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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 3. The algorithm for extracting the feature parameter
of angle distribution in block(0, 0)
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Fig. 4 Extraction of feature parameter due to the translation
of block(0, 0)
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F6 948 JAe g 54 g 4
(a)284 IC, Z% 1200(Ix), $14 1.
©143 IC, 25 1200(1x), 9 1.

Table 6. Extraction of feature parameter for each input images

(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(Ix), position 1.
(d)8 pin IC, illumination 1200(Ix), position 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, 66353.0, 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, 10236263,7
1012265, 4, 1049437.4, 924426.4, 983203.9, 826821.7,
731715.4, 675106.4, 170793.1, 520311.0, 419638.2,
482317.4, 650367.1, 435179.3, 401638.1, 224695.2,
27981575.1, 1078624.3, 365747.5, 916465.7, 679262.5,
209679.8, 184321.0, 157647.7, 50390.2, 35644.0,
7017.1, 2302.6, 1058600.0, 435861.0, 189693.0,
209663.0, 201032.0, 1772550, 222293.0, 143427.0,
140259.0, 110603.0, 2430150.0, 255147.0, 151143.0,
118503, 0, 89310.0, 81352.0, 75262.0, 63107.0,
59780.0, 50852.0, 1503575.0, 162337.0, 114042.0,
105675. 0, 75276.0, 74862.0, 55641. 0, 56367.0,
51851.0, 1298121.0, 123256.0, 103215.0, 81354.0,
81733.0, 727440, 57574.0, 60234.0, 906273.0,
121170.0, 10307:.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

|

b

(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,
131747,
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 &

o oo
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816939.7, 697856.0. 6302760, 5032898,
539697.1, 494958.2, 636979.6, 407663.3,
4372685, 1273964, 285073.7, 2732062,
573632.1, 288174.7, 289810.2, 1264988,
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,  94642.0, 113979.0,  79935.0,
70049 0, 13489300, 1434050,  71385.0,
44754.0,  41359.0,  40084.0,  32675.0,
24420.0, 819786.0, 94178.0,  59269.0,
38060.0. 341850, 28509.0,  29669.0,
700541.0,  74525.0, 51844.0, 477720,
33956.0, 30871.0, 28227.0, 5i1745.0,
474500,  46335.0, 38831.0.  38390.0,
333748.0, 59606.0,  48303.0,  45221.0, ;
32548.0, 329853.0, 57030.0, 44848.0, |
44326.0, 356723.0, 71119.0, 57998.0,
305284.0,  62954.0,  56395.0. 206030.0,
193559.0,  0.00000, _ 0.00000, 0.00000, |
(b)

T 536258.6, 1108212.0, 825282.0, 829484.7,
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, 2320000, 167644.0,
922070,  70402.0, 58425.0,  52609.0,
490550, 1534752.0, 233730.0, 111908.0,
70864 0,  54940.0, 48862.0, 533630,
1176769,0, 113338.0, 99332.0, 68941.0.
43620, 48109.0, 47061.0. 939236.0.
831160,  69582.0, 646120,  68440.0,
572516.0. 114161.0, 845990, 658060,
586420, 599124.0. 115324.0.  83829.0,
56770.0, 596686 0. 1891570, 135870.0,
4744040, 172478.0. 105950.0, 336359.0.
3430660, 000000, 0.00000. 0.00000,
d)
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Ale) 9)a 18 VepdT
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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

Q.500000, -0.452000, - 0413400, 0408800, - 0434700, 0.396800, -0.4425), - 0.437700,
-0.300600, 0445600, -0.446200, 0.451500, -0.306700, - 0.019500, - 0. 084900, - 0.043:00,
Q.500000, 0.072300, -0.007400, 0.368300, 0500000, - 0182200, -0.496500, - 0.488000,
~0.45-15X), 0494400, - (0.497600, 0497700, - (0.A33900, - 0193600, ~ (. ATOR00, - 0. 495N,

H 73 7ol 7% 309 54 wEvE e £50, 0)
S ZRE AL 6509 BEEES] At dia A
ks fsted 54 setvlel g i JtskE 78
g F SMD IC A& & 2Az 2% qlg
HE 2 ALE-gioh

# 8ollA &= SMD IC7 9974 WA o] F =Sl
€ o £Z0, 09 & Atstd 53 s2tvE
E4 Jepido & 84lM 2d (d-1-1)& 8% SMD
IC9) =3kl 12000x)d o, 29 SANA $A 1§ U
MR 29 (d-1-2)& 8% SMD ICe] Zxgko] 1200
)Y =, 91 A 2& viepdch

50, 0)olA F28 o4, 745, olFd &
73 ol ES 1557 JAEAA DI clF5HA
S(92 2) A vmsA 7] BEFo] {AEE &
g Atk

H 8. SMD IC7} o] =& o 850,04 Aw3d 5
3 seviE
@°}% A (d d-1-1) (b)ol¥ ¥ (29 d-1-2)
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, -04787, -0.4779,
-0.4748, -0.4987, -0.3000, -0.4942, -0.2793, - 0.0415. 01586, -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, -0.4507, -0.4619, -0.4919, -0.4832, -0.4857, -0.4899.
-0.4928, -0.4958, -0.4969, -0.5000, -0.2626, 0.1605. 0.3833, 0.2645,
0.5000, 03109, 0.2122, -0.0621, 05000, -0.4767. -04909, -0.4843,
-0.4849, ~0.4967. -0.4927, -0.4913, -0.4971, -0.1993. 04978, -0.5000
£h)

E9e 249 (a-1-Do) th A A3 2o Yy
& ®As3 Qi)

H 9.SMD IC W& A& A% A2 T Yo
(29 (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,

(1.5000, - 0.4822,-1).4963,- 0.48080,-0.4546, -0.4944, - 0.4976,- 0.4977,- 04938, - 0.4996,
-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,- (1.4R96,-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.

SMD IC &g+ A3 AAIege 3208
AY S, 0%, 932 747 10X10, 8X4, 4X22
AA 5o

100 . looo 16000 150600
itarotion No.

2 9. SMD IC Wi A4 & 1% ANA 2R g A
Fig. 9 Training curve of neural network for recognizing the
SMD IC pattern

29 9% SMD IC Hed 4 g 9% ARz
g FHL BT AU &G AlgE 012 89y
I EAERL 0602 4] 2% 28
et AL A3 el Hoe vl 00200 @ wz] &
F3Ach & 10¢] A AEE FASAUL E 1S
g48 JdEYEE AN L | 299 groloh

H 0. AX7H 1Y of Rl(a)d] A A F,
Table 10. The teaching vector of model(a) for the position 1.

Bd a-i-1
0.5, -0.5, -0.5, -0.5,
-0.5, -0.5. -0.5, -0.5,
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E 358 J¥ i 299 o(2d 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 73 2o A SMD IC s & 4] (33} 72
o] &34 e A s} 0.0208 ¢t 2L He 1A
o A4 Ao YL g5E UAYEHE 2
Az QYA A Ho) A7t 0.0208. 1) &
2 4 5 AT T3 o 10% FEo] 23 F
& delo} Ao RE T2 ¥ gd Y YE
AHA AL w H) 227} 0.001290 4 0.0198 7.
At ¥ gHE U B 29 4
FE F 129 FA AT

L

(29 A —wA} 213)<0.020 Then A2
Else u) o4

¥ 12.¥) shE Y wEe ot 2o (=g 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

& =#oA 37 Hsle Hgd 5 e SMD IC
HEAAL A3 AR =G A E A &
AR 227t Y3lE 4 $F9 SMD ICE 7tz 894
2 YAE BAA F 1927 g8 JHoZRE
EA netue g &3t9 Jsie F AAz 2
o] YR At

A% -2 89, 147, 149 (wide type) 2 28 SMD
IC 94c= oy 54 gejog 537 9
AL WA 98 g4L DCTsle DCT Al PEE
T A7) AEE 238k 256X2402. 2 3}
Art. DCT Al J89] BEAF AFa 9oz J
W27k 35 e 54 L o837 Yt A P
F A 12x1270 8 g Ao} EYez dA s
AN ALSL 21x2079 EHoF ro] A st
Ark A WA BY B0, 0)2HE Fu¢ B Y
5120, Zte £X 54 87, ol 5o & 54 12
NE 3VNE Tt A GHlA 6572 £A 0}
2ol e & 7t ok

SMD IC s{€112]-& 93 AR5 2ol ¢ e
= 5A Aeu e g garst st AMgste o g9 E
o MEe BF ITNE At 3 seprig el
Aige 7t 53 gEvlE o] 548 88t 484
g vypo] st em digtel 0.5, HAgle] ~0.5
7t F=g sl

AR ZHL 23 JA s st AR ES ol &3}
A3, dE, F¢ 293 S 2h 10x10, 8x4, 4x2
2 A sl

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,
-0.499998, -0.499681, -0.486805, -0.499690,
(1) 1200(1x)

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

0.491075, -0,499743, -0.495391, -0.499770,
-0.499997, -0.499722, -0.497945, -0.499729
(3) 800(1ix)

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(1Ix)

0.489056, -0.499776, -0.499950, -0.499797,
-0.499995, -0.499769, -0.499439, -0.499773,
(6) 200(1x)
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A7 zde Bge 233 Y eAst 0020
Bl 2 f7tA FYsRen g4 AFE 0 F
& A4E 0052 Aot o 4%ty FEA0 AR 2
e} o) H) QA7) 0.0192 0.0200 T FHS L ¢ F
AAR FA} A5 FAL HEF) AXNS FFE 7]
FoR FATRLEA FEH EA KFFEL ohY
A L FRo A AN AT

58 AYHE S MR 2P JHENE A A
2 Wz W& Hol e xE 2y 108] A S

0.02 A
N e
S o1
L3
000
T Y 3T 5% 3 #IA

a0, e 9 el g &8 o

Fig. 10 Output error for the trained input vector

=3 1] 84 e dig Hdj 9xb= 149 SMD
IColA 001982 2 HAT, 1Y 112 v g4 Y
HEjol] Uigh o ealE A 8 Tk

223 5Y 2o 4P 25 dsd did &
Hug 9 Wl 39 129 2o

s dAEo] ANE 100% A4 &E BY
o HeE JPAE dAME B AN
Gehlt. 2% wstol e Au 238 037} 0.020
NG Be gom 9 Aae ZEgte] uHlE ol
o] sh5 3t Ant

gog ¥ =RodMe 98 942 DCT ¥ty
54 Bege 2agony Iy 2 ¥, =
£ wgiel e 87 Wl E Aga Ao by
stk £ I JAORE 7¢ DCT A%
dzne ohe) 54 BeluigE 233 A7
2ol B2 A7) BB ¥ 14048} 7
ol 24 melviE 22& A A BHo| 27 o
QoMo AuHel FHuT SasAon, A
Hozx ¥5a 574 deAnHE 238+ AN

£ 14. 32099 % DCTol 2|8 53 svle 2 33
Table 14. The process extraction of feature parameter for
the space domain based and the DCT

a8 .Y B Y HEe g 29 o3}

Fig. 11 Output error for the untrained input vector

10 12 Ix(x100)

~
-

.
oo

a3 12. 2% ¥ B 29 o
Fig. 12 Output error for the variation of illumination

I 29149 B4 2% [ DCTE o1 4% 84 %
19 ey ¥y
2 oA BEE!
3 %A ELEE ) DCT ®¥
4 9 o x| AN
LI ZET
6 A £4 seieie 32 &% stefnle 22

Nad #

E =FdAMe DCTS A 38292 o] 43 He
A g FL At ALY g Fe A
Z& 89, 149, 143 (Wide type) R 28% SMD IC
oz MAste % A g e 8L A
At

1. 99 93080 7% DCTAS deRyg &
A gEtele g 2317 W&ol 71&8] 330 99
Aol B3 genE & PR Pdsdo

2. A7 R 8§ 239 Hrj 22171 0.020
Bno} z2hg wi7tx] $YP3 Jon o 433 5
A A Hd A= 0.019%th

3. ghd e o] i Hdl e ake 0.0192 100%
AAEE HYS FAE G300 A& v &
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