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Robotics Middleware Framework (RMF)Da>tJ'hk

2TOEREETDAMRZ—DODEREEIAFATIY MO-IU, MEEEPRDO2TODA I3 EHE%ZTIEEICT S
FORy boA v 7 7EE
Lift Autonomous Door

goRy boUlERS | 000 T EEi Ezi m m m
il s | »e| 2]

Muti-Fleet Management System ROS Health packages

UI

B2LA4Y—
S Fleet
BlLAV— Management

System

&
i\»
—

AGV System by

AGV System by AGV System by
Robot Vendor A Robot Vendor B Robot Vendor C
L J
Y
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Local Development Work Related to RMF

o Proof-of-concept and Piloting (Industry) _ R&D to Enhancing Baseline
4 Capability -
CGH-CHART - RMF2.0
¥ CAG Phase 3 Development for Healthcare use
Test & Development of semi-autonomous cases for smart workcells with
cleaning operations at T3 using shared Standards & free space planning augmented
resources allocation Governance by sensors
Tampines Regional Hub TR 93: 2021
Testing viability of supervised system with Data exchange between
o in-house stakeholders robots, lifts, and automated
éﬁ"""!"--"-""-....." ) doorways to enable
autonamous operation
Proof-of-concept
@@ CGH-CHART % oW [0S ndustrial
Physical Demonstrations in v | ~mulation ) RM F 2 .0
o Demonstrations for
chart Healthcare Lab )
highly congested
environment °
R&D Initiative to Adapt RMF Baseline for e R&D to Enrich & Expand RMF
Manufacturing e Capabilities (RMF2.0)

RMF FTP - RMF1.0 Development for
Manufacturing to include workcell, ?
sensor integration & new tasks

- MIMISTRY OF HEALTH
NEAPORE

) SINGAPC
!Lg!emenmtfon in 7 PHI with systems to accelerate industrial
R&D to Establish Baseline (HC) Y 6 accredited SI transformation in Singapore
CGH-CHART - RMF1.0 Development for
Healthcare use cases included traffic Proof-of-concept & Piloting (Healthcare)

deconfliction, task allocations & unified
scheduling for multi fleet heterogeneous robots
with infrastructure integration

CGH-EXPO
"> Pilot Trial in Hall 9 & 10 in
CTF/ CTF-like wards

Product Line & Applications

CGH-Capitaland

Testbed in Heartland @ Bedok and
The Galen with C-LI Smart Urban
Co-Innovation Lab

NCS”

Hope Technik’s  Panasonic’
RoboManager  gegcon HOSPI Adapters

ARTC- To develop new capabilities to
Implementation enable greater interoperability between
heterogenous robotics systems and
manufacturing and logistics IT/OT

industrial
.isortium
asia pacific

Proof-of-concept

& Piloting (Industry)
ARTC - Physical
Demonstration in ARTC
Lab

Piloting with ROS-I
collaborators

Timeline

Managed by A ==

>

*2: This roadmap was provided by Advanced Remanufacturing and Technology Centre

https://www.a-star.edu.sg/artc
© Panasonic Asia Pacific Pte. Ltd. 2022



S AR=IICHFBRORY NEAIYD

TAMAN

Masa

Pasir Gudang

about 14
cleaning robot
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Changi General HospitalTOD¥—2A
o FBORYMIZELZI-MNRIXAD N RATLZER,
=& 0My rIRTEE (FHBEENTORVEZS. ORY MDOIZBERSHENFEET B,

O/RY bD3ZE Az

= ZOhRyMIZNZENRI 2 DILAR-45—-%Z258,
FAoOMyNMIBEVDILAR—S—(EENRO,
e (CE A UOMY MCILAR—4—%2E|DIRNZVZS . 20O0My MITOVRFEENH TER\,

< -
Oy PO EREFDIEEE(CROTND

Panasonic Swisslog

| Y / EBT'FEB?EW\“J F(IQE)J_CB IS
7
ZORYMNIBERAOILA-Y—HFERLTLB*1 TE9 ., YZ17I) TIEE)

*1 . Swisslog uses an AGV lift, and Panasonic uses a staff lift for each AGV.
Panasonic © Panasonic Asia Pacific Pte. Ltd. 2022 6
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RMF®DF

Panasonic

-RMF(ZROS2THER SN THD. SETHEATIRE

RMFDY—A https://github.com/open-rmf
RMFOTEIRIE https://agithub.com/open-rmf/rmf demos
SHMIRIEE DVERY

https://osrf.github.io/ros2multirobotbook/traffic-editor.html
RMFORFIXT N https://osrf.github.io/ros2multirobotbook

-EEo0OMRY MOENE -RMFTHIfHIEN TV 0/RY FOFRF
(Gazebo)

(Rviz)

e L1 IELSAERI N T - -
.

RSN

18

°0

& (1T

o

The Hotel
Lovel 1

s |

© Pan

asonic Asia Pacific Pte. Ltd. 2022


https://github.com/open-rmf
https://github.com/open-rmf/rmf_demos
https://osrf.github.io/ros2multirobotbook/traffic-editor.html

(2%) RMFZ{#E>Sk 3 Re>1IV—3aVRIBDIFR

RMFT&OMRY MeRROIIZICEATRRICERICIRIBIRIZET Y13V —330293EHOY-ILH
AEENTWVWSx1

X 1 :5HliiRE([LGazebo. MEEAOONY NMNIBERITHEI Z2WHES

X2 EEHIEREMFRIM D IR TER W
ex:CADK]., SLAMTYERL LB, etc

5H %“4’5’

o e e ]

21z —23VIRIE

Panaso.“c © Panasonic Asia Pacific Pte. Ltd. 2022 9
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Panasonic

(B S2HR-INOBHAT AR UL 13 -2 IR
AR DAT4 ATSLAM TR U 2 R — R (CE MR IT 2 B Ak

3 K5 fEAEE CHERR D RIRE T Y,

o ‘_\'—-i ’:‘"}\——-{ ﬂ =

[

HE53A. EEFEOEY) ILAR—459— BERY LIREDJRETI,

© Panasonic Asia Pacific Pte. Ltd. 2022
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https://www.jmfrri.gr.jp/document/library/4319.html

DRy N - B2 ToT /=S 75T e | @72ex |Besv | @ ean
Robot Revolution & Industrial IoT Initiative | Google =t | B
ft "—A v RRIEOWT v IoT Oy FERIERR v AYS42-54T5Y v ARY~ v ASER

MTR=% = A542-54T5 > AY54-54735) > TEBDRyMROS25.31L—2a B - RIREE VI M1 7 | — a4

AZSA>51T3)

M#FE0/RYPROS2S 1L —33VEN - BIRBEY I NI T7 1—p4AE

wEOAY MR EAER A EE S TR BEIORY Mo 21l —2ay— L, ERIE—BARMUET. I, HIESOETATOVTEEETE
HLFd.

EEIORY MM EATENEES 2R, Oy A—230WGILETAEE ST, BRI MOt SERCMIEs e =ML TOET. 20214
EOEENCAVTdgazebozERALZREI DN FOZT1l—2aY(CBET2Y L. BRl, ETAR{ERLELE.

EIOh S EAERAEEEE. ST ZETRECNA, 2022EE[0hy MO ERECOVTEERL, 221l —2a2v—)Lo
EFEZHEZTETVET. SNE0S 1L —92EF0RE Bl TERALTIBFELERZLTT.,
ey I —Tany )L

[F9>0-ETP4IL]

®

: gazebo.zip

: rmf_edit_ws.tar.gz

(]

s turtlebot3_RRIlaunch.py.zip  «pyERRCTPyTTERLCEDBZIDER TPYILTVET.

©

| B8 1 | S S R 5. pdf i |

: [E# 2 1ghofy e 22l — 33 pdf
= VIV g R ﬁlb[liﬂ‘y l\nmgu
 RIBEAYTILT-4.zip RERNEAR

oS BT A [E8 1] FERIBERFIR &
J-Fa1-JIE8ELTLES., = [UY https://youtu.be/jrTujV-wY2§ ]

S}

@

@

B4 65218

ELH W &2 /(FVDy) JIV Jader

Panasonic

Coming soon

© Panasonic Asia Pacific Pte. Ltd. 2022
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RM F-C (iﬁ’l a)l:ll \‘J I\EIU\EL\

ORY FDOMEL NI EEL T D 3 DDA FEL.

ENENDLAWICRU THIE S ZEZZELTNS

XISLAIY Fleet Manager API features

= “Full control” : robot waypoint
) control

R

RMFTA > J5:8i%
A LG% l(gt s "traffic light": robot pause, resume

Full Control —3R ! |

1K * "read-only": robot locations, destinations
* DRy MUSNDBEEYD (CRDI2EDEED
XIS no fleet AP (=

"Full control”:

"Traffic Light”:

Panasonic

SZA5NERRB(Ca>TEIE TERERE 1T,

WS —BHS L " BB B R DRI IR 5.

Potential benefits

Reduce stoppages, increase
interaction efficiency. Deal
gracefully with the unexpected.

Spatio-temporal separation of
robots can often be achieved.

Unified dashboard for operators.

Data can allow other robots to
avoid conflicts with this fleet.

None. Fleets cannot coordinate
with each other at all to avoid or
resolve conflicts.

RMFAITORY FOFREEERRZTTD. Oy ML RMFOS#EESE S ZSNIZERIC,

Oy B SN RIS ERZITV. BRMETEREEE %175, UHMU. ORy MIRMF

e, BRRMFICETPEDRZRIEZRMF(OE T 5E5N 0D,
"Read only”: Oy hEEMERERMZITV. BRI TEREBEZ1TD,

RMFOE7RICIFARIBAEDTEL,

© Panason

ic Asia Pacific Pte. Ltd. 2022
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B TlIEZEIR I AHEEEN DD,
- 07y FOIRIRE R IFIC(ICNSDEEYPEE B SN TRIENERKIN S,

RoMi-H integrates robotlc systems to building
infrastructure such as lifts and doors
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RMFT(3&0O/RY bO#ZIEIEERZ ELIC, ONY MR OEZRZERICIREU.
ERzbE 9 3Rz B/ELTEDONY MI> M-I S,

AR BEREVSNDN, RIUEBATINEWZFIEIT NI TEEN, BUES T (CAMRA 2 &RZVLIICTD

=B

(451)
Oy A B ZENZNHBSANSBA, g Bh
SAIC[EIFICFBEN T BT, &0/Ry M —FBFIED
J—ATHRBBETITERIBHIEREIN S, UDU. £
OFRICEREEN ) \WT 1> T U TUED,

ZZT. RMFELanhr—rAodmy hoiFis (S
TXOAYRBORRES) =/\vF(>) (EIBRES
ZREUT0) LRLWSICRRIEZB 4R LOMY MBIC
IRz,

IRBE I RIREEHER TERVGE(E. EZELRL
MEFC—ERET 3,
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RMFADZIE (I Traffic editorCRGHICERED P EE
O/Rv hhiEBITEWayPoint- Y=Y hRA O M- ETL—> -BERTP - ILA—-H—%EETET D

SHMIRIE DVERY https://osrf.qgithub.io/ros2multirobotbook/traffic-editor.html

Building _E:

dit  View Help
FIol e IRIZIe e~ T T G e N 2 ezovoon P zsa roman tone |

sssssssss

...........

© Panasonic Asia Pacific Pte. Ltd. 2022
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https://osrf.github.io/ros2multirobotbook/traffic-editor.html

RMFHI#BF DL —>TDEE S

Buiding Edit View Help
E3 @ B = B Y ey

RMFCT&L—>ZLICwEEE

FEZsETEHEN aIHE

EEL. T—9DHNEESNHIRER DT, RIRICFIRTBIESE0OKRY MUDMEH &2

o
P o
€] supplies
= 0@
0,3 O

Lab_Parking2

Frop

edge type lane

start_idx 198

sals end idx 203

start x (m) 49.2800

start y (m) 18.8165

end x (m) 50.9404

end y (m) 17.0241

length (m) 2.4434
. bidirectional true

demo_mock_floor_name

demo_mock_lift name

graph_idx 0

orientation

speed_limit _

9 Setting of Lane

© Panason

ic Asia Pacific Pte. Ltd. 2022
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1.
mozilla Firefox
& ROS Ind & rmirepo: @ Howto +

nf_dem ) rmfcous ) rmfclouc (Y rmfclous G WireGua 3 list — Al @ pilling M. @ docker s How to B rFwet O open-rmi ) openem ©) rmrdepl: ) rmf_depl € JunHao O rmtweb, € mbweb, ) rmPwet

o @ =

~

‘open-rmfgithub.io,

Time is: 0:47:25
Task Submissions

Submit a List of Tasks

SELECT FILE

SUBMIT TASK LIST

a Loop Request

SUBMIT REQUEST

Robots & Tasks Summaries

Tasks
REFRESH

ot 1

Panasonic
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RMFZAWEAMROHIES AT Ltapk (H1)

ILAR-45— SE] VK Slerh'AE

AMRX—H—HF=

IR s [c: I

Server PC (Server room)

S

Lift adapter Door adapter

AT F I ARFYIRUI

Muti-Fleet Management System ROS Healthpackages'  system Of Systems Synthesiser

Fleet adapter (Server)

\

Staff Ul

A imR

.
. .
ot o

.

} i “““““ 7 Internet

WebSocket

Maintainer UI

L, (RMF-Web)
SRk

© Panasonic Asia Pacific Pte. Ltd. 2022 22



Fleet adapterD{ER 75 &

Fleet adapterid A FD 2 D2DY T )N &{ESETEHEIC/ER D DI EE

Server Server
RMF Core (S

ROS2 Topic 1§

Fleet Adapter Lib

ROS2 Topic 1&1§
Free Fleet (Server)

ROS2 Topic 1§

Fleet Adapter Lib

API Function

ROSIC |-
DDS &fE APLEIE | gggf\ﬂt\ |
Free Fleet (client) (ROS/ROS2/ES || — |

= \
Topic F{E AExnTW%) S —— 1:
Navigation1/2 (Move base)

AUy h FAUY b AUy FAUY b

ROSTHEIES BOAYRT DDSHEIENBYLHS WEDBIEHXH AT APIZEATRETZLENDHS

SN, 7 CISBfERRE ROSTEfELEL AR Yk ROSZERALTHL AR Y,

[FHRATAXDDE TOLEIFATRE

Free Fleet: https://github.com/open- C++: https://github.com/open-rmf/rmf ros2/tree/main/rmf fleet adapter
rmf/rmf_ros2/tree/main/rmf_fleet_adapter/src/full_control Python: https://github.com/open-rmf/rmf_ros2/tree/main/rmf_fleet_adapter_python

Panasonlc © Panasonic Asia Pacific Pte. Ltd. 2022 23


https://github.com/open-rmf/rmf_ros2/tree/main/rmf_fleet_adapter
https://github.com/open-rmf/rmf_ros2/tree/main/rmf_fleet_adapter_python
https://github.com/open-rmf/rmf_ros2/tree/main/rmf_fleet_adapter/src/full_control
https://github.com/open-rmf/rmf_ros2/tree/main/rmf_fleet_adapter/src/full_control

AMRORMF®DA>5—-J1—A

‘RMFTEEARBIC3I DOVIIAR, 1 DOREEBEINZEL THD FRISGLAINBICHELZAPIZHNS

I""__""__'"'__""__'"'__""__""__""__':

! 1

: 1

| 1

fleet i fos romatoiotonnt | robot fleot managers | !
dant e e | F| (AMRS, AGVS, et ) :
: mobile fleet drivers ;

adapiers -} : (robots, carts, etc.) :
il Nesl msgsFleatStale : | carls and othar thh'gﬂ 1

{Bghtly integrated , ! that move and can be 1
with rmf_cone) :: : tracked / predicted ;
1 1 ]

/ | :

1 : .

] 1 ]

v | AMR system :

From RMF to AMR Fleet Manager

eModeRequest --- pause/resume motion
eDestinationRequest --- set destination
ePathRequest --- set complete paths
From AMR Fleet Manager to RMF

eFleetState --- state reporting

"Full control”: PathRequest & FleetState
"Traffic Light”: ModeRequest & FleetState
"Read only”: FleetState

© Panasonic Asia Pacific Pte. Ltd. 2022 24
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AT—IAEH (FleetState) OAVE—S5947

Panasonic

‘RMFOFR TR OMRY ME. BEHET D#EIFIFHZRKH5ND

A

® : BEIR7PILA-Y-([HERITIERL. FISIERNSRAEDID

@ : &OARY hOREEZFFICIEEL. TNENOORY MU TRIBRAIR B Z BT I

RobotState message:

https://github.com/open-rmf/rmf_internal_msgs/blob/main/rmf_fleet_msgs/msg/RobotState.msg

Datatype Data Name Data to be Sent
name HOSPI’s ID
model HOSPI
task id Task ID
battery percent Battery Level
location HOSPI’s current Llocation
path List of waypoints for HOSPI
mode HOSPI’s status
Location message:
unknown
X coordinate
Y Y coordinate
Yaw Yaw angle (radians)
level name Level number

© Pa

nasonic Asia Pacific Pte. Ltd. 2022
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RMFZzEH>TIO7 B8 29 31%E(d. ROS NavigationlcO7 W E#aEE
-RHTB-ODRERMLS &

EMD A E

Navigation DI EZ YRR (CEIDEE X S

1F 2F
Point(X,Y,0) -
=
Point(X,Y,6) | 4= J ar
. B fT <1 PO B
Fm ! i [ e I
V t, :Map origin

Change Floor = Change map = Republish new map topic

B Send coordinates to RMF

(X.)Y,0) => (X,Y,0) in 1F (X,Y,0) => (X)Y,0) in 2F

AUy p FAYY
MEEHE T ODELGL Mapsever DELEH L E
XA CTEZEZ N1 EITED EREDEZDH—IDLE

FE—itEATORY MOLIEZBEICES
2F ‘ |

PointB(X..Y., 6.) p‘ g

1F

.
; "&‘f 1——'—“;‘ : ST
PointA(X..Y.,0.) | 43 J %
r‘l M‘C (\ AR j m g H t l_
L . B il - LI L
\/’ t, :Map origin

Change Floor = Change position = Resend initial pose again
B Send coordinates to RMF

(XY, 842 =>(X)Y,0) in 1F (XY, 05) => (XY, 0) in 2F

Ay k TFAUY b
Mapsever DREMNBHELZL BREEBICEEEMAELD
HMEOHIENNE

Panasonic
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B12I3ICEDETSIerlcd>T/— RODAIVA AL E

rmf_door_msgs/DoorRequest

AP
Door Adapter <> DoorNode % Controller Door
rmf_door_msgs/DoorState (V4

Fleet Adapters n
rmf_door_msgs/DoorRequest i
T

PLCZ{&E o710l 2
WebAPIZ &> 7=l fi 2
B|RIOL =Y MESF=Hll{H 2

rmf_lift_msgs/LiftRequest

AP
: -— : —_— Lift :
Lift Adapter -— Lift Node  e—=| controller Lift

1
rrnf_lift_msgs/LiftState YT b

= B
rmf_lift_msgs/LiftRequest : ; Fm
N

PLCZ{E>1=IOHH ?
WebAPIZ{E>7-Hll il ?

Fleet Adapters

© Panasonic Asia Pacific Pte. Ltd. 2022
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