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ABSTRACT

A data communication protocol and interface between a minicomputer and remote microprocessor —based

real—time controllers are proposed and designed. Practically this method was implemented on a real-time data acqui-

sition and on-line control system with a good performance.

1. Introduction

In many applications requiring reliable, real-time
control systems, mechanical techniques are usedto
implement the various control fuctions, While such
systems are indeed reliable and fairly well unders-
tood, they tend to bulky, complex, and expensive.
In addition, they have very little flexibility beyond
the basic functions for which they were designed.
Thus, low—cost microprocessors are an alternative
to real—time controller design.

The same thing can be told of traffic control-
lers. Additionally, to enhance the performance of
the traffic control system, the coordination among
these controllers is required. This paper proposes
a data communication method adequate for this
control system. The overall system can be called

as a real-time data aquisition and on-line control
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system, which is configured in figure 1.

The central computer transmits control informa-
tions to all the intersections through multidropp;ed
telephone lines according to its console inputs and
analyzed loop detectors data. Intersection contro-
lers receive control informations from the central
processor and retransmit their status and accumu-
lated loop detectors data on the fixed timing basis.
The interface between the central system and com-
munication facilities utilizes the channel 1/0 method
of Eclipse system for the purpose of enhancing
the system transmission and receiving speed and
reducing the overhead of program works. The com-
mand used to setup the data channel transfer are
assembled in an accumulator and are transferred
to the interface controller under direct program
controls. The block of data is then automatically
transferred directly between main memory and the
interface controller via the data channel. Hence the
control program can proceed with other tasks while

the block transfer is taking place,
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Central system
Backed-up dual
Eclipse §/130
minicomputer

with MRDOS

0

Central interface
and modem

Two-wire
telephone channels

~— Loop detectorsl

6802 microprocessor based
intersection controllers
connected by multidropped
telephone lines

Fig. 1 Overall system configuration,

2. Theory of communication operations
Communication equipments used in this system
provide the capability to exchange data with up to
16 intersections on a given channel for the purpose
of reducing line costs using TDM (Time Division
Multiplexing), in a one second interval. The TDM
method is illustrated by the diagram in Fig. 2 The
basic principles involve the alloting of time inter-
vals for each control signal desired. With a TDM

transmitter and a TDM receiver, the two—wire

line is usable if audio frequencies are used. The in-

put information is scanned, once each second, and
the control signals present are transmitted to the
TDM receiver. Not shown in Fig. 2 is the rever-
se path of transmit-receive, using the same princi-
ples. The mode of data transmission is frequency
shift keying (FSK, mark: 2200 Hz, space: 1200
Hz). For a transmission to a given intersection,
there are four bits of address and twelve bits of
data contained in the sixteen bits of information,
which is well suited for minicomputers’ data pro-

cessings., For a error control purpose, the trans-

mitted data is sent twice before the intersections
are expected to reply. Sixteen intersections are
contacted in a one second interval, over 3000-gra-
ded leased telephone lines, Each intersection rece-
iver has an address for comparison to the trans-
mitted value sent by the central computer.In res-
ponse to receiving the correct address, the inter-
section transmitter sends 16 bits of information
back to the central computer. The central office
receiver latches the data recetved and notifies the
minicomputer that a word of information has been
received and is ready for the minicomputer to ret-
rieve it.

The -transmission speed of the modem is 1800
bps. Both the central office and intersection units
have timers, which time between valid transmis-
sions to intersections and the reply from the inter-
sections, If the twice transmitted data are notthe
same or data are not available within three seconds
at the intersection site, the error signal is trans-
mitted to the central office unit. Hence error con-
trols can be performed by the minicomputer con-
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trol software. The functional block diagram of the

central communication office unit and the interfacing

Output
1o - signals are shown in Fig, 3.
2- - 2
3 3 3. Interface hardware
2-wire ) The hardware interfacing could be easily cons-
£ communication - tructed with Data General corp. vendored interfa-
51 circuit -5 ce hardwares and some additional logics. The 4040
6~ -6 general purpose interface boards comprising normal
74 -7 Busy/Done flags and interrupt networks are used
8 —f -8 together with 4041 data register option, 4042 data
channel connecting option, and 4044 extended wire-
wrap pins and sockets. Data channel operation is
Fig. 2 TDM example. not so different from normal cycle-stealing con-
Telephone lines
A Receiver/Transmitter
: composed of shift
Central office registers and m
minicomputer B latches
interface logic A
——]
Clock
Power supply/
crystal clock
A; 16 bits bus (4 bits address 12 bits data)
Channel Enable (1—-8)-Minicomputer 1/0O interface logic decodes the computer address
computer address and enables the proper channel.
Data Outstrobe----Enables 8 chnnnels at once.
Indicates time that enabled channel should latch the incoming data in the
in the data -in bus,
Data Instrobe---Enables 8 channels at once.
Indicates time that received and stored data should be placed on
the output bus.
B; 16 bits data bus
Received Data Ready (1—8)---8 lines, one per channel Notifies mini-
computer interface logic that 16 bits of data have been received
and latched from the intersection.
Ready to load.
Received Error Flag(l—-8)--8 lines, one per channel Notifies mini-
computer interface logic that an intersection reply is invalid.
Fig. 3 Central communication interface biock diagram.
68
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counter and memory address counter, are included
in this option card. The detailed operations and di-

DEV

| DCHR
READY RQENB r D>

i

0

DCH SEL DCH

C C I} DPCHA C [ l)LHMO
DCH
REQ CONO

DCH REQ - SYNC [
DCHA , DCHMI
D D 0 D0 )
DCHP i ] —
[ORST CONI

BUSY | 5V

IORST ! DCHP
oUT

?
DCHP IN ocC ;
<
Fig.4~1 Data channel control network.

IV R A R O N
1 I
DCH SYNC
2
DCH REQ —'——J ]
4 5
DCH SEL
poma 3 L
DATA (0 - 15)

comments;
1. DCH SYNC set by device upon completion of operation
2. DCH REQ remains asserted to obtain back-to-back transfer
3. DCH SYNC cleared by DCHA of processor data channel response
4. DCH SEL set if DCH REQ and DCHP IN are asserted, otherwise

cleared
5. Interface asserts transfer mode DCHMO, DCHMI1 when DCH SEL
is set
Fig.4—2 Data channel acknowledge sequence.
cept as shown in Fig. 4. Two registers, the word corp. vendored MRDOS (Mapped Real-time

Disk

Operating System) operating system. The control
program is fully interactive to meet a real—time

gital networks are not introduced, which are well control systems’ requirement. Direct memory ac-
illustrated in reference manuals. cess initiating routine is the highest priority task
4. Control program in multi—task environment control program,envoked
The control program runs under Data General every second by a user defined clock of MRDOS.
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The output and input portion of this routine is
as follows.

OUTPUT
LDA 0,CWDO ;output command word
LDA 1, NCH ;number of channels
NEG 1,1
INC 1,1

LLDA  2,0UTP
DOC  0,DMA

;address of output table
: DMA =DMA device code

DOAP 1, DMA s clear
DOBS 2 DMA istart DMA
CWDO: 1B12+1B15
INPUT

LDA 0,CWDI

LDA 1,NCH

NEG 1,1

INC 1,1

LLDA 2, 1LADDR :logical address of DMA
table in buffer

;input command word

DOC  0,DMA

DOAP 1, DMA
DOBS 2, DMA
CWDI: 1B12+1B14

5. Conclusion
A useful method of interfacing between a  mini-
compuier and remote microprocessor—-based con-
trollers is proposed and implemented. Some of good
characteristics of this interfacing are as follows:
(1) Fast responsiveness
This characteristic, which is the first requi-
rement of real-time control systems, can be ac-
hieved. All the functioning statuses of remote
controllers can be transferred to the central si-
te within one second, which envoke the central
processor to do adequate controls. The direct
memory access [/0 method contributes much to
this characteristic.
{2) Reliability
This system provides backed-up dual central
computer and some error control strategies des-

cribed in section 2 of this paper to achieve this
goal. Even if the communication fails, micropro-
cessors of the local controllers has the local in-
telligence and can perform the off line control
without coordinations.

(3) Flexibility
70

By changing the format of 16 bitsinformation
to be sent and received and modifving the cen-
tral control program, users can easily  append

useful additional functions to the system,
(4) Cost saving

Multidropping method can contribute to the line

cost saving. But driving power requirements li-

mit the number of intersection controllers up to

8 or 9 for stable operation,

(5) Heterogeneity

Though the user adopts different kinds of in-

tersection controllers, the interface works well

if the information length (16 bits) is compatible.
(6) Extensibility

More intersection controllers can be included

in the svstem by a slight change in the contal

program parameters and the number of communi-
cation channels without degrading the control
program performance.

This method of data communication was adop-
ted in Seoul Computerized Traffic Control system.
But this method can be applied to other real-time
control syvstems where one second is the sufficient
interval for time critical events. According to the
city police reports, the traffic control system gi-
ves about 30% reduction in stop numbers of trave-
ling vehecles, and also 30% increase in the avera-
ge traveling speed of vehecles in the computerized

area.
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