BHRUEFRHNGE 21— TNAX&YRXTL Vol.7 No.2 76-86 (May 2017)

A2 a2—7 « AT LEEX

VILF AN =3I VTR TF—2ET
U 7ILAa A L2227 A

AR BN U LT IR b

ZfTH 20165F9RA30H, #R$xH 2017F2[27H

BE LTty bT—20ERIZED RV, ekt 7= WUETREE - 727210 T {, A
M2se 7=y #HEMICHEFT 222 HME L 7= LY AT 2 ORA%E b S AIAT
HITWD, ZHhTH MM ZHWTHIE, EHEe oy b7 — 7 REEHOBRNERE S5
IAEET ZHA e LTEH S TWS, Lo L, ZEfEZ T boRBEEIERTHL 2 Ehb,
BEfF Y AT AT, IEET— 5 SE0@EL — bREBOAN) =3I v e v T =5 %, VTV A L2
B LA RAL S 2 S L 2o 7z, ARFZETIE, Bl — MIERENIEHBDOA N =3I v 7 v
T=FIxLThD, VTNE A LICEMEE L CHIHETEL VAT LARRET S, KRV AT 41, 2
Wi 2 P FLEL L, WebGL 2 F W CHi§ 2 2 & T, WHALICE S 2 MBI 2 4M L, VT Vs A L%
ZEAHE L WAL Z EBIT A, TR A 7L LT 18 GOSN > ¥ ) — P& W2 EE) a#iAL >
AT LR LA IT o772 25, ISHERLE460Hz TAKINDIA M) =3I v Ty T7—5 %
ZL—2LL— b 60fps TR LTHALTTReZR 2 & 2/ L7, $72, WBICBIT 2 BAGHEIZB VT
B O & 2 L CITHMETE 2 2 L bR TE, FRICESEY OIBEI AT EX B Ml L 2 E 7

X¥—J—R:UTVE AL HAL, R, AN -0k F—%, Web VAT L

Real-time Spatial Interpolation Visualization System
for Multi-streaming Sensor Data
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Abstract: Wireless sensor networks are becoming more widespread and sophisticated. The collected data is
used for visualization system that allow humans to evaluate sensor data by their sense of sight. Especially, a
visualization using spatial interpolation promotes users to evaluate multi-point sensor data as a spatial im-
age. However, since of the visualization using spatial interpolation requires high processing capacity, existing
systems cannot visualize streaming sensor data in real-time. This study proposes a real-time spatial interpo-
lation visualization system for multi-streaming sensor data using parallelization and WebGL. Experimental
results revealed that our developed system using 18 nodes with 60 Hz acceleration sensors can visualize the
vibration of installed area in 60fps. It can also be easily used to analyze the vibration characteristics of
structural objects.
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Fig. 1 System architecture.
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Fig. 2 Parallel processing sequence of spatial interpolation.

BowmMEART 8218

BET—52
RS TSR
T

finishWorkerNum += 1 ]

T —hH B R TN
o No

2ET—AERANTAIYLETS
- B % 22 R4ERT

es

nishWorkerNum No
=7—hH¥

KRBT 52/ T77A

WA REANT [
RWT—4 BAWAIFHT—RER

finishWorkerNum = 0 ]

INYTTAKER

[ #mEar—smeszRLCEE |

| finishWorkerNum = 0 =
BOMEFAT 5% 7 — 4/
T ALY ALIENELE
[ T—h~FHET 5L | Vs
| Coomermae ]

@AM ALy RREVFGWIND

OYT—HINAA L ALy R b

[ T—h~T—5EE ]

CAA ALy KRBT =I5

KT — 2 2% E L L EOIME  REiMT — ¥ 2%E Liz L S OBE HoMilEAT — X 2525 Lz & & 0E)E
3 Web Workers % i\ 7- 22 OFHILEIZBIT A X 4 Y ALy e T —HOfE

Fig. 3 Main thread and worker operation on parallel processing of spatial interpolation

using Web Workers.

© 2017 Information Processing Society of Japan

79



BHRUEFRHNGE 21— TNAX&YRXTL Vol.7 No.2 76-86 (May 2017)

B2, REHT =Ny 77 2T = I PHEET HHEE
Ny TP T =22 Y LT =T ~NEET 5.

AL ALy FTRHB T = Ny 77 2 HEL%L
Th, HT—HEZEFL2—DFET L. L, %E
Fa—dT A TLIH L THIET D720, 5T —7
DAz 728 5, MO = I PWEFTH-TDH, %
BF2—CHETLIROT =y 2V TRIELXFHHLCL
9. FOD, AL VALyY FEITF—% %)Xy 7 7))
UL, TRTCOT =D OMEHET L2 L AL 7
B, BT I NROT—F %%k E3T 5.

T=HMPH AL VAL Y FNELG S5 5055l [ A
7— % 1& Transferable objects |2 & F 4115 Float32Array 7
FADK T 7 b3 5. Transferable objects & I,
Web Workers I2BWCT =7 DEMEKODIE =L L bk
V, B EZESRER 7 T ADORKRTH 5. Ho
BART — F IR T — 57 IR T— 5 Th 572
®, Transferable objects |2 114 Float32Array 7 7 A
DFTIxr beTBHILT, EZBITBITSIEEDF
5.

3.4.2 WebGL % R\ /=&

K ZAFLTIE, b— b~y TORE ;L LT WebGL
TV, EEZZEELIE L EIT 5. WebGL 1345 % 7
FTARLELEETIIWeb 77 7 LT GPU & vz
0 7 F LB ASTT RE 72 APT Td 4. WebGL & FIfRIC T
74 v L CEIMES A4 API |2 Canvas 2D Context
5% %75, WebGL I$ Canvas 2D Context |2~ b — |
<y T O I L2 E A E TS, WebGL 7213
Canvas 2D Context # i\ Tk — v v 72T %Y
&, b=y THOKEOMEIE - A4 X -z igEdT 5
VEDH D, —F, b— b~y TOBEGERHE I, £H0
JERE L A XIZFEETH Y, il & ICHF TSR
BOREN) B DH D, WebCL 1Z DL - 414 X -
fBaRM. L CHRETE, e LfElE GPU Lo X E1) 12
WEFSN L7280, BOBEIBEDATHMAEEL 2D, £
D72, WebGL 235 2 & T, WOIEROA LT TN
B i e L 7 SEI T 5

4. 7Or&2A4 TER

4.1 UT7ILEA LIREAIRIES X7 L
REVATL2OTO N4 T7ELT, M4ITRTYT
WA LRBITHIL Y AT 255 Lz, A7 sy 47
TlX 34 HiTlhR722 T4 7~ N TOWHALALBELR: R O
BRI AMGEICE SN E B0, AN =3 0Tty
VT — 5 2ZE L TERTE LK 1(b) D Wi-Fi & w7z
T—=%7FrFx2RHALE. Ta by A4 T2 KR
DN— R = TRERIER 1 IRT.

© 2017 Information Processing Society of Japan

(F—SEBH 4 wow
(DR3A-A25)

' WRLANT & £ 2AA U b

..... l’.'.’.'f.'i::::;aTJ | |wearcsa)

............... . J
- =
SRAR IR EE T—4 B> 7vt
L €vH/—F AIRAERS
[enereenees AR IRIRWi-Fi) BigEg |
B4 VTN A LREHALS AT 4
Fig. 4 Real-time vibration visualization system.
£ 1 HHERON=FY = 7HK
Table 1 Specification of nodes used.
AR INE E . =
o —p ot Gw 94Tk
Raspberry Pi2
y | o . DR3A-A25 R732/E26GB
BERET) | (RaspberryPi (ONKYO) (TOSHIBA)
Foundation)
. Ubuntu 14.04.4 Windows7
0s Raspbian 8.0 LTS 64bit Professional 64bit
TotyH ARM Cortex-A7 Intel Core Intel Core
i5-2430M i5-3230M
o0y Y REIRE | 900 MHz 2.40 GHz 2.60 GHz
a7H
GgEarw | 4@ 2w 2w
A AEY 1 GB 8 GB 8 GB

4.2 T—REREBDELE

7= ¥ BRI O BRI E e S — Pk o
GW Tl SN, vo% /) —F Pty v 7 LieTr—4%%
Ut GW ICEHT A, TOLE, vy —Fhbt
Y GW ANDF = FEEIZBWT T — % ORENFEL S
ENERLNL. TCP #E &\ 256 3 A 0L A
fibh, BEWELET— ¥ aksWigs %%, —%, UDP
WEZHVLEE, HRELES TN WD, 7= 0
REVEL DD, DRICKHFOT— % % GW ~NEETE
B, KYATFTALTIE, VTVY A LAGIESHTHLZHIEL
TWBZENL, DRICKHTOT—4 % GW TEHTE S
UDP @5 % Fvy, 7 — ¥ RIEREIIZEFATO 7 — % % F)H
THI L EBOT ) r—3a bk LTEETS
W, T RERRZIZT ) =2 a v LR
MR 2B TFROBHSLETH L. 4, vV
AN =3IV 7 rHT—=5%0)TNE A LI L
THHYLTE L2 hOBGFERX HINE L2720, 7— % Rk
DY B TIEICE L CIASHBOEE T 5.
4.2.1 EFNEEE Y/ — FOEE

HEARIAE £ ¥ — FOR AR 5 [Rd. o
J—FiEEED vy 7y Y GW AND T — ¥ 3%
BEBEBAT) . 25— FAOBFMERICH WS T
INA VN y 7 1) (cheero #, CHE-061) &, IoT BE&sIZhF
IELTBY, WHEBRIVNSWIGE T BRI L

80



IEHMIEBFAHNGE AV -7 - TNARX&YRTFL Vol.7

MEE Y

HEARLANTF-H

DT IR—F
avEa—4% .
ENAINYTY

(a) ki
5 LA L 2 — F ok
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Fig. 7 Example of visualization.
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Fig. 8 State of fundamental experiment.
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Fig. 9 A part of acceleration data in fundamental experiment.
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Fig. 10 Processing time for drawing.
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Fig. 11 Processing time for spatial interpolation.

L. FDO12OFERE LT JavaScript L v ¥ ¥ DEND D
IFHMN 5. JavaScript T Y > & LT, Chrome I3 V8 %,
Firefox |3 SpiderMonkey Z##H L T#8 ) JavaScript L.~
VY DENHLUBIEFMOENE L TVnDL EEZHNS.

5.3 ZEfEITHRELIZE

ZeMR LB ONETE 1 206 8 1T S E /G A DM
FREH 2 X 11 1ORT . W TEOFHf I 5T, WebGL
Z A 723 U i b ORSHE 22 T AL O R 144 x 288 1
IZBWVT3H Chrome Tl 1.1msec, Firefox Tl 1.7 msec
TN ETTEX L 2 LD 10 TRENTZ, FD7:
0, ARFHl T HILOREE & LT 144 x 288 mi& 72
11 7 & 22l N AR T AL ER 3 2 & & CRLBRIRE ] 3 4
SNB WD E. WHIE AN 5 & LR O F
MadEA g 3 THHTH &2 0, HIE 4 DL EOBEIEKE
PEREIA LS S e v, 5.1 BTz, 2R o
FIRLERALIZ BT 2 WBRRER Q447X 7 74 7~ b Ol o
TRIHATT B L VIR EMA T 2 RERPE SN &
72 Chrome & Firefox |2 HE@#EIC 22 MHHHILE 21T 2 5
ZEDIRENTz. WebGL % F\V 7-FlBALERZ 51F 2 LrE
FEf] o7 & [AA%1Z, JavaScript T2 3 ¥ OEWAEREAE D
RO 1OTHHEEZLND.

© 2017 Information Processing Society of Japan

No.2 76-86 (May 2017)

7 L—aL— bfps]
8 8 8
o o o

[N
o
S]

o
o

6 7 8

4 5
WHIE (7 —%0)
12 wWHf7Lr—2sL—F}

Fig. 12 Visualization frame rate.
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Fig. 14 Acceleration data in outdoor experiment.
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