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Demonstration of an Online Video Processing Framework
using the SINET Wide-area Data Collection Infrastructure
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Abstract: Online analysis of video data captured by sensor devices is increasingly required for applications
such as object recognition in autonomous driving and abnormality detection by security cameras. However,
there are several issues such as ensuring secure and stable communication environment between sensors
and a cloud, collecting large amounts of various data and processing online video analysis efficiently. In
this study, we have developed a prototype system of an online video processing mechanism using the
SINET wide area data collection infrastructure called “mobile SINET” and show that the prototype sys-
tem can collect a large amount of data using messaging infrastructure software in a secure and high-perfor-
mance network environment, and online video processing is feasible using GPU nodes in a cloud. SINET is
a wide-area academic network infrastructure and the mobile SINET is a service that provides mobile net-
works as an access network of SINET and enables direct connection to a SINET VPN. Each sensor can
use the mobile SINET by installing a SIM for the SINET connection. In addition, we investigate the per-
formance characteristics of messaging infrastructure and distributed stream processing infrastructure that
constitute an online processing system in order to obtain design guidelines for IoT applications.

Keywords: online video processing, distributed stream processing, IoT, publish subscribe system, mobile
network
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Fig. 1 An overview of an online video processing demonstration
over the SINET mobile network.
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Fig. 2 A snapshot of the online video processing demonstration.
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Fig. 3 Software configuration of the prototype system for online

video processing.
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Fig. 4 Experimental settings for online video processing.
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R IE D5 5 AR EHHIE > A 7 2 [5G] OFHA W fE
1275 &, PERER PV R v 20 TTALEE] N & RBAT T
L. PR ERA MY — L LE AR O IS &) LB A A
F=IVT I NT LI EPUFFTE DD, MAc T =5 A
ARHEEL — M L CEDREDREIE, A)V—T v b T
WMETEXD0H, HHEATIEZR N,

o, RETIEZFYIA LI 7TV r—ard
REHEH RSB 720, TSRO, KRBT 2 B A iR
L CHMBRETUT OFHlEREZITH. [y T7—%
OPE] DD DOPHFEY AT L OWREEZ1EL 720
32 TIRA 7TV 27 AL —UDI0 MEE, 3.3HITIX
A=y rEEO IO MREE L, KT L. F7o,
[FENTALEL | D7-DDAFE Y AT A ORI 155 720,
SAHI TIXEAE B A b Y — A ALE I O L EE, 2
V=T b aRETDL. [HEREOT74—=F Ny 7] 1220
T, — BB T 77— o&E] k)-8, 5E
BEN LSRRIV Ay 7212 DI wWEEZLNL T
B, RETIEAI—THET S,

3.2 ATV M ML —IDI4EEE

I F 7V PAN L=V DOEHTIZ AWS S3 &
NII 4> 7L I ABEEO HGST #3473 27 PA ML —
JHE ActiveScale P100 (DU, P100 &%) o 10 EfE
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AT A PLI00IX, YATALA/—F3AH, AML—=U
J — F67, 864TB (ERAERE0TB) MK TH Y,
Inter-rack 1 v M7 — 7 m7i# 1% 40 Gbs, Intra-rack & v b
7 — 73t 10Ghs £ o CTWA, FEETIE, 165D
AT L/ —=FIZRLTIO 7 72 A%1T).

FEMMICIE, 29 R ATV PARNL =V DONRYF
Y=V 7 72T DO—DTdH A5 COSBench [33] &
72, T2 ARY — 1L, Write & 20%, Read % 80% &
L, AHEXLLT—7OH A XL 64KiB, NV F~¥—
7 runtime (600 & L7z, V7 A HD ) — FiX, +
YTV IATRERLISRTYWHY — N EIZEM L8 2
7 16GiB A €Y ® VM 3 &, AWS TIiZvCPU 2 2 7,
8GiB AEY ® mblarge & 3 HH V. + 7L I AR
T, V7T A HOYELY— & P100 % 10 Gbps TH
WMENTWE, AWSHTIE, S3DORy NT—2 A%
T = AEHLNTHRVY, £ 7T A5 VM IZwK
10 Gbps DHEFHIH & 2> T\ 5.

5 (6I2Write AV—7v %, E7 K82
Read A NV—"7"v M &2 1HH-) BT RV —2 3 V%
[op/s] &#/NA ML MB/s] TENEIRT. L)
TAZET, M ANLV =Ty hERLTWS, FW
JN— @ “NI->P100" (E NI DV 7 T A % 25 P100 N,
BHon/N—0 "AWS->83" 1L AWS WEED ) 7 T A % H»
583, KL D/N—D “NI->S3" IEINIID) 7 T A%
MNESIANDT 7 AL o TWwAh, NII->P100 & AWS
-=>831E27 9% N, NIL->S3137 77 FHO@BEE & -
THBY, BEE—HEHA Y7 —3y MAKZFAH L T
%,

X5 X6DEPS, 757 KNTO Write 7 7+ A
T 7 T A EDEEZ Bl oNTHEMEIIHE L O,
AN =Ty MEDPEIL T S35 hb. 7L 3
AL I FTAV=Ty Mz lbix$d5L, VI ITAY
BV nE &I F T LI ADIT) BIREVD, 1)
IATENEL b ESIDIEINKREL LY, Ar—3F
YT 4 OESHPHERTE L. —F, 777 N Write
TrRATIRZ I FNT7 72X #ENRTEND D
D, ANV—="Tv MEIFEL, V7T A E 144 D& X121
Ry FX=7 T T TAPRIEFIIHTITHIENTE R

1 NIAYTLIARETHCZY) 7 227 B — O
.
Table 1 Specification of the physical server for requesters in the

NII on-premise environment.

0s Ubuntu 16.04.6 LTS

CPU Intel(R) Xeon(R) CPU E5-2660 v4 @ 2.00GHz,
56 27

AEY 125GiB

T4 A7 | 4023GB

NIC 10Gbps
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Fig. 5 Write throughput in op/s.
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Fig. 6 Write throughput in MB/s.
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Fig. 8 Read throughput in MB/s.
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]2 Avb—Ur OB

Table 2 Experimental settings for evaluation of messaging systems.

Broker /1 / — F (Kafka 3 &, Mosquitto 1 &)

AV RAF A | mb.2xlarge

VCPU 8

AEY 32GiB

Network %K 10Gbps

Vo7 x A% M/ —F (Kafka, Mosquitto % 1 &)
AV AF A | mbxlarge

VCPU 4

XEY 16GiB

Network K 10Gbps

Moz, BENANHEFBAT L LD RIBIEDIKE WEREET
i, —RICE—Y A FATHE S L5 Write AV — 7"
MEX DR %2 2 e 2 ET 2UENH L Z LR S
nr.

X7, H8DRead AN—"T v FDKRTYH, 757K
W 27 F 7 N OFEITHERIL Write AV —T v MEF L
FREDMEB AR B, U 7 T A $ 144 D b & O EEEF
FESNL o7, Read AINV— 7 i, Write A —
Ty POIBREDIL AFHEVEREZ IR L TWizds,
1Gbps BETH o7z, IoOTHED L HIT/NEWH AL XD
T ANVEREICR) BEICIE, BETRELIVF TV
FAML—=DHIOMBEERR MV 7 b EHREN
7.

3.3 Xyt—ULIEBOMERE

WIS, Avbk—=T v 7iEE L CEEEBRTHW
Kafka & MQTT %D — 2> TdH % Mosquitto D & A A
TREZ BT 5. Katka ld27 7 A S HEMZ S 2 L TA
T=NVT T MPESTHY, itilbbTEETH S, Mos-
quitto (£ 1 / — FAERC TR LERBERIZ1E Kafka 12955 b
DD, MQTT ~NX— AT Android 0t > F M KH 7 5
ATV IATITIVPTEL TS, WHEERAFR 92
T wo22Mumhd 5. FETIE, Kafka i v. 2.2.0,
Mosquitto 1% v. 1.6.2 % 7.

Ay t—T Y ZIBEORHEIL AWS WTHER L7z, &2
WCFFA 3R 85 % /R 97 Broker H / — FIZid v d
mb.2xlarge % FIF L, Kafka Tl 3 73, Mosquitto Tl 1
HHW V7 XY H 7 — FIZid, mbxlarge ¥ 159
OHELL XryFv—r7urJA|21F, Kafka Tl
Kafka ®/%v 7r =V THESN TS 707 7 Az FfH
L, Mosquitto TlZ MQTT-Bench [34] & F\ 72,

X9 & X 10 |2 Kafka & Mosquitto @ Write A ) — 7
MR 1B ORERE A v — TV [msg/s] B L UNA
M [MB/s] TR 9. BEENE, EEBRO LM E <MQTT/
Kafka>-<data size>-<qos/ack> & % F L T & D,
“MQTT" & Mosquitto DFEF:, “Kafka” |13 Kafka O fE 4
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Fig. 10 Write throughputs of messaging systems in MB/s.

EERT. ZOOOHFRIERET -5 4 XT, 1KiB &
64 KiB OfERZ T 5. Z20OHFI1E MQTT @ QoS
LX)V THY), 0FFEMERZ L, 113 Katka @ ack 24
® QoS1 DHEFR %R L T b, Kafka Tld, ack DFHHEZ
ID1FrorRRLLTCWE FHh, B, KEol,
3, 61, VIV IAIHERLTND

X9, X 10 T Kafka & Mosquitto DAt % HLik3 5 &,
Kafka DI ) BNEERETH LI L3995, QS B LY
ack OF D L TIE, Kafka Tldd T ) HRESILAA DS
NZRVDIZR L, Mosquitto TIEKIEIZ ANV —T v FHMK
TLTWDZEDGH5E, K10 D MQTT-64K-0 Tl &
WAL =Ty MEZRLTW5AHH, MQTT-64K-1 Tlt A
V=T MEDSKIEIETLTBY, #EAvE—Y 0%
< H Mosquitto @ Broker TRZETE TWhWEEZ LN
%. & o T, Mosquitto = W T+ ‘/#f”’ﬁf“mﬁ% L7
T =¥ % /RS H 2 &7 Broker [ZIUE L72WIGAICIE,
D7l b QoS DEREVNVLETH DL kﬁ‘ﬁj\ﬁ‘%. ES

72, KREDT =% 2 MEFEICPNET 2561213, Katka D13
IWEETH L LATRENT.

—7J7, K6 O KAE & X 10 D QoS/ack B V) DM T
Kafka & Mosquitto D ik KM% Z ML N BT 5 &,
Kafka T 13.1 5, Mosquitto T 54 fFD AN —Tv b &
HoTHBY, MMIET—yOREUETIIA v -2 27
HBEOFASEFICERNTHL I EPHL N E o7z L
ERS, oTOT7 7)) r—2aryyFIF IR T, #HY)
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Ay b—
na.

VBT ERTHILENETI L VEEZD

3.4 HEIX MU — LAIBERE DT HFHE
KEDA M) — AT —F 15 LML UL 2T 7
TN r—=vary (77)) Tk, /— FEoF—555#s

FH, MEOZLIIHNT LA —1) v 7, EEED) bT

A E VS FZRREITHIL L 2T IUE R b\, Ko T, BEfF

SPELA N ) — AB T ST 7 S < aME 4 OULE L Z

NEDONEFER 0S4 754 2) 2Rtadbv57215T, A

=T TIVERGEA M) — AT 7)) Ze RGBS -

HATEaMriftd s, KETlE, oAy e—T 07

D Kafka & 7HEA b)) — L WLEFLAZ O Flink 8 £ O

Storm (Z22WTH ¥ T4 VLB RE A MRAES 4 7200, filjH

BT TIICEABAN VAT AN EERLT.

3.4.1 FHEAE

M11ok9H12, Xv+t—T % Katka—Flink—Kafka b

L < 1% Kafka—Storm—Kafka &\ 9 #EEE Tt L, ZIE &
ANV—=Tyv raHlET L. A v t—T % Kafka 127 LA

{r Producer (3 HAK D Python 7’0 77 4 T, %GR &
KBDORA T — Fae&Ei JSONERD Ay £ —T% 1/f

WL 1fd, 180 BRIZh72o THERB L, Kafka @ b
Yy 7 Topicl I Z AL, ZOB, X vt—T O LEY|
FlX72~85 /N1 h+R_fu—FEE L%, F7, Kafka
DA v t— VIEAREEII RN L L7
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5 stoRM
@ Topicl
64 partitions Producer
Flink 1 replica

Kafka

&

4 nodes
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App

Sleeps for
50 ms

4 nodes
64 slots

Topic2
64 partitions
1 replica

Consumer

4 nodes

B 11 A N — S FEERO M
Fig. 11 Configuration of the distributed stream processing experi-

ment.

R3 JEA M) — 2R O Rl
Table 3 Server specifications for the distributed stream processing

experiment.

Kafka Broker, Producer, Consumer (4 &)

A Y RAF A | mb5.2xlarge

VCPU 8

=) 32GiB

Network %A 10Gbps

Flink Job Manager / Storm Master (% 1 &)
A Y A¥ A | mb.large

VCPU 2

XY 8GiB

Network A 10Gbps

Flink Task Manager / Storm Worker (£ 4 %)
A Y A% A | mb.4xlarge

VCPU 16

AEY 64GiB

Network A 10Gbps

A= %P ) RY Flink 771 & Storm 7 7V IEZ
neh, KEBELICFEESNJava 7 07 T 4T,
Kafka ® t ¥ 7 Topicl 6 A v =T % AL, —
ERMFHR L% HEAyv—Y% Kafka® hE v 7
Topic2 |Z&E & At FREERTIZ, 770 WNTH S 224
BREINLZERMELTWS, 77 HATILISON %
IR, XFHELTCTFVITIAR/ V)T I4 T
5. Avt—T% Katka 7° 5HLD 13 Consumer (X HAKD
Python 717 5 AT, Kafka ® N ¥ v 7 Topic2 15 A v
=T EHAML, ZEEHE X v E—VICETNLERE
Bz a—h L7 7 4 VIZEE AT,

FHEBRSE L LC, RBIRTZ T A % AWS LIZHEE
L7 Katka D% M 2D —F 1 23 Y¥ided, L
7)o —3a YHiE 1, Flink 7 7 & Storm 7 7Y Ot
FIEEIZE D264, TOMDERETT 740V &L
Producer (%, Kafka Broker *[{]UA ¥ A% ¥ A FCT—A
VAFVAIILDE—D, ERTHOOTuL AR ELE
7z. Consumer b Ak TH 5. <A 10— Fidz e {1, 16,
64, 256, 1024} KB, %X f e {1, 30, 60, 240, 320}
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R4 FHEA N — DI ORISR TH W87 X =5
Table 4 Parameter settings for the distributed stream processing

experiment.

FEERCH 7ol

1, 16, 64, 256, 1024 [KB]
1, 30, 60, 240, 320 [FPS]
50 [msec]

INTA=F

RXAfu—Fh 2

% Producer DE(SHHE f
7 70 T ORI

fil/#% (UL FPS & # <) & L7 4 A ® Producer % &
HH 5 &, Kafka Broker (23t LiAZ LA A T — FDii
HIIBART A KB/ L b, 7 7)) W TORERIL 50
UL L RAWZEBRTHWE NG A= 2F LD

h\.

S S LC, AR E ANy FEEH LA E
BIRIEN, KA v E— Y ORGBIL & ZEHADENS,
IR LU 25 Wb o TH D, 72721, Producer
& Consumer TISONZ I VT IGA R/ T IT T4 R
LEEHIZE TN TS, AV—T7v ML, 45 Consum-
er B/ LIRA - FREZABTEIZERL, 1BH/
DONA MNRICHRE L7250 TH L. FEEETIE, Kafka i
v. 2.2.0, Flink | v. 1.7.2, Storm {& v. 2.0.0 % 7.
3.4.2 FMERER

FEEBIED RFEOA2R1212RT. EOr I 70
Flink O#E%, 1ild Storm OFERTH Y, MEihIseT L7z
TR OE G, BGELEEY I VB TRL TS, 4N
DEFFHTIENA T — FRIZE o TEEFKE SBILL %
Molzizd, TITIETRTORS O— Fatk &b
W% Rd. BEHED 1 FPS~240 FPS (41K T 4 FPS~
960 FPS) D#IFHTIL, 90% D A vt —TH240 3 ) LU
T, 99% D A vt —TH 500 3 YL ORIECHEL
TWhBZ EDWHPO NI —F, HEEHEH 320 FPS
(&fKT 1280 FPS) & T % L BIEAR 4 IR L, WA
T 8228 I VM ORIENSHIN S 7z (Kafka+Flink T 2 =
WEKBDE X)), Avtb—TVOMIIZ50 IV 2»ET
TN 64 HTEEL TWB DT, HEKIZIZEAT
Go5 X 64 =1280FPS F CTiEMEZ MLELT & 513477577,
FEBIFE 2 O F —N—N FPRIb D720, TiudE:Y
RAEREVWZ S,

X 13 (21%, Flink (/) & Storm () ® 1T & DK
KRAEERERIEE 2 ) CRd. Ml & 2 -
Twh, 22T, "Mu—FEMKBOYEDOHRELY
R, MOS0 — FEbFFEOEME R L TW X
12 DFFEFRTIA/2 X 912, 320 FPS OfEH Tl K
BIEMARKEL o T WL I EDRGL D — K,
1-240 FPS Tl RMEE B S —ERE TINE o T %
P, RKIBIEE SRR ISR E BT 240 s
72, MShDOERTEBMA v =YWL, Z0%—
I EHSNbDEEZLNDL. ZO L) RHHAD
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Fig. 12 Cumulative distribution of round trip latencies of all payload settings using Flink (left) and Storm (right). The vertical lines at the
right end show the maximum latencies of each frame rate.
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Fig. 13 Maximum round trip latencies per second when the payload amount is 64 KB using Flink (left) and Storm (right).
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Fig. 14 Throughputs when the payload amount is 64 KB using Flink (left) and Storm (right).
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. TIZTIEz2=64KB DRERDAHZR LTH, MDA
O— FETHEEOFHREPHEON. K145 5, HEH
R L RBIZONTY v ¥ —HKE L % LEHEIHDEERD 5
NAHHOD, &kl LT 4 KB/ R ZEMIHERTET
WA ZEDHEPD SN Uk S, ZhoF—3Ay F
bbb DDA N — 2B E L2 LT
IBIE, BANL—Fy b TUBIDTRETH 5 2 L AURIE S
nr-.

4. BFEMZE

LD MQTT N— A X vt — v FHMENFEE SN T
WA OSCHEK [35] R = A R [36], [37) THEELMQTT 5
LD H;THOIL TS, VerneMQ X Apache ActiveMQ
%l T AYFERTREZ Broker 2 16t 54V 7 by 27
bhh, SERIEEL TV,

SCHiR [38] Tl, Kafka & RabbitMQ O #5E = Mk % It
BL T\ 5. HEREEF Cld, RabbitMQ & 1 B O
Kafka ZILBIL, A vt—IH% 4 AH2KB £ TOFHMT
FBREOWREELZRL T A. KRIFFETIE, W72 ED
ZEL7264KB £ TOEL, 7T A5 HH O Katka ®
HEREIZDOWTHAEA L T 5.

Apache Spark, Apache Storm, Apache Heron, Apache
Flink, Apache Samza 7% &, HED A M) — 47— & WL
BELHE SN TNE., TS IE Ay =D v 7L
#L, BEOE ) — F2iEH L CRER L 2 &AL —
Ty PTAT) ZERZHIELTHRFEN TS, A MY —4
T — 5B R L2 AT A OREETIE, MR 2
5 Katka &##59 2 AD0% v [39), [40]. 72, 4A—7
YV=AV T by 2T TIERLEHAZ 77 FOA M) — A
T 5 A 2 AT 2 IR L 5. Sk [41) T,
Kafka & Amazon Kinesis & JL# L T, I A b & ERED b
L—F+7%EmL T35,

5. b V)I(C

T4 EFFMETIE, ko EZ Ty PO
M= iR L REOMER, KRET—FONE, 777
RTOF ¥ T4 Y ETF LB OMERR;HRE L 5 5. K
WFZECid, SINET Rk 7T — & IWEREL H -t > 71
YETFTIEEO IO N A TU AT A REEL, e
POBURER A Y P JRETTA Yy v —3 v 7%
ML KRET—2OIEE, 757 FOGPU / — F%
WHL72A Y 74 VEPEEETH L L ARL, FE
FAFEBBEEOMED L UOEHOBICHW 70 s I A%
[SINET Rl 77— ¥ WHEE BT ENy r—T] L LT
GitHub TABI L 7-.

T2, PHAMCE DT Y T LIABLIYZ I FOF
T PA ML=V ORARMERE L, Kafka & Mosquitto
DOVERE, Flink & Storm OMRELZ AL L 72, EFrs, K
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BOVLU Y F—F2WHIEF TV AL =Y TR
ATFTRAY =D v VR ERFHTLZENEFT LT
&, MQTT X— Z® Mosquitto (&7 74 7 ¥ NHDF A
TINVPHRELTVEEVIHIFIELH D05, RET—FD
T = Z YR IE Kafka DMEMLTH L 2 &, ToT 77 ) 7 —
YarvOBEHIIEDLETY 7 by o TR R A B L
WhHHIEERL. 72, A MY — AR T
DT =Ny FHRHLHLOD, KEE, FHAV—T v

N COMEAIRGETE B 2 Do fz. IR, RIEAE
DSGEIEE X v =T v FEM A ) — AL
BB ARG DLED LT, WM OIERN % #F5
THI0T 7 7)) r—3aryOENITRTH DI EHR
ah7:.

o lk, BAEILBIZA#T 57— 2, 5 20
ZEYESTH VT N7 8y r— Y SINETStream % B
L, AT U—AL LTAMLTWS [42], [43]. &
MCRLIZEDIS, Avb—V 0 7HEBEINVYTTE
WCHERERF S B2 B 728, ToT 770 7 — 3 3 » s
OB THEY 2 I PV o2 7 2RI 20138 v, Lo
L, Avb—=Y v 78I PLT 27 TEIZAPI YRR
L7280, I PV TOERIIIKNIERTO 77 L0FES
Wz BB E b, X 5T, SINETStream CTlEZZFI 5 %
MRALT 2 API 238t L C\w5b. F /2, FREE - 380, W
BlbE Vo 2GR ED B 72O OMREL IR L TWw 5.
SINETStream |2 £ V), &P OEHER 0T 7 7)) 7 —
Ta oS EEERAESICTAHEBOMEEITo TWw
<.

i OAWIREZEDLIZH), BELATERT VW
WY a— U7 LREKEF D Calton Pu #Hd%, 7E/8v 7 —
T OB L ORI T\ 72 72 W 7 B O /N R B
MERE, BEVLIERERRICER B2 L 3. ARFZERO—
HiE, JSPS A #E JP19H04089 B L U8, 2019 4F JiF [ 7. 1%
AR FE T A5 R AL BFZE (1950501) OBy % 521 CTHE
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