68

19904 104 HEFIEERNE B2 E % 10 %N

WX 90-27-10-9

Al sl 2ekg o] &3 €2

o
8t
ox
Al
i

23z =

(A Recognition Algorithm for Handwritten Logic Circuit
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Abstract

In this paper, a neural pattern recognition method for the automatic circuit diagram reading
system is proposed. The proposed procedure to recognize a deformed logic symbols is composed of
three stages: feature detection, log mapping, and pattern classification.

In the feature detection stage, a modified competitive learning algorithm where each pattern has
the inhibition weight as well as the activation weight is developed. The global information of hand-
written logic symbols is obtained by the feature detection neural network having both the inhibition
and activation weights. The obtained global data is then transformed into a log space by the
conformal mapping where according to the Schwartz’s theory about the human visual signal process-
ing, the degree of rotation and the scale change are mapped into the translation change. Logic
symbols are finally classified by a three layer perceptron trained by the error back propagation
algorithm,

The computer simulation demonstrates that the proposed multistage neural network system can
recognize well the deformed patterns of hand-written logic circuit diagrams.
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by 4-directional expantion.

— O OO - O OO
SO OO e e OO OO
[ R e R o Y =2 = T o T - e T )
OO OO0 DO
—_— e OO OO0 OO
O o= OO OO0 OO
(=T R R e I o B B = B o B = 2 = ]
[l e i e B - B = TN o IR o B oo B o B == )

3812, NANDAIE-9 log mappingdt 2 3}
Fig. 12, The log mapping result of the NAND

symbol pattern.



76 19904 108 EFTE@RGE B 27 & % 10 %
00000000 00110000 00000000 o 4 Qleh E3 A A 4 wsko g A4S
600000¢0 0G0000010 00000000 dlojo oz olo) WE 937 287ke) wHslslr o
000000610 00110110 00000000 . o o v oL
00000000 O0OCITLOL10 60606066000 A vebte ey dAl2 Ad Re) gl 9
00000011t 00000110 00010101 Aol el 7t =a] AES A A & At
00000001 000000600 10601000]1 Zr] A% AAE o7 YAl Lok HE
11110000 00000000 10000001 o Zgw A R o I
01111000 01100000 11011010 & AR A 2257k obd A ger Zdcte
00110010 00000010 10110010 S Autafol Al
00010010 10010110 00011000
V. & 2
la) (b (c)
¥ ot 3 =g kdstr sl
213, Log mapping 4 3 ol 2] 3}-& (error tolerence) 71%5°] Sl AlAYE °
(a) AND A& L3k 7h AlEolia] s Hele AL 27 H
(b NOR 4% @A 5N E S5 5 dE WYY A o
9 OR Ae U A, ol A AL ol Lokl e
Fig. 13. The log mapping result. o N ) ) o
(a) the AND symbol pattern, d AARE GAS 4y 722 248 Y thinning
(b) the NAND symbol pattern, & & 4 9=
(¢) the OR symbol pattern. o] wf ol ola) odo]Rl djolelE wWAA)A T3t
Azske 2719k 3 "ol DA o HE wFel
walel 7zt =] AlE-G o4l E 4 dgleh zEd,
3. g% we Al 243 Al sete] shE AlEute e ohedeiAl mofol W
Table 3. The output of the learned logical symbols g Al RS shEbA| olAlE 4 glomE o ge 4
B g1l 2 2] 2%l LASE ©
AND| NAD| OR| NOR| BUF|NOT £ iiH?Tk4Eﬂ CADA| 2819 25 ql&}7]el| 3
Q. Ao
AND1(Z 0° | 0.98{0.20|0.29(0.23}0.12|0.04 &2 & 2e sl
AND2(Z 0 0.82{0.00(0.0110.28({0.1610.18
NAD1(Z 0° |0.29]0.85|0.25|0.00§0.00|0.13 2 v
ORl (£ 0° {0.2110.05/0.91(0.24]0.11}0.25
NORI1(Z 0° ]0.01)0.05]0.00]0.97]0.28 {0.23 [1] J.L. McClelland, D.E. Rumelhart, and
BUF1(Z 0 0.0010.2510.27(0.07{0.91|0.10 G.E. Hinton, “The appeal of parallel
NOTI(Z ¢° {0.24{0.28{0.040.060.17 | 0.86 distributed processing,” PDP: Explorations
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