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Thisa Yheosis report descraibes  a modern altarnabtive
colutron ta fhe wiring complexity problem by aintroducing
pult intex ing rechniques which consist  of repnlacing Fhe
canventional  wiring harness by another system that hiohly
roeduces  the  nuamboer of conductors bheing used, nrovides
mon i oring toola, and oxhrbhites high reliabuelrty  and
simplicity of installation and service.

The rmportance of the multiplex system 15 growing as
a means to solve the various nrohlems related Yo vehuole
harness, and a variety of multiplexed wiring solutiong have
heon proposed throughout the world. However , due to the
hrahly compebtrtive nature of ther automotive market, only *few
rhaings, such as asystem rharacteristics, could be known ahout
the already or being developed prototypes. In fact, apart
from some standard requirements of multiplexed systems and
some solution approaches such* as the Society of Automotive
Fngineers J1IB50 SAE, each car manufacturer is concealing the
detarts of Lt proposed solutrons thus making attemnts tor
comparative study very ditficult.

Thie report has bheen subdivided into seven chanters.
Chapter 1 sheds wome liaht  on the early beginning ot
multiplexing in motor vehicles and its develapment. 1t also
gives a hrief discussion about the requirements and the

criteria to he fulfilled by:a multiplexed system. The tast

e

part describes the different classes of multiplexing as

b

defined by the Society of Automotive Englneers.
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Chapter 11 discusses theoritical design aspects from
constraints to strategies as well as it gives a general
description of the different network topologies.

A general description of the INELEC Multiplexed
System (IMS) along with an extensive coverage of the system
hardware (maéter and slave) are given in chapter III.

Chapter IV discusses the communication protocol,
data integrity, reliabilty and recovery within the system.
Namely classes of failures, error detection, diagnosis and
recavery are presented.

Chapter V provides a description of the system
interfacing and 1its prototype implementation based on the
electrical system of a “25L4° type minibus provided by the
Algerian Company of Industrial Vehicles (SNVI). Also, it
gives an idea about the state of the art in the field of
intelligent power switching.

Chapter VI discusses ;he different software routines
developed within the system from the master as well as the
slave control units side.

Chapter VII concludes this thesis report with a
brief discussion of future technology and suggests different

points for further work.
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PREFACE

The 1ncreasing ﬁnu&bef of electrical and electronic
units beihq used withine a motor vehicle ‘as well as the
growing need for monitoring systems, has caused the number
ot cables to carry these signals and feeds tc increase.
Consequently, the electrical’ﬁystems of most motor vehiclos
are becomang more  camplex with a resultant conaiderable
LNCrease iEa the wiring complexity and the ditficulty aof
installation. Although these cables are tied together to
form a compact harness, the bulk, and weight of the looms
and  connectors makes accomodation difficult. In addition,
Lhe grouping together ot  supply cables often causes Lhe
cables al the center of the loom to aoverheal; as a result of
the increase in total harnesass resistance, the efficiency of
the system is lowered.

One solution to the prohlem, is to use a remote
switching system. This system, which has been in use during
recent years, uses a common péwer cable and numerous signal
cables to control the switching devices. Switching is
normally performed using relays. The signal cable to each
relay only carries a small current so the cables carn be
smaller, 1in diameter size, than those originally used. This
solution still suffers wiring complexity and the total

ltength of the cables used is still high.

_._‘- v—



ABSTRACT.

There are many ‘applieations where modern control
systems are becoming mére and more sophisticated with a
resul tant increase in the complexity of wiring
interconnections.

This complexity is due to the requirement of one or
more conductors to connect the control panel to each
specified function. These connectors are to carry pawer,
control and monitoring signals to remote locations.

One of these applications is the electrical wiring
interconnection of a motor vehicle. Although there are many
different systems as there are car manufacturers, it is
still a common interest for all to replace the present
conventional, costly and non—-intelligent system by another
that highly reduces the number ot conductors, increase
intelligence and easy to install and service.

The aim in this study is to design and develop an
electronic switching and ménitoring system based on the
multiplexing of digital codes by local control station and
remote monitoring units. The gystem is to use the suitable
VLSI and power devices to build a prototype that could be

useful product to the Algerian Car Industry.

Kgxggggs:‘ Multiplexing, microprocessor L.A.N., vehicle

harness.
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MULTIPLEXED WIRING HARNESS

Introduction
. History and development
Requirements of a multiplexed system

. Classes of multiplexing



The market for automotive electronics in general is
only just beginning to open up, with predictions that 257 of
the cost of the average car (Fig. 1.1) will be in
electronics by the mid 1990; [I]. This presents the designer
with quite a challenge as the vehicle‘ environment 1is
relatively harsh.

The wiring harness in a car has been 1increasing
dramatically over the last deFade (Plate 1) and there always
seems to be yet another accessory to add. An attractive
alternative to the present wiring system, which requires a
separate power line to each electrical/electronic device,
fed generally via the dashboard controls, is to wire each
device to a common power ring. The switching of each device
is activated upon receipt of a coded signal sent via a
single transmission line. Single-chip microcomputers are
used as local units to achieve the required functional

tasks.
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Fig. 1.1 Share of cost of electronic
components in total vehicle cost.

3



4

Multiplexed Wiring Harness




Multiplexed Wiring Harness )

Moany tochmaical propocsala Tuave beesnn oo wlire heoa b 1o
the  replacement  of today "« large  and  complex  wiring
harnesses with less awkward and more rational ones.,

Nevertheless, as always seems to be the case with new
developments, the introduction into volume production of
multiplexed wiring systems 149 still]l awailted. This ise  mainly
due to the fact that each car manufacturer is developing its
own system with specific characteristics and application.
The birth of a wuniversal standard in multiplex technology

does not seem to be for the near future.

1.2 History and development

Automotive multiplex wiring is rapidly developing
now that the demands for more electronié option features are
being felt 1n the marketpléce. The vehicle wire harness
congestion problem has been identified for many years, and
the solution of time-division multiplexing over a serial
data bus has been suggested many times in the past. Such
example solutions are U.S5. patents #3 564 280 dated 2-16-71,
#3 648 0957 dated 3I-7-72, and #3 742 447 dated 6-26-73 by
Songefest and Estes [2], which cover the pertinent details

of this method as it applies to the automotive requirements.
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Research and development of the auvtomotive multiplex
system was started around 1973, followed by tentative
slagging of research for a certain period. In the background
of growing needs and inexpensiveness and improved
reliability of semiconductor devices as seeds, research and
development activities have activated again and we are now
in presence of a variety of multiplex systems as there are

car manufacturers. Gome examples of developed multiplex

systems are shown in table 1.1 [3]

Car manufacturer System } Type § fddressing } Topalogy j Media ? Year
% dazda  (Japan) i FALRET } Distributed } Breoadeast & Bus 3 Twisted pair E 59
é Ford (USA) UNP } Distributed 2 Physical addr.i Bus E Twisted pair i 86 !
i Basch (Germany) CAN i Distributed | Broadcast E Bus % Shielded twisted i 86 {
) - S
? Chrysler (USR) | ¢eh 2 Distributed } Broadcast | Bus } Twisted pair j g6 E
i Nissan {Japar) 3 CEDRIC ? Distributed } Physical addr.{ us ! Optical fiter i 81 %
é Toyata (Japan) | CROWN % Centralized % Physical addr.é Pus E Twisted pair g - %
, ]
% G (s | ALLANTE % Centralized g Physical addr.g Loop t Av E - %
| ] | S ]

Table 1.1 Exanples of multiplexed wiring systems.
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1.3 Requirements of a multiplexed system

A list, though not exhaustive, of the bhasic

requirements of a multiplexed wiring system 1s given below:

Cost effectiveness: this 1mportant requirement may be
assisted by keepiﬁg the system as simple as possible,
and the simpler the system, the easier and cheaper is 1its
maintenance.

The technology used should have good immunity to noise
and supply W“Mqriation. cMas i1s the most suitable
technology for automotive application.

The system should providévw~i?é} safe (emergency)
operation.

The multiplexed system should bhe  transparent  to the
vehicle’'s driver, in Dthéf wo%ds, the driver should
notice no difference between the response to controls 1in
a multiplexed system and a non—multiplexed one.
Flexibility: the multiplexed system should be easily

adaptable to other vehicle models.
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1.4 Classes of_multiplexing

The ssociety of Nutomotive FEngineers (SHE) 4,5
divides communication regquirements  an a multiploxed asysben
mto three classes: N, B, and €. Clausases are defined on Che
basis ot speed and accuracy, see table 1.2.

Table 1.7 shows that class N multiplexing refers to
Fow sopeed wignale Thoewe typess,  of si1gnala  are found n
simple body control applications such as turn signals,
dashhoard iIndicators, where _Speed and accuracy are not of
critical i1mportance.

Class B signals are faster, and require more
accuracy. They flow over a bus that is a type of local area
network (LAN) within the vehicle. This type of LAN can
provide diagnostic capability.

Class C multiplexing defines bus requirements for
high speed signals. these types of signals are suitable for
real—time applications, where speed and accuracy are of

r
critical importance, such as aﬁti~lock braking system (ADRS),
power train, engine control, and ignition and fuel 1i1njection
system.

The class B netwark is intended to support
communications that would perform all the functions of class

N. In a similar way, class C network is intended to support

all functions of class B network.
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0N [RYRIY cont ept of multaiplexing know as class D L6
has bheen recently antroduced (19%7). These types of signals
are mainly encountered 1n shared data block systems and
Pnhdncgd dragnostic togls, such as trip computer and remote

detection and sensaing.

A\
~ *\u‘ R . 1 N

o e : . | . | e ! o
PoLLNSS SIELD EOLATENCY D MESSNAGE SEZE ERROR
: { Kbrt/s | me ; Ly te ( HANDLING
N L Lo - w0 1 § LOW
; : : \
1 E] i 10 — 100 | 5 - 50 2 — 10 { MEDIUM
‘ ; ; ; ; |
: : i { A !
| C : 1000 ; <5 : 2 - 10 ; HIGH :
{ i i H ; i
{ 7 i . 4 i :
: D ; - P50 - 100 | 0.5K - 2K ; -

S S « — SN - i

TOABLE 1.2 Functional characteristics of different
classes of multiplexing

Efforts for standardization of a serial bus for
n—-vehicle communication, w111|b@ pursued towards the design
of a “"Universal" system whiéh could be tailored with
relatively minor changes to suit a variety of vehicle
apecitications from different manufacturers. However, at the
current stage of design and development, one cannot escape
some basic specifications due particularly to the design
caonstraints and the specific requirements of car
manufacturers. The following chapter will describe the
constraints and the design a;prﬁaches behind the development

of the INLLEC Multiplexed- System (IMS).

—Q—
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Design Issues

1.1 Design constraints

thie project has  been  proposed on the basis of a
mutual agreement between the Department of Postqgraduate
HSludies ot INELEC and the Resvearch and Doevelopment
Depar tment ot the Atgerian Company of Industrial Vehicles,
(ONVI-CVLY, which has expre;;ed an  1nterest tor the
advantages that may be brought by the 1mplementation of a
multiplexed wiring system in replacement of the existing
wirang harness 1nstal led S0 far On Lthe difterent vehicle
mocter) e,

The manufacturer  consadered the system from the
dytferent si1des of engineering and concluded that our
nroposed solutiron will respond to their needs of itmprovment
Ly the  qguality ot the product. This has motivated the
company to oftfer 1ts services by providing the necessary

.

automotive equipment for the testing and implementation of a

-1

prototype.
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1 wav mutually aqroed that i he nroduct howutd
resnontd Lo g maximum ot wntegrat 1on Lo minimirzse P he
tmpor tatron of clectronae devices faor the ot e e Lrvesges,.,
0 the  produact, by ssplecting praomarily the focally
fabracated devaices. The system was then desaraned accarding!ly
although the des Lgn requires 1ntegrated circuilts, such as
microprocessars, which, unfortunately, are still imported
trom abroad. However, Lthe proposed solution was considered
satrtatactary wn o roesponvger tao the following reqgurroment s

(1) The system has to Le cosut effectave, vtherwise Lthere
will he no nterest to replace the conventional harnegss by a
multiplexed one though more “1ntelligent’, better relaiable

and ecasy to wnstall and service.
(11) Vhe system should bhe compatible with the existing
cloectrical aystem  and  whould  be caunily  adaplable with

retatively minor changes to other vehlcle specifications.

(111) The system should be easy to use and transparent to

the vehicle s driver.



Deraran Tauue L

e desran constraoints are inherent to Fhe naturs
af the vehrole s environment., 7,81

Climatte comdibrones:

Temperature: the temperature  ranue for automotive
enviraonment applilrances exercises a decisive influence on the
chovsee of the  orrcudt atvd componenta. Typroal ambrient
tomnerature range varies hetween —30 and +80 <C. The uapper
tormperrature Yimrt may r'L—..-qch 100 or 12720 <C depoending on the
mounting location (engine compartment, exhaust system). To
thease intluences must be added the self-heating resulting

frrom the power dissipation of the electronic devices.

Hnmiu;ry: protec tLon merasures agalnat humidity of
electronic devices anﬂ components  are essential for system
reliabilaty and lite—-time. Electrunic devices have to be
protected not only against splash water and condensation but
also against other operating materials such as oils, petrol,
and  greases or even road grit 1f their mounting location
permits contact with such agents,

Yealed housing, lacquering of printed circuits, and sealing
with synthetic resins or silicon rubber are examples of such

protection measures.
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- Mechanical vibration
Flectromagnoetic interterence
Cunnly variations

- Switoching transients

- Power consunption

Nl these parameters have to be taken into account for the

cholce of systen architecture, electronic components uaed,

and mounting locations of electronic modules.

JY.? BElectronic desion options

s wer  have  seen praevioualy, lLnexpensivenesas adand
improved reliability of semiconductor devices have played an
important role in  launching multiplex system research
activities. Three electronic approaches to multipnlexing are
considered: wired logic, cus tom controllers, and
MLICroprocessors.

Table 2.1 gives a comparison of their main
characteristics. Wired logic is far below to fit the growing
nesds of the automotive industry. Custom controllers option
exhibits no adaptability, which makes its application range
very specific and limited. It is a poor choice to suit the

changing and diverse nature of the automotive market.

_3_4_
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Inte!ligent electronics or microprocessor aoptilon seems o bhe
tho most  surtable choice for multiplex system develonmen?®
ared tmnlementation. N microprocessor—bhased system offery
mueh mor e destgn flexability  and  system  adaptabirlaity. 1t
aloo allows  to plant avtonomous intelligence at different

locationsg of the vehicle which, in turn, increases system

verbyahy by by

- T ] 1 § _ —
Lo Opproach PoWired logro Cus tom L MiCcroprocessors
;. controllers
L Functaions :
determined Hardware - Hardawre P Software

Iy

. Hasically same
Crrcurtry - Dedicated ¢ Dedicated : for each
: : apnlicatinn

Critical . Logrc and © Desion and ; Goitware
fartere Cocircualt development | development

e, Lyn

Number of

components © High o low : L.ow
pirr system O X

%(N:n;)td!)Llj.Ly‘

tey other t Low f N1 High

mode 1o :

el cost Low produc. * Very high ‘Medium production
autamun at o rans Coprod. ransg - TG

Tahle 2.1 Comparison of electronic design options.
Following, 1% a discussion of the different ways to

nterconnect microprocessor—based systems.
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JI1.3 Network topologies

The principal technology alternatives that determine
the nature of a local néfwork are the topology and the
communication medium of the network [?]. Together, they in
large determine the type of data that may be transmitted,
the speed and effiéiency of communications, and even the
kinds of applications that the network may support.

Based on these two technologies, 2 classes of local

networks are defined with different configurations:

A
‘.

Store and Forward: a net@ﬁrk in which a complete packet or
block of data is received into a buffer in the memary aof an
intermediate node before being retransmitted on the route to
its destination. In general, the nodes are interconnected by

independent point—to—point transmission lines.

Broadcast: a network in which a message tranamitted from one
station is received by all other stations. In general, the
stations are all connected to a common transmission line and
s0 a particular station must detect that a message 1is
addressed to itself. All stations are directly connected by
the common transmission medium and so communication does not

involve an lntermediate node.

— 1’6_..
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I11.3.1 Example confiqurations

a) Complete interconnection

Each node in
point—to-point
in figure 2.1
This
integrity as

communication

commonly used

the network is connected by a dedicated

transmission line to all other nodes as shown

store and forward topology exhibits high
the failure of one node does not affect
between the others. However, it is not

because of the high implementation and

expansion costs.

node 1§

node 2

node 35

-

node 4 node n

Fig. 2.1 Complete interconnection
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b) Mesh interconnection

A tou:0' 3y in which each node is to be connected to at least
2 other nodes to provide alternate paths (Fig. 2.2). This
structure exhibits also high'ihtegrity but requires comp -

routing software. The network is store and forward and so

the delay depends on the number of intermediate nodes.

] nade 1

node 3;

node 4 . node n;

Fig. 2.2 Mesh topology

c) Star topolaogy

In a star topology, a central switching element is used to
connect all stations in the network (Fig. 2.3). The central
element uses circuit switching to establish a dedicated

’.

pattern between two stations wishing to communicate.
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This store and forward configuration provides low
wiring costs, which also results in low expansion cost and
low delays.

A major drawback of this topology is that 1f the
central switching element fails, the entire network is lost.
Also any cut of the communication medium will cause

permanent isolation of the corresponding station.

‘station 2?
L ]

station 1

CENTRAL
SWlre

H
g
|

station 3 fstation ni

e e

Fig. 2.3 Star topology
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d) Tree topologQy

It is an extension of the star topology (Fig. 2.4) and so
has very similar characteristics. Namely, it is a store and
forward topology where all thé nodes occur in a hierarchical
sequence from one end to another. Implementation complexity
and reliability problems make this a poor choice for

connecting multiple processor networks.

!station

naode 31

__.____'___.1

Fig. 2.4 Tree topology
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e) Bus topology

Also known as a highway or multidrop link (Fig. 2.5). It is

a broadecanst asystem o whiltch all the statiuns are  connec Led
to & common communication medium. Bus topology exhibits low
wiring and expansion costs ‘as well as asimple software
(broadcast communication). However, it suffers integrity
problem as the communication fails i1if the transmission
medium 1s cut. Also, there 1is no way to communicate with

isolated stations unless redundant transmission line 1is

provided.

atation 1! lstation 37| station n!

i i i

l I 3

H ! bus

gstation 2 station 4

Fig. 2.3 Bus topolagy
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"

¥) Ring taopology

In a ring topology (Fig. 2.6), the processors are logically
connected into a circular structure. This has the advantage
that any transmission medium can be wused: twisted pair,
coaxial cable or optical fiber. Typical application suited
to a ring system, is a network in which the processors are
not in physical proximity and in which each processor is
naormally occupiled with local tasks, not involving the other
pProcessors.

The topology can be considered as an extension of
the bus structure and so exhibits similar characteristics
except that complete isolation of any station requires a cut
at both sides of the connection and hence it provides better

integrity.

{station 1

station 3

[

station ?L_——_//

i

rstation 5;

i i

lstation 4

p

[ i

q
3
station n

n

.

Fig. 2.6 Ring topology
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Table 2.2 outlines the arguments for the Store and

Forward and Broadcast classes of networks [10].

BROADCAST

STORE AND FORWARD !

No routing, simpler
software
nd-to-end error control

The destination address
must he recognized betare
A message can be recelved
ny a station

One transmission line

has 1o support all the
communication with the
network, high speed lines
(1 to 10 Mbits) required.
Wait for access contention
delay

Transmission path can be
completely passive and so
he inherently reliable

Redundant paths required
in case of line ut

Low wiring costs
Guaitanhle for local
networks

- Multiple low speed

— More complex communication;
s0f tware ;
- Point-to-point controlys :
reguired for efficiency ;
and end-to-end controls !
needed for Lntermediate {
node ftailures. %

= The message 1s first {

received then the destina-!
tion address can be

. checked at the message
‘nas reached i%s :
destination or should bhe |
routed on

transmission lines can be !
operated in parallel.

- Intermediate nodes delay

- Transmission path includes§
switching nodes so is less!
reliable

- Alternate paths easily ;
achieved in mesh networks ;

= More wiring required \

~ Suitable for geographica- |
1ly dispersed networks |

T

Table 2.2 Comparison of Broadcast and Store and Forward

classes
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Y1.4 Desion strategy

Having examined the different possible networbk
tonologies for the multiplexed wiring harness and the
narameters aftffecting the ﬂ@%igd‘nrnceqq, it is time to aive
the idea about the philosophy behind the design of the

INELEC Multiplexed System (IMS).

Yyutem electronics:

For design flexibility and adaptability reasons, a
standard low cost microprocessor has bheen used in
conjunction with a set of single—-chip microcomputers Yo
constitute the core of the system’'s electronics. This is due
particularly +to the changing nature of the automotive
industry. Another point 1is that the SNVI-CVI company has
reauired that the system can be practically implemented on
its various vehicle models with few or no changes, therefore
system electronics has to exhibit some flexibility to be
easily adaptable to meet different requirements of different
maodels. This feature cannot ﬁe achieved using other
electronic options such as wired logic or custom

controllers.
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Multinlexed network:

Tt appears  thal a @ broadcast ring architectured
networi usead in a centralized environment is more
anproapriate to our system than any other configuration as it
sutffeos less wiring CDﬁtS: angd presents easler expansion
facritities and adaptation to other vehicle models.

we have chosen a master—-slave centralized system
insteant 0f a distributed system for the following reasons:

-- A neripheral failure does not upéet the whole system.

- In the event of thé master controller failure,
the slave units switch to emergency operation.

- System expansion flexibility.

- Fasy localization of failures.

-~ Simpler bus arbitration software.

Technology:

Concerning the technology used to implement the
system, we have seen previously that CMOS was the most
anpropriate technology to automotive applications,
particularly in  terms of immunity to supply variations and
Low power consumption. However, we were not able to suit
this requirement as CMOS devices were not available during
the time of development. Instead, we used NMOS and even some

n

TT_ devices.
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Tommunication:

Synchronous  communication e usually selecteo in
applications where continuous data transmission/reception 1s
recuLred and/or where the enhanced data recovery capahility
of thig method is needed. The important distinction between
synchronous and asynchrondua coﬁmunications is the fact that
iy the first one, a \chck signal that is in nerfect
synchronization with the received data is required at the
receivine unit. Synchronous communication is most useful  in
anplications such as continuous remote control and guidance.
Tt 15 not commonly used with small microprocessor systems.

In asynchronous systems, the communication medium is
in mark (binary 1) condition in its idle state. As sach
rharacter 1ls transmitted, it is preceded hy a start hit or
transition from mark to space (binary 0), which indicates to
the receiving unit that a character is being transmitted. At
the end of that character transmission, the line is returned
o mark condition by one or more stop bite. The wstart and
stop bits permit to synchronize data transmission on &
character—by—character basis.

Asynchronous communication is advantageous as it is

inexpensive due to simple interfacing required.
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fa . ' o
ey bus s

' ring archatectured system, for reasons of o

e installation and harnpess simplicity, it seems expedient
oy constroct Yhe DoOwer 1ine usinag & uniform wire

rroasg-—gection, desaigned to handle the maximum load currents
at  any point, and loop 1t around the vehicle along with the
communication hus. T reduce cost  and weight, B S R

nretarahle that each electronic module and its correspondino

SUL—Narngsys use power line whnse cross sechion varlies  an
accordance with individual demands.
In the following chapter the system description is

SYLWEEM o
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I1I.1 General description

The system consists of the master control unit

’
.

(MCU), the slave (local) control wunits (SCU) and the
transmission lines: a power bus and a control bus. Figure
3.1 shows the overall system configuration.

A power supply is provided with each electronic
madule to supply it with the appropriate working voltages :
+3 and +12 V are directly derived from the +24 V power bus
through 7803 and 7812 voltage regulators respactively (see
figure 3.2). Negative supply voltage (-12 V), required for
bus communication, is provfﬁéd using an Intersil 7460
dc-to—-dc voltage converter whose output is regulated by a
7912 voltage regulator. Diode D, is used to protect the
circuitry from batter; reversal whereas capacitor C, is used
to eliminate high frequency spikes.

The multiplexed harness is controlled by the MCU
(Fig. 3.3) located in close proximity to the rear of the

dashboard so that all control inputs can be connected

directly.
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Some control commands may be transparent to the MCU
as they can locally be sensed and processed by the slave
control units (eg. some bus models have their rear door
open/claose switch located at the rear of the vehicle). Only
monitoring data of such control commands is reported to the
MCU.

After interrogating driver's commands, the MCU
broadcasts a message cantaining all necessary information
about the functions to be performed by the slave control
units. All the 9CUs receive the message simultaneously,
perform the required switching functions, but only one SCU
is allowed to report back appropriate data (eg. motor RPM,
temperature, etc...) and diagnostic information about the
performance of the driven loads.

Figure 3.4 shows the schematic diagram of a typical
SCU. It consists mainly of a processing module, a power
supply module, and a power switching module.

Power up system restart can be initiated whenever
appropriate by turning nff and on the main power switch. A
separate system restart - switch can be péovided but with

extra wiring costs.
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Fig. 3.4 Slave control unit block diagram
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System specifications are summarized below:

Multiplex transmission method: centralized LAN.

Logical structure: master—-slave.
Bus access: polling.
Priority contraol: no.
Acknowledgement: inherent.
Addressing: broadcast.

Error detection: l false start bit,

parity and framing.

Bit synchronization: asynchronous.
Transmission rate: ) 10.4 Kbps.
Topoloagy:s ring.

Medium: coaxial cable.
Communication levels: -12v, +12Vv.
Bit time: P46 usS.
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I11.2 Master control unit hardware

The master control unit circuit is based upon the
Motorola MC&B802 microprocessor.
This microprocessor has the following features [11]:
- 8-bit word size
- 128 bytes of internal RAM, of which 32 are retained
on power down
- On—chip clock circuit
- 16—-bit memory addressing
- Software and external interrupts.
Figure 3.5 shows the circuit diagram. It consists
mainly of a processing section and an 1/0 section.
The master control unit (MCU) 24 input lines are directly
connected to the central processing unit (CPU) data bus via
octal bus buffers (74244). They are memory-—-mapped so that
they are accessed as if they were memory locations. The
number of input contraol switches, if revealed to be not
sufficient for other vehiclefﬁmodels, can be increased to
cover all possible vehicle switching requirements provided
that address decoding and the necessary software adjustments

are to be met.

’.
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Table

different input lines.

INELEC Multiplexed System 38

3.1 shows the

functional allocation of the

These lines are active low so that to

eliminate spurious command inputs.

INPUT FUNCTION SLAVE UNIT(S)
SWITCH CONCERNED
I0 Headlight main 1,2
I1 Headlight dip 1,2
I2 Flasher right 1,3
) .1 Flasher left 2,4
I4 Back up light 1,2,3,4
IS5 Hazard flasher 1,2,3,4
16 Parking light 1,2,3,4

17 Ceeling lights (passengers) S
18 Ceeling ligﬁts (driver) S
19 Windshield washer S5
110 Nindshield wiper right S
I11 Windshield wiper left S
112 City horn b
I13 Urban haorn S5
114 Brake (stop) light 2,4
115 Ignition key master

Table 3.1 Input control switches
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The MOU controls a 4-digit liquid crystal display
unit. The rightmost two digit are driven directly from the
system data bus through two MC14511 BCD-to—-seven segment
latch/decoder/drivers. These two digits are used to display
vehicle engine temperature in ©=C. .The two other digits are
driven by port B of the MC4821 Peripheral Interface Adapter
(PIA) via two 7448 BCD-to-7-segment decoders and are used to
dispiay the number of motor rotations per minute (RPM).

It is worth to mention here that in order to prevent
electrolytic decomposition of the liquid crystal display, an
alternating drive voltage has been used. This is a low
frequency square wave (7.67 Hz) applied to the 4-digit
L.C.D. back—-plane. Exclusive O0OR gates (74864) are used to
provide out phase or in phase signals to the ON or OFF
segments respectively. Thg low frequency signal is provided
by the well known 39355 timer connected in an aétable
configuration. The 7490 counter is used to derive the 7.67
Hz signal for L.C.D. back-plane and the 1.91 Hz signal used

as flasher time—base,'
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Port A (1/0 lines PAo thru PA.) of the PIA is used
to drive an LED bar—-graph to display the tank fuel level,
while two 8212 latches are used to drive an array of 16 LEDs
to display different: dashboard indicators such as turn
signals and headlight, as well as warning signals such as
SCUs fault indication. Fault indication by a symbol being
more appropriate than written failure indication (codes or
sentences), symbols or graphs can be placed above the LEDs
in order to guarantee a duick and unequivocal fault
indication.

An electronic buzzer is driven by PIA port B 1/0
line CB2 to provide an audible signal synchronized with
dashboard flasher LEDs indicators. Buzzer on and off
switching is achieved using a 2N2222 transistor.

The serial communication timing is based wupon the
CPU claock which is driven by an external 3.379 MHz crystal.
The peripheral interface adapter I/0 port A line PA7 is used
in conjunction with control lines CAl and CA2 to connect the
MCU to the overall system communication medium via two EIA
level converters 1488 and 1489 that are used to translate O
and 5 V signals to +12 and -12 V respectively and vice
versa.

System memory and CPU peripheral devices are mapped

in table 3.2.

41—



bit counter

output character

input character

byte counter

parity counter

interrupt flag

B pseudo—accum.

error flag

slave counter

dead lock flag

display location

diagnostic
table

slave table ptr

S

I time-~out counter

scrach RAM

command message

slave answer

slave table

diagstic. tab.ptr

system stack area

0000

0001

0002

0003

0004

000>

0006

0007

0008

0009

000A

0010

0020

0022

0024

0030

0034

0050

0059

0060

INELEC Multiplexed System

Q000

Q007F

EQ0O

EOOL

E400

E405

EB00
EBO1
EBO2

EB03

ECOO

FOOO0

Fa00

system
RAM

not used

switch 2 (US)

switch 1 (U4)

not used

S

switch 3 (U6)

latch 8212 (U9)

PIA DDRA (U)

PIA CRA

PIA DDRB

PIA CRB

MC14511 (U17,U18)

latch 8212 (U10)

not
used

EPROM 2716 (U3)
system
monitor

and vectors

Table 3.2 System memory and I1/0 peripherals map
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111.3 Slave control unit hardware

The slave units hardware (see Fig. 3.7) 1s based
upon the Motarola MCLB705PS 'microcomputer unit. It is an
EPROM member of the 6805 family of single-chip
microcomputers [12]. Its main features are:

- g-bit architecture,
- 112 bytes of RAM,
- 1804 bytes of user EPROM,

mternal 8-bit timer with 7 bit prescaler,
- on—-chip qgenerator,
- 20 1/0 lines,

External, timer and soflware nterrupts,
all in a 28-pin package.

All the slave units, except for the engine unit,
have the same logic and differ'only in:

- their address cade,

- the number of power switching devices used

- the presence of analog signal inputs.

The engine slave unit, see figure 3.8, is an R3 version ot
the same single—chip microcomputer family which incorporates
an analog—-to-digital converter and offers more I1/0 lines and
EPROM size [13]. The microcomputer memory map of both
versions is given in appendix A. Plate 2?2 shows a typical SCU

madule.
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Plate 2: Typical SCU module.
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The slave control units are designed to be
self-addressing, i.e., each unit allocates an identification
number to itself corresponding to the mounting location of
the electronic module (see table 3.3). The address of the
SCU is read from 3 switches via I/0 port lines PCO, PC1 and
PC2. This identification number forces the slave units to
execute only those functions specific to their respective
physical locations. This feature greatly simplifies system
assembly and maintenance.

Serial communication is performed via 1/0 port lines
PAO and PAL. Timing reference 1is derived from an external
4.0 MHz crystal in order to match MCU bit timing.

All the units receive the message simultaneously and
each one extracts the appropriate control bits from the
three-byte control stream. Only the destination slave unit,
to which was addressed the Acontrol message, is allowed to
access the bus, feeding theh master control unit with

necessary data and diagnostic information which, in turn,

constitutes an inherent positive acknowledgement.

UNIT IDENTIFICATION NUMBER

MASTER CONTROLLER
SLAVE FRONT RIGHT
SLAVE FRONT LEFT
SLAVE REAR RIGHT
SLAVE REAR LEFT
SLAVE ENGINE

UL UWUNEHO

Table 3.3 Address allocation.



INELEC Multiplexed System 44

If there were no feedback from the concerned slave
unit within a time slot of 20 mS, it will be autamatically
flagged so that the master will no more send messages to
this unit and its corresponding dashboard indicator (LED) is
turned ON.

On the other hand, 1f there were no message
emanating from the master control unit within a time slot of
25 mS, the slave control units are programmed to switch to
emergency operation. The additional time slot of S5 m8 is
added so that the other sléVe units will not detect false
master time—out in the time period during which the master
is waiting an answer from an eventual defective slave unit.
The fail safe operations performed are headlight dip, back

up and hazard lights.
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111.4 Load switching and monitoring

Power swltching 15 achieved using NPN power
transistors 2N3095 having a driving capability up to 15 A
[141, preceded by a low power NPN  transaistor 2N1711
cunnectéd in a darlington pair contiguration (see Figure
$.9-a). The use of NPN switching transistors requires that
two fly—leads are to be connected to each load as the
chassis ground (vehicle’s body) cannot be directly caonnected
to one of the load termi651Q. Direct chassis qground
connection can be achieved uwusing PNP darlington transistors
that were unfortunately not available during the project
development. ‘

In the abscence of intelligent power switches, load
monlitoring was achieved using a general purpose transistor
2N3904. The load monitoring test is to be carried out while
the power transistor 1is in the off condition. If the lamp
filament is cut or the load fuse 1s blown, transistor Q3
will be cut otf so that the monitoring ocutput is a logical 1
indicating load fault condition (see Fig. 3.9-c). Fiqure
$.9-b  shows that normal load‘¢0ndition will bias transistor
03 so that the monitoring output will be a logical O
indicating normal load.operation.

Plate 3 shows a typical power switching module.
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Load b——o+2lV.

2N3055

Darlington pair

+5V L
1
to monitoring K2 ?
21K2
input o
2N3904
(a) Switching output port. =
Load | 424V,
470 I
PN Y W——
Darlington OFF
+ j —l—
1K2 = =
logic '0' A?
Q3 =1K2
2N3904

(b) Equivalent circuit for normal operation.

l 4 '_——°+2L}V.
470 . faulty
_— W load

- ) (open circuit)

Darlington OFF !
+5V 4?
1K2 =

T

logic '1' —— :
B

= 1K2
2NZ904

i

(¢) Equivalent circuit for fault condition.

Fig. 3.9 Load monitoring circuit diagram.

’.
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INTERPROCESSOR COMMUNICATION

Serial communication
System protocol
‘Communication medium
Data integrity
Failure conditions

Data recovery
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Interprocessor Communication

IV.1 Serial communication

The automotive industry recognizes the advantages of
developing wstandards for serial communication. A standard
intertface and protocol will limit prices and increase
reliability through improved d}agnostics.

IMS communication proééss incorporates some features
of the SAE J1850 class B standard, concerning message size,
bit time duration, inter—-byte separation,latency and error
handling.

The communication between the master and the slave units is
asynchronous as it is cheap and simple. Bit timing and
message serialization are software generated thus reducing
system hardware and offering more system protocol
flexibility as the baud rate and the message length can be

easily changed to suit other requirements.
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IV.Z System protocol

Protocol refers to the set of rules that are
followed by interconnected devices on the bus in order to
insure the orderly transfer of information. It is sometimes
referred to as the line discipline or Data ULink Control.
Signetics outlines the functions performed by the protocol

as 1n the following [15]:

1) establish and terminate a connection between two
stations.

2) asaure nessage integrity through error detection,
requests for transmission, and positive or negative
acknowledgement.

X)) identify sender and receiver through polling or
selection.

43} handle special control functions.

Obviously, the choice of a 1line protocol for a
particular multiplex system is crucial to the ultimate
success of the systeﬁ in a given application. At INELEC, we
desired to make the best choice-possible on protocol for our

multiplex system.
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INELEC Multiplexed System (IMS) uses polling
technique for bus arbitration in a master-slave enviraonment.
The master control unit has the overall priority over the
communication bus and allocates bus access to different
slave units in a cyclic manner.

' Figure 4.1—-a shows the general format of the message
interchanged between master and slave units.
Each message is of fixed format and consists of four bytes.
Fixed data length was chosen because the variable data
length does not prove effective for improvement of response
in view of small difference between maximum and minimum data
lengths and the large overhead size of the frame format for
end of message control. The v?riable data length offers the
formal freedom, yet not much br;ctical merits because, in
any case, the memory for maximum data length need be secured

and the software becomes complicated.

The message consists of several parts (see Figure 4.1-b):

- Start of transmission 1 bit.

- To address (destination) 4 bits.

- From address (origin). . 4 bits.

- Control commands or data 3 bytes.

- Parity, stop and inter—-byte ' 1 bit each.
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IV.3 Communication medium

IMS uses a baseband bY0—-fl. coaxial cable as a
communication medium (IEEEB02 standard) [16], which is more
wtitlable to digital data communicatron than the conventironal
7901 coaxial cable, A 1l sufters less intense reflections
from the insertion capacitance. of the taps and provides
better 1mmunity against low frequency electromagnetic nolise.
As already mentionned, IMS 1s 9 broadcast ring—-architectured
network, consequently, simple passive T-connectors can be
used to tap control signals at any point into the cable.
This feature i1ncreases system expansion flexibility.

Other communication media can also be used such as
twisted pair and fiber optics, but the later one requires
active taps thus making 1t signiticantly more expensive.
Table 4.1 gives a comparison of the main characteristics of

a coaxlial cable and an optical fiber.
b,
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Coaxial Fiber
| Data rate/Km S0 Mbits > 1000 Mbits
t
| Accessibility to Easy | Difficult
{ being taped ’
i Signal radiation Yes No i
! Bit error rate 1 in 10= 1 in 107+
i
E Grounding problem Yes No
| Static problems Yes No
{
i Size and weight by Large Small
i data rate
; Installation cost 1N 2N
[}

Table 4.1 Comparison

of coaxial cable—-optical fiber

a8
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IV.4 Data inteqgrity

In automotive multiplex systems, because of the risk
nvolved, there 15 no room tor accepting a wrong message.
The system has to verity that the data 1t 1 procesising 1e
corraect before takino any potential doangerowus or andesirable

Action. For instarce, headlilight lamps must not be accidentiy
swrtched ottt while driving on a haighway at night 1n order tc
LT R2Wen T the driver tram be1naq contronted with sudden
darkness.

The communication link bhetween the master control
unit and the different slave units has to be relliable, noise
tolerant but  also simple 1n order to keep within the
reguirements of the multiplexed system.

To achieve the highest possible data 1ntegrity, it
L4 possible, using certain coding schemes, not only to
detect errors but also to correct them as well [17]1.
However, the amount of redundancy 1introduced 1nto every
message 1s much higher than in error—-detecting schemes only.

During data transter from one unit to another,
3 bits are inserted within each transmitted byte for start
of transmission, even parity and framing as shown in figure
4.1-C. This represents 27.2774 of the transmitted data that
do not convey any information. 7This unavoidable burden 1is
the cost of maintaining system reliability at an acceptable
level.
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For this purpose three error detection schemes have been
installed on the loygical trans ter layer of the protocol to

insure communication integrity. These schemes are:

1—- talse start bit

wJ
i

parity error

‘o
i

framing error

1- Detecting false start bit

Many errors can occur during the communication
process due particularly to noise as the vehicle medium 1S
too harsh. Such noise signal looks like a start bit to the
receiving unit and is referred to as a false start bit. A
way to reduce the occurence frequency of such bits 1is to
sample the line many times and use the majority logic to
determine the bit value.

the receiving routine at both master and slave units
level samples the line once after initial detection. It 1is
required that this samﬁle must be low for that bit to be
considered as an actual start bit, otherwise the
communication process is immediately aborted and the
receiving unit(s) return(s) to fhe listen state.
This sample is taken at one half bit duration after initial
detection (96/2=48pS), which is quite a “long’ period of

+rime that overrides any nolise spike occurence.

—0—
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?— Even parity error

Parity is a simple error—-detecting code. This is a
«ingle bhit added to each byte which makes the total number
o f i hits even. This type of errors cccurs whenever the
total number of 1°s counted at  the receiving unit is found
tn be odd. However, even parity scheme does not detect
fouhle (or modulo 2) error occurences.
S= Framing error

This error—detecting scheme is used to synchronize
data transfer from one unit to another and is particularly
usefull to detect cases when the communication bus  ig

shorted to ground as this bit must be always high.

IMS protocol incorporates properties which insure
operational safety even in presence of errors. it allows to
discriminate between reversible errors (message transfer
corrupted by noise) and irreversible (permanent) failures
such as hardware faults.

The detection of errors in IMS occurs at two levels.
The first is local detection by the slave control units of
deficient loads such as blown bulb filament, then monitoring
data is reported to the driver via the master control unit,
and the second is detection of a faulty electronic module by
other modules.
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M5 provides a nowerful mechanism for detecting and
tantlaling faulty v (RTINS I'n fact s pobtlang ted b
atlows the master control unit to keep track, N a ryclac
manner, of the proper functioning of individual slave units.
finy non-answering unit 15 automatically flagged so that no
more messages will be addressed to it. On the other hand,
the slave control uwunits are able to detect master bus

time—out and consequently enter the fail safe operating

mode .

1IV,.hH _Data recaovery

In case messaqe broadcasting has been corrupted (by
noise), the slave units will abort message reception. All
data immediately received prior to message caorruntion 1is
considerad not valid so that no switching action will bhe
taken. Only one slave control unit (SCU #3) is allowed to
access the communication bus and transmits a ‘'nil’ message
to inform the master control unit that the previous message
has been canceled so that a retransmission action is to be
raken. In fact any slave unit can he selected to request
message retransmission. SCU #3 has been chosen because 1ts

physical position is less exposed to crash damage than the

other SCUs.
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In case message corruption occured doering dete
transfer from slave unit #n to master, the MCU will ignore
data received and broadcasts a new message to the next slave
unit (SCU #n+l).

To avoid deadlock hang_ups or illegal bus state, dus
particularly to bus shortage to ground or any other hardware
or software fault that brings the communication bus to
permanent ground potential, the master controller suspends
message generation in case where the cumulative number of
framing error occurences is greater than the number of slave
units present whithin the vehicle. A general fault message
19 displaved on the dashboard (all SCUs fault indicators are
turned ON) while the slave uwnits will detect an illegal
1dentification byte (both deastination and origin addresssys

are equal to 0) thus leading to emergency operation.
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V.1 Harness confiquration
Figure S.1 shows the partionning of the multinlex
wiring prototype based on the “25.4° minibus. The control
thputs are ted directly to the manter Ccontrol  ant (L
withnout moditfication of the existing dashboard control
el Lo hes s
Hoadttoht switch (main and dip)
Flasher switch (2 positlons: right and left)
Mort switch (2 positions: city and urban)
arking switch
tiarard warning switch
Windscreen washer switch
Windecreen wiper switch right
Winderreen wiper switch left
Caeling lights switch (driver)
Ceeling lights switch (passengers)
Stop light switch (fly—-leads) '
Ignition key switch
Foar cost reduction considerations, smaller sized control
switches can bhe wused 1nstead of the existing ones, as
awitching is performed using lagic potential levels only.
Wwhen the vehicle is not in use, a main power switch
is provided with the multiplexed harness, 1in order to
isolate the vehicle electronics and electrical system from
the battery thus saving total system power consumption.
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There are three types of data i1nputs to  the
multiplexed system: control swltches, analog signals
provided by ditferent sensors, and on-off information

provided by on-off sensors.

Control switches can be directly connected to the
logic inputs aof the system. Fiqure 5.2 shaws both positions
ot a contraol 1nput switch. A closed swibtoch corresponds Lo

logic "0° whereas an aopen switch carresponds to logic "1°

+5 V +5 Vv
4K7 ' j 4K7
to logic to logic
—4;\§} . ?' e pamg e
input J, input 1?
(a) Open switch (b) Closed switch

s

Fig. 9.2 Control switch interfacing.

—6A—
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ELxception La done fur tlasher (left and right) and hacard
uwWwitohes, wee figure DOS, wheer o the tlauher Limrng signal
(1.91 Hz) 1is 1nputted to the system through 0OR gates. A
switch closure will caugse  the output of the OR gate to
follow the timing signal, while 1t will be always high

whenever the control switch i open.

U
<

a4K7

(a) Open switch a- T ta Mcu
logic "1°

——

flasher
timing signal

o)
<

W

ta MCU
square wave

flasher
timing signal

(h) Closed switch i

Fig. 5.3 Flasher and hazard switches interfacing.
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Analog signalsAare provided to the system wvia the
slave engine unit (SCU #5). This unit incorporates an 8B-bit
four—channal anolog—to-digital conver ter, GLviInNg a
resolution ot 1/2%° or approximately O0.95%, which 1is quite
satisfactory for the majority of automotive monitoring
applications (fuel level, engine temperature...).

On—-off sensors are another source of input signals
to the multiplexed system. These are: belt continuity, oil
preseure and brake pressure. jhe aoutput of this type of
wlgnals  requires only  to heA daown converted from battery
level (24 volts) to logic level (5 volts). Figure 5.4 shaows
that when the ouput of the on—-off sensor V, 1s between 15
and 288 volts, the input voltage V2 to the SCU will be
considered as o a logirc 1. 1f the output voltage of the
sensor drops below 15 volts, V= will be considered as a

logic "0 .

sensor output SCU logic input
Vi Q Wy > V=
am7

M (1/2 W)

L,
L

Fig. 5.4 On—-off sensor interfacing.
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Table 5.1 shows the slave units 170 ports functional
allocation. Apart traom port lines PAO  and PAL used for
interprocessor communication, the output ports correspond to
the SCU driving outputs, while the input ports correspond to
the SCU monirtoring inputs.

Gome of the electrical loads  are  not  munitored as theer
pertormance can be directly seen or noticed by the vehicle o
driver. Such loads are windshield wiper, windshield washer,
city and urban horns which provide either visible or audible

srgnalys to the driver.

~70—-
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! function Glave Output Input %
f unit port port |
; | ;
é Serial communication { all PAO PAL i
R !
! Headlight main 1,2 PBO { PA2 f
i Headlight dip 1,2 P31 PA3 i
{ Back up light (front) 1,2 PB2 PA4 {
} Back up light (side) 1,72 PRS | PO {
| tlasher (turn signal) 1,2 PB4 g RIAT !
] §
g Hack up light (side) 35,4 | FHO PA?

Poack up laight (rear) ; 3,1 PB1 PGS

[ Stop light [ 5,n P2 PA4 i
L Viasher (side) 3,4 RS ; PAD

[ Flasher (rear) 5,4 PB4 PNAL t
% Ta1l Jicence light booa PHY AV }
S e e e e e e« S OSSO OGP
i Windshield wiper (raght) Y PBO \ 2
g Windshield wiper (left) “ PRI g
g Windohield wauheer i 0 1R 8 Vg !
¢ttty horn { 5] PHRS - !
ioUrban horn o] P14 - !
| Ceeling lights (driver) 5 PBS PAZ s
? Ceeling lights (passenger) 5 PB6 PAS 3
E Belt continuity (on-off) o] - 2A4 }
! f1i pressure (on—-off) 3 : : PAD

Urake pressure (on-oft)

,...__M._“
.
C
A
—
U
-
-
>

Table 9.1 Slave 1/0 ports functional allocation
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There are two types of system outputs: Driving
outputs and display/diagnastic ones.
Gystem driving outputs correspound Lo the draving 1700 port
lines ot the different slave units around the vehicle. lable
9.7 gives the typical current requirements o f the different
Clecbrical parts ot the vehacoleo Al in-line Tuse 1w regulr ed
ot cach 170 port  output line to protect the devices from

short circulrt hazards.

H

; Load Current (A)

i Headl ight main 2.8

[ Headlight dip 2.6

i i lasher 1.2

I Hack up (tront lateral) 0.25

i Hack up (rear back) 0.35 i
’ larl licence 0.25
[ Ytop light 1.2 {
% Cecling light 2.6 i
é windshield washer 0.4 g
i Windshield wipoer 2.9 ]
I City horn 2.9 g
{ Urban horn 2.0 i
‘ _

Table 5.2 Typical current requirements aof “25L4°
minibus electrical equipement.

Figure 5.5 shows the protoype display panel, where

all the necessary infaormation is displayed.

_._72_.
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V.4 _Intelligent power switches

Automotive experts agree that Al l-encompassing
multiplex systems will not be practical until  power
awilching 1scsues are resolved. The prublem 15 that power
awitches at each station or node must incorporate some taorm
i intelligence in order to ease the work load of
Nrocessonrs.

Power devices are  avallable (Fig. 5.6) that
translate encoded commands, mon1 tor loads, and 1nteract
intelligently with other components 114, 192]1. hut the cost
Of these devices bimits gr uaLly‘ therr widespread ause.

lexas Instruwments Ine., repor La Lhal pta smar bt power
dovices dare cheap and moving toward commercial grade prices.
Aulomotive power 1Cs from T1  combine two technologies. N
multiepitaxial bipular [T OCess 1s uused to  make  rugqged
low—cost high-side drivers for relays, lamps, and solenoids.
N power Bidfet 1C 1is optimized for use 1in full-H drive
stepper motors.

Two chips employing the technologies are now
avallable. The TLPA01 serial I1/0 octal driver 1incorporates
power Bidfets. The chip can Switch up to 0.5 A at 60 V with
an  operating frequency of 1 MH-z. The TLPA40 high-side
driver, with multiepitaxial bipalar transistors, can source
up to 10 A at 85 V. Both ICs are protected against thermal
faults, overcurrent, and battery reversal.
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System Software

V1.1 Software design

This chapter describes the different subroutines
developed within the control programs of the INELEC
Multiplexed System. Different criteria have to be fulfilled
by the software:

1) Speed: as time is an important factor in the system
functioning.

2) Economy: keeping the code short will reduce the number
of EPROMs to be used, and the software can fit 1n
the limited EPROM capacity of aingle—-chip
microcomputers.

3) Reliability: avoiding deadlocks and endless loops.

4) Flexibility: the software‘.can be easily extended or
reconfigured to meet changing specifications of
other vehicle @odels.

5) Ergonomics: easy to use.
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VI.2 System software

The hardware of the master control unit and that of
the slave control units being based on different processing
unite, conuequently, woftware develoapment waw carr texd oul an
difterent equipment .

All MCY software was developed in machaine language
on a Motarola DSBUG-E &802 kit [20] provided with an
hexadecimal keybeoard, a éb-digit 7-segment display and a
~assette interface. The slave units software was deveiaoped
in assembly language on a Motorola M&6B703EV.M ([21] provided
with a monitor/debugger, a one line assembler/disassembler,

a programmer for on—-chip EPROM, and a cassette interface.

5
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VI.3 Master control unit software

Figure 6.1 shows the block diagram program structure

of the master cantrol unit.

RESET

INITIALIZATION

N

NS S ——

INTERRUOGATE
DRIVER'SG
COMMANDS

3

ISGUE COMMANDS
TO SLAVES

S -

ANALYZE SLAVE
FEEDBACK

UPDATE DASHBOARD INDICATORS,
DISPLAYS AND GIVE DIAGNOSIS

!

Fig. 6.1 Structure of MCU control program.

In the following material, a discussion of the different

subroutines is given.
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Initialization

This portion of MCU control program 15 executed each
time a system paower-up reset 16 initiated. The routine
clears the sasystem memary (RAM) warking space, loads the
system stack with hexadecimal value O007F representing top of
stack, .and initializes all the flags necessary for further
CPU functioning. PIA ports A and B are set i1n the output
mode, whereas the dashboard 1indicators and displays are

cleared.

Built slave unit address tablg

This main program portion determines first the
number of slave control units present 1n  the vehicle by
reading input switch 3. Command inputs Iz., I=z=z, and Izx are
used to set the number of slave units. The minimum and
maximum number values are 1 and 8 respectively. This number
is used to decide the size of a table called SLAVTB. SLAVTH
is built containing the message identification byte, 1.e.,
the destination and origin :addresses. An end—aof—-table flag
(FFuexapecimar ) 15 1nserted at the end of this table to
allow the CPU to recycle command message generation. This
feature allows the same basic MCU software to be used for
other vehicle wmodels having different numbers of slave

control units.
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Initialize transmission

Before transmitting any command message, the CPU
clears parity counter ONECNT and 1nitializes the number of
data bits BITCNT to be. transmitted per word and the command
table pointer with their repective appropriate values (see
Figure 6.2). BITCNT can be reprogrammed to other values (eq.
7 bits) to meet other design constraints. The communication
status register ERRFLG is also cleared and the 1interrupt
mask bit 1s set to disable CPU self interruption during

transmission.

{ INITX INITRX
Index Reg. «—- 0030 Clear interrupt pass
l flag
Bit counter «— 00 BITCNT «—— 08
. X
Parity counter ¢— 00 ONECNT ~——- 00
. L h 4
Clear ERRFLG regiéter Reset time—out
counter to 20 m§S
{ 4 _‘
RTS Initialize PIA
}
RTS

Fig. 6.2 Initialize transmission and reception subroutines.

-
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Initialize reception

After broadcasting a command message to slaves, the
master controller i1s expecting an answer (interrupt) from
the addressed slave unit. The CPU has therefore to enable
the interrupt by cleartng Lthe  anterrupl mask b, clear Uhwe
nterrrupt pass flag (INTPAS) and the communicataion statusys
register ERRFLG, initialize bit and parity counters (BITCNT
and ONECNT) and reset the time—-out counter TIMCTR to
hexadecimal value O021F (=543).

The time—out duration‘ is set to be 20 mS and is
computed according to the execution time of the main program
portion (wee figure &6.3) during which the master Lt
expecting a slave interrupt. In figure 6.3, The number
between brackets indicates the total number of machine
cycles (MC) required by the carresponding instruction. One

machine cycle time (tme), based on the 3.579 MHz crystal,

tme = 1/ finTamnac

finTERNAL T fecmvarar/4

tre = A/7(3.9579x10%) = 1.1176x107= §



WAIT NOP
L.DX
DEX

BEQ

BRA
TsT

BEQ

Fig. 6.3 Time-out main pragr

The slave time—out delay wil

543x33x1.1176

Other  time-out delays  can
initializing TIMCTR to the

bHU1).

System Software

(2)
TIMCTR (a)

4)
TIMERR (4)
TIMCTR (D)
o+2 (4)
INTPAS (&)
WALT (a)

total= 33 MC
am portion.

1 be:

x107= § = 20.02 mS

bhe easily achireved by

t3.9

Jjust

appropriate value (see Table

Delay (mS) . Value in TIMCTR
THEX . DECIMAL
05 ooy8 136
10 o110 272
15 0197 407
20 O021F o243
29 02A6 &78
350 054C 13956
Table 6.1 Possible time-out delays.
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Get command

This subroutine (see figure 6.4) 1is called each time
prior to any messaqge broadcasting, 1n order to update the
command table CMDTAB, whose content is to be the newest
reading of the three input command switches SWICH1, SWICHZ,
and SWICH3. As the control inputs are active low, this

subroutine complements the input readings s0 that CMDTAB

will contain the corresponding active high commands.

GETCMD

¥

Save CPU X and A
registers in RAM

'

Command table pointer (X) &— 0030

¢

Acc. O ¢——- SWICH1
store A in 1,X (0031)

‘.

Acc. A +— SWICH2
store A in 2,X (0032)

!

Acc. A ¢—— SWICHS3
store A 1in.3,X (0033)

‘ _—

LﬁRestore A and X ‘

4

RTS ‘

Fig. 6.4 Get command subroutine.
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Far multiplexed system proper functioning,
interprocesor communication is very important if not vital.
For this consideration, TRANSMIT and RECEIV subroutines are
considered to bhe the heart of the system’s software. The MCU
bit timing is based on a 3.979 Mhz crystal giving a basic
internal c¢lock frequency of feervmear/d4 = B824.753 KHz
corresponding to a time;period of 1.1176 uS.

EFach bit is 94 uS, selected among the class B
standard permissible values [22]. This corresponds to
96/1.1176 = 86 machine cycles.

This subroutine permitSL to the MCU to broadcast
mesLanes to slave units. ft porforms the following functionsy
(see figure 6.9):

- Gerialize the words to be transmitted.
- Keep track of the bit timing.
- Generate start, even paritf, and stop bits for

asynchronous transmission.
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TRANSMIT is a tuned—-execution time subroutine.
Considering the proqgram portion that correasponds to one bt

transmission, we have:

ROR OUTCHR (6)
AGAIN1 BHCC ZERO (4)
JSR ONEOUT (11)+(10) X
INC ONECNT (6) X
BRA CONT (4) X
ZERO JSR ZERUOUT (11)+(10) XX
TST % (6) L 3.
BRA CUNT (4) XX
CONT LDA B #O1 (2)
JSR pLyB (29)
BRA $+2 (4)
DEC BITCNT (6)
BNE AGAINIL (4)

total = 86 MC

: path for "“1" only.
xx : path for "“0" only.
The total number of machine cycles per bit 1is always the
same (86 MC), whether the transmitted bit is a "1" ar a Q"
In fact, dummy instructions are inserted in appropriate
places to nil draw the time gap required by either of the
paths to perform operations not available in the other, such
as incrementing the number of 1°'S counter (ONECNT) for
parity. ’
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TXMIT

!

Transmit start bt { Call ZEROUY

Delay ' Call DLYBH

Get next byt to bej

transmitted (DUTCHR)

A

Call ONEOUT Call ZEROUT

ONECNT «—— ONECNT+1

¢

!

Delay Call DLYB

‘

{BITCNT «— BITCNT-1 ]

NBK(% v
P

= 0

Parity bit=1 Parity bit=0
Call ONEOUT Call ZEROUT

! !
!

Transmit STOP and inter—hyte
bits (Call ONEOUT and DLYH)

!

Reset ONECNT (00) and BITCNT (08)

i

RTS

Fig. 6.5 Transmit data subroutine.



System Software 18

Interrupt routine

When the CPU interrupt is enabled, this subroutine
is executed on the first high—-to—low transition of the CPU
1nterrupt‘(INT) line. This transition may be caused by
either of two things: a nolise burst or a start bt of a
message stream emanating from one of the slave control
units.

INTERRUPT  subroutine (see Fig. 6.6) will tirst
disable CPU interrupt so that subsequent high—to—-low
transitions will not cause other unwanted interrupts that
may disturb the communication process. Control 1s then
passed to RECEIV subroutine.

For successful reception, it is important to take
into account the number of machine cycles taken by the CPU
to acknowledge an interrupt. The average CPU time taken to
acknowledge an interrupt is 11 machine cycles (MC) [23].
Adding 29 MC taken by INTERRUPT subroutine before calling
RECEIV (see extract from program listing below), we end up
with a total of 40 MC (11+29) or 40x1.117&6 = 47.04 uS,
i.e., half a bit time (1 pS), which is the middle of the

input bit where it will be sampled.
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INTERRUPT

DISABLE PlA INTERRUPY

INITIALIAZE RECEIVE DATA
TABLE POINTER

CALL RECELV

INCREMENT RECEIVE
DATA POINTER

4 BYTES > -

RECEIVED "

SET INTERRUPT PASS FLAG

CLEAR CPU INTERRUPT MASK BIT

RTI

Fig. 6.6 Interrupt routine.
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Below is an extract from the INTERRUPT subroutine:

NOP : (2)
NOP T (2)
87T k2 (&)
LDA A #04 (2)
STA A PIACRA (D)
LDX #HOO3ISH (3)
Juit RECE TV ()

total = 29 MC

Receive data

Having checked that the first bt received 1s 4an
actual start bit, RECEIV (see Fig. 6.7) will proceed
sampling the 1nput data otream at a time interval of 86 MO,
i.e., all the received bits w%ll be sampled at their middle.
This increases data communication integrity.

If the middle sample of the first received bit has
been found to be high (i.e., false start bit), RECEIV will
et the corresponding flag in the communication status
regrs ter (bit bo of ERRFLG) and abort reception process
immediately so that control returns to the main program.
Otherwise, reception process continues with a check of both

parity and framing errors.
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1 RECEIV ]

!

RECOGNIZE START BIT

b

SET bit BO ot ERRFLG

|

. 1

N [ o
ONECNT «— ONECNT + 1

RTS

v

SET bit Bl

CLEAR ERRFLG B1

¢

}

SAMPLE FRAMING BIT

CLEAR B2 SET H2
! - !
¢
"|RESET BITCNT
v
RTS

Fig. 6.7 Receive data subroutine.

_9_1—
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Bus_ time—out

In case an SCU fails to respond to a control packet,
the MCU will detect a bus time—out after a time delay of 20
mS. The corresponding identification byte, consisting of
destination and origin addresses, of the failed SCU 1s
replaced by a flag (hexadecimal value FO), o0 as the MCU
will no more address messages to this destination. The
failed SCU code number is also appended to a diagnostic

table called DIAGTIC, needed by - subsequent program

subroutines.

Slave feedback analysis

I1f the addressed SCU responds to the MCU, the latter
fhas first to check messaqe inteqrity before taking any
action.

The communication status register ERRFLG content is checked

LI
for different probable occuring errors as tabulated below:

errar ERRFLG bits B2 Bl BO
false start bit BO = 1
parity error B1L =1
framing erroar B2 = 1

Table 6.1 Communication status register.
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It a false start bit has occured, it will be merely ignored,
and the MCU returns back to the listen state, waiting an

interrupt from one of the slave control unites.

On  the other hand, if a parity or framing error were
detected, the received data will not be taken 1into
conaidoeration, and the MCU  proceeds to  broadcast a new

control packet.

N deadlock counter LOCK is set to count the number
nf framing error occurences in, order to detect, eventually,
permanent i1llegal bus state such as bus shortage to ground.
fin illegal bus state is assumed whenever the content of LOCK
is greater than the number of SCUs present within the
vehicle. LOCK is cleared each time a correct message is
recelved.

Code_conversion_subroutine

This subroutine (CONVERT) is used to translate the
faulty slave unit code numbers, present in DIAGTIC table, to
another form which is more suitable for vehicle driver:
information. Suppose we are 1n  presence of two faulty SCUs
#01 and #04. CONVERT wil) process these codes to get a
combined code that will be used, 1In a staightfaorward manner,
by DISPLAY routine to switch on the carresponding dashboard

indicators.
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Dashhoard indicatars

The dashhoard subroutine (DASHBRD) is considered as
the MCU data dispatching center. After a correct message
reception, this subroutine 1s called by the main program
prior  to update the dashboard displays and indicators.
DASHBRD checks for nil message eventually sent by SCU  #03,
then proceeds dispatching different diagnostic data reported

hy the SCU.

Display _routine

Before recycling message brodcasting, DISPLAY is
talled to update the different visual and audible dashboard
mdicators and displays, such as, flasher, headlight, brake,

huzzer, fuel level, as well other diagnostic indicators.
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9O

Figure 6.8 gives the main program structure of the

slave control unitg.

Lo

ESTART g

S

A

et o et e e & i b st bt B - e a1 s et '
b DETERMINE  SELF ADDRESS i

DEF INE 170

| A
i

PORTS

’,,. -

1

; N//////ﬁEE;:;E\\\\\\Y
§ /0 LINE

: ¢ LUw‘i//////’
N T Y T~

" uun

', i 29 ] ‘
"< | J Mt - OU ‘,’."/i
; \\// :

Y

N

”<<:::::”' FOLSL

g START BT
?

A

% ENTER  FALL SAFE MODE g

RECEIVE MESSAGE

|
!

v

: f
‘ DEND ! PERF

ORM  ADEQUATE NACTIONS

i
i

REPORT BACK
DATA/DIAGNUOSTICS

i
s

FiLg. 6.8 SCU program structure.
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Initialization

(AN XA 4 a asystem power up recsat, this program segment
(Girey Fig. HJP) v executed to DErepare the SCU to recedrve
control commands from the master. The power up time-out 1s
matdee to be 47 mS, which 15 almost twice the normal bus
teme out (29 mS), in order to qgive more time to the MCU to
B eve atl the necessary nmitialization operations.

The S0U swtarts by clearing all the /70 port  lines,
60 that al! the loads are 1n the oftf state. Afterwards, the
SCY determines 1ts address by reading 1/0 port lines PCs,

PO and P, and detfines all 1/0 ports accordingly.

| P
CRESET

1

‘,‘ _.$_,._‘ —
jgtILLi(\H 170 PORY S!
¢

!1N11IALIAZE WORKING FLAGS

§
v
! INITIALIZE BUS TIME-OUT !
COUNTER T2 20 mS i

R T

{READ SCU ADDRESg}

e

[DEF INE Y/0 PORTSH ?

3

CONTINUE  MAIN
PROGRAM SEGMENT

i

!
i
{
.
}

r
§

Fig. 6.9 Flowchart of SCU initialization segment.
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The main program segment continues hy polling the
! data priput Yine 0, . The S0 16 now capable ot

vl Ve Laing data and Orocessing Commandas emanating from tne

waster conirol lter

Receive data subroutine

N 4.0 MHz crystal 1s used as SCU  bhit  timing
reforenc e, The internal operating frequency 1S Fervmtamr /4,
it Vo0 M. Thoe S0 hay o faixed machine cycle (MUY equal to
N A

The GCY receive data  subroutine RXVDAT (see Fig.

4. 10Y 2, untike MUY, anitrated by polling the commun Lcabron
e, snabtead  of an interrupt.. Reception process starts
whienever there 1s a high—-to-low transition on the input port
e A, . Dhce a start bit has  heen  recognized, rhe datea
abream 1 samplod at tome antervals of L-hot duration, rL.e.,
G é s (260 ML), until the entire 4-byte control packet i
recerved.

his luned-execution time subroutine resides an 1Lt
bytes and has the feature of being relocatable. Below 19 an

pxoarnpt of RXVDAT listaing.
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NADDRE S ORI T CObE MNLMUN T (ML)
0,07 0% 00 OO BRULR 1,%00,%0200 (10)
075N 2N on BeC 260 1)
QO 5C 14 INC 14 (6) x
075k 20 on HRN H0264 Ny ¥
D260 30 ta 197 %14 (6HY 2
02672 20 00 BRA 0264 (4) x%xx
o246 R 17 ROR w12 (6)
Q260 AT on LDN #H04 (2)
0261 an 30 HoR BOZPV (924)
0260 N 10 DEC $10 (&)
Q6T P LY UINE 0725/ a)

ToTAL = 96 Mé
¥ - Hath when a "1" iq recelrved.

W c gt h w0 CTOY s recetveda

A variable delay subroutine 1is provided at hexadecimal
address $0291-, where the delay is equal to: content of
riegrater (AY x 10 + 14, So, 1in order to 6btain the (54) MC
ditay, we have to put %04 (see line 0266) 1n register N, w0

that we will have 4 x 10 + 14 = 54 MC,

S ANE a0 ‘ DECA (1)
020 Q) NOP (2)
0?21 726 C BNE HO029F (4)
0O’NS i RTS (6)

98~



System Software 29

RXVDAT

¢

INITIALIZE BYTE COUNTER
-]

INITIALIZE BIT & PARITY.1
COUNTERS

-

|
e J

READ SERIAL I/0 LINE

A

INFUI BLY -1

“ Q7
IINCREMENT PARITY
; COUNTER

v v
|

DECREMENT BIT COUNTER

Y

R A

READ PARITY]
BIT {

Eﬁsgﬁ/?
\

{READ STOP BIT SET PARITY
ERROR FLAG

SET FRAMING ERROR
RECEIVED? . FLAG

RESET TIME-OUT COUNTER

Yo
i

RTS

Fig. 6.10 Flawchart of SCU receive data subroutine.
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ansmit data subroutine

The serial transmit data subroutine TXMDAT (Fig.
6.11) s similar to that of the MCU, except that the number
of machine cycles per transmitted bit is 96 as 1 machine
cycle (MC) 1s equal to 1 upS. Here again, there are two
possibie paths, see excerpt from program listing below,

depending on whether the transmitted data is zero or one.

ADDRESS OBJECT CODE ~ MNEMONIC (MC)
020A AD 35 | BSR $241 (8/713) X
020C 3C 14 INC +14 (6) X
020E 20 . (87) BRA %0216 (4) X
0210 AD 32 BSR $0244 (8/713) XX
0212 3D 14 TST 14 (6) XX
0214 20 00 BRA $0216 (4) XX
0216 A6 02 LDA #4022 (2)
0218 AD 2D * “ BSR +0247 (43)
0214 3A 10 DEC %10 | (6)
021C 26 EQ BNE $0206 (4)
021t 36 14 ROR ‘$14 (6)
0220 24 o4 . BCC $0226 (4)

TOTAL = 926 MC
X: Path for "“1" only.

xx: Path for "0" only.

—~100- ;
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As shown belaow, $0241 and %$0244 are the addresses of
the two subroutines called to fransmit a "1" and a "O"

respectively. Another variable delay subroutine 1s provided

at addreas $0247, where the delay is equal toz: (A) x 10 + 23

MC.
0241 10 00 BSET 0,%00 (7)
0243 81 T ORTS (6)
o244 11 00 BCLR 0,%00 (7)
0246 81 RTS (6)
0247 B7 17 STA $17 (S)
0249 4A DECA (4)
024A 9D NOP (2)
0248 26 FC BNE $0249 (4)
0240 Bé&6 17 LDA $17 (4)
024F 81 RTS- (6)

—-101—
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t['}”{r]m
e

INITIALIZE PARITY
AND  BIT COUNTERS

1

TRANSMIT START BIT

v
! DELAY 96 uS
i .

|

e e - ememn ,....,.i

i

!RDTI-\TE RIGHT UUTPUT!
{CHARNTCTER (DUICHR);
i

{ TRONSMLT DATA 1L ,
i i

o i S T e 1157 s A

N Y
! INCREMENT’
PARITY
COUNTER
‘ '
DECREMENT BIT CDUNTER‘

j

rn i

X

TXM PARITY AND
FRAMING BITS

¢

Fig. 6.11 Flowchart of SCU transmit data subroutine.
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Data acquisition

This subroutine, see figure 6.12, consists of two
parts: oune dealing with analog signals, which is executed by
the engineg slave unit only (SCU #05), and the other part
dealing weth monitoring data of the driven loads.

Analog data 1s read via a four—channel
danalog-to-digital converter incorporated an the engine SCU.
fhree signalae are considered:  fuel level, RPM, and motor
temperature. Eguivalent digirtal values are processed and
stored 1n memory locations 0032 ad 0033 for transmission.

Moni1toring data i1is read via 1/0 port lines PA: thru
PO, and 1s stored 1n memory location 0031. A "1" represents

faulty load condition while a "0" represents normal load

aperation.

-103—
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v
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SWITCH OFF OUTPUT PORTS

v

READ MONITURING DATA

v

[_?TDRE IN MEMORY 0031 ‘

Y

I

GLLLCT CYHANNLL 1
4

{

READ/PROCESS RPM

i

SELECT CHANNEL 2

4

READ/PROCESS
TEMPERATURE

)

SELECT CHANNEL 3

!

READ/PROCESS
FUEL LEVEL

_

t

RETURN

Fig. 6.12 Data acquisition subroutine.
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Fail safe operation

This program segment i1s executed, whenever the SCU
detects a bus time-out or an 1llegal bus state, 1n order to
maintain a minimum set of electrical functions.

The bus time—-out 1s detected whenever the MCU does
not bréadca&t any message within a time-slot of 25 mS during
normal operation or 47 wmS after a power-up reset. A bus
time—-out counter is reset every time a message 1is received
by the SCU to avord false bus  time-out detection. The
following functions are maintained in the fail safe
aoperating mode:
~ Headlight dip
—- Hazard light

~ Back up lights.

~10%—
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Conclusion

VIii.! Evaluatich

1M prototype hae [FTRITIA instal led and tegted on a
2047 minibus electrical harness  provided by the National
Cumpany'of Industraal Vehicles (GNVI-CVLI) ., Fhe prototype
consistse of one MCU and five S5CUs with about 120 1/0 signal
lines connected to the system.

Figure 7.1 gives a comparison of the total length of
conductors used 1n  the conventional and the multiplexed
harness respectively. IMS harness length represents about

177 of the total length ot the conventional harness.

. System flexibility: within an upper limit of 8B slave
control units, no  change 1% necessdary in the system
protocol of communication in case of addition or deletion

ot an SCU.

. Low latency time: as required by SAE J—-1850 class H

standard, latency time varies between 5 and 50 mS.
. Adaptability: IMS protocol can expand easily to other

vehicle models with alleviated labor of mode 1

development.
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Total longth {m)

1048

BOO e et e e e et et | A i e S e am | o e i it e

200

I

160

conventional multiplexed

- Fig. 7.1 Comparigon of conventional
and multiplexed harnasgs tengths
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. Economy: using the existing popular CPUY, MC6BOZ, will
keep total system electronics price at commercial grade
level. On retail price basis, The current price of IMS

prototype is 900.00 DA.

- Powef consumption: typical IMS prototype electronics power

< onaumptyon L about 9 watta. This value can be greatly

reduced 1t using CMOS devices.

ViI.2 Conclusion_and furthe

Efforte will undoubtly continue for the foreseeable
future to develop techniques to overcome vehicle wiring
rongestion problem.

In this research 'wurk, we developed a
microprocessar—-based system to reduce vehicle harness and
introduced monitoring features that allow the vehicle user
to keep track ot the proper functioning of the different
vehicle parts.

The system protocol ofters mplementation
flexibility and ease of assembly and allows sharing of
parametric data betweenn the different processors, which 1s

ati wmportanl feature tor futuré'develupm&nt.

~109-
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For oft-board diragnosis, an external computer can bhe
connected to the system via a standard RS232 anterface.

IMS hardware will be much more simplified 1f some
components were made  avallable  during the time of project
development. Using the MAX 232 (241 single supply EIA level
cunverfer, will considerably reduce the power supply module
hardware. The wntroduction  of ntelligent power aswitching
devices will tmprove the hardware reliabirlity  as  well  as
reduce the total number of components used per system.

Having at hand the electronic components mentioned
above, another prototype can effectively be implemented and
toested tn actual vehicle environmental conditions.

IMS protocol can also be used 1in other local area
control applications, such as fire detection and monitoring
systems. Future candidate application fields of multiplex
technology include:

- arrcraft industry,
- ships
~ lifts, elevators and cranes.

Finally, I would like to mention that, as far as our
knowledge is concerned, this is the first project dealing
with multiplex technology to be developed at the "Magister’
level throughout the whole country and the Arab World. 1
hope it will he the first effective contribution to the

building of a modern Algerian Car Industry.

—-110~-
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Appendix A

In common with most microprocessaors, the 6805 MU
seea memory and anterface  regasters  hung on 1ts (1nternal)
data bus as addressable locations.

.ln the MCU device, these registers are an mtegeral
part  of the chip, and 1t seems sensible that this should he
the case for the address decoder. The resulting memory man
1 thua frozen into silicon.

ey memory map for the 68370538 14 < hown Lin froptarer
AT R U The CPU sees 1HB04 bytes of user addressable storage.
0f this, ornly the first 128 hbhytes are alterable by software
(RAMY 3 the remarning 1796 bytes are for fixed storage (1ROMG .

tocations $010-%07F are normal read/write RAM, but
the  top 52 bytes of this are generally used for stack as

requlated by the 5-hbhit stack pointer.
Figure APP-2 shows the memory map for the 68700RS,
wher o we Can notice the presence of an—chip

analog-to-digital converfer, and the availability of more

M mOry Space.
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9005

Not used

{004

Forrt A DD X

Port 1 DDR A L 900%

i

Port C DDR ¥ 4006

i
i

NOL used Y

Colaimer Data Regratoer OO0

(Timer Control Register 2009

NOoU uned FBOON

CHEROM Prooggramimner Reqg . ‘.i‘l.()()!l

Not used

i

14010

Soratohpad
‘ ROM :
: ",
(112 hytes) P hOSF

HOLE

i
s?

GTNACK |
(32 bytes max)! +O/F

H
s

L 000 - OOF
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$000 E

' L/ PURYY
VIMER and RAM

(127248 bytes)

+O7F

HOHO | ;
; USER EPPRUM i
E(Dlrect Address Range)
! (128 bytes) i

HOF1- | ‘

4100 |
; MALN
! tISER _Piiom

: (1668 bytes)
'l»'/lLS";:

/040 Mask {ption Reagrsior
71 |

: Hoolarap RUM

§ (115 bytes) i

H7F7

Fimer f

Interrupt

471

D7FA|
S /F0

3

i

j
$7FC ! Software i
$7F D Interrupt (SWI) |

U O
Reset !
Vector

Fxternal
Interrupt

WIEE
BIFF

(%) Data Direction Registers (DDRs)

are write-only, they

read as

i I

Fig. APP--1 Memory map tor the 48705P35.
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Data Peginier 0 L1000 2000 |
4 . . LA B S IR A
ey Mo oo 1 bOO ! PIMERL, A/ ond R0
L o I : Ve 2 I TIVE HTIN
frada R toer O ROOY Lo/
Data Regrater D R TTOR BOBO |
e ; USER LPROM ;
Dgrt 4y DDHOK {00 " (Direct Addresse Range)
_ . : (1261 bytos)
Poaet T DD R TR0 4O
. !
Dart ¢ Dnp o« 006 $100
. : : MATN
Proar £ D) DY % SO0/ ,

e e e UGER FPROM
Pimer Data Rewpuoter OO

: e ‘ (S6HA0 hytes)
Stumer Control Beguater 16009 B SH i
Mracel lancous Regrster 9000 BF 89 Masnk ptiron Regrster
EROM Programmer Reg. o CHh00R $H0 . Hootstrap
: S LM
NOY uecd S hOOL w7 (170 hyltes)
Not e L 00D WEEQ Timer/INT?
- N Wi ey Veotor
O/ Coatrat Ronrtor 00! ‘ :
e DEFA External ;
. (/D Data Regrster i elel k3 a R ‘ Interrupt
’ Seratchpad RAM %010 $FFC } Sottware
(L1172 bytes) { WFD Interrupt (SWI) ;
9060 ; ;
| BHFE ) Reset
(327 bytes max) L0/t St Veco tor :

{2)Y DDRG are write-anly.

Frg. APP-2 Memory map for the 68B705R3.
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