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Emotional Robot Collaborative Task Assignment Auction Algorithm Based on Positive Group
Affective Tone

LI Hu and FANG Bao-fu

School of Computer and Information, Hefei University of Technology,Hefei 230009, China
Abstract Multi robot system (MRS) can effectively improve individual's autonomous cooperation ability,decision-making ability
and overall intelligent level of multi robot system by introducing individual emotional factors. However, previous researches main-
ly focus on individual emotional state (emotion, personality,etc. ),lacking of exploring the influence of group emotional state on
group cooperation ability and group effectiveness from positive group affective tone(PGAT). In order to improve positive effects
of PGAT in task allocation and reduce the risk of group dissolution caused by group members’ emotional decaying,as well as in-
creasing group cooperation ability and group effectiveness, this paper proposed collaborative task allocation auction algorithm
based on PGAT. The results of simulation show that compared with modified contract network protocol multi-robot task alloca-
tion algorithm based on anxiety model and distributed task allocation method based on self~awareness of autonomous robots, the
emotional robot collaborative task assignment auction algorithm based on positive group affective tone improves the pursuit suc-
cess rate by 269. 3% and 6. 5% ,and increases the task allocation success rate by 138. 7% and 5% respectively,and reduces the
average pursuit time by 14.5% and 26. 3% respectively. Besides,in 150 episodes of pursuit comparison experiment,the propor-
tion of the number of episodes whose pursuit time is less than the comparison algorithm is 87. 3% and 90. 7% respectively.
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Table 1  OCEAN personality model

Different Dimensions of Personality Description

Openness Creative,open

Conscientiousness Dutiful, discreet
Extroversion Enthusiastic, extroverted
Agreeableness Amiable., sincere

Neuroticism Calm, anxious

FE X BCHBHLER AT 5 4 Y 1) o R 15 348 19 SR AL
ar N R By )& b i B — A 4E BE XTI OCEAN #8884 w1y
Y,

Per=(q",° ,d" ,o* , V)

o' €[—1,1],'=N(u;»07),i€{0,C,E,A,N} (3)

u€[0,1],6€[—0.1,0.1]



AR AR IR T B DA A IR TR B 1 JRPIL e A UM AR 55 00 O SR B ik 171

TE X ACIE I IR BE T MR W RE 1) 717 25 1 e R A
H T2 R RIBRE 1 A E Y Extroversion 43t 500,
2 RE )1 EE 2 A E ) Openness 73 1 5210

Exp, =W % OF (€]
Hop, Exp, N5 HIRKGE ST, OF AR Extroversion
oy W B AUE

Sus; =W, % &Y (5
Horb, Sus: i 4 9 e W Re g . @F AR A P19 Openness 43
7w, BAGE.

3 ET SBR[ AMENRIBENEREFHER

3.1 [

TEHA RN Z I NS AL 5 B 2o Bdh m
A BIHE A DI GEHE N T RRB S BT A
A )B4 A 55 5938 3 BN Group; = (R v Ry -+, R, ), v
kARERES j A B B P A S HL A AR, AR R T R
ALK LR A3 WS R A AL &R A RP FIAE b 4T 55 1 3 9
HlL#s A RE

E X S5GERLAF N

RP;={Pos; (1) ,Cap; s Emo; (1) sExp; » Sus; )

Horpr, Pos: (0 R334 Bl & A1 T8 AL b5 AL B (25 300 Capy
TR BV NRIRE SIE  Emo, FBIVLEE RIS 40K S
(B, Exp; RBMALA A 0ERIE 68 1B, Sus; Rm BT
HLas N B IR U e I (B

EX6IRBIERED Con £IRiE Tﬂi%‘ZlﬂjH’Jﬂf?A
YERBIERE ] m o m BAERE . Con; RyniBII A RP, 5iBHi#E
RP; Z 8 B I & & 1E R EL Cony :k,k€[o,1],,\ﬂlﬂ Con; =
1 RRBHH RP, MIRP; FHEBKREGIERTR, Con; =0 £
NBHHH RP; FIRP; ZH KR GIEXRR,

Cony =By * Py, +, * Py, (6)
Foift, P, FRIBHH RP, A RP, MGk B0 2 19 i T 5 4
PERBL P, FmBHH RP, A RP,; Xk #2509 15 5 0K &
BIEREGE 8.3 MFR Py, Fl Py BIARLE . H B +p.=1,

TE X TUERAE S Mk ML E O

RT;=(Pos; (t) sCap; sReward, >
Horr, Pos; (o) 7R 8 M AL & A B9 0 AR AR 2 B (25 ;) 5 Cap;
TR Bk ML Y BE F11H . Reward; %7138 i H A B J 51 2
FIHLER A RT; BH3AT A9 4R

E X 8 E)  H Income; T
BB AT 55 T AR AT 1 I 4
=Reward; — 2

RP; € Group;

H, Reward; Fm 840 H B\ Group; 58 BB i 1F 55 i 3815 10
W 5 Cost ., FmiBHFI A Group, HHBHIFH S 5HATIE
AT 55 9 B 22 1A JH {0 B0 e 3 4l AT BA A B 39036 4 A
PR S 5 Cost i, A RV AR A, HEAB HUDR 38 4007 11 BA B 5% A 17 JtR
2R 5E S8 F AT 55 14 R E S8 4l 1

EX IULEF A EH ) H Q.=
AT I8 AT 55 WAL 55 4 BE ARG B .

1, i MBS AS S5PATE ) MES
q"’:{o, Eﬁh

B A Group; 52

(Cost i, — Costaiance, ) ()

Income;

(g FRBRMESS

EX 10GEM WA UREE KSR Z )5, B4
VA BA BT 58 B T 3B AT 55 D“JMI?%{A AL 7 WA 8
WRM. ESGBMIKITE [

Fovb, N, IR 788 AT 55 3 L 5 36 47 P BAMEE 58
BIUCEL . N, R 1B 7L

EX 11(41%67‘%6!&%%) TE 58 AT 55 2 L )&, 36 4 7
BATT R SR AT I8 44 55 o B A I AR P, 2308 4 P BA K e R R
RE 5E BB A1l AT 55 BE A1l AT BA A 5% 14 17 45 8 s ) — A R, )
A 36 4 2% W, 36 Al 14T BA A% J#F'xjﬁﬁ AL 55 43T L
B B XAEF IR E [ N

PR ;
Hivewwe + Hrate

Holt, Hrea 78 7E 58 AT 55 2Z T 38 47 11 BA & 28 Ak B0 v 5
H ssccess 72 715 8478 P A 18 200 52 180 41 A 55 19 U
3.2 BETERE

AR A 0 2 v 5 J 5 B 1Y B
RME LT o NG 15 R 2 4%
IR RIREOCR.

TE X 12(CHLA% NN 2% 5 o6 250

I,=1_, xexp "' (11D
Hop, L AL ARERMLERAAE ¢ A0 e — 1 B 200 009 19 JRm 5 1) &
fey AR TR R W R, AN ) A 0 1 JRRATL i A I 0 3 B
AN 5 T AR N e e el ) 4
3.3 BHERER

TEA ] A AL A% NGB 141 BA b B A AL A% A RP; 19 1% J ik

JE A AN 32 TR 455 PR 2RI SRR SR ML ) Y 5 ) L 3 A2 AT B SR 2

V) 1 & B L B 520 . S A AT BA R D1 RP; 7R 28 3o 5 46 TE e Ar
B LS, HAE 25 1H A -

1—“ o+ faeee €[041] 9

ST B A AL 55

(10>

P E R B Al T
L 5 T (61 S 4 2 S T 3t T

E ()= > Sus; Exp; * Con; * wy; * AE; (1)
i7j+Robot ; € Group,,
(12)
Hr,
_ Exp; conj;
@i 2 Exp;con i
E, € Group,
E,—E;, i#j
AE; ()=
0, others

wy; HEBNHHLEE N RP, 7EF B\ Group, W EUE , R
RP; TEWI A B ¥ W 1. Exp, #amHLEE AN RP, 115 &
FRIRBE ST, Sus, FRHLEE A RP, RS BRI WCHE S, Cony IR
HL#E AN RP, MIRP; Z MR & 1EREAE, HHLEE A RP,
HIRP; Z [0 (15452218 .

3.4 ETEEBRNBADENRRENEBERE

U P IS 7 Ja 356 1 2 T A L ) JRRIR A 2 i A 8 5
T 2 TE Y 1 A L LS TR G — i A A T A1 JERR
A, Xwk[22] % A9 TIPSO AL (4n /1 Fr ) & H 8Bk 5%
PGAT B9 3 A R AL PGAT B8 Wi 2 %143 R 4 A~
By B Ciiy A B ARZS R D L RS0 I T BB B 2 %
RSy X X G W PGAT MR AR ST 28 T BB 50,



172 Computer Science THEHBIZ  Vol. 47, No. 4, Apr. 2020
Individual Level: Group Level: PE( Personality) , A AN AR IR 25 32 03 AR B B Y T 4 o U
. ’ 1.Group Member Connection Coefficient - . . N .
;AIE::;E);ity 2.Group Member Emotional Expressive Ability (Decay) . ¥ 53 $] # ( Stimulate) F1% 24 18 42 #L # ( Emotional
Input |~ 3.Gi Member Emotional A tive Abili ~ N , A N v
mput | e 3.Group Metiber Emotionl Accepive Abilty Contagion) iy 1600 , i A B B 0 AT A J2 - 4 AT A A B 066 %
etc.

_________________ l .

Emotional Aggregation Process
1.Emotional Contagion

Process 2.Emotional Decay
3.Environmental Stimulation

Group Emotional State:

State Positive Group Affective Tone
Group Level:
Output 1.Behavior
2.Performance
etc.

B 1 TIPSO Bl
Fig. 1 IPSO model

R S AT I Y AT BN I TR 22 T A R AR AT BT R A 1A B4 1
AR BRI T T 2 A AL AR A PR 1) B 1T BA AR SRR 9 A
BN 2 Frs) FIA R AR, ZE A E 2 42 H (In-
dividual Level #I Group Level), £ f£ 4 4> B B (Input,
Process, State, Output) .

BB B B S PGAT 1 AR A i A T
YE . Hi A B B A 2 T8 A2 & A 7R 1BOIR 2 (Emotion) F1AS

Z B (Group Member Connection Coefficient) . A BA i 51 43 Ui
HE 771 (Group Member Emotional Acceptive Ability) F1 1 BA %
51 # 3K HE 71 (Group Member Emotional Expressive Ability)

SRR B A B B A T 2 1 L 2% A B 8 R 14T BA
5 R AT AL P A% 0 o 3 R Y B A )2 T 1 A R R
PABE 0 5 ; P BN )23 T B 5 17 28 8 4k (Emotional Chemotaxis) Fl
1 4575 Y (Emotional Contagion), H: H, 1% 45 4 fb ML # 00 #i
AL 3 PR - AT BA B 5315 BRIk 25 | T BA 5 A4 T BA B
BB R RE, AR 32 TR R I B IAT A )2 T Bk
B——PGAT., 154515 S HLH A5 A LS 4 R8O A1
R ZS (Emotion) . 1 BA B 51 16 & 22 85 . A BA K 5% 422 Wi g g L A
BA B 53 33K BB 77 5 HG 32 T A S A AT BA I B3 9 A7 4 A T Ik
X AT A R A AT I 2 T Y DA 2 55 1T A L 5% )19 245

RSB B % B B A 5 141 BN )2 T B B AR A A 155 R 2 IR
2 HAR H 1 25 A S5 SR P, I 52w P BA R 53 A 1 D o ol
B (Decay) . Al B\ i 51 09 4~ 7K 17 A (Behavior) Fil A1 BA £ 2%
(Performance) ,

iy 10 B B« 1% W B AL 2 A BA O B3 4T S (Behavior) 1 AT BA
AR S HAR P e AT BRI SR 1 8% 32 30 1 DN 5 T 42 52 e [A]
BA B 53 1 1 IR A

Input Process State Output
'd N\ ™
- <
St <

Decay
Individual B
level Personality

f [

Emotioal [ o
Chemotaxis PGA

Group Member
Connection Coefficient

Gr Group Member Emotional
110U117 < Emotional Acceptive contagion
eve

Ability

Group Member
Emotional Expressive

\ Ability

B2 BT ZRERILGA

Performance

IR B ARURG AT A I i A6 224

Fig. 2 PGAT model based on emotional multi-robot cooperation
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Fig. 3 Recruitment of sub-group leaders
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12. Qs«max@lmcomek»/*%;ﬂ@%ﬂﬁ&ﬁ%ﬂ@iﬁﬁ%@&
AT R R RS B MERE + /

13. PGAT<{,(RP,RT.Q,)/ * AR4E = (13) 1H5 &4~ 38 4 T F BA i1y
TR 11 BN e B A > /

14, if min(PGAT)<C0/ * HI Wi & 15 17 £ 36 7 B BA 1Y PGAT fHA
it 2 SRS 0 > /

15. PGAT=<0;

16. else

17. Q< QUQs/ * BB T W BAEIH 52 8 — D IMEE =/
18.  end if

19. for j<1 ton do

20, i Capgao, =Caprer, / * 35T A AE 1 K F 20 % T 6 30
HESE */

21. NG<-NG+1;

22. endif

23. end for

24. end while
25. return Q,

26. end algorithm
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Fig.4 Recruiting sub-group collaborators
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Fig.5 Impact of team members’ relationship coefficient and group

members’ emotional value on positive groupaffective tone
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on team’s positive team emotional tone
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Table 2 Properties of pursit robot
robot Pos Cap Speed Emo Per Exp Sus
P, [21,72] 4 3 [0.19,0.47,0.69] [0.29,—0.64.,0. 26,0.92,0. 06 ] [0.05,0.73,0. 26] [0.19,0. 42,0. 48]
P, [102,41] A 3 [0.69.0.43,0.03] [0.56.0.84.0.86.0.31,—0.24] [0.42.,0.54,0.94] [0.12.0.58.0.22]
P, [20,179] 4 3 [0.76,0.31,0.53] [—0.72,—0.70,—0.48,0.68,—0.49] [0.41.0.98.,0.30] [0.38,0.58,0.25]
P, [34,21] 4 3 [0.65,0.40,0.41] [0.62,—0.51,0.85,—0.30,—0.61] [0.70,0.66,0.53] [0.29.0.61.0.26]
Py [166,6] A 3 [0.71.0.96.0.63] [0.48.,—0.62,0.37,—0.63,—0.26] [0.69.0.66,0.17] [0.82.0.98.0.73]
Py [148,142] 4 3 [0.42,0.30,0.61] [0.25,0.56,—0.83,0.85,0.55] [0.12.,0.99.,0.17] [0.34,0.58,0.10]
P; [16,44] 4 3 [0.77,0.72,0.09] [—0.02,—0.12,—0.10,—0.38,0.01] [0.03,0.56,0.88] [0.90.0.87,0.81]
Py [41,161] A 3 [0.26.0.15.0.68] [0.02.0.63.0.58.0.28,—0.24] [0.66.0.19.0.36] [0.26.0.59.0.02]
Py [170,81] 4 3 [0.34,0.52,0.45] [0.62,0.06,—0.29,0.87,0.75] [0.46.,0.98.,0.15] [0.42,0.31,0.16]
Py [131,119] 4 3 [0.37,0.51,0.94] [0.10,0.24,0.17,—0.58,—0.39] [0.85,0.64,0.37] [0.17,0.42,0.09]
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Table 4 Comparison results of different algorithms (1)
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Table 5 Comparison results of different algorithms (2)
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