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Target Following Method of Mobile Robot Based on Improved YOLOX

WAN Qin"? LI Zhi' LI Yi-Kang' GE Zhu' WANG Yao-Nan*®* WU Di!

Abstract A target following method of mobile robot based on improved YOLOX is proposed to solve the problem
that mobile robots are difficult to follow the target stably in complex scene. This method mainly includes three
parts: Target detection, target tracking and target following. Firstly, the lightweight MobileNetV2X network is ad-
opted under the YOLOX framework to improve the real-time performance of target detection in complex scene.
Then, the improved Kalman filter is proposed to obtain the tracking state and data association is used for target
matching. When the target is judged by depth-histogram, the depth probability constraint and maximum a posteri-
ori (MAP) probability are utilized for matching, which ensure that the robot tracks the target stably under occlu-
sion. Moreover, target-following algorithm based on servo control is proposed, and re-id feature is introduced to act-
ively search for disappeared targets. Finally, qualitative and quantitative experiments on public data set and in real-
world environments demonstrate the efficiency of the proposed method.
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Structure block diagram of our method
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Fig.2  Depth histogram before and after occlusion
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Fig.4 Two-wheel differential drive model based on ZED
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Fig.5 Target follower movement control section
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Fig.6  Mobile robot platform
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Table 1  Test set video sequences
BN MBI (1/s) PR (BFR) RS 18] (s) ERTE H AR HESL WS W

MOT2008 25 1920x734 806 (00:32) 279 145301 180.3 AT
MOT2002 25 19201080 2782 (01:51) 296 202215 72.7 EP S

HT2114 25 1920x1080 1050 (00:42) 1040 258227 245.9 A K
MOTS2007 30 1920x 1080 500 (00:17) 58 12878 25.8 WATH
MOTS2012 30 19201080 900 (00:30) 68 6471 7.2 ALY I
MOTS2006 14 640x480 1194 (01:25) 190 9814 8.2 Hid

Hik, CTrack Bk, FairMOT &40 Real-time
MOT 5355 A SCRFHT H bR IR ER B b se i
K 8 JE AFRIEIETE MOT2002 #0417 51)_F 1) B i 45
R, DeepSORT FIEIRERIN R BRAK, HIL T K&
Tk B AR, B8 1, Object-1 755 26 Wil 4b T A
FOIRZ, B2 T DeepSORT 5ikAh, HAx 3 Fhiiikty
AEPRER H AR, {22 FairMOT 5%+ Object-1 &1}
ID H 40 224 1 60, HILE 3 ID {5 E V4. Object-
2 TE55 326 MR 4b T AR IESHIRAS, Object-2 H A5/
o 2 e s2m, F Real-time MOT A S
HFAT R fa g IR EE H AR, Object-3 7E55 2701 il
Ab T B B bR A A AR AT SO 4R A
DeepSORT 52, CTrack LM FairMOT 5% H
DUERER TR, AR SCEIER A 4 PR ERER ROR 5
4, X4 HAr 558 B B bR bE 5, B 8T
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SRR 4 S it (KR /R 2 e G 1 HARFEIE S,

A SCHEFS N 58 A MRS 1Y) ER BRI AS ) R
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H AR RS 0] 3, Be % f2ow BRI H ARAT A, R BRIAE
FTAXHEIFEM LT FairMOT HyE M T IR MR
LYW, Refs A SO RS 5 B Oy 1D B iR V)46 ) B

w10 Fros, 1251 B 5 R AT 41 vh ok
17 17 BARERERSCES, AN 87 T FairMOT A ST

SVERER A BRIEREE B, 658 10 WifT N ID-1 3884 1
HoAh B AR, w01 ID-10 B8RS f5 AR ORI T A R ER,
M FairMOT 53226 1% H bR R BRER N 1D-29, #
BESIAT N ID RAE T A4, o] WA SCHE M T
FairMOT 532 ID 5% I35, 0 W IR R4S H
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PREE 0] 8. R R AR SCE VR R AR UF MRS WU Fair-
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B35 TR YOLOX B bR il 5325 B 47 (i 46 i
PERE. J8 I 7R SEPR R 2 3% b I ERER 45 XS L, E
B T AR SCEEAE R Sl NF & LA B 1 see
PEFIHERA I, R B B A RIS .

EENTRELER

SE BT 3 9 E bR U G5V 1) VR 2L ik S B A
TEMREE b1 BR R SVE 0T S5,

221 B#ENEEERSIE

R B8 UE TN DX 285 AR EE AR D3] 457 % BR BT
WA RS 3 FEIREAT I 1) £4£48 YOLOX
R 2520 2) £ YOLOX HEZE T F MobileNetV2X X
B ETML; 3) £ YOLOX HEZE T F MobileNetV2X
B ET ML, BN R R KA. A E R
M B bt I 1 Re, 48R LM H BIVEAE R FR T, dn
M % (Presion) A 12 (Recall). F1 73 £0F1°F-5
M % (Mean average precision, mAP). &FF &
BEIEL (Flops, $478 GHz), 4553 03K 2.

W, WREE ) 58 2) Mtksefets, 18
HER R AR, F1 8 Pk 2648 22 A K1
LT, B ms F IR 21.79 GHz KiiE T B
# 8.65 GHz, ] Wiz S & L KIE T . BTk
2R FEITRE FE PR AT DLARS AT, R AERE B L 4%
NF & CPU iHER ARG, ZitEie
I ] () 8 B 2 A5 8 MobileNet V2X 5 g & B A
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g, sk 2) 550% 3) ftkRetats: KH
FR4axtiR % (Mean absolute error, MAE) H14)
7% 7% (Mean square error, MSE), /£ NWPU-
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Fig.9 Comparative experiment of FairMOT algorithm and our algorithm on mobile robot platform
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Fig.10 Comparative experiment between our algorithm and FairMOT algorithm in school canteen scene
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Table 2  The ablation studies of the proposed network
TFM%
1D Presion Recall F1 mAP Flops (GHz)
Darknet53 MobileNetV2X
1 vV 0.929 0.980 0.954 0.969 21.79
2 vV 0.910 0.972 0.941 0.970 8.65
3 v 0.935 0.974 0.952 0.971 9.46
4 vV 0.940 0.980 0.960 0.980 9.85

B FIHEAT ST B BT RN BGIE . KA SC SRS 4 R E
P BRI SR AR IR BE 22 21 & B DAR, IR AT %ty
Mr. L SEAFE DeepSORT 3%, FairMOT
BN CTrack By F Real-time MOT HLyER,
AR SCAEIX LRI 51 ER 2 B AREREFAERFE (Mu-
Itiple object tracking accuracy, MOTA). & 31
5 A BRI 22 I AIAME (Identification F-score, IDF1)
DL BR i B bR 5 & (Mostly tracked, MT) %%
febr, STFRAR SR R 3 Fion. MOTA $8briFAh
FEMERE, FEAEITEE A MOTA € (—o0, 100], 4
R I 2% O R R BRI 3 5 R BT AR B
Z HARIREEFE B MOTA N, IDF1 A IER R B
A SZHCR AR HCRE 2t MT VBRI h i B
PR BB AE A BRER H AR BT o5 R E ] ML A PR ER
R B AR SR A T BRI H Ar b BT 5 1 L TDs
N B K PR ERENLE U H AR AR 5 IR EL FPS (Fra-
mes per second) F/RMWUHZ, ALY /s, T
FF5 <1 7 RN A RN BOZ T 5 F8 45 1 e Bk T
g« L7 RoRBUEBR/ N ROZAFS B4R bRt Re AT

KIS WIHE 6 A B RS B, 5k 3 B
R, BACHEE:, FairMOT 2% MOTA. IDF1
5 MT #8brficlf. #£ MOT2008 ¥¥i%E b, A
R T IDs f845°8 591, B§ ZZ T FairMOT 5k
P 543, Hoptatrdd b I BE LT, 4355 T A M 450
AN T EIRMND S, o T IER R EE &y UTHC R, [H
SR FH S0t 1) R 7R 2 BB AR ) TN 5 TR R AR X
JURh 7 2% 1 41 B 300 5 00 S B AL AT %6 T AR SC
EEAR, AR BRI B, AR SCREAE MOTS2007
AR IER] T 39 Mi/s, 72 IEH YOLOX-M2X
W28 S PR, & TR alrles N HAREREE. 25 b
FITIR A% SC B BR B WU 8 Ll oAt H AR PRER SOVA 2
&, /£ MOTA $845. IDF1 #845. MT #8F5F1 ML 45
b ¥ AR
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Fig.11  Test results of different loss functions for
different backbone networks
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Table 3  Each performance index
WA H bR ERERBLE MOTA + IDF1 1 MT (%) + ML (%) | IDs J. FPS (i/s)
DeepSORT 47.3 55.6 30.10 18.70 625 22
FairMOT 52.3 54.2 36.20 22.30 543 27
MOT2008 CTrack 53.1 54.1 36.00 19.70 736 31
Real-time MOT 52.9 52.3 29.20 20.30 709 34
AICEL: 58.6 58.7 40.60 11.00 591 38
DeepSORT 52.6 53.4 19.80 34.70 912 24
FairMOT 59.7 53.6 25.30 22.80 1420 28
MOT2002 CTrack 61.4 62.2 32.80 18.20 781 32
Real-time MOT 63.0 63.8 39.90 22.10 482 29
AR 67.9 68.8 44.70 15.90 1074 35
DeepSORT 52.4 49.5 21.40 30.70 8431 24
FairMOT 63.0 58.6 31.20 19.90 4137 25
HT2114 CTrack 66.6 57.4 32.20 24.20 5529 22
Real-time MOT 67.8 64.7 34.60 24.60 2583 21
AR 73.7 68.3 38.20 17.30 3303 27
DeepSORT 53.0 48.0 22.70 28.90 89 23
FairMOT 60.1 49.9 28.40 25.00 135 27
MOTS2007 CTrack 61.2 54.0 30.60 21.60 68 30
Real-time MOT 64.0 56.4 33.70 20.30 104 33
A SCE: 67.9 59.3 35.90 18.40 98 39
DeepSORT 55.7 46.3 30.00 27.90 67 19
FairMOT 63.8 49.7 31.80 25.50 79 23
MOTS2006 CTrack 65.3 52.6 34.10 24.00 84 25
Real-time MOT 66.9 54.9 36.90 21.20 91 29
AICEL: 69.1 57.0 38.00 18.00 71 31
DeepSORT 49.6 47.9 24.60 26.40 85 17
FairMOT 52.8 49.3 27.50 24.90 68 20
MOTS2012 CTrack 55.7 52.1 29.90 21.70 78 23
Real-time MOT 58.1 55.2 34.00 18.50 64 25
A 61.3 56.4 37.50 15.90 58 27
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Experiment of mobile robot target following in

indoor environment
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K 13
Fig.13
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Experiment of mobile robot target following in

outdoor environment
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