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Implementation and Scalability Evaluation of Dynamic Map System
with Edge Server Based on Lane Section
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Abstract: In recent years, connected autonomous vehicles have been significantly studied. Connected vehi-
cles use a variety of sensors, capable of sensing their environment. The dynamic map is a common integration
platform, thus, incorporates the real-time traffic information into high accuracy 3D map. Due to this unique
mechanism, a dynamic map attracts remarkable attention to some applications. However, the increase in
traffic volume using a dynamic map platform, in case of overload in the client requests and responding by a
single cloud, triggered to increase in the communication time and mislaid the data packets. Therefore, there
is a need for a sustainable communication network. As a solution to this problem, in this study, we proposed
the multiple interconnected distributed edge, geographically. Also, it is a problem to relate the moving vehi-
cles to the edge servers and to coordinate between the edge servers. By assigning the “Lane Section ID” with
respect to control the flow of client request to each edge, which primarily act as a sub cloud, it will enhance
the communication time and secure data packets. Moreover, enforce the implementation of a dynamic map
platform. We have evaluated the communication time for each edge and missing data packet rate.
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Fig. 1 Overview of dynamic map.
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Fig. 2 Placement and operation of edge server.
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Fig. 3 Architecture of dynamic map system.

© 2021 Information Processing Society of Japan

Jryay by I) RETERE EH Y Ak ) &4l
H¥2)L—aFli— s R—ATHKSNTHEY, DB
VATFLIMDB EDA N — AT =¥ &R AT B
W EEEHE ML T ) 2 ETT 5.

2.3 BEFE

R AT LT, HifE oy V=3, 757 FEDEE
WIZIP 2FAT 5. 2597 FOREZFMT A4 F 3
IRy TYATLAIIBWT, BHEAL T 2R ET 5
&, HEOIP 7 RLAZREEILELT, 2797 KDIP T
RLAZRGEGETH, 770 FRLHEMIZT— ¥ % &% T
LEEHEEOIP 7 FLAXFIHT AL TEL., L
L, TyVar¥a—gq4 ryZEHWHEKTE, 797
FEHE2L DT — % Z HEZE L TV, sits
HLEGOIP 7 FL AZEENTE LW

FIT, KV AT LIZBIT BTy VI —NO@ELETIE
Ty DY — NDHEWE NS T — 8 g LzEIZ, #EL
HjID #2777 FICBHTA2ZET, 797 FTIkED
Ty VY= NPEDEND T — & % ZA5 L7200 % H )] B
Lk, 77 FTRRIOEH LD 2FHT A LI
L0, BEILTWAIFEDQHEMIZ LTy 77 F°, =y
TH =N, HEWIE, JIOHEMY S OMEEXTREICT S S
EWTEL, F7, HWHPBH L CEAEEOT Yy V-
YN b o/ZBIZDI, Ty V=057 T NIxt
LClHT 5728, HlioOT— % 22 lic 7 5 FICE
BRETAIHGL LB LT, BEAMERRT A2 L5
el eh., Ty VY=L DBEANERIZOVWTE 4
ZRT.

BB 2 BWEIIERO T Yy D —NEY ) BRI 5E
T 5720, BliHLsbTF—8 2R ETLEOWLE % 5D
Iy VY —NDOIP T FLAZ—FIZHETE V. F0D
ek & LT, fLEERISHDT A2 EBO T v IV —30
IP 7 F L A &MD 1) 721 i & & B R I AT IR E 72
LI7EER, MEEREEEO Ty D —NDIP 7 FL A
EHREEH L TVBY— NI LCREeE R LT, BIfERL

WSS 2Ty Y —N"DIP 7 FL AR HHRT L &

TyTH—s

259K %<
HlHRE—T v Y —/ I
BEEL, FoREREL

BT TWBRIR—EIR(E

/\ |

=T G i

PExBPa

Ty TH—n

N

B4 Ty IH— 310 & %8 EENER

Fig. 4 Reduction of communication load by edge server.
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Table 1 The format of the data sent by the vehicle.
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Fig. 5 Edge server arrangement based on lane section ID.
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Fig. 8 Data transfer between edge servers by lane section ID.
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Fig. 10 Data flow in a dynamic map system without LID.
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xR 2 Bl AT LM (7778, 2y UH—N)

Table 2 Cloud and edge server configuration.

oS Ubuntul6.04
CPU 82716 AL v F (3.60 GHz)
AET) 16 GB
SSD 256 GB
WEHR A LAN (K 1Gbps)

Ty D — NOME AT SR L 723 A R L AL ) S Ak
WEET S, £2T, TTVr—3 3 YNT, finkuif s
ERAT) BERG VB IIET T r— a3 YR FETT S
oL bBERELTIFEIT TSR L IFEIH L.

Iy VY= NETEFTENLT TV r—2 a3 VI3 EN
FERPGR LR EHATHY, x0T 7))
r—=3a s IonTHEELFM AT TwAhA. L2L,
AZEE L=t a v IDICE ATy D —NELC
WCOWTIRELTWALD, 777 — a VLI % fiif
HRbDE L, Ty V= NETETENET T T —
vasig, ZELLEmN T -7 2O MEERESEL, =
DA NDSE T B HPH O B R RS R & LTl
FTHLDE L7,

FNEFNDY AT LIZDNWT, KA RING X —F 2%k
L, preQ & revQ I SN TV A T— s =2 EHllT 5 2
&C, MBLRIEASEA LG AICEREHFHET L. 72
Iy VY= N\PHW T — 5 %25 Lz (t1) 207 —
BT TN = a Y TORMEASET L7z (12) O
REHIT A Z & T, MBEIEREM A S 5.

FHMEICH W22 I KN, Ty VY= nNE% Db PC O
R 2 1R T. B 5G ° LTE 7% & OMEREE % v
THAFIv vy TLHEETLEEZLN, k4D LTE
RLWi-Fi ZHWF A F Iy o~y TOFEIALEEREIT-> T
Wah, LAL, WHEEETERAL DRET L AT 40
TR TR, BESMFICKE KGET 5. S, EHR
Py N =7 OWFFER E D AN THO I, B D EEiE
BEFAPEAHEINODOH L, FTAITZD L) LEHli%
FHICHWT, BAMICHETZEHT 5720054+ 3y
IRV TTTy M T AL EBHELTEY, Ty =N
FHOWCAN OB EEBT L0 -2 3~ ID
FRELTWE, Z00, L=t 733y IDDAY—
T TANOEHBEL L) HEICT 5720, BEHGEEO
AMEEERZES L, AYIalb—3v a3 TlEAARERIC
B0y VT UREEAREE L. £, BTy Y
T NI GBEE SN, EFEHEMO 7 F Y FIZHRT
WMIBERESS S A L 2 EL, Ty V¥ —NER DB PCO
CPU %) v —AHIR [41) L, MfeZFELL. 299 F
Ly VH—=NIZOVWT CPUNRYFv—7 [42] THlEL
AR AR 3 IR,

FCH72Y, YIal—Ya VEBEOLKER YR 12
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Table 3 Cloud and edge server benchmark.
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Fig. 12 Road environment used in the simulation.
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Table 4 Vehicle configuration and transmission parameters.

FRiEATT]
oS Ubuntul6.04
CPU 4378 ALy K (1.90 GHz)
AET) 16 GB
SSD 256 GB
JAE 77 A LAN (K 1 Gbps)
EET— 8T A—%
% %L
EIEESE %L
RAE IR 100 ms
FHAIE FRE 1,000 ms

A5 R H 150s
F—%H% 14X 1,158 Byte

RS, 72, FHUEM V72 PC O/ L 7 — & D%
F/XT A= %K 4 1 RT. FHUEW DA O FE 7 — &
RRET AHZOOAMERHO PC O L 7 — % DR%E
TG A—=F %3 5 |RT. SRS ROEmAESTS 5 E
PRIZE S 1,500m OERER & L, 12 N L2 & I
#H36km T 150 BN IT CHBE CETTADDLET A,
WEIZIZ 82D L —rk 7 aryIDAFEYBTENTS
D, 1,500m DEFE 2 BNy ¥ — NTHEE|Z5E L,
FHHEZEETL, Ty V- NOFEL) 7 EZETY
T, EEoOBREERE LT, 750m TOHY B TH5R
TWwb, 72, BMERIE 1,500 m O#E O Y 1,000 m
% FE 36 km T 100 BT TETT 20 L L, &Af
HWOA Y — MBI T > ¥ L THRETH. L L, @
HA S O 7 — % % 100 B R%E LaHli 2179 720, fa
B IIAM S CTEITT S L, TORBREMDSETEHT,
EATRIIAD S 100 BBAGET 5 L EITTARTTH5008 L
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Table 5 Loading configuration and transmission parameters.

T B
OS Ubuntul6.04
CPU 8 27 16 AL v F (3.60 GHz)
AEY 16 GB
SSD 256 GB
HAE 7 At LAN (K 1 Gbps)
PEET—F8FA—%
% L
[ A0S L
LS MR 100 ms
B e H 100s
F—#4% 4 X 1,158 Byte

72, F72, TNHDNT A —FIIERNEERTH Y, &
T A—F LM ZIT) 2L TL—rtvroar
ID 2Dy V= NEBTORMEEMRET 5. £
7o, A AR A 1 & B [R5 PR AE & MR
LTHEY, Ths50fieE w5 2 & THlEDEEMEDN
FERLZENTEDLS, RIFZETIEL— 17 231D
IZHDL Ty V= NEYTIZOoWTHRT A28, Fh
LOWEEITHAWT W2, F72, Elo T — ¥ EAERIEIE

100ms B CHREL, M 5 REEINDL T — 7 IEE
ML HE L EDOXRM O — FEEDT 1,158 Byte TH 5.

5. FHMfER - ER

51 EXFLDAT—FEY T«

75 RIZEBIAFIv IR TVAT L, L=t
grvaryIDrHWwLRWZy U —=NFIHOY A F I v
Y TVATAL, L=y v aryID eIy U —
NHHOZAF IV oy TV AT LADAT =5 574
R L7, ARG Y Ial—2a VEREIZ4ETRL
TR THY, B 13 IIRT LI, 7T FIZLB5A
FIv IRy TVATATHE, B EOTRTOL— Ut
733 21D (LID) #EATT AHEMA 7 T 7 FICHT T —
¥ %%EETAH. LID ZHVWEWLy VY —AFHO Y A +
IV IRy TVATATE, ERT-FIREYOT Y Y
T NICT =5 BRETAHD, Ty I —NIEZOHM%
BT LIy VY= G E ) DHBITCE D
T=d %I NIZEELZIY N EOT T r—32a v
TUHE DN D.

FHAMiAG R A B 14 (2R, TR AE A5 AE L 2
RRKEMERERLTWS, 797 FICLB54F3
IRy TYAT AT, HlHEH 1,630 GFEELT — N
27— % 245 L COMBLRIEIIS/AE L o/, F72
LID # v wnwzy V% —=FHOS5AFI v r~xy T
AT AT, EWT— 5 E2ZE Loy V=37 I
NiZHzk L, 799 FLOT7 7 ) r—32a vy CHEITENS
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Fig. 13 Road environment in each dynamic map system.
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Fig. 14 Scalability in each dynamic map system.
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I/, LID Wiy DV —=NFHOZ AL F 3 v
Yy T VAT LIDOWT, ABREIE S A L e WHLI B L
EALFRRAEASEE AL B MR AT, RHIE N 255445 L 72
KT — & ORLIE L% FOREKE B Iy T —ND
Fa—HA X (Fa—I2TF—IPENLZTEBE > TVED)

1268



[BHRNIBFLERIEE Vol.62 No.5 1261-1274 (May 2021)

K6 KXV AFTIv Iy TIATFAIIBITA v MEER

Table 6 Packet loss ratio in each dynamic map system.

VAT A XAy b EESR
avavay 99.998%
LID 7%= L 99.998%
LID & 99.997%
100 2
EY BT OETH 1
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Fig. 15 Processing delays in 2,100 vehicles.
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Fig. 16 Processing delays in 2,300 vehicles.
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Fig. 17 Scalability by number of edge servers.
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Fig. 18 Scalability by number of LID.
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Fig. 19 Scalability of edge servers by processor capacity.
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Table 7 Processing delay and LID transfer by road environment.

R ) T OB

ZlET) 7 OFE

Fa— (v Y A)

¥a2— (Zvy¥YB)

No ITyYA TvYB ITvyVA TvUB Ak AREL preQ revQ preQ revQ
1 500 m 500 m 500 m 500 m 2,100 & - - - - -
2 500 m 500 m 500 m 500 m 2,200 & it - HEhn - B
3 500 m 500 m 400 m 600 m 2,100 & - - - - -
4 500 m 500 m 400 m 600 m 2,200 & S - Hahn - B
5 500 m 500 m Om 1,000m 2,100 & - - - - -
6 500 m 500 m 0m 1,000m 2,200 & S - T - Hahn
7 400 m 600 m 500 m 500 m 2,100 & T - - - T
8 400 m 600 m 400 m 600 m 2,100 & JE A - - - B
9 400 m 600 m 500 m 500 m 1,700 & - - - - -
10 400 m 600 m 600 m 400 m 2,100 & FEHE - - - B
11 400 m 600 m 600 m 400 m 1,700 & - - - - -
12 400 m 600 m 1,000 m 0m 2,100 & FEE - - - o
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Fig. 20 Scalability by vehicle speed.
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Fig. 21 Road environment at the time of LID transfer.
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