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1 FC®IC

Swarm Robotics (3. ZE DRy b A REHER L GIEZ LICH#E s 2 08 XA 7 L TH 5,
iz ouRy MIRE SNt o3, @EHE, FIREER. El2fon, BHefr UTREE
R, HIMER, PriAix. B, KEBIGFAERE 2HEITTE 5,

ZD XS system DEEL XE, HcxDwu Ry MillfHlZZ g TRk, B2EKOHEBEEHRICH 5,
WEEIE, EEW. RFTEN. EH2RENE, XX 7EiE. Bittih, REZLFRICHEET 5,
Z®D7-%®. Swarm Robotics DFEARFEEICIE. WATH. FATEE. JEFEH message. capability.
protocol, simulation % BRIZH S RESIDINEETH 5,

AIPL X actor-first SsETCTH D, FuKRy b% actor £ LTRHTEZ %, vRy @G
message passing & L Citib X 41, BETENZ protocol T 7= XRATHRAIY L TREHEN B, BT 2
T ME. E#E, UPE. X227, e m 2 XAl L. B program DHE#HE I R &
53,

2 AIPL & Swarm Robotics

E#&E 1 (AIPL Swarm). AIPL Swarm ti¥. 8D RobotActor DB actor. HHF actor.
task manager actor £ message Z3MELRHB 6. FATHNIZEBT 5 AIPL program T %,

BRI TD %,

Swarm = RobotActor™N + EnvironmentActor + TaskManager Actor + BaseStationActor

RobotActor 1XJEPTIRAEE D,

State = {position, velocity, battery, sensors, task, neighbours}
BIRREERIFATXAIT 2,

Position # Velocity # BatteryLevel # Taskld

3 Actor EFJL

AIPL T, B Ry % class ¥ LTEET %,

class Robot {
var id = "";
var battery = 100.;
var task = "idle";

method sense() {

var obs = sensor_read(id);




reply(obs);
}

method assign(new_task) {
task = new_task;
reply("accepted") ;

}

method move(dx, dy) {
motor_move (dx, dy);

}

ZDOfFITIX, sense. assign. move A% RobotActor @ interface TH %, FFEDRf; XFFHT
. dx,dy 1XH74% % float TIX7 < Velocity 721X MotionCommand ¥ LTS,
4 BIJERMERE

Swarm Robotics TlE, @Ry MIEEr Ry b EITEETE 3 Z 2%\, AIPL T3, &
{Z8iF % capability ¥ LT,

LocalComm(r;,rj) = send rj.message(...)
JBE message DHIEFE 1 1TRT,

% 1: Swarm Robotics @ message !

Message A

hello Robotld * Position * BatteryLevel -; Unit
task_offer TaskId * Region * Priority -; Response
obstacle Position * Confidence -; Unit

formation Formationld * RelativePose -j Unit
rendezvous Position * Time -; Unit

help Robotld * FailureReason -; Unit

RUf; & message 12 & D, FEEVIEHRE task id LEUDEZ 5. battery level Z{iiiE ¥ LT
5. formation command Z@EEBEHTE LTKS . LWVokidh 2T 5,

5 BHISDEREM

AIPL Swarm T 5 AR ZEITENI R TH 5,




e

. BRI AL

. RAZENY
THERILAL

. IR RIS

(=S L NS SO

5.1 1FF

PR TIE. % RobotActor 23ARMIFEERZ BFTHNIE R, BHKSRZHAT 5,

Robot.sense — Environment.update — Map.merge

frontier-based exploration Tld, REREHRDOE R % frontier ¥ L THRII L. TaskManager
2 frontier % RobotActor IZHIH 4T3,

assign : Robotld * Frontier — Unit

5.2 #HE

WETIE, HRATHEBEZES, & robot Jbth L DIEREZRH OOBENIT 5,
Control = attraction(goal) + repulsion(neighbours) + obstacle Avoidance
AIPL T, &HlfHIE% actor % 7z1% pure primitive & L THEETE %,
5.3 BIIRZR
AR TlE. leader ¥ follower OFENLIE &R D,

FormationSpec = {leader, relativePose; }

formation message (& FormationId ¥ RelativePose %#§D7-®, @ DHH) command &
XHlTE 2,

5.4 RRAVEY
2 2 7 E2M1X, robot MEES], HAME. Wi, BTE task IKESWTIRD 5,

score(r,t) = wqdistance(r,t) + wybattery(r) + wecapability(r,t)

TaskManagerActor & score {ZED ZHM %2175,

task.assign : Task x RobotSet — Assignment
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B Ry M T BT message DRI TIE T TRV, 7ok X, #uX task Tl approach,
grasp. lift, move, release DNEFNEETH %,

approach — grasp — lift — transport — release

Z DEFF % protocol & L THRET %,

I; A+ action> A’

protocol checker (&, fEMRZIEFER ZI <o 722 21X, 1ift DORFIIC grasp 5% T LTWVWAR
AU, lift command ZEHKT 5,

7 UZal—akE

AIPL Swarm DffZEICIES I 2 L —X B ARRRTH S, > I 2L —XIERD actor THEK
35,

7% 2: AIPL Swarm > I 2L — & D actor

Actor (el

WorldActor Rzl X, FEEY, PEIRKEL BT 5

RobotActor A Du Ry Ml logic #5173 %

SensorActor simulated sensor reading #4243 %

PhysicsActor BE, Hze, #EHNzEET 5

NetworkActor ESHIPH, BIE, packet loss ZHE#ET 5

TaskManagerActor task ZEREEHIH 21T

MonitorActor safety violation. coverage. energy. completion time %
LIRS B

simulation loop ¥XTH 5,

sense — decide — communicate — move — physics — monitor

AIPL @ future IZ& D, % RobotActor @ decision step ZMfiFNZRITTE 3,

8 S

Swarm Robotics DFHfifefEIE. BH— robot OMERETIEZ R K BEE2KOMETH %,
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Coverage e DORER - Bt

Completion time task 5% 7 £ TR

Energy consumption HERB LI ERZ L OHEES

Robustness robot &R @(F K~ DI

Scalability robot B Z L L7zt 2 DMREZEL

Safety E28, fEf® command. protocol violation D%
Communication cost message . W, EIE

9 R

VI a2l — R0 EEARITT 3121, AIPL actor interface Z{# - 72 % %. SensorActor ¥
MotorActor Z% 7 N4 & adapter 1272 L& Z %,

SimSensorActor = RealSensorActor

SimM otor Actor = Real M otor Actor

CDELBZERLRIITS 728, device capability ¥ B = interface RV ETH 5, FEi%
robot (&, EEH. BT, LYV EEZ message & L THRET %,

failure : Robotld x FailureReason — Unit

10 FFxE
ATPL Swarm WXL T OBERH 5,

o K& actor EITDOMAE,

EIFHIHH & garbage collection DFAEE,
A H 1 & BEEL message protocol DS
B 2 Hi$E & L7 protocol #ito
LRMEMRGEE & VPR O T HEE M,

FRCERERZDZ, HMIYHEHADOARHEEEZHETOTITERVWETH S, BiX command &
data DHEEZESFZ P, LU YRERHED . EHZEOREEMIX monitor ¥ controller & &k - TH >
BN DH 5,
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ARETIE. AIPL 1 & % Swarm Robotics QWS % /R L 72, AIPL @ actor. message.
future. select, capability. protocol i, #r Ry + DFFALERE L HEHIEZ BRICEKRHTE 3,
B} % message 12K D, (i@, #HE, B, task, FEY), formation command % XB|T =, Bf
Hill{#l program DML I A 2O E B,

SHROBEZ. AIPL Swarm ¥ I 2 L—XZ2EEL, R, #HE. BIIEK. XX 714, i)
fE[EI1E D benchmark Z#¥{H3 2 Z e TH D, ZDI&R, sim-to-real D actor interface Z &zt L.
FEH& robot NDEFEERMZ1T 5,



