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Pulse Image Sensor-Based High-Precision and High-Speed Target Tracking
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Abstract A high-speed target tracking algorithm with high accuracy and stability is proposed for pulse image sensors.
First, the principle of a pulse image sensor is introduced. Second, the traditional visual background extraction (Vibe)
algorithm is improved by combining the pulse density characteristics of the sensor to remove the ghost and hole issues in
the traditional Vibe algorithm, this further improves the integrity of motion detection. Subsequently, combined with
motion detection, the traditional mean shift (MS) tracking algorithm is enhanced to improve the accuracy and stability of
target tracking. Finally, scene reconstruction and target tracking are completed via image reconstruction. In the three high-
speed scenes experiments, compared with the traditional MS algorithm, which is directly applied to image sequences, the
maximum tracking error of the proposed algorithm for high-speed targets reduced from 11. 0454 to 2. 2361, from 14. 1421
0 5.0000, and from 26. 1725 to 5. 0990, respectively. The position standard deviation of target tracking decreased from
7.9879 to 2.0393, from 12.0790 to 2.7454, and from 14.4591 to 3. 5654, respectively. In summary, the proposed
algorithm can effectively improve target tracking accuracy and stability and is more suitable for pulse image sensors than
the other algorithms.
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Fig. 1 Imaging system of pulse image sensor
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Fig. 2 Pixel model of pulse image sensor
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Fig. 3 Working principle of pulse image sensor pixel

B, I HL Ik vl (BT 45 A% T 4 — Wt 9 i iy AT 0 s 17y
FOARE BCH , AP 4 B s o B HO AR BN AR AR R > T
BR IO G T BRSO R (VA RAE R Y
TR BEAR 2, PR it ZUAR 308 B B AR 1) 0 30 e 2 R 1k A2 T
B KRR

e e
R R

eee [/L{Jﬁ/' ' 0’]/}1 /;/ 1/1 /"/l[/l/\ eee
o] /i/fﬂ E: fi/%;’] [/l 5%
gaoiandidhn
Balu S0l AL
[ e (B

P4 ik b P A A2 TR g 1 i o 5 Bl 2K 7

Fig. 4 Output data type of pulse image sensor
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Fig. 6 Pulse signal distribution of turntable in fixed time
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Fig. 7 Motion detection of high-speed turntable at a rotation speed of 500 r/min. (a) High-speed turntable shooting scene; (b) Vibe

detection algorithm before improvement; (¢) Vibe detection algorithm after improvement
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Fig. 8 Motion detection of high-speed table tennis. (a) High-speed table tennis shooting scene; (b) Vibe detection algorithm before

improvement; (¢) Vibe detection algorithm after improvement
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Fig. 11 Reconstruction and tracking of high-speed turntable patterns
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Fig. 12 Overall flow of target tracking method
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Fig. 13 Scene 1: reconstruction and tracking of high-speed ball. (a) High-speed ball shooting scene; (b) 280th frame; (¢c) 550th frame;
(d) 660th frame; (e) 900th frame
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Table 1 Comparison of tracking errors of three algorithms on high-speed ball

Target center location

Error /pixel

Frame
number Real location MS Rerference [17] Propc?sed MS Rerference [ 17] Propc.)sed
algorithm algorithm
280 (150,137) (149,138) (149,134) (150,138) 1.4142 3.1623 1.0000
550 (145,145) (146,138) (145,140) (145,146) 7.0711 5. 0000 1. 0000
660 (144,150) (144,139) (143,144) (143,148) 11. 0000 6.0828 2.2361
900 (140,155) (139,144) (139,150) (140,155) 11. 0454 5. 0990 0. 0000
30 LU A5 58 MIS B30k 19 B AE 72 H AR 90 £ 15 28
o5 .. W 570 B A e T Sk D170 6 30 3k 9 B AE
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Fig. 14 Comparison of tracking stability of three algorithms on
high-speed ball
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Fig. 15 Scene 2: reconstruction and tracking of ejected ball at a speed of 40 m/s. (a) Ejected ball shooting scene; (b) 221st frame;
(c) 397th frame; (d) 533rd frame; (e) 756th frame
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Table 2 Comparison of tracking errors of three algorithms on ejected ball

Target center location

Error /pixel

Frame
P sed P sed
number Real location MS Rerference [ 17] rop?xe MS Rerference [ 17] ropése
algorithm algorithm
221 (250,123) (247,125) (245,125) (251,126) 3. 6056 5. 3851 3.1623
397 (224,140) (238,138) (228,141) (226,142) 14. 1421 4.1231 2.8284
533 (201,161) (211,155) (209,159) (204,165) 11.6619 8.2462 5. 0000
756 (171,191) (182,196) (178,196) (172,194) 12. 0830 8.6023 3.1623
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Comparison of tracking stability of three algorithms on

ejected ball
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Fig. 17 Scene 3: reconstruction and tracking of pattern on high-speed turntable at a rotation speed of 2000 r/min. (a) High-speed
turntable shooting scene; (b) 70th frame; (c) 145th frame; (d) 217th frame; (e) 340th frame
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Table 3 Comparison of tracking errors of three algorithms on pattern of high-speed turntable

Target center location Error /pixel
Frame
) _ Proposed _ Proposed
number Real location MS Rerference [ 17] ) MS Rerference [ 17] )
algorithm algorithm
70 (159,80) (160,82) (162,82) (160,85) 2.2361 3.6056 5.0990
145 (150,101) (154,87) (146,96) (148,102) 14. 5602 6.4031 2.2361
217 (150,122) (149,109) (146,115) (150,120) 13.0384 8.0623 2.0000
340 (167,154) (170,128) (169,138) (171,152) 26.1725 16.1245 4.4721
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