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Moving object detection using improved Gaussian mixture models

based on spatial constraint

Dong Junning, Yang Cihui
1. School of Information Engineering, Nanchang Hangkong University, Nanchang 330063, China
2. Key Laboratory of Jiangxi Province for Image Processing and Pattern Recognition, Nanchang 330063, China

Abstract: Objective Aiming at reducing the high computation cost of the classic Gaussian mixture model (GMM) , we pro-
pose a GMM with spatial constraint (SCGMM ). The main reason for the high computation cost of the GMM is that all pixel
models are computed at every frame, and a large part of the computation is useless for GMM. Thus, the SCGMM focuses on
reducing the number of models involved in the computation of the GMM. Method For the three parts of the GMM, three
methods are utilized to reduce the computation cost of the GMM. In the initial part of the GMM, a method of fast initializa-
tion is utilized to shorten the process of initial modeling. The initialization of the GMM requires a large amount of statistical
information from all the pixel points. Each pixel should be involved in all operations and the computation cost for one frame
used in the initial part cannot be obviously reduced. For this reason, a simple adaptive learning rate is applied to reduce
the number of frames required in the initial part of the GMM. In the moving object detection part of the GMM, a double
background model is adopted. The detection results for moving objects of the first adaptive background model are used as

the spatial constraint condition of the GMM to reduce the redundant computation of the GMM at the region without moving
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objects. The moving object detection method of the GMM is also used at the region that may contain moving objects to main-

tain the accuracy of the GMM. Therefore, the advantages of the SCGMM in the moving object detection part is that the

SCGMM reduces the number of pixels involved in the computation of the GMM and maintains the accuracy of the GMM. In

the parameter update part, multi-strategy adaptive model updating is adopted. The final result of the moving object detec-

tion part is used as the spatial constraint condition to reduce the quantity of pixels involved in parameter update. Adaptive

learning rate and periodic global update are applied to improve the accuracy of moving object detection. By using the afore-

mentioned methods, the performance of GMM is evidently optimized. Result Experimental results show that SCGMM has
better performance and accuracy than GMM, CodeBook, GMG, and MODGMM ( mean of deviation GMM). The process-

ing speed is increased by more than three times. Notably, the processing speed of SCGMM is increased by more than six

times compared with that of GMM, and the percentage of pixels involved in the complex computation process is less than

20% . Conclusion Compared with GMM, SCGMM has better performance at real-time processing and better accuracy in a

fixed camera scene.

Key words: moving object detection; Gaussian mixture models; spatial constraint
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Fig. 2 Effect of T on SCGMM’ s performance (outdoor)
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Table 1 Key Parameter of SCGMM

SH Bl SH Bt
T, 0.7 A 1000
N 30 A 40
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Table 2 Comparison of algorithms’ processing speed

/(Wi/s)

(=R7S outdoor indoor campus
GMM 9.58 14.54 4.89
GMG 8.33 11.92 4.14
MODGMM 11.50 18.18 6.36
CodeBook 15.04 21.81 7.82
SCGMM 73.92 91.49 47.78
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Table 3 Avg num of pixels for complex compute
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s MR ~f /5 %
SCGMM Hthy SCGMM Hift
outdoor 768 x 576 51757 442 368 11.70 100. 00
indoor 640 x 480 59 290 307 200 19.30 100. 00
campus 1 280 x 720 79 118 921 600 8.58 100. 00
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Fig. 4  Algorithms’ results of moving object detection (outdoor) ((a) original-frame; (b) GMM; (c¢) CodeBook;
(d) GMG; (e) MODGMM; (f) SCGMM)
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Table 4 Comparison of algorithms’ accuracy

6 & it
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GMM 80. 1 83.8 75.8
CodeBook 81.2 80.7 78.4
GMG 82.7 81.3 87.5
MODGMM 75.3 82.4 67.7
SCGMM 85.5 89.6 82.9
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