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Abstract: Currant research on the motion control strategies of the social robots walking side-by-side with a target human
body (i.e. human accompanying and obstacle avoidance) is deficient. To improve the accompanying comfort level, and the
motion compliance and safe obstacle-avoidance performances of the robot, a human-accompanying and obstacle-avoidance
control strategy is proposed based on admittance control. Firstly, an interaction force model is designed based on the theory
of human-robot interaction space, which describes the dynamic human-robot interaction relationship to prevent the robot
from infringing into the companion’s intimate area, thereby enhancing the comfort level of the companion. Secondly, the
admittance control model is combined with the interaction force model to improve the motion compliance of the robot
through optimal admittance parameters. Finally, a behavioral dynamics model is introduced to simulate the human obstacle-
avoidance behavior, thereby ensuring the safety of the human-accompanying task. Additionally, a set of evaluation indexes
are proposed for human-accompanying performance. The simulation results show that the robot velocity change under the
proposed method is reduced by 69.6% and 67.1% respectively compared with PID (proportional-integral-derivative) and
VSM (virtual spring model) methods, demonstrating its advantages in terms of compliance; in terms of comfort, the robot
doesn’t cause discomfort to humans; in terms of safety, the obstacle-avoidance failure rate of the proposed method is only
10%, better than the 40% and 50% of APF (artificial potential field) and VSM methods. In the physical experiment, the
robot exhibits better compliance and comfort performances, and the obstacle-avoidance failure rate is only 5%. Therefore,
the proposed method effectively achieves safe and friendly human accompanying and obstacle-avoidance control.

Keywords: human-robot coexistence; human-accompanying; admittance control; behavioral dynamics; social robot; ob-

stacle avoidance
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Fig.1 System model of the two-wheel differential mobile robot
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Fig.2 Schematic diagram of the human-accompanying model
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Tab.3 Results of the simulation comparison experiments
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Fig.7 Simulation experiment of the robot human-accompanying along a 8-shaped trajectory in an environment with obstacles



95 46 B5 3 ] BYRR, S5 BT SYUHEHIROAEASHLE AR 5 8 R ] SR 313

NISEE Xk, fREE T HARNEPIE . SLind R
WERH, AR T HbR AETIE AL,

N T AR ASCHEHRIZR AR BD (4T N30 1%
AT Pl e 1 e, DL K ) AR M R I B AR
TE[F]— Sz il 28 R BB b seit. 43k A
VSM 22 Rl APF 291 5 A Dy ik i 56 0 5 A ST 5 7%
XTH. VSM VE B FEig p il 4 b IE e & o514
LR TE B AR, I R A e AR ok
5] SR N8, 1 APF 52 7E R iS4 A 1 % B
Khatib #3720, X 77 55 i 45 310kt 5k 57 428
e b, TERI—AT NE) )RR T, KT
TC 77 1) 4 o) B A ME I LA N R I LASGHIE 12 M2
HIER, LI RAER 7 Hhrid 8 BD2,

Kl 7(a) KR IS 842 0.3 m RERS4),
HEW AR dg N 0.6 m, 1 1, JAIBERE R B VR 5
YEF PR AR Z1 . ARAEEE AT %0 APF V5 T HLas Akt
W 5 SR AT WA A EE B, 1 VSM TR B A% T 2L
N BERESYIE SR, hAh, ET R A EE
AMERT, HLES AU AFLE B B R AR

Kl 7(b) H =R H BD VEIHLER A I FERE R Z1E 1
Ht, AEB B /NT APF 3 F1 VSM %, BIVLE i s AL
a5 N e T a b e 5 A I AERIR S, BB THA S
SAEREE SRR . A, TETT 1) AR R M
(IR N 0 11 B 12 22 B K B SO B 1

Bl 7(c) 1y B 1, BT B YRR SR BORFEAE A, AL
an N il B S g ps o, AR S 4 T A
K APF 1£ M1 VSM Vi 8E (5% 3437 ) 43 B 45 B 35 %
TRHLES N IILRIE R, 7 Jh e i 2 o) #8875 i o B K
P & DAAMENL A AN BB k. T BD AR Y
WLas NAENE, RIS isdl &R P, A8
T AN RS R I 22 2

Bl 7(d) H 1 Ab U HLER A1) H B N — (R0 ek e
VIS, S AN R G gt N2 L A X 385 A
JFAHE, R IR S g gs 2 5] S5 A
PRFEERIER, CRIEARIETIE L.

R TSI AIE BD VA AE BB R I R )
s, (ER 7 IR eat b, KRR BENL IR B e
A NTTHAAT BEER A . AL 38 08 B [ S P B T8
GRIT B BT RE R J5 4k 21 58 AL BEAT 55, A E
WERRE RN, ARAESRAR (20) THEL 3 FhO7VE P LA AR
WERE R, BRINR 4 R R Kb, R
F BD B} Bl #s N f 2k 0% B B T APF VE A1
VSM %, H R [F & APF v2: [ 38 [ o8 0 25 5 B N =
AR, T VSM VM B AR, 5 SRR
WLES N TC i H 2 08 1 18 2 5 DA RIIRE [ iS40

R4 PIHEREAESEER
Tab.4 Simulation results of obstacle avoidance tasks
BD APF™®! vsMmP2

(7.3,0.5) I R KL
(0.5,—1.7) HIh &I BT
) B R
(2.5,-3.0) BIh K
%ﬁg (05,-7.5) KM KM RIK
(x,y) (40,-10) ph KK J)
) I ORI Rk
) I ORI I
6.5,—2.3) I R DRz
) I R RIK
Prail 10%  40% 50%

IR SRR 25 REGAIE T AT B A TR g
TASEAERTLES N B TR R A, [
BFISUE 1 7 ) AR 428 ) B f M A 251k
33 SHsig

N T B UEFT IR T IEAE AR LA N R G E A AL
PE, W Z RN NME SR &, dit
F= AL I8 15 A5 2 S T AR 0 B g AP A T g 1 0 2
BARSLIOHLE a1 8 Frm.  AWLAEBE RE & 1R i
17 Matlab 2B A £, H5ZEE T HHL ROS REAE
Jry 3 ) C B R 2 ML S A, ROS RGuH & 1
JER AL 1B BN T AR AR B B R L, R
i R P E I RN EE AN Fe Bl IbAh, FESK
LA N E3ERL T —% Amfitech 2 &) 1 HL PR ER
SENELL, AN AmfiTrack-Gen2. 1Z AR [ T4
Jir 3 S T AR AR A 2R T R i e A R ) 28 AR W 3

.
|
|
|

Dk | aERR
e

N
.l
L L
| i |- ———— ] ~
i i i
1 B ga | !
| MATLAB o : i
|
i

. Intel | VICON |
| i5-7500H

Vero

[
[
PR

-
Intel NUC i5 O RBRERE MR

i [c)ROS .UsB gy EMF 3
i EYTYERR oot Orerating System 3100 HZE ' ? z i

Ubuntu 20.04 +
ROS Noetic

K8 AWLPERE RS B K

Fig.8 Experiment setup for the human-accompanying system
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Fig.9 Experiment for human-accompanying robot with obstacles in real-world
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