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1. Proof of Eq. 9 
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Proof. The posterior distribution of {𝐹𝑖
𝑙(1), 𝐹𝑖


𝑙(2), … … , 𝐹𝑖
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According to Bayesian formula, 
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2. Proof of Eq. 10       


Theorem. Assumptions are the same with Eq. 9. The logarithm likelihood function L(μ̂i , σi
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follows, 
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3. Visual Detection Results on the CDnet2014 


 We present the visual detection results of 12 videos in CDnet2014 in Figure 1. These videos are respectively highway in 


baseline, fountain02 in dynamic background, traffic in camera jitter, library in thermal, sofa in intermittent object 


motion, copyMachine in shadow, skating in bad weather, turnpike_0_5fps in low framerate, bridgeEntry in night video, 


intermittentPan in ptz, turbulence2 in turbulence and fountain01 in dynamic background. Original image represents a 


single frame of the video. Ground truth representing ideal dynamic objects is provided in the form of pixel labels by 


CDnet 2014 as quantitative evaluation. Results of STSOM are shown in the form of binary images.  


 In Figure 2, we respectively show the visual detection results of STSOM, SSOM and TSOM on three videos, fall in 


dynamic background, traffic in camera jitter and pedestrians in baseline classes.  
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Figure 1. Visual detection results of 12 videos in CDnet2014. 


 


    


     


     


(a) original image       (b) groundtruth       (c) STSOM result        (d) SSOM result      (e) TSOM result 


Figure 2. Visual detection results of STSOM, SSOM, TSOM on fall in dynamic background, traffic in camera jitter and 


pedestrians in baseline classes. The first row: fall. The second row: traffic. The third row: pedestrians. 


 


 


 


 







4. Re, Sp, FPR,FNR, PWC, Pr and FM metrics on CDnet2014 


 


In this section, we list all results of the proposed STSOM tested on CDnet 2014. CDnet 2014 totally includes 53 


scenarios, categorized into 11 classes, baseline (BL), dynamic background (DB), camera jitter (CJ), shadow (SH), 


intermittent object motion (IOM), thermal (TH), bad weather (BW), low framerate (LF), night videos (NV), PTZ (PTZ) and 


turbulence (TU). 


 


Table 1: Results on baseline 


 Re Sp FPR FNR PWC Pr FM 


highway 0.9620 0.9979 0.0021 0.0380 0.3223 0.9367 0.9492 


office 0.9543 0.9981 0.0019 0.0457 0.9429 0.9905 0.9720 


pedestrian 0.9823 0.9995 0.0005 0.0177 0.0698 0.9582 0.9637 


PETS2006 0.9590 0.9984 0.0016 0.0410 0.2490 0.9327 0.9457 


Average 0.9644 0.9985 0.0015 0.0356 0.3960 0.95459 0.9576 


 


Table 2: Results on Camera Jitter 


 Re Sp FPR FNR PWC Pr FM 


badminton 0.9428 0.9938 0.0062 0.0572 1.1432 0.9456 0.9442 


boulevard 0.8900 0.9915 0.0085 0.11 1.5085 0.8790 0.8845 


sidewalk 0.8259 0.9941 0.0059 0.1741 0.5907 0.9116 0.8666 


traffic 0.8121 0.9836 0.0164 0.1879 4.3102 0.9013 0.8544 


Average 0.8677 0.9908 0.0092 0.1323 1.8882 0.9094 0.8881 


 


Table 3: Results on dynamic background 


 Re Sp FPR FNR PWC Pr FM 


boats 0.9418 0.9997 0.0003 0.0582 0.0595 0.9415 0.9417 


canoe 0.9613 0.9992 0.0008 0.0387 0.1264 0.9371 0.9465 


fall 0.8565 0.9971 0.0029 0.1435 1.5555 0.9669 0.9084 


fountain01 0.7655 0.9989 0.0011 0.2345 0.7419 0.9509 0.8482 


fountain02 0.9373 0.9999 0.0001 0.0627 0.0275 0.9633 0.9501 


overpass 0.9196 0.9997 0.0003 0.0804 0.1275 0.9742 0.9461 


Average 0.8970 0.9991 0.0009 0.1030 0.4397 0.9557 0.9235 


 


Table 4: Results on intermittent object motion 


 Re Sp FPR FNR PWC Pr FM 


abandonedBox 0.9698 0.9916 0.0084 0.0302 0.9693 0.8792 0.9223 


parking 0.8572 0.9941 0.0059 0.1428 0.7800 0.6716 0.7531 


sofa 0.8799 0.9956 0.0044 0.1201 1.0782 0.9211 0.9000 


streetLight 0.8755 0.9958 0.0042 0.1245 0.5235 0.6439 0.7421 


tramstop 0.7162 0.992 0.0080 0.2838 2.4358 0.8495 0.7772 


winterDriveway 0.9201 0.9925 0.0075 0.0799 1.0931 0.8592 0.8832 


Average 0.8698 0.9936 0.0064 0.1302 1.1467 0.8041 0.8357 


 


 


 


 


 







 


Table 5: Results on shadow 


 Re Sp FPR FNR PWC Pr FM 


backdoor 0.9554 0.9994 0.0006 0.0446 0.1376 0.9662 0.9607 


bungalows 0.9654 0.987 0.013 0.0346 1.4133 0.8043 0.8775 


busStation 0.95 0.9924 0.0076 0.05 0.8916 0.8001 0.8686 


copyMachine 0.8835 0.9912 0.0088 0.1165 2.0433 0.9240 0.9033 


cubicle 0.8708 0.9933 0.0067 0.1292 1.2142 0.8580 0.8644 


peopleInShade 0.8966 0.9891 0.0109 0.1034 2.1296 0.9124 0.9044 


Average 0.9203 0.9920 0.0080 0.0897 1.305 0.8812 0.9003 


 


Table 6: Results on thermal 


 Re Sp FPR FNR PWC Pr FM 


corridor 0.8724 0.9946 0.0054 0.1276 0.8192 0.7907 0.8295 


diningRoom 0.8752 0.9831 0.0169 0.1248 3.3485 0.9039 0.8873 


lakeSide 0.6939 0.9948 0.0052 0.3061 1.4059 0.8019 0.7440 


library 0.9388 0.9875 0.0125 0.0612 2.9281 0.9753 0.9536 


park 0.7488 0.9962 0.0038 0.2512 1.3965 0.8941 0.8150 


Average 0.8258 0.9912 0.0088 0.1742 1.9796 0.8732 0.8488 


 


Table 7: Results on bad weather 


 Re Sp FPR FNR PWC Pr FM 


blizzard 0.9462 0.9981 0.0019 0.0538 0.6489 0.8999 0.9225 


skating 0.9936 0.9968 0.0032 0.0064 0.39661 0.9548 0.9738 


snowFall 0.8089 0.9968 0.0032 0.1911 0.2783 0.9102 0.8565 


wetSnow 0.9013 0.9998 0.0002 0.0987 0.30783 0.7298 0.8665 


Average 0.9125 0.9975 0.0025 0.0875 0.4080 0.8736 0.8926 


 


Table 8: Results on low framerate 


 Re Sp FPR FNR PWC Pr FM 


port_0_17fps 0.6149 0.9994 0.0006 0.3851 1.5315 0.9891 0.7583 


tramCrossroad_1fps 0.9712 0.9358 0.0642 0.0288 1.4367 0.6127 0.7514 


tunnelExit 0.6729 0.9818 0.0182 0.3271 1.5999 0.8937 0.7678 


turnpike_0_5fps 0.9635 0.9923 0.0077 0.0365 1.5694 0.7831 0.8640 


Average 0.8056 0.9923 0.0077 0.1944 1.5478 0.8197 0.8125 


 


Table 9: Results on night videos 


 Re Sp FPR FNR PWC Pr FM 


bridgeEntry 0.6006 0.8543 0.1457 0.3994 4.612 0.2508 0.3539 


busyBoulvard 0.3660 0.9719 0.0281 0.634 4.3097 0.7530 0.4926 


fluidHighway 0.5679 0.9302 0.0698 0.4321 4.4879 0.2760 0.3715 


streetCornerAtNight 0.6539 0.9845 0.0155 0.3461 1.7137 0.6639 0.6589 


tramStation 0.7947 0.9820 0.0180 0.2053 2.2269 0.7452 0.7691 


winterStreet 0.6013 0.9876 0.0124 0.3987 3.5699 0.5058 0.5494 


Average 0.5974 0.9654 0.0346 0.4026 3.4946 0.5325 0.5631 


 


 







 


Table 10: Results on ptz 


 Re Sp FPR FNR PWC Pr FM 


continuousPan 0.9456 0.9399 0.0601 0.0544 6.3378 0.4208 0.5825 


intermittentPan 0.6466 0.9948 0.0052 0.3534 2.0008 0.7324 0.6868 


twoPositionPTZCam 0.7141 0.9974 0.0026 0.2859 2.224 0.5185 0.6008 


zoomInZoomOut 0.8571 0.9823 0.0177 0.1429 2.1204 0.1134 0.2003 


Average 0.7909 0.9731 0.0269 0.2091 3.1760 0.4462 0.5759 


 


Table 11: Results on turbulence 


 Re Sp FPR FNR PWC Pr FM 


turbulence0 0.7421 0.9999 0.0001 0.2579 0.1131 0.7286 0.7353 


turbulence1 0.7536 0.9998 0.0002 0.2464 0.136 0.6751 0.7122 


turbulence2 0.8896 0.9999 0.0001 0.1104 0.027 0.9453 0.9166 


turbulence3 0.9739 0.9998 0.0002 0.0261 0.4358 0.7159 0.8252 


Average 0.8398 0.9989 0.0011 0.1602 0.1780 0.7662 0.8009 


 


5. Demo 


1) We present 6 demos to respectively show the results of the proposed STSOM method on the videos of 6 categories. These 


videos are respectively highway in baseline, badminton in camera jitter, canoe in dynamic background, sofa in intermittent object 


motion and library in thermal, named “stsom_videoname”. 


2) We present 2 demos to respectively show the results of two comparison methods SSOM and TSOM tested on canoe, 


respectively named “ssom_canoe” and “tsom_canoe”. 
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