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Abstract of Bachelor’s Thesis Academic Year 2010

Lupe: Distance between user and sensor nodes based information access
technique in a home WSN

Summary

In recent years, sensors have been widely applied as they are increasingly reduced in size and getting
cheaper. As such, sensors are also expected to be employed in household applications. As a great number
of those applications can be installed into one same environment, there raises a question on managing the
employed sensors. However for that later sensors will have the ability of communicating and exchanging
data by using the wireless networking technologies, even users with less knowledge about technology will
be able to gather information of the sensors to manage them without any difficulties.

Basing on above context, we propose the Lupe system that helps with managing employed sensors by
assessing sensors’ information and manifesting it to the user when he gets closer to sensors’ positions.
More specifically, Lupe is capable of acknowledging and allocating sensors which have problems . In
order to do that, Lupe scans through all sensors to detect warning signal coming from sensors which do
not work well. Besides, the closer the user get to that sensor, the more detailed the information of that
sensor will be shown. Therefore, with the help of Lupe, end users can easily figure out sensors’ problems
in a home WSN.

Through this thesis, the information assessing technique which based on the distance between users
and sensor nodes is proposed. In addition to, the implementation and the evaluation of Lupe system
are also demonstrated. The evaluation experiment’s result has verified that such a system like Lupe is
useful in the environment in where a number of sensors are set up.

Keywords
Household Sensor Network , Approaching Motion, Reality Oriented Interaction,
Ubiquitous Computing

Keio University Faculty of of Policy Management
Takuya Takimoto
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3% 2 0% 2—FICHR T 2058038 5. Wik L 72 GUI X — 2 DGR F i T I3 U 5 o 22 1]
DK EICRESIN TV 32 v O—ENRRINL—FIHEROEERZTo>T0 5, BEilEHRt v >
Y7V AT LTH S eKoMOTE [5] OEHEHIAITdH % eKoview DA IR T, BRI L D, BUSH
ROX Y/ — FEEE L CTHERZMEETSH 2.

A—YORBMENROBIRZEZ (T 17T SHHE

RIS B T B EHRIFTFIEICE, 2 —F OB N ROZER 2 Z T 1) 22 Fi> 0 HEH
3, 2—FIERSNZZET, B3 T2X2 0¥ 2y b7 =7 0ERE2RET 5. BRI V5
/= FDID R4 7 —% Ok EOERZAMRICT 20803 H 5, £, HHRZERT I,
RIS X > TO8EEITY .
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AllNodes | Unpositioned Nodes

Name Last Heard

Base 0 00d : 00h: 01m =]
Node 2 00d : 07h : 36m 5|
Node 3 11d: 200 : 02m

Node 4 00d : 07h : 25m S|
Node 5 16d : 00h : 23m

Node 6 00d : 07h : 34m B
Node 7 00d : 00h : 03m

Node 8 00d : 00h : 09m B
Node 9 00d : 07h: 47m =]
Node 10 00d: 07h: 31m =
Node 11 00d : 07h : 37m E:
Node 12 00d : 00h : 10m =)
Node 13 00d : 07h: 32m )
Node 14 00d : 00h : 08m B
Node 15 00d : 07h : 49m =]
Node 16 00d : 07h : 26m )

2.2 eKoMOTE Th+& v ¥/ — F O&ER G

DREDH L, P EHY —ANHND T = R—=Z LD ERZIE T 2720121F, Frdry b7 —7
ZEHMLTWVS, 2y HEHY —NDF—F R— 2T 20 ENH 5. 2D, RIS
RO Y2y b T =IBEDL Y HEFEHF —NDEDT —F X—= 2 EREZER L T 200 % Ui
L7 BT, F—R—RICHR T 208035 5,

7, kY Ry P =7 OHBRNRO T =& X— 2 L 2%, 2—IDBREL LTy
%y b7 =7 DEWRERUFTE ZREDRH D, 2D OITIFEID L 72 22— OREHIE 5 038R % 52
AT BHEREIC & D FRE S N S 2 AR 2 AT ) BRI KR S R 2 A D B,

22 BEHENEFEDOSE

AT, RG2S, 2 OB ROF#Z (KEZER, KERO LS 5T L 2 TG 2
(AR RIS &, REMERINGD 2 2IC08d 2. $4hbb, ZRZNOMERNEGTHAY 5 14
WG Tk 2 (R 22 A R RIS ik, FERMERISG TIE L §5. DT, 20200 diEFEcow
THWY 5.

221 (REZEBEBERINGEFE

IRAZEFIN, 2% D a v a—& ol CHENROERE 2 — 237 2 GRS 2 A5 cis, Kz
MIEERIE £ W5, phpMyAdmin Z W72 YV HERIG 7 7V r—>a v, a<wr F 74 iz SQL
XEFH IATDR VY 32y b Y — 7 GRS T %2 AU TR S R SRS Tk & W8, 7/, R
DOEEMFETHL R, WHFEDX T2y b7 —7EHY AT L GUI R—ATOHFHP TR 2DT
{RABZ2 BRI SR I I N 5, B2 MR E RIS TR, ERSORELZ 2 v Ea—% DN T
19 0T, BFEZEMEDMERRORIGH T 2479 23 h3 7\, X 2.3 1 phpMyAdmin O HH % 77~ §



phpMyAdmin Tl GUI R—ADEETHE L 2\t vy ) — FOBEREZIE T2 2 LW TH L, i
T—=F XN—ZDEMHLH AN TR TH 5,
phpliyAdsmin @ localhost » (& MebiusSensor » [ eS1201_sensor_results

o (= W) EET SME Q0L SRR REA BIVRE—F EIVR—F REE WECTE UK
& RRH0310- 29 (316,868 Ait, ¥ T ORI 0.0002 )

F—HNR—2

(MebiusSensor (1) %) [rhow es1201 sensor resus
LMITO , 30
MebiusSensor (1) ()7a771Y > [ #%] [ EXPLAIN THER ] [ PHP J— ROMER ) [ B ]
X ( =2 a1 = an 1 o ST =N
[ eS1201_sensor_results (&%) 30 BT 30 > & N—VES:
TR (KE__ [#)([100 | EATERAYSE
#7)
+ATvay
—T— result_time nodeld humidity temperature dewPoint
0O & X 2009-03-27 20:02:57 2 300557 2346 490616
O # X 2009-03-27 20:03:27 2 297818 2357 4.86978
O # X 2009-03-27 20:03:57 2 302135 2366 5.15394
O & X 2009-03-27 20:04:28 2 284764 2367 431475
O # X 2009-03-27 20:05:01 2 28.3687 2366 4.25216
O # X 2009-03-27 20:05:32 2 28.2231 2362 4.14452
0 2 X 2

2009-03-27 20:06:04 28.1549 2366 4.14431

2.3 phpMyAdmin O #1EiiE
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YHDID ZHERL, a<wy F74 /2 SQL XEHWTEe Y EHY — NHND T — 8 R— 220 5 D2 ER
ZHFT 2 L) FIEZ B O AR T, BIHEERBERIG & 25, 7, FEMAGRGFEE LT
AL AR T HEDBEFTOND, AL A AT [6] Tk GPS ML HICHREFESNALEHED X v Y — Y % ih
ANEHBFTEIENTELYATLATH S, FHHMHAD A A 7 TG L 2WHRICIRAES LT 2 R A —
N=L A INFRIND, MEIEL ZEROIUFZITZ 570, BULHIA ETZ D% 6 TIIOEHRAREZ
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FERRIERIRG I, S o IERIE RO Y ) — FREEIN TS, £2EEHDITOWTN
200D 2 DICHEHRS. A THRE L TV ARENDL VY F 2y P —7IZB0 T, REINL LY
P/ —FREEDS D%, BEILAZVLDMBIFEALETH S, HEMMUERIETETIE, 2—FDn3
B0 O 2 —WICEHE DT 2 2 L S BB REZRET 2 2 L2 WHBICT 2080 H 5. £, A
TREENICEZBD Y /) — FRL ) IE0 o 2BE2/MEERE L LTHITTWI0T, ZRoDhnolE
WS RORE 2 [REICT 2 DD 5
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VT —FIEEMIERIGF 2179 1C1E, S EIFAMEIFKET 2. DN, KX THET 2RKEND
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VFUA 1 YMENGHR

T BRIFECEIEH 7 7)) r—av2BALTwS, BIUEH? 75— a v L 3RENDOE
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7. Zo kI, BENICL YY) — FRSEEET 2854, REOHED LYY/ — FRETEHKRT 2038
BHH—vPRIN I, e, 77V75r=2avz27 /A VA=A TIEICH, 207 7) 57—y av
DHHAL Tty Y ) —FE2HATI0EBH 2, 2070, REMUERIETFETE, 2—Fizery
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MDY D 7313 DRI

PFIUA 3BT, THEFRVY YRy P =7 TRI>TwS M RAuYofEZ RS 272012, iAo
LY /) —FOERZANET E V) Pz Lok, ZORETT HEEWBIYUIN TRy ) —F23H
ZDTIIEVPEEZ TV, EEICIK, BRBUINTOEyY ) —EBdHoknTidil, VMK
Loy ) —FRERTEReBER L EoTWwk, ZDkHIZ, Y2y by —27Tl2Z 2[HET
BRKZIEL YD 3 2 0803% 2. KENOR VS 2y b7 =7 DEFEHEZTH)DIFZ Y F2—HF DT
FoRMRERIS AT, BEOYID 3322y F2—HIC b A[RE R FIECTHIT 20805 5.
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AETIE, BUDICRNEERGOB Q2B L, HRGTFEZELRL 2. 20T, HRGTEZ
fRABZEFRIE ARG Tk &, FREERIGTECOEL, 2athzdill e, 20K, > F YA 2w
THREMMUERING TIEIC S T 2 MR 2 BB L, MM 2E 7, KETIE, AR THEOERENZ
b EICBHF DO Tk L BREVIE 2 B L, AUEDOEEZ BT,
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3.1 BIEODFE

AEiTIZ, BEAFOFEEFAERNGTILEZ R L, ZOTFRORECMER 2 E 23T 5.

3.1.1 SQLX=FATBFE

—IZ, YRy P =7 TCRONIERIEEL VT ERY —ANHNO T — I R—RICEEINT0 S, 2
2T, MAFOBEEMEERISGFEE LT, —Bcidaery R4 VBEICL > TTF = R—RAICER/S
NTWw3kryy /) — FOEREZRET 2. 2—FiRey3EHEY—NIcu /4 v LERET, F—F =20
SEMZ I 28812, SQL X&) XEZV%, BITIC SQL X z/R§

SELECT * from Sensor_table where SensorID = ’1’ order by timestamp desc limit 1

il SQL X TlE 7 — 7 )L Sensor_table 25 SensorlD D&% timestamp TEIHIZIIR/ZEEDIH B

1 OoDHEWRZERL T3, SQL XZH T2 =¥+ 2y b7 —27 OEHE2 IS 2 BICUUT o4&k
DEER L, T, By PEMY—NZav Y P4 VEBERL, vl A VT30 ENH L. £,
BENROL Y2y b7 =7 DEBRNT = R=AND ED T — 7NN I TV ZDh & v
P, T R=2ADOMEEMBNEDRH S, £ LT, SQL X% AW CHEZE MGG Tk 2 179 B 1S
NRDE2vH /) —FDID ZHZBENH L, ZN6D5EMEE2 7Y 7952 LT SQL X% M7= E2EMER
IS FESHATEETH 2, i, AFETRELTWE LY Fa—Yide vy ¥ 2y b7 — 21T 3852
T =8 R=ZICHT A2 DT, NETH 5,

312 ARV—HZRWFE

2212 AR v—2DH%RT. AR = DRk, ~—H DAY DEME FFHM L 2214, 2o
Y — v DORFBEIToT0S, DEOHBICLD, AR 2= F2ITXRTHEZZRIT, HAHAAERTIULS AT
LI NI E V) REDBH 5, LOFTET 50985 T uMegane [7] &) FEfTTbITw%, 0
e clde v/ —Flc2F 6N AR ?—Azirril T v/ —F2RELZ0a— Fliion
TWwaLyy /) —FOEREZRRT 2. ZOMETIER VY — FICBT AR 7 — & N— 2B T 2 A%
DiEVIY FL—F2HRIC Y/ — FolFRzREZ Il Tws, £/, ARV—AzHviery
2y b7 =70 FRuYOERREIT)BEHODMEL 2 EVANS £ \0H) P AT L5 %, EVANS [8] TiZ,
uMegane TIREBL TRV, Ly PR ZRRFRIZLTVS, IN6DY AT AL TIHEIZET
72 SQL XZE M F=5 DY 7 T A+ ZPFHNIIT> T30 T, =41k SQL X% A8 I % B
AR DT, Ty Fa—¥ierdry b7 =7 OER2ZIET 2BI#EL T2, Lo L, RUFETHE
LTws, RENICE VT — FPSEERE S N5 BEICE T RMBNRZ 2% 2 2 EhWEEROT, s
R TH 2.
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K31 AR~—7% K32 wv¥/—Fichistni AR a—F

32 WEEMGZEHEICLIER

ARffiCld, WIECHEH L 3 DO EMNZ b LI, 3.1 i, 5 3.2 ficfif L 7 FE2=2 MBS Rmgs
HBRHKT 2, DwT, FEFEBEHRIGTEICE T 2 WEERO RN 2 ERT 5.

BEOFE

i & L 7 EEMAERISTRIC BT 2 3 DO b Lic, 5 3.1 o5 L 72 BEFE0EZ2R
USRS TR ICB I 2 E2 £ 3.1 IR L -,

# 3.1 ORI D, PEFOFERRBGRNETIEICE, AR THREL Tws Ty Fa—3 03]
A3 2 Ecldk 3 o022 TFEII R, =Y Fa—313 SQL X2 M - SRS % 17
ITEDHHETH S EEZZDT, FErmA L TWhRWwWE L, £, AR v—AZHWIFiETE, U
WNRELRDX T —F2Rlo 5 2 EBHERNUSTEROIUF I AIRETH 5 DT, WENZAHIROMIHE L,
YY) = FORFEIZ OO T B DO &2l 3 & Lk,

# 3.1 WEAFIEICRT 2 BB W R

WA Tk YIERR 2 HIR O | v 9/ — FORIE | BIEDYI Y 731 098
SQL X% M7 Fik X X X
AR v —A zZ Tk A A X

IV F2—YBRENDL YT Fy b7 —=2712B0T, HERE2EET 272D T OBEREEM: % 2 Cili /-
TFETHIHEDH 5, DT, EHFAERIUGFEZREL Q0 2 BEiffA 2R %,
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3.3 BEMR

AREITIE, A1) 2 EEEREHRIETETDH 2 BEIFE 2N L, 2 DO TIEORHCHMEN & &%
Wil d %,

3.3.1 SpyGlass

Buschmann & 2326 L 7z, SpyGlass [4] 2 v ¥ 2y F7—27 ORWZAGULT 571 —LT7—27Th
35, MI33DkHIckvH 2y b=l onlT =375 — 724/ —FIZEDS K, EVaT I
A¥=—vary/)—FitEoNns, LAY) VY IBEBREZHATHEDTEY 2774 AT5/[IC, EonTl b
T BICRRT 2NELLIE L LD TH D, £/, 2—FHIce ¥/ — FE2EML B
AT LTBNTRER 77 74 Ve R A T\ 5, SpyGlass ¥ AT Lldk v Y2y b7 — 7 DEROFR
PEMEE b b 7, BEEMEOVMHNLFELZDNH L. £/, 2V YRy P T—T7DYTNLIA
LR EMOERNUETH B0, T2y b7 —ZICRENE I > Z5EICRRI N & v LS
b5,

OO~ Y

Wireless sensor Gateway(s) Transit network Visualizer(s) -
network (WSN)
3.3 SpyGlass DRI 3.4 SpyGlass D F/RHimH

3.3.2 MonSense

Jose Pinto 523 L 7z, MonSense (9] 1& WSN Dikit, ¥, €=V 7, flfflz /Jfgicd s> 27
LTHD, WSNDaARrrvavicyIial—varylih, MEEHRCL2 7T —RE2ARICLTw 5,
Fr, WSNOFRuP2RRT2ILLHMTHS, ZOYATLEMAVS I LT, whaticks T WSN
DBERIE OG0 O EMOBS F THEBIC2 %, LA L, JalcZEif 7% SpyGlass & [ U < HEEEEN T O
WERZIT) 720, BHEEMLE DD DD 2. DUTIZ MonSense OB FE %27~ d .

3.3.3 uMegane

uMegane [7] ZEHFAEOSH S ML L 2> AT L TH S, ¥/ — FOEHR~E AR £ % v T
HAICE YY) — FOEREZFRRT S LTy Fa—WHUSRE A2 FIEZ B L 72, 2 — IR0 2 A
ZTHI R, Y/ —FOEMEIURT 2 2 LWRETH S, £, v/ — FONBERICHUT L 71
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1 Monsense - Uty for

orsnse - Uiy o mokurig Wireles Senorhetmiks
2y @3RAL2HGTLY RE

41N 42 58.1303", 8°W B 51.4090" MonSense - Edit Mode

3.5 MonSense O 57— % £/RiHiifi 3.6 MonSense ® k&1 2 FRHEH

WERRT D4 Ly —VERZHBIZLTWEIDT, Y YPRDMFSNIWNRBBEETTED L H &
HEr LTt o EREIEBAEETH 5. Lo L, uMegane THE L TV A2 RRANRIZ Y/ —
Ficlisie AR v —h % > AT LSRR ATRE R BEIEICAAE ST 2 b D TH D, BENICEED L v ¥/ — P
REINT5EG, 2T ORMBNETSH 2 & v o fERH 5.

X 3.7 uMegane ® 7 — & F/R ]

34 ¥EH

ARETIE, o FZERAGEHRIG TER Y, BEUE2 AL, ZRZUCOWTHIIL 2, 2»T, |l
HCHESH L2 3 >OREBEM2 S L ICHIN L 2 FE2BH L, AEOREZ R L, RETIE, AGH
BMETIREND V¥ %y bV —7I1281) 5 KM REARIGG Tk ORERELT: 2 i 72 3 IR 2350 % B
Z G EBIS TR ORE 21T .
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R, FEMBBRIETEE LT, WNROE Y — FICENA UK ZED T 2 8% A CE
WICHUS T 2 FikZ W/ Lupe 21859 %, Lupe TlF, FENICHRE SNV 2y P 7 =7 DIERZ
AR ZE L CHgfbT %, 2L C, BHBRNREALZ LV — FICEERRRZ LT % &) BIfEE{TH
LT, BRTHEHREFHELLTS, Zhckhzry Fa—HFidwr¥ry bV =27 BT 20T —%
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ZHET S, Lupe T, EMREMELZT) 24, HROMENROEAEZEENRICTEI LT, v
Y2y b7 =7 OEREIET 2 L) Ly Fa—F I 3EROECERIG 2 EBHT 5, £/, RT3k
JiE % B RTR & OB X > THBINICE LS 2 2 Eick ), =¥ Fa—9Ril g fiz2ir) 2 L 2K
WMOLTRE—FZYUDEZZ L 2WHBICT S, 2L T, H562 L DIADRIEWEE T, #RT L9/ —
FORED, 7707 —>avBORREZNEICT 2 2 ETEMERO 7 4 L2 ) v JBREZ BT 2. DR
ICER 2.4 B TR 7o FEZR R E RIS T L OBRE RIS T 2 Lupe 07 70 —F 2R 3,

MEBRNBAEBOHH DREH

R TN FEERREERIG FE Tl v Y 2 v + 7 — 7 NOEERIUGN RO RFE 2 VPRI AT
IWEH B, PIZIE, SQL X2 FETIE, HISNREL 22 Y/ — Fo ID 2 BISE2EH T

22



BLZ®, SQL XZ2ELARL TEARS R, £, vV IHEHY —ANHNDOF—F XR—2DfEE%2 M5
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