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Real-time Evaluation of Communication
Assuming Remote Driving using ROS2

Yuco Kawakami’™?  Suinya Honpaf? Ryo Kuracui? Naova Cuujof3

Abstract: In recent years, development of autonomous driving has progressed, but in situations where it is
difficult to drive, it is expected that remote driving will be used instead of autonomous driving. Autonomous
driving has been developed using ROS1, a middleware for robot development. However, there was no mech-
anism for ensuring real-time performance. For this reason, ROS2 that considers real-time control has been
developed. In this study, we evaluate the real-time performance of communication assuming remote driving
using ROS2. As the result of the evaluation experiment, it was found that ROS2 led to the improvement of
the reliability of communication for remote driving. However, ROS2 is currently under development and the
problem is that the controllable parameters are limited. As development progresses in the future, it will be
possible to ensure more reliable communication according to the system.
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k IV T&H % DDS(Data Distribution Service) &, i#fg D
{EIEME % TR T 5 728 D QoS (Quality of Service) & A
THIETYTNERA LEDHEREZHEEL TW5 [2].

ROS2 TEHI—AT —RIZHEDLET, QS 2 AR A
AT 5 ZENHkS. BIEDEENEE HIHT 572D QoS
RV Y= IFENDENRTA—RENARYA X LTY AT
LEAFEMRTE S, BE, BHE T IBIZED QoS R ¥ —
ZHHTENHRET 2HENRD L. TD-d, REA R —
AT —AZHEDETEREINT QoS Tu 7 71D 4 fE
M, IRHEINTWS, L2L, ISR T4 =<V RIZE
D& > 3B E RIETHIHS TR [3).

% ZTARWIZETIX, ROS2 %2 AW 72z EsL % e L /-
HEEDY TIVEA LT ZITS. QoS KY ¥ —DENIZ
& 2 #li 2 47\, QoS RV ¥ —DED S & ROS2 % Wz
EpEEEIZ BT D QoS KV ¥ —%IEET B,

2. ROS2 DO

ROS2 Ti%, ROS1 OREM % 3 5 72 DE&FEI 72

TNTVWDB [4].

(1) ROSL i, A v —Vi@EFEDMN%TH S ROS Y AKX
BELTLED L, TRTOTuEAMREFEIELTLE
SEWVWSHEMNHSH. ROS2 TIEDDSIZL>TID
RIEIE R < o 7z,

(2)ROSLIF, UTNEA LMEEZZRBL TWRWDIZH L,
ROS2 T DDS & QoS IZ& > TY 7IVAR A LHHER
ZHELTWS.

(3) ROS1 %, A v —VEBESAETMOHE->TED, &
Fal T IZHENDH L. ROS2 TIET — X DI 1L
B LU 2 B L TW5

(4) ROS1 &, I at &R CTIX, BELHE L WEEA
Hotz. UL, ROS2 T, fiAAMIFIZIEII LG
BRTHLEET S LD IR SINTVWAS.

ROS2D7—F 727 F ¥ %K 11”7, ROS2 i, rcl(ROS
client library) & rmw(ROS middleware) 7* & #Epk S 11T

W3, rel %, C++, Python, Java & \Wo /=& 70 s 5 3 v

"SI IAT YN IA T I VICHIET AMAE R IR T

5 APITH%. rmw i%, ROS2 D&Y 7 v U = 7 % 523

TEHEOITEREFTINS, EE#KELHMRIETEI N LY

7 API TH 5.

ARETIEK, VTNV EA LEHERDOZODEMATH B

DDS & QoS IZDW\W TR 3%,

2.1 DDS

ROS2 F@f5/8Z DDS #f#HH L T\w5. DDS I pub-
lish/subscribe {5 2 2t ¢ SEEEI MV Y = TEHETH
v [5], ROS2 I DDS 2fHL T, v+ AMi#E%E1T-
TW5.
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1 ROS2DT7—FF577F %

Publisher #* 5 Subscriber IZ 5 — X % Topic & L T3}
3. Publisher, Subscriber, Topic 12 QoS Z#HET 5 Z
ENHRB.

BEEORY XN DDS #FEK L TW5. BifE, ROS2 T
\&7 7 # )V | T eProsima #1.0 Fast-RTPS 2MfH & 1T\
% [6]. fizik, ADLINK #:® OpenSplice[7] ¥ RTI #: 0
Connext[8] 3% 5.

QoS QoS @ QoS
[ Publisher [Subscri ber [ PublisherV[Subscriber
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2.2 QoS
DDS FEH¥EIZ 1 20 FEE D QoS R ¥ —A3d %A%, BAE,
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TWFETHD. BIEMIGL TWD QoS RV ¥ —% BN
2R
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— Keep last: Depth THE LB T EER~FL A v
—VEF 2R FET S, BEREBEAZBE, &
DHLWA Y —UMNMREI NS,
— Keep all: DDS I RV z7DVY —AD L% T
EERLDOA Y=Yk F 2 — 1T 5T 5.
e Depth
— Size of the queue: Keep last ZFHE L7z EDF a—
IZREEREDRA Yy =V 2 T8 EHRET 5.
e Reliability
— Best effort: A v —YE—FEUPEELRWV. v
N — O BREE GG, A v —UNRET 56
MERDHB.



BHRLEF SRR E
IPSJ SIG Technical Report

— Reliable: A v 2=V DEEFEZKBMUGEIZ, Ay
t—VEHIET D,
e Durability
— Transient local: ¥\ X A I > 2 T subscribe U 724
FITE[ET 5 720DIZ, Publisher WA v 2 —V %
RIE9T 5.
— Volatile: Publisher 2fi\\ A vt — V% RIZ L 72\,
REM IR — A — AT > T
O774NVERLIZRT. 774NV NTIE, Ave—VH
RE2T > GEFOEFEEZMBEMRL TV,

1 EHBEINTVWS QoS 7r77 1)

HINTWS QoS 7

Reliability History Depth | Durability
Default Reliable Keep last 10 Volatile
Sensor data | Best effort | Keep last 1 Volatile
Services Reliable Keep last 10 Volatile
Parameters Reliable Keep All - Volatile
3. EERRE
NGB B W T lE R I EE RN T b T W 4. KDDI

I, 2019 £ 2 AIZENP O NEIZEWT 5G ZFHA L,
HRJE A3 N 0D R8T D SHEEEEER % 17 - 72 [9](10]
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NTWIRD 5 720, 5G BIFRD EE, KAR, EEIED [
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BEALEBRFHBRAHAOZILHD #XA5 38 AY—F
x—a%%mﬁx7léﬁmbﬁibMTwé.ﬁx%@
B% B REIE T ER T 2 EBEEHEIRET S LT
W EHE 21T > T\ 5.

%7z, ROS2 Oi@fEMEREFHMEI AT h T WS, STk [11]
TlE, ROS1 & ROS2 TXFHTFT—REZEDOLL TV
PA ==~y REHIELTWS. 256 byte 55 1M byte
FTO—HANEXY NT—2 (1 HEDIAVE2—R)BLTY
E—bRY FNT—=7 2BDI VK 2— &) TEREEKIZ LA
ZiToTW5.

ROS1 T, BEFRBKDO A v —UdEEINDE DIz
XU T, ROS2 TldkfA Lk 35 O M A @ WS R AR
ENTWS. UL, ROS2 DR@EME LT, VE—F%Y
7 —=212BWT, 64 Kbyte 2R 72H7-006 LA TV

VOMIMENRKREWZ L 2HIFTWE. FRELTAREW
F—=RIE, NS WRT Yy MIDEIUEZETIHERD S

72O AT VYOI ER > TNWE RT3,

SCHk [12] Tk, ROS2 1%, 1 2@ DDS UAMHEH T E 220
728, KD R 5 @5 T &% DDS 2 (#4562 é:yb=
HeRZR W AR R E UTEIFTWA. 22T BIHICK
2 DDS IZHI D EHX B FEEREELTWS “—aﬁfx
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SEASHIPH, FRERERICIE U TaRaiZ DDS Z:#IRL TW\W5.
BEDODROS2 DL T UVIEHNIZONTWVS

N6 DOFMHE X FH T — X TIHFbNTH Y HEHT— &
TOEEVEREDH S DT > TV, SZEFEEEE T, [\
BT =X OBENPBETH DH7-0, AL T, BfT—X
Tl Z4T 5.

4. ROS2 # AW =ElRmEL & FHMEIER

AREETIE, ROS2 % AW 7= b E R D > A T LR & 5=
FEERIZ B B MEEMIZ DOWTRAR S, £72, FHBEE 12
DWTHRR B,

4.1 VAT ALEK

AWFED ROS2 % W72 @ @i D Y X 7 LR X 3
WZRT. EEEELE % A€ U 72 Publisher 7» 5 B X 5
iR (RitgAil) %@L T % £ U 72 Subscriber (3%
B35, HIRI A THGEEIIZT 72N - TL—F - AF
TV v T OFENE A E RS (TRE T 5 2 & bR
HRE(TD. FERBE O & £ 2 1ITRT.

JO> b

N
FI A SEHR
Publisher — Subscriber
I=PEEER =IEEEF
—
HIfEIER

(oL - TL—F - RFF7UZY)

3 ROS2 % W72 @ @i D > A 7 LK

R 2 RS
Machine
CPU | Model number | Intel Core i5-7200U
Frequency 2.20GHz
Cores 2
Threads 4
Memory 8GB
Network 1Gbps Ethernet
ROS2 Dashing Diademata
DDS OpenSplice
OS Distribution Ubuntul8.04
Kernel Linux 5.0.0.1

4.2 EREBEGICBITOINEEH

HPEEE T, MR EHICERE T 5720, LA T VY
NEETHS. XHk [13] T, EfEIZCHFATEL LA
TUVERELTWS. EEHiEY I 2 L — R EREHEL T
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71 AT W ERIMNITRIE 2 2 T, CORE F @@
EASATREDEER & 1T > T\ 5. EEREE I, B 10 km D
B, 800 ms F2E £ Tl EEAARETH 5 L HE I N
TW3.

F 7z, SCHR [14] O B 20 km O IV 7 h— b EH
W 72 3at BB L D FEEEE R DO IZ K B &, 500 ms PAN % 44
SR UTHEIFTWS. DI 2h 5 10 km 0
20 km OEHE D =@ E L TlX, 500 ms ANIZ L1 T %
MABBENRDHBEEZSNS.

AHFFE TIE, (KR D L 2 AE U TR EEME, LA
TV H 500 ms AN & § 5.

4.3 FH@EIER

AETIE, H A T WBERZE % 10000 FIFTSBED L A
TYIRHYTNOou X MO ET o 2. Y, R
i, B EUE, MR 2 R U7z, P & R £, o &
MUY Y IV EBRALUTCEHELR. HBEIZEDTLED
VAT UVREBRIDENILKHEINTLES ZDHT
H5. WMHEKE 1~4 WM TORHTT %2 1T > 72. VGA OFRGRSE
DRXI—T—REZHNZ. W& 1OV 1 X%, 374 kB T
Hotz. FERIE, 10 Hz IZE L 7.

IEHE I FEM &2 47 S 726012, SCHk [11] 22412 SCHED
FIFO[15] £ mlockall % f#f L 7. SCHED _ FIFO %, 7
T AN BMOD Linux A7 Ya—) IR HHT57nk Rk
DEHEBRLUTHR T O A%2ETT 5. £72, mlockall I,
Ta ADEMT N VAL EZYH RAM ICEET 52
TAERYDRAT Y THBIIR=—Y a5 Z & 2B
T5.

P E R I, e L8 & bk G ET T OB EE X
N3, 2y b7 =7 DRENEIZRIFTH D LIRS L.
F v NI = I RREERIGFR T, M2 2E L TR
LW, ZDH, 39 VT —=INREELTWBEE &L RE
ERGEERBEL CTEBRETo7. 2Y NT—IDBEEL
TWAEEIE, 2y P =2 &R EZPIT T, 29 b
T — I PWARLERGEX, 2y N7 =7 IZEAf%E DT TFE
fiti & 47 - 7=.

ROS2 TEHRINTWVD QoS TH T 7 1) [3] 2BHIT
3D QoS TET T AINEEELUEREIT 2.

£ 3 FEBIZHHLKZ QoS Ta 7y 1L

ZA: Reliablity History Depth | Durability
1 Reliable Keep last 10 Volatile
2 Reliable Keep last 1 Volatile
3 Reliable Keep All - Volatile
4 Best effort Keep last 1 Volatile
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5. FY

ARETEHAIE CTHE L HNAEIZOWT, RO
ERERIIN T 2 BRIk D,

5.1 FHERESR

3V NI =P EZELUTWBIGEDERERZR 41235
T2y MU= IDRREERGEDOERERER 5 ITRT.
R, &> 72EEBEE R L TWE. 1 D5 4T
DM ZIT> T WS, HEERSIE, MINEOEBGKTH S 9
ZRLUTWS, o 7)vom X U, 10000 [EH > 7 v
DEZEERAT MR, ZITWMB I LN TERD -8 %
RUTWE, 29 NI = BREERGEDERTIE, B
Mz Ny v a A& FEZES tc qdisc I REHAW
T, v MU —=ZIZAfEPT T 5% DRER TNy bR
A%EFE X T,

5.2 EE

2w h T = WEELUTWBGEIZHARTERY T —2
MREERGET, Yo 7Lou X MEAEMLTWS Z
DD 0T

Reliability D #EIZ D WTIRR 5. Zff 1~3(Reliable)
I, 5 4(Best effort) K0 &, 2 v MU — I DRREERY;
BIZBVWTLA T U YPREVIER o7z, Ty b9
O A S NFER, SfE 1~3 T, A v —VEXT 5
Pz EZONS. 2V NT—IRZELTVWBEEES
TIE, KEREFROSNELo72. XY VT =TI BNLEL
TEY, Ave—VHEPEZ IS PodTHILHE
ZAoNb.

YU Tov X ML, &4 K0 B &M 1~3 DD
WWEER & 22 o 72, Reliable I&, A v 2 —YFHIED A —/N—
A~y RiZ»Hsh, v 7iLon b 2HIELU, @505k
DEEIZERSTWE 00 o7z,

Depth OFZEUZ DWW TR 5. Depth I&, EfERFH A v
=V Fa—ITRET IR ERETHNNTIA—RXTH
3. &1 TIE 108, &fF2 Tk, 1, &3 TRV Y —
ADERETIZHREL TS, M2 1% ERBA Y Z—
DV 1IELUNMEELRWED, oo A MRk E
WiER C ip o7, 1 & 3 TIRRERERZ TR 572D
ZMHE3OAEN)Y —AD LB FEFTREERLAVYE—-T%
Fa—IlEEFETB72D, b 7oo A USSR N 2
Mootz £72, M 1~3 B VWTHREHEDIXS DED
RKEWFER L 72572, & 1~3 1%, Depth OEDYE S D A
TH5B. FRIKFIZDWT Depth SEEL TV B ENTIER
W, Reliable ® X v ¥ — U FERHOIX S D EARHEL T
WHAREMED H 5.

Fz, 2 v NT =7 BPARRERGGE T OEBGEND 4 1K
DHBETIX, E¥IH 20000 ms 2BATLE-TWS. Zh
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DLAT Y

HEAE EHRES &M EE (ms) BB (ms)  REE (ms)  BYERE (ms) YrILOBRMK
1 1 1 3.5 126.1 2.6 4.7 0
2 3.6 123.2 2.7 4 0
3 3.3 55.3 2.7 0.6 0
4 3.4 4.5 2.4 0.3 76
2 1 1 3.9 5.6 3.1 0.2 0
2 4 54.2 3.2 0.5 0
3 3.9 54 3.1 0.6 0
4 3.9 5.5 3.3 0.2 0
2 1 7.6 124.9 6 1.9 0
2 7.5 111.9 4.2 1.2 0
3 7.6 78.8 4.2 0.8 0
4 7.5 8.4 6 0.5 4
3 1 1 5 124.8 3.5 6.4 0
2 4.3 132.2 3.5 2.2 0
3 4.3 124.1 3.4 2.1 0
4 4.3 6 3.5 0.3 143
2 1 8.1 150.4 3.8 6.7 0
2 12.2 154.9 5.1 18.3 0
3 13 151.2 4.9 19.6 0
4 8.2 9.4 4.7 0.7 5
3 1 12.4 176 4.7 6.2 0
2 14.8 205.1 6.5 17.8 0
3 15.2 175.6 6.4 17 0
4 11.9 13.7 7.6 1 3
4 1 1 5.2 133.7 3.5 7.1 0
2 5.2 277.9 3.6 7.7 0
3 5.4 124.4 3.8 7.6 0
4 4.8 7.2 3.9 0.5 69
2 1 8.8 155.5 3.8 11.5 0
2 10.7 303.7 5.1 114 1
3 11.1 154.8 5 13 0
4 9.3 14.1 4.5 0.8 82
3 1 13.5 177.9 5.1 13.5 0
2 15 208.7 7.8 12.5 1
3 15.3 175.2 8 14.1 0
4 13.5 18.8 7.6 1.2 53
4 1 17.6 201.6 8.4 14.1
2 18.8 279.9 10.6 13
3 19 194.3 6.8 13.1
4 17.1 24.4 10.5 1.4 88

IDWVWTHENRENIZARHTH S, TNETORERD,S,
?—&@E%%Kﬁg%ﬁ@%é%ﬁ%é:tﬁﬁ#of
T EDTAVEBATLUE S EEIIREVLAT
//aaé EEMERLTWS, SEIZE W T EEHAE
VI~3 TR D o 7208, A R CIRBFAEZBATL
iVyV4%Vvﬁk%<ﬁonék%26%6
SEIOFERTIE, 4.2 TERLBEHZ2THZ U (2Y b
7 — U SRR IR A T OEGHE 4 ROGE%2RE). U
MU, 2w N7 — 7 DPREE LG A RN 500 ms % 48
ATCULEDIT—EANTTWVWBI D Dholz. ZD& I
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5, BEDEEEL VS TV, PL— RA T OMRIZH
LLEZ5.

QoS RV ¥ —DEV S & ROS2 % W /=& EIRIZ 8 1)
% QoS RV ¥ —IZDWTikR%. Reliability I, Reliable
THHATZ2ORY Y T VOBANRSZENTELD
FFLWEEZONE. LU, AVvE—VHEDOL—N—
ANY RIZEoTUATUIUDRREL B >TLESIHELD
5 OFEVPBETH 5.

Z ORIz DWW T I, QoS K U & —® Deadline 2 & 5T
InTE B & Z 515, Deadline Tl, Reliable D A v
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K5 AV NT—IDRRLEERGEDLVAT VY

A EHRES &M EE (ms) BB (ms)  REE (ms)  BYERE (ms) Y rILOBRMK
1 1 1 13.7 356 2.7 27.8 0
2 15.4 401.8 2.6 30.4 9
3 13.6 376.8 2.7 27.5 0
4 3.3 4.3 2.5 0.2 5585
2 1 1 22.1 599.7 2.9 53.4 0
2 31.7 957.9 2.9 85.2 22
3 28.5 1180.5 2.8 84.8 0
4 3.8 5.4 3.3 0.3 5560
2 1 33.6 720.6 3.2 64.4 0
2 42.4 975 3.4 95 63
3 40.5 1204.8 3 95 0
4 5.5 8.4 3.6 1.6 5313
3 1 1 232.1 2957.1 2.8 432.3 0
2 319.5 2796.6 2.9 464.7 273
3 451.5 4526.3 2.9 743.4 0
4 4.1 5.8 3.5 0.3 5417
2 1 241.3 2987.6 3.1 432.9 0
2 336.9 2822.3 3.3 480.6 296
3 472.1 4602.6 3.1 749.4 0
4 6.2 11.2 4.2 1.6 5317
3 1 260.9 2943.6 4.2 441.5 0
2 359.4 2870.3 4 488.5 350
3 495.9 4603.4 4.1 755.8 0
4 8 15 4.7 2.3 5328
4 1 1 27406.8 42365.8 3.4 13081.9 7732
2 15893.6 19561.1 3.1 3200.7 2201
3 25600.1 40723.9 4.9 13076.2 7038
4 4.8 10 3.8 0.5 5438
2 1 34196.6 42458.3 7.2 7754.4 3064
2 14657.7 19577 5.7 1964.9 2140
3 32111.1 40885.8 381.1 8545.2 2354
4 6.5 17.9 4.3 2 4356
3 1 35642 42232.5 211.6 4216.9 354
2 14665.8 19665.3 9.6 1950.8 2069
3 34289.5 41484 434.5 4978 182
4 8.6 23.6 5.1 2.6 4358
4 1 35990.2 42202.7 12384 2233.1 112
2 14661.1 19707.9 13.8 1952.5 2114
3 35006.9 40752.8 436.7 2340.7 36
4 10.4 27.8 5.7 3.3 4353
T — VHERH O LRZ2RETE SRR o TWS. U
B LU, BUE, ROS2 TRAAFEHTH W S h Ty, 4 6. SDYIC

5] D Jz B dE T, HEEAD 500 ms (R ET B DH R
EEZOND.

Frz, BIZVA TV ERR/NMIUEZWEEIZIE, Best ef-
fort ZfHHTHDNRRNWEEZ 515, Depth &, 1 Tldo
AMDEETLESIZEDHSD. 774NV bD 10 THEH
ULTATRUIZIGEU TIBIRE LEZOND.
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AHRE TIX, ROS2 & F\\ 7= i@ b iz % A8 E L 72 @85 0
QoS RV ¥ —DEWIZE BV TIVLR A LMEDFEN % 17 -
7z, FHMIEEROFER, ROS2 1%, QoS I2 &> TH v 7k
FEoB A NEHIIRT 22 EMNTE, ERELZD®EDEE
MOmE EIZENLEZ NNz,

F72, QoS KV ¥ —DEVS L ROS2 % A\ 7z izt b i
2B S QoS R Y —ZOWTHhREZ., Xyt —Uf%
EIAZET IO a A MIBTFER LA T U VI REL
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BRoTULESD, GEMEL VAT IDNT VA %ELS

W

NHdLEZ5. BRD ROS2 TIE QoS AV ¥ —n34%

THILEINTWARY., NP SHEBEPELZ T, L0 X
BUIZV AT LS U BEOFEE2HATE S X512k
brEZOND.

T

Agel, THOWRH L B Tvey 27 b (3

) OXETEREINZHDTH 5.

SE X

(1]
2]

B3]

4]

THE AUTOWARE FOUNDATION: Autoware.Al (on-
line), AT (https://www.autoware.ai/)(2019.10.18).
Open Source Robotics Foundation: GitHub -
ros2/ros2: The Robot Operating System, 1is a
meta operating system for robots (online), A F %
(https://github.com/ros2/ros2/) (2019.10.18).

Open  Source  Robotics  Foundation: About
Quality of Service Settings (online), A F %
(https://index.ros.org/doc/ros2/Concepts/About-
Quality-of-Service-Settings/)(2019.10.18).

EHEE: ROS2 TlRUO L > witfkaKRy b Frrs 3w
7 RASHHEAMETEE, 2019.p.52-p.54, p.59-p.62, p.127-
p.136, (2019).

Object Management Group: DDS Portal - Data Dis- tri-
bution Services, Object Management Group (online), A
F4 (http://portals.omg.org/dds/) (2019.10.18).
eProsima:  eProsima Fast RTPS (online), A F 5
(https://www.eprosima.com/index.php/products-
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[7]

8]

[9]

[11]

[12]
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all/eprosima-fast-rtps) (2019.10.18).

ADLINK: ADLINK Tech — Vortex Opensplice Data
Distribution Service - ADLINK Technology (online), A
F2% (https://www.adlinktech.com/en/vortex-opensplice-
data-distribution-service.aspx) (2019.10.18).

RTT: Connectivity Software Framework for
the Industrial IoT — RTI (online), A F %
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