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Abstract

In this paper, we investigate and characterize the parallel processing of a hybrid system
interfacing binary decision (BD) programmable controller with a microcomputer. The genera-
tion of analog signals and estimation of data, which can not properly be performed by the BD
programmable controller alone, have been done by the expanded controller utilizing BD/Micro
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P.C. In addition, implementation of its hardware and software is considered.
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Fig.2(a). Interface block diagram of BD/Micro P.C

and traffic signal lamps.
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Fig.2(b). Picture of hardware architecture for the
PCU of BD/Micro programmable con-
troller.
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the BD programmable controller.
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Fig. 8. State diagram of traffic signal controller.
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% A 7lel o8 ziAH
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olej o} 3t ol % Elolnl 3718 BD Aloj 7] Zuof 2

ERIPETEY
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utol 22 ZAFe MET 6802 D2+ 3709 PIA (Pe-
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T AHRAHUSER) #2028 #gts]o] glct

6821 PIA(U 20) o Adisiz]= of2# e}

PORT A (PDRA/DDRA) -+-verereemserennens $ 8004
CONTROL REGISTER (CRA) -+++reeeeee $ 8005
PORT B (PDRB/DDRB) -+ eeveeeeeesanes $ 8006
CONTROL. REGISTER (CRB) «-«--+--+-+- ¥ 8007

sfol 22 Ffe Y slmel: £ § 20004 e
AH&3keh. 6821 PIA(U 20) 9 PORT A9l Auiwix
B 80042 olzig A iz A ofsled 29X (SWO-
SW 3)9 Ae 4l s $oise PORT Boll leisio|

1986 98 BTIBEHRE M 23% H5 ¥

E 1. 2% A% Alejrlol 4 BD/Microx 22
HoljE Alolzle 4EH

Table 1. BD/Micro programmable controller 1/0
for the traffic signal controller.

INPUTS OUTPUTS

SIGNAL DESCRIPTION SIGNAL DESCRIP TION

Tuso Tust

Tewo Tem

T TIMER OUTPUTS T TIMER TRIGGERS

NSR  NORTH-SOUTH REQUEST Ry
YIS
Gys NORTH-SOUTH LAMPS

EWR EAST WEST REQUEST  Re
YEI
Ger EAST-WEST LAMPS

MOD  “SMART"/DUMB"MODE S,
S,

L S, AUTOMATA STATE DISPLA

E 2. 2545 Aol7el g¥etole 74

Table2. External timer for the traffic signal

controller.
INPUT SIGNAL OUTPUT SIGNAL
DEVICE FUNCTION (TRIGGER) RESET/EXPIRED)
TIME 1 NORTH SOUTH GREEN  Tay Tuso
TIME 2 EAST-WEST GREEN AND | 1
LEFT ARROW "‘ £
SAEETY RED AND T, I,

TIME 3 YELLOW

£% BD Aef7lell &34} 218107 3ol BD =7
o Adgat” BD 22t e £AYE
zzadg A8 vl 23115 o)

V. g3 ¥
1. ICU{Industrial Control Unit) ¢} BD/Micro 3

H 3. LFAE Aelr|el A
Table 3. Output implementation for the traffic signal controller.

SIGNAL Twss Tem  Tu S, S

DATA BIT D, D, D., Dw D,

SIGNAL Rus  Yas Gus  Rew Yew Grst  Gew

DATA BIT D, D, D, Dy D D, D.

SIGNALS Thso Tewo Tro MOD  NSL EwW
ASSIGNED FIELD INPUTS (63-0) 4 32 0 1 2
MULTIPLEXER ADDRESS (D13-8) 100100 100011 100010 000000 000001 000010
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‘stale 1 State ¢ State § [of Address Inputvariable Truebranch Falsebranch
Gasne) (#2om) Stats 0 00 OUT: $3090
ot OUT1$3002
Giavon) (3200) 02 Tga 00 03
. 03 MOD o4 06
T S 04 NSL, ol os
0s EW 20 08
CETTYY) e ) State | 04 OUTH$2992
1 0 07 OUT:$2908
R <G> 08 Tewo os 09
el Stated  Stan? Staw 1 X Sates gZ gulltllﬂh 09 "
STATE.D STATE 1 STATEL STATES Btate 2 08 Ut s1A30 °
State 3 Stale & State? [d+} OUT: $1ALD
on Tnso [a1:] (¢
(@ns0) OE MOD OF 12
oF NSL 12 10
Goi) 10 EW 12 11
(D 11 QUT: $1A0D
et et Btate 3 (2 OUT: $3350
s 13 OUT1$3314
3 14 Tye 13 13
sate0 State 4 I3 OUT: $3490
18 OUT183417
State 3 Stete 17 Tyo I 19
siata? 18 HoD 19 1B
STATE 2 STATE 3 STATES STATE? 2 ﬁgL 20 ia
State 5 1B OUT: $2D91
J89. mEAE Alolr)el 84 Ao BDE 2] :g ?:IL’QND 18 1E
Fig. 9. BD tree for 8 states of the traffic signal g ‘T";:"““" € 2
State & 20 OUT: $2E84
controller. ate b ouTiazenas
22 Tewo 20 23
23 HOD 24 27
24 NSL 27 25
PAGE 001 TRAFFIC 1 g: §3T 42622 28 27
20010 00001 :: """W'm State 7 27 OUT;$S75§
msﬁ m§ 8004 PIAA  ERU 8004 1PORT A 28 OuUT:$3729
000AC 0OCDA 800% PIAC EGU 88005 iCRA 29 Tyo 27 00
QUOZO BOOO BoOL PIAB EDU L Lt iPORT B
DOGAD QLUO0S BOO7 PIBC EOU 8007 CRE
00090 33‘33 5333 7F 8003 :g ;—;.xcoo ICRAZ=0 :E]] E—%’(\li }“0" 7]9’] BD Eij’al‘],
OG0 2003 7F BOOY? CLR PIBC FCRB2=) . i i
G170 o011 30oa  es 0o Lpaa  a0o JPORT A=IN nODE Fig. 11, BD program for the traffic signal
4)0]50 QUOL2 5008 B7 BOOA 57:: :::: SPORT PeOUT MODE
20130 Soots  Zoob By Gooa shha  Aee controller,
00130 1T 2010 B4 04 LDAA [t )
a0 DOULE 2012 87 8003 STAA PIAC CRAZ=1
00170 00017 2015 B7 8007 STAR PIBC CRB2=t
0G1BO 00018 SOIB B& 8004  INPUT lJ‘]): z::: :&P?‘;nﬂﬂl BW1~3 B - ] %
mmen kP BRM oP R RN N CEERIEE
= 2 END C L .
00210 w003t Table 4. Input/output listing of ICU traific signal
INPUT 2018 _ PIAA BOD4 PIAB @006 FPIAC 8005 PIBC  BOO7 C(mlrol}er.
lCl’IINP('TS
a810. MPU9 BD Zg a4l sy INPUT [ Name [ Function
Fig. 10. BD program execution of MPU. 0 RR ‘f RESULT REGISTER
I
1 LR | LEFT TURN REQUEST
2 MOD MODE SELECT
2w Mojrel e il Aule] ulw 3 | TMZ | CARRY OUT OF THE TIMER
[ -
ICU (Industrial Control Unit)i= 9% 29l vl 3 4 | FLAG BIT
IS ! ~ e
wol4) 4% Beg sk Aauoly vro] g5 5 | FLAG BIT
N ] 6 FLAG BIT
CMOS 224l 4qolct auli2e Ao AlL5 ICU .
) ) o ] e 7 | NSR | NORTH-SOUTH GREEN REQUEST
REAL Aefrlel mzaw Aol iy Fzeae 8 | EWR| EAST-WEST GREEN REQUEST

& HolFw F 4oy epl e ICU AMo|r)e  glug
vl of e 9akrold w2 g Av4E ge)
1ol viepul upo} zbol BD 22 1283 wlms) M o dhhE Alalighc

chE2 Zeh

2. BD/Micro P.C.8} 7| wd P.C.o| »lm

> % BD(IMHZ) | ICU(IMHZ) BD/Micro =2 12jej g #dloj7|s} »|& P.C.E 4
P 4 134 LA, 253 (modularity) % 22 zran]  £o| &g
el wsia] Ml cbgap e
of Mejzlof gt st =2 ey 1174 IF-THEN 1) H&oh4
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Table5. Traffic signal control parameter.

R
Street 11 Arenue?2 X
State
Veh | Ped | Veh| Ped
0* IR-2 L7
1 |A-20|DW-2% 16.7
2 1Y-4 3.4| G:Green, Y:Yellow, R:Red
3 |6 R-62 DW-85 29| Aslefttum arrow
—— W:Walk, DW:steady Dort walk
KA RS | 33|  HDW:Flashing Dost walk
5% 1.7 *  dl-red interval
ey ** :W-4, FDW-16
6 A-% 18.7 !
-t DW- T 1
7 |R-60 Y-4 3.4
8 G-3| ** |9
9 Y-4 |DW-14] 3.3

Cycle length 120]sec]
off set 3,6

(a) A ZF7|of #Eu]
(a) Cycle lengths and splits ,

K
»
b

o ! (b
1 ~63.5 614
2 T—us 32.2
3 — 0.6 57.5
4 —28.7 29.2
5 0 0
6 3.2 —34.7
T 12.5 -11.0
8 41.2 —40.2
9 75.4 ~74.9
(sec)

(b) Alol712] A4 7
(b) Offsets of each controller,

B =S Qulsly upd PCo shgl =ialo]
A Ao|lF = xgas) Az el (program scan
time) 8] A A& BD ¢.a2]&g o] &3l Hello| (Firm
ware) 2 3235 o}
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