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ABSTRACT

An analysis of hardware design conditions of moving object detection (MOD) algorithm is described, which is
based on effective Gaussian mixture learning (EGML). A simulation model of EGML algorithm is implemented using
OpenCV, and the effects of some parameter values on background learning time and MOD sensitivity are analyzed for
various images. In addition, optimal design conditions for hardware implementation of EGML-based MOD algorithm
are extracted from fixed-point simulations for various bit-widths of parameters. The proposed fixed-point model of the
EGML-based MOD uses only half of the bit-width at the expense of the loss of MOD performance within 0.5% when
compared with floating-point MOD results.
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Table. 1 Performance comparison of MOD algorithms

VFLK, k = argmin,; (wj) 9
wy=a, =z, 0, =V, ¢, =1

1% 2= EGMLE %315t tf #2421 MOD &a18]&
47FA1 2] MOD A& H4l 740]‘11 F1SgaeE
MOD A58 v gt A o|tH4, 13-15]. F-measure= 7
A& Recall= TP/ (TP+ FN)3} AUE Precision =
TP/ (TP+ FP) 2] %3} ZH4 (harmonic mean) O &
0 < F'— Measure < 19 3k 7}A 1, 19]] 7742
X5 A 327} =t} TP (True Positive)= 214 ZAlo] 74
Az QAE F AQAdsE Uetie, FNV (False
Negative)¥} FP (False Positive)= ZtZ} 2§13 ZlAllo]
iAo R olAlE & A 4= 781 ufE HAlo] A
2 QlAyEl F A S8 Uepdic) T 99 AEA 1
A 2 A 14E 5 2 28 e SE
(Shadow Error)7} @)t}

(e) (f)

3% 2. MOD 2i2|=0| ME 0|5 x| HE 21t (a) ¢ &
Al (b) 22IRE EEA, (c) EGML, (d) PAWCS, (e) PBAS,
(f) VIBe+

Fig. 2 MOD results of various algorithms (a) input image,
(b) Ground-Truth, (c) EGML, (d) PAWCS, (e) PBAS, (f)
VIBe+

algorithm Precision Recall F-measure
(c) EGML [4] 0.94804 0.93966 0.94383
(d) PAWCS [13] 093111 0.96149 0.94606
(e) PBAS [14] 0.88466 0.99434 0.93630
(f) VIBe+t [15] 0.95812 0.95465 0.95638
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Fig. 3 ROC-Curve performances of MOD for various
categories of images (a) pedestrians-baseline, (b) boulevard-
cameraditter, (c) canoe-dynamicBackground, (d) parking-
intermittentObjectMotion, (e) peopleInShade-Shadow, (f)
park-thermal
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Fig. 5 F-measure performances for various bit-width
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bit-width F-measure
(a) floating-point 32-bit floating point 0.93395
(b) This paper w:17-bit, p1:6-bit, 0:6-bit | 0.93891
(c) Ref. [16] w:15-bit, p1:5-bit, o:2-bit | 0.93618
(d) Min. bit-width | w:12-bit, £:0-bit, 0:0-bit | 0.61071
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