wfﬁ-’ffh?f*l'?

COMPUTER SCIENCE

B ENFEARNERUEIRT R E IR L IESR
BT, i, BIHE

5IAEX

BTl B, EIE. B ENRARFRENEER B SSIMEZR )] HEHRE, 2023, 50(7): 1-9.
XUE Yuanzhou, YANG Shuo, MAO Xinjun. Adjoint Observation Schemes and Software Implementation
Framework for Autonomous Robots [J]. Computer Science, 2023, 50(7): 1-9.

BN EEE (SERXINEE IE SR EENE)

Similar articles recommended (Please use Firefox or IE to view the article)
ZURFHTESTANDEES LIRS R KET AR

Survey of Analysis and Solutions for Multi-UAV Cooperative Mission Planning Problem Under Multi-
constraint Conditions

HENRSE, 2023, 50(7): 176-193. https://doi.org/10.11896/jsjkx.220700066

ETEEHHEMBZASENNEER EHFESRKNTTIE

Satellite Onboard Observation Task Planning Based on Attention Neural Network

HENRISE, 2022, 49(7): 242-247. https://doi.org/10.11896/jsjkx.210500093

FREEF KR AR HNEESHES T

Modeling and Simulation of Q&A Community and Its Incentive Mechanism

HENEISE, 2020, 47(6): 32-37. https://doi.org/10.11896/jsjkx.191000088

EF SRRt X For kIBEBEER X
Approach of Automatic Fork Summary Generation in Open Source Community Based on Feature
Extraction

HENESE, 2020, 47(3): 25-33. https://doi.org/10.11896/jsjkx.191000087

—FEHBRAESANEERER RN
Multi-robot Mission Planning Algorithm and its System Implementation

ITEMELEE, 2010, 37(6): 252-255.


https://www.jsjkx.com/CN/10.11896/jsjkx.221200020
https://www.jsjkx.com/EN/10.11896/jsjkx.221200020
https://www.jsjkx.com/CN/10.11896/jsjkx.220700066
https://doi.org/10.11896/jsjkx.220700066
https://www.jsjkx.com/CN/10.11896/jsjkx.210500093
https://doi.org/10.11896/jsjkx.210500093
https://www.jsjkx.com/CN/10.11896/jsjkx.191000088
https://doi.org/10.11896/jsjkx.191000088
https://www.jsjkx.com/CN/10.11896/jsjkx.191000087
https://doi.org/10.11896/jsjkx.191000087
https://www.jsjkx.com/CN/Y2010/V37/I6/252

0 'H‘ :ﬁ‘ *fh ﬁ‘*‘ ‘% http: /www. jsjkx. com

COMPUTER SCIENCE DOI. 10. 11896/jsjkx. 221200020

4

BEMNFANFEUREXNRERGELHIESR

Bl B ' EWE'

1 EHAFEAFIHENFER K 410073
2EAFAZFARUH IR EHELELRE K 410073
SEFHRKAFRAIEFEKR Kb 410073

(yzxue@nudt. edu. cn)

i E AIMBAR—RBEATARAFRRET THERRPHAALAETANCEDZRZA . CREESFEREFTERSAE
FARGFEERST, REREGHEERETFTIFEANGIT ARSI FEN TENARRE AR TARFTHLERRIFLR
B APl ENBANESFZA, LRFMTEINBARFEGITALR PRI EIRETIESHNER, —F @, A £
MBATETAREPATI R RS AERER L THGNR, FATURGERAT R ERPAET AR RIMEA
IR RBATAH R KL EO LR E, A —F @, LRNR AR JATTAGLERARIT THREN R E AR EL LG L
M I T ZAMBANER AR AL FRM G R AERGRGEEN . RN ENEARGNETEG TR I,
At LR AARBAEIMBAFBITANEEA , EXENNESA BT AZ MG L X R REITARATRERE
PR AT R A IR AL X A B AR LR AR, AR I A T BEASIRE TG Bt Ak TR RN, LR, FAT —# A4
T4HMERALG D ZINRARMEFLER AutoRobot , IZE RPN BANERRE AL BANIN B HE S —M O ET0RMSEH
ek F Ak kM g 2k K AR FIL LR AR AL X . AutoRobot E R A RR A & F kXA ET AT EA
R AM THAXF A ENBARGA I AFSGHITL, KB TRTHARRTH EELSH,8E5 ROSPlan ## DES-
POT WA B £ B AAL S AR A AT 7 kAT 3500, B0 38 T 28 T4 RE AL BSAE X a9 42 5L R 5 3h AT 09 3 20k A B 20k,

KW 8 B IFAIRIE A AR B X A S AR 42 5 AT

mEESES TP311

Adjoint Observation Schemes and Software Implementation Framework for Autonomous Robots
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2 Key Laboratory of Software Engineering for Complex Systems, Changsha 410073, China

3 College of Systems Engineering, National University of Defense Technology,Changsha 410073, China

Abstract Autonomous robot is a kind of cyber-physical system which operates in an open environment and can make and execute
its behavior autonomously. It generates and executes effective plans according to the task. The dynamic change of environment
state often results in that the planned behavior strategy is no longer applicable to the current environment and the results of be-
havior execution are not in line with expectations,thus affecting the task achievement of autonomous robots. The above problems
pose challenges to both the behavioral decision-making and the construction of autonomous robot software. On the one hand,au-
tonomous robots need to strengthen the observation of environment states and their changes during the execution of its behavior
strategy,and adjust the behavior strategy in a timely and flexible manner based on the observation results, which improves the
complexity of the robot’s observation scheme and behavioral decision-making algorithm. On the other hand,the complex interac-
tions of observation,decision-making and behavior execution enhances the complexity of software component abstraction and data
interaction,and how to abstract the functions of software components such as sensing, decision-making and actuating of robots
and provide suitable software architecture has become an important challenge for the software construction of autonomous ro-
bots. In view of the above challenges, the idea of adjoint behavior of autonomous robots is proposed, the adjoint interaction be-
tween observation and actuating behavior is clearly defined,and two adjoint observation schemes, conditional adjoint observation

scheme and objective adjoint observation scheme, are proposed according to different stages of behavior execution,so as to im-
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prove the sensing of environmental changes and decision-making adjustment ability of autonomous robots. Secondly, AutoRobot,

an autonomous robot software development framework based on multi-agent system,is developed, which abstracts the robot’s

sensors,actuators and planners into a set of autonomous software agents,and the agents implement the above adjoint observation

schemes through autonomous decision-making and collaboration. The AutoRobot framework designs and packages a set of

reusable software components for different agent types,which can effectively support the reuse and efficient development of au-

tonomous robot software. Finally,an experimental analysis is carried out in the simulation environment,and the efficiency and ef-

fectiveness of task planning and execution based on the adjoint observation schemes are verified by comparing it with ROSPlan

and DESPOT . two autonomous robot task planning and execution methods.
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4 if Bj(p)=ci do

5 add B into pre,
6 break

7. end

8 end

9 end

10.  for e in «(E) do

11. for B in Bdo

12. if Bi(p)=e; do

13. add B; into post,
14. break

15. end

16. end

17.  end

18.  return(pre,,post,)
19. end
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4. if rj={alse do

5 return false

6 end

7. end

8. return true

9. end
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1. function schedule(S,NC,NE)

2. for aiin S do

3 nc<0,ne<0

4, pre,, s post, <~ AdjointPlan(a;)

while ne<INC do

o

6 if scheduleObs(pre, ) =true do
7 break

8. else

9 nc<nc+1

10. end

11.  end
12.  if ne=NC do

13. S<— task plan for a new strategy
14. continue
15.  end

16.  while ne<NE do

17. execute q;

18. if scheduleObs(post,, ) =true do
19. break

20. else

21. ne<ne+t1

22. end

23.  if ne=NE do

24. return failure
25. end
26. end

27.  return success
28. end
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Fig. 3 Generic software architecture of autonomous robots
4.2 AutoRobot 34 FF & #E 52

A EALE AN TR NGB AT L SRR AT 55 $UAT 1 L L BR
TR 4 B S5 R A R A AT I R 3 T, R FR AT B
FHLAR AN 0 R 5 VR A2 R R A A 2 A fe
FHER PR R AT 4, ) R A0 Al A % 2k S A 1 4 5
WA LA T R T & P R PR 2 IR A I A5 A1 LR BE
SERE ) LRI AL A E AL AR, DL A EALE AT RE .

AutoRobot AY BRI N 4 TR . % HE B2 415
REfAR Sk B 3 A48 B B E LA A& #0478 . ROS 5 ik
BARPAT A EPLE AT N,
SRR R

P Rk

PDDLf %
i

ROS

Bl 4 3T 28 R A 0 B T R AE 2R 48 4 TR
Fig. 4  Architecture of software development framework based

on MAS
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Fig.5 Reusable and non-reusable components in development

framework
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Fig. 6 Simulation environment
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Fig. 8 Time costs in task execution
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