port 6 to
OPA 2132. The main function of OPA 2132 is to drive signals to DAQ card. In addition,
OPA 2132 will amplify signals, depending on OPA 2132 gain Equation 4-2:

G= -2—%5@ (R; =10k) ) Equation 4-2

to have gain 2 from OPA 2132. Therefore, the original signals of force transducer have
been amplified 1001x2=2002 times. Details about INA 128 and OPA 2132 are

presented in the following sections.
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Figure 4-5: Block diagram of instrument amplifier

INA 128
The INA 128 is a low power, general purpose instrumentation amplifier offering
excellent accuracy; its versatile 3-op amp design and small size makes it ideal for a
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wide range of applications. Current feedback input circuitry provides wide bandwidth
even at high gain; a single external resistor sets any gain from 1 to 10,000, and

provides an industry standard gain equation (Burr-Brown, 2007).

INA 128 is laser trimmed for very low offset voltage (50 uV'), drift (0.5 4V /°C) and

high common-mode rejection (120dB at G>=100). it operates with power supplies as
low as +2.25V, and quiescent current is only 700 ud- ideal for battery operated
systems; internal input protection can withstand up to * 40V without damage. It is
available in 8-pin plastic DIP, and S0O-8 surface-mount packages, specified for the

-40°C to +85°C temperature range {Burr-Brown, 2007). The block diagram of INA

128 is given in Figure 4-6.

V+
TT
' ' INA128, INAT29 INA125:
. . - 50k02
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1
6 .
Ry RN
8 25Kk
: 2 Ref
+ 3 {OverVoltage
Vin ™ Protaction 40k 40kaa
: ) l p
NOTE: (1) INA129: 24 7kQ A
Ve
Figure 4-6: Block diagram of INA 128
OPA 2132

OPA 2132 FET-input op amp provides high-speed and excellent dc performance, the
combination of high slew rate and wide bandwidth provide fast settling time. Single,

dual, and quad versions have identical specifications for maximum design flexibility,
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all are ideal for general purpose, audio, data acquisition and communications
applications, especially where high source impedance is encountered (Burr-Brown,

2007). The three versions of OPA 2132 are shown in Figure 4-7, in this research, uses

dual version.
OPAL132
outa E | owo
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Figure 4-7: Single, dual, and quad versions of OPA 2132

OPA 2132 is easy to use and free from phase inversion and overload problems often
found in common FET-input op amps. Input cascode circuitry provides excellent
common-mode rejection and maintains low input bias current over its wide input
voltage range (Bumr-Brown, 2007). OPA 2132 is stabte in unity gain and provides
excellent dynamic behaviour over a wide range of load conditions, including high load
capacitance. The duai version features completely independent circuitry for lowest
crosstalk and freedom from interaction, even when overdriven or overloaded

(Burr-Brown, 2007).

A dual version is available in 8-pin DIP and SO-8 surface-mount packages, specified

for-40°C to +85°C operation.

4.1.2 Software environment

The objective of the software is to control the FX mechanical linkages via the
accompanying pneumatic components. The software applications design will be

based on LabVIEW programming environment.
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4.1.2.1 LabVIEW programming environment

As mentioned in Chapter 3, LabVlEW is a graphic object-oriented computer language
deveioped to féciﬁtate hardware / software communication. LabVIEW is a complete
computer language that can be used like Basic, FORTAN, or C. In contrast to
text-based programming fanguages, LabVIEW uses icons instead of lines of text to
create applications, and uses dataflow programming, where the flow of data

determines execution.

In LabVIEW, a VI is known as the front panel and block diagram. Which front panel is
set tools and objects, then add code using graphical representations of functions to
contro} the front pane! objects. The block diagram which resembles a flowchart

contains this code.

A simple LabVIEW Vi will illustrate to show us the feature of front panel and flow data
in block diagram. This example will create a VI that simulates an analog signal and
plots it on a waveform graph. The VI will set the input values against a user-specified
limit and light an LED if the input value exceeds that limit. Figure 4-8 shows the

objects of front panel, and Figure 4-9 represents the flow data in block diagram.
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Figure 4-9: A simple LabVIEW V1 example ~ block diagram

LabVIEW provides two palettes, named controls palette and function palette. The
control palette that serves as the user interface provides all of the objects and tools
such as a numeric box, slide, or LED, shown in Figure 4-10. The function paletie
which contains the graphical source code that defines the functionality of the VI such

as structures, array, or comparison, shown in Figure 4-11.
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4.2 Pneumatic mechanical linkage

Chapter 3 discussed two assumptions that defined about the initial pressure of
cylinders. This section will concenfrate on discussing the processes of these two
experiments. The experiments include electronic wires connection, and pneumatic rig
set up under different situations. Furthermore, the software aspects will be presented
based on those two experiments. The specific software design will be presented

based on developing a computer-controlled exercise system in 4.4.

4.2.1 Experiment 1 — One valve open and close another valve

In experiment 1, each cylinder always keeps one valve open and one closed. Assume
exerciser cylinder has valve 1 and valve 2, and exercise equipment cylinder has valve
3 and valve 4. That is, if valve 1 opens, valve 2 will be closed. At the same time, valve
-3 is also closed and valve 4 open in order to against pressure force by valve 1. The
same logic is used in the backward path. On the backward, valve 1 and valve 4 will
release pressure immediately, and valve 2 increases pressure gradually, valve 3

supports to be changed to against valve 2.

Monitor and control software
The features of two descriptions in experiment 1 are shown in Figures 4-12 and 4-13.

Figure 4-14 gives the block diagram. In the block diagram, four analog input channels
are cantrolling each of valves. The displacement transducer and force transducer will
detect current values of displacement and pressure force. Those are generated based
on the pressure in the cylinders. The detected values will be sent back through two

analog output channels fo the system.

In the whole processing, all analog input signals and analog output signals are
collected, converted, and sent by a National Instrument TBX-68 DAQ card. In Figure

4-12 and Figure 4-13 , each valve controller is signed by “Af” with “Port Number”, such
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as valve 1 is signed {68) AI0— Al GND (67) which Al means analog input, port number
is the connect point on TBX-68 DAQ card. On the other hand.r AQO means analog
output which signed for displacement controller and pressure force controller. For the
data transfers between control software and pneumatic linkage, the following sections
will present the specific Wires connection, DAQ card set up, and pneumatic control

paneis set up.

<A END (34)

- |x;?¢“-'i'-1-uu]|

8. 10
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Figure 4-14: Experiment 1 — block diagram
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Hardware connections

The TBX-68 DAQ card is one of the most important components used into the project
as a data converter. Let us fook at the features of TBX-68 in Figure 4-15. The top
cable port is going to connect to the control machine, National Instrument PXI
machine. The numbers on TBX-68 card are /O port numbers which have been
presented earlier. The I/O connector of TBX-68 card is shown in Figure 4-16. In
Experiment 1, has four analog input signals used on AlQ (68), Al1 (33), Al2 (65), and
AI3 (30} port; two analog output signais, used on port AOG (22) and AO1 (21). Now,
the connected TBX-68 card is shown in Figure 4-17.

Figure 4-15: National Instrument TBX-68 DAQ Card

Secondly, how to actuate the pneumatic rig according to software commands? There
have ser;ies wires connections have to present between pneumatic rig and TBX-68
DAQ card. A signal control unit {(Figure 4-18) is used in the pneumatic rig in order to
receive and reply signals accompany with TBX-68 DAQ card. The block diagram of
signal control unit is shown in Figure 4-19, the signals control ports on TBX-68 DAQ

card are configured as well in Figure 4-19.
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Figure 4-19: Block diagram of signal control unit

According to the previous descriptions, the wires connection diagrams are shown in

Figure 4-20.
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Figure 4-20: Wires connection diagrams

4.2.2 Experiment 2 — Two valves open

in this situation, each cylinder keeps two valves open. On the other hand, the initial
pressure will be set to half of the maximum pressure of the cylinder. In order to obtain
the intended force, pressure will be activated on both sides of the valve, that is, one
side valve will increase half purposed pressure force, and the other side valve will
decrease half purposed pressure force. Depending on the directional of the piston, on
the forward path, the exerciser cylinder valve 1 pressure will be increased, while valve
2 pressure has to be decreased. Therefore, the equipment cylinder valve 3 pressure
will be decreased, valve 4 bressure has to be increased, to against exerciser effort.
The same logic is used in the backward path. For example, in Figure 4-21, the initial
pressure was set in the middle (5 bars), if wants to produce 6 bars pressure force on
the forward path, that is, valve 1 will increase 3 bars and valve 2 will decrease 3 bars
at the same time. Therefore, valve 1 5 bars + 3 bars is 8 bars and valve 2 5 bars - 3
bars is 2 bars, then, valve 1 minus valve 2, 8 bars - 2 bars fo have 6 bars purposed
pressure force. To against exerciser effort, valve 3 will be decreased 3 bars and valve
4 will be increased 3 bars as well. The block diagram of this situation is shown in
Figure 4-22. As in experiment 1, experiment 2 has four analog input signals and two
analog oufput signals, the hardware connections set up are as the same as in

experiment 1.
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4.3 Computer-controlled exercise systems

This section focuses on presenting software development, deals with the design of
computer-controlled exercise systems that are developed based on object-oriented
approach. FX exerciser refers to the programmable resistance system which uses
mathematical algorithms to define FX profiles. Smart card control technology for
access control and exercise event recording. An exercise performance monitor is an
integrated part that will be realised in four salient areas, namely — heart-rate
monitoring, calculation of exercise workrate, exercise event recording, and
electromyography (EMG) technology. The exercise motion status represents another
major innovation in the field of exercise. The exercise motion status technology
endeavours to capture the exercise status. Finally, the fail-safe mechanics is also an

important part developed in order to safe both human and equipment.

4.3.1 Database design

The database design is based on relational database design. Four tables are included
and related to each other by several fields. The four tables are named exerciser
details, FX profile, exercise data record, and heart rate; defined and shown in Tables 1

—Table 4:

Table 4-1: Exerciser details

Field Name Data Type Attribute
Member_|D (KEY) Number | Required: Yes
Name Text Required: Yes .
Gender Text Required: Yes
Age Number Required: Yes
Profile_ID Number Required: Yes
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Table 4-2: FX profile

Field Name Data Type Attribute

Profile_ID (KEY) Number Required: Yes
Slide 0 Number Required: Yes
Slide 1 Number Required: Yes
Slide 2 Number Required: Yes
Slide 3 Number Required: Yes
Slide 4 Number Required: Yes
Slide &5 Number | Required: Yes
Slide 6 Number Required: Yes
Slide 7 Number Required: Yes
Slide 8 Number Required: Yes
Slide 9 Number Required: Yes
Slide 10 Number Required: Yes
Slide 11 Number Required: Yes
Slide 12 Number Required: Yes
Slide 13 Number Required: Yes
Slide 14 Number Required: Yes
Slide 15 Number Required: Yes
Slide 16 Number Required: Yes
Slide 17 Number Required: Yes
Slide 18 Number Reguired: Yes
Slide 19 Number Required: Yes
Slide 20 Number Required: Yes

Table 4-3: Exercise data record

Field Name Data Type Attribute
Member_ID (KEY) Number Required: Yes
Interval Number Required: Yes
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Data Number Required: Yes
Table 4-4: Heart-rate

Field Name Data Type Attribute
Auto 1D (KEY) Number Required: Yes
Gender Text Required: Yes
Age Number Required: Yes
MIN Number Required: Yes
MAX Number Required: Yes

Figure 4-23 shows the related fields and data transfers between tables.

" EXERCISER_DETAILS

Member_|D (KEY): Mumber
Name: Text

Gender: Text .

Age: Number

Profile_ID: Number’

Member_ID

EXERCISER_DATA_RECORD

Member_ID (KEYY: Number
Time: Mumber
Displacetment: Nurnber

' Gender

Age

HEART_RATE

AUTO_ID (KEY): Number
Gender: Text

Age: Number

MIN; Number

MAX: Number

Profile_ID

FX_PRGFILE

Profile_ID (KEY): Number
Slide 0 Nurnher

Slide 20; Number

Figure 4-23: Related data tables
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4.3.2 System architecture design

The system consists of seven models, namely FX contro!, exercise motion control,
smart card control, heart rate control, exercise data recording control, fail-safe control,
and data warehouse control. Figure 4-24 shows the macro cross-functional diagram
of this research. In Figure 4-24, a cenfral control hub controls other phases, and
communicates with other local control hubs. For example, a server-based machine
will fink the individual FX exercisers which conform to standard LAN protocols. In
addition, the central control hub also operates the several control units which are
depicted in the control phase. Control phase is the core of the wholé project, providing
the specific works and functionalities. A performance monitor uses to monitor exercise
in performance phase; in this phase, if performance monitor detects any danger data,
such as any damage for human or equipment, a waming signal will be sent to fail-safe
mechanics, and active fail-safe function. Storage phase, deals with all data
transactions. Input / output phase, a Central Control Hub GUI Module, sends all

requireménts for data reports, especially exercise / health reports.
The more interaction of each of parts is shown in Figure 4-25, the data flow diagram

depicts the processes and internal relationships of all controls units. The particular

contents of functionalities will be presented in 4.4.4.
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4.3.3 System analysis with object-oriented

The key concepts of object-oriented approach have been mentioned in Chapter 3.
db}éét-én‘ented analysis and design methods use a variety of graphical notations tcrxr
depict the models developed. In particular, there is an overwhelming agreeﬁ‘nent that
at least three types of diagrams are required, namely class diagram, state diagram,
and interaction diagram. The following sections will present the three types of

diagrams used to design this computer-controlled exercise system.

4.3.3.1 Class diagram

Class diagrams depict the static structure of a system. The most common example of
a class diagram is a diagram depicting the subclass-superclass hierarchy of objects.
The objects are denoted by rectangles that have three compartments. These

compariments contain:

® The name of the object;
® the list of attributes of the object; and
® {he list of services of the object

van Vliet {(2001)

In this application, specific design will be separated by seven modules that have been
depicted earlier, namely FX control, exercise mation control, smart card control, heart
rate control, exercise data recording control, fail-safe control, and data warehouse
control. Each module will be designed and can be implemented as an independent

unit. Figures 4-26 — 4-32 show the class diagrams of each control unit.
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Figure 4-26: Class diagram — FX contro! Figure 4-27: Class diagram — exercise

Motion control

TN Geakt—ﬁate Controt
f/ Smart Card
- Control -~ . . Set simulated heart-rate
: Set gender
Set UserlD.:
T 5 Setage
R Select exercise goals
User Det'ai.!.s 0 ' Exercise status
e g 3 Health status ¢

Figure 4-28: Class diagram — smart card controf Figdre 4-29: Class diagram -
heart-rate control

Exercise Data Recording / \
Set Time Spacing 7 Fal_ITSafe Contro!
(For example, if Time Unsafe Mation;

Spacing=1, means
collecting exercise data
by every second.)

Simulated Heartrate = MAX,
Sirnulated Heart-rate « MIN.

Collection Time )

Caliection Exercise Data() Fail-safe Mechanisin ()
\ J \. /
Figure 4-30: Class diagram - exercise data Figure 4-31: Class diagram -
recording control fail-safe control
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Figure 4-32: Class diagram - data warehouse control

4.3.3.2 State diagram

A major class of services provided by an object relates to the object’s life cycle. An
object, for instance, is created, updated zero or more times, and finally destroyed.
State transition diagrams, which depict the possible states of an object and the
transitions between those states, are a good help in modeling this flife cycle (van Viiet,

2001).

There have input events and output actions. Input events trigger transitions. For
instance, in motion control, time (t} and displacement {(x) will trigger the transition;
when speed (v = dx/dt) is calculated, it triggers a transition from a state, such as from
stop motion to a state normal motion, or unsafe motion. Figure 4-33 shows the input
events which are denoted as strings that label state transitions. The particular details
of state diagrams of other control units will be presented in 4.4.4, which overview

presents the system features and functionaiities.

® . ol v = d/dt l ';LrExercise Mation Staius}—b.
Start/T=0,%X=0 v compares with End
constants: ¥1,%2

Figure 4-33: State diagram — exercise motion control
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4.3.3.3 Interaction diagram

There are two types of interaction diagram: sequence diagram and collaboration
diagram. A sequence diagram emphasises the time ordering of events within an
interaction, whereas a collaboration diagram emphasises the objects and their

relationships relevant to a particular interaction (van Vliet, 2001).

In a sequence diagram, objects communicate by sending messages. To carry out a
certain taék, a particular sequence of messages may have to be exchanged between
two or more objects. The horizontal dimension in a sequence diagram shows the
various objects that participate in the interaction. An object is shown as a vertical line.
The period in which the object is active is shown as a thin rectangle. The vertical
dimension denotes the time sequencing of messages. Only the order in which
messages are displayed carries meaning. Figure 4-34 depicts a possible sequence of
interactions between user, data warehouse, and heart-rate status in Heart-Rate
control. At first, the user sends “UserlD’, then the datébase will search and react by
sending the related data to the user. Concumrently, two variables of consulting
heart-rate range — “MAX" and “MIN” will be generated according to different users’
group (gender and age), and compared with a simulated heart-rate that will be

" created from user. The comparison results indicate the current heart-rate status.

The collaboration diagram is another way to show one possible scenario for the
interaction between a number of refated objects. A coliaboration diagram is a directed
graph where the nodes denote entities and the edges dencte communication between
those entities. Figure 4-35 depicts the same sequence of interactions as depicted in
the sequence diagram in Figure 4-34. A collaboration diagram emphasises the objects
and their relationships relevant to a particular interaction. To provide more detail about

the interaction, relevant attributes may be shown inside the nodes and these
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attributes may be incorporated in the labels of the edges as well. More details about

sequence diagrams and collaboration diagrams will be presented in 4.4.4.

User Data Warehouse - | | Heart-Rate Status
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Figure 4-34: Sequence diagrams — heart-rate control
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Figure 4-35: Collaboration diagrams — heart-rate control

4.3.4 Software features and functionalities

This section presents the specific work on system design. The system basically

consists of FX control, exercise motion control, smart card control, heart rate control,

110



exercise data recording, fail-safe mechanics, and data warehouse control. Each
control unit will be designed and developed independently as a subsystem. The

above control units / subsystems are presented in the following sections.

4.3.4.1 FX control

The FX control is the most important contro! unit of the whaole system. FX control
achieve, the complex trajectoﬁes required for exercise together with delivering the
various force components required. In this application, the FX control unit will replace
the weight sta_cks of standard deadweight-based exercise equipment, thereby greatly
“enhancing its functionality in respect of exercise optimisation. The concept of FX
control technology on a pneumatic platform has been successfully prototyped in

Chapter 3.

FX control is a specific control using a computer-based profile which determines the
differential pressure in the cylinder in terms of the spatial position of the mechanical
linkage. A simulated exercise trajectory control unit uses mathematical algorithms to

deliver the required pressure to achieve the desired force trajectories.

A feature of FX control is shown in Figure 4-36. It has a numeric controller (left top)
used to define / select a program. And will also be the profile ID once the profile is
saved; a combo box controller (middle top) implements different operations, including
initialize FX profile, define FX profile, save FX profile, and load FX profile; the series of
slide controllers determine the desired force on each of integer point of the spatial
positions which are plotted out by 10 pieces between 0 to 10. Controller PTO sets the
desired force at the start position, controller PT1 gives the desired force at integer
position 1, and so on. In additional, the _spatial positions are set as two parts — forward
path (push action, the areas of spatial positions from 0 to 10) and backward path (pull

action, the areas of spatial positions from 10 back to 0), each part includes 10 slide



controllers. The selected area is displayed in graph controller (right) after the profile is
set up. To assume push or pull action in this application, positive force is defined push

action, and negative force is indicated pull action.

o i A e

Figure 4-36: FX control — define FX profiles

According to FX control technology, the FX profile can be set up by many modes
exercise actions, including lift and spring modes exercises. In lift motion exercise, the
exerciser always keeps push action. Figures 4-37 and 4-38 show forward and
backward lift exercises. Because of centrifugal force, the exerciser has to push
against the weights not only in forward path, but also in backward path. Therefore,
one of the FX profile for lift exercise can be defined in Figure 4-39. Many exercise
trainings belong to lift motion exercise, such as free weights, smith machine, lat pull

down, leg press, pec deck, shoulder press (Damon, 2007; Leroux, 2007).

Figure 4-37: Lift exercise — forward Figure 4-38: Lift exercise — backward
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Figure 4-39: One of lift exercise FX profiles

In spring motion exercise, push and pull actions alternate. When one tries to push a
spring, it will react to you, if you try to pull a spring, it will react in the other side as well.
Figure 4-40 shows the direction of a spring to push and pull actions. According to the
pervious description. Push action is, thus defined by positive direction, and pull action
is defined by negative direction. Therefore, one of the FX profile for spring exercise

can be defined in Figure 4-41.
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Figure 4-40: Spring exercise
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Figure 4-41: One of spring exercise FX profiles

In addition, with the FX control technology, both types of aerobic and anaercbic
exercises are becoming available in one single exercise equipment with different FX
profiles. Basic information about aerobic and anaercbic exercises has been discussed
in Chapter 2. Aerobic exercise is training heart ﬁtness in a [ower intensity and longer
time; and anaerobic exercise is building muscles at high intensity and a high rate of
work for a short period of time. Anaerobic exercise profiles have been depicted in the
last two graphs (Figure 4-40 and Figure 4-41). Figure 4-42 shows a FX profile set for
aerobic exercise. A lower intensity is selected for the unique weight input, here it is set
at 5. Therefore, exerciser keeps this lower intensity action for minutes until heart

fitness is trained, the actual force outputs are depicted in Figure 4-43.
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Figure 4-42  FX profile for aerobic exercise
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Figure 4-43: Actual force outputs

A state diagram is shown in Figure 4-44, which includes two inputs, F (force) and X
(displacement) in order to create the F-X profile (output) which will be a norm to
determine exercise routine for exercisers. Figures 4-45 and 4-46 show the sequence

diagram and collaboration diagram of this application, respectively.

Start/F, X 'F-X relationship End

Figure 4-44:5tate diagram — FX control

Displacement Farce Fx Date
59} . [t} Profiles Warehouse

1: applied
displacement

L

2 response force

3: series applied
displacement

Py
: 3

3: series response
force

\

4: Save

5 Load

|| | | -

Figure 4-45: Sequence diagram - FX control
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Figure 4-46: Collaboration diagram — FX control

Defined FX profiles will be saved in LabVIEW spreadsheet (Figure 4-47). In addition,

the load function will retrieve programs in order to modify existing ones.

Hian LA o Lok fpaxkes A i )

082
«wa

AT 3RO |

2 5

3 35T rA ol L
fom, TEoe EEo00 fogh - (D006 00060600 (fLp00 - 000 a0 I o0 in e 0 5 [ 0% e ol ;

Figure 4-47: LabVIEW spreadsheets — load programs

4.3.4.2 Exercise motion status

Exercise motion status represents the velocity of displacement state of the pneumatic
cylinder in a variation time. This section focuses on the changed spatial positions only,
provides three motion status, namely stop motion, normal motion, and unsafe motion.
Motion status depicts the exercise status and changes with the velocity of
displacement of an exerciser’s push or pull cylinder. This is defined by dynamic

change displacement (X) and a variation time (T), normally is known as v = dx / dt.

Figure 4-48 shows the features of this application. In slide control column, the
exercise slide controller simulated the actual positions of a cylinder. The HI_Threshold
and LO_Threshold slide controllers are used define the range values of the exercise

slide controller. For example, in Figure 4-48, the defined range is from 0 to 10. In the
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setting control column, controller Sample_2 shows the current position, and a
previous position is shown in controller Samble_i Use Sample 2 subtracts
Sample_1 after sampling two of them. Nowadays, observes the result, if a positive
result, means exerciser is pushing cylinder, and the POS_Directn LED controller will
be lit. Otherwise, exerciser is pulling the cylinder, and NEG_Directn LED controller will
be lit. For example, in Figure 4-46, used Sample 2 (3.67347) minus Smple 1
(3.36735), obtained a positive result, therefore, POS_Directn LED controlier is lighting.
Except POS_Directn and NEG_Directn, another three LED controllers are included in
status display column yet. They respectively indicate three exercise motion statuses:
stop motion, normal motion, and unsafe motion. These three motion status controllers
will be distinguished by the constants — vi, v, which are compared with current
velocity. If the current velocity smaller than constant v,, the motion status will be
represented as stop motion; if the current velocity is between constant v, and constant
vz, the motion status will be represented as normal motion, which indicates the current
exercise under a safety condition. Otherwise, the motion status wili be represented as
unsafe motion, meaning the current velocity is too fast to machine work, the fail-safe
mechanics will be triggered under this Vmotion status in order to safeguard the
equipment. On the other hand, if the stop motion keeps on for a certain time, and the
position is not standing at 0, the fail-safe mechanics will be triggered as well in order
to safeguard the user. Because of in this condition, people usually persist in a higher
intensity. Following the exercise motion status system, the exerciser can determine if

he or she meets the required FX profile or not. In addition, it gives full protection to

both the user and the equipment.
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Figure 4-48: Exercise motion status
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Figure 4-49 gives the state diagram of this application. The continﬁous time and
dynamic change displacement are the inputs. The current velocity (output) is
generated by the formulation v = dx / dt, and indicates the cotresponding motion
status. Mare intemal transactions are shown in Figure 4-50 sequence diagram and

Figure 4-51 collaboration diagram.

..u .' rl'-l v = chedt ll - . .':[E_xiarcise Motion S‘tatus}———b.
Start/T=0,X= 0 . ¥ compares with End
. ~ constants:vl,v2 '

Figure 4-49: State diagram — exercise motion status
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Figure 4-50: Sequence diagram — exercise motion status
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Figure 4-51: Collahoration diagram — exercise motion status
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4.3.4.3 Smart card technology

Smart card technology is used to access control and exercise event recording. Each
exerciser will be provided with a smart card, which is used to save the exerciser’s
details, especially for the optimum FX profile. Before an exerciser uses the equipment,
he / she will be requested to swipe card in order to load the relevant user details and

the set up FX profile. The exercise data records of the exerciser can also be retrieved.

The state diagram of this application is shown in Figure 4-52. UserlD as the unique
input, requests relevant user delails. Figures 4-53 and 4-54 show the sequence

diagram and collaboration diagram of smart card control, respectively.

& — ~ﬁ33tabase Guery j—-LExermser Detenﬂ——».

Start / useriD - Data gathering
Figure 4-52: State diagram ~ smart card control
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¥
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2. User details

-
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‘33 Mot a member

4. Register a member

i L |

Figure 4-53: Sequence diagram — smart card control

119



9 User details .

I

4: Register a member

user
Fy -
1:Loopup | | 3 Nota | User Details
Sl member -
. A

h 4 _ )
Dat_a_*

Warehouse

2:1s a member

Figure 4-54: Collaboration diagram — smart card control

Figure 4-55 describes the feature of user administration. The numeric control user ID
shows the identity number of a user. Three string controllers present the user name,

gender, and user’s age. The profile ID numeric controller is used to select the existing

FX profile.

ISER ADH INISTHT!QNI :

Figure 4-55; Smart card control — user administration

- 7 120




4.3.4.4 Heart-rate control

Heart-rate control is used to display the status of heart rate under the different
selected exercise goals. In this application, the whole function will be decomposed to
five parts, namely: simulated heart rate controller, heart rate display, exercise setting,

exercise status, and LED indicators display as shown in Figure 4-56.

 AVERAGE HEART RATE! IR INDIC ATOR

- T F 0355 - - =l . ‘a i
Ry E R A L et g s
e e Siadaes, 3
e BELOW INDICATOR,
HEART RATEi ) i : :

ARM UPF / WA DOV

J 1MPROYED FITNESS
COMPETITIVE TRARIG
LI TRAMG {RED L meinc)

Figure 4-56: Heart-rate control

A simulated heart rate controller (left column) will generate assumptive heart rates
and display in third column. In exercise setting (second column), selectable age and
gender will be selected by different groups of exercisers. In addition, exercise goal
represents the purpose of exercisers. For example, the exerciser will select warm up,
weight management, improved fitness, competitive training, or limit training. After that,
the built-in algorithms will calculate two variables (maximum heart rate, and minimum
heart rate) in order to have a referenced range of heart rate depending on the

deployed settings (exerciser’s age, gender, and goal).-

LED indicators reflect heart rates under the selected exercise mode. Three LED
indicators are provided in this application. The first, “above indicator”, indicates a
dangerous status that the current heart rate is higher than suggested maximum heart
rate. That is to say, the current exercise mode is not fit anymore; it wams the exerciser
to change or reduce current exercise intensity. “In indicator” indicates a normal status

that the current heart rate is standing in a safe range. Therefore, the exerciser can
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increase or reduce heart rate in order to make harder exercise training or relax
exercise training. “Below indicator” indicates an inefficient exercise status, that the
current heart rate is lower than suggested minimum heart rate, and recommends

increasing current exercise intensity.

The state diagram of this application is shown in Figure 4-57, three inputs — simulated

heart rate, exerciser’s age, and gender will be set before any exercise.

[ Generstes 2 variables: [ .
® COMAY,MIN ]———b Hean-Rate Status]—».

Start/Age, Gender, ~ ~  Comparison’ simulated - End
Simulated heartrate - heart rate with MAX o
c and MIN a

Figure 4-57: State diagram - heart-rate control

4.3.4.5 Exercise data recording control

The purpose of this control unit is to capture exercise data which will be manipulated
into meaningful information for use. With this application, a number of peripheral

stakeholders will be allowed access to previously inaccessible exerciser data.

The features of this application are showh in Figure 4-58, which includes three
columns. The middle and right columns have been presented earlier. The focus at
present is on the left column — time setting. Set Time, Time Elapsed, and Time
Remaining are easy to understand. The most important element is Interval Time
Setting controller which is used to decide that every how many seconds will sample a
value. For example, in Figure 4-58, setting value 1 to this controller means capturing
exercise data every 1 second. Figure 4-59 shows the results in 20 seconds of

exercising.
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Figure 4-58: Exercise data recording control
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Figure 4-59: Exercise data sampling

The state diagram of this application is shown in Figure 4-60. Time as the unique input
and cycle qualification judge whether the current time is satisfied or not. If satisfied,
then the current time and exercise data will be sampled and saved. Otherwise, the
cycle will be carried on. Figures 4-61 and 462 shows sequence diagram and

collaboration diagram, respectively.

. | TAnterval time Yes g :
® ™ Bemainder=0 » Data Records ————»@
Start / T=0 T, X End
E No '

Figure 4-60: State diagram — exercise data recording control
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Figure 4-61: Sequence diagram — exercise data recording control
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Figure 4-62: Collaboration diagram - exercise data recording control

4.3.4.6 Fail-safe mechanics

This comp-uter-controlled exercise equipment enables high efficiency and fine
operation without any adjustments. However, accidents such as over-weights
appended to exercisers may happen when sensors and controllers checking pressure
fail. Many accidents are caused by the failure of sensors for machine controls. In
order to solve this safety problem, fail-safe mechanics for protecting exercisers and

equipment are presented in this section.

Figure 4-63 shows a general method of fail-safe design. The guard block is
implemented by hardware or software parts and validates the output data. The output

information of the guard block is a valid / error bro_perty for the output data.

‘Data input = Data output
Function
component
i Error
Guard block —

Figure 4-63: The general scheme for fail-safe systems

Source: Dobias ( 2005)

In this application, the fail-safe design is analysed by two aspects. The first aspect is
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analysed as the use of a “positive” fail-safe philosophy throughout the software design.
The positive philosophy is é method of processing good signals only. Any type of
reject or failure would result in an absence of signals indicating failures. [n this way, an.
overall system failure or aberration that would result in an absence of signals would
lead the machine to treat the occurrence as a failure by default. For example, if a shift
register tracks bad signal through a machine, the “eject station” will automatic reject
this bad signal. How does it work in practice? The machine will be designed with a
sensor to detect any pressure present just prior to the “reject station”. If the control
system sends a positive signal associated with the pressure (data input), then the
“reject station” (guard block) is signaled to hold back and allow the pressure (data
output) to pass. But if the “reject station” receives no positive signal as a result of a
problem (for example, pressure is too high), then it will automatically reject the

pressure (error), in addition, error light is triggered.

Sometimes, even good signals are received, but accidents may still happen because
of the incorrect intensity selected by inexperienced exercisers, such as selection of
too high intensity. Therefore, the second aspect of fail-safe design is analyzed and
focused on developing a software program in order to avoid hidden troubles in
exercising. In this application, if stop motion is displayed, and exercise weights are not
equal to 0, the time recorder controller will start to count, shut down function will be
triggered till time recorder controller counts to 5, and unsafe LED indicator is
displayed as well see Figure 4-64. Otherwise, the time recorder will be reset, and kept
at “on” function. It has to be emphasised that “shuf down” function will not release
pressure immediately, but gradually, and thus, exercise weights will reduce gradually

as well,
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Figure 4-64: Fail-safe design

4.3.4.7 Data warehouse control

This control unit deals with ali data transactions, and the implementation wili be
web-based, featuring hierarchical access confrol on a secure database and

information systems platform. Figure 4-65 shows the state diagram of this application.

> User Details

h §

Bxercise Date Recording

- > F Profile oy Petenase g
_ 4 Save » Upgdate }
Start / Database _ , End
Query : > Heart-Rate Defines :
: i
| !
_ {- Load/ Delete 1

Figure 4-65: State diagram — array updates and database control



4.3.5 System integration

System integration is the bringing together of the component subsystems into one
system and ensuring that the subsystems function together as a system (Wikipedia,
n.d.). In information technology, system integration is the process of linking together
different computing systems and software applications physically or functionally

(Georgia State University, n.d.).

While it may sound like the final assembly of the parts of a system, successful system
integration involves almost every aspect of the project and reaches from the very
beginning into and through the maintenance phase of a system’s life cycle, Figure
4-66 shows the actual integration, where the system comes together,' many of the
results of successful integration, and several of the activities that are required for

successful integration {GSAM handbook, 2003).

. Desigﬁ

Testing _
' " y-» Acceptance Testing

|—> Deployment

Transition From Old System

fMetrics

Requirements _
Life Cycle Integration

Systems Engineering
B Interface Definition

. Comes .
 Together"

-» Operations

—» Maintenance

Successful

Trade Studies —» Logistics
' ¥ Training
Production LJ") Upgrades

Risk Management

Configuration Management

Figure 4-66: System integration inputs and resulits
Source: GSAM (2003)

Successful system integration results from the proper implementation of project
activities shown on the left side of Figure 4-66. The primary requirement and driver is

systems engineering; when systems engineering is employed throughout the project,
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successful system integration is one of the primary outcomes. This includes
requirements definition, functional analysis, synthesis, trade studies, careful interface
definition, true life cycle integration. In addition to the activities associated with
systems engineering, correct employment of other activities such as configuration
management, design, risk management, and testing are essential to ensuring all the

pieces fit together during integration (GSAM handbook, 2003).

4.3.5.1 Process description

System integration begins with planning because system integration is the logical
consequence of systems engineering and other activities. The integration plan is
usually a composite of thase portions of other plans which pertain to it, as shown in

Figure 4-67 (GSAM handbook, 2003).

(Development Planj

Time & Resource

- Allocation, etc. |

-

System _
Engineering Plan 3 Integration
Architecture, Design, ! Plan

Interfaces, etc. L
Testing Plan

Pre Integration,
Concurrent, and Post-
integration Testing

e

N

Figure 4-67: System integration planning
Source: GSAM {2003)

The integration process is shown Figure 4-68 to depict integration and testing more
realistically as a series of integrations and tests. Testing is used to assure developers

that the integrated product is properly functional. Integrated modules that fail testing
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are sent back for debugging and rework (GSAM handbook, 2003).

H

i
Design {5

] Unit . . .| system | | Acceptance
Co@est ™ I esting i Integration »Testing —i-) Testing sl Testing

Y\ \

Integrate Test Integrate Test Integrate
Assemblies Assemblies Subsystems Subsystems System

Figure 4-68: System integration process
Source: GSAM (2003)

When tests fail, the test results are analysed to determine the cause of failure. The
components that make up the module being tested are then sent back for debugging
and recoding. If there appears to be a problem with the design, and not with the
coding, the module is sent back to design for resolutioﬁ. When the problem appears fo

be solved, the integration is repeated and the module is tested again.

Integration is iterative and progressive, with each leve! of integration building from and
on top of the previous level of integration. This iterative, progressive nature is shown
in Figure 4-69. Components are integrated into assemblies, and the assemblies are
tested for functionality (GSAM handbook, 2003). Successful testing is followed by the
integration of subsystems, which are aiso tested for correct functionality. Finally, the
subsystems are integrated into the complete system, which is then tested for

functionality (GSAM héndbook. 2003).
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Components .~ Assemblies ~  Subsystems System

System

Figure 4-69: lterative, progressive nature of integration

Source: GSAM (2603)

In this application, the iterative, progressive nature of integration is shown in Figure

4-70.

. Components - |  Subsystems System
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Goal select E]»—rtntegrationj—b- Heart rate controt —»{Un'rt test

Heart rate status

- ’ . T
Bad signals j__,[ lmegraﬁﬂ——b Fait-safe control —b{TJnlt testJ
Unsafe status '

Save data

Mudify data - )
Reiriove dots [nTegratmr?J—D Data warehouse —b[Unrt;esj

Delete data

Figure 4-70: lterative, progressive nature of integration in application

— - 130



4.3.5.2 Interfaces

An absolute essential to any integration effort is complete knowledge of all interfaces.

This includes interfaces between components, assemblies, subsystems and between

the system and other systems it will need to work with (GSAM handbook, 2003). This

is depicted in Figure 4-71.

Assembly

LComponenH Component—l

y

(e

* subsystem _

—_

-

Other
Systems

11113

Figure 4-71: Interfaces between system parts and between systems
Source: GSAM (2003)

In this application, control system comprises seven subsystems those presented in

4.4.4, Based on Figure 4-71, the integrated system interface between subsystems is

shown in Figure 4-72. The software UGI is given in F'igure 4-73.
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Figure 4-72: Integrated system interface between subsystems
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4.3.6 Software testing

Software testing is the process used to help identify the correctness, completeness,
security, and quality of developed computer software (Wikipedia, n.d.). It involves any
activity aimed at evaluating an attribute or capability of a program or system and

determining that it meets its required results (Hetzel, 1988).

In order to appreciate the testing, it is important fo make a careful distinction between
the terms “error”, “fault” and “failure”. As discussed in the earlier chapter, an erroris a
human action that products an incorrect result. The consequence of an error is
software containing a fault. A fault, thus, is the manifestation of an error. If
encountered, a fault may result in a failure. These failures are caused by faults, which
are, in turn, the result of human errors. A failure may be caused by more than one fault,
and a fault may cause different failures. Similarly, the relation between errors and

faults need not be one-to-one.

Another distinction is often made between verification and validation. The IEEE
Glossary defines “verification” as the process of evaluating a sysfem or component to
determine whether the products of a given development phase satisfy the conditions
imposed at the start of that phase (IEEE, 1986). Verification, thus, tries to answer the
gquestion: Have we built the system right? The term “validation” is defined in the IEEE
Glossary as the process of evaluating a system or component during or at the end of
the development process to determine whether it satisfies specified requirements
(IEEE, 1986). Validation, then, boils down to the question: Have we built the right

system?
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4.3.6.1 The testing process

Systems are built out of units which may themselves be built out of procedures. The
testing process, like thé programming process, must proceed in stages where each
stage is a logical continuation of the previous stage. Basically, three distinct stages

can be identified in the testing process as shown in Figure 4-74 (van Vliet, 2001).

- Unit _
Testing B
+ Integration
Testing l
+ | Acceptance
Testing

!

Figure 4-74: Testing process

Unit testing is the basic level of testing where individual components ére tested to
ensure that they operate correctly. It is the execution of a program with the intent of
finding functional problems in the logic as well as technical problems in the code. Unit
testing considers each component to be a stand-alone entity which does not require

other system components to be present during the testing process.

Integration is carmried out when the units are put together to mgke up the entire
system. At this stage, the testing process is concerned with finding errors which
noﬁnal[y result from unanticipated in unit testing stage. It is also concemed with
validating that the overall system provides the functions specified in the requirements
and that the dynamic characteristics of the system match those required by the

system procurer.

Acceptance testing is the process of testing the system with real data. It involves
testing the system as a whole to ensure that it meets the stated business

requirements and that it works within the defined constraints.
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In whole system testing, the testing will depend on the result of each of unit / module
testing. The bottom-up testing philosophy is better to use in testing this system. In
bottom-up testing the components making up a module are tested individually. Then
they are integrated to form a module and this is tested. After each module has been
tested, the modules are integrated, and the system is tested. For this research, the
whole system is made up of several modules, namely smart card control module,
exercise load control module, exercise motion control module, exercise data
management control module, heart-rate controt module, fail-safe control module, and
data warehouse control module. Each module testing will be divided into three
categories. Data input will test the edits and controls for entering data such as
validations, cross references, and check digits. The second category is data
processing which tests to ensure that the programs are working properly, and that
data tables are accurately updated and intemal calculations are correct. Finally, data
output tests fo ensure that the reports being generated are in the proper format and

provide the proper information.

4.3.6.2 Test planning and scheduling

Atest plan is a document that describes the objectives, scope, approach, and focus of
a software testing effort. The process of preparing a test plan is a useful way to think
through the efforts needed to validate the acceptability of a software product. The
completed document will help people outside the test group understand the why and

how of product validation.

A test plan states what the items to be tested are, at what level they will be tested,
what séquence they are to be tested in, how the test strategy will be applied to the
testing of each item, and describes the test environment. The major components of a

test plan are:
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® A description of the major phases of the testing process (unit testing and

integration testing).
® Adescription of how traceability of testing to requirements is to be demonstrated.
® An overall testing schedule and resource allocation for this schedule.
® A description of the relationship between the test plan and other project plans.

® Adescription of the way in which tests are to be recorded. It is not enough simply
to run tests. It must be possible to audit the testing process to check that it been
carried out correctly.

Sommerville {1989)

Many test cases are used during the testing when a test plan is made. A test case is é
document that describes an input, action, or event and an expected response, to
determine if a feature of an application is working correctly. A test case should contain
particulars such as test case identifier, test case name, objective, test conditions,

input data requirements, and expected results.

The test case specifications should also be developed from the test plan. The test
specification should explain how to implement the test cases described in the test

plan.

Each test specification should contain the following items:
Case No.: The test case number.

Title: The title of the test.

ProgName: is the program name containing the test.
Author: is the person who wrote the test specification.
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Date: is the date of the last revision to the test case.

Background: Describes in words how to conduct the test.

Expected error: Describes any errors expected.

Reference: Lists reference documentation used to design the specification.

Data: Describes the data flows between the implementation under test and the test

engine.

The following sections describe the test cases used in this research to test each

moadule.

Case No.: 1

Title: Membership

ProgName: Smart card control

Author: Wang

Date: 10/10/2006

Background: Save, query, retrieve, modify, and delete series of user details.
Expected error: Saving error, querying error, retrieving error, and deleting error.
Reference: None

Data: MemberlD = 001, Name = “Wang”, Gender = “Male”, Age = 25, (FXProfilelD =
1).

Case No.: 2.1

Title: Exercise load (static)

ProgName: Exercise load control (static)

Author: Wang

Date: 10/10/2006

Background: User sets the maximum and minimum weight manually.
Expected error: System does not accept or follow the user set weights.
Reference: None

Data: max weight = 8, min weight = 3
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Case No.: 2.2

Title: Exercise load (FX dynamic)

ProgName: Exercise load control (FX dynamic}

Author: Wang

Date: 10/10/2006

Background: Save, retrieve, modify, and delete FX profiles.

Expected error: Saving error, retrieving error, and deleting error.

Reference: None

Data: X,=0, Fp=0; X;=1, F,=5; X;=2, F;=8; X3=3, F3=2; X,=4, F,=9; Xs=5, F5=6; X¢=6,
Fe=7; X;=7, F7=1; Xg=8, Fg=3; X¢=9, Fg=10; X1c=10, F1o=0; Xu=11, F11=-2; Xz=12,
Fiz=-1; X15=13, F15=-8; X44=14, F1,=-6; X45=15, F15=-9; X45=16, Fy5=-5; X17=17, Fy7=-T;
X15=18, F15=-3; X19=19, F19=-8; X2=20, F2=0.

Case No.: 3

Title: Exercise motion status

ProgName: Exercise motion control

Author: Wang

Date: 10/10/2006

Background: Exercise motion status responses by v=dx/dt with constants v4, v,.
Expected error: Read x error, read t error, exercise motion status displays error.

Reference: None

Data: Ax=0.2,Ar=0.1

Case No.: 4

Title: Data recording

ProgName: Exercise data management control
Author: Wang

Date: 10/10/2006
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Background: Exercise data recording in every given time spacing.
Expected error: Data record error.
Reference: None

Data: time set = 30, time spacing = 1

Case No.: 5

Title: Heart-rate status

ProgName: Heart-rate control

Author: Wang

Date: 10/10/2006

Background: System depends on user’s gender and age, and selected exercise goal
to generate two variables, MAX and MIN, which are used as a measurement of
heart-rate status under the current exercise goal. A simulated heart-rate will be loaded
and compared \;vith MAX and MIN to indicate which level of heart-rate status is
standing, easy exercise, normal exercise, or hard exercise.

Expected error: Error values generated for two variables MAX and MIN. Error result
of comparison simulated heart-rate with variables MAX and MIN. Heart-rate status
résulnr display error.

Reference: None

Data: user's gender="male", user’'s age=25, exercise goal="warming up”, simulated

heart-rate=50

Case No.: 6

Title: Fail-safe

ProgName: Fail-safe control

Author: Wang

Date: 10/10/2006

Background: A mechanism used to deal with insecure data and safeguard both
human and machine.

Expected error: Catastrophic events happen.
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Reference: None

Data: Insecure data

Case No.: 7

Title: Database

ProgName: Data warehouse confrol

Author: Wang

Date: 10/10/2006

Background: Validation of database tables content.

Expected error: Character input error, numeric value error, digit error, and so on.
Reference: None

Data: Depends on each table field.

4.4 Summary

in this chapter, we fully illustrated the design and implementation of a
computer-controlled pneumatic device to replace the deadweight in standard exercise
equipment as a specific practical {T application. The design processes of the
application successfully applied the object-oriented modeling method from system
analysis to functional analysis, from software features to flow logic, from testing to
evaluation. With the new technology, it is possible that the fitness industry will
incorporate IT into its operations. The new pneumatic exercise equipment will greatly

enhance the current deadweight-based exercise environment.
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS

This chapter summarises the previous chapters that discussed various aspects of the
design and imptementation of a computer-controlied pneumatic device 1o replace the
deadweight in standard exercise equipment. On the one hand this thesis shows the
benefits of usability design method but, on the other hand, it shows that many
improvements can still be made. We first summarise the work and state the main

contributions of this thesis.

As we indicated, this work involves the development of a practical IT application. We
have focused on a computer-controlled pneumatic device that is more efficient and
reliable in use, easy to operate, and will provide greater user satisfaction in exercise

than deadweight-based exercise equipment.

During this research, we have learnt how to develop a practical application system,
which includes preparing the literature, customising a suitable methodology and
framework as a guide, and merging the method and framework into the design

process.

5.1 Conclusions

This research set out to develop a novel dynamic resistance exercise equipment. The
primary purpose of the project is to replicate and enhance the functionality,
performance, and sensation of deadweight-based equipment. A further purpose of the
project is to investigate the feasibility of designing a compact retrofit-able pneumatic

unit to replace the deadweights of existing standard exercise equipment.

Chapter 2 described the key features of physical fitness, the relationships between
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physical activity, health-related fitness, and health. It indicated that physical activity
can influence fitness, and also that fithess is related to health in a reciprocal manner.
Fitness not only influences health, but health status also influences both physical
activity level and fitness level. The health-related equipment which are used to
maintain and promote fitness ability are presented as well. Following the fast
developed IT areas, not only the traditional exercise equipment are required and used,
but intelligent exercise equipment are also developed and devoted to provide
appropriate responses in order to optimally exercise with a built-in computer system.
The key concepts and technologies that use developing intelligent exercise

equipment are discussed as well in this chapter.

Chapter 3 concentrated on the design methodologies presented by hardware features
and software development. The hardware phase, focused on configuring a
computer-controlled pneumatic rig in order to replace traditional deadweight in
standard exercise equipment by FX (force-displacement) concept. In addition,
closed-loop control method is concerned with using feedback to control outputs of
dynamic system with great accuracy. In order to avoid oscillatory and unstable
happened in feedback system, a PID controller with the specific reference of
proportional, integral, and derivative Capabiiities is used. In the software phase, a
monitoring and control software that used object-oriented as a guide under LabVIEW
programming environment was presented. In the past decades, usability engineering
was consistently neglected in software development. However, we are rapidly moving
away from a technology-centred foundation to a user-centred maturity. In the
beginning computing technology could not meet all the needs of customers, and
software developers could take advantage of the relative stability of the

object-oriented programming paradigm.

Chapter 4 explored a computer-controlled exercise system. The design environment
includes hardware environment which involves NI PXI machine, NI TBX-68 data
acquisition card, and a pneumatic rig; and software environment uses LabVIEW
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programming environment. The design processes of the application successfully
applied thé object-oﬁénted modeling method from system analysis to functional
analysis, from software features to flow logic, from testing to evaluation. With the new
technology, it is possible that the fitness industry will incorporate IT into its operations.
The new pneumatic exercise equipment will greatly enhance the current

: d_eadweight-based exercise environment.

5.2 Recommendations

Current exercise equipment imposes fixed-trajectory exercise on users with the
dominance of static equipment designs. The weights generally can be changed only
when the equipment is inactive, without any exercise data and body status feedback.
Because current exercise equipment is mostly manually controlled, without any IT
technologies, capturing and gathering of exercise data is difficult to achieve. Some
basic physical protections are available on deadweight-based exercise equipment,
but safety is still the problem for inexperienced exercisers. Fortunately, with the new
exercise equipment, exercisers will concentrate on exercise without any

inconvenience and danger.

The new exercise equipment is developed based on dynamic resistance with onboard
data management. This new technology optimises exercise effectiveness for
exercisers. Exercisers will have advanced diagnostic capacity, and will capture
exerciser data which can be manipulated into meaningful information for use by health

and fitness industry stakeholders.

In addition, exercisers will meet their fitness objectives more seamlessly. Medical
specialists and fitness consultants will, via technology inputs, define the dynamics of
exercise and the data statistics of equipment users will be remotely stored for

manipulation by various third parties.
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The novelty of the new exercise equipnient lies in the exercises configured for
individuals, using virtual trajectories that will allow for seamless exercise routines,
without the need for physically adjusting weights. Data exercise management is an
additional novelty offering useful empirical information on exercise status to interested
third parties. In addition, new technology for fitness will open which uses pneumatic

device to reptace conventional deadweights in the traditional sports gym environment.

To summarise, compared with deadweight-based exercise equipment, new exercise

equipment have some value propositions. That is why they heed to be researched.

® First of all, the adjust-abilities.
B Ease of adjustment

¢ Re/setting weight
In current standard deadweight exercise equipment, the exerciser has to
adjust fitted weight after other users. Furthermore, each exerciser has to
readjust the desired weights uninterrupted in-exercise.

€ Remember settings

_In the new exercise equipment, exercisers do not need to manually

readjust weights. The system will remember each exerciser’s settings
and dynamical weight change by different exerciser's selection

in-exercise.

® Secondly, the new exercise equipment provides more safety configurations for
exercisers’ use.
W Protection of user in-exercise
In current standard deadweight exercise equipment, the equipment cannot
estimate exercisers’ status, that is, whether the current weights still fit the
exerciser when he puts in more intensity.
B Fail-safe mechanics
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The new exercise equipment provides fail-safe mechanics for catastrophic
events, such as heart-rate monitoring that depicts exérciser’s status, if any
insecure sifuation happens, the equipment will send warning to the exerciser.
Furthermore, if any calamities occur the exercise equipment will shut down

immediately.

® Thirdly, the new exercise equipment has higher performance.

Integrated monitoring of user
4 Comprehensive exercise/health status
In the new exercise equipment, the monitoring of exercise will be
realised in four salient areas, namely — heart-rate monitoring, calculation
of exercise work-rate, exercise event recording, and electromyography
technology.
Dynamic adjustment of exercise parameters to exercise/health status.
In current standard deadweight exercise equipment, exercisers have to
manually readjust to the desired weights continually during the exercise. In
the new exercise equipment, there is a bi-directional pneumatic cylinder
actuation based on FX controf technology to alfow dynamically varied under
computer control. With this new equipment, the exerciser can perform a
comprehensive set of exercise routines without manually having to effect

any adjustments.

@ [n addition, the new exercise equipment allows data communication.

Manuscript data recording

Current standard deadweight exercise equipment do not include electronic
data recording. If the exerciser wants to review the previous exercise data
for a future exercise plan, they have to make a hand-written copy for every
exercise recording.

Recording/archiving/retrieval electronic data transfer

€ Access control
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A smart card technology is used for access control and exercise event
recording.

4 Distributed network environment
A server controlled array of FX exercisers is included in the new exercise
equipment. The server-based supervisory software will link the individual
FX exercisers, enabling enhanced event recording, exercise optimisation,

and management of the exercise circuit facility.

- @ Furthermore, the enhanced machine dynamics

m  FX control vs. Static
In current standard deadweight exercise equipment, the weights generally
can be changed only when the equipment is inactive. The new exercise
equipment will use virtual trajectories that are based on FX technology to
allow for seamless exercise routines without any physical adjustment.

B Enhanced machine control dynamic
in current standard deadweight exercise equipment, when weights are lifted
an inertia of movement is created which tends to provide unevenness in the
operating resistance during the exercise process. Sometimes, we describe it
as vibration effect. In order to avoid this, the new exercise equipment uses
carrier frequency technology to simulate vibration effects.

X Improved exercise circuit
In current standard deadweight exercise equipment, each equipment only
provides single exercise motion. That is tc; say, the exerciser has to use
different equipment in order to train arms and legs or other parts of the body.
The new equipment provides an improved exercise circuit that performs a
comprehensive set of exercise circuit on a single equipment with different

exercise simulators.

® On business features

On business features, the new equipment has highly considerable Return on
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investment {ROI). As ROI described earlier, this equipment provides a series of
exercise motions on a single equipment. That is much cheaper than purchasing
different motions of deadweight equipment. The new equipment is targeted at
medical insurers, medical specialists, fithess consultants and individuals seeking
active management of their personal fitness data. In addition, the new equipment
will be placed in new locations away from the traditional sports gym environment.
From state-of-the-art perspective, the new equipment will primarily incorporate

information technology into its operations.

® Environment for exercise health

A networked environment for exercise health is used in the new exercise equipment.
Current standard deadweight exercise equipment only provide a training environment
to exercisers. It does not have any description of exercise health. In the new
equipment, a networked environment is used to link to each FX exerciser, and
electronic capturing, managing and monitoring of exercise data is drawn from the

machine user.

5.3 The future of inteiligent exercise machine

Referring to the previous discussion, the main aspects of the development involved
the building a pneumatic test rig which was successfully concluded. The rig itself has
been designed and manufactured to the highest industry specifications using mainly
FESTO components; the control aspects of the rig was implement using a National

Instrument PXI unit.
In order to explore the future of Intelfligent Exercise Machine (IEM), Newton Fortuin

and John van Niekerk were interviewed and asked to refiect on IEM. Newton Fortuin

and John van Niekerk is the original concept and product designer.
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To explore the future of IEM, the following aspects should be considered. Firstly, the
physical appearance of IEM which concems a couple of elements includes what
actuation approach to be used; which components to be used; the reliability of the
machine and control technology; and the user environment communication feedback

between machine and human.

According to Fortuin (2007), standard exercise equipment particularly
deadweight-based equipment uses standard weight stack technology to ensure
resistance to exercise against. The limifation of the weight stacks is that though the
exercise only has one constant weight. It is not dynamically controllable and difficult to
build in, but in exercise requirements should be variation displacement from actual
weight. Oppositely, with pneumatic actuation approach, the weight can be controlled
by spatial position of cylinders. On the cther hand, Fortuin (2007) reflected that IEM
would replicate the functionality of existing equipment, and then enhance and extend
standard functionality in order to optimise the exercise experience to a particular user.
To explore the further possibility of IEM, Fortuin (2007) pointed out that IEM should
give user information feedback on how they perform in the exercise environment. He
reflected we are obviously within information age, looking at the weight stack scenario
it gives no information and it is difficult to obtain, for example, to automate a weight
stack system, one needs to have a solencid gun, and that is a mechanical unit shoot
solenoid right into the system which costs R50, 000 per machine. In the future, new
approaches to IEM will be raised and explored to set up standing wave patterns within
pneumatics, which IEM needs to learn about users’-exercise patterns and growth in

muscle mass thus excite muscle regeneration during exercise.

In addition, van Niekerk made a vital comment on the size of components to be used
in the future which will change the appearance of |JEM drastically. According to van
Niekerk (2007), the current physical size of IEM gives a clear display of the level of
complexity of both the physical combined with the control system of the machine. In
his view, he would not have to change the machine in design, Fortuin agreed as well.
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But from the physical machine perspective, van Niekerk (2007) suggested the IEM
needs to change in the size of components. The smallest viable unit which is available

on the market is the retrofit unit which will replace the weight stacks.

Furthermore, two major issues are raised by van Niekerk {(2007) to be considered.
One is the reliability and control technology of the machine. The other important thing
is the user environment or interfface communication feedback between machine and
human. For example, IEM needs to have some understanding and logic of the users
exercise needs and patterns so that the interface with the users follows a logic
accessible pattern in terms of settings onto the IEM and feedback from it to output the

kind of data which the users are expecting.

The second issue, a very important one to the future of {EM is the market. Who will be
prepared to buy the IEM? (Alexander (2007), reflecting on states in this industry in
particular pointing out exports from China which almost proves that this industry is
saturated. Chinese exports increase with 42% the exports by volume was 30%
deadweight systems, 20% home gym, 14% treadmills and other fitness equipment
18%. On the other hand, Fortuin (2007) pointed'out that the Chinese market is mainly
exporting standard weight stack exercise equipment and for this reason the
opportunity to sell IEM is great. Alexander feels that the 18% other fitness equipment
is where IEM can conveniently be positioned. Fortuin and Alexander agreed that the
18% plus the 30% of the deadweight system is the market where IEM could possibly

take over or share.

Van Niekerk (2007) agreed that with the minor changes in size and appearance of the
machine the perfect market can be pursued and nurtured. He also admitted that it
would take sorné exploring and research to find the diminutive component to replace
the current ones but he is really excited that industry specifications were used in the
actual building of the rig, thus, the |IEM, which would assist the search greatly. Van
Niekerk (2007) said it is just a matter of finding the niche market for the IEM then
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researching that market to see if it has been served and to what level and then finding
the best way to enter. In his opinion, the best option in market strategy would be
penetrative strategy, charging premium prices to a small segment of the market. From
this, in my opinion, as soon as the market is informed and excited about the product,
some advances can be introduced to the produce and the old version can to introduce
to production. To keep the product life cycle going, new and improved version of the
product or a complementary product can be designed and marketed with or

separately from IEM.

The niche market | have in mind would be that of sport clubs {(South African Rugby or
Soccer) as well as other sport facilities such as athletics clubs, hospital heart units,
and muscular dystrophy units, etc, can form part of this particular need. Advertising
and marketing of the product should take place in health, PC, Gadget magazines.
Conferences and other demonstrative media can be used to show and inform

prospective users about the 1IEM.
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APPENDICES

Appendix A: Interview questions

Interviews with fitness consultants from Fox Fitness, Virgin Active, and Zone Fitness

in Cape Town, South Africa.

Question 1

What exercise equipment are available in market? And how many types are there?

Question 2

Which exercise equipment are based on lift-mode exercise?

Question 3

Which exercise equipment are based on spring-mode exercise?




Question 4

Is there any exercise equipment controlled based on build-in controller?

Question 5

What procedures are available to protect humans on the cumrent weight type /

deadweight-based exercise equipment?

Question 6

Is there any exercise equipment that provides data transfer capability, and health

status feedback function?

Question 7

Do you think exercise data record capability will assist fitness consultant {o arrange

optimal exercise routine to their exercisers?
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Question 8

Is there any single exercise equipment can provide aerobic exercise and anaerobic

exercise?

Question 9

Do you prefer to use pneumatic technology to instead of conventional

deadweight-based exercise environment?

Question 10

Do you think a new innovation will be opened for traditional sports gym environment

with the new exercise equipment?
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Appendix B-1: Personal observation of the training equipment functionalities

Personal observation of the training equipment functionalities at Virgin Active

Gymnasium, N1 City, Cape Town, South Africa, 2006.

At Virgin Active Gymnasium, exercise equipment basically fall into muscle training
equipment and cardio training equipment. The all muscle training equipment are
deadweight-based equipment, completely manually controlled. Exercisers have to
stop exercise to adjust weights physically after a phase. In addition, they do not have
any muscle training equipment associated with IT technology to provide exercise data

transfer in order to have advanced muscle training.
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Appendix B-2: Personal observation of the training equipment functionalities

Personal observation of the training equipment functionalities at Fox Gymnasium,

Bellville, Cape Town, Scuth Africa, 2006.

At Fox Gymnasium, the all muscle training equipment are not associated with IT
technology. Therefore, the equipment cannot provide any capabilities related to IT,
such as exercise data record and transfer, body status monitor, and so on. Only
rowing machine has data record capability, but it is not used at that moment. The
fitness consultant said that capability has to work accompanied with a data card for

each exerciser, and only few exercisers are interested.
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Appendix C: MPZ setpoint module user manual
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Appendix D: Proportional pressure regulator type VPPM... user manual
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 Proportional pressure regulators VPPM

Peripherats owendaw

| pressurg

o2 Proponional pressurevaives
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Proportionial pressure regulators VPPM
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Proportional pressure regulators VPPM
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Tethnical data

:po'rti_unai pressure regulators VPPM
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Pmpomunai pressure regulators V?PM
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Appendix E: MLO-POT-450-LWG displacement transducer data sheet
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Appendix F: U2B force transducer data sheet

uzB

Force Transducer

' Special features

- Tensile f compressive force
transducer made frem stainless
materials :

— Nominal forces 500 N ... 200 kN

- Integrated latesal force compen-
sation .

- Low overall height
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Speci_ﬁi:ations

Farce transducer type: o . bir.:] :
Rated force I = Froe [0 | 05 L1 ] 2 |5 f12 )25 {100}200
Class of acowracy : a2 - -0
Rated sensifivity Crom | T8 o 2.
r&mmmayvm & | % _ccz.'sj| D205
 vel. z8rg Sgnal variance [ % p : P _
Iﬁvstﬂmelror(GSF“,) u % 12 ) <213
Linearity variafion ) i % @2 S <01
jkﬂwudm@emmmﬂnl( L
Teiatve t eIl SenSEly o L % o [13]
demmmwmx . '
relatve Io nominat sensitvity . TKp % 0.63
Influence of eccentricity (1 mmj & | % 005
influence of Iateral force (Eateral force 10 % ooV | dg | % B
Ret creep over 30 min dre| % ot 308
Mnput reaistance 7 | o ey
Outpust resistance ‘R, | Q 300..400
Insulation resistance s | @ >210°
Reference excitation voitage Urer v 5
Sesvice range of excitation voltape BuasT | ¥ 8512
Rated temperauge rnge Bepem | 0 -10..+70
Service tempersture Tange e | | -aD_+85 (1207
Storage temperatire range Bs | *C 50485 -
Reference temperatire e | e 4
Max. operating force Fal | % 130 | 150
Breaking force ] % >300
Static lateral force Bmit 5 % 25
Nominal disptacement . Sogm | mm T <01 ™ qor 00
Fundamental resonance frequency fa | k2 l 4 [aJ I 14 |1?,5 8 |a5( 6 }ss
Weight kg 43 |1a7| 58
Rel. permissiblevibrationoading | Fm | % | 100 | 18
Protection sy$tem according to DIN EN 60529 - - \F&67
Lenerh of cable, 6-wire connection - - am - | &m [ t2m

) ratve o a force wiroduetion 20 mm over the memtrane

¥ Class 120 °C varsion optional. The tschnical Sxa in T2 extenden Sefvice Bripe@urs Encs may &ifer from the 2am mertioned above.
The 120 °C version cannat be uses for zero-relared long—ierm measUremeres.

Cahle wiring assignment {six wire connection)

o —— WH {whita) Measuring signal {+) Uy

-H—-—— BK (blask) Bridge excitation voltage {-) Ug

—{—E——— AD {red) Measuring signal (-) Ua

3 BY (blus) Bridge excitation: voltaga (+) Uz

-‘H———- GN (green) Sense lead {+}

v E—— GY igray} Sense lead {-)

Cable shielding, connect=d to housing
H3M 2 EM82-25en
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" Aid to installation (dimensions inmm) .

Knuckle eye ZGOW - o S Knuckle eyi IGUW
o 9.
o _ ] P P
— = : w \S\l‘

1
S
2/

-
A
; NG

} X M - - ] Ay H
5K SR
W : W
inkil Knuckle eye ZGOW | inkg A o8 B F G H ok L] swiw
1.5..10 1-U2A0 14 2G0W 02 2 12 -] 50 ] 12 |22 M12 19 |16
20 CO1-URA R ZGOW &5 B 2607 50 77 102 18 | 34| M2Dx15 (32125
50 3-UeASZGOW (. 08 42 57 ] 94 124 2 |2 F ¥2u2 |38 | A
100 1A ZEOW 22 50 |sp w2 5 1 151 | 21251 28 | 85 ] Maha 35
208 12N ZEOW 48 60 |5y 00w 126 | 167 | 235 | 36 |82 | Mam2 |70 |44
Rated force Order No, \yeiem
in¥N Kauckle eye ZGOW | inkg A for: ) F G H LY SWiw|Xx
0.5.10 1U2A T TGUW o1 35 127 2 | M5 | 705 | 12 M12 18 (6] 7
20 AN ZGW 42 488 2 3 798 |48 W | M5 [ 30 |25 9
50 TARA S ZGUW - 0% 5 =7 L] S5 145 | 2 N24x2 36 {3t | W
100 AT ZGUW 1.1 €55 |5 _*006'3 115 | 14835 210 28 RS2 B0 |35 (18
200 L2020 ZGUTW a2 86 53*_53&'5 128 188 238 38 a2 73 j44 | 18
U2B force transducer : zaTw 3
complete with knuckle eyes ZGOW, ZGUW A
- >
Rated force | Amn | Amax | Fomn | F Minimurm Maximum
in fkM} % | serewedin | screweddn .
. depth derth i ﬂi
b [ I
0510 | 129 | 356 | 171 | 168 | 856 | 96 o5 <|ul
20 213 ) 23 ] 382 | o2R4 | 1€ 18 40
50 260 | 284 | 320 | 348 {133 | 192 5 ‘
00 413 | 438 | 541 | o990 | 7 | an2 7
200 46 | 489 | 802 | 625 | 356 | 384 -]
ffany '
)Q\.Jé‘{
THow ]
: !
B38225en 3 HIM
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* Mounting accessories, continuad {dimensions in mm)

UZ8 with ZGOW, : . e
'ﬁtﬂ'loul:&éaﬁer afsat 45° or 3050 J'-—-———-} /natmscqpeofstppfy ]
= N b T
b ;' 28 -t
= rans
e r :
) A
* Recommendad dimension in relation _:' %y
Rated force in kN D oG H J K %] MAY [Nm]
f8.5..10 L 42 £xM5 13 84..564 34 5
2 T2 70 S0 208 1314 &5 35
50 i) 78 - A2 18 - 1582 &1 60
- 100 122 105 Bxhi2 16 244 3 60
200 . 142 125 BB 26 2702 97 150
™1 Aecommended vaues When Lsing & torgue wrench 07 dry thread
Options
+  Sarvice temperztre range uprated to 120 <C
Accessories, additional:
o Knucklz eye U2B, upper,  U2AL /ZGOW
» Knuckls eye UZ2B, lower,  UZA!L /ZGUW
Modhasiors el _ Hottinger Baldwin Messtechnik GmbH
A2 dreais cemxrbe o procus i -gEnens fom anky They
&Te not ™= o urderstnod = EXTESS waTEty and co nat
Tk Ty labiy wREor.r.
I Tie®en See 45, D-64283 Darmetad, Garmany
. Tei: +43 £151 B30 T +49 €157 863 100 HBM
B{:8205 e Emaii- SUppOri@inbm.cors Iremet; www hhm.com measurement with confidence
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Appendix G: Air treatment use manual
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Appendix H: INA 128 amplifier data sheet

- INA128
- INA129

- Precision, Low Power
INSTRUMENTATION AMPLIFIERS

~FEATURES = -~ DESCRIPTION _
- @ LOW OFFSET VOLTAGE: 50uV max - The INAL28 and INA129 are low power, general
® LOW DRIFT: 0.5pMPCmax purpese instrumentanon amphfiers offerng excellem

. accwracy. Ther versatle 3-0p amp design and small

@ LOW INPUT BIAS CURRENT: 5nA max size make thern ideal for 2 wide range of applications.

® HIGH CMR: 12048 min S -+ Cument-feedback input cirenitry provides wide band-
@ INPUTS PROTECTED TO 40V width even at high gan {2005z at G = 100).
® WIDE SUPPLY RANGE: +2.25 to 118V A single external resistor sets any gain fiom 1 tp
® LOW QUIESCENT CURRENT: 700uA . 10.000. INAL?E provides an industry standard gam
® 5-PIN PLASTIC DIP, $0-8 _ equation; INA179's gain equation 15 compauble with
_ ' " the ADG20.

) The BNAIZSTNALIZY 15 laser mmmed for very low

APPLICATIONS - offset volmge (SOUVY, deift (0.5UVFC) and high com-

mon-mode rejection {12048 at G > 100}. Tt operates

® BRIDGE AMPLIFIER with power supplies as low as £2.25V, and quiescent

@ THERMOCOUPLE AMPLIFIER current is only 700pA—idesl for basery operated
® RTD SENSOR AMPLIFIER : o syst:nslutemai tnput protecnon can withstand up to
® MEDICALINSTRUMENTATION 40V without damage.

® DATA ACQUISITION ) o The INA128INAL129 is avalable m 8-pmn plasuc
_ DIP. znd SO-8 surface-mount packages, specified for

the —40°C to ~85°C wemperature range. The INAL2S

15 also avardable m dual confignration, the INAY128.

A1ZE:

INAL28, INATZY G=14+ 5;',:5]

R}

0 MAL2S:

G=3+

43.44)

40k

. 4
KOTE: [T} NAT29: 24.7uid $
. o

Wipiional Alzport ks wia Park - Baling Address: PO Bax 11498, Tucson, AZ §ST24 - Stest Address: 678 5. Tucson Bivd, Tasen, A7 85796 - Tok (S TH-T1H » T §10-2- 1111
Intamet: bitp- mwer bayr-browih comy » FAXL i (300} S480-6733 (US'Camada Oulyy « Cabie: BERCORP « Telon: 0656991 - FAX: (529 550- 151 + inspecfiste Prodoct nse; (900) $48-5112

©15%3 Boy-Beowe orporatica PDS-I2863 Proed m T84 Oavber, 1094
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SPECIFICATIONS

AL Tas 2550, VS 116V, B, = 10461, urbess ohermine 0od.

WNAI2EP, U INAT28PA, UA
) S . INALZOR. U - S INA123PA_UA
PARAMETER “CONTHTIONS MIN wp: . MAX - MiN TYP MAX UNITS
WPUT . . - "
Cffset Voltage, RTH _ : R RS : .
Inztiad . . Ta=+2E°C . 210085 |&ED 830G L | R2ER0G H1TEHAC0E - @Y
vs Temperatire - Ta= T ® Ty P B2ide |42E220G . ) 2+50 | 21220G pviT
 vs Power Supply V= 3225V 0 £18V <l | mzeae | a00e . » 47 200006 A
Long-Terme Siabiy B ’ 2L 1 2UG s L Wvimo
impedance, Diferentia) S 16952 * . QflpF
CommaonMede : : L L APES * Qi pF
Common-Mode Voltage Range™ - Vo=0V - -2 | vel-1a » L v
- . v—i+2 | =y+tT » . v
Safe inpid Vokape - . =0 : . » v
Comman-Mode Rejection Ve = 213V, ARz = 16k o . . : :
: E ot G=1 . 81 5 - . T3 * 48
G=it 130 Co10m i 93 * Fi
G=1G0 128 125 113 » 45
G=1C013 120 130 R 110 L 43
BlAS CURRENT . . S A2 5 » 13 nk
vs Temperamre : ) 30 » . pASC
Offset Current o - 25 * 13 nA
vs Tempermnire 430 g » . pANC
NOISE YOLTAGE, RTE G=1000. 7, =0 —
C =104z . . . 19 » nVivkz
= 100Hz . 8 * nviEz
f=lidiz . . . & & [ /ates 2
. =0.5Hz o 10HZ . C . g2 » We-p
=10Hz . . ) j: 13 £y pAEz
f=tkkz . ) ) ¢33 »* pANHZ
=iz 10k A * FEE-R
GAM . : .
Gain Equzsion, NAI2Z . 1+ (50T ™ vy
A2 . 1+ (40,4007 » ViV
Range &£ Giin : A Qv * » v
Gain Emor +46.01 024 L 131 %
.02 ©o#l4 * #5 %
AL09 5 * 0.7 %
: L5 .. » 2 %
Gailn vs Terperature 2 . 1 10 »* L pp°C
Edkl) {or 42 4k(I} Rasisrance® B 3 3] » > pam®C
Honfinearity V, = $13.6V, G=1 #0005 25001 L] +1002 % of FER
G=10 . +0,0003 #0027 » 1604 % of FSR
).0E05 .00 - +1.004 % of FSR
G=1Ca0 : 0331 {Now 4) * » % of FER
OUTPUT
Voiage: Fosiive R =10k (v=}-1%| {v=1-023 » » v
Negatve Ro= i (V=) +1481 [v3+08 ® * v
Laad Capasiance Sabiity . 1130 » pE
Shar-Ciroit Current . +3~18 * mA
FREQUENCY RESPONSE
Bandwicth, -3dB 1.3 » Mz
708 » kHz
prutiy * kitz
2 » kHz
Slew Flata 3 »* WS
Setfing Tire, 1.01% 7 » ps
7 » iis
] * s
=100y ] * M5
Cverdzad Racovery £L% Overdrive 4 L ] s
POWER SUPPLY
VeoXage Pange 42 28 £15 +'8 » * » v
Current, Teral V=TV E3jod] $7ES * [ PA
TEMPERATURE RANGE
Specficadon 4 88 * » sC
Cparating =41 128 ” » i
8 B-FinDp B3 * et
5d-5501C 158 * *C

# Spscficsdon ssme as IMA125P, Uar IKATZER, UL
ROTE: [} Input comrnon-rods range vares wits cutowt voksge—sas typical cunvses. (2) Suarameed by wa'ertest. (3) Terrperatune coefftian ofthe SCEQ (or 23 4380
tarm in the gidn equaton. (4) Noalineardty seasurements in G = 1300 are dominaxd by naise. Typical nonlinearty is 33.001%.

The inform ation provided ~eren i befiewes W be reliaiie; rowever, BURR-EACWN assumes no respoesiiity for maccwracies or gm ssions. BURR-ERCWA assumes no rexponsdity
for tre use of tes ifgrmation, and 5 use of such ‘Narrmation £al o2 ety at tha user's OWR sk Prices and specifitatons ae suZeot & charge whout notioe. No patent ngTs of
&erses 0 any of the g@cuits deserbed henen ane Wplied or gramed o ary trind party. SJAR-BROWN does nes asthorie o wemant any BURRA-ZROWN produss for Ltz in (e suzoent
Gawres andicr sysems.

EURH « DROWHNS

INA128, INA129

3
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'DICE INFORMATION

PAD FUNCTION PAD FUNCTION
1A, 1341 Ry 5 . Raf
2 L™ -] ¥y
- Vi T Ll
4 V- 8A, EBtM Rs
" NC =No Connaction.
NOTES: {1) Connect bath indicated pads.
Substrate Bias: | By cor d 10 ¥— powser supply.
MECHANICAL INFORMATION
- MILS {0.0017 | MILLIMETERS
Die Size 123x 7645 [AC5x 1753012
Die Thickness o 1413 0,35 £0.08
N, Pad Size 4x4” . D1xD4
Backing © .- : Geid

PIN CONFIGURATION : A ELECTROSTATICE

SPnDPmdsDs _ - DISCHARGE SENSITIVITY
Tap View S _  This integrated circuit can be damaged by ESD. Burr-Brown
RGE U El“ﬂ.. * recommends that all mtegrated crcuits be handled with ap-
propriate precautions, Failure to observe proper handling and
Y E ZIW . . inswallation procedures can cause damage.
Vi E e £lva : ESD damage can range from subile performance degradanon
v-| 4 5 [ret : to complete device Euhire. Precision integrated crowts may
be more suscepnble to damage because very smalt parametric
changes conld canse the device not 1o meet 1ts published
: ' B specificanons,
ABSOLUTE MAXIMUM RATINGS : '
ORDERING INFORMATION
Supply Vekage 18V
Anziog lnput Vatage Range ) 0V ) PACKAGE
Ouput Shart-Circuit (T ground} Cominucus CRAWING | TEMPERATURE
Gperzing Temparzure e ST 9 ¥125°C PRODUCT PACKAGE NUMEBER™ RANGE
Stworage Temperarure - -2T°C to +125°C p— — -
Jation Temperatize . 1Ere 1A 1ZEFA £-7in Plasto DIP cas —TC 1w vE5°C
Lead Tempersare (sodarng, 105) . .ampe INAT2ZEP E~Fin Plastc DIF cce —4T°C 10 +85°C
MAT2BUA | SO Surtave Moum: 1®2 4P 1 ~B5°C
MATRU | SO-8 SutaseMount 182 ~40°C o +85°C
INAIZEPA £-Fin Pastic DIP cos 07T 1o +25°C
INATZEP £-Fin Plastic DIP cee —FE BT
INAIZEUA | $0-8 Sutace Moun: 182 0T 1 ~R5°C
Azl | 50-8 SufaceMoun 182 —2°C 1o +B5°C

KOTE: (1) For cetailed drawing and dimension tab'e, pledse s=e end of data
sheet, or Agpendix { of Bur-Srown i€ Dara Seck.

3 BURR - BROWNS
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TYPICAL PERFORMA.NCE CURVES
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Common-Made Rejaction (@a)

Power Supply Rejoction (08)

Canumon-Mode Vottage (V3

COMMON-MODE RZJECTION vs FREQUENGY
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TYPICAL PERFORMANCE CURVES (CONT)
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TYPICAL PERFORMANCE CURVES (CONT)
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OUTPUT VOLTAGE SWING
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TYPICAL PERFORMANCE CURVES (CONT)
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APPLICATION INFORMATION

Hgmlshcwsﬂxbmcmemommmdfaopm'
of the INA128INAIZ9. Applications wrth notsy or high

impedance power supplies may require deconplmg capacx— -

_tozsdo-setothcdencepmsasshmn

'Ihzomlsrefﬁredmrlxmrpmmence(i{eﬂmai .

‘which is normally grounded. This must be a low-i e

connection to assure good common-mode rejection. A resis-

tance of 8(2 in series with the Ref pin will cavse 2 typical
deﬂcetodemdetoapprammateinOdBC’&{R(G I)

SE'ITING THE GAIN
Gam:ssetbyconaemt,asmzk enanalresxsor Rg,
mﬂnecwdbem:enpmslands ' -
- INAL2E: : 5 1)
G= 1+<0kﬂ SR :
WAL g @
R, :

Commml}nsedszamsand:emva]msmshownm
Fioue 1.

Thc)ﬂkﬂtexmmEquauonl (9 4kaEq1muon2) comes

from the sum of the two infermal feedback resistors of A; and

- .accu.mse absolme values. 'I'b.e accoracy and temperature
. coefficient of these meemnal resistors are mchuded in the gam

accuracy and deift specifications of the INA128TNAL29,

The smbility 2nd temperatore dnft of the external pain
setring resistor, Rg, also affects gam Rg's contribunion 1o
gamn accuracy and dnft can be directly inferred from the gam

- equation (1). Lew resistor valnes required for high gain can

make wiring resistance important. Sockets add to the wirng
resistance which will contribate additional gain error {possi-
bly an nnstable crame::ror)mgamsefappmxxmatcl} 100 or
greater. '

DYNAMIC PERFORMANCE

- The typical performance curve “Gain vs Frequency™ shows
_that, despate s Jow guiescent current, the INAI2RTNALZY
. athneves wide bandwidth, even at lngh gain. This is due 10

the curreat-feedback topology of the input stage CII'CBJII')
Setthing time also remanns excdlem ath;gh mm

NOISE PERFORMANCE
The INA. I’SINAI’Bprm'tdes\aylowmmmnstapp}:—

cations. Low frequency notse is approximately 0.2UVpp
measured from 01 o 10Hz (G > 100). This provides
dramatically improved noise when compared to state-of-the-

A, These on-chip metal film resistors are laser timmed to art chopper-stabilized amplifiers.
v
D tpF
BiA128: INA129;
: 7 =
G=14+ 5...—.Em G=1 +‘——_-g'4kﬂ
INA1ZE . Atz
DESIRED | R, | NEAREST | R, | NEAREST
A o] () | 1w Rt | €8 | Ra (S Vo= G (M~ VLI
1 NE NT NG &G
2 epook | 4 | 40k 45,5k
5 1250k | 124 |12ze | iz -
11 {essac | sam L 2ET) 545K Load Vg
2 |zem | zen 2968 281Kk .
5 1.0% tam ERT B E
1wy | sasa E14 agg LS
20 | 251 240 248 246 =
50 1302 100 o2 160
10 | soes 239 2.5 439
2op | 2501 249 4.7 2%
s;g | 1ace 1 a.85 E79 NOTE: (1} INAT2S: 2.7k l‘__]
B e I R 5% 404 257 L
Y
NC: necs: )
X € Ha Ccnnec-m__ Alsp drawn in s:mgiﬁicfwn_
vy O—j]
vho——
FIGURE 1. Basic Coonections.
BURRERCWNE
INA128, INA129
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GFFSET TRIMMiNG

The INA128/INA129 is laser trimmed for low oﬁ'senohaﬂ: _

and offset volrage dnft. Most applications require po exter-
nal offset adjustment. Figwre 2 shows an optional cirenit for

tricnming the ot offset volage. The volmge applied 10
Ref termin] is summed with the owiput. The op amp buffer -
provides low unpedznc:atﬂleR:ftcmnaimpmsmezood: .

commn—modc rejectmﬂ. s

. Thermocouple

Cemertap provides
bizs current retum.

FIGURE 2. Optional Timming of Outpix Offset Voltage.

INPUT BIAS CURRENT RETURN PATH
The input impedance of the INA128TNA129 is extremely

high—approximately 100 However,  path must be pro-
vided for the input bias corrent of both mpuwis. This mput

bias cerrent 18 approximately +2n4 Fhgh inpnt impedance
means that this in;mbiastmraﬁchmg'csiﬂ)' hitle with
varying input voltage.

Input cremstry mustprmdeapaﬁlforﬂnsmpmb:asmtrem-

for proper operation. Figire 3 shows various provisions for
an ot biss cnreent prth Without a bias correst path. the
mpus will float to a potential which exceeds the common-
mode mnge, and the irput amplifters will sameare.

If the differential source resistance is low, the bias current
retwrt parh can be conteced 1o one nput (see the themo-
couple example 1n Figure 3). With higher source impedance,

using two equal resisioss provides a balanced mput with
possible advantages of lower input offset voltage due to bias
cexrent and betrer high-frequency common-mode rejection.

INPUT COMMON-MODE RANGE

The bmear inpet volage range of the inpur cromtry of the

INAI28TNAI?O is fom approximately 1.4V below the

positive supply voltage to 1.7V above the negauve supply.

As a differenial frput voltage causes the owput voltage
" merease, however, the Imear mput range will be limired by

the outpur voltage swing of amplifiers A; and A,. So the

FIGURE 3. Providmg an Input Common-Mode Current Path.

" Yinear common-made inpur range is relazed to the outpur

210

veltage of the complete amphifier. This behavior also de-
pends on supply voltge—see performance curves “Tnput
Common-Mode Rarge vs Ompu Volrage™.

Input-overload can produce an owtput voltage that appears
romal For example, 1f an mput overload condition drives
both inpest amphifiers o their posttive output swing limut, the
difference voliage measured by the owsput amphifier will be
pexr zero. The owput of A; will be near 0V even though both
wnpuats are overloaded,

LOW VOLTAGE OPERATION

The INA128 TNA129 can be operated on power supphes as
fow 28 £2 25V, Pesformance remams excellent with power
supplies ranging from #2.25V to +18V. Most parameters
vary only shghedy trroughout this sopply voltage range——see
typical performance curves. Operation at very low supply
voltage requires careful atennon to assure that the mpuy
volrages remam within therr linear range. Voltage swing
requirements of infernal nodes Limut the input common-
mode range with low power supply voltage. Typcal perfor-
mance curves, “Tnput Common-Mode Range vs Output
Voltage™ show the range of linear operation for £15V, £5V,
and #2 5V supphes.

TURR - RO

INA128, INA129



330k42 v,
NOTE: Due to the INA128's current-feedback
10X topology. Vg is approximately 0.7V less than
the comman-mode input valtage. This DC o¥ser
in this guard patental is satsfactory for many
gy gaarding applications.
FIGURE 4. ECG Amplifier With Right-Leg Drive.
v+
+5V 1w e __‘j’
REF102 [5
R R
- 1 r 2
T BE
vy L
25V + AV = | Putao
- Cu
L x<\/ v,
= Cu
n _v Rq INA128
RS
FIGURE 5. Bndge Amplifier. 1080 = P00 at 0°C
SEEBECK
[ S ISA COEFFICIENT
- TYPE | MATERWL (wvricy Ry, R,
Va Ra | INAT2S E + Chromel £4.5 e8.5k
+ - Constaman
g 3 +ken £1.2 78.9x02
~LCerstantan
K + Chrorrel 234 e7.4x0
- Alurnaf
T +Coposr 280 12262
~ {crstantan
FIGURE 7. Thermocouple Amplifier With RTD Cold-
= Junction Compensation.
FIGURE 6. AC-Coupled Instrumentation Armplifier.
O \Y
- s
2T R,
Vix Rz | NAt28
.
Oo——
{
Ay Jg Ervor Load
OPA1TT | #1504
OPA13Y | £5CpA =
OPASDZ | 1%pA
OPA128 | 375%
FIGURE 8. Differenial Voltage to Current Converter.
BURR=OROWNS
[==1 |na128, INA129 10
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Appendix I: OPA 2132 amplifier data sheet

OPA132
OPA2132
OPA4132

SBOSO54A — JANUARY 1695 - REVISED JUNE 2004

Burr-Brown Products

from Texas Instruments

High-Speed
FET-INPUT OPERATIONAL AMPLIFIERS

FEATURES

@ FET INPUT: |5 = 50pA max

@ WIDE BANDWIDTH: 8MHz Offset Trim
@ HIGH SLEW RATE: 20V/us ~in
® LOW NOISE: 8nVIWHz {1kHz)
® LOW DISTORTION: 0.00008%
@ HIGH OPEN-LOQP GAIN: 130dB (5000 load)

@ WIDE SUPPLY RANGE: 2.5 to +18V

® LOW OFFSET VOLTAGE: 5004V max

@ SINGLE, DUAL, AND QUAD VERSIONS

DESCRIPTION

OPA132
./

+
5

R

i

&-Pin DIP, SO-8

OPA2132

high slew rate and wide bandwidth provide fast setling time. +in
Single. dual, and quad versions have identical specifications
for maximumn design flexibility. High perfonnance grades
are available in the single and dual versions. All are ideal for £-Pin DIP, 50-8
general-purpose, audio, dara acquisition and communica-

tions applications, especially where high source impedance

is encountered.

w
[

Ay
s [1] o
The OPA132 senies of FET-input op amps provides high- Jna E 7| ous
speed and excellent dc performance. The combination of
A E.’.: A 6| -nB8
[«

SIHnS

OPA132 op amps are easy to use and free from phase
inversion and overload problems often found in cPasIR2

common FET-input op amps. Input cascode circuitry pro- — U/ S
vides excellent common-mode rejection and CutA {1 ] [ 14] Cuo
marmtains low input bias current over its wide input voltage “na |2 13| -ino
range. OPA132 senes op amps are stable in unity gain and 1 o
provide excellent dynamic behavior over a wide range of vinA ; _1__‘; im0
load conditons, including high load capacitance. Dual and ve fa 1] v-
quad verstons feature completely independent circuitry for ns ? T nC
lowest crosstalk and freedom from interaction, even when o = e Bt
overdriven or overloadsd. -nB |6 18] -nc
Single and dual versions are available 1n 8-pin DIP and ous |7 | | a | cutc
SO-8 surface-mount packages. Quad s available in 14-pin L I

DIP and SO-14 surface-mount packages. All are specified 14-Pin DIP

for —10°C to —85°C operation. 50-14

lease be aware that an important notice conceming avaiability, standard warranty, and use in critica! applicatons of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUXCTION DATA information is current as of publization dabe. . Cepyright © 1893-2004, Texas instruments Incorporated
Progucts cenfaem 1o specifications per the torms of Texas instruments. 3
P da;mq. F Vgt does not ty include EXAS
st of 2 parametes. INSTRUMENTS
WNW.tl.com
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ABSOLUTE MAXIMUM RATINGS

Supply Voitage, V+ to V—~ 38v
inout Voitage V=)-0.7V 1o (V+) +0.7V
Cutput Short-Circuitn Contnuous
Operating Temy, .—40°C to +125°C
Storage Temp —85°C to +125°C
Junction Temperature 150°C
Lead Temperature {soldering, 103} 300°C

HNOTE: (1) Short-creuit to ground, one amplfier per package.

PACKAGE/ORDERING INFORMATION

For the most current package and ordering information,
see the Package Option Addendum located at the end
of this data sheet.

INSTRUMENTS
www.ti.com
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ELECTROSTATIC
DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Texas
Instruments recommends that all integrated circuits be
handied with appropriate precautions. Failure to ob-
serve proper handling and installation procedures can
cause damage.

ESD damage can range from subtle performance deg-
radation to complete device failure. Precision inte-
grated circuits may be more susceptible to damage
because very small parametric changes could cause
the device not to meet its published specifications.

OPA132, 2132, 4132
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SPECIFICATIONS

At Ty = +25°C, Vg = £15Y, uniess cthervise noted,

OPA132PA, UA
OPA132P, U OPAZ132PA, UA
OPA2132P, U OPA4132PA. UA
PARAMETER CONDITION MIN TYP MAX M TYp MAX UNITS
OFFSET VOLTAGE
input Offset Volage 125 M5 05 12 my
vs Temperaturs(" Opersting Tempsrature Range 2 +10 * * I\ od
vs Power Supply Vg = 2.5V 1o $18V 5 15 * 30 ur
Channel Separation (dual and quad)} R =2 a2 * uviv
HPUT BIAS CURRENT
input Bias Current? Veu =0V +5 50 * * A
vs Temperatre See Typical Curve *
input Offzet Current Vo= OV 12 50 * * pA
HOISE
input Votage Hoise
Noise Density, f = 10Hz 23 * nYHZ
f=100Hz 10 * nVIVAZ
f = 1kHz 8 * nVhZ
f=10kHz 8 * nVhHZ
Current Noise Density, f = 1kHz 3 * TANTZ
INPUT VOLTAGE RANGE
Common-Mode Voltage Range J-125 13 {V+)-25 * * * v
Common-hode Rejecton Vou=-12.5V 1o +12.57 9% 100 85 64 d3
INPUT IMPEDANCE
Differertial 1012 2 * Qi pF
Common-Mode Vop = 125V to +12.5v 101 6 £ Qi pF
OPEN-LOOP GAIN
Open-Loap Voliage Gain R = 10kQ, Vg = -14 5V to +13.8Y 110 120 104 * d3
R =260, Vo= ~13.8Y 10 +13.5¢ 110 126 104 120 d3
R, = 600Q, V5= -12.8V to +12.5V 110 130 104 120 d3
FREQUENCY RESPONSE
Gan-Bancwidth Procuct 8 * MHz
Slew Rate 20 * Viis
Setiling Time: 0.1% = -1, 10V Step, C, = 100pF 07 * i)
D.01% G =-1, 10V Step, C, = 100pF 1 * us
Overload Recovery Trme G=t1 05 * s
Tota: Hermenic Cistortion + Noise Mz G =1, Vo = 35ms
R =2k 0.00008 * %
Ry = 630Q 0.00093 * %
OUTPUT
Veltage Output, Posttive Ry = 10k V12| (-0 * * v
Kegatve =305 | (V=103 * * v
Positive R =30 W15 | (V412 * * \
Negative (V121 {v=-10.9 * * '
Positive R, =600 P25 | (2D * * v
Kegatve V=322 | (V=19 * * Vv
Short-Cireuit Current #0 * mh
Cazacitive Load Drive (Stzble Operation) See Typical Curve *
POWER SUPPLY
Specified Operating Yatage %15 * v
Operating Voltage Range 25 118 * * v
Quiescant Current {cer amplifier) I5=0 +4 3 * * mA
TEMPERATURE RANGE
Operzting Range ~40 =85 * * °C
Storage ~4D +125 * * “«C
Themma! Resistance, 6,
&-Pin DIP 100 * °CIN
S0-3 Surface-Maunt 150 * °CANV
14-Pin OIP £0 * CIN
S0C-14 Surface-Mount 110 * °CrN
* Speciicatons same as CPA13ZP, CPAT3ZY,
HOTES: {1) Guarenteed by wa'er test. {2) High-speed test at T, = 25°C.
{
Texas

58080544 www.ti.com
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TYPICAL PERFORMANCE CURVES

AL Ty = +25°C, Vg = $15V, R, =240, uniess otherwise noted,

POWER SUPPLY AND COMMON-MODE REJECTION

Voltage Noisa (nV/NAZ)

CPEN-LOOR GAINPHASE vs FREQUENCY vs FREQUENCY
160 0 120
o HHl
N n
100 —PSR
120 45 . y
—~ a e N 2
g 10 NG ¢ c g ST
g &0 e w0 £ =z ENR
& T 8 = o ~ N g .
s 60 N 2 ::1_ {) '
<]
g w NI} A4 E £ a +PSR N : M
20 sl LN
x 2 CMR—T4
aQ -180 [
-20 0 [ l
01 1 18 100 1k 10k 100k 1M 10M 10 100 1% 10k 100k ™
Frequency (Hz) Frequency (Hz)
{MRUT VOLTAGE AND CURRENT NOISE
SPECTRAL DENSITY vs FREQUENCY CHANNEL SEPARATION v& FREQUENCY
1k 160
Fz 't
, =0l ]}
- 1N
12 g 10 S
Z 120 5 — ‘L.
% e E‘ 1 NN
2 Valtage Noise g 120 =2%Q 3¢
2 HA—H— VA ] Dua and quad devices, R
[ L3 :
s 10 E%EQ: © G =1, sk charnels.
5 2 = 5 100 }CQuad measured channet
o 54 At>D or Bto C—other
combinztions yield improved
Currsnt Noise EjeCion.
4 T N 80
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TYPICAL PERFORMANCE CURVES (cont)

ALTp = +25°C, Vg = H15V, R, = 7kC), unless ctherwise noted.
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TYPICAL PERFORMANCE CURVES (cont.)

ALT, = «258°C, Vg = 215V, Ry = 24, unless otherwise noted.
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APPLICATIONS INFORMATION

OPA132 senes op amps are unity-gain stable and suitable
for a wide range of general-purpose applications. Power
supply pins should be bypassed with 10nF ceramic capaci-
tors or larger.

OPA132 op amps are free from unexpected output phase-
reversal common with FET op amps. Many FET-input op
amps exhibit phase-reversal of the output when the input
common-mode voltage range is exceeded. This can occur in
voltage-follower circuits, causing serious problems i
control loop applications. OPA132 sertes op amps are free
from this undesirable behavior. All circuitry is completely
independent in dual and quad versions, assuring normal
behavior when one amplifier in a package is overdriven or
short-circutted.

OPERATING VOLTAGE

OPA132 senies op amps operate with power supplies from
25V 1o +18V with excellent performance. Although
specifications are production tested with +15V supplies,
most behavior remains unchanged throughout the full
operating voltage range. Parameters which vary signifi-
cantly with operating voltage are shown in the typical
performance curves.

OFFSET VOLTAGE TRIM

Offset voltage of OPA132 series amplifiers is laser trimmed
and usually requires no user adjustment. The OPA132
(single op amp verston) provides offset voltage trim con-
nections on pins 1 and §. Offset voltage can be adjusted by
connecting a potentiometer as shown in Figure 1. This
adjustment should be used only to null the offset of the op
amp, not to adjust system offset or offset produced by the
signal source. Nulling offset could degrade the offset
voltage drift behavior of the op amp. While 1t 15 not
possible to predict the exact change in drift, the effect is
usually small

CPA132 single op amp only.
Use cffeet adjust pins onfy to nuli
offset voltage of op amp—see taxt.

FIGURE 1. OPA132 Offset Voltage Trim Circuit.

INPUT BIAS CURRENT

The FET-mputs of the OPA132 series provide very low
input bias current and cause negligible errors in most appli-
cations. For applications where low input bias current is
crucial, junction temperature rise should be minimized. The
mput bias current of FET-input op amps increases with
temperature as shown in the typical performance curve
“Input Bias Current vs Temperature.”

The OPA132 series may be operated at reduced power
supply voltage to minimize power dissipation and tempera-
ture rise. Using #3V supplies reduces power dissipation to
one-fifth that at +15V.

The dual and quad versions have higher total power dissipa-
tion than the single, leading to higher junction temperature.
Thus, a warmed-up quad will have higher input bias current
than a warmed-up smgle. Furthermore, an SOIC will gener-
alty have higher junction temperature than a DIP at the same
ambient temperature because of a larger 8;y. Refer 1o the
specifications tabla.

Circuit board layout can also help minimize junction tem-
perature nise. Temperature rise can be muinimized by solder-
ing the devices to the circuit board rather than using a socket.
Wide copper traces will also help dissipate the heat by acting
as an additional heat sink.

Input stage cascode circuitry assures that the mpur bias
current remains Virually unchanged throughout the full
input common-mode range of the OPA132 senies. See the
typical performance curve “Input Bias Current vs Common-
Mode Voltage”

T,
OPA132, 2132, 4132 I‘E{:T’lf;guxﬁgms ,
S505054A www.ti.com
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PACKAGE OPTION ADDENDUM

TEXAS
INSTRUMENTS
www ti.com 26-Mar-2007
PACKAGING INFORMATION
Orderable Device Stams'  Package Package Pins Package Eco Plan®™ Lead/Ball Finish MSL Peak Temp ™
Type __ Drawing Qy
OPA132P OBSOLETE  PDIP P 8 T8D Cal Tl Call Tl
OPA132P1 OBSOLETE = PDIP P 8 TBD Call Tl Cal Tl
OPA132PA OBSOLETE  PDIP p 8 TBD Callm Call Tl
OPA132PA2 OBSOLETE PDIP P 8 TBD CallTl calm
-OPA132U ACTIVE SoIC D 8 100 Green(RoHS & CUNIPDAU Level-3-260C-168 HR
no Sb/Br)
OPA132U/2K5 ACTIVE SOIC D 8 2500 Green(RoHS& CUNIPDAU Level-3-260C-168 HR
no Sb/Br)
OPAI12URKSEGA ACTIVE soic D 8 .0 2500 Green(RoHS & CUNIPDAU Level-3-260C-168 HR
no ShBr)
OPA132U1 OBSOLETE  PDIP P 8 TBD CalTl Call Tl
OPA132UA ACTIVE soIc D 8 100 Green(RoHS& CUNIPDAU Level-3-260C-168 HR
no Sb/Br)
OPA132UAKS ACTIVE soIC D 8 2500 Green (RoHS& CUNIPDAU Level-3-260C-168 HR
no Sb/Br)
OPA132UAZKSE4 ACTIVE solc D 8 2500 Green(RoHS & CUNIPDAU Level-3-260C-168 HR
no Sb/Br)
OPAI2UARKSGA ACTIVE 80IC D 8 2500 Green(RoHS & CUNIPDAU Level-3-260C-168 HR
no Sb/Br)
OPA132UA2 OBSOLETE  PDIP p 8 TBD CallTi Cain
OPA132UAES ACTIVE SOiC D 8 100 Green (RoHS & CUNIPDAU  Level-3-260C-168 HR
no Sb/Br)
OPA132UAGS ACTIVE S0IC D 8 100 Green(RoHS & CUNIPDAU  Level-3-260C-1568 HR
no Sh/Br)
OPA132UG4 ACTIVE SoIC D 8 100 Green{RoHS & CUNIPBDAU Level-3-260C-168 HR
no Sb/Br)
OPA2132P ACTIVE PDIP P 8 50 Green (R%HS & CUNIPDAU N/AforPkg Type
no Sb/Br)
OPA2132PA ACTIVE PDIP P 8 50 Green(RoHS& CUNIPDAU N/A for Pkg Type
no Sb/Br)
OPA2132U ACTIVE solc D 8 100 Po-Free CUNIPDAU  Level-3-260C-168 HR
{RoHS)
OPA2132U2K5 ACTIVE S0IC D 8 2500 Pb-Free CUNIPDAU  Level-3-260C-168 HR
{RoHS)
OPA2132U/2K5E4 ACTIVE leled D 8 2500 Pb-Free CUNIPDAU  Level-3-260C-168 HR
{RoHS)
OPA2132UA ACTIVE SoIC D 8 100 Green(RoHS & CUNIPDAU Level-3-280C-188 HR
no Sb/Br)
OPA2132UAKS ACTIVE SQIC D 8 2500 Pb-Free CUNIPDAU  Level-3-260C-158 HR
{RoHS)
OPAZ132UA2K5E4 ACTIVE 30IC D 8 2600 Pb-Free CUNIPDAU  Level-3-260C-168 HR
{RoHS)
OPA2132UAE4 ACTIVE SoIC D 8 100 Pb-Free CUNIPDAU  Level-3-260C-168 HR
(RoHS)
OPA2132UAGS ACTIVE soic D 8 100 Green(RoHS& CUNIPDAU Level-3-260C-168 HR
no ShiBr)
OPA2132UE4 ACTIVE SoIc D 8 100 Pb-Free CUNIPDAU  Level-3-260C-168 HR
{RoHS)
Addendum-Page 1
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PACKAGE OPTION ADDENDUM

TEXAS
INSTRUMENTS
wwei i.com 26-Mar-2007
Orderable Device Status  Package Package Pins Package EcoPlan® Lead/Ball Finish MSL Peak Temp®
Type  Drawing Qty
OPA4132PA OBSOLETE _ PDIP N 14 TBD CalTl__ CalTl
OPA132UA ACTVE  SOIC D 14 50 Green (x;onsa. CUNIPDAU  Level-3:260C-168 HR
no Sb'Br)
OPA4132UAT2K5 ACTIVE  S0IC D 14 2500 Green(RoHS& CUNIPDAU Level-3-260C-168 HR
no ShiBr)
OPA4132UATKS5E4 ACTVE . SOIC D 14 2500 Green(RoHS& CUNIPDAU Level-3-260C-188HR
no Sh'Br)
OPAA132UAE4 ACTVE ~ SOIC D 14 50 Green(RoHS& CUNIPDAU Level-3-260C-168HR
no Sb/Br)

) The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: T1 has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production 1o support existng customers, but Ti does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has d'scontinued the production of the device.

2 Ecq Plan - The planned eco-friendly classification: Pb-Free (RoHS), Po-Free (RoHS Exempt), or Green {RoHS & no Sb/Br) - please check
http:/ivewwi ti.com/producteontent for the fatest availability information and additional product content detalls.

T8D: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free” or "Pb-Free” mean semiconductor preducts that are compatble with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tt Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is othersise considered Pb-Free (RoHS
compatble) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green” to mean Pb-Free (RoHS compatible), and free of Bromine (3r) and Antimony (Sh) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

% MSL, Peak Temp. — The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak scider
temperature.

Important Information and Disclaimer:The information pravided on this page represents TP's knowledge and belief as of the date that it is
provided. T1 bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted desiructive testing or chemical analysis on
incoming materials and chemicals. Tl and T1 supplers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall T1's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this dscument sold by Tl
to Customer on an annual basis.
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Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www B.com 2-Jul-2007

F -}

$¢$¢¢W¢%$$§$‘?V§Vé¢$—7

k |—e—‘| <+ I~:‘“l+|g Jo
- — Caity

Corrier tope design is defined lorgely by the component lentgh, width, and thickness,

Ao = Dimension designed to occommodate the component width,

Bo = Dimension designed io occommodaote the component length.
Ko = Dimension designed to occommodate the component thickness.
W = Overall width of the carrier tape.

P = Pitch between successive cavity centers.

O000OO0O0O0 Sprocket Holes
i '
Q02 @] 02 //
| ]
T
Q3 | G4 03 | 04
| |

7
Pocket Quadrants

TAPE AND REEL INFORMATION
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PACKAGE MATERIALS INFORMATION

TEXAS
INSTRUMENTS
wiw ti.com 2-Jul-2007
Device Package|Pins| Site Reel | Reel | A0(mm) | BO{mm} } KO{mm) Pin1
Diameterj Width {mm} | {mm) [Quadrant
{ram) | {mm}
OPA212UAZKS D 8 MLA 330 12 69 54 20 8 12 Q1
OPA4132UAIZKS D 141 MA 330 16 65 95 21 8 16 Q1
1
TAPE AND REEL BOX INFORMATION
Device Package | Pins Site | Length {mm) | Width {mm) | Height {mm)
OPA2132UARKS D 8 MLA 3460 60 20
OPA4132UANKS D 14 MLA 346.0 350 330

Pack Materials-Page 2
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MECHANICAL DATA

MPDIOJ 1A — JANUARY 1885 — REVISED JUNE 1339

P (R-PDIP-T8) PLASTIC DUAL-IN-LINE
0.400 {10,60)
a0
8 5
[t et Wi
0.260 (6.60)
0240 (6,10}
[+
=g ey=gay=y LU
1
~o] L—- 0.070 (1,78) MAX
0.020 (0,51) MIN ?{ﬁ%}?—’é—g‘%
0.015(0,38)
‘l 0.200 {5,08) MAX Gage Plane
Seating Plane
0.125 (3,18) MIN 0.010 {0.25) NOM
LL»Lm e senuen o
MAX
0.021(0,53)
e L)
4040082/D 05/98

NOTES: A Alllinear dimensions are in inches {milimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-G01

For the Iatest package information, go 1o http/iveww ti com'se/docs/package/pkg_info.htm

‘V Texas
INSTRUMENTS

POST CFFICE BOX 622303 @ CALLAS TEXAS 75265
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MECHANICAL DATA

N (R—-PDIP—T**) PLASTIC DUAL—-IN-LINE PACKAGE
16 PINS SHOWN

A PINS ==

14 16 18 20
N
16 8

s T nhon T s Y s B s B e 8 i W e

A MAX 0775 | 0775 | 0.820 | 1.060
: {19,89) | (19.89) | (23.37) | (26,92}

) 0.260 {5,60) awn | 0745 | 075 | 0850 | 040

6240 {5.10) {18.7) | {18.92) | {21,59) | (2388)
MS-001
T T T T T O T T I B ygaron | M| B K| W
S R
0.070 (1,78
2ok tah)
' 0.045 (1.14) 0.335 (8,26)
- "'o.osu (o7s) 0.026 (0.51) UN asoa (762 [

gy —

T Gouge Plane
Seating Plane

I T )
i | i 0.200 {5,08) WAX
! 7
! T 0.125 (318) MN 0.010 {0.25) NOM

oo s wse e

Ll um (s
)
{

L] )

Y 7
14/18 Pin Onl
% /18 Pin Crly

20 Pin vendor option A\

A040049/E  12/2002
NOTES: A Al lineor dimensibns are in inches {milimeters).
B. Thiz drawing is subject to change without natice.
A\ Fais within JEDEC MS-001, except 18 and 20 pin minimum body kength (Dim A).

The 20 pin end Jead shoulder width is @ vendor option, cither haf or full width.

3 Tixas

www.tlcom
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MECHANICAL DATA

D (R-PDSO-G14)

PLASTIC SMALL-OUTLINE PACKAGE

0.344 (8,75)
0.337 (8,55)

[+-]

QRARAT

N

\ SODBNN T\AL\

0.244 (6.20)
0.228 (5,80)

A

0157 {4,00)
0.150 (3.80)

*

ol

Pin 1-/
I-—»Lm

J L&nzo {0.51)
omz 031}

Index Area
0.010 (0,25)®
R4 r__ — - - r— ___7 ¢ J k
I 0,00 (0,25)
L 0.068 {1,75) Mox 3,004 (0,10)
0010 {5,25)
0007 (0,17) l
f Vg ]
¥ [ [ES[65% (370)
Gouge Hme——{'— e S

-8

0.050 (1,27)
0.016 (0,40)

- Seating Plone

404004731 11/2006

NOTES: A All lineor dimensions gre in inches {mifimeters).
B. This drawing is subjet to change withaut natice

Body length does nat include mold Rosh, protrusions, or qote burrs.  Mold flosh, protrusions, or gote burrs shal

not exceed 008 {0.15) per end.

Aﬁ& Body width does not include interiead flash. Interleqd flash shall not exceed .017 {0,43) per side.

E Reference JEDEC MS-012 varistion AB.

@Tmms

INSTRUMENTS

www.itlcom
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MECHANICAL DATA

D (R-PDS0-G8) | . PLASTIC SMALL-OUTLINE PACKAGE
0197 (5,00)
0.183 (4,80)
B 5
]\ 0.244 (6,20)
1 0.228 (5,80)
T (4,00)
. ) &
) \\E\\ ,,,, l
Pin 1 E:‘ l:":l
Index Area

0.020 (051)
(.05 (1,27)] *l L‘omz (031)

—‘F—r— r_ _n n J y h
- 0.068 {1,75) Max _—{O.mo {0.25)

0.004 (0,10)
w7 o7
) } / _
Gauge Plane —¥— [&]ooo o)

R
j;_ 3 Seating Plone

0.050 (1,27)
0.016 {0.20)

4040047-2 M 11/2006

NOTES: A Al linegr dmensions are in inches {milmeters).
B This drawing is subject to change withaut natice

Hody length does not include mold flgsh, protrusians, or gote burrs. Mold flosh, protrusions, or gate burs shal
not exceed 006 {0,15) per end.
Lﬁ Body width does not include interlead flash. Interlead flash shall rot exceed 017 (0,43) per side.
E. Reference JEDEC MS-012 voriation AA.
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Appendix J: National instrument TBX-68 DAQ card data sheet

Multifunction DAQ Cable and
Accessory Selection Guides

@ -
£ NiCable Design Advantages
E The SH68-68-EP cable is the most cornmonly used E Series and
= S Sertes cable. The cable is designed to work specifically with the
=1
b= NI Muhifunction DAQ devices to preserve signal Integrity through
% these technologes:
[
3
2
s Separete digeal sad Swisied paies tor
g snalog aschions. crical dgitsl YO
@
8 . .
< aisted pas Yor Large L0 AWG} conductor
= ol araleg ip e for +5V Lines
: Figure 2 NI offers 3 wide variety
2 riihebyobeid 7 Dotk raundshakd of cable and acoessufy plions,
S snlog oupas S such as the SHEG-BR-EP cable
» anf the BNCZ110 taminal Dibock
A variety of cabling and accessory options are available for your
needs. Use the following tables to choose the most appropeiate cables
and accessories. To determine which Multifunction DAQ device best
fits your needs. please see page 189.
= Plafoms Shiiding Connoctto - Cable Adaper
& S v RS s i T
== ‘Sictdedt SCC portable sigral SHES-63-EP S SC-2346 and modwer. page 251
2.8 : Conditoriey per chamnal
] Shicldad SEX high-perfomance 001348 - SCXI Chassis and Modules, page 200
== sigral aviktioning
g8 Sctded Scivw taminals! SHER-68.EP of SHEG-E3R1.EP - 863
< — Shietded BN terrminal block SHEB-BR.EP - BNC-2110, BNC-2120, BNC-2080
= = Shichded 50.pin connector SHESS) - CE50, custom o 3rd party
=.2 Shikded Configueable connectivity box SHEE-B3.EP - CA-100D, page 351
Qw Unshiclded Scrw tominaks ! RS - TBX.53, CB-6GLP CREAPR,
DAG signal accessory
[ ndieiged | Opecnectr s B - . GBS0, custom ox rd party
[ Sheldd T Font-mountad s terminals | NA 0 - I 182705
Shikded Scrow wminals! SHOEE65.£P o SHIBEU 58 B2 - SCB6R, CA- 1000
Shicldod 50-pin connattor SHCBB-68-FP or SHCBRU66.EP2 B3M-50F IR €850, tustam ol Hd party
Unshivided Scrow temanals! RC6E-64 TEX-63, CB-65LP, CB6ALPR,
DA signad accesscry
Unshicidad G-pin Conivcint RC65-68 EBM-S50F MI0 LB custom of 3rd patty

“Urdielied cabius can comaect b shiekled anpmctivs 3n vicovena. 'In afarst PIMDLS shits, both ckies ivpes st qeiced because the sonve Cable wosld csase mechouial hindraes.

Tabie 1. Cabte Cornection Specifications for 16-Craixiel £ Series Devices and Basic Multfunction DAZ fexcept NY 80255 whith & an the next page}

212 National Instruments » Tel: {800} 433-3488 = Fax: (512) 683-8300 « info@ni.com * ni.com
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Multifunction DAQ Cable and
Accessory Selection Guides
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Feure 3.0 Correcor fr 16-Crarce! Fiure & 10 Cannectar for Figu & Y0 Convectar for B 2
Figure L S Sefes Devices Comertar £ Series and Basic Mutfwction DAQ 83Chame! £ Sertes Devices the N B025E Devies o=
Levices, excopt N 6105 25
§8
- - - -
E Series Devices (NI 6031E, NI 6033E, NI 6071E, NI 6025€) 2
(=%
Platforr Sticidmg Conpect to... Cable Cabk Log Adspla N
PO PX1 ; . .
Shielded Scraw tBnminals SHI00190 - - SCB-100
Shiciéed Screw tanminal SHI006363 ftad - S(B-63
Shioked - SHIO3E3 Extedat - SRS
Shighad Strew wminas! SHI006563 MY - TB263, (B-651LF CBHALPR,
DAG signal acessery
M Shicided Screw mmningls! SHI00B3E3 Extonded: - TBX-68, (863U, CB-E3LPR
Shieted BNC terminal bicck SHI006568 L4 - BHC.2110, BHC2120, BNC-2030
Shicided SHI006553 Extanded: - BNC-2115
Shieled )-pin Conpectors SHH0IESE8 M BSM-5F MO Custom or 3rd party
Shickod SHI0O6568 Bt BME0F Dxanded Custom or 3rd party
Unchialded SD-pin connector RI006050 MY - Custom or 3rd party
Unshiskdad RGO Exagdat - Custom of 3rd pasty
*Sheldodd csbe with mevelded actessscries

Table 2. Cade Caecticn Specifiations far B3-Chare! £ Sarves Devices and the N 025
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Figure 3 BNC-2100 Serfes Comnector Blodks

Fiure 4 562075 Breartboard Connector Black

SCC - Portable Modular Signal Conditioning

for Low-Channel-Count Applications (see figurs 1)

SCC is a portable medular signal conditioning system consisting of modules that
plug into a low-profile SC-2343 shielded carrler. SCC modules give you single or
dual-channel signal conditloning for up to 16 analog input chaanels and eight digital

_ 17O Hines of your E Series or Basic multifunction DAQ device. The SCC Series offers

signal conditioning for a variety of inputs, including thermocouples, RTDs, strain
gauges, [EPE-compatible accelerometers, accelerators, analog inputs requiring
fsolation, high voltage {up to 100 V), current {0 to 20 mA), and optically isolated
digital IO, Lowpass flltering and breadboard modules are also available.

See page 251 for details on SCC Signal Cond®ioning.

SCX! - High-Performance Modular

Signal Conditioning (see Figure )

$CXI is a high-performante modular signal conditioning platform that you wse s a
front end to Your E Series DAQ device. With the SCXI multiplexing architecture, you
can expand your analog inputs to 3,072 channels. Additionally, SCXT offers a variety
of modules for connecting 1o thermocouples, RTD:s, strain gauge transducers, IVDT
position sersors, JEPE-compatible accelerometers/microphones, thermistors, millivolt
fnputs. voltage inputs up to 1000 V, current inputs (0 to 20 mAY}. frequency inputs or
dynamic signals.

See page 270 for details on SCX] Signal Conditioning.

Connector Blocks

BNC-2100 Series Connector Blocks (See Figare 3)

The BNC-2100 Series are shiclded connector blocks with siznal-abeled BNC
comectors for easy connectivity of your analog input, analog output. digial O and
countet/timer signals to your multifunction DAQ device, including annlog output
devices. The BNC-2110 and BNC-2120 work with alt E Series and Basle multifunction
DAQ devices. The BNC-2120 also provides a function generator, quadrature encoder,
temperature reference, thermocouple connector, and LED so that you can test the
functionality of your hardware, The BNC-2115 has 24 BNC inputs for connecting to the
extended I/O channels of our 100-pin E Series DAQ devices.

BNC-2110 ... 777643-01
Dimensions - 203 by 11.2by 5.5 cm (80by44by 2.2 1n)

BNC-2115 ... 777807-01
Dimensions~ 203 by 11.2by 5.5 cm (80by 44 by 2.21n)

BNC-2120 ... 777960-01

Dimensions ~ 26.7 by 11.2by 60 cm (105 by 44 by 2.4 in)

SC-2075 Breadhoard Connector Block {See Figure 4}

The SC-2073 provides breadboard area for prototyping and BNC and spring terminal

congectivity for 68-pin E Series Bastc multifunction DAQ devices. The built-in £15V

or adjustable 0 to 5 V power supply and LEDs for digital lines make the SC-2073

cost-effective device. tdeal for acodemic laboratories.

SC-2075 v, 778147-90
Dimensions - 26.7 by 20.7 by 44 cm (105 by8.2by 1.7 in)
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BNC-2030 Shielded BNC Adapter Chassis (See Figure §)

The BNC-2090 i a shielded, rack-mountable adapter with signal-labeled BNC
connectors, spring termimal blocks, and component lacations for passive signal
conditioning. Consists of 22 BNC connectors and 28 spring terminals to simplify
connection to your analog, digital, trigger and counter/timer signals. The BNC-2090
has silk-screened component locations that you use to develop simple signal
conditioning circults. For added fexibility, you can connect any E Serles DAQ device
ta the BNC-2090 from the front or rear through dual $3-pin connectors.

BNC-2090 ; TT7270-01  Fgwe 5 BNC:2000 Shielded BNC Acagter (hass's

Dimenstons~ 48.3 by 44 by 1B8 cm (19.0 by L7 by 7.4 in)

$8110S5829Y gy UoaunninAl

CA-1000 Canfigurable Signal Conditioning Enclestre {See Figure 5)

The CA-1000 is a configurable enclosure that gives you mavimum user-defined

conrectivity and flexibility through customized panelettes. Each enclosure can

accommodate up to nine panelettes. ‘

CA-1000 (See page 351)
Dimensions - 30.7 by 25.4by 43 em (21.1 by 10by 1.7 in)

TB-2105 Terminal Block for 68-pin PXI E Series Figure 6 CA-1000 Canfigurade Signdd Conditioning Enciosure
and § Series Devices {See Agure 7) )
The TB-2705 1s a screw terminal block for your PXTE Series or S Serfes DAQ module. - ¢ ™

It latches to the front of your PXI module with locking screws and provides strain

relief and easy access fo your analog, digital, trigger and counter/timer signals

through screw terminals,

B-2705 77824101
Dimensions -~ 8.43 by 10.41 by 203 em (3.32 by 4.1 by 08 in)

R
SCB-68 and SCB-100 Shielded I/0 Connector Blocks (See Figure 8) — T
The SCB-68 and SCB-100 are shielded 1/O connector blocks for rugged, very low-  Ague 7. TB2705 Temird Block
noise signal termination for connecting to 88-pin or 100-pin E Series DAQ devices,
respectively. Silk-screened component locations provide an easy additien of simple
signal-conditionlng circultry for your analog input channels. They alsa include
general-purpose breadboard areas {two on the SCB-68; three on the SCB-100)
as well as an IC temperature sensor for cold-junction compensation in

=)
0s
L=
=

R
pag 4
e
=¥
= =
-
£y
e =
s
S =
o=
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temperature Measurements.

SCB-68 T76844-01
Dimenstons- 19.5 by 15.2by 4.5 cm (T.7by 6.0 by 1.84n)

SCB-100 776990-01

Dimensions - 19.5 by 15.2by 45cm (7.7by 6.0 by 1.81n)

TBX-68 1/0 Connector Block with DIN-Rail Mounting {See Figue 9)

The TBX-68 is a termination accessory with 68 screw terminals for easy connection

of field 10 stgmals 1o 68-pin DAQ) devices. It includes ore 68-pin male connector for

direct connection to 68-pin cables. The TBX-68 is mounted in o protective plastic

Dbase with hardware for mounting on a standard DIN rail.

TBX-68 77714101
Dimensions - 12.50 by 10.74 cn (492 by 423 in)

Fgue 9. T8X58 /0 Cornector Block
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Figure 13 SHEB-B0-EP Shiplted Cable

Figure 14 SHEB-G6R1-BP Stigddad Cable

CB-68LP and CB-63LPR /O Connectar Blocks (See Figure 10)

The CB-68LP and CB-BSLPR are low-cost termination accessories with 68 screw
terminals for easy connection of field 1O signals to 68-pin E Serdes or Bosic
multifunction DAQ devices. They include one 68-pin male connector for direct
connection to 68-pin cables. The connector blocks Include standafls for use on 2
desktop or for mounting in a custom panel. The CB-68LP has a vertcal-mounted
68-pin connector. The CB-68LPR has a right-angle mounted connector, and it s used

with the CA-1000 (see page 351).

CB-68LP 777145-01
Dimensions ~ 1435 by 10.74 em (5.65by 4.23 in) .

CB-68LPR 17714502

Dimensions - 7.62 by 16.19 cm (300 by 6.36 1n)

DAQ Signal Accessory (See Figure 11)

The DAQ Siznal Accessory demonstrates and tests the use of analog, digital, and
counter/timer functions of DAQ devices. You can connect the DAQ Signal Accessory
directly to vour DAQ device. It features 2 built-In function generator, quadrature
encoder, solid-state relay, IC temperature sensor, nolse generator, microphone Jack.
thermocouple jack, four LEDs, and a digital trigger button. The PAQ Signal Accessory
works with all E Serfes DAQ devices.

DAQ Signal Actessory 777382-01

Dimensions ~ 12.7by 127 em (5.0 by 50 in)

RTS1 Bus Cables |See Figura 12)

Use RTSI bus cables to connect timing and synchronization signals among
measurement, viston, mation. and CAN boards for PCL For systems using long and
short boards. order the extended RTSI cable,

2boards ... 77624902
3 boards ... 776249-03
4boards T76240-04
5 boards 77624903
Extended. 5 boards e TTT562-05
Shielded I/0 Cables

SH63-68-EP Shielded Cable {See Figure 13)

The SHE8-68-EP is a shielded 68-conductor cable terminated with two §8-pin fernale
0.050 series D-type connectors. It features individually-shielded analog twisted
pairs for reduced crosstalk with high-spsed devices. This cable connects to all
68-pin E Series devices (except DAQCards). If vou need a right-angle connecior, the
SH68-58R1-EP shielded cable is electrically equivalent.

Im 184749-01
2m ‘ 184749-02
Please call for other length options.

$H68-68R1-EP Shielded Cable (See Figure 19)

The SHE8-68R1-EP 1s a shielded 68-conductor cable. One end terminates with a
68-pin fernale 0.030 series D-type connector and the other end tarminates with a
right-angle 68-pin femnale 0.050 series D-type connector,

Im , 18705101
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SH100100 Shielded Cable (See Figure 15)
The SH100100 is a shielded 100-conductor cable terminated with 100-pin male
0.050 series D-type cormectors. This cable connects the 100-pin E Series devices to

100-pin accessories.
Im 18285301
Zm 182853-02

B8M-50F Cable Adapters (See Figure t6)

The 68M-30F cable adapter connects a 68-pin NI cable to a standard 0.1 by 0.1 in.
50-pin connector on third-party or custom accessories. The §8M-30F MIO should be
used with the SH68-68-EP, SHC68-68-EP, SHC68U-63-EP, or the MIO leg of the
SH1006868. The 68M-50F Extended /O cable adapter should be used for the

extended IO Jeg of the SH1006868.
68M-50F MIO 184670-01
68M-30F Extended /O 184670-02

SH1006868 Shielded Cable (See Figure 17)

The SH1006868 is a shielded cable that connects to 100-pin E Serles devices and
terminates with two female 68-pin 0.050 series D-type connectors. See Table 2 on
page 213 for accessorles compatible with each 68-pin connector.

Im 18284901
2m 182849-02

SHC68-68-EP and SHCE8U-68-EP Shielded Cables

for PCMCIA DAQCards (See Figure 18)

These cables connect PCMCIA 1o standard 68-pin accessorles. Latching screws secure
the shislded connecior to the PCMCIA DAQCard. The SHC68-68-EP 15 a shielded
68-conductor cable terminated with a VHDCI 68-pin male connector at one end and a
68-pin fenide 0.050 series D-type connector at the other. The SHC68U-63-EP &
{dentical to the SHCG8-68-EP except it uses an inverted VHDCI 68-pin male connector.
Use the SHCG8-68-EP cable with a DAQCard inserted tn the lower PCMCIA slot in
your laptop or when using only one DAQCard. Use the SHE8U-68-EP for a DAQCard
located in the upper PCMCIA slot in your laptop. When using two E Series DAQCard
in adjacent slots, use one SHCA8-68-EP and one SHC68U-68-EP.

SHC68-68-EP

05m 186838-0R5
I'm ...186838-01
SHC68U-68-EP

05m 187406-0R5
L 187406-01

SH6350 Shielded Cable {See Figure 19)

The SH6830 conrects a standard 68-pin E Series, S Series, or Basic multifunction
DAQ product to a third party or custom standard 50-pin accessory. The cable
provides ascrew-latching 68-pin female connector on ene stde and a standard §0-pin
female connector on the other side.

Im 776784-01
2m 77678402

Frgure 18 SH100100 Shielced Cal¥e

Figg 17, SHIO06500 Stveldeti Cable

1

Figure 18, SHO6Y-68-£P and SHO6BU-68-EP Shiplced Cables

Figure 19, SHBS) Shielded Cale

$011088829y DY LoBUNNMA
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Figre 20, RB868 Rbbon Cable

Figire 22 810550 Riban Lk

Figure 23 6850 Rbboa Cable Kt

Ribbon I/0 Cables

R6868 Ribbon Cable for E Series or

Basic Multifunction Devices (See Figure 20)

The R6868 s a 68-conductor flat ribbon cable terminated with two 68-pin
connectors. Use this cable 1o connect a 88-pin E Sertes or Basic multifunction DAQ

device to 68-pin accessories.
Im 182482-01

RC68-68 Ribbon Cable for DAQCards (See Figure 21)

The RC68-68 ribbon cable connects DAQCards directly to 68-pin accessories.
Two RC68-68 cables can be used together 1n adjacent PCMCIA slots.”

025m 187252-0R25
Im 18725201

R1005050 Ribbon Cable {See Fgure 12)

This cable connects 100-pin E Series devices. including the NI 6071E. NI 6033E,
NI6031E, and NI 6025 to standard 50-pin third party or custom connectors.

im 182762-01
2m — 18276202

R6350 Ribbon Cable Kit(See Figure 23)

This cable kit combines a 68F-50M cable adapter and a standard 50-pin cable with
female connectors on both ends. The cable kit Is designed to adapt an E Series,
S Series, or Basic multifunction DAQ product to a third-party or custom
50-pin accessory.

1M 77684201

218 National Instruments » Tel: (800} 433-348 » Fax (512) 623-8300 « info@ni.com * nicom

233 T



Multifunction DAQ Accessories

Custom Connectivity Components

68-Pin Custom Cable Connector/Backshell Kit {See Figure 29)

The 88-pin female mating connector and backshell kit s used to make custom cables.
Solder-cup contacts are available for soldering cable wires to the connector.

68-pin connector/backshell kit 77683201

PCB Mounting Connectors for Custom Accessories (See Figare 25)

PCB mounting connectors are used to build custom accessorles thar connect to
68-conductor or 100-conductor shielded and ribbon cables. Two connectors are
available, one for right-angle and one for vertical mounting onto a PCB.

68-pin, male, right-angle mounting 777600-01
68-pin, male, vertical mounting 777601-01
100-pin, female, right-angle mounting 17777801
100-pin, fernale, vertical mounting 77777901

PCMCIA Strain-Relief Accessory (see Figure 26)

The PCMCIA Strain-Relief accessory attaches to the bottom of your notebook
computer and provides adjustable strain relief for one or two PCMCIA cables
attached to the installed DAQCards.

PCMCIA Strain-Relief Accessory. 777550-01

o

Figure 23, 68-Fin Custom Cabla Comactot/Backshell Kit

Fiaure 28, FOMCH Stainfielief Accessary
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