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ABSTRACT

This thesis describes the development of 2 FAXMODEM card for a Personal Computer (PC).
The faxmodem card incorporates intelligence and sufficient memory to store twenty pages of fax

information.

When using the developed software with this faxmodem card, it converts a personal computer
into a complete communications tool. It allows facsimili messages to be sent and received in the
background. The modem used with any available communications software will enable the user

to communicate with any computer or bulletin board.

OPSOMMING

‘Die tesis beskryf die ontwikkeling van 'n 'FAKSMODEM' kaart vir gebruik in 'n persoonlike

rekenaar. Die kaart omskep 'n rekenaar om in 'n belangrike kommunikasie hulp middel.

Fakse kan afgestuur en ontvang word terwyl die rekenaar met 'n ander taak besig is. Die
faksmodem kaart wat ontwikkeld is, het intelligensie en beskik oor genoeg geheue om twintig
bladsye faks informasie te stoor. Die ontwerp is van so 'n aard dat dit met enige kommmunikasie

sagte ware gebrutk kan word om met enige rekenaar of bulletien bord te kommunikeer.

NOVEMBER 1993
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CHAPTER 1

INTRODUCTION

1.1 The PC as a communication terminal

Can the PC be used as a communication terminal of the future?

How 1s this possible ?

The computer used as a communications device has had a large impact on society. The use of
a PC to transfer large amounts of data quickly and ethically has simplified the process of data

transferal.

 With the rapidly increasing popularity of dial up on-line services offered by Telkom, more users
are relying on the PC to access information. As this type of application becomes standard,

modems increasingly become an integral part of the PC.

Since facsimile systems share a lot of technology with personal computers, fax cards have

emerged to allow PC users to send and receive faxes. These cards are able communicate with

other fax cards or ordinary fax machines.



CHAPTER 2

OBJECTIVE

This thesis describes an investigation and design of a faxmodem card for a personal computer,

that works fully in the background.

r

A number of faxmodem cards were tested and in some cases it were found that these cards either
lock up the computer or drain it's resources while faxing, disadvantaging the user. Mr P. H.
Kleinhans from the School of Electrical Engineering at the Cape Technikon commissioned this

project with the following major objectives:

1. To design a faxmodem card that works fully in the backeround.

2. The faxmodem card should form an integral part of the Personal Computer.

Most of the relevant information for the design was obtained from technical literaure, provided

by various Technical Institutions, as well as the Regional Development Centre, Telkom, Cape

Town.

Telephonic and written correspondence with various institutions involved with repair of facsimile
machines and data modems provided relevant data and application notes on operation of facsimile

machines and data modems.



The objectives of this report are therefore :-

i)

To provide background information on data communications.

To provide a detailed description and analysis of the proposed modem
incorporated on the faxmodem card.

To provide the background information on facsimile machines.

Introduce the architecture of a facsimile machine and highlight critical
requirements on hardware/firmware.

To provide a detailed description and analysis of the proposed fax incorporated

on the fax modem card.



Chapter 3

DATA COMMUNICATIONS TODAY

Today computers of all sizes, including personal computers (PC), are able to communicate with
each other and with remote terminals. While a myriad of computer and terminal configurations
are possible, an examination of various systems, three basic configurations are apparent:

1) | émall computer or terminal to a large host computer;

ii) large computers to large computers;

ii1) - small computers to small computers in special local area networks.

The following section examines the small computer or terminal to a large host computer

combination.

_Personal computers can be used as intelligent terminals in a data communications network, to

communicate with a large computer.

Other types of terminals can also be used in this manner. One application where the personal
computer or terminal is often used is to access the numerous data bases that are now available
on large computers. These data bases include such information as the latest news reports, stock

market performance data /share prices and new shopping services.

The basic components of a data communications system allowing access to a large computer and

it's data base is illustrated in Figure 1.
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The components include:

1)

iii)

A personal computer or computer terminal located at a site remote from the large host

computer with which it communicates.

A modem which converts digital data (data in the form of bits) generated by the
personal computer or computer terminal, to analog signals (frequency) which can be sent

over communication channels (telephone lines) .

The communication channel over which the data is sent. Standard telephone lines are
often used, but other communication channels such as a microwave and satellite are

available.

A modem at the other end of the communication channel to convert the analog data back

to a digital form.

The fifth component of the data communications system allowing a personal computer to

communicate with a large computer is the large host computer itself.

When the user of a personal computer wishes to obtain data from one of the large computer (such

as obtaining an airline schedule and making a reservation), the user enters several commands

which establish the link with the large computer. Each time the user enters a command or data

to be transmitted, it is electrontcally sent to the modem as a series of bits. The modem may be

housed within the personal computer or may be externally connected to the computer. The

modem converts the data from digital form to analeg form. The data, in analog form is sent from



the modem through the communication line.

When the data arrives at it's destination, it must be demodulated by the modem, 1.e. convert the
data from analog form back to digital form. The data is then sent to the host computer where it
can be processed. When data is sent from the large host computer to the personal computer or

terminal, the same steps occur in the reverse order.



CHAPTER 4

PERSONAL COMPUTER HARDWARE AND SOFTWARE

A personal computer or intelligent terminal used for data communication applications require

certain hardware and software, including;

i) Software designed to allow data communications.

i) A communications adapter with a serial interface.

Each 1tem is explained in the following sections.

4.1 Communications Seftware

The standard software available with personal computers allows the user to process data, retrieve,
store, and execute programs and perform a variety of other tasks. When a personal computer is
to be used to communicate with a large host computer, however, software must perform
additional functions, including: establishing contact with the host computer, directing that data
be transmitted across communication lines, handling errors which occur while the data is being
transmitted, accepting data from the host computer, and other functions.r Therefore the user must

acquire a software package to perform these communications functions.

There are different types of communication sofrware packages available. The simplest merely

allow the user to establish contact with remote computers and enter and receive data. More



sophisticated communications software allows large amounts of data to be transmitted from a data
base on the host computer to the personal computer for storage on auxiliary storage (called
downloading); allows data to be transferred from files on the personal computer to data bases on

the host computer (uploading).
Before obtaining a communications software package, users should carefully review their

communications requirements, so that the appropriate software can be chosen to meet the project

needs.

4.2 Serial Interface

Some personal computers are now manufactured with all the hardware required to allow the
computer to communicate with a large host computer. Therefore before a personal computer can
be used for data communications, additional hardware must often be added. This hardware consist
of a board called a "COMMUNICATIONS ADAPTER' The communications adapter also
performs other functions, including such tasks as adding and deleting required bits, interfacing

with software to control the speed of transmission, error handling, and similar tasks.

Data is moved in parallel form internally within the computer. In order to transfer data down a
communication channel, the bits must be transmitted one bit after the other (called senal

transmission).



CHAPTER 5

MODEMS FOR THE PERSONAL COMPUTER

The second component in the data communications system which allows a personal computer to
communicate with a large host computer is 2 modem. The term modem is an abbreviation for
modulator/demodulator. The purpose of the modem is to change digital data, consisting of bits,
into an analog sign,al that can be transmitted over telephone lines; and on the receiving end,
change the analog signal into digital data that can be stored in main computer memory of the host

computer.
To allow the serial stream of bits to be communicated to other components a serial interface,

or port is needed. Data is transmitted in and out of the computer through the senal interface. The

serial interface is discussed in section 6.3 (Modem Bus Interface).

5.1 Modem tvpes

A variety of modems are available for personal computers, including:
i) EXTERNAL , DIRECT CONNECT MODEMS
ii) ACOUSTIC COUPLERS

iii) INTERNAL MODEMS



5.1.1 External modems

External, direct connect modems are attached to a personal computer by a cable. These modems
are contamned in a relatively small housing which can be placed adjacent to the computer. A cord
from the modem plugs directly into a standard telephone jack to allow comrmunication over
telephone lines. They require separate power supplies, enclosure and an RS-232 interface in both

the modem and in the PC.

5.1.2 An acoustic coupler

An acoustic coupler is a modem that is connected to a personal computer or terminal by a cable.
A standard telephone headset is placed into rubber cups on the acoustic coupler. The acoustic
coupler converts the digital signals generated by the terminal or personal computer into a series
" of audible tones which are picked up by the mouth piece in the headset in the same manner as
if it were speaking into a telephone. The analog signals are then transmitted over the
communication channel. An acoustic coupler provides portability because it can be used with any
telephone headset in any setting. It is generally less reliable than an internal modem or external
modem, because even small outside sounds can be picked up by the acoustic coupler and be

transmitted,

10



5.1.3 An intemal modem

An mternal modem requires no external supply or connections except for the telephone line. It

1S space saving.

11



CHAPTER 6

DESIGNING A MODEM AS AN INTEGRAL PART OF A PC

Modems are evolving from stand-alone, to PC plug-in, to optional module, to standard feature

on the PC.

6.1 PC bus_add-in .card.

These modems plug into the PC bus typically using thirty (30) pins to implement an 8 bit /O
mapped UART 'com port' interface on a half-card. The Bus interface chips, address decoders,

card edge connectors and a UART are required to implement the interface.

PC bus add-in modem cards save the additional cost of an enclosure, power supply and RS5-232

connectors.

6.2 A typical modem design.

Figure 2 shows a minimum modem design using INTEL 89024 modem chip set. The modem chip
set consists of 89026 microcontroller and the 89027 analog front end (AFE). The microcontroller

is programmed to provide DSP-based modulation, demodulation and user-interface (AT

COMMAND SET) functions.

12



The AFE provides the complex filtering required to split the phone line bandwidth into send and

recetve channels , tone generation and analog AGC (automatic gain control} receiver functions.
To implement a fully functional 2400 bps (bits per second) modem, a data access arrangement

(DAA) is the only requirement. The DAA interfaces the modem to the phone line and isolates

it from hazardous voltages on the phone line .

6.3 MODEM PC BUS INTERFACE

The modem interfaces to the PC BUS via the 8250 UART and the 22V10 GENERIC ARRAY
LOGIC (GAL). The 22V10 GAL provides address decoding and port selection logic. (see Figure
3). The 8250 provides an interface, allowing the modem to work with commercial applications
software such as PC BEL, SMART TERM, SMART COM, and PC TERM. The port selection

logic will automatically redirect interrupts from the UART to the appropriate system interrupt.

A serial interface is needed to allow the serial stream of bits to be communicated. The serial
interface consists of the 8250 UART. The serial interface, acts as a pathway through which the

computer transfers serial data to and from modems.

The communication/serial interface also performs other functions, including tasks such as adding

and deleting required control bits, interfacing with the software to control the speed of

transmission, error checking and similar tasks. ( GENERIC ARRAY LOGIC Appendix A.)

13
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6.4 Communications device address

The UART register of the 8250 is addressed through the ¥/O address space. The modem can be
configured for either of the two 1/O address spaces for serial asynchronous communication

devices.

These locations are designated COM1 and COM2. The 89024 may occupy one of the two
addresses, however only one device at a time may be assigned to each designation. The location
is selected by installing a jumper (JP1) on the faxmodem card. Table 1 defines the COM port

selections.

TABLE 1: COM PORT SELECTION

I jumper JP1 COM Port Interrupt /O Address

Installed COM1 INT 4 03F8h-03FFh

Removed COM2 INT3 02F8h-02FFh

Some IBM PC Compatible computers have an on-board asynchronous seral port which occupies

one of the COM port address spaces and cannot be disabled. The 85024 must not be set to

occupy a COM address which is already occupied by any other asynchronous senial port.

14
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6.5 89024 EXTERNAL NVRAM INTERFACE

One of the key functions of the HAYES SM 2400 provided by INTEL 89024 intelligent modem
is an interface for an external serial NVRAM 'X244' device to store modem configurations

parameters.

These parameters can be stored in an external serial NVRAM device, through a simple interface

with the 89026 micro controller. Figure 4 illustrates this simple interface,

Several of the AT commands that invoke a transaction with the external NVRAM are listed

below.

AT commands : ATZ

ATDS

Expanded NVRAM (9346) support which allows storage and retrieval of four phone numbers and

two user's profiles. Commands supported are &n, DS, & Wn and & Zn.
Connection of the external NVRAM to the 89026 microcontroller is optional. Upon power up,

the 89026 will determine whether an external NVRAM is attached. A newly installed NVRAM

may be initialized by executing an AT & W command.

15
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6.6 89024 MODEM CHIP SET

The Intel 89024 chip set is a highly integrated, high performance, intelligent modem, providing
a complete system in two chips. The Intel 89024 chip set is made up of the 89026 application
specific processor chip and the 89027 analog front end chip. (See Figure 5). The 89024 chip set
performs a comprehensive set of 2400 bps, full duplex modem functions. The solution is based
on 16-bit microcontroller technology and is highly flexible, thereby addressing a broad range of
market segment requirements. The minimum chip count is a very cost effective design solution.

Figure 6 depicts the system block diagram.

The 89024 system is designed to support the following modem specifications:

1. CCITT V.22 BIS 2400 bps sync and async

1200 bps sync and async

2. CCITT V.22 A &B 1200 bps sync and async

600 bps sync and async

3. BELL 212A 1200 bps sync and async

4. CCITT V.21/BELL 103 0 to 300 bps anisynchronous

The modem is software configurable, using a standard serial terminal interface and has a set of

16



default features, which may work in most applications without changes.

The Serial digital interface of the chip set is at TTL (transistor, transistor logic) levels. A 8250
UART has been used as 2 digital interface and will permit direct transfer of data to and from a

microcomputer bus.

The Intel 89024 command set conforms to the Hayes Smart Modem command set. Most PC

software written for the Hayes Smart modem can be used with the 89024 chip set.

As an intelligent data communication device, the 89024 system analizes and executes commands
sent to it as ASCII characters. The modem will return word or digit messages as ASCI

characters.

The modem can automatically call and answer remote modems. All the software and hardware
required for the auto-dialing and auto-answering (in both DTMF and pulse type networks) are
built into the chip set. The chip set also provides an auxiliary signal to drive a monitor speaker.
The 89024 is capable of detecting and identifying the call-setup-signals of most telephone
networks. Call progress messages are sent during automatic call setup. These progress tones can

be monitored at the speaker output SP1'.

6.7 Modem DAA INTERFACE

A DAA (Data access arrangement) is required for interfacing a modem to the telephone network.

Figure 7 depicts the schematic for the data access arrangement. The 89024 chip set contains all

17
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functions required for establishment, progress and determination of data calls, through the Public
Switched Telephone Network (PSTN), or through a privately owned line. It has a built in DTMF
dialler, and alternately provides an off-hook (OH) signal, to be used for PULSE dialing using an
external relay (in DAA). The choice between DTMF or pulse dialing can be explicitly specified
by command ; eg ATDT or ATDP can be automatically selected by the modem (if additional

custom code 1s written).

The modem chip set has it's own two to four wire converter and provides a billing time delay of
two seconds. By enabling the 'HYB' pin on the 89027 (analog front end) an internal four to two

wire hybrid is used and an external one is not required.

The DAA uses a transformer to isolate the modem from the line. The transformer has a turn ratio
of 1:1 and can handle a dc line current up to 50 ma or 80 ma on the line si_de. A 600 ohm
resistor (R10 see MODEM.SCH CIRCUIT diagram APPENDIX D ) defines the impedance seen
by the telephone line. A pair of back to back zener diodes prevents surges from damaging the

analog front end (89027). The telephone line is connected to the line transformer through resistors

'R22 and R23'. The gas electrodes suppress lightning surges.

6.8 Modem levels

The modem output level is set by "TX0-TX3' pins to be -8dbm. Assuming a 1db DAA insertion
loss, transmitted signal at TIP and RING will be -9dbm which satisfies TELKOM maximum

power requirements. Any DAA must meet TELKOM requirements and be registered accordingly.

18
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This interface isolates the modem from the telephone line while providing line coupling, ring
detection and on/ off hook control.
TABLE 2 defines transmit levels.

TABLE 2 : TRANSMIT LEVELS

TRANSMIT OUTPUT LEVEL
o —  — — — —
TX 3,2,1,0 TYP Units
0000 +5 dbm
0001 +4 dBm
1110 -9 dBm
1 111 -10 dBm

6.9 Ring Detect

The ring detect circuit is comprised of an opto-coupler (4N25), a 0.68mf, 250-volt capacitor to
block the DC loop current, an 2.2k ohm current limiting resistor, and two 9.1 volt zener diodes
to define the minimum ring voltage. The resistor/capacitor network is selected to define the
ringing detector impedance between the modsm and the incoming ring voltage. This is the nnger

equivalence number (REN) as defined by TELKOM, 'part 4.3.1 specification: 3B24/001". At the

19



output of the opto-isolator, two resistors and a capacitor smooth the ring frequency envelope to

detect the cadence of the ring voltage.

When an incoming call occurs, the DAA signals the 89026 microcontroller by placing a 20 HZ
square wave signal on 'RI' pin. This signal is filtered by C22 and R13. As illustrated in Figure
8, the following signals of the modem chip set perform the analog interface. The 'AR’ (Auxiliary
Relay Control) signal allows the modem to be used with standard telephones without exclusion
keys and full use of the auto-dialing and auto-answer features. When the modem is idle, the
telephone line will be under the control of the telephone set. The modem will capture the line
using 'AR' control, only when it is originating or answering a call or when commanded to do

so from the terminal.

All parts of the circuit can be seen in APPENDIX D .
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CHAPTER 7

MODEM SOFTWARE

Many modems used with microcomputers are 'smart’ modems. This means that they have some
on-board intelligence. A 'smart' modem includeé an on-board microprocessor, which can set up
the modem and supervise it's operation. When the smart modem is in the 'on-line' state, it is
connected to the telephone line and is ready to send or receive data. In 'command’ state, the
modem 1is ready to accept commands from the operator. The operator would use the 'command’

mode to reconfigure the modem, changing the operating speed, for example.

Hayes Microcomputer Products was an early leader in the modem business, and most 'smart’
modems are advertised as 'Hayes' compatible. 'Hayes modems' use a standard command set. The
Hayes command set is sometimes called the 'AT' command set, since the commands begin with

the prefix 'AT".
It is possible to supervise a modem using these commands, by typing them on the computer

keyboard by hand. The 89024 chipset has a sermal command set compatible with Hayes

Smartmodem 2400.
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7.1 SOFTWARE CONFIGURATION COMMANDS

This section lists the 89024 commands and registers that may be used while configuring the
modem. Commands instruct the modem to perform an action, the value in the associated registers
determine how the commands are performed, and the result codes returned by the modem tell the

user about the execution of the commands.

The commands may be.entered in a string, with or without spaces in between. Any spaces within
or between commands will be ignored by the modem. During the entry of any command, the
'backspace’ key (CNTRL H) can be used to correct any error. Upper case or lower case characters
can be used in the commands. Commands described in the following paragraphs refer to

asynchronous terminals using ASCII codes.

7.1.1 COMMAND SET

The command set is tabulated in Table 3 and Table 4.



TABLE 3: COMMAND SET

AT

Attention code.

Go off-hook in answer mode

Repeat previous command string

Bn

BELL/CCITT Protocol Compatibility

Ds

The dialing commands

(0-9 ABCD * #PRTS , ; @ )

En

Echo command (En)

Switch-Hook Control

If &J1 option is selected H1 will also switch the

auxiliary relay

In

Request Product Code and Checksum

Speaker Volume

Monitor On/Qff

On-line

Result Codes

Sn=x

Write S Register

Sn?

Read S Register
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TABLE 4: COMMAND SET

Vn

Enable Short-form Result Codes

Enable Extended Result Code

Yn

Enable Long Space Disconrnect

Fetch Configuration Profile

The Default Escape Code

& COMMAND SET

The & command set is tabulated in Table 5.
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TABLE §:

& COMMAND SET

&C DCD Options

&D DTR Options

&F Fetch Factory Configuration Profile

&G Guard tone

&J Telephone Jack Selection

&L Leased / dial - up Line Selection

&M Async/Sync Mode Selection

&P Make/break Pulse Ratio

&R RTS/CTS Options

&S DSR Options

&T Test Commands

&W Write Configuration to Non Volatile
Memory

&X Sync Clock Source

&Z Store Telephone Number
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7.2 CONFIGURATION REGISTERS

The modem stores all the configuration information in a set of registers. Some registers are
dedicated to special command and function, and others are bit-mapped, with different commands

sharing the register space to store the command status.

See Appendix B
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CHAPTER 8

FACSIMILE MACHINES

8.1 FAX Backeround

Over the last few years, the facsimile or fax machine has quietly revolutionized the way a modem
business operates. Sending text, line art and even simple photographs across the city or the globe

is now as simple as making a telephone call.

A modern fax machine is really three separate devices in one box i.e a scanner, a modem and a

thermal dot-matrix printer.

Figure 9 depicts a block schematic of a fax machine.

Figure 10 depicts a block schematic of the software architecture of a fax machine.

8.2 Classification of facsimile apparatus for document transmission over the public networks

1) For document facsimile transmission by international communications carried on public

networks there is a need for providing sufficient operating speeds to meet users'

requirements.

ir) Users' requirements may be served at the present fime by classifying the following four

basic categories of document facsimile apparatus.
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8.2.1 Apparatus for use over the public telephone network

8.2.1.1 Group 1
Apparatus which use double sideband modulation without any special measures to compress the
bandwith of the transmitted signal and which is suitable for the transmission of documents of ISQ

A4 size at nominally 4 lines per mm in about six minutes via a telephone-type circuit.

Apparatus in this group may be designed to operate at a lower definition suitable for the

transmission of documents of ISO A4 size in a time between three and six minutes.

8.2.1.2 Group 2

Apparatus which exploit bandwith compression techniques in order to achieve a transmission time
of about three minutes for the transmission of an ISO A4 size document at nominally 4 lines per
mm via a telephone-type circuit. Bandwith compression in this context includes encoding and/ or

vestigal sideband working but excludes processing of the document signal to reduce redundancy.

8.2.1.3 Group 3

Apparatus which incorporate means for reducing the redundant information in the document
signal prior to the modulation process and which can achieve a transmission time of one minute

for a typical typescript document of ISO A4 size via telephone-type circuit. The apparamus may
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incorporate bandwith compression of the line signal.

8.2.1.4 GROUP 4

Apparatus which incorporate means for reducing the redundant information in the document signal
prior to transmission mainly via public data networks (PDNs). The apparatus will utilize
procedures applicable to the PDN and will assure an essential error-free reception of the document.
The apparatus may also be used on the public telephone network where an appropriate modulation

process will be utilized.

The users will choose among this apparatus, in accordance with their needs and the facilities

afforded by the connection and the network.
Procedures for groups 1, 2, and 3 document facsimile transmission in the public switched
telephone network should be in accordance with recommendation T.30. (Refer to International

Telecommunication Union CCITT Vol viii FACSIMILE vi1.3).

Procedures for group 4 document facsimile transmission should be in accordance with

recommendation T.62, T.70 and T.73
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8.3 STANDARDS

The CCITT has standards defining both the actual modulation schemes used over telephone line,
and also the broader aspects of how the two fax machines establish the connection and then

transfer the data in an intelligible form.

CCITT V.29 1s a synchronous standard which runs the line at 2400 baud, half duplex, using
QAM (quadrature amplitude modulation). Depending upon the quality of the line, the number of
bits sent during each signalling period is either two, three or four, giving data rates of 4800, 7200

or 9600 bps respectively.

The V.27 ter standard is the other standard modulation scheme for faxes. Again, it is
asynchronous standard, but runs at 1600 baud falling back to 1200 baud when required, and using
PSK (phase-shift keying) rather than QAM. At 1600 baud, tribit encoding is used, giving a data

rate of 4800 bps, while at the 1200 baud speed, dibits are sent for a data rate of 2400 bps.

The bit error rate (BER) achieved on a given line falls as the number of bits transfered at a time
1s reduced, and the fax machines automatically determine the optimum speed to use while
maintaining an acceptable BER. Also the V.29 4800 bps rate performs better over a given line

than does V.27 ter at the same rate, so the former is preferable if both ends are V.29 -equipped.

Essentially what two modern fax machines do, in establishing a call, is test the BER initially using
the V.29 standard at 9600 bps. If this is given a suitably low BER, they continue operating at this

data rate, but otherwise they begin dropping to lower rates until an acceptable BER is achieved.
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If none of the three V.29 rates achieves this, they will drop down to V.27 ter 2400 bps rate.

8.3.1 Standardization of Group 2 Facsimile Apparatus for Document Transmission

The CCITT,
considering
i) that Recommendation T.2 refers to Group 1 type apparatus for ISO A4 document
transmission in approximately six minutes;
i) that there'1s a demand for Group 2 apparatus which enables an ISO A4 document
to be transmitted in approximately three minutes;
111) that the Group 2 apparatus reproduces document quality similar to Group 1
apparatus;
iv)  that such a service may be requested either alternatively with telephone
conversation, or when either or both stations are not attended; in both cases, the
facsimile operation will follow Recommendation T.30;
") interconnection between two machines of different designs, both confirming to

Recommendation T.3 may give a lower guaranteed reproducible area in certain

cases;

unanimously declares the view
that Group 2 facsimile apparatus for use on the general switch telephone network and

international leased circuits shall, in future, be designed and operated in accordance with

this Recommendation.
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8.3.2 Standardization of Group 3 facsimile Apparatus for Document Transmission

The CCITT,
considering
1) that Recommendation T.2 refers to Group 1 type apparatus for ISO A4 document
transmission over a telephone-type circuit in approximately six minutes;
i) that Recommendation T.3 refers to Group 2 type apparatus for ISO A4 document
transmission over a telephone-type circuit in approximately three minutes;
11}  that there 1s a demand for Group 3 apparatus which enables an ISO A4 document
to be transmitted over a telephone-type circuit in approximately one minute;
iv) that for a large number of applications black and white reproduction is sufficient;
v) that such a service may be requested either alternatively with telephone
conversation, or when either or both stations are not attended; in both cases, the

facsimile operation will follow Recommendation T,30;

unanimously declares the view
that Group 3 facsimile apparatus for use on the general switched telephone network and
international leased circuits should be designed and operated according to the standards

stipulated in the CCITT VOLUME VII ~ FACSILE VIL3 .
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8.4 Facsimile Protocol

Durnng facsimile communication, not only is data representing the scanned document transmitted
and received, but additional information such as telephone numbers, paper width, baud rate, sub-

scan line density and a whole host of other data is sent in what is known as PROTOCOL.

Further the quality of the telephone line is tested before and monitored during image transmission
and if found to be inadequate, then the transmission speed is slowed down. In this manner, the
state of the line and the other facsimile is confirmed before sending and receiving of documents
commences. This exchange of information follows a set of guidelines laid down by the CCITT

to ensure compatibilty between machines.

Figure 11 shows the transmission (TX) and reception (RX) procedure when a single page

document is sent in G3 mode. This ¢an be brecken down into the following steps :-

8.4.1 Modem block

For G3 mode, transmit/received date is supplied to the SIO. Carrier transmission is controlled by

the send request signal (RTS) through the serial input/output (SIO).

For G2 mode, the carrier transmission is controlled by the interface memory through data bus and

transmit/receive data is supplied to the line memory.
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TABLE 6: Communication modes

COMMUNICATION SPEED CARRIER FREQUENCY
MODE
FGS_ B 8600 bps 1700 Hz
G3 7200 bps 1700 Hz
G3 ' 4800 bps 1800 Hz
G3 2400 bps 1800 Hz
G3 300 bps 1650 / 1850 Hz
G2 2100 Hz

8.4.2 CED tone 2100 Hz transmit

The CPU writes to the command register of the modem board the command that indicates the use

of the modem in G2 transmission time.

Next, the CPU sets in the parameter register of the modem board via data bus, the data that

corresponds to 2100 Hz frequency.

The CPU in the modem board interprets and executes the command and parameter. The G2
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modem is chosen and goes into the transmit mode. A 2100 Hz CED signal is sent from the TXout

line.

8.4.3 DIS (NSF) Signal transmit

The main CPU sets the 300 bps modem operating command to the modem board via the data bus.
The CPU in the modem board decodes the command registered and selects the 300 bps modem
to go into the transmissien mode.

The 300 Hz transmission timing clock is sent to the SIO from the modem.

The CPU writes in the SIO command register to send a send request signal (RTS) to the modem

to send the data.

Clear to send (CTS) signal sent to the SIO to inform it that the modem is ready for transmission.

The transmission data stored in the SIO transmission buffer is converted from parallel to serial
form within the SIO, to be sent bit by bit through TXDA (transmit data output line) line in

synchronization with the transmit timing clock (300 Hz).

The transmission data sent from the SIO are modulated in the 300 bps modulation circuit of the

modem and sent through the TXout line.
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8.4.4 DIS (NSF) Receive

Before receiving the procedure signal (such as 9 nsf, dis, etc.) the CPU must choose the 300 bps

modem and the receive mods command must be sent via the data bus using the out command.

The CPU in the modem board decodes the data stored in the command register and the 300 bps
modem is chosen.

»

The (nsf) signal sent from the facsimile is entered to the line interface and sent out through the

RX line,
The RXin signal sent from the line interface to the modem board is received by the 300 bps
demodulator of the modem board and the carrier detect circuit at the same time. The receive

timing clock of 300 Hz is then sent to the SIO.

The SIO shifts, bit by bit, the data received onto the RXDA line into the SIO receive register.

8.5 Bits. Bauds and BPS

Fax machines make use of modems (modulator/demodulator) to transfer digital information over
analog telephone lines, in the same way as computer modems do. The information is in binary
form, and the speed at which the data is transferred between the two points is known as the bit

rate, measured in bits per second (bps).
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The signalling rate is that associated with the speed of operation of the communication channel
itself, and is not directly related to the amount of information being transferred. Signalling rates

are measured in baud, and the maximum signalling rate over a given channel (either radio or

hardwired) is limited by the bandwith (BW) of the channel.

BPSK does not encode data. It does however required less bandwith than FSK type schemes.FSK
requires two frequencies that are orthogonal to each other and this implies large bandwith. By

using MPSK schemes, phase encoding is used, therefore minimizing bandwith.

BPSK uses 2 phase 0° and 180° .. a 'l' gives one phase and

'0 'gives another phase.

QPSK requires half the bandwith of PSK, since the symbol rate is half that of PSK.

B o symbol rate. QPSK signal space is shown in Figure 12,

QAM is an amplitude modulation scheme similar to phase shift keying schemes. The concept of
Quadrature comes from the fact that these schemes require in phase 3 quadrature carrier eg. QPSK

modulator. It's signal space is shown in Figure 13 (16-QAM).

These requirements for fax machines differ somewhat from those required by most computer
applications, as information only needs to be transmitted in one direction at a time. This means
that the entire bandwith of the line can be used to transmit data in one direction, and so higher

baud rates are possible. So with a given number of bits being transferred at once, a

correspondingly higher data rate is obtained.
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One component required in modems using PSK and QAM is a scrambler. This device encodes (or
scrambles) the transmitted data so that a long strings of zeros or ones in the data stream do not
cause loss of synchronisation at the receiving end This is because PSK and QAM both depend on
the receiver catching the phase changes in the carrier, in order to regenerate a clock signal at the
receiving end. An extended period without phase changes will eventually cause the receiver to

loose sync with the transmitter, causing loss of data.

The operation of the scrambler basically ensures that, regardless of the content of the data stream,
phase changes occur at a high enough rate to maintain sync between the two ends. One result of
this is that each bit of the scrambled signal is derived from more than one bit of the actual data
stream, and at the other end the descrambler re-generates each bit of the onginal data stream from
several bits of the incoming data. This means that an error in the transmission of one group of bits
will affect several groups of bits at the receiving end, so that a single error tends to corrupt more

than one bit of the received image.

8.6 Svynchronous Data Transmission.

In synchronous data transmission, special characters synchronize the transmitting and receiving

elements of the link. This permits transmissions to occur without the overhead of start and stop

bits as in asynchronous communication.

Synchronous protocols fall into two main categories:

1) Character- or byte-oriented protocols that specify a definite character length.

11) Bit-oriented protocols that do not specify character boundaries.
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Bisynchronous (BSC), short for binary synchronous communication, is one of the most common
character-oriented protocols. Bisynchronous uses a set of special characters to define the structure
of the data transmission frame, At the start of each block of data are PAD and SYN characters
which signal the start of a frame and allow the receiving station to synchronize with the
transmitting station clock. A variety of different bisynchronous transmission frames can be created
using the available character control set. Table 7 shows the list of characters and a typical

bisynchronous frame :
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TABLE 7:

BISYNC DATA STRUCTURE

S |H|ID|S |T |D
O |E L |T|R|L
H|AIE | X 1A |T
D N
I S
N,
G

M ®m > W ow Z e "M

Z
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TABLE 8: BISYNC CONTROL CHARACTERS

Bisync Hex Character

Character Value Description

SYN 32 Synchronous idle

PAD ‘ 55 Start of frame pad

PAD ' FF End of frame pas

DLE 10 Data line escape

ENQ 2D Enquiry

SOH 01 Start of heading

STX 02 Start of text

ITB . 1F End of intermediate block
ETB 26 End of transmission(block)
ETX 03 End of text

SDLC, short for synchronous data link control, typifies the second type of synchronous protocol,
the bit-oriented protocol. Instead of using a control character set as does bisynchronous, SDLC
uses a variety of bit patterns to flag the beginning and end of a frame. Other bit patterns are used

for the address, control and packet header fields which route the frame through a network to its

destination. Table 9 shows a typical SDLC transmission frame:
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TABLE 9:

SDLC TRANSMISSION FRAME

DATA

START

FLAG

ADDRESS

FIELD

CONTROL

FIELD

INFORMATION

FIELD

CYCLIC

REDUND.

CHECK

CYCLIC

REDUND.

CHECK

DATA

END

FLAG
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CHAPTER 9

FAX CARDS

Since facsimile systems share a lot of technology with a personal computer, a fax card has
emerged to allow PC users to send and receive fax information. A fax card is significantly
cheaper than a fax machine, because the scanner and printer are not included. It is assumed that
the computer has a printer to allow incoming faxes to be printed out if desired, or they may
simply be displayed on the screen. Text and graphics can be generated using ordinary word

processors and drawing packages and then transmitted as a fax.

The proposed fax card contains a V.29/ V.27 ter modem and all the required support circuitry
to allow the computer to drive the modem, and make it appear as an ordinary facsimile machine

as far as the line is concerned.

Using a chip, R96EFX, from ROCKWELL, microprocessor, memory chips, buffers and other
supporting chips a fax card can be constructed which can be plugged into an expansion slot of
an IBM PC, XT, AT or compatible, and provide the ability to send and receive facsimili

messages using the personal computer.
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CHAPTER 10

HARDWARE SOLUTION

10.1 Achievement by the hardware

An interface must be designed to connect the PC to the communication medium (fax card). This
interface should not degrade the working of the PC. It means that the data and control signals
to be sent between the microprocessor, on the card, and the PC must be sent at a data rate that

does not inconvenience the operator .

10.2 Options examined for the desion of the circunit

Two options were examined to transfer the data and control signals between the microprocessor

on the card and the PC, viz.

1) Read/ write data byte by byte with assembly language or any high level language such
as 'BASIC', TURBO PASCAL', from/ to an /O port;

11) Use DMA of the PC.

To make a choice between the two possibilities, a few calculations must be made.

The length of a typical message is not longer than one A4 page. If the extreme case ought to be
chosen, i.e. a full page of characters and with single spaces. A file containing such data types will

be 3700 bytes in size. Assume that the extreme length size of bytes used for control signals to

44



transfer data is approximately 1000 bytes long. The quantity of data (including control signals)

to be transfered for such a file is approximately 5k bytes.

The data rate, whereby data is transfered by means of DMA from the PC can be compared with
the data rate that can be achieved with 'BASIC' or 'ASSEMBLY LANGUAGE'. The DMA
function of the PC is specially designed to aid in high-speed data transfer. Using the DMA
facility, it is possible to transfer data at a maximum rate of 476 kilobytes per second. At this rate,
approximately one half of the system-bus bandwith is used. This will slow the execution of any
program to one-half speed when the maximum DMA data rate is in operation. The DMA facility
is specially designed such that the microprocessor cannot be locked out. TABLE 10 shows the

results.

1) Assume a file size of 3619 bytes were transfered from the PC to the proposed

" faxmodem card.

1} Assume the quantity of the control signals to transfer the fore mentioned file is

approximately 1000 bytes long.

iit) The file size ( including control signals) is approximately 5k bytes.

The results for the two different options for the above example, is shown in Table 10.

Note : a 12MHz AT computer was used.
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TABLE 10: DATA RATES OF DIFFERENT OPTIONS

DATA RATE LANGUAGE TIME TO TRANSFER
(BYTES/SEC) FILE

210 BASIC 24381 s

86950 ASSEMBLY LANGUAGE 0.059s

47600 , DMA 0.011s

The figures used in this section for the quantity of data and control signals to be sent has been
greatly exaggerated. It can be seen that if the assembler language is being used, a block of 5k
bytes can be transfered in 0.06 seconds between the two processors. The data rate given in the
table i_s approximately the same as what it will take the card with a 80C188 microprocessor. This

1s the data rate between the PC and the proposed card over the interface.

The data to be sent to or from the microprocessor on the card is normally stored in one of the
sub-directories on one of the hard disk drivers. The data to be sent to the card must first be read

from the disk drivers and the data received from the card written to the hard disk.

To determine how long it will take to read a file byte by byte, a small test program of
approximately 5k byte long was written to measure the time. From the small test program it was
determined that it takes approximately 550 ms to read data from the hard dnive and approx. 800

ms to write data to a file. This measurements was performed on a 12 MHz AT computer and
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assumed that all the necessary instructions to transfer the file to the card were included in the

file. The transfer time can be shortened if a faster computer and hard drive are used.

From the measurements it can be seen that most of the time is consumed by the reading and
writing of data to and from the disk drive. The longest total time it will take to transfer a block

of approximately 5k bytes to or from the card is thus 800 ms + 6 ms = 806 ms.

It wall be acceptable for most operators to wait for < 0.8 seconds while data is been transfered.
It must be remembered that the size of the file and the control signals has been greatly

exagpgerated.

If the DMA option is considered, the 1 DMA channel still available on the PC, will have to be

utilised. This will slow down the operating time of the PC.

10.3 Suitable Solufion for the Hardware

From the results of the previous section, it was decided to use the first option i.e. to transfer data

through a bi-directional port between the two processors.

Figure 14 depicts a block proposition of the hardware problem.

Intelligence was placed on the card, by including a processor, because the card must not degrade
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the normal operation of the personal computer. Conversion programs (converting files to fax

format ) that normally run on the PC can be executed on the card.

As seen from the block diagram (Figure 14) we have two main parts i.e. the PC on the one side

and the microprocessor on the other side.

The PC is connected to the microprocessor on the fax card via two ports i.e. 300h and 301h, as
suggested with the first eption. The one port (300h), is a bi-directional port through which data
can be transfered between the two processors. The other port (301h) can be used for handshaking.
The Programmable peripheral interface (PPI) can be seen as the interface between the

microprocessor and the personal commuter. The handshaking signals are generated by the PPL

Since a number of memory chips and decoding logic are connected to the microprocessor, it is
necessary to buffer address-, data- and controi signals of the microprocessor. It is also necessary

to use a latch since the data bus is time multiplexed with the lower order eight address lines.

Provision is made for 128kB EPROM at the end of the memory where the program for the
microprocessor is stored. Provision is also made for 7 blocks of RAM 128kB each. This gives
a total of 896kB static memory. Smaller blocks of memory could have been used but then the
memory space is not continuous. The microprocessor must test in the beginning to see where

memory has been decoded in the memory space.

Part of the circuit is used to activate one of the PC's hardware interrupts. The interrupt generated

by the PP, is to let the PC know when data is to be read from the card or as a confirmation of
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data written to the microprocessor on the card has been placed in the latch of the PPL

The same interrupt sent to the PC is also sent to the microprocessor. The microprocessor can then
determine whether a byte must be read from the PC or a byte already sent has been read by the

PC. These are all the main parts that constitutes the card.

10.4 Advantace of the proposed circuit

The card has an on-board microprocessor, so that it operate in the background, without disrupting

the normal use of the computer.

The microprocessor (80C188), on the card provides 7 peripheral select lines that can be used to
select the appropriate communication medium. A minimum number of components are required
since the decoding of the interrupt is already generated on the card. The only components that

are needed are the chips to connect the interface with the different media.

The interface is fast enough not to inconvenient the operator to wait too long for the PC to

transfer the data between the disk drives and memory.

The interface does not make use of the only available DMA channel on the PC.

Another advantage is that the PC is not degraded. The PC's microprocessor time is saved and the
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PC can execute other tasks.
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CHAPTER 11

DESIGN OF CIRCUIT

The adapter fax card for the IBM PC or compatible is based on a dedicated VLSI (very large
scale integration} chip, R9SEFX. It offers the full range of speeds up to 9600bps, auto dial, auto

answer and on-board line isolator.

The following fax chips, INTEL 89C124, the Rockwell Monofax R96EFX and the Yamaha
YM7109, were considered for the design. It was decided to use the Rockwell Monofax R96EFX
chip for the fax application. The reason for the choice is that data and technical specifications
of the Rockwell RO6EFX was readily available and the microprocessor bus interface supports
modem connection to a wider variety of other microprocessors, such as the 8085 or 6500 bus

compatible microprocessor.

The ROCKWELL Monofax R96EFX is a 'fax machine' in a chip. Containing a modem operating
under the CCITT V.27 ter and V.29 standards, giving speeds from 2400 to 9600bps, it provides
all the facilities required of a modem in a Group 3 fax machine. The V.29 standard offers speeds

of 9600 and 7200 bps, while V.27 ter option handles the lower speeds of 4800 and 2400 bps.

Auto-dialling is achieved through a built-in DTMF tone generator for tone dialling, while the

alternative pulse dialling is achieved by pulsing the line looping relay.

The R96EFX, in common with most modem chips, uses digital signal processing (DSP) to
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generate the transmitted signals, and to decode the received ones. This has the advantage that
there are no critical adjustments to be made in setting up the modem- the entire modem is locked

to a single 24.00014 MHz crystal.

11.1 Main Control Block

The main control block consists of a MICROPROCESSOR, EPROM and RAM  which are

employed to control all operations.

All the parts of the circuit can be seen in the schematics APPENDIX D.

11.1.1 Microprocessor and Buffers

The following microprocessors were considered in the design 1.e. 8031, 8088, 8086, 80C188 and

80186.

The 8031 is a general inexpensive microcontroller. If the 8031 microcontroller is to be used, the
conversion program (that normally runs on the PC) to be executed by the fax card, have to be

rewritten using the 8031 instruction set. This process will be time consuming.

The disadvantage of the 8088 is that it cannot run at the clock speed of the 80C188 and 80186
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microprocessors. Max clock speed is 8MHz.

The 80CI88 is almost the same as the 8086 and the 80186. The 80C188 is an 8-bit processor,
it's architecture is based on the 80C186 internal structure. The 80C188 handles the external bus

the same way the 80C186 does, with distinction of handling only 8 bits at a time.

It was decided to use the 80C188 microprocessor. The reason for the choice is that the instruction
set of the 80C18R is virtually the same as the microprocessor used in the PC (8088, 8086, 80186
and 80286). Programs that normally run on the PC can now be used in the EPROM or ROM of
the microprocessor on the card. Single instructions, not in the instruction set of the 80C188, but

are used in the program, can be simulated using defined procedures.

Another reason for choosing the 80C188 microprocessor for the design is because of the 8-bit
data bus. A data bus of 8 bits wide is sufficient to connect all the associated. The data rate
maintained by the 80C188 microprocessor is acceptable as seen from the calculations done

earlier. All the calculations done was for a 8088 as microprocessor in 2 PC.

11.1.1.1 _80C188 Microprocessor and Buffers

Figure 15 depicts the circuit of the microprocessor and the buffers.

The microprocessor is operated with a clock of 10 MHz derived from the external crystal 20

MHz crystal.

The microprocessor controls the fax modem (R96EFX) mode , protocol signal, transmit/receive
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of fax, recognition of received signal etc, via the data bus. The protocol signal path for both
transmit and receive is processed in terms of a byte between the microprocessor and the ROGEFX
via the bus. HDLC and CRC checks are software supported. The microprocessor controls the fax
modem by accessing the memory in the modem. The microprocessor also selects between
data/fax modem by enable/disable the analog switch (U33). Refer to Tine.sch 'circuit Appendix

D.

11.1.2 Memorv organization of microprocessor

Twao types of memory are used with the microprocessor i.e RAM and EPROM.

It was decided to make provision for the new 128kb memory chips (RAM) that is available. If
these chips are used the number of chips required to provide the required memory 1s reduced.
Provision is made for seven of these memory chips. This gives a total of 896kB memory (SRAM)

on the card.

The size of a typical file converted into the FAX-format is approximately 32kB. The quantity of
memory provided on the card makes it possible for a document of up to twenty pages to be

stored on the card and converted to the correct fax format to be faxed or allowing twenty pages

of fax information to be received by the card.

Provision is made for 128kB EPROM to store the source code of the 80C88 microprocessor.

The memory map of the microprocessor (fax card ) 1s shown in Table 11 .
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TABLE 11:

Microprocessor’s Memory space

EPROM 0 FFFFF H
E0O00 H

RAM 6 DFFFF H
C0000 H

RAM 5 BFFFF H
A0000 H

RAM 4 SFFFF H
80000 H

RAM 3 7FFFF H
60000 H

RAM 2 SFFFF H
40000 H

RAM 1 3FFFF H
20000 H

RAM 0 IFFFF H
00000 H
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11.1.2.1 Mapping of Microprocessor's Memory and 1O space

The 80C188 can address 1MB of memory space. It was decided to divide the memory space in
8 blocks of 128kB each . This simplifies the address decoding . The most significant three
address lines (A17, A18, A19) are connected to a three-to-eight decoder (741s138). The outputs
of the three-to-eight decoder selects the seven blocks of 128kB static random access memory

chips (SRAMO to SRAMS) .

The UCS line of the microprocessor selects the EPROM.

The ports used by the fax card are shown in TABLE 12.
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TABLE 12: PORTS USED BY FAX CARD

Avalable address Hex address Use
locations
8 02F8H - 02FFH Second serial port
( Data modem )
2 0300H - 0301H Fax - card
118 0302H -0377H Not used
8 0378H -037FH Printer port
8 03F8H - 3FFH Prnimary senal port
( Data modem )

The I/O space of the microprocessor consists of 64k 8-bit or 32k 16-bit ports. The 80C188 can

generate chip selects for up to seven peripheral devices. These chip-selects are active for seven

contiguous blocks of 128 bytes above a programmable base address. The base address may be

located etther in memory or I/O space .

Seven cs lines called PCS0-6 are generated by the 80CI88. The base address is user

programmable, however it can only be in multiples of 1k bytes i.e the last significant ten bits

of the starting address are always zero. Only two of these lines are used 1.e PCS0 and PCS1, to

select the PPl and R9Y6EFX respectively. PCS2 to PCS6 can be used to select other
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communications media/peripherals connected to the fax card.

Figure 16 shows the address decoding circuit of the SRAM, EPROM and the I/O space

components. The interface of the EPROM and RAM can be szen in Figure 16

11.1.3 Mapping of the ports in the PC's memory space.

Two ports are required in the design between the microprocessor on the card and the PC. The

two consecutive port addresses in the I/O space of the PC i.e ports 300h and 301h are used.

Figure 17  depicts the address decoding of the two PC ports.

11.1.4 Fax Bus Interface

11.1.4.1 PROGRAMMABLE PERIPHERAL INTERFACE ( PPI ) mode of operation

Figure 18 illustrates how the PPI is connected to the rest of the circuit .

The PPI is used in MODE 2. This functional configuration provides a means of communicating
with a peripheral device, on a single 8 bit bus, for both transmitting and receiving (bidirectional
I/O). Handshaking signals are provided to maintain proper bus flow discipline. Interrupt

generation and enable/disable function are also available.

The bi-directional port can be directly connected to the PC's data bus without any buffering

58



800188

ves TO EPROM
REGBEFX FAX MODEM st PGSO
PPRi PGS1
PGs2Z
PCSa
PCS4
PCSA
FCSB
7403138
RAM SELECT
nAAMSO
AT nRAMS1
FROM BUFFERS A NRAMS2
A nRAMES3
NRAMS4
nRAMSS
180 e nRAMSSB
NRAMST

FIGURE 16 - DECODING SRAM,EPROM AND
/0 SPACE




PC BUS

ABO...AB9

AEN

ADDRESS LINES P®

GAL22V10

DSEL

SSEL

-

( 300H )

{ 30MH )

FIGURE 17 _ DECODING PC’'S PORTS




PC BUS

CONTROL SIGNALS

< ">

DATA

FIGURE 18 _ P

GAL 22V10

@ CONTROL SIGNALS

PORT C

MICROPROCESSCR

DATA

PORT A | el

PORT B e
ADDRESS

PPI LINES

82C55

80C188

Pl INTERFACE




because the PP has tri-state buffers. No wait states are necessary when the PPI (8255) is used

with the 80C188.

11.1.4.2 INTERRUPTS

11.1.4.2.1 Interrupt on the PC (Hardware interrupt)

IRQ 5 is a hardware interrupt which is not used in the standard PC's interrupt vector space. The
PPI activates this interrupt on the PC. No interrupt acknowledge signal exists on the expansion
slot for the hardware interrupt. Since the interrupt is activated by the PPI on the Fax card, an
acknowledge signal is sent via one of the ports. Figure 19 illustrates the circuit diagram that

activates the interrupt on the PC.

11.1.4.2.2 Interrupts on the Microprocessor

The microprocessor (80C188) can service interrupts generated by software or hardware. Two
types of hardware interrupts are provided on the microprocessor 1.e maskable (INTO... . INT3) and

non-maskable (NMI).
The non-maskable interrupt of the microprocessor on the card is not used.

The INTO interrupt (nIRQ) of the microprocessor is activated by the Fax modem (R96EFX). This

can be seen in Figure 20.
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The INTT interrupt (INTR) is activated by the PPI (8255).

11.1.5 Transmission Block

11.1.5.1 RO6FFX

The Rockwell ROSEFX MONOFAX modem is a synchronous 9600 bits per second (bps) half-

duplex modem with error detection. The modem is housed in a single VLSI device package.

The modem can operate over the public switched telephone network (PSTN) through line

terminations provided by a data access arrangement (DAA).

The RO6EFX is design for use in GROUP 3 and GROUP 2 facsimile machines.

The modem satisfies the requirements specified in the CCITT recommendations V.29, V.27 ter,

V.21 Channel 2, T.3 and T.4 and satisfies the binary signalling requirements of T.30.

The modem can operate at 9600, 7200, 4800, 2400, or 300 bps, and also includes the V.27 ter

short training sequence option .

The modem can also perform high level data link control (HDLC}) framing according to T.30 at

9600, 7200, 4800, 2400, or 300 bps.

The modem includes three programmable tone detectors which operate concurrently with the V.21
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channel 2, GROUP 2, and voice mode receivers.
For modem mode setup, tonal signal send/ receive and receive signal verification, the
microprocessor directly controls the modem, through the data bus, without intervention of the

interface.

The modulation and demodulation functions of the RO6EFX MONOQOFAX are listed in Table 13.
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TABLE 13 : Modulation and Demodulation

N | Com. | Baudrate | Modulation Mod. Carrer CCITT

O | mode : method speed freq. Recom.
1= G3 9600BPS 16 value QAM 2400BPS 1700Hz V29

2 G3 7200BPS 8 value QAM 2400BPS 1700Hz V29

3 G3 4800BPS 8 value PSK 1600BPS 1800Hz V2T7ter

4 G3 2400BPS 4 value PSK 1200BPS 180CHz V2Tter

5 G3 300BPS FSK 300 1650 / VZI

1850
6 G2 AM-PM-VSB 2100Hz T3

In addition to the above functions , it has the following tone transmit / detection functions. See

Table 14 shows.
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TABLE 14: Tone transmit function.

NO | Signal name Frequency
1 ’ CED . 2100Hz
2 GI 1850Hz
3 GC 2100Hz
4 CFR 1650Hz
5 MCF 1650z
6 LCS 1100Hz
7 EOM 1100Hz
3 PIS 462Hz
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TABLE 15: Tone detection function

NO Signal name Frequency
1 Gl 1850Hz
2 * CFR, MCF 1650Hz
3 GC 2100Hz

The functions are controlled by accessing the interface memory inside the MODEM through

data bus from the microprocessor.

The interface memory is composed of 32, 8-bit registers and are controlled by bank select. The
registers are therefore selected with 4-bit register select signal and chip select signal. The main

items controlled by the registers are as follows:

i) Configuration register
Mode setting for V.29, V.27, FSK tone delivery.
i1) Option register
Equalizing method of the equalizer, carmer detection threshold, addition of echo

suppressor protect tone, setting the transmit/ receive mode.
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111) QOthers

AGC control, tone frequency setting.

Data in these registers are read through the data bus to perform MODEM (R96EFX) state

monitoring, such as tone detection and tone pattern detection.

11.1.5.2 Transmit / Receive Operations

Transmit/recelve operations are described in the followng:

1} In transmit operation, transmit data are passed from the microprocessor to the modem,
synchronized with data clock (DCLK) where they are modulated in the modem and then

passed through transmit analog output (TXA) to the line interface.

11) In receive operation, receive analog input (RXA) supplied from the line interface are
passed to the modem, where they are demodulated. Received data are synchronized with
data clock (DCLK) and passed to the microprocessor. All above operations are perform

by two signal processors and one analog LSI in the R96EFX MONOFAX chip.

Figure 21  illustrates the interconnection of the RO6EFX with the rest of the circuitry.

The interface signal is shown in TABLE 16.
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TABLE 16: INTERFACE SIGNAL
Signal VO Pin Description
name No.

I ——— e —

AGND1 GND |22 Connect to Analog Ground
AGND?2 GND |24 Connect to Analog Ground
DGND1 GND | 13 Connect to Digital Ground
DGND GND | 49 Connect to Digital Ground
+5VD PWR [ 10 connect to Digital +5V power
+5VA PWR |31 connect to analog +5V power
-3VA PWR |25 connect to analog -5V power
POR I/ O 5,43 | Power on reset

D7 /o 50 Data bus line 7

D6 70 51 Data bus line 6

D5 Vo 52 Data bus line 5

D4 /0 53 Data bus line 4
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D3 Vo 54 Data bus line 3

D2 Yo 55 Data bus line 2

DI I’ro 56 Data bus line 1

DO /0 57 Data bus line 0

RS4 I 62 Register select ( 5 bit)
RS3 I 63 Register select

RS2 I 64 Register select

RS1 I 1 Register select

RSO I 2 Register select

CS I 60 Chip select

READ I 61 Read enable

WRITE I 59 Write enable

nIRQ o) 58 Interrupt request
CABSI1 I 32 Cable select 1

CABS2 1 33 Cable select 2

TXA 0 28 Send analog output
RXA I 37 Receive znalog input
AUXIN I 26 Additional analog input
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11.1.5.3 Line Interface

The data modem and the fax share the same line interface.The data modem has an option of
enabling/disabling the internal hybrid of the 89024 modem chip set as mentioned in section 6.7,
however the RO6EFX does not have such a facility. An external hybrid must be included in the

transmission path of the fax.

11.1.5.3.1 Hvbrid

The signal on the telephone line is the sum of the transmit and receive signals. The hybrid
subtracts the transmitted signal from the signal on the line to form the received signal. It is
important to match the hybrnid impedance as closely as possible to the telephone line to produce

only the received signal. The hybrid also acts as a first order, low-pass, anti-aliasing filter.

With a higher loss transformer, some degradation in performance at lower signal levels will
occur, specially with the bit error rate. When operating at receive signals below -40db min, the
presence of noise, will be higher. An external hybrid circuit, shown in Figure 22, can be used to

overcome these losses and achieve maximum performance.

The external hybrid circuit uses two operational amplifiers (LM1458), one in the transmit path
and the other in the receive path. Under ideal conditions, with no loss in the transformer and
perfect line matching, the signal level at the line will then be the desired value. In practice

however there is impedance mismatch and a loss in the coupling transformer. Therefore it may
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be desired to provide a gain in the transmit and receive paths to overcome the loss. The receive
gain Ggand transmit gain G, are set by the ratios of resistors R27, R26, R4 and R24, R25, R1

respectively ( Figure 22 ).

The circuit can be analysed as follows:

_+ R26+R27 R26+R27 R31
V=[-2€9 /1y 4+ {1+ V., (1
== R4 1 Vi L R4 )(R30+R31)] y (1)

VY=—R_241§?£VX (2)

If ( R24 + R25 )is chosen to equal the loss in the transformer, 1t can be assumed that V, is twice

as high as Vi (transmit portion of the total line signal).

V= Output voltage of faxmodem chip (R96EFX)
V= Input voltage to faxmodem chip (R96EFX)
V,= Qutput voltage of transmit cperational amplifier

Since V=Vx+ Vix and Vy =2V
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o1 R26+R27 R26+R27 R31
TR ) WtV T iy 12V )
R26+R27 R26+R27., 2R3 . R26+R27
g ROt/ 1 _ v 4
e el e m? ™ R @

To eliminate any transmit signal from appearing at the received signal input, the second term in

equation (4) must be set to zero, giving :

(R26+R27, IR31 \ RGWR2T, o (s

[ R4 R30+R31 R4
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+R26+R27)( 2R31 )=R26+R27 (6)

1
( R4 R30+R31 R4

. R30 =
Solving for R (7)

R31  R26+R27

Additionally,

-R26+R27 ©
R4

and G,-T24+R (10)
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These equations can be solved to select component values that satisfies the desired requirements.

For example, if the transmit and receive loss in the coupling transformer is 2,5db, then;

R26+R27 Gra 2,5
= — Xy =INVIoe(=22)=1.333 (11)
Ra INViog( 20 ) 03(20) 33
Similary,
R24+R25 ) 333 (12)
and
B0,s 3
R3!
5dB loss transformer
M=1,7‘78 (14)
R4
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therefore R30 =2.125 (15)
R31

( Reference : SC11006 Madem reference manual. )

11.1.5.4 FAX MODEM LEVELS

11.1.5.4.1 Transmit level

The transmitter output level is programmable in the DSP RAM from 0 dbm to -15 dbm and is
accurate to = 1,0dbm. The modem adjusts the output level by digitally scaling the output to the

transmitter's digital-to-analog converter.

11.1.5.4.2 Receive Dynamic_Range

The receiver satisfies PSTN performance requirements for received line levels from 0dbm to -
43dbm measured at the Receiver Analog Input (RXA) input. An external input buffer and filter

are supplied between RXA and RXIN.(For further details see line interface circuit diagram
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APPENDIX E ).

11.1.5.5 Egualizers

11.1.5.5.1 Automatic Adaptive Egualizer

An adaptive equalizer in V.29 and V.27 ter modes compensates for transmission line amplitude

and group delay distortion..

11.1.5.5.2 Compromise Cable Equalizers

Modems may be connected by direct wiring, such as leased telephone cable or through the PSTN,
by means of data access arrangement. In either case, the modem analog signal is carried by

copper wire cabling for at least some of the route.

To minimize the impact of this copper wire passband shaping, a compromise equalizer, with more
attenuation at the lower frequencies, than at the higher frequencies can be placed in series with
the analog signal. The modem includes three such equalizers designed to compensate for cable

distortion. When selected, the equalizers are inserted in the transmit path when transmitting, and

in the receive path when recerving.

Compromise equalization can improve performance when operating over low quality lines.

Equalizer characteristics for cable lengths of 0, 1.8, 3.6, or 7.2 km are software selectable (see
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CABLE] and CABLE?2 signal description in TABLE 17 ). The selected filter operates in both

transmit and receive paths.

TABLE 17: CABLE EQUALIZING

CABLE GAIN ( db )*
CABLE2 | CABLE] ‘ Length 700Hz 1500Hz | 2000Hz | 3000Hz
Low Low 0,0km 0,00 0,00 0,00 0,00
Low High 1,8km -0,99 -0,20 +0,15 +1,43
High Low 3,6km -2,39 -0,65 +0,87 +3,06
High High 7.2km -3.93 122 +1.90 +4.58

* Relative to 1700Hz for length of 0,44 mm cable.
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11.3 Fax_Transmission/ Recepfion Protocol

The complete fax transmission /reception protocol sequence is divided into five phases as follows

PHASE A: Call Establishment

This phase extends from the moment dialling is initiated until the connection is made through

to the remote facsimile, i.e. up to the point when CED is issued.

PHASE B: Pre - message Procedure

The pre-message procedure consists of the identification of capabilities and the commanding of
the chosen conditions as well as the confirmation of acceptable conditions. As an option, it can

also contain subscriber identification.

PHASE C: Messagse Transmission

This phase starts with image data (usually prefixed with the TTT information) and ends with the

return to control (RTC) signal. High speed signalling (V29 and V27) is used throughout.
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PHASE D: Post - messace Procedure

The post-message procedure contains signals to indicate what 1s required to be done after a page
of data was sent. For example, more pages to be sent, no more pages to be sent, change

parameters before next page ete. It also includes information as to the quality of the received

copy.

PHASE E: Call Release

This is simply the automatic or manual release of the call.

Figure 23 depicts the G3 FAX PROCEDURE.
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CHAPTER 12

POWER AND GROUND

All power for the faxmodem card is taken from the PC bus. The analog power supplies are
regulated before fed tc; the data modem (89024) and the fax (R36EFX). The faxmodem requires
three power supplies i.e. +5V digital, +5V analog and -5V analog. The +5V analog is derived
from LM7805 +5V regulator and the -5V analog is derived from LM7905 -5V regulator. Since
a portion of the faxmodem 1is analog, the board requires two separate grounds, 1e one for

analog and one for digital. See Figure 24.

78



PG BUS
12V |
. |'vo REGULATOR L, BVA
NP OUTPUT
o INDUCTOR
laad
DIGIYAL GROUND 1
ANALOG GROUND
12V
—. | vo REGULATOR ~ BVA
NPT OUTPUT
DECOUPLING
. e
. BV (VOC)
A INPUT ,,,..k_.__.J ouTPUT




CHAPTER 13

PROBLEMS ENCOUNTERED

This chapter describes the problems encountered during the design of the FAXMODEM card.

13.1 Feasibilility studv

During the feasibility study and system analysis stages of this project great difficulty was found
in obtaining general infor;nation regarding facsimile machines. This was due to the lack of
literature available on the subject and the reluctance of private companies to assist in providing
such information. Most of the private companies that were approached by means of pre-arranged
interviews or telephone discussions, were extremely willing to assist until they discovered that

the proposed project was a business threat.

13.2 Handshaking between the PC and the Faxmodem card

To ensure that the faxmodem card is ready to accept the data from the PC, or vice versa, it is

vital that synchronization between the PC and the Faxmodem card is always maintained.

Interrupt IRQ 5 was used to interrupt the PC, as discussed earlier, in the section interrupt on the
PC. Whenever the fax card interrupted the PC, there was no acknowledgement of the interrupt,
due to the fact that the expansion slot of the PC does not provide an interrupt acknowledge
signal. This problem was overcome by means of a software procedure, writing to the fax card
address 301h whenever an interrupt was received on IRQ 5. The fax card in turn will then read
port 301h to determine the status of the PC.
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13.3 Memory and VO Control

The 80C188 processor provides ALE, RD, and WR bus control signals. The RD and WR signals
are used to strobe data from memory or I/O to the 80C188 or to strobe data from 80C188 to
memory or I/O. The 80C188 local bus controller does not provide 2 memory-I/O signal. Since
more than 512k RAM memory locations are used, memory and /0 spaces overlapping occured.
The problem was overcome by using the S2 (status) signal to enable or disable the 3/8 decoder
(741s138) for RAM sglecﬁon. The S2 signal changes state, from a logic '1' to a logic '0' during

memory and I/O operations.

13.4 Routing and PCB manufacturing

Great difficultly was experienced routing such a high density printed circuit board, because of
the limited available board space. The problem was overcome by using a more professional CAD
(Computer Aided Design) software package. The art work was sent to a private company, Photo

circuit Ltd, for the manufacturing of the printed circuit board.

80



CHAPTER 14

Test Results

Facstmili messages were sent from the faxmodem card ( Fax: 903-4549 ) in Kuilsriver to the fax
machine, Panasonic Panafax UF-150, ( Fax: 461-6115 ) at Telkom RDC/MIS section in Cape

Town and vice versa. -
The received faxes clearly shows readability of the characters and the good quality of the picture.

The quality of the fax sent through the modem card compares favourably with the standard of

a normal fax. See Appendix E,
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CHAPTER 15

CONCLUSIONS AND RECOMMENDATIONS

Based on the findings of this thesis project, the following conclusions can be drawn:

1) The FAXMODEM card conforms to all the specifications required in the objective at the

beginning of this thesis.

11) The hardware forms an intelligent interface between the PC and up to seven different
communications media, which was not mentioned in the specification of the design
requirement. The 80C188 microprocessor allows a further five more peripheral devices
to be connected to the personal computer, without any further decoding. The PC's
processing time is not degraded and all fax format conversions can be performed by the
r‘nicroprocessor on the faxmodem card. The communication card uses only one of the PC's

expansion slot.

The FAXMODEM card discussed in this thesis is a prototype and is open to further development

and enhancements.

Suggestions on future hardware enhancements or improvements follows:
1) With the introduction of the new DATA/FAXMODEM chip set, 89C124FX, and
available surface mounted components, the size of the printed circuit board and the cost

to manufacture the faxmodem card can be greatly reduced.
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ii) Using a few supporting analog-to-digital converters in conjunction with the on-board
MICTOProcessor, a scanner port can be incorporate on the card. The scanner input port,
used with the required software, enables a hand scanner to scan documentation to the
card.

11} The R9GEFX fax chip has the following features :

Programmable tone detection.
ngmmmable_ tone generation.
Using above features with the required software support, the faxmodem card can be

transformed into an answering machine.
The experience and knowledge gained by undertaking this project has greatly enriched each and

every individual that took part in it. This experience and knowledge gained will contribute

significantly to the success of future projects.
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LIST OF ABBREVIATIONS :

ALE
CCITT
CED
CFR
CLK
CPU
CRC
CIS
DIS
DSR
DMA
Db
EOM
EPROM

FREQ

GI
GND
HDLC
IO
LCS

LS 1

-Address Latch Enable

-The International Telegraph and Telephone Consultive Committee
-CallED station identification
-ConFirmation to Receive
~Clock

-Cerltral processing unit
-Cyclic Redundancy Check
-Clear To Send

-Digital Identification Signal
-Data Set Ready

-Direct Memory Access
-Decibel

-End of Message

-Erasable Programmable Read Only Memory
-Frequency

-Group Command

-Group Identification

-Ground

-High Level Data Link Control
-Input/Cutput

-Line Condition Signals

-Large Scale Intergration
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MCF
Mod.
PC
PIS
PPI
PPI
PSK

QAM

ROM
SRAM
SIO

VLSI

-Message ConFirmation
-Modulation

-Personal Computer

-Procedure Interrupt Signal
-Programmable Peripheral Interface
-Programmable Peripheral Interface
-Phase Shift Keying

-Quadrature Amplitude Modulation
-Recommendation

-Read Only Memory

-Static Random Access Memory
-Serial Input/Qutput

-Very Large Scale Intergration
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APPENDIX A

GENERIC ARRAY LOGIC



. Page 1
L. 4.00 - Device Utilization Chart Tue Dec¢ 1 15:10:09 1992

jirdecno fax

==== P22V10 Programmed Logic
L = ( !ABO & !ABl1 & !AB2 & !AB3 & !AB4 & !ABS & !AB6 & !AB7 & ABS
& AB9 & !AEN. );

$L = ( ABO & !AB1 & !AB2 & !AB3 & !AB4 & !AB5 & !AB6 & !AB7 & ABSB
: & AB9 & !AEN );

AB3 & AB4 & AB5 & AB6 & AB7 & AB8 & AB9 & !AEN & !PSEL
$# 'AB3 & AB4 & AB5 & AB6 & AB7 & !AB8 & AB9 & !AEN & PS

L1
[

b

——,

R = ( AR );
{4 = ( INT & !PSEL ):
13 = ( INT & PSEL );

FQ = ( !IRQ );




Page 2
EL 4.00 - Device Utilization Chart Tue Dec 1 15:10:09 1992

idrdecno fax

==== P22V10 Chip Diagram ====

P22V10
Fom—————— \ Jm——————— +

\ /
ABO v 24 Vee
AB1 2 . . 23 INT
AB2 3 22 NIRQ
AB3 4 21 NAR
AB4 5 20 AR
ABS 6 19 IRQ4
AB6 7 18 IRQ3
AB7 8 17 MCS
ABS 9 16 SSEL
ABS | 10 15 DSEL
AEN | 11 14 IRQ
GND | 12 13 PSEL

SIGNATURE: N/A



Page 3
:BEL 4.00 - Device Utilization Chart Tue Dec 1 15:10:09 1992

:ddrdecno fax

==== P22V10 Resource Allocations ====

Device Resource Design Part

Resources Available | Requirement | Utilization | Unused
jedicated input pins 12 15 12 0 ( 0%
jombinatorial inputs 12 12 12 6 ( 0%
egistered inputs - 0 = -
‘edicated output pins . - 7 = -
lidirectiocnal pins 10 0 10 0 ( 0%
fombinatorial outputs - 7 - -
‘egistered outputs - 0 - =
feg/Com outputs 10 - 7 3 (30 %
wo-input XOR - 0 = -
uiried nodes - 0 = -
furied registers - 0 - -
‘uried combinatorials - 0 - =




i Page 4
EL 4.00 - Device Utilization Chart Tue Dec 1 15:10:09 1932

EMrdecno fax

i

==== P22V10 Product Terms Distribution

1
i

|

i Signal -Pin Terms Terms Terms
1 Name Assigned Used Max Unused
{

SEL 15 1 10 9
SEL 16 1 12 11
s 17 2 14 12
AR 21 1 12 11
104 19 1 16 15
303 . 18 1 16 i5
IRQ 22 1 10 9

==== List of Inputs/Feedbacks ====

anal Name Pin Pin Type
%o 1 CLK/IN
31 2 INBUT
2.32 3 INPUT
?3 4 INPUT
i34 5 INPUT
35 6 INPUT
26 7 INPUT
7 8 INPUT
28 , 9 INPUT
39 10 INPUT
2N 11 INPUT
2 20 BIDIR
20 14 BIDIR
;EH’T 23 BIDIR
SEL 13 INPUT




L 4.00 = DPevice Utilization Chart

‘irdecno fax

==== P22V10 Unused Resources ====

‘in Pin Product Flip-flop
1ber Type Terms Type

Tue Dec

Page 5
1 15:10:09 1892



fdrdecno fax

==== P22V10 Unused Resourceg ====

‘in Pin Product Flip-flop
aber Type Terms Type

Page 5

T, 4,00 - Device Utilization Chart Tue Dec 1 15:10:09 1592



1B

CK

TAT

172

i1

L 4.00

— Device Utilization Chart Wed Jan

==== P22V10 Programmed Logic ====

!IOW & DSEL );

I
Qo
-

= 1( !IOR & DSEL );
= !( IIOR & SSEL }:
= 1( !IOW & SSEL );

= ( 18SSEL & !RSET

# IOR & !RSET

# NOBF & !QDATA

# NOBF & NIBF );

!TOR & SSEL
RSET ) ;

Ho o~

= ( IRSET );

Page 1
27 12:44:58 1993



Page 2
4.00 - Device Utilization Chart Wed Jan 27 12:44:58 1993

==== P22V10 Chip Diagram ====

P22V10
e ———— \ [ meon e +
\ /
oW r 24 Vee
IOR 2 . 23
SSEL 3 22 NCH
DSEL 4 21 CLK2
5 20 NRSET
QDATA 6 19 CL
RSET 7 — 18 CLK1
NOBF 8 17 RSTAT
NIBF 9 16 NACK
OH | 10 15 NSTB
RI | 11 14 nRI
GND | 12 13

SIGNATURE: N/A
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P22V10 Resource Allccations

'L 4.00 -~ Device Utilization Chart

Page 3
Wed Jan 27 12:44:58 1983

Device Resource Design Part
Resources Available Requirement Utilization Unused
fiicated input pins 12 10 10 2 ( 16 %)
zbinatorial inputs 12 10 10 2 ( 16 %)
fristered inputs - 0 - -
{icated output pins - 9 - -
iiirectional pins 10 0 9 1 ( 10 %)
hbinatorial outputs - 9 - -
t1istered outputs - 0 - -
f/Com outputs 10 - 9 1 (10 %)
-input XOR - ] - -
ried nodes - 0 - -
{fied registers - 0 - -
rled combinatorials - 0 - -



Page 4

fL 4.00 - Device Utilization Chart Wed Jan 27 12:44:58 1993
==== P22V10 Product Terms Distribution ====
Signal Pin Terns Terms Terms
Name Assigned Used Max Unused
£IB 15 i 10 S
LCK 16 1 12 11
LTAT 17 1 14 13
X2 21 1 12 1l
%1 18 4 16 12
1 19 2 16 14
JSET 20 1 14 13
£l 14 1 8 7
3 22 1 10 9
==== List of Inputs/Feedbacks ====
jthal Name Pin Pin Type
* 1 CLK/IN
] 2 INPUT
7L 3 INPUT
A 4 INPUT
(3F 8 INPUT
I3F 9 INPUT
; 10 INPUT
FATA 6 INPUT
iy 7 INPUT
- 11 INPUT



]
i

Page 5

iL 4.00 - Device Utilization Chart Wed Jan 27 12:44:58 1993

P22V10 Unused Resources

iin Pin Product Flip-flop
zber Type Terms Type
5 INPUT - -
13 INPUT - =
23 BIDIR NORMAL 8 D



i Page 6
“L 4,00 - Device Utilization Chart Wed Jan 27 12:44:58 1993
|

==== I/0 Files =—=
ule: 'intdeco’

put files

L PLA file: intdeco.tt3
ctor file: intdeco.tnv.
vice library: P22Vi0.dev

tput files

wort file: intdeco.doc
Pgrammer load file: intdec.jed
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CONFIGURATION REGISTERS

Register Range Units Default Description

50+* 0-1235 rings 00 Ring to Answer On

S1 0- 25-5 rings 00 Ring count

82 0-127 ., ASCIL 43 Escape Code Character

53 0-127 ASCIH 13 Carriage Return Character

S4 0-127 ASCII 10 Line Feed Charater

S5 0-32127 ASCII 08 Back Space Charater

56 2-235 seconds 02 Wait For Dial Tone

S7 1-255 szconds 30 Wait Time For Data Carrier

S8 - 0-255 seconds 02 Pause Time for Comma

89 I-255 1/10 seconds 06 Carrier Detect Responds
Time

Sto 1-2535 1/10 seconds 14 Lost Carrier to Hang-up
Delay

S11 50 - 235 ms 75 DTMF Dialing Speed

512 G -255 1/50 seconds 40 Escape Code Guard Time

B1-1




*This S-Register is stored in the modem NVRAM upen receipt of the &W command so that the contents are

preserved when modem power is removed.

Reading a Register Value

To read the current value of a register :
1. Type Sr ? with r being the register number ( 0 - 27 )
2. Press ENTER

The modem responds with the decimal value of the register, in

three - digit forms.

To read values from more than one register

1. Type AT Sr? Sr? from the Command Mode.

2. Press ENTER .

Changing a Register Value
To change a register value, use the Sr=n command, with

* r being the register number

* n being the new value you want to assign.

For example, to have the modem autematically answer incoming
calls after the forth ring :

1. Type AT S0 =4 from the command mode.

2. Pres ENTER .



Register

Range

Si4*

Units

Default

l Description

Bit Mapped none AA hex Bit Mapped Options

Register

516 Bit Mapped none 80 hex Modem Test Options

518+ 0-255 seconds 00 Test Timer

S21* Bit Mapped none 00 Bit Mapped Options
Register

522+ Bit Mapped none 76 hex Bit Mapped Options
Register

523+ Bit Mapped none 17 hex Bit Mapped Options
Register

525+ 0-235 0.1or 03 Delay to DTR

I seconds

S26* 0-233 0.01 seconds 1 RTS 10 CTS
Delay Interval

S27+ Bit Mapped none 40 hex Bit Mapped Options

Register
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TEST PROGRAMS

BASIC Data Transfer Performance

The following are two BASIC language data-transfer loops that have been timed. One loop
reads data from a port and puts the data in an array. The other reads data from an array and
writes them to an I/O port. In both cases, it Is assumed that the data are always taken and
available so that no interlock control signals are needed. In both loops, the maximum data rate

measured was 4.75 millisecinds per byte transfer, or approximately 210 bytes per second.

READ FROM PORT LOOP

10 DIM BUF (1000)

20 FOR CNT = 0 TO 1000

30 BUF (CNT) = INP (&H 300)4.75 ms/byte
40 NEXT

50 END

WRITE TO PORT LOQP

10 DIM BUF (1000}

20 FOR CNT = 0 TO 1000

30 OUT &H300, BUF (CNT)4.75 ms/byte
40 NEXT

50 END

C1-1



Assemblv Language Data Transfer

The following is an example of an assembly language data - transfer loop. In this loop, data
are transferred from memory address and maintains a byte count that is tested during each

transfer cycle. This loop assumes that the data will be accepted as fast as they can be sent.

START: MOV DX, PORT; LOAD DX REG WITH PORT ADDRES
MOV BX, BUFFER ; LOAD BX REG WITH BUFFER ADDRESS
MOV CX, COUNT ; LOAD CX WITH LOOP COUNT

LOOP: MOV AL, [ BX ] ; LOAD AL REG WITH DATA FROM BUFFER
OUT DX ; WRITE AL REG DATA TO PORT
INC BX ; INCREMENT BUFFER ADDRESS
DEC CX ; DECREMENT LOOP COUNT
JNZ LOOP ; LOOP IF COUNT NOT EQUAL TO ZERO
WAIT

This data-transfer loop was measured and it transferred data at a rate of 11.5 microseconds

per byte, or 86.95 kilobytes per second. This is over 400 times faster than the equivalent

BASIC data- transfer loop.

C1-2



APPENDIX D

CIRCUIT DIAGRAMS

i)  IBM.SCH

PAGE

D1-1

ii) MODEM.SCH

D1-2

iii) FINTERSCH..

D1-3

D1-4

iv) PROCESS.SCH..

v)  MEMSCH

Di1-5

Vi) RFAX.SCH

D1-6

vii) LINE.SCH

-----
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APPPENDIX E

TEST FACSIMILI PRINTS
i) Faxmodem card to .an machine.

i) Fax machine to faxmodem carnl.



FaX CUMER ZHEET

Fri Feb 34 1934 10:32 an
To:. TELEOH REC

Aattn:  HNOLGN DORINICKE
Fax #: 461 6115

Fax: 4 pages awi & cover page.



;2 = 18ns at 3.85 lrmm: I7.7 = 13.895
;4 =8ms at 3.85 l/mpm: T2.7 = T32.85
i 3 = 10ms at 3.85 lomm: T7.7 = 1.2 13.85 -»DiS
; 6 = 28ms at 3.85 lomm: T17.7 = 1,2 13.85 ->BI3
;5 = 4Bns at 3.89 l/nme: T17.7 = 1.2 13.85 -»DIS
5 7 = 8Bns at 2.85 1l T7.7 = 13,65

EXT1 nB ? ; Extend field

HRATE bH 1 ; 2498 bit- = handshaking

UNCOMP DB ? ; Uncompressed node

ERRCOR DB ? ; Error cocrection mode

F3IZE DB 7 ; Frane size for Error corrsciion node

;M o= 258 actets, FF = 64 octets —> DES
o het to BT -—>DISADIC

ERRLIM DB ? ; orror liniting mode
DB 0 ; Retepued for 64 capability on PSTN
DB 7 ; Unassigned
EXTZ DB g : Extend field
YALRECU DE ? ; IF = FF -> URES meauz Higher Resolution
; Ualigity of RECHIDTH1 -—=>DIS-DTC
. ;B = RECHIDTH1 valid -—>DiS/BTIC
: FF= RECWHIDBTH1 ijwwalid ——>DIS/DIE
. Hecording width R P
;B = rec width indicated by RECUIDTHD  —->B0E
; FF= rec widtn indicated by BECUIDTHZ-S —-»DCE
BECUIDTHZ DB ? : 1216 pixels along scan line length =15inn ->lic
; Middle 1216 elements of 1728 nixels R T
RECHIDTH3 LR ¥ ; 864 pixels alowg scan line length =167an --01C
; Hicgdle 064 elements of 1728 pixels -l
RECHIDTH4 LR ? ;1728 pixels along scan line lewngth =15ime - D
RECUILTHS i ? 0 1723 pixels along scan live length =107nn - L0
DB 7,7 . heserved for future recordiog oidth capa¥i--:
DB ? ; Extend fieid
IhFD_TBL FHDS
s
S ligital conmand cigral received fron ~ to be transpitted to rencile nachiis
PCEINTD INFO_TEL o ; Allocate INFO_TBL structiure

: DISADIC
; renote FAX machine’s RECEIVE-TEANSHMIT capabilitiec

DISINFO INF{_TEL < ; Ailocate INFC_IBL ztructurs

; FaX MODE of local nachine

FfY_HMODE LABEL  BYTIE

Rx_OPERATION DB ? ; T.3 operation 3 = T.4 operation

Tx_DPERATION DB ? 2 =T1.3 operation 3 = T.4 operation
rETRAIN_TLAG DB ? : FF = busy retrianing

IATH_Hate DD 7 ;odnte signallivg rats (2200, 40040, 7200,0000 .
HAND _Rate DB ? ; nandshaking rate (Z8h = 388, 03 = Zw‘d;
Ueri_RES DB ? ;8 = normal FF = 7.7 lineqsnn

CODINGHODE DB 7 ;8 = one din FF = tuo dimensional

REC Uidth by 7 ; recording width (B64,1216,1728,2040 . 2450
Scan_WHidth it ? . svan line lengih (18?.151k21€,253 EAERNY
Max_Length nH ? ;onax recnrd dength (Rianlin, 297an084, Gnane B
Hin Scan_Tine DB ? s oninimun scan line tine IU,,,lﬂ 2.3t
Unconn_Mode DB T ;B = conpressed FF = unconuregssad node
ECHMODE DB T ;M = nornal FF = Error cerrection node
ELMODE LB ? :a = FF = Error Yimitimg nods
Frane_size DY ? ; frans zize (61,2560

FaX HODE len EQU Gifset Frans size - Gffset Rx OPERATION + 2

; HIGH SPEED IRANSMIT PRGCEDURE
HSE_PROCH DE ?
DATA _FLAG DB ?
LAST_YLAG ¢ R



EOL CTR i}
RIC_FLAG LB
EO0%. _FLAG BB
~ZER0_CTR DB
FILE_CNI DB
: SYSTEM TIMER
SYS_CIR By
SYS_TIHE j111]
YEAR b
HONTH DL
DAY JaTE|
RECFAXCNT L]
LINE_CNT oy
LINE_CIR ik
: FAX DOCUMENT INFO
DOCPAGEINFOLEN EQU .
rAaXPACKINFOLEN EQU
PAGECNT DB
PRGECTR DE
DOC_RES DB
DOC_CODIRG B
DOC_START oD
DOC_END f1}3]
DOC_TYPE DB
HEARDEBUF 1ABEL
DOC_NAME DB
DRC_TELNN DR
DOC_TIHE DB
DOC_DATE DB
DOC_RECUIDTH oy
DOC_LENGTH oy
M _PARFCNT nn
DUL - PARGEINPU Bk
HERDEND LABEL
HEDLEN EQU
FAXTRBL DB
; FAX HESSAGE BUFFER
SAYE_FLAG DB
BITCNT DB
DATA_BYTE DB
PAGESTART b
FAXFNT D
FAXEND Fili]
FAXN 1B
FAXCNT 133
EGL_ONLY DR
0P _GF_FAXBUF DU
TAXBUF_OUF DB
; 8255 10 ...
IRT_flay DB
NEF _flag DR
BtPat _lup by
Getlut _inp oy
Fustat_Out By
G Pat Dut By
PU DISHBLE L8

7

¥

?

7

?

7 ; 1s counter

7 ; systen time and date in seconds
?

?

2

?

7

HAXPAGE : 2 butes needed per PAGE

31 +« DOCPAGEINFOLEN @ length of packed inf: headar

5] ; nunber of pages RECEIVEL,TRANSMITTIED

7 ; current page

7 ; current page resolution

7 ; current page coding nethod

? ; document pointer

7 ; end of document

2

BYTE

' FAXOODE1” ; file name

an pHP {7 : telephone winher

'23:59:58" ; tine received send

*1993-12-31" ; date received ssend

1728 ; recording width

237 ; docunent page length

? voankee Al pages in dnconent

BUCPAGE IRFULEN DUY U4) » vuddnysvres uf sach page
: bB->b13 = line count T #lines page O
: hitd R - murn 1 - high mze ¥ oures paye B
; bi5 - B =1dim 1 =2 4din T coding pege Y
BYTE

DFFSET HENDEMD  OFfSET HENDEBUF
HAXTAX DUP (FAXPACKINFOLEN DUP (73)

; points to start of page

D nd emd el md ewd end )

vl el wsd

oy B I I

-l ) wed



; Botton of RAM

FSTSEG

INTR_VECT_TBL

TOP_OF_RaM

> R96 interrupt

: HDLC
ABIDL_REC
RATE
R96ISR
R96BUF_OUF
R95BUF_CNT
R9GEUF_PNT
RYBBUF
FADDR
FCTRL

FCF

FIF

TxFIF
ID_FLAG
TSI_INFO
CSI_INFO

-~ yector tahle and system buffers and variables
SEGMENT AT )

bD
Y

service routine

DB
DB
DB
DB
Dy
oy
LABEL
DB
DR
HIy
DB
Y -
DB
DB
DB

32 DUP (7)
?

*DATA’
;32 interrupt vectors

variables

7 : FF = naBort -IDle being received

7 ; cont. code for next configuration change

7 ; 1=HDLC_BRx, Z=-HBLC_Tx, 3=MSG_Rx. 4=H3G_Tx

7 ; FF = R96 buffer overflou

? : byte count

7 ; R96 buffer pointer

BYTE

QOFTh ; FF = PSIN

2Csh : €8 = non final, €8 = final frame in procedure
7 ; BIS » DIC ~ CEP etc

R36BUF LEH pUP (7Y : buffer for HDLC signals

15 DUP (%) : Tx buffer for FIF

? ; IT = Renmate station id has been received
38 DUP (7

36 DUP N

; STRUCTURE definition for DIS/DIC and DCS info tables
; Unless specified otherwise . OFF

INFO_TBL
Tx_T2
Rx_T2
1ac

Tx T3
Rx_T3

Tx_T4

Rx_T4
DRATE

URES
CODING
RECUIDTHL

MAXLEN

SCANTINE

STRUC
DB
DB
DR
DB
DB
DB
DB
DR
DB

DB
BB
DB
DB

DB

DB

BFY

: Tr
: Re
; BB
;0 Ir
: Re
; Re
;0 Tr
; Re
; Da

B

w3
-

-
-

) o] = e )

WN= QLN FD

7.7 ; Re
;3 Ve
o Tu
: BRe

and amd emd

-

&

e QAN ON SN R WNe-Q

h = capable : BD = not capable ——>DIS LTC
h = enable : 88 = disable -->bCs
ansmitter - T.Z2 operation -->DIS/DIC

ceiver — 1.2 operation

=264 # FF = 176 :T7.2 Index Of Cooperatiuvs
ancnitter - 1.3 operation -~->DIS,DIC
ceiver — T.3 operation

served for future T.3 operation features
anspitter - T.4 ogperation -->DiS/DIC
ceiver — T.4 operation
ta signalling rate

U.27ter fallback node -—>DIS/DIC

U.27ter —> 4800 or 2408bitsss —->DIS DT

= V.29 -> 9688 or 7208bitsss —->DIS DTL
= . Z27ter and V.29 ——>D1S-BT0
= 7408 bitrs V.27 ter —— >bCS
= 4880 bitrss V.27 ter --——- >DCS
= 9688 bitsss W29 00 ——em— »bC3
= 72808 bitsss V.29 ———=>DC3

served for neu modulation syztemn

rtical resolution = 7.7 linesmn or High BT
o-dinencional coding

cording width capabilities

= 1728 pixels, scan line length =215qnm 0015

= 1728-215nn, Z2B48.255nn, 2432.-303mn —:DIZ
= 1728-215mm and ZP48-255nn P
= 1728-215nn, 2048.-255nn, 2432-383mn -CDRIS

1748 pixels, scan line length =Z1onn —-sPLy
2432 pixels, scan line length =303nn ->DCS
2848 pixels, scan line length =255nn —>D3

xinun recording length capability
= A4 (297mn) -—» DIS/BIC

= Unlinited -=» BIS/DTIC

= A4 and B4 (364nn) ——> DIS/DIC

= 4 (297nn) -—> IC3

= Unlinited --> BCS

= B4 (364nn) -=> I3

-

scan line time capability at the receiwer
Z2Bns at 3.85 lenn: T7.7 = 13.85
48ns at 3.85 lonm: T7.7 = T3.85



QUTBUF 3):] GUTBUFSIZ DUR (73
INIDUr DD INPBUFSIZ DUP ()

: Softuare Timers 3 & 4

COUNT_T3 b ? : counter

MaxCNT_T3 B ? ; max count

CONT_13 Bl 7 ;b1 = en bbb = me
CIHINT_T4 1] 7 v rrnier

MARCNT 14 by ! ! opax count

COHT T4 DU ? bl =en bbb = me

; Sufluyare limves fur BIRG deleciion

RINGTHR i3 ? ; tiner resets to 2700nms
RIMGONHT 'R T Coammbiee of iy heeesde i lan!
RIMSPEUL {i14] v sorny delecliun proveduee

K INGFLAG DB ? , ring indicaior

RINGTIH bl T ; timer :resetz to 1BU0ns

; MODEM

nR_FLNG B b ;ondicate MODEM weiinily
NUMBER_of _RINGS DB 7 : sane as sB register in HOLER
UAIT Pue_CAHNLEN DU Ny } 2amc as aY royisler an HUDEM

; FAaX Auto-dialing

Dipl_TYPE PB g ; 80 = pulse dialing, 81 = DINF dialing
NUMEER DR 48 pur (7} ; number buffer = 48 digits loug
; Mise

RESULT DB a ; B8 = Yes FF = No

TENP DB 6.,0.9,8

FaX_START DB ? ; FAX_START last entry in cegnent

FSTSEG ENDS
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The high and the low on
computer work stations

‘he hegith efects of visucl dispiay
- lemmiricls (VOTs or VOU's) <re Fagquently
.. questichad. Ienizing rediation in pari-
" elor is ©f doncem sines users feet that

exposure ay result in damage o

feptoductve. systems and <lso causs

{ | concer

Foor efgcncmics blgcesf
-problem

C Y diasin the USA proved conclusively
‘it emizsions of jonizng todiglicn (x-
., ays) end nondenizing riiation {mic-
- woves, uitrmsonic sound, opfical redia-
fian) gre well Getow levels whem heciti
ceuld be atversely cfiected. Yai, inspite
- of these resuls users compisin of neck.
. shevider ond low teck pan, of heod-
- oghes. nitseilry, c¥fcully o sesp, of
“esling stasted ana overworked. Rsd
eyes eys.iriianan and vision aelenore-
“fion are disg cor‘r"on compicmis.
Thass synpioms ang comgicinis cre
ricat of pogt ergenCmics of wWork-
piccy design ond job demencs.
e EecTe 6f ergonicntics B o
. Gt ol Work sSuesons 1o the! pmrs«ccl.
. vgr_wgiﬁ‘g?ccb Tna menicl Coocoges

" O P SETE B ORGEE IS Epdiove
eﬂ!cﬁicv. T sa:enr There-

fore eznsiderction is given fo size and
wh (onofomy), expenchre of
gy ond effecs of envitonmentat
- foctors on boey funclions (Ehysiclocy)
and mentdl coocbiity (sdil ang gesu
patond esychofogy) when gasigning
'work:: coes ond determining work o
C o cedizes, Well designed wokpicses ond
- wc"ac proceduras recuce shysicat and
mentct foigus; barsdom and shess and
Mremsby efimingte regi os well s osyeho-
somefic finesses:

Impernignt desigh faciors

The txcion thet noed {0 be consicered
in he cesign of computer wox sialions
ond work prececwes ore 'ndiccted in
skeich 1 ot the g below:
- Work breciks
- SRt weork
- Physicct exercise
- Acuilty of visian
- Sofweme Hencliness
- Pegommance demands
safety Moncgement, Navember 1587

i

Achcon ven Tonder

Sagtch 1

iHumingten

. S
/AT

Alreconddioning

 Twisling cnd
ncifngotion of
he head

Viewing .
clrdonces
Mdrusedst hoicer

Dask hoigh!

- Freedom of
feg movemett

Fool rest

An exompie of @ warkpicoe that 2oes not T 1he user

1
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Angiomy

Here one is concemed with seection of
Zesk and chair and wiih Grongament of
ecuiprment such thet:

® Body pesture dunng wark is ooimised
in order to minimise shoin on and
Ssubseguent fofigue of musciss ond
spine oy eliminciing siafic muscuier
effor. This Incluces elmindtion of
facters which cause $irein on eye
rrsches.

* Al equipment & within reascnable
reach and epetitive movements cut-
side nomndl, comiorabe reech are
minimised.

* The ¢isplay screen Cnd worl dodu-
rments are within the ergonomicat
prafered fleid of vsion.

- Employees wilh yaving bedy dimen-
s:cns con odiust the wdkelage fothelr

ingrrents, and

’ﬁ ecucte work space is avciiahis.

. Enuipment selection

Equirment should De ocjusicbiz in
¢eer o obicin the ergoncmically

* preferred work poshites. The adjusicile
| tanges given here were detemmined ing
T furonecn study ang shovig oniy te
. used gs on indication of requirerments.

South Alicen enihropomeine adig sug-
gests that a widef iahge of eojusichiity
may -é requires.

e renge of adjusimenis requirec

depends an sex. shnic group ang

enthrepomelis size distributon,
If excectionally lorge or smcel pceople
meve to be accommodcied or f

_ cdjiusimert icnge of ovoiighle equin-

ment is too fmiled. base eguipment

. galecton on the cimensions of Me

{Lrons whe use the equipmen? mos!
“avently and supply inferchangectie
esuinment where passibie
The "tumng™ o @ werk sigticn to o

| speciic intvauais squiments can

Lo dong by means ¢f ¢ comainarion of
:_d;usfcbfe chaw. ciusranie dask fuf-
foces cnd ociusiatie footest.

Segiing

Heignt snould be cdiveiatie such e
an angle

ot siightly larger facn 907 is
ogizined of e cibow when Tngers gre
restng onthe home keys (fow A SDLF
XL

Sraukiers must be reloxea

n e

© - position with forecoms and hands sercl

let to.ihe toble sutcce (Reware of
upturned wrists). TEsimpiies o feignt aa-
[dstcoiity renge of of lecs? 250 1o 220
mm.

if the sectis fited with crm rests. thesg
shoukd not irgedare with om posticn.
The “wcrking tevel” rionge <f 200 1o 300
Satety Monagemen!, Novembper 1987

mrm should 5@ kept in mind,

Fegt shoula e piacea et onithe foor
with the angie at the knee joint lerger
hen 9. ke chairistoo nign duetothe
mguired anm posiion hen ¢ foolest
should e susplied. The fogmest shatid
prefercRiy De cdjusiabie inheight (0 - 50
mm) cndincingtion (10 - 15, it should
be large enaugh o caover the entire
usctla leg ares ang should be skid
resisiant (o prevent skidding owoy from
me optimum positon.

Seals should hove Dockres's which
are coiustebie up-ond-Cown Cs well &3
o inclinction. The back fest ond seat
sufaee should be contoured (see
sketeh 2) eng firm. tumbar support must
ba proviced by the bogk fest @t g height
of 410 1o 20 ¢ chove the segt suace.

The seat surdcce shouid slope down-
worss ot the font in order o reguse
oressure on the back of ihe legs necrthe
Knee.

A camect s2cling posture should aliow
cn angie iorget then $F between the
chdomen ond thighs,

Desks
Desks wiih vcxricus height-adjusicbie
wark sufcoess gre preferad butin most
nsiqnces one wou:c rQve ¢ fixeo oSk
f'ie'g,u

Desk height may vory bt the imogcr-
jont osoectisthal 100 20 em re2 space
between thighs onc Cesk oo s ol

o

ctle cfter the sect height hes been
comectly set, In gractice this could he
cchieved by keeping the Keyboord
{horme keys) 720 - 750 mym romethe floor
and acjusting sect height for corect
am position, .

Dificully mxay be expefisnced wih
typewntars and keybocrds Mxed to
seresns gy these are wsuchy higherthan
ihe keyboards usad on mogt perscnal
computers. Rat detashabie keyboods
ore essentict for good ergonomics.

Screens

The VDU soreen end document hoicer
shoule -pe placed sush thol, when
sectes corectly and iecking & te
sereen the heod and eyes ae heig
approximalsly af thelr naohuai reicxed
engles getow the. hodzantal. This resulls
it a4 heqd 1 of approximataly 20° balow
e horizontol when focking <t the
centre of the screen (skeich 2\

The viewing disfarce o the screen
and cdocurnent heider shouid Eeinthe
crder of 500 mm (funher than 700 mm
cnd negrer then 300 mm s ool
meommenced). Howaver, consider the
used's visual ocuily anad figure size ¢n
screen, .

Probigms with acnigving consct hece/-
gye nclingtion and viewing distancs
oan ba expecied when using ecuipment
where kevoocrds are fixed to screens.
Once ogein dalQengsie keypacrcs e
highty ecommendes.

et 2

3
1
l
|

Height ¢! eyes above the
et suricce. 700 — 30Gmm

(HOme kevs)
72 — 758mm
|

|

SN, A}

D o

~ __,20° pr‘
\

\
200° \ S ,

Slioioy sreen |

Desk heicht 20mm

pnait S

Heigmt of
leg roem !
&90mmm l

33
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4t
Prirucat winh sCuhey
“ourtineg’, coltowtig.
sorcoe \R
(a3 mors = r‘-—*—f
] 11 sorage o documens
o | : marun e,
pootahor (af o THeTh) L T
S
ond l; aaat WOk watocs hos foege
I | Socwnert, O

Swetch 3

Cxfor umiry. GRS,
v DA e

Workspace ioyout

o Workspoce on the Cesk shouid be

&

89 cdequate to oocemmeadte the CPU

{centmal pracassing unif), VDU (video
cisplcy Uret). ksyhoard, work documens,
prnter and snould hove some gdcifional
somce soace (see skeloh 3.
Arongement of equidment should o2
such et Mwisied ond other cbnommal
hocdy posties Gle ovtided. eg ode
qucte legroom o anclle he coerarmr
1o sit direetfy i Font of the Keytooid,

The DoCk Kays of the keyhoor snouid
be ot o suidchie distonge from the gask's
ronf acge in orer o Sogommodtte
am secch. Asaaeg taroroxamarely &0
rmm botween irent eoge ond keybooid
shoulc be ariowed in order 1o prevent o
"suling”  oglion Detween desk {or
xeyboord) edge ong wiss,

Work docurments and the vOU scresn
should e omangsd SUCh MGl hexce
movernents in the renonict slane ang
gsoecicly e veticol mans e
‘minimised. Twisting ona holding of the
haad to one sice shoukt e liminated
as much s passibie. Cne should aiss
minimise the need for visusl accommo-
dation (focd! gistance) and cocehen
{Jumihance odiusiment) when the eyss
o moed Tom sereen o decuments o
soreen,

In orcer o aghigve gooa document
to screen gmongemen. e use of a
gocumen heioer sivoiad it e some
horranial gieme 08 e sCreen s
ReommEnded. Documeant hoiers shoud
mrefarssly Do odiusatie for verioo
inclino¥con ang hove 2 ine =ngier.
Pacemant to the Aght of the samen is
rcommended I onoies need bol=]
made on documsnts bul othenwisa 1o
e et of the sereen s

Bacouss o ieyboamd ssitustasing
sosiion where chrQmmal soQin 2o oe
Dlasas on neck ase ey2 mussiss i ik
recommengad that all regular comp-

H

(7
L

. A
cooropiste

ter users be trained totouch type in order
1 recuce the need kKt fequert focking
ot the keybeard his giso has the
asvontage of snesding Up he wank rate,

The work environment

In this Inslcnee we gie mainly concem-
ag wih cregling a work emvironment
whngtg fighting. noise and temperafure

ore aofimised in orler to redule work

inferlerence and shysiedl fatigus. This
should then rmprove worker comiort
which: Wil lead 1o imaroved soourely.,
eficency and 5oy,

Lighting
Rocr qualty lighling causes eve shain
wiich tesulls in Iowered efficiency. Inthe
long term, permcnent vision getsnorg
fen may occur In onded fo grange for
coimumlighting congitions one shoulg
k223 the toliowing rerminology in ming:
- Humingiion - e cmount el light falling
onig an chiect N
lumincnce - the ameount of fight
refiected by orermitted fom an object.
aizie - is cTused Dy bright ight sources
shining direcly infto the eyes of Deing
refizcred NG e eyes

he oojeciive of the lighring arangs-

manl s Ren 1o provige cgeguata

sivminghon which oveids gicre ang
whizh resulls it odequcte luminance
cnd corec? Wminonce totios for the

cenrsl ond penonerc feids ofvisicn. s

recormmanded Thot ¢ kowlezgectle

perstn assist with Ihis cspect. Howevet,
he guideiines isted below should ke
toliowed: '

» Meon dtuminction (erfcict plus day-
aght) should e soproximetely 560
iux ower the compuler wok sSialion
e

* Stygie ight frlings (urvingies) of the
computer work sialion such that lignts
ca nof shing directty g the openraier's

eyes. An angle of larger tham 32 ko 45°
n he vediccl oxis may be required
Also owid stuctions whate operalorns
foce into bright wingows Or whee
windows intrude Into ther pentheral
vision.

* B lumingires -with pAsmebs or gric

type glare shields in grder 1o racuce -

difect ond eflected giore. Curoing

cen be used abwirkiows byl select s
‘ecmplement toom lumincnce Con-

frasis. .
= The VDU screen should be pioced

such that reflecion of wmingcies ot

wincows from the s¢teen is prevented.

This ooscures the figuras on the screer

anc Coyses exireme eye siain.
» The luminance gfios in he centra!
| fiews of vision (eg. ascumentio sereen
1o keyhaany) should no! axceed 4.3
and in the perpherai fola {eq sareen
to wals) mot 140, Comours, surfecs
types ete. shoyld De seiacted with ilus
in mingt. Care should be 1aken whan
mesh or olhey typas of gigre shieids
are used Cn scrrens as it may hove o
signiicant  negetive e%ec! on the
rminance rohies for goocument i
$Crean.
Aucrescentlights shoulc be eleciical-
'ty cannested oyt of phese with ecch
olner {duo or ti-shasa) n order ™
reduce "invisible” fickerng. Any fignt
whien Aickes visibly shouid be re

picced mimegdictey.
Nofe: -
- ff figures- on the sgresn become

distetted, Tickas, Dlums or me rmsge s
unisigbie in Gny way, have he VDU
seniced G5 SOON O Tosiisie.

- Cna's eyes should oceosicnglly bBe
iared by lockng oway Fom the
screen o g dstunt oojes?

- Avoid highly refective VIU scresns
which ¢C7 €5 © MRS ine mfiestss
images rmay cause inferzence wilk
the visual task ond syl in oye ston,

Noise
e ncisg thot is of concem in *his
insfence s usuchy not o g idvel thar
Couses heoring ympoimment. Kowever, il
s in wilh the definiion of "unwonteq
sound” in- the sense thet i cousas
gisturnances,
Sound is ¢f @ dishuping ACfure wha=:
- Itis constantly laud enough o infruce
oh ore's congenirmiion orrtariera with
vamai communigohion {4 telephone
comverschons).
- {15 intesmittent of cyclical
- it is 5 0 10 geciteis tcycer than the
“gradien?” Dockgraung sounss and
speciicohy it hosonotCoie pure tone
CeMonChnant
Veilighaidsbestuur, Hovemoet 1947
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- It is of low frequencies and is stucture
bom reswting = it being hegra as well
o5 being el hrough vibiation.

" . thesintornation content, then Eends

to dermnand oWYtenticn, eg. human

vOiCEs.

Some fypical examples ae given
betow, i such stuctions oeidenifieditis
recormeenced thal o knowledgeable
person be consuiied about abarernettt
procedums of gne may end ua with o
sifuciicn where, o] instance, expensive
double glazed windows ore installed but
wiich gre fhen opened for ventilciion.
Exampies: X
« Aconcitioner neise ar ngoise anterng

vig veniialion louwres or cucting.

» Trafic in comdans (umon) or sthesls

(vehicles).

- Ofce squinment such C$ prRntes.
yoewtiters, cudic signats, intercoms of
talanhones.

- Sounds coming fom edigcent cfices

-Or tea rooma.

--Neise fom neQroy workshops  oF
Thochine reoms.

- Consfructen ootz

Ventilation
. Alorcen bewrfienSoour comect qesign

of ventiicion/gircondiioning systems

ot ot least ine 1Ioliowing Gspects should

be keol inrning;

* The syslerm shouid provide an ode-
cuare quantily of clean. Fesh airn

= |t sihvculc remove stgle alr. odours and
cigorets smaoke efectively,

» [he temperafue shaull be conirok

" lobfe over g comicdunie range.

#® A Sishibuiion shoulg e effechve but
droughts shouid Be avoiced gspe
ciglly whese it 2y Cadse discormion,
disture papen of irfice eyes.

* Hurmiciy should be momnicined such
hot discomion and dning of mugous

tmnes gre ovoigaed.

Psychology

3o for we hove only consicersa Icclors
which couse DRysical shess anaicticua.
In computeited wonx situaticns it i3 very
oasy O Svencolk tha menigh luotsrs
which Sffect wilk Coouracy, eficency
end safery s cesirgole o creaie o woilk
SHuaTon which proseges maniat chaienge
Sno cvods DOeSom. D wiich 2oes
nat exceed e mawducrs conarniifies
ong couse Tushiation of dissgtisiachan.

Excessive menta! sitess may mondes?
fsaf it symoioms sUSh Q§ wegtiness,
anxiely, sisepiessneass. Necdgehes., e

-gular pecrt neat and gigestive roulies.

Thesa aimenis wit =50l N decreassd
werrk outodd and eXciency as weill cs on
NSISOsE 1 CLsence Ko wok

ki

Couses

The cvaidance of psycholagital stass
tactorns is largely concemed with good.
tair menagement practices. The focors
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