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Improved Bot-SORT for Slope Rockfall Monitoring

WANG Xiaoqing, YAN Ji,ZHANG Deyu

( Shenyang Ligong University, Shenyang 110159 ,China)

Abstract; A detection based improved Bot-SORT multi-objective tracking algorithm is proposed to
address the issues of small target size,small difference between rock and background features, and
fast movement speed of rockfall targets in slope rockfall monitoring. In the detection section, the
YOLOvV7 model is improved by introducing attention mechanism to enhance the model’ s ability to
extract stone features. Normalized Gaussian Wasserstein distance is used as a metric for the ground
truth box and target bounding box to reduce the model’ s missed detection rate for small targets.
The GIloU distance matching method is introduced in the tracking section to effectively track fast
falling rocks. The training and testing dataset is established through live shooting and Unity simula-
tion. The results of ablation experiments and comparative experiments show that the improved algo-
rithm in this paper can effectively improve the detection rate and tracking accuracy of falling rocks.
Key words: multi-object tracking ; rockfall monitoring ; YOLOV7 ; Bot-SORT
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Fig.1 Flow chart of the slope rockfall monitoring algorithm

AR AT % A BCHE ) YOLOVT Kl 2%
S AR R LS NWD EE & 5 2 HER
T R R E A Sk A B O o LR B SRR R
I 45 26 A i i) IR SR AR v AR A A
R 25 5 43S R R A B =2, oy
BEEEAE 5 R R 2 8 U SR A5 B 0 T AE 2 AT
GloU FEES VT IC, FR 15 5¢ T B 4w iy AH 0L BE BE i 40
W 5 fe S A9 2L 51 0 HARHE i 22 H bR R 2
(AT F 51

2 MiHE YOLOV? ELOH s

2.1 HEEIGH

ARSCEEX A M DNAT: 55 45 kG2 ) YOLOVT
PIZEARIZE R I & 2 fr7n . AP CBS R &1
g BRI — SRR  — D thsiEfl

JEFI—~ SiLU 3406 PREZ 41 AL ELAN R 241
CBS #&%3t  ELAN-H F11 ELAN 7£& 3808 AR
MP1 1 MP2 #4 i —~ 5 R Ak 2 T =4~ CBS 41
P Al ; SImAM 7R {3 & J) B8 ; SPPCSPC £ IR
FRIE 4 TR He ; REP B R 45 R AL bR ofE 1L
JZH A ; Conv 278 B FH; Up £ 78 IR #f; Concat
FRFHEPHERL G |

HCHEAY YOLOVT 4% Hh =21 90 45 1Sk 5 1 46
PRS2 B - 32 W 45 17 52 % i ALl A7 R AR
PRI, PRI =R R B RFIE L, 23 5004 T R
FEFS R (R RRAE S B3 SimAM FE 2 I ALH] , 5
X BAR AR ERE ) 5 Sk ER M 45 ffi 1] SPPCSPC A~
[FJZ R B REAE LA T Rl 07T TR0 H0 A ] RUBE
) HAR, JFEHE S (ToU) BEw BBy | A NWD J&
7, N BARRI AR



%48

F o4 . A3k Bot-SORT #4343k 3% 6 Wl 77 ik 21

——
s
= =

s

o
/¥,

%// 7 %
.

/7
PPCSP/'

i)

///!///
LAN-H

2 BER YOLOVT M4 45#E
Fig.2 Improved YOLOV7 network architecture
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Fig.3 Visualization results extraction feature for the detection model
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Fig.4 The improved Bot-SORT flow chart
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Table 1 Impact of the improved modules

on the tracking results

Ak MOTA/% IDF1/% DS

baseline 62.5 74.1 37

baseline + SimAm 64.9 77.4 47
baseline + NWD 45.8 71.2 43

baseline + SimAm + NWD 65.3 78.3 42
baseline + SimAm + GloU 65.5 78.6 42
baseline + SimAm + NWD + GIoU  69. 0 79.8 35

H % 1 Al e RTINS 5] A SimAM T
BEHLE S, MOTA $27F T 3.84% ,IDF1 #2551
4.45% ; FAAE R I 2% 5] A NWD ZUER AR 2R
FHAR B VE T S HLHI D NWD 414 51 AR 285
AL T B g SimAm, MOTA W] ik — 2342 7}
0.62% ,IDF1 ¥k 1. 16% , {H Rk 75 ¥ 19 5
ASHE—E R LI mERES B br 1D MU kAL,
TERIN %5 P 5] A SimAM , [A] i 76 B i3 28 R 51 A
GloU B, /1 L B 5] A SimAM, MOTA 34 Jii 1
0.92% ,IDF1 $2 55 T 1.55% ; F = Fh ot FE 455 e )
Bf g | A SEHERCAY b DUARAS T B A i SE g0 U 4
Heok HE R, MOTA 275 T 10.4% , IDF1 34 i1 1
7.69% ,IDS FEARFFF-

4.4 IFLbICLE

SRtk — 25 B E AR SR B R AR AR SCHLR
At A 0 198 356 R T ) B B R 9k AT R L S
5, BRARSCH PR B () YOLOVT 1R A K28

13

() %42(35&&Yow)

Ab, HAA IR 2 8 YOLOVT VR kil | 52
a2 B,

*2 S BAMRBREREEIIL

Table 2 Comparison of different tracking algorithm

A7 MOTA/ % IDF1/% IDS
DeepSORT 56. 4 46.6 248
ByteTrack 58. 1 72.5 33
DeepMOT 57.2 72.8 32
Bot-SORT 62.5 74.1 37
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Fig. 6 Results with YOLOV7 and improved YOLOV7
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