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Application of Boolean Algebra Algorithm on
Condition-Sequence Control —Case study of A

Manual-driven Robot
Li-John Jou! An-Pan Cherng?

1. Lecturer, Department of Biomechatronic Engineering,
National llan Institute of Technology

2. Associate Professor, Department of Biomechatronic
Engineering, National Ilan Institute of Technology

Abstract

The objective of this paper was to demonstrate how Boolean algebra algorithms
(Quine-McCluskey procedure) can be applied on deducing the complex logical
problems of Condition-Sequence control switching circuits. A Matlab program was
developed to resolve and simplify the Boolean relations between input and output
variables. The results were then verified by an Excel program. In practical applications,
the Boolean relations can be easily transformed to switching circuits and used in
Programmable Logical Controller (PLC). A manual-driven robot, hand-made for the
“4™ Annual Contest of Creative Design among Technological Colleges” and controlled
by a PLC, was finally presented to show how the idea works. The example can also
serve as a case study for Condition-Sequence control course in mechatronics.

Keywords : Boolean algebra, switching circuit, programmable logical controller(PLC).



[1] 1990
[2]

[2]1993
1995
[3, 41996
[5] 1995 Tsenguang
[6] 2001
[71]
on-off
on-delay off-delay
1993
[8]
1992994
[9.10 EXCEL
QuineMcCluskey Q&M
(Kawumgéa map)lil, 12] 6 ) 01
01
[11]
( Q&M )
Matlab Excel
EXCEL Matlab



(De
Z U

(

)

Mo's game or e ms)
V)

A—p
B—»
C—» >
D—»
E—»

< CN<X
w

(A~E)

( ABC)

A—p
B——»

C—»

Y1

—Y2

Y3

|

Y4

[13]

)

[ 13]
X

(

3
—» X
—» Y
L—» z
—» U
— v



(

mi nter m)

of $fhth, 15]

fdnf

(sum of

(di sjuncnbor méolr m, dnf)

x|

x|

(sum of

product)(product of maxt e(rpm)oduct

(AND)
Y

(conjuncnbor méolr m, cnf)



1938hannon (symbolic mathematics and | ogi c)

(relay and switctling circuligbss6Me LIl uskey

(Minimization of Bb®d]l ean Function)

()

(switching funcQubngMdGBluskey
[11, 15,17, 18] (logic network)[14, 15]

4 A B CD
4 Y. Y2 Y2 Vi 4 5

Quine & McCluskey Mat |l ab

( Notati on)

( ) (subscript)
[]



Input N x=[x % . X M max{x]}<2v

OQutputM W [ ]
éqlg éoﬂl q12 : qlMl;I
M e u e . u
_ 9 j- _"qz’_"qzl q22 : qZM' T
Step Slebﬁ—aqnz'l, QNXM_g u_g . . . u qijl {0’1}
é.u &: & 0
e u é . u
dvd v Gz - Owa
( [0, 1] Q)
Step S22tE NU=]] ( )
Stepf3lok=l: ndmo steps 4~12 ( m )
Step 4Semct he number @M@ rowps of
M
[
Seai=||qi||1:aqj( L. (L nor m) 1 )
j=1
b=t b r=1i nb 0 )
Stepfor=11mo steps 6~10 (
Step féorj =i +dlo nst elpls 7
Stepi7f|ai-aj|=1( 1 ) then (do steps 8~10)
step I&ENAND(g) frel: M -bbiitt )

M
stepig‘élr:l whelredi then do step 10

r=1
( | )
step $6b=lanth=1 ( j )
Seh=n+H1 )
i-1 ifr=l
(S . for Srexl: M
10, otherwise
so ( Sor | -1 )
step B+ Swher§ts, ifi? |
( )
step $etU=[U;q,]if b=0 for i=1:m ( )
seQ=S ( )
Step $8W[S] ( )

Step OUTPWT



Mat |l ab

()
1
4
2'=16 1
ABCD
1 (1) 1 2 4 8
4 (1)
1 37 11~15
2
1 (2)(3)
(4) 1

(5): Y2 % Y.
1 00 10 0

Y1 MMt Moo s
Y2 =m+ ms+ mMs i e e aaae aeeaes

Y 3 M Me T Mo i e e e e e e e e e

Ya= Mot Mat Ms v

4
0
(1) 56 9 10
1 (2)(3) 1 4
16
( )
1 0
1 (2)(5)
[ 6, 10] (1)
................................................. (-4)
............................................ € ba)
cc4)
(-4)



(4a) —d % m m m m M M M Mo ( AND)
M1 = AXB XC XD oo e, (5)
mz = A xB xC xD (6)
ms = A xB xC xD (7)
M5 = A XB XC XD ...oovoe oo e e (8)
M6 = A XB XC XD oo.oooooe oo e e (9)
Mg = A XB XC XD oot e, (10)
Mo = A XB XC XD oooooooeioe e oo e (11)
Mo = A XB XC XD ..oovooeoe oo e e, (12)
1
(1) (2) (3) (4) (=)
m
AlB|C|D ol |v| v
ofolofo]o 0 0 olo|o]|o
1ofofof1 -1 1 o110
2lolol1]o -1 1 o] o] 1
3fofol1]1 0 olo| oo
4ol1lo]o 1 1 o101
s o101 0 1 oo o1
6o|1|1]0 ‘1 0 o100
70of1|2]1 0 0 olo| oo
g 1000 1 1 1o 1]o0
91001 0 1 olo|1]o0
1o/1]of1]o0 1 0 1lo]o]fo
111012 0 0 olo|o]fo
12[1]1]0]0 0 0 olo| oo
13/1|1]0]1 0 0 olo| oo
141110 0 0 olo| oo
15(1)1]1]1 0 0 olo| oo
(5)~(12) (4a) —~dx Quine & McCluskey
Mat | alj19 01
01 (13)~(16) Yi 6
Mat | ab
Y1=BXD {CH A) cvrieien ettt et e e (13)



........................................................................... (14)
Y3=BOCAD + A).  coovieieiieieieieie e e e e e (15)
Ys=AXB>CxD+B>C)............. (16)

CmatlabRl ZWORK |_

A2 Fibetshl

810 BTG AR
-010 101

10-0 011
e e T L e T L e e T
ERT USRS
#BZi 810 BTG AR
-010 101
10-0 011

bR R

RE e EREE
EEE T IR & A i

AAANAADAADAAAABAASAADAADADDAASADD DDA DDA ASAASADDD DD DDN DA,

#BZi 810 BTG AR
-010 101
10-0 o011

6 Mat !l ab

4
(13)~(16) EXCEL
( 7 EXCEL K~N )
( 7 EXCEL G~J ) ( 7
EXCEL O~R )
)
(13)~(16) 8
)
9
10



N(AND( NOT(B3), OR(AND(NOT(C3), NO1) V39 ABEGD +BBP( C3, NOT(

N(AND(NOT(C3), NOT[( E@)Yleﬁﬁéﬁstﬁa)s) )

|E #FE #8E BREAD A0 $R0 IEO0 T8N0 #8500 HE® / / =ex(|
K3 | = | —N{AND(NOT(C3),NOT(E3),OR(E3,D3/ /
s |Blc|DlE F a1 1 k|lL/m vwolflolr s =
1 pagie EEE | bEE | whfEmt | aentoiE
2 |FE|A|B|C|D|FAEEERI) Y| V2| Y3 | T4 | ¥1 2|Y3 y'Yl v2 | ¥3 | 74
3 a olo|olo =1k o|lo|o|o| oo 0 | ok | ok | ak|ak
4 1 0|0 ||l | FintmgEl o | 1 1| aja]1 1| @ [ok|ak|ak|ak
5 2 alo| | o|FEHcEEEl 1 | o a1 Lo a1 |ak|lak|ak]|ak
6 3 glall]l =ik glolalolao]o] o]0 |ok|ok|ak]|ok
7 4 lal1|ola #HiE gl 1 lae a1 o1 |ok|ok|ak]|ok
5] s gl F&E ol o|o | 1o a|a]| 1 |ok|ak|ak]|ak
9 fi gll|1 o] H&E | o 1 |a|alo]1]o|o|ck|ok|ak]|ak
10| 7 gl1l1]1 =ik glolalolo]o| o]0 |aok|ok|ak]|ok
11 3 1|alole HUiE Lol 1ot e 1] ofek|ak]|ak]|ak
12 9 10| o] 1| g | o | o1 o]l olol 1] o|ok|ok|ak]|ak
13 1 | 1|al1 o] S 1 |alolal1|la|o]a|ok|ak|ak]|ak
141 11 1(a]1]1 =ik glolalolao]o] o]0 |ok|ok|ak]|ok
1512 J1|1]a|a 21k glo|lalolaoo]| o]0 |ok|ok|ak]|ok
6] 13 11|81 =ik glo|lalolaoo]| o]0 |ok|ok|ak]|ok —
171 14 111 )@ =ik g lolaloloo| o]0 |ok|ok|ak]|ok
18 | 15 11|11 =1k gl o|a|lala|a|alo|ak|ak]|aklpk -
1[4 [ > [#i Sheetl /Sheats 7 Sheetd [<] efi=r 0

IF(delta(J18,N18),” ok” " no”)

7 EXCEL

R2 R

R3 i‘; R4 Ra Rs

®H®E® T .

A~D
R~ R A~D M¥Y4 N
Yi~ ¥



A FUSE
:E! Q2 4 to—tf " Nt N\,
I 02 -0
C € | .1 |
It 02 18 @ i —Y1l Y2- Y3 Yi-
D 1+
{1 o1 1o—1(3— T 12V
=12
2 1 @——(C)— T
— © —-Y2 Y = —Y4 Y 3=
L5 ot—os Co
Q4
o C
A~D ( ) PLC
Xin(X0000242X3002X0001)
Yi~ Y PLC Yout (YY@ABOO15
Y0016)
M x My
9
%0006 [CHT— c0001 ¢0003  C0OD4  cOOD6  cO002 ¥0013
DDDD—{ yoooi | ooooz ) 00014{ | M M | | o
o Eh T
¢0001 0005
ool 4{ 0008 _{
50101 0002 cO004  cOO06 ¢OD03 0002 ¥OO14
ol & e T
%0024 0003 ¢c0004 ©OOOS  COO06
0003 _{ I £ 3 0010
a: AR
%0023 ¢0004 ¢0003  c0OD4  cO005  cO002 ¥0015
] G R
E: iR
%0022 0005 c0006
an0s 4{ | ¢ ) o012 451
Cs R £0004  ©000S ¢0003 ©000Z  ¥OO16
Z0001 cOO06 0013_{ I ll/l ll/l I I { )
DDDE—{ I Lo g
D i c0004 ©OODS  COO06
0014

10



10

()
5
2'=1 6 9 7
0
( )
[8] Q&M
(switching
net wor k)
EXCEL
4
( )
Mt ab
[ 20]
[11] Matl ab
EXCEL
[ 7, 20]
1 Buttner, W., and HEmBeddnng,B0(@abP8&N EXpressi

ProgrammdogohaBymbolic "Cowplut 4t-2pp. 191
2 (1990)
24-256



6 78 4

6 36 7

Neur a

Nat i onaPlhySciicean c €S cG cewnrceei

Whi gbmat

New Jers

3 (1993)

3348
4 (1995)

17281
5 (1996)
2936

6 Tseng, L. Y., and T‘THe Hwagng, FLOTI) o'n
Proceeddings of the
Engineering), Veb6ll1l31L9(6), pp. 6014
7 (200
8 (1993)
11 1-1 4
9 (1992) 13139
10 (1994)
11 (1998) 95118
12Ross, Kenneth A.,and Char)l“Bses &t eBe
4" edi tion;52pdp,. S5PIr7enti ce Hall 1 nc.,
13 (1992) 31627379
14 (1997) 27311
15Rosen, Kennet‘Dik.c,r e(tle9 Ma)t hemati cs "an
edition36pp, SWCBHMEGr €w. , Singapore.
l16Shannon, C. EA ,Sy(nib93I8)c Anal ysis of

=

|

CirchuiTtrsans.

Al EE, V\@R357, pp. 713

7TMcCluskeg9FR6Mi n({ mi zation of
Vo pp 3 814464y4 .

8Norri s, (1994) FI"DPt sheetR. Structures:

mat hemati cs

Tech. ,
Jersey.
9Matl ab
0

R12

for

User3heéuMdeh@aooOR}

Rel ay

t

S

an

"BBel EaBy BFuamti

t,0 npppu-118089, s Pr ent e c e

(2001)

85101

12

nc.

an

u.

S.

i ntr o
Hal |

A.

I n



