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Abstract

In uncontrolled complex illumination scenarios of intelligent manufacturing, conventional visible
light machine vision systems are susceptible to strong stray light interference, which causes prob-
lems including highlight overexposure and shadow distortion, further leading to false edge misdetec-
tion and loss of geometric details. Traditional back-end algorithm compensation, however, has in-
herent bottlenecks: it introduces time delay and is unable to restore information lost due to sensor
saturation. To address this challenge, this paper physically advances the anti-interference link to the
front end of the imaging chain, and proposes a hardware-software collaborative anti-interference
imaging scheme integrating near-infrared active illumination, narrow-band spectral filtering, and
microsecond-level hardware synchronous triggering. Based on the natural physical characteristics
of the water vapor absorption valley at 940 nm in the solar spectrum, this method determines the
optimal operating waveband, constructs a matched imaging and illumination hardware platform,
establishes a multi-dimensional objective evaluation system for image quality to complete adaptive
optimization of imaging parameters for three typical industrial materials (high-reflective, strong
light-absorbing and diffuse reflective materials), and verifies its edge extraction performance via
the classical Sobel and Canny operators. The experimental results show that the proposed method
can effectively suppress stray light interference from the imaging source, significantly reduce back-
ground gray level fluctuation, compress the proportion of false edge pixels for all three types of in-
dustrial materials to less than 0.01%, greatly improve the accuracy and robustness of edge feature
extraction for multi-material targets under complex illumination, and broaden the application
boundary of machine vision in uncontrolled working conditions.
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2.1 PR BOERE S KPR

IR BAFE SR B AR A e e K HA AN T4 B B iy e, OGS 7 25 YO BRI iz, MR Ah . mT L
HEHIEA AN 300 nm % 2400 nm). K HMZ IR FHIGHR(AMO #80) 55 2837 KR HUIA HL AR 1)K BH G
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A WX IR 6].

SR, MORBHEES ZF B IR SRR, IFARATA B R B I E — B iR . 2 KA sy
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HNBEBL, KA T HIAREN — RSO0 A B S 7 AR T AR B R M A . b T S K B G 1 A
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1M, FEMRLE B 1.1 eV KA BRAER IR M RIEE BITC - BRBHIHR R, HAGOE TR KD IE T
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Table 1. Main parameters of the lens
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3.1. ERAMRHEHIM

Wk 1, GBI TR 57 & omE i T S S o SEIGFE 400 us+ 576 us A1 841 ps X (1] Py 3E4T I
w2, HAEERM, FEEBEA ALK, EEMHIEGEH 4.1 & 5.1, (AR S EEE A R R
N 353 Bk A 133, IXUESEA R 5w 8 B3R T SRy Jm il e Dt tH 5| R GO 8. BRI, Rt s O
i, WAZEARAAT 400 ps FERROGHRES, SRR EDCHE, A SURIE SRR S T 296.6% 1Y .

Figure 1. (a)~(c) are images taken at exposure times of 400 ps, 576 ps, and 841 ps, respectively
1. (a)~(c) 7 B 2 TEBRFLATIE) 400 us. 576 us F0 841 ps BHABHIEIER

Table 2. Parameters of images of reflective objects captured at different exposure times

2. RAMFETFERBRLREHRRE GRS %

T S b 1] REAE UL 15 2
400 ps 353 4.1
576 ps 241 45
841 pis 133 5.1

3.2. BRAMERIEHINM

A T AR IR B 2N e AT I B S TR s A o Al 2, R GEIER T 2704 ps+ 3249
us A1 3669 us KIEOLHBEATZ X IPAL . BEEIRICIS [EI0, WA 3, EGRFEBERE S22 2B THa B
RS . 1E 3249 us KIRGIS, ~FIIBEREIAE] 12.1 MUEAE, AAF 2R 1 I AR R S AT S S B
BEWR KRG IR . H H e & SEOE Fz A, KIERIRYES
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Figure 2. (a)~(c) in the figure are images taken at exposure times of 2704 ps, 3249 ps, and 3669 s, respectively
2. Eld(a)~(c)5 B R FEMRLATE] 2704 ps. 3249 ps F 3669 ps ATHAEAIE &

Table 3. Parameters of images of rusted objects captured at different exposure times

3. £ EYRETERBRLREHREE G S &

B G I ] PRI bRtz
2704 ps 10.7 49.2
3249 ps 12.1 59.9
3669 ps 10.4 39.9

33. BRGMERHNSESH

Wi 3, R BB &0 AR, RSB R R E IR . gk 4, 7F 1225 ps & 2500
ps AKX A Y, 2025 ps HAFIEE R0 H T4 Eetifese, HERR T BT S 80 ek 4i ek
KEESFEI HARRS . ZBOGR HARRE 7R B BOGIE s Pof LLEEFaBE, BIGRE 7 HisE &)
WA IR S

(a)

Figure 3. (a)~(c) in the figure are images taken at exposure times of 1225 us, 2025 ps, and 2500 ps, respectively
3. B (a)~(c)5y B = EMEIETE] 1225 psy 2025 ps F 2500 ps BHHEE &

Table 4. Image parameters of plastic objects under different exposure times

4. BRI ERRIRAREHRREG S K

BRI ) {E MR EL bal=a;-
1225 ps 19.9 93
2025 ps 19.9 136
2500 ps 20.6 110
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RO R X BB A 55 IR R RCR, A SR BRALJR 119 2 K B 1R R N2 k) Sobel 5
Canny ST, B3 AR TIIREE T IF R XRAE. BRI RBOLIOE S TR T, F5TH
AT AR 2 3 B 5 0 B

=

(a

(d)

Figure 4. Image (a) shows the rusty object before improvement; image (d) shows it after improvement. Images (b) and (c),
and (e) and (f) are the Sobel and Canny edge detection results of (a) and (d), respectively

4. El(a) £FEMANERRRESR; Bl RXERRERERG; E(O)F(c)S()M(H5HZ(@)F(d)H Sobel F1 Canny
BRI GRS

Figure 5. Image (a) of the plastic object before improvement; Image (d) after improvement. Image (b) and (c) and (e) and (f)
are the Sobel and Canny edge detection results of (a) and (d), respectively

E 5. Ela) ZBRIRERRRES; Bd) XEEHERER; Eb)F(0)S(@FM(H7H=Z()F(d)AI Sobel 1 Canny
BRI GIRMER
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Figure 6. Image (a) of reflective objects before improvement; Image (d) after improvement. (b) and (c), and (e) and (f) are the
Sobel and Canny edge extraction results of (a) and (d), respectively

& 6. El(a) RAMAKERINREIR; B XERBREE; EOb)F(c)5()F(N5 52 ()F(d)A Sobel F Canny
BRI GIREER

Table 5. Comparison of experimental indicators for strong ambient light interference elimination

5. SRIMEA T YRR IR IRRILE

this GG m B R ES
MR R BA 2% YRR 7
Sobel H.F Canny H-F
e Er 13.83 9652 (1.15%) 6590 (0.79%)
HEYE
o S5 4.83 231 (0.03%) 339 (0.04%)
R T 16.72 6989 (0.83%) 6247 (0.74%)
IER SRS
M5 5.89 89 (<0.01%) 78 (<0.01%)
T 22.97 5855 (0.70%) 4547 (0.54%)
Bk
o S5 3.58 16 (<0.01%) 44 (<0.01%)

4 =15 6, SIANKRGMHEFRRATTRE, W& 5 BUIRSEERCRAE R LS B 7 B4 EE:
=RMBUNE FOKIE T 72 BRI . AT R SOCIIRI T 5 Ik 4 4.83. 5.89 5 3.58. 4
P (A MARAS - BRI 1 BRSO FE R 2E s T35 I T 5% A0 1 S92 FH S AR A SR o %o T3
LU S R SRR, ] R AR R R BRI A s W T & @ me st T8, R m R BEG T A )
MU OSBRI AR HAR XSO A 215 2= 5 Eo b AT Pe 4 . 722K A Canny HF R, 2R
15 REIR I 245 5 5 EE IR A6 £ <0.01%. SR RE=Z TCIR AR ) ) S . P HE RS UE )
FAAR B B LS AL

DOI: 10.12677/0e.2026.162007 75 JEHT


https://doi.org/10.12677/oe.2026.162007

5. &

AT [ 4F 32 4% 2 2% 0L R LS L08R AL SR T T s 1) 7™ B H M AR e R, 47 97 17 A% 4 10 Jm i SR
WeEhaMEvaa, BUFTPEMSRE R T — 8 IR EEAME + EAIER + AP RS R
MBI TT i A SCHIAZ OB O R S EZETTRR AT Ao DL =i W T RBER AR HOE TRt
BRFE RS R . JEIDREAAULIT 940 nm L K IR Al T ST R RE RS BT, R GUAEN) B AR IR A
JEEBHIT 1 E AR A AR 1B 2806 51 R ot I B S LU REBR I, TR 1 AR e R B Tevk sy ol T4%
IR RO PR Z K2 USSR SEAEE s oL 7 B BOAS R ARFRE LA T H 3 2 20 R
RITR A B KEARHEZ SRR I 2 AR PN A 2, REHERRSE T B0t <6 JaR 1A R M8 1 A 0 1Y SRS
AR 15 B R E AR SR, DAL SRR SR O ox L BE rh S B e MG, BRI SEEL T 2 M5 H AR A
GRRAERES —, HER T AU 22 5 R R BEES s B0IE 1 BT T A i 28 Al B B ik
MISERPEIg A . TR SRR, L EM RS LT, LS5 Szh sk 7 HH RS
B SN AE B LD BB o Sobel 5 Canny 57 RENS 22 JCIR SEM B HESE | Pl HoE RoRs v i R
YL, AEHARKIE DGR R T 4G 2 0.01% LR, Kigdh % 1 IRZEFIRAAEGS THLH
HR)NAERUR

BBk
[11  JE5F. B Ref]dE A E H)id 20257 EX07 AII]. A EESR, 2019(11): 54-55.

[2] k0. BT LIEOLEA A Faster R-CNN )/ SR B E I SV 70 [D]: [t 22078 30). A8 2B
K2, 2024,

[3] Zb5. ZEERELG S 3020 B B W 5L [D]: [ LZAe 3] dbat: b ekl =P, 2021.
[4] MBiE. ZENELE EUE R EITN 750 7 [D]: (LS008 5] SRIN: HBr K 2, 2018.
[51 kMy, BXEREL, AREME. BEE ZMHORa o UG B IR L), 1515 B 5R, 2024, 46(11): 4219-4228.

(61 ™ HEIFHEN 55 B gL T AT, GB/T 17683.1-1999 K FH A8 76 1 T AN [ 43 W5t 2% A2 1 110 A SR Y6 T 40 WA e v
1 ER KAFE 1.5 B9 B H S48 I8 A 2Bk 0] B 4R IR [S]. AbET: bRk e AAt, 1999.

[71 3kZR=, FR4kZE, eS|, 4. FT CMOS MMLAEL GRS ARBF R[], Stk 56885047, 2025, 45(S1): 690-
699.

[8] FRuh, AFARHM. ETE BB ERERAE ] A5, 2019, 18(1): 48-50.
[91 EF08, FAkRE, TR, E TR A MAG /RS TG BAGASMEVID T I]. 1R48243), 2006(12): 13-16.

[10] BEAZ. FT 2 REZRG R T BUGTEM LT [D]: [t Arie 3. iR/RiE: M /RIE TR RS, 2023,

[11] MR, 5k, 28 55 Sl TR A Fb R 7 U SEma (1], Mol TAE 274, 2022, 7(6): 140-147.
[12] #te. BT Sobel HiERIEEHMSN A EbrE [J]. 3 THE, 2021, 42(23): 178-182

[13] Canny, J. (1986) A Computational Approach to Edge Detection. /EEE Transactions on Pattern Analysis and Machine

Intelligence, 8, 679-698. https://doi.org/10.1109/tpami.1986.4767851

DOI: 10.12677/0e.2026.162007 76 JEHLF


https://doi.org/10.12677/oe.2026.162007
https://doi.org/10.1109/tpami.1986.4767851

	基于硬件的复杂光照环境多材质机器视觉特征提取研究
	摘  要
	关键词
	Hardware-Based Research on Machine Vision Feature Extraction for Multi-Material Targets in Complex Illumination Environments
	Abstract
	Keywords
	1. 引言
	2. 实验方法
	2.1 抗干扰波段选择与太阳光谱特性
	2.2. 成像传感器适配性与窄带滤波系统分析
	2.3. 硬件同步实验系统与多维客观评价体系
	2.4. 边缘提取算法机理与光照敏感性机制

	3. 图像质量客观评价与多材质自适应寻优
	3.1. 高反光材质的参数寻优
	3.2. 强吸光材质的参数寻优
	3.3. 漫反射材质的参数寻优

	4. 边缘特征提取工程应用验证
	5. 结论
	参考文献

