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Abstract: To address the issues of accuracy degradation and computational delay in extracting small spot centers in
the field of industrial high-speed visual measurement, a high-speed real-time spot localization method for small -sized
spots is proposed. A Region of Interest (ROI) extraction algorithm based on sliding window brightness consistency is de-
signed and implemented in a Field Programmable Gate Array (FPGA) to improve detection speed. A small spot center ex-
traction algorithm combining distance-weighted least-square fitting and a Signal-to-Noise Ratio (SNR)-based adaptive
weight adjustment mechanism is introduced to enhance the localization robustness of small spots under varying lighting
and noise conditions. Experimental results show that the proposed method has achieved a spot center localization error of
not more than 0.05 pixels, with a frame rate of 160 frames per second, significantly outperforming traditional methods in

processing speed. This method to a great extent meets the high-precision real-time localization requirements of small spot
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centers in industrial high-speed visual measurement.
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Fig.1 Block diagram of the algorithm in FPGA
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Fig.2 Schematic diagram of rough extraction of spot region
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Fig.4 Simplified Kalman filtering flowchart on FPGA
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(a) Image corresponding to a spot center grayscale value of 230
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(b) Image corresponding to a spot center grayscale value of 180
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Fig.9 Images of light spots with different central gray values
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Tab.3 Standard deviations of processing results of
various algorithms under simulated light source

flicker scenarios

AED: A REROE

fFMEIL/dB PYbRiERE )  CPXbRMEZE S T XbRER/
pixels pixels pixels
15.0 0.153 0.301 0.262
17.5 0.119 0.214 0.224
20.0 0.092 0.132 0.193
22.5 0.039 0.099 0.168
25.0 0.018 0.080 0.151

— BRI P R RS B S T 1%
FEARAL S EARAHEE 10 m RMCHERL B AL, )5 S IER
RV, LR 000WIENR ; SEHUOZIE T
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B, PR TRE B AL IR LAPRIE AL B B AT 5 20K,
W5 7E 2L B #1000 Wl E R AR R B . 7EA

A B9 25 R, SRR G BE AR UG- 1 v (9 AR 4
1T 4~ 7 pixelso FEHL10, 20 m P4~ Z 3 45 5 4%
WER AR E IR BT, EZCRAEAALE 1 000 Wil 4 . B
EIEEEE RO, JeBE RS EEN . R AR
FUAH R B A . AR 1 2050 G TR, X B
RS B ok — s PR AR o I PR R S B S B
SRR LA AN 10 s .

Xof A ot (4% G BE AT AR R e, 3R
BOLARARIF S, IR A B S 25 R bR 22
VERPEH 3 52 G B AR o SEISE 5 10 m B
PRic s R MERIELE AR 4 PR, TIEH: 12
AFRIC S x .y AREZE R T 0. 032 pixels, 52
D256 20 m i B bRic s B 2 MRS R an 2k 5
N, ATUEH: 1R2FREE N, yArEZESANE
i1 0. 040 pixels, g5 R A SCHEH BT
LR EE R AT
3.2 RGAESLEHESH

VA A SCHR A9 3L T FPGA Y 2L BE 42
BT A B T B b i S b BRAR ), TR
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RSF R 2 432 pixels X 2 048 pixels (452 bR R 4E B4
PR AU A B B, AR R A 8 pixels £
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G2 SR MG R AR S AR R I, AR LSS BR Tk
JO7 FH B4 37 5% v ok Ak B A 1 R AT AT SRR o B L
& )5 # T Xilink Kintex—7 FPGA -4, 2R 2
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(b) S EASETE RS EE

(b) Measured image of a single spot

AR

(a) MEINEL Je 7 5% (c) SEIMEEAR 5 B &

(a) Measurement environment and scene (¢) Measured target image
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Fig.10 Measurement environment and acquired images of a single spot and target
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Tab.4 Repeatability verification of marked points at Tab.5 Repeatability verification of marked points at
10 m in experimental measurements 20 m in experimental measurements

PRt x [ hRifEZEpixels  y [ ARifEZEpixels PRt x [ hriEEpixels  y [ ARifEZE pixels

1 0.008 0.016 1 0.013 0.012

2 0.010 0.020 2 0.013 0.017

3 0.008 0.014 3 0.026 0.021

4 0.007 0.012 4 0.020 0.022

5 0.008 0.027 5 0.011 0.020

6 0.011 0.017 6 0.012 0.015

7 0.015 0.024 7 0.040 0.040

8 0.008 0.012 8 0.015 0.015

9 0.014 0.011 9 0.014 0.013

10 0.019 0.020 10 0.014 0.017

11 0.032 0.028 11 0.014 0.014

12 0.009 0.022 12 0.011 0.012
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Tab.6  Processing time comparison before and after

algorithm hardware acceleration
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