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Multi-Agent Monitoring System for Intelligent Service Robots

Haneol Cho' - Insik Yu'" - Jagho Lee'"

ABSTRACT

Users of intelligent robots require access to the status data of the robots for various reasons. The status data of intelligent robots
can be generated by combining the status data of the functional agents that constitute the intelligent robot. However, existing intelligent
robot systems do not generate the necessary agent status data for creating the status data of intelligent service robots, or they generate
it in different ways, making it impossible to collect this information in a uniform manner. Furthermore, these systems have limitations
such as collecting the same information redundantly if multiple users request it and only using a single method of communication to
deliver robot information, thereby failing to offer the communication methods desired by users. This paper proposes a multi-agent
monitoring system for intelligent service robots designed to overcome these limitations. This monitoring system generates status data
in response to the actions performed by functional agents, thereby allowing for the unified generation and collection of agent status
data. Additionally, the monitoring system resolves data redundancy issues by collecting the necessary data just once, in accordance with
user monitoring demands, and delivers status data through a proxy that supports the preferred communication methods of users, thereby
providing compatibility with various communication methods. Through experiments, we have verified that this monitoring system can
deliver the status data of intelligent robots to multiple users using various communication methods.

Keywords : Intelligent Robot, Monitoring, Service Robot, Status Data
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2.3 Drums: a Middleware—Aware Distributed Robot
Monitoring System
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2.4 An Agent-Based Cognitive Robot Architecture
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Table 2. Action Log Message Specification

Name Description Type
Actor The agent that.performed String
the action
Action Name of action String

Name
Content action log content String
. The time in milliseconds when the .
time . String
action log was created

A AAIGE LoggerManagers E-83F 9] 74t ofo]HE
JH AE 3 S AE5H, DE ofo]HE AARE 2
&% A5q 2RO 2R AdH JE S s 2
oo|ldE Ae] HHE dFHog £ U 223 4 Qo

42 BUEHY 2 7|4 MEj HE 27 gy

Aed B ARBAES OYS olfE 2R A JHE
ggoto] 259 AHE SRIstaA} i, ARgAREC] Ydh=
A E= AR gto] met Tyt HE 4 Stk
o|Hgl o] AMEATF 85l BE AH ARE ARSAY 2
o] T S E AT H S JRE FESHA =3
SHA ot

o|gt FHAIFS sfAasty] flste] & AFolME EYHT
9 7|6t A R £ S At 2UEF oo]
AEL AF8ALY] RUHY 85 Action Flagd] FE|2 2]
5}, Action Flage= o] HES] §9] =88 A| 271 A4 ol F
£ Uetdl= Zolth. ZUEY oo|HEE X153 EX U 9
O|HEZ} doks BE P99 Flags TEsict BUEF of
o]AE+ Action Flag® &/d%} offo] wet ofo]HE A
AEE #4051 o] Agstd] Hold 55 4 ZAE 2
St} Fig. 32 Action FlagE ARgsto] Ale] JHE £451=
H}gg vehd Aol

ZUEH #8754 JE £F g2 o 22 4
A2 o]FojXt. NER AHAPF BUEE Bof BYEHT o

Intelligent Service
Robot Framework

Monitoring Agent

2. Activate
ActionFlaglist |  action flag
S ——
ActionLog

3 log
Activation

1. Request Robot Status

ZeroMQ
Monitor

4 Action
Log

Agent
Logger
Manager

Fig. 3. Robot Status Request Process Using Action Flag

o|MEA A FEE 8F3Tr} )HYET ofo]HE= At
‘A7 873 P91 FlagZ7t @443} 0f U=A] gRlgitt. &
JotEo] YA R S, T B9 Flags: /3t
3)Action FlagZ7t AEA E4431=%0cHH, ZUEE oo]HE
= g FYE FHot= olo]HE] LoggerManagers &9
B S BRI ool HET} PF9IE sk A
oz s FHof tist 2a7F A, RYUEF oo|AE
oA HMgEt.

olggt HUET 48 74t A B 3 WS B,
g oo|HE A|A”A 257 2E9 A AH FAS 9
433t oo|HE e JHE S5 §l s

wetd A%Y 2RE 7 AR sk 220l A 4
55 A4 Aok B4 WHOR AFE 4 Slojof A
o2 9ol £ AT BEAS B A5Y 2% e 4
B A% e A,

nEAE B AP 2R A AR A PEe e
2o Yo olFoldt, WA, BUET oJoldEL 4& §
A A, ABATE AR B4 e 2718k AMSAHE
Apglo] WAz st 23 A RS BUHY ool HE0A
2%} Table 32 23 A2 84 w44 F42 thehd 2
ole}. o174 ActionListe] Sol7He AL AH4lo] Wt ofo]
HE P9] BEo|ul, Flagk £ T3} offolct, Bue
ofolEL AGATE A4 BA Y AHETH ZEAE A
o, g ZEAL AR 23T B9 B2 g,

7} ofolAET} W9 4B Fol Al ARE BASH, B
U ool mUEH $20] whet ool dE Al 3=
2 ST 1%, T2} AT G AGAL SRR 5
L 99 BE Felstel, gt B9 218 A0S Ag
Aol A At

At A5 R AL At el A, 25
ARgol utel o ol 25| A HRst WasH gk 4 9
o}, o2l A%, FlagS false 445}o] 2% 4 2% WA
2 Bt A2 B A5Y 2R AR T5S 39T 4 Uk

olEidt mEAIS B4 4 AB A PHe B9, 2
% ofolHEL ABHOR T A FRE AV st

AFg3te] ALY 4 Sk
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Name Description Type
UserID Identifier of user String
L Robot status that robot List
ActionList . .
user wants {ActionString)
Flag The activation status of the filter boolean
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3 AEE= 2Eo] AT AR 8FS A&EShe
RequestPerceived, 2%9] 9X|& A&3l= Locatedln, °5
EARE A&3H= Destination 5°] Utk T2 Table 5=
AssertWorldModel 2719] of|AJo]t}.

Table 4. List of Action in Delivery Scenario

Action Name Description

AssertWorldModel Assert a new fact to the world model
of task management.
RetractWorldModel Retract a fact from the world model of
task management
PostGoal Add a goal to intention
UnpostGoal Remove a goal from intention
ExecuteGoal Execute a perform or achieve goal

Table 5. Example of AssertWorldModel Action Log

(SystemLog
(actor "agent://www.arbi.com/taskManager")
(action "AssertWorldModel")
(content
"LocatedIn
(test://test.ai/person01,
test://test.ai/table)”
)
(time "1718951686097")
)




362 FEXZ|EE| ==Xl HM13H HM8Z(2024. 8)
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5= 9%t MoveTo, 27& ¥55h= GrabObject, €412 7
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Table 6. Example of PostGoal Action Log

(SystemLog
(actor "agent://www.arbi.com/taskManager")
(action "PostGoal’)
(content "GrabObject")
(time "1718951666087")
)

Table 7. Example of ExecuteGoal Action Log

(SystemLog
(actor "agent://www.arbi.com/taskManager")
(action "ExecuteGoal")
(content "MoveTo")

(time "1718951686098")
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Fig. 6. Delivery Service and Monitoring Flow
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Table 8. Log of Task Management in Intelligent Service Robot Framework

executed : RequestPerceived(test://test.ai/person01,bringWater)

executed : SpeakTo

SpeakTo Plan started : ok

SpeakTo Plan finished : ok

[ Activation Message Received ] {"Action":

non

[ Activation Message Received ] {"Action":"AssertWorldModel',"Actor":"agent://www.arbi.com/taskManager
[ Activation Message Received ] {'Action":"RetractWorldModel',"Actor":

[Action Log Message Sent]

executed : MoveTo
[Action Log Message Sent]
(time "1718951576081")
MoveTo Plan started : test://test.ai/table01
[ Activation Message Received ] {"Action""

o o

[ Activation Message Received ] {"Action":"UnpostGoal',"Actor":

MoveTo Plan finished : test://test.ai/table01
[Action Log Message Sent]
(time "1718951666087")

ExecuteGoal',"Actor":"agent://www.arbi.com/taskManager","Flag":

non

true'}

" "Flag":"true"}
true'}

non non

agent://www.arbi.com/taskManager", "Flag":

(SystemLog (actor "agent://www.arbi.com/taskManager)(action "AssertWorldModel") (content
"Destination(test://test.ai/table01,0.4,4.2,0)") (time "1718951576080")

(SystemLog (actor "agent://www.arbi.com/taskManager”)(action "ExecuteGoal") (content "MoveTo")

PostGoal',"Actor’:"agent://www.arbi.com/taskManager’, "Flag":"true'}
agent://www.arbi.com/taskManager","Flag":"true"}

(SystemLog (actor "agent://www.arbi.com/taskManager”)(action "UnpostGoal") (content "MoveTo")
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Table 9. Log of Monitoring Agent in Intelligent Service Robot Framework

{"ID":"ZeroMQMonitor/message","Action":"Create Monitor","Filter" : [{"Actor":"agent://www.arbi.com/taskManager",

o

"Action":"ExecuteGoal’, "Flag":"true"}l}

[Create MonitorRequest] :[{"Action":"ExecuteGoal',"Actor":"agent://www.arbi.com/taskManager", "Flag":"true'}]
[Proxy Created ]  monitoringID : ZeroMQMonitor/message , protocol : ZeroMQ, actionFlag :
[{'Action":"ExecuteGoal',"Actor":"agent://www.arbi.com/taskManager", "Flag":"true"}]

"o " "o

[Changing ActionFlag] {"Action":"ExecuteGoal',"Actor":"agent://www.arbi.com/taskManager", "Flag":"true'}

Socket message received : {'ID":"Socket/message’,"Action":"Create Monitor","Filter" : [{'Actor":"agent://www.arbi.com/taskManager",
"Action":"ExecuteGoal’, "Flag":"true"}l}

[Create MonitorRequest] :[{"Action":"ExecuteGoal',"Actor":"agent://www.arbi.com/taskManager", "Flag":"true'}]

[Proxy Created ] © monitoringID : Socket/message , protocol : Socket, actionFlag :
[{'Action":"ExecuteGoal',"Actor":"agent://www.arbi.com/taskManager", "Flag":"true"}]

[Create MonitorRequest]
:[{"Action":"ExecuteGoal","Actor":"agent://www.arbi.com/taskManager","Flag":"true'},{" Action":"AssertWorldModel',"Actor":"agent:/ /www.arbi.
com/taskManager”,"Flag":"true"},{"Action":"RetractWorldModel","Actor":"agent://www.arbi.com/taskManager", 'Flag":"true"}]

[Proxy Created ] © monitoringID : monitorl , protocol : ActiveMQ, actionFlag :
[{"Action":"ExecuteGoal',"Actor":"agent://www.arbi.com/taskManager", "Flag":"true"},{" Action":"AssertWorldModel", "Actor":"agent://www.arbi.c

om/taskManager”, "Flag":"true'},{"Action":"RetractWorldModel',"Actor":"agent:/ /www.arbi.com/taskManager", "Flag":"true"}]

[Changing ActionFlag] {"Action":"AssertWorldModel","Actor':"agent://www.arbi.com/taskManager", "Flag":"true"}

[Changing ActionFlag] {"Action":"RetractWorldModel","Actor":"agent://www.arbi.com/taskManager","Flag":"true"}

[Received system log] (SystemLog (actor "agent://www.arbi.com/taskManager’) (action "AssertWorldModel") (content
"Destination(test://test.ai/table01,0.4,4.2,0)") (time "1718951576080"))

[Sending log] . receiver is "monitorl",

{'Action":"AssertWorldModel","Content":"Destination(test://test.ai/table01,0.4,4.2,0)"," Actor":"agent://www.arbi.com/taskManager", "Time":"1
718951576080'}

[Received system log] (SystemLog (actor "agent://www.arbi.com/taskManager”) (action "ExecuteGoal") (content "MoveTo")
(time "1718951576081")

[Sending log] . receiver is "ZeroMQMonitor/message’,
{"Action":"ExecuteGoal',"Content":"MoveTo","Actor":"agent://www.arbi.com/taskManager’,"Time":"1718951576081"}

[Sending log] : receiver is "Socket/message”,
{"Action":"ExecuteGoal',"Content":"MoveTo","Actor":"agent://www.arbi.com/taskManager', Time":"1718951576081"}

[Sending log] . receiver is "monitorl",

{'Action":"ExecuteGoal',"Content":"MoveTo","Actor’:"agent:/ /www.arbi.com/taskManager","Time":"1718951576081"}

Table 10. Log of ActiveMQ Monitor

log4j:WARN No appenders could be found for logger (org.apache.activemq.transport. WireFormatNegotiator).
log4j:WARN Please initialize the log4j system properly.
activeMQ broker connected : tcp://127.0.0.1:61611

"o "o non "o

Message Sent = {'ID":"monitor1","Action":"Create Monitor","Filter" : [{"Actor":"agent://www.arbi.com/taskManager",
"Action":"ExecuteGoal’, "Flag":"true'},{"Actor":"agent://www.arbi.com/taskManager", "Action":"AssertWorldModel',
"Flag":"true"}{"Actor":"agent://www.arbi.com/taskManager’, "Action":"RetractWorldModel", "Flag":"true"}, ]}

Message received = {'Action":"ExecuteGoal',"Content":"MoveTo","Actor":"agent://www.arbi.com/taskManager","Time":"1718951576081"}

Message received =
{'Action":"AssertWorldModel","Content":"Destination(test://test.ai/table01,0.4,4.2,0)"," Actor":"agent://www.arbi.com/taskManager’, "Time":"1
718951576080'}

Message received =
{'Action":"ExecuteGoal","Content":"GrabObject',"Actor":"agent://www.arbi.com/taskManager","Time":"1718951666088'}

Message received =
{"Action":"AssertWorldModel","Content":"LocatedIn(test://test.ai/person01,test://test.ai/table)","Actor":"agent://www.arbi.com/taskManager"
,"Time":"1718951686097"}

Message received =
{"Action":"AssertWorldModel","Content":"Destination(test://test.ai/table,3.1,1.7,0)","Actor":"agent://www.arbi.com/taskManager","Time":"171
8951686098}

Message received = {'Action":"ExecuteGoal',"Content":"MoveTo","Actor":"agent://www.arbi.com/taskManager","Time":"1718951686098'}

Message received = {'Action":"ExecuteGoal","Content":"SpeakTo","Actor":"agent://www.arbi.com/taskManager","Time":"1718951776114"}




Asd MHI~ 2RS fI3t ZE O0IME ZUEZ AAH 365

Table 11. Log of ZeroMQ Monitor

message sent = {'[D":"ZeroMQMonitor/message’,"Action":"Create Monitor",'Filter" : [{"Actor":"agent://www.arbi.com/taskManager",

Flag""true"}l}
Message received = {'Action":"ExecuteGoal',"Content":"MoveTo","Actor":"agent://www.arbi.com/taskManager","Time":"1718951576081"}

"Action""ExecuteGoal’,

"o

Filter" : [{'Actor":"agent://www.arbi.com/taskManager",
"Action":"PostGoal", "Flag""true"},{"Actor":"agent://www.arbi.com/taskManager", "Action":"UnpostGoal’, "Flag":"true"}l}
Message received = {"Action":"UnpostGoal","Content":"MoveTo","Actor":"agent://www.arbi.com/taskManager","Time":"1718951666087"}
Message received = {"Action":"PostGoal’,"Content":"GrabObject","Actor":"agent://www.arbi.com/taskManager","Time":"1718951666087"}
Message received =
{'Action":"ExecuteGoal',"Content":"GrabObject',"Actor":"agent://www.arbi.com/taskManager","Time":"1718951666088'}
Message received =
{'Action":"UnpostGoal","Content":"GrabObject","Actor":"agent://www.arbi.com/taskManager", "Time":"1718951686097"}
Message received = {"Action":"PostGoal’,"Content":"MoveTo","Actor":"agent://www.arbi.com/taskManager", "Time":"1718951686098"}
Message received = {"Action":"ExecuteGoal","Content":"MoveTo","Actor":"agent://www.arbi.com/taskManager","Time":"1718951686098"}

message sent = {'ID":"ZeroMQMonitor/message","Action":"Change Filter",

Table 12. Log of WebMonitor

Message sent = {'ID""Socket/message","Action":"Create Monitor","Filter" : [{"Actor":"agent://www.arbi.com/taskManager",
"Action":"ExecuteGoal’, "Flag":"true"}]}
"Action":"ExecuteGoal’,"Content":"MoveTo","Actor":"agent://www.arbi.com/taskManager", Time":"1718951576081"}
Action":"ExecuteGoal',"Content":"GrabObject’,"Actor’:"agent://www.arbi.com/taskManager", "Time":"1718951666088'}

Server response: {'
{

Server response: {'Action":"ExecuteGoal’,"Content":"MoveTo","Actor":"agent://www.arbi.com/taskManager’, "Time":"1718951686098'}
{
{

Server response:

'Action":"ExecuteGoal',"Content":"SpeakTo","Actor":"agent://www.arbi.com/taskManager”,"Time":"1718951776114"}
'Action":"ExecuteGoal’,"Content":"HandOver","Actor":"agent:/ /www.arbi.com/taskManager","Time":"1718951786122"}

Server response:
Server response:
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