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Automatic Detection and Application of Chip Electronic Components Based on Nor-

malized Cross-Correlation Algorithm
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(1. Institute of Guizhou Aerospace Measuring and Testing Technology, Guiyang 550009, China; 2. Guizhou Provincial Key

Laboratory for Basic Components and Equipment Quality Inspection and Evaluation, Guiyang 550009, China)

Abstract: To address the issues of low efficiency and high error rate associated with traditional manual
inspection methods for chip electronic components, this paper proposes an automatic detection method and
system based on the normalized cross-correlation algorithm. The proposed system integrates the normalized
cross—correlation algorithm with a vision-guided four-axis robotic arm and a secondary bottom-view
positioning technique to achieve efficient recognition and precise grasping of components. Additionally, an
innovative rotational center calibration algorithm is developed to effectively compensate for coaxiality errors
in vacuum nozzles. The system is compatible with various types of electronic components, including chip
tantalum capacitors, ceramic capacitors in 0402 packages, and SOD-323 surface-mounted diodes,

achieving a positioning accuracy of 0.008 5 mm. Experimental results demonstrate that identifying 100
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components takes only 68 ms, with a 100% accuracy rate for orientation and polarity recognition. The
rotational center calibration reduces coaxiality errors from 0.4 mm to 0.008 mm, component damage and
rejection rates are reduced to 0.01% and 0.02%, respectively, and the successful placement rate reaches
99.98%. Compared with the traditional manual inspection, the system increases detection efficiency by
over five times, providing a high-precision and high-reliability technical solution for automatic inspection of
electronic components and significantly advancing the application of machine vision technology in industrial
inspection.

Key words: chip components; machine vision; image processing technology; camera calibration; positioning

grabbing; normalized cross—correlation algorithm
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Fig.1 Flow chart of automatic detection of chip electronic components
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(a) Acquire image grayscale map  (b) Image filtering+ feature (c) Binary +morphological (d) Obtaining the coordinates and
enhancement operation angles of the target device
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(a) A-shell tantalum (b) SOD surface mounted (c) E-shell tantalum capacitors ~ (d) 0805 porcelain dielectric
capacitors transode capacitor
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Fig.8 Image recognition effect of chip components with different specifications
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Fir 2 0 A 1R 09 A 07 ATUBORY J3E 225K

Ry 6 E AR SCAI B S AV R X B T AR R AR B RE I | 1 R T R 0 o AR RO R R o R R 4 il
#z2 OpenCVEARXUMBEEEMBEESLL

Table 2 Comparison of positioning accuracy between OpenCV and the proposed vision algorithm

ks TM_SQDIFF TM_CCORR TM_CCOEFF VN @R

XMH4R YARAR X A F VT X A FR Y AL bR X AR Y As bR

FEAR 1 0.021 0.019 0.025 0.020 0.016 0.012 0.009 0.007

FEA 2 0.022 0.018 0.024 0.021 0.016 0.014 0.010 0.007

FEA 3 0.021 0.018 0.024 0.021 0.017 0.012 0.009 0.009

FEA 4 0.020 0.019 0.026 0.023 0.015 0.013 0.010 0.008

FEA S 0.021 0.018 0.025 0.020 0.016 0.013 0.009 0.009

FEA 6 0.023 0.017 0.026 0.021 0.016 0.014 0.008 0.008

A E AR /mm 0.021 0.018 0.025 0.021 0.016 0.013 0.009 0.008
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FKH AW 5 B30 2545 100 1, 0603,0805 35 28 RSF 9% A #4528 45 100 L, SOD-323 . SOD-523
WG Al 5 0 2R 0 A A A5 100 H R GE i 45 SR 38 3 s o B3 S AT, AN SCRE {7 B L X 6 Fl B S g
FInas B9 RE I R 68 ms, PR FE BT AR F 3R OpenCV MUSE € A7 B3k, 1 X F HL - Jo a4 1F & i
THU) A B 226 R0 E B8 TR ) TR 2R, A SRR 34 100 %0 .

#£3 OpenCVEARNXMBEEXIDFNFEN EFREIFLL

Table 3 Recognition time and accuracy comparison between OpenCV and the proposed visual algorithm

\ R U H A B AN MG T A
AR A
A W 0603 0805 SOD-323 SOD-523
TM_SQDIFF 356 365 389 325 359 372
i TM_CCORR 425 456 468 462 458 495
B FERT /ms
TM _CCOEFF 125 123 135 156 154 149
AR 69 70 54 59 80 77
TM_SQDIFF 100 100 100 100
X ‘ TM _CCORR 100 100 100 100
IE T PR R R/ Y
TM _CCOEFF 100 100 100 100
A 100 100 100 100
TM SQDIFF 100 100 100 100
) X TM CCORR 100 100 100 100
1E G R ) HE B 2R/ Y
TM _CCOEFF 100 100 100 100
AR 100 100 100 100

eI, 9 U6 E T 5 o o B 1 AR 68 ] 2R BRI 3 i 0603 31288 6 0l 3T 2 R BE AR 4% 100 1L, A4
FEAR B AT 100 %K, B3 A: 10 000 9K, B8 11248 0 4l b Bt 28 1 00 2500w ROkt i o 250 (A
BRI ) N 4 T o AR A RTAL, N L AS W HEAT R BE bR e I, R GEXT R B 3R 0.04%0 FRIRE
0.01% , ZF4RE R H 0.4 %0 B4 2 0.02 % , HoRh R B % 1 99.80 %% 427 & 99.98% .

R4 EEPOREMEMEFFLERTLL

Table 4 Comparison of grasping device results before and after rotation center calibration

SR R RRY AR PR BRORORL OB
FEAR SRS Ektn ik FEAREGE 0 B
’ Come U wm R/ RN R/Y
. e 5 i o I 100 10 000 2 20 0.02 0.2 99.80
FEAR 1 e
)R el = 100 10 000 1 2 0.01 0.02 99.98
. T % b o 100 10 000 4 40 0.04 0.4 99.60
FEAR 2 e
5L AR Ja 100 10 000 1 2 0.01 0.02 99.98
. T b 5 i 100 10 000 3 30 0.03 0.3 99.70
FEA3 s
T % A o S 100 10 000 0 2 0.00 0.02 99.98

2.3 REAUMESH

N T HUE CCADS RGURYA R, B S8, R M 1204 7 oo as R ke i, Jrp & 115 23 A4 it i 4k
(RS BE J5URE A IE VDA R O ) 3595 % 45 s it A1 5 I T FEL O A 22 BN B A O X DT R AT AR S o AR
Ja R S N TR I AE XS LB J5 3G CCADS RG22, AT A CCADS G827 ] At 28 I 1A%
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(TH2618B ) F: I i, 75 e 1B AN 461 FE A 1E VI8 5 o 45, 489 2R FH U |l 0 00301 (C TH2689) A6 I I HEL i Jo
ik, AT HCCADS RSS2 5 FiR .

x5 RUNERSIT
Table 5 Statistics of test results

G/ R ANERE/ R
LD — - —— — - RN /min
HAR  HEMEY  WHER mEE BEATEY W
AT 120 120 115 0 0 5 88
CCADS &% 120 120 115 0 0 5 17

H & 5T, CCADS FE S E AT & — R B ot a4, Ho N TR CCADS R Ge Kl 25 35 — 30, X )
LEE T CCADS 24 A 4L, A T.F CCADS £ G 6 I 58 CCADS & Fg 46 % () 1 1] 43 50
88 min A1 17 min, CCADS R 4t Ay A6 i &5 2 2 N TAIM 09 S5 LA Lo 3R 628 5 HOR G fh ke 25 R 521t
BN T CCADS RGA I H Y fl 25 1 AR A E V) T sl 3 2 BB A T R RR , A s FH Y " % m , AN A
“N"FER .

£6 FTARRKNERSEIT

Table 6 Statistics of test results of unqualified products

PR B W (E/pF HRE A IE D) T FL I /A
AT CCADS Fl B AT CCADS FIBR AT CCADS F PR
10 21.804 21.851 Y/Y  0.0359 0.0359 Y/Y  114.519 122.487 N/N
11 21.060 21.094 Y/Y  0.0295 0.029 7 Y/Y  161.876 158.015 N/N
32 21.898 21.955 Y/Y  0.0279 0.028 6 Y/Y 57.709 5 60.316 0 N/N

103 21.433 21.467 Y/Y 0.026 0 0.026 5 Y/Y 405.573 387.102 N/N
119 21.849 21.879 Y/Y 0.0389 0.039 1 Y/Y 924.328 965.014 N/N

J T HE WA CCADS R AR, 26 T AT CCADS RGEAI 115 H A 4% fi 15 2] 1 HL
5 BFE AR OE U R HL 2 S LG B 11 TR B AR AR oA R 2 TT AR A I R O\ AR R 4 i Ry L 2
SEE PR A OE UIE AR B (E, E 5 AT O N TR A SR X R B T R CCADS &40
K zs 5. hIE 1180, CCADS R4 5 A TR &5 - W) &, il B, CCADS & %t g % 1 i 43 %50
Xt F o0 R AR AT 4 1 Sh A I, AR O o B S A I R SO B R O B e YR S TR T A Rt
JeR .

35

EPL) Zo. 230
G 22 I'_e 5 0. ~ 25
o <X I & 0. A 4 20
o 217 & 0. # 15 ‘
20 3 0.0 2100 o ] |9
Brol b Y gooel Rl s [ 7% 0 AR B

1 16 31 46 61 76 91106 71 16 31 46 61 76 91 106 1 16 31 46 61 76 91 106

R 5 EaTE e R S
(a) Capacitance (b) Loss tangent (c) Leakage current

- AT - CCADSE%
B 11 A THCCADS 2 G4 il 45 555 e

Fig.11 Comparison of detection results between manual and CCADS system
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3 S5RIE

P T — 3 T A SRR DG L Bk 1 R S TR A SR Iy i L 2 vk S 1o AR S AR AR DT
i 5 32 445 B DU Sl LA T 90 5 | 5 RS 0 A AR, S BT X 22 B T A R RS TR B S BT,
FE ADRE B 3K 0.008 5 mm, BRI U 100 H T8 (44U F5 68 ms, 1F 2 1] S AR M 3500 HE i 2 1 15 100%6 . %F
o AL T [ Bl 5 25 ) A, ) 152 3 ) JE 2 o0 b 2 R K 1R 25 L 0.4 mm B & 0.008 mm, & 35 PR AR 75
P35 45 2% (0.01 % ) Al R (0.02 % ), BORE BT %6 5K 99.98 % o SEH 0 IE 1 CCADS F 488 A T T &%
T 5 A5 LA L, SRR B U L 2F 0402 1256 e A L 25 45 I SOD-323 Al 8 45 9 Bl LA L 2% 1R 1 S 25 46
W AT, A SCHE A R oo OF A SR I B AR 32 R T S U S, oA R T o s A R Rk
=R M ik RGN, L HE S I e AR AL R BT .
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