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A Study on Pattern Recognition using DCT and Neural Network
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ABSTRACT

This paper presents an algorithm for recognizing surface mount device(SMD) IC pattern based on the error back
propagation(EBP) neural network and discrete cosine transform(DCT).

In this approach, we chose such parameters as frequency, angle, translation and amplitude for the shape infor-
mation of SMD IC, which are calculated from the coefficient matrix of DCT.

These feature parameters are normalized and then used for the input vector of neural network which is capable
of adapting the surroundings such as variation of illumination, arrangement of objects and translation.

Learning of EBP neural network is carried out until maximum error of the output layer is less then 0.020 and

consequently, after the learning of forty thousand times, the maximum error have got to this value.
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Experimental results show that the rate of recognition is 100% in case of the random pattern taken at a similar

circumstance as well as normalized training pattern. It also show that proposed method is not only relatively simple

compare with the traditional space domain method in extracting the feature parameter but also able to recognize

the pattern’s class, position, and existence.
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Fig. 3 Extraction of feature parameter of frequency distri-

bution in block(0, 0)
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Table 2. The algorithm for extracting the feature parameter
of frequency distribution in block(0, 0)
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Table 5. The configuration of teaching vector
(a)The teaching vector of model [a] (for the pos-
ition 1 Fig. 5)
(b)Output vector for each model.
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F6 948 A4 v 54 gevlg 4
(a)28¥ IC, 2% 1200(Ix), €13 1.
©143 IC, 2% 1200(1x), 912 1.

Table 6. Extraction of feature parameter for each input ima ges

(a)28 pin IC, illumination 1200(Ix), position 1.
(b)14 pin IC(wide type), illumination 1200(Ix), position 1.
(c)514 pin IC, illumination 1200(1x), position 1.
(d)8 pin IC, illumination 1200(Ix), position 1.

|
|
|
1

10028194.0, 1016098.9, 1263733.8, 1185998.3, 1225570.1,
1314692.2, 1087855.9, 1065594.1, 1034340.0, 925321.4,
723114.3, 567064.4, 300345.1 706947.0, 425920, 2,
401635.1, 804733.6, 350435.1, 519175.0, 215320,5,
28647466.1, 1694366.9, 243490.1, 1004690.1, 773869.3,
224915. 4, 54430.1, 94481.5, 131483.1, 41509. 5,
5256. 8, 2232.9, 1239286.0, 568443.0, 245970.0,
294874.0, 181534.0, 206441.0, 145534.0, 144495.0,
89050.0, 113276.0, 2493848.0, 239372.0, 162505.0,
98491.0, 85712.0, 79575.0, 61339.0, 56161.0,
48434.0 51201.0, 1518278.0, 177860.0, 133453.0,
102406. 0, 81305.0, 74882.0, 55301. 0, 61362.0,
53278.0, 1265969.0, 122763.0, 118722.0, 81824. 0,
81334.0, 73186.0, 51657.0, 53559.0, 924318.0,
112546.0, 96772.0, 74348.0, 69934.0, 75714.0,
49177.0, 603398.0, 101780.0, 100207.0, 71288.0,
62316.0, 66359.0, 565372.0, 108474.0, 92529.0,
71783.0, 67812.0, 732066.0, 287521.0, 281800.0,
246725.0, 572173.0, 184062.0, 165874.0, 398060.0,
73625.0, 372086.0, 0. 00000, 0.00000, 0.00000,
(a)
10153047.0, 728621.4, 1108995.4, 1068295.6, 102362£
1012265.4, 1049437.4, 924426.4, 983203.9, 826821,
731715.4, 675106.4, 170793.1, 520311.0, 419638.
482317.4, 650367.1, 435179.3, 401638.1, 224695,
27981575.1, 1078624.3, 365747.5, 916465.7, 679262.
209679.8, 184321.0, 157647.7, 50390.2,  35644.
7017.1, 2302.6, 1058600.0, 435861.0, 189693.
209663.0, 201032.0, 177255.0, 222293.0, 143427.
140259.0, 110603.0, 2430150.0, 255147.0, 151143.
118503, 0, 89310.0, 81352.0, 75262.0,.  63107.
59780.0, 50852.0, 1503575.0, 162337.0, 114042.
105675. 0, 75276. 0, 74862.0, 55641. 0, 56367.
51851.0, 1298121.0, 123256.0, 103215.0, 81354,
81733.0, 727440, 57574.0, 60234.0, 906273.0,
121170.0, 103071.0, 91499.0, 86006. 0, 743970,
53215.0, 642022.0, 99455.0, 87243.0, 874450,
86489.0, 61887.0. 642136.0, 100633.0, 87474.0,
71098.0, 85847.0. 692017.0, 145421.0. 168741.0,
175098.0, 562180.0. 130202.0, 127111.0, 391061.0,
64441.0, 356994.0,  0.00000,  0.00000,  0.00000,
(c)

488

6, |
7,
2,

2,

5,

0,

0 | |
0,
0,
0,
0,
0,

0,

(b) 149 1C(wide type), X 1200(1x), 91 =) 1.
()83 IC, &5 1200(x), A=A 1.

6457867,
597774.
410649.
280321,

17468852,
143563.
7032,
102637,
82352,
54169,
28861.
45510,
26187,
39320,
61839,
27689.
43277.
36019.
59851,
a4,

OO OSSO YW ®E®EWWO

<

10332926

0
838017.7,
557246.9,
286507 9

27788196. 5
1273003
43749.5,
131747.0,
99554 0,
98338.0,
67149.0,
83957 0.
55279.0,
79280.0.
116093, 0,
48059 0.
57336.0,
75707.0,
160503. 0,

73913.0,

o oo

816939.7, 697856.0. 630276.0, 503289.8,
539697.1, 494958.2, 636979.6, 407663.3,
437268.5, 127396.4, 285073.7, 273206.2,
573632.1, 288174.7, 289810.2, 126498.8,
786835.3, 1437583, 649730.2, 527174.5.
98772.7, 158779.0, 70848.7. 12237.3,
4169.2, 672509.0, 240144.0, 103495.0,
101002.0, 946420, 113978.0,  79935.0,
70049 0, 13489300, 143405.0.  71385.0,
44754.0,  41359.0,  40084.0,  32675.0,
24420.0, 819786.0, 94178.0,  59269.0,
38060.0.  34185.0, 28509.0,  29669.0,
700541.0,  74525.0, 51844.0, 477720,
33956.0, 30871.0, 28227.0, 5i1745.0,
474500, 463350, 38831.0,  38390.0,
333748.0, 59606.0, 483090,  45221.0, |
32548.0, 329853.0, 57030.0, 44848.0, |
44326.0, 356723.0, 7i119.0, 579980,
305284.0,  62954.0,  56395.0. 206030.0,
193559.0,  0.00000,  0.00000. 0.00000, |
(b)

T 536258.6, 1108212.0, 825282.0, 8294847,
829602, 1, 691291 4, 777657.2, 605305.1,
591325.0. 102478.0, 241456.7, 271799.3,
4192255, 302272.6. 251815.0, 144251.7,
457059.5. 199852.9, 449211.3, 420155.0,
129208.1, 221227.7, 125503.3,  28263.1.

383400, 8859420, 405779.0, 2620250,
138022.0, 134489.0.  71518.0, 166659.0,
82053.0. 21073120, 232000,0, 167644,0,
922070, 70402.0, 58425.0,  52609.0,
490550, 15347520, 233730.0, 111908.0,
70864 0, 54940.0, 48862.0,  53363.0,
1176769.0, 113338.0, 99332.0, 68941.0,
43620, 48109.0, 47061.0. 939236.0,
831160, 695820,  64612.0,  68440.0,
572516.0. 114161.0, 84599 0, 658060,
58642 0, 599124.0. 115324.0.  83829.0,
56770.0, 596686.0. 189157.0, 135870.0,
474404.0, 172478.0. 105950.0, 336359.0,
3430660, 0,00000,  0.00000, 0.00000,
d)
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Table 7. An example of the normalization of feature par-
ameter of the block(0, 0) for mode! (a-1-1) in table 6

500000, -0.452000, - 0413400, 0408800, - 0334700, - 0.396800, - 0.442500,-0.437700,
-0.300600, 0445600, -0.446200, 0.451500, -0.30G700, - 0.019500, - (.084900, - 0.043600,
Q.500000, 0.072300, -0.007400, Q.368300, 0500000, - 0182200, -0.496500, - 0483000,
~0.45-15X), - 0.494400. - 0.497600, - 0.497700, - 0.433000, - 0.-499600. - (. 4F00, -0, 49K K),

H 73} 7ol 77 3204 A wpulee} BE(0, 0)
S ZRE AL 6578 BEES Akl g 3
ks fsted 534 seole g i AH3E 59
g F SMD IC €& A3 Az 249 qlg
HE 2 ALE-gioh

# 8olA= SMD IC7t 424 BHW A o] 55
€ o £50, 0)dM F&3 A 38 53 detvg
EE Jepidch & 8o 2d (d-1-1)2 8 SMD
IC9) =3kl 12000 o, 217 5o A $1A] 1§
ER R 29 (d-1-2)& 8% SMD ICe] ZxEgko] 1200
) =, $1A] 2& viepdct

50, 0)olA 23 Fu5, 745, ojFe g
£ ol gL o557 H(EA DI clFHA
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Table 8. Normalized feature parameter of the block(0, 0)
with transtating the SMD IC.
(a)Before the translation (model d-1-1)
(b)After the translation (model d-1-2)

0.5000, -0.3748, -0.4364, -0.4529, -0.4885 -0.4651, -0 4787, -0.4779,
-0.4748, -0.4987, -0.3000, -0.4942, -0.2793, 0.0415. 0.1586, -0.0368,
0.5000, 0.1310, -0.0371, -0.2361, 05000, -0.4710, -0.4925, -0.4829,
-0.4859, -0.4938, -0.4981, ~0.4934, -0.4945, -0.4984, -0.5000, ~0.4991
(a)
05000, -0.3911, -0.4307, -0.4619, -0.4919, -0.4832, -0.4857, -0.4899,
-0.4928, -0.4958, -0.4969, -0.3000, -0.2626, 0.1605. 0.3833, 0.2645,
0.5000, 03109, 0.2122, -p0621, 05000, -0.4767. -04909, -0.4843,
-0.4849, ~0.4967. -0.4927, -0.4913, -0.4971, -0.1993, -0.4978. -0.5000
£h)

E9e 249 (a-1-Dol] th3t A A3 2ol Qe ule
& ®As3 Qi)

H 9.SMD IC W& A& A% AR T 4y
[2d (a-1-1)]
Table 9. Input vector of the neural network for recognizing
the SMD IC pattern [model (a-1-1)]

Q5000 04529, 01134, 0.4088, 0.4347,-0.3068,-0.4425,-0.4377,-0.3096,-0.4456,
-0 4462, 0.4515,-0.3067,-0.0195,-0.0849.-0.0436, 0.5000, 0.0723,-0.0974,-0.3683,

(15000, - 0.4822,-1).4965,- 0.48080,-0.4546, -0.4944,~0.4976,- 0.4977,- 0.4939,-0.499G,
-0.4998,-0.4999,-0.4641,-0.4869,-0.4851,-0.4632,-0.481 1,-0.4889,-0.4909,~0.4826,

04804, -0.4060,-0.4025,- (1.4R06,-0.492 1 ~0.4847 -0.4570,-0.4862,-0.4924,-0.4936,
-0.4836. - 0.4870,-0.4400,-0.4922,-0.4928, ~0.4856, - 0.4622,-0.4889,-0.4951 ,-0.4957,
~0.4870,-0.4473,-0.4938,-0.4938, ~0.4906,-0.4772,-0.4937,-0.4966, -0.4968,-0.4643,
~0.4947.-0.4953,-0.4929,- 0.4843,-0.4948,~0.4958,-0.4694,~0.4934,-0.4940,-0.4919,
-0.4777.-0.1928.~0.4667,~0.4934, ~0.4944, -0.4920, - 0.4801,~0.4668, -0.4933,- 0.4943,
- 0.4929.-0.4696. - 0.4944, -0.4949, - -0.4746,- 0.4941,-0.4761 _0.0000. 0.0000. 0.0000.
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Fig. 9 Training curve of neural network for recognizing the
SMD IC pattern

28 9% SMD IC €4 9% AAs =g
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Table 10. The teaching vector of model(a) for the position 1.

Bd a-j-1
0.5, -0.5, =-0.5, -0.5,
-0.5, -0.5. -05, -0.5,
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E 358 8 g 299 (24 a-1-1)
Table 11. An example of output vector for the trained in-
put vector(model a-1-1)

29 a-1-1
0. 498760, -0. 499686, -0, 499288, -0, 499733,
-0, 499998, -0, 499681, -0, 486805, -0. 499690,

A 732 ao] A SMD IC AEQA & 4] 3 72
o] &3vlE)g] A eArt 00208} #L e 71
o A Ao BAYIHUL 5E dHHEE 4
Az JHAIZ st Hdj 22bst 002080} 2
2 4 5 UG T3 oF 10% FEo] 23 B
A Fefof o2 HE FE£H v g YHYH
AR w H) 227} 0.001200 A4 0.0198 2
A AT ¥ EE dFUE AP &9 4
I F 129 EA S YT

4 e

(29 A —wA} 213)<0.020 Then <12
Else u) o4

¥ 12.¥) shE 98 Wl dig 2 e (2 a-1-1)
Table 12. An example of output vector for the untrained
input vector (model a-1-1)

2 a-1-1
0. 498768, -0. 499696, -0. 498591, -0.499739,
-0. 499998, -0. 499687, -0, 495420, -0.499696. B

& =& 87 ¥l 3gd = A= SMD IC
HEldA L 93 ANANEG AFHEHE A &
AR 2x7 H3lE 4 $F9 SMD ICE z+z} 8T
2 YAE BAA F 19249 48 N ZHE
54 netveE &3t st ¥ AAz 2
o] YR At

A% -2 89, 149, 149 (wide type) ¥ 28% SMD
IC 942o= 3o B4 weinef 5317 9
AL WA 98 g4L DCTslo DCT A5 FHE
T A= AEE 23 sld 256X2402.2 3}
Art. DCT Al J89] BEAF A 9oz 9
W27k 3 5s e 54E o887 sto A4 P
Fo AFE 12x1270E 3 Mg EYoz HA s
AN ALEL 2x2009 Byo o] A st
Ark A WA BEY BYHO, 02RE Foe B Y
53120, Zte X 534 870, o]l & 4 12
NE IVNE Fot A GHelA 65719 53 0t
golel & et

SMD IC s{€112]-& 93 A A 3| 2] ]2 e
= 5A Ao e gt st AME-she Qe E
o MEe BF ITNE Hadch 54 gepvie g
Aige 2t 53 gevg o] 548 88t 484
g vypo] st en Fdiglel 0.5, HAzgtol ~05
7t F=g sl

NP 2Pe o2 A} G A FE ol &3t
A3, AdE, ¢ 2EF S 2h2 1010, 8x4, 4%X2
2 tasdg

H 13 25 dstd ©t2 2¥9E (29 (), 94 1]
Table 13. Output vector due to the variation of illumination

[model (a), position 1]

0.498760, -0.499686, -0.499288, -0.499733,

(1) 1200(1x)

-0.499998, -0.499681, -0.486805, -0.499690,

0.498768, -0.499696, -0.498591, -0.499739,
-0.499998, -0.499687, -0.495420, -0.499696,
(2) 1000{1x)

-0.499997, -0.499722, -0.497945, -0.499729
(3) 800(1ix)

0.491075, -0.499743, -0.495391, -0.499770,

0.488354, -0.4389752, -0.487635, -0.499777,
-0, 499997, -0.499730, -0.499280, -0.499737,
(4) 600(1x)

0.492932, -0.499894, -0.491883, -0.499885,
-0.499995, -0.499854, -0.499995, -0.499855,
(5) 400(1x)

0.489056, -0.499776, -0.499950, -0.499797,
-0.499995, -0.499769, -0.499439, -0.499773,
(6) 200(1x)
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Fig. 10 Output error for the trained input vector
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Table 14. The process extraction of feature parameter for
the space domain based and the DCT
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Fig. 11 Output error for the untrained input vector
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Fig. 12 Output error for the variation of illumination

I 24049 B4 2% [ DCTH 14T 34 34
19 ey ¥y
2 oA BEE!
3 %A ELEE ) DCT ®¥
4 9 o x| AN
LI ZET
6 A £4 seieie 32 &% stefnle 22

Vg &

E =FdAMe DCTS AAZZLL o] 43 He
A G FL Asidy. AgE gdxAEe A
Z& 89, 149, 143 (Wide type) R 28% SMD IC 9
oz MAste Y% dx 33 e 8L A
At

1. 99 94080 7% DCTAS 82X &
A gEtule g F2317] W& 718 T3 99
X 54 geinlE 33 A n sy

2. A7 2 8§ 2¢F A 237} 0.020
Bno} z2hg wiztx] 3k dom oF 4713 g5
A A Hol 9.2 0.0198 T

3. ghd e o] i Ho 23k= 0.0192 100%
AAEE HYS A @A de v &5

491



HEBAS AR 973 Vol.22 No.3

dRMed diME A4 &l gFd A9
U R
4. 25 yslo] W& &gt WAstx Hoeart
0.0208t} 2t @ H& ¥ o Q14 o] 7Hs st
5. %Fo £ 7L ot FF R XA

@ 4= hs s

o]9} 7Z+e AP At PCBAY F#Eo ok vyt
I A ICHE T YAl vixAle] AY HALE
T3 Asse 7& Jle2 YA ol &=
dgdct F¥ A7 FAe &3 H3] Hu /<
3tAl A8+ de §F ey F&4 B 4
U3ty YAz MHEst 7bsd de el e Ay
7b Al & s o) oF 3T

#0238

1. Steven K. Rogers, Dennis W. Ruck Matthew Ka-
brisky Gregory L. Tarr, “Artificial Networks For
Pattern Recognition”, Intelligent Robots and Com-
puter Vision VI, pp. 410-417, 1989.

2.4 §F, oA FEd A% TN FAN ©
H7, g o ghag, A e el =, 1991,

3. R. Schalkoff, “Pattern recognition statical, struc-

tural, and neural aproaches”, John Wiley & Son
Inc., 1992.

4. G.A. Carpenter, “Neurl network models for pat-
tern recognition and associative memory”, Neural
Network, Vol. 2, pp. 234-257, 1989.

5. P.J.G LISBOA, M.J. TAYLOR, “Techniques and
applications of neural networks”, Ellis Horwood,
pp. 219-233, 1993.

6. Arun D.Kulkarni, “Artificial Neural Networks for

Image Under standing”, Van nostrand Reinhold
New York, pp. 13-203, 1994.

7. James A. Freeman, David M. Skapura, “Neurl Net-
works Algorithm, Application, and Programming

Techniques”, Addison-Wesley Publishing Company.
Inc., pp. 89-123, 1991.
8. Stephen i. Gallant, “Neural network learning and

expert system”, The MIT Press, pp. 231-244., 1994.
492

9. C.Shsing and K.Brown, “Interframe principal fea-
ture extraction using a multi-layer feedford neural
network”, Artifical neural networks 2(ICANN-92),
Vol. 2, pp. 1177-1180, 1992.

10. Stephen P.Banks, “Signal Processing, Image Pro-

pp. 255-384, 1990.

11. K.S. Fu and A.Rosenfeld, “Pattern Recognition
and Computer Vision.”, IEEE computer, pp. 274-
282, October 1994.

12. K.R. Rao, “Discreate Cosine Transform Algor-

ithms, Advantage, Applecation”, Academic press,
pp. 106-120, 1990.

13. lToannis Pitas, “Digital image processing Algor-
ithms”, Prentice Hall, pp. 214-222, 1993.
14. 2 94A, “H A2 DCTHE ¢ e & 2 H/WTE
of gt A", A st 4Apehe] =i, 1993
15. 3 4, of 41, "Heh &AM o3 EH FE57
BPL2lES o] &8 AW A, AAF G
3] =584, A 339 103, pp. 63-71, 1996.

16, AFRIerd WA, Al 4% 242 17 R 27x |
&, = #AL pp. 33-34, 1995.

F 85 H(Myung-Kil Lee) 3 3] ¢
19583 49 244
19823 29 FF gty A
I} ZA(F 8D
198513 29 Fdl gt vystl &4
(F34Ah
1991 39~1994d 29 : A Fd
gt ulgty ARE
3 ARy £8
19903 39 ~& A : AR & AxA L 2
xFEHAForgAA e, e, FHFE A A&
o, Mg 27

#F /& {E(Joo-Shin Lee) 339
19483 19 1744

1975 29 A o &k A A3 8t
3+ F4

1977 29 :F)shw dgtel A
25 8 A(F 5 AD

19863 29 A\ dishe) 4
A5 & (F gHeb AL

1979 9 ~AA A T &t T AAF 8t L

% F oA Rob: g AdA ], HElnvo 9



