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Abstract

With recent advances in device fabrication technology, economical deployment of large scale sensor networks, a
design of pervasive monitoring and control system has been made possible. In this paper, we present a new
algorithm for one of the most likely applications for sensor networks; tracking moving targets. The proposed algorithm
uses a cooperations between the sensor nodes which detect moving objects. Therefore, the proposed scheme is robust
against prediction failures which may result in temporary loss of the target. Using simulations we show that the
proposed moving object tracking algorithm is capable of accurately tracking targets with random movement patterns.
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a9 la)e As 247 FAHAS F98 vEhdeE A
o0 gAY BAS FHORE AAT WA Y AA ==
o] REE FAOE 3= &7 convoy treeE AT
Bt E¢e] WuseRE A48 ARE FY8L, 499
A25S ol g3tol BAG) U 4HP FuE A5 0
2 1(h)= EA7t o]&&dl wet convoy tree’t o1@A A
TAEYE g Yeldoh ditd oz EAe 23o|7] wiE

ol

A= AEste HEY EM =N 2D12E Ny

& Aol Uk 2eine fEE £¢ WWE % 249
ol 2ol BE wEEE EazRe AN AL
JEY Aoz JRHE MG wEES Ede] FAZ

duHoR FAol BA9 F2si el dd

AA EAANA T S AA
=7 FER *d?éiﬁ AMEA dde FEE F4o=
convoy tree= AFAEC ZARFL FA F EAX 7t
7he =27t FE7} El E AW ER9] T4l W=t
ol Uz 2HlE 29 ¢ UA Hrh

ZAG el EAZE $2Y Afole M xEE
FIK/AA FolU Ele] ATA #HAo]l §17] w&Eel
DCTC” AR 4 ST Rl FRO A oA F

o 4B wATn AAY TEWO| B4 FHL AQAT

271 AEe Feel Bl 249 AdE B 4EE W
wok ol § ojabe F4o] YSA Hrks BAEES

>1:Lm

T‘:—ﬂr.

2.2 IDSQ(Information-Driven Dynamic Sensor
Collaboration)[4]

IDSQ+= sensor—to-sensor leader handoff 7]ute] 7jye
2 shtel mEvte] A9 o] %8 F4s=d AFEHTh &

i}

o) g wEE o)% A4 k=
Aol e Ang B5a) A
Belof @k, kA IDSQE 249 ARE ofal wEoA

A
A & AYA el 2H& e

= o]l AA =71 &

A % tsolof sh=AlE 2

Beaning sexwors
{ez. PIRY
)

Range sensors (g .
Omai-microphens) T s mem

T 2 AA gE A
Fig. 2. Sensor collaboration decision.

218 2= IDSQOIAM AM FH AAH o] ofF A o]Fo|A=
AE AW AR A7 A Fue dFdA 28ke

=
2 Atk V“‘h:‘r Agd FARFHO AYe -
QoA =& a74] AgET)h gl =& at reasonable cost
g A v %Zé(estimation)cﬁ]xi N e =3

(measurement)<- ZﬂEﬂ Aoz VigEHE AN == bE
Aefstar @aje] 33 Zk(estimate) S AEg},
A9 AgE 7vte® gy ==t ZAHA gy =

Eg o] =5E9 Al 7H5 W, AT A, A 7
58 oA ARy A3E v LS vvte s EAE HEY
ol =g AAFY Y wr9 1 =EEL EXE
AES F 1 AEE 90 =i AFsy, gy ==
TFHE ARE T3 directed diffusmn o g

711



HX| 8 XsAAHsts] =2X 2006, Vol. 16, No. 6

shortest path &+9% <&z AAdA ALsch 1
P} IDSQ oAE @A gy st qux] md S
olfrE FASEA XY A%, 8§ ARE by 2y k=

AR AEsA 2 5ol ol olge] 24 BrhEs @
e ARG 2E

3. MMUERQIT 2|8 HHX B F=H
gnalF

duld o2 AA YE qﬂ/\}oﬂ;q o]% 2o 2HL ¢

A mtola A 2= F Ze thebe el AA Sl

AMEE I glon EAe] ExXlE A4 FHo] dAd dAT

< 9E 7% Qa"k wEb Zpzke] MM mEo) #hA)

HE Al dARe] HH AL EAY Q1A H AR F

4 Yol 2 92 uAA Aok
2 ATl ME ot Hel Aol Mol AN A
e HgHog oFiAA FoZM BA| 29| miss

ing-rateE A F e MEE e 7S AU¢
szt ?‘f}E‘r‘ ﬂ]‘&% 71Me Ztzte] A wm=gol =4 9
A4g F T o) ¢ EF FH nER EH a4 A
i &3 ?i?j < Tl =49 FAS 8K ow £
= 71%“1@

H2alofl &R A2 J A
& AR A&

ME& threshald
At

=Hol 01 F0
A =AU =012

Patterr table
gidiolE

EX WAR D3
N —/

a3 3 AdE B4 74 QaFEe FAE

Fig. 3. Flowchart of proposed object tracking algorithm.
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Table 1. Broadcast message format.

Field Description

address target address (OXFFFF)

type AM message type

group group address

length data length
sender ID unique identifier of sending node
precision sensing precision

cre cre

>,

sender ID¥ A& 78 A9 1H IDE ous)
9 precisione 3 Zxo] Wd AI}E2 el AA 2
FH 4% A/D7re]l AAE dARRY & £F precision
o g= FolXt F, o] gto] F9E BAE E.Vq 3] 2= gl
[e]

S8 olv[glt}. precision2 A(1)EHRE F& 5 v
P= (I/ad_. ]1)2 (1)
A71A V,, = A/D E3E B3l doj AA ol T
= T AAY Aot precisions A7 A H AT
T REY gH4e Jﬁﬂ 317 8l Algdn ® 19 2e
AR E ke 3 B2 AR E e A7k dA 7
Aol wmglo] vl 1%— A 7g-5hm ] Add WA= A
H g Aol 27EW Ag Ao R A
Aol Hel g 93 3719 AlA = E7F EMg A 4 A
Al ez dry 9 gy Holge J&& veldd 9 4

o} 2o 28 @)= =A7F A HY) %i«l 17]*&3]—3— Lek
W a8 4b)e O ==dA4 A7 ZAHRE 35
O =E=7F 3] =2(Q,Q)° HAAE dFsta o]
8 mAATE @08 s A%Ee e vekdrt
H 4((:)“ =47 O =E0dM QW k= ooz oF
e 4, Qx=EoA FAlde mAA% O, @x==e
el g g glolee AgsE WES vt



HdMUER Z At&ste] 3y EX =5 d12|5 HY

Pattern table
Patiern table node | score [av-time node | score |av_ime node | score |av_time)
node | score | time node |score | fime node |score | time 2 i 0 i 80 4 i 0 [}
2 ] a 1 a 0 1 0 a 3 0 0 3 0 0 2 50 3
3 0o ENICHI 2 0|0 —
[ull=td) node | precision | time node |precision| time node (precision| time
node |precision| time node |precision| time node |precision} time 2 54 93 1 o5 ag 2 54 3
[£4] 54 )
o) { ¢
é é ) (1) 2 3
(4] [04] @ 3 - )
0277 é) SHERSE EE SR ECIE SR DERE)
Pattern table Fig. 5. Status of each sensor node’s memory and pattern
node [score | time node | scare | ime node |score | time table after some time elapsed.
2 0 0 Ha 1 0 1] 1 0 0
AR BS
s oo} s3] oo 2 0| o
wez) E 2. 9¥ Hol& +Z
node |precision| time node |precision| time node |precision| time Table 2. Pattern table structure
i = 5 | 5 5 : -
; . : Field Description
AD=52 score score of node
Bk =5 0] @ @ - -
\\W v ave_time average of the elapsed time
t
b-—
BO=SENEE _
I 3. vEY deoly 72
Pattern table
- - : _ Table 3. memory data structure
ey | score [time key | score |time key | score [time
T o | o |mamma |1 ] 10 | 3| mamms || 0 |0 Field Description
—_— e
e I I 5] 0 ¢ z] o jo address address of sends node
node |precision| tme node |precision] time node |precision tme precision precision Of message
2 50 8 I 52 5 z 50 8 time received time
] AD=50 ) 7
m ‘*KHH{& é) @ E 2014 scorew 7MHA, ave_timeS FH M k=
ER= N - e 2REH HAAE ’“’\‘ e F A olFo] #AE wrtx]e]

-
©RTSENZE
3% 4, 24 o]F HEd wE Ax
WA,
Fig. 4. Updating process of memory and pattern table
according to the detection of moving object.

gl 9 e HojEe

ALE dnelBe) E4 27AE A HEol W
2 FaET geby 94 Azl AR Folt

& AH2 14T 5 Ao 1 514 @ Wuzo
PEERE CRER AN =27 O¥ A4 ==
ol AEE Te

JPI
)

(@]
ol

ga)e) ool AW theel 24 AL SAs) WA
A dol e ¢ WEele) g MAsH FH wEs2 A
A 24 X WMAAE HREAAY G,

s}

=
37t AlRbee] HEs vekdd F w29 time F R}
&g Al ‘—’:Oﬂ’\i Exﬂ—J AA 7} Al w7z o] A Al
7He oudhe), =8 T 39 address 9} precision & d%
oA FA"E HARZEE FEE fGoli olF
time WAIA 9 FAAZHE efn)git),

mfel EHolg ¥ o=ale XY
ﬁﬂ‘%ﬂ Hlol 59 score?] 4 4L D]—%jq— Ze}, 9leje)
=E @QF /8T A4 @ Al de vy WEe
Ao A =2y 7P Ao 45" gZﬂ A ARE
ujste] weby == @A EAZF ZRErhd HReef
AgEe] olE == s deHan ol vitez dd H
o] &2] F% =9 score o] Zrhgt) o9 FA I

" HolgoA HAHA Fd =29 score © HAEUL
score ©]9)oE ave_time ¥Fo] WAL olok 3y ol
& Al 93] Akt
3t(— t
i) = (k—1)+ YUk) @

A7 G ) E k=1 2HelMel A BAAbe 9
mSkL t,) e k WA A9 AAIRNE

k wlage] B B3R iy e e - A
29} 3%ig_)e ol HaBIAA B} 2 MMEAE

%7] 918 Zolut.

3.4 score ¥ ave_timeZ2 O|&st A/D HEIIE A
% Ha 3y

24 wAA A B 5

i

713



HX H XsAa"Es =&2% 2006, Vol 16, No. 6

A EALAE 9B AARE AN o] FHL o4} =
=2 mdsd e zgq

tmp_time = ¢{k) / ave_time
time = (tmp_time < 1) ? 1 : tmp_time
tmp_score=(init_score/current score) * time
new_threshold =
( tmp_score > 1 ) ? init_threshold

. (init_threshold * tmp_score)

A7) 2ol A new_threshold= M Zo] At EA72A &
AAZE v g}

4. Ngallold ng

Aol At FHHA B &
#el  TOSSIM&  ARgste]  Algeo]Ad
TOSSIM& TinyOS 71yte] AlM vEHZA TinyOS |
=228 AZ=stn ez z el AYUe ToEE A EH o
B2 I8 63 2& Algdold GUI 375 A5 ATH-9]

F7 7ol HEHEE
e
. =2

Fiie Laymst Ploges { onre,

€ & g & & & & & & @

e wte oo o4 o2 =2ty o
ols Bl $ +

g % @ o+ b ¥ & T & &

I3 6. TOSSIM Al gdelAd A
Fig. 6 Environment of TOSSIM simulation

AEgo]d2 100 X 100 7kl 2H2F 15709 Al e}
371 Mg TYE FejE WAt ofF BAT &
A9 45, & Aol AdD e A ke A
g3k A9 BA 4% 952 vasych

o]% EA¥= y& WO R gaussian random A 2 E
s xF e n sty FpAEtgen o 73 =
A olFe] W Z+ A w=o] MME ok 2L =79
d&gs v AT

P, (
b= 11 o400 &)

a714, Pe BA7F 7IA3 e 27] AA Y ghe® A
-‘%a]o]ﬂ/\] M:GQ‘— /\]—/'* ]r,]. e ].cbj_gjo]jr_ de gﬂ]
2HE AA mTrpAe] Aglelt), x& WEeR gt
2ol =gty AlF RRow o]Fdte] thr]| xF wWEko®

Aot 7Hg 3ok

714

oleg 24l % A slolq B ATelA Ak 7y
3 nAE A/D WARE 2 A% LEEAS vusy
g 2o

AlZk

=0 0l | =t DEE A

a8 7. 15709 AlA =2 AR A ol
A 244 4F g
Fig. 7 Number of success in moving target detection

under the circumstance of sensor network composed of
15 nodes

COEEERE

% 8 33709 AN =2 FAE AA Y EY ISl A<
24 77 4% 9%
Fig. 8 Number of success in moving targei detection

under the circumstance of sensor network composed of
33 nodes

29 72 15709) wEelA 120000 Mol A/D W o
=] 7‘Xl7} 43 %143 Hol —Pt Zolm 1@ 8¢ 33
e Zol BAle 17}
e ﬂTﬂ EO%B} 7 7é-°r la% FYg zatol
AlEEeldE Fsksl 4

do] & 7ol xﬂom 7%
AAE AT Aeu ¢



54 E

2 E=EdAdE 74 A YEYR st olFstE &)
o] A8 24& 98l A mxo FaEE A/D ¥E]
o GARE A =28 Y Y-S B HeHor W
A 7 Sle A2 FHY 24 74 duSS At
Atd duelFe] Aenzd 9je vhs Feje] AlEwe]
AE AT AlEdold A3 24" A/D HEr|e <l
AL AR ARt olgdhs EAIE BErh 843 X
g Ues g 5 U

(1]

[2]

[3]

(4]

(5]

(6]

[7]

[8]

191

il
ki
o
o

AN, A, ol AL, T AAM UEYZAA 2]
AU ZE&EE 2y MAC/ESHE ZEEF
20001 7€ AAFEE A 43278 ATE.

Kemal Akkaya, Mohamed Younis, "A survey on
routing protocols for wireless sensor networks”.
Ad Hoc Networks, 2005

Chee-Yee Chong, Kumar, S.P, Booz Allen
Hamilton, “Sensor networks: evolution, oppor-
tunities, and challenges”, Proceedings of the

IEEE, Aug, 2003.

D Li, KD Wong, YH Hu, AM Sayeed, "Detection,
classification, and tracking of targets”’, IEEE
Signal Processing Magazine, 2002.

A V U Phani Kumar, Adi Mallikarjuna Reddy V,
D Janakiram, "Distributed collaboration for event
detection in wireless sensor networks”, MPAC,
November, 2005.

W Zhang and G Cao, "DCTC: dynamic convoy
tree-based collaboration for target tracking in
sensor networks”, Wireless Communications,
IEEE Transactions on, 2004.

F Zhao, ] Shin and J Reich, "Information-Driven
Dynamic Sensor Collaboration for Tracking
Applications”, IEEE Signal Processing Magazine,
March 2002 .
Philip Levis, Nelson Lee, Matt Welsh, David
Culler, "TOSSIM:  Accurate and  Scalable
Simulation of Entire TinyOS Applications.” In
Proceedings of the First ACM Conference on
Embedded Networked Sensor Systems (SenSys
2003)

Philip Levis, Nelson Lee, "TOSSIM: A Simulator
for TinyOS Networks.” User's manual, in
TinyOS documentation, September, 2003.

MMUER T AEstel BHHN 23 £

24 5(Sung-Ho Kim)

1984 @ methshal gIeRsh SA}

1986\ : gt oiskel HA}

1991 ¢ ek B3k whAt

1995~19961 : JAPAN HIROSHIMA
UNIVERSITY, POST-DOC.

1997~ @A) TAbthehar A R ehy

A

WAk - wAd, FAAE, v = Ala" A, A

A HEHA
Phone  : 063-469-4704
Fax  063-469-4704
E-mail : shkim@kunsan.ac.kr

2 Al 2H(Si-Hwan Kim)

20043 @ AR A RFEHE £,

2005 ~&A ¢ & gk ARAHRFER
PN

st = AlR"l A vlEeo] AAL A WE

= AA
Phone 1 063-463-8937
Fax : 063-468-8937
E-mail : voider@gmail.com

715



