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Abstract

In a wireless sensor network, the coverage problem, which has gained much
attention from the academia, is a very important issue. In most research works, the
sensor nodes are generally considered as static devices without motion ability, and all
of the sensor nodes are assumed to have the same sensing range. However, practical
sensor nodes do not exactly have the same sensing range due to the various electronic
materials used and different fabrication process. In addition, for sensor nodes lacking
capability of moving, when some sensors run out of battery or go malfunctioning,
users may have to repair or replace sensors manually in order to maintain normal
network operations.

Our proposed system considers wireless sensors with motion ability and various
sensing radii. We devise a Coverage Algorithm based on Delaunay Triangulation
(CADT) to address the problem of decreased network coverage ratio due to broken
sensors and uneven sensors distribution. The CADT algorithm helps sensor network
redeployment by precisely calculating the required moving paths for all sensors to fix
monitoring imperfections. The ultimate goal is to improve the coverage ratio, so that
the surveillance area can be effectively seamlessly covered.

The software package used in our system implementation includes the integrated
wireless sensor network development tools developed by Crossbow (to support the
Micaz and Stargate embedded computing devices). For mobility, we programmed on
the NXT mobile robots from Lego Inc. to carry Micaz sensors and Stargate control
boards. The CADT algorithm has been implemented in the running prototype to
demonstrate the efficacy of our proposed redeployment methodology.
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Hs L,, N, Hs Position X Hs Position_Y
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) Hole & 2

] 3-4(c) CADT-HD /% & i# % 7 Bl-*r » No & Pl 7
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4] 3-4(d) e » N g ipl ) > #5453 Hole 2h2 gh(Hy ~ Hs) » 45 914
A No LGB 2 e B o 24 158 B 2 B (Ho) -
ID R AE] a2 X- A 1% Y- %
H, L, N, Hy Position_X H, Position_Y
Ha [ N, H, Position X H, Position_Y
H, L, N, H, Position X H, Position_Y
Hs L,, N, Hs Position X Hs Position_Y

FRCA? ABAIR R -
(N,, Ly~ Ly )=>(N,, L)~ (N5, L)
ID | Ri&M] |2 X- 2 4 V-2
H, L, N, H: Position_X H: Position_ Y
H, L, N, H, Position_X H, Position_Y
H, L, N, H, Position X H, Position Y
Hs L,, N, Hs Position_X Hs Position Y
Hs L, N, Hs Position X Hs Position_ Y
He L, N, He Position X He Position Y
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() Hole & gt

@) 3-4(d) CADT-HD i3 ¥ i % = Bl-4c » Na & il 4
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4] 3-4(e)4c » Ny ehg 14 B > #4573 Hole 52 B.(Hy~ Hg) » 5 11 § 4

Na iRl ge ] @ Blena 2h o 2R iSH R0 2L BE(Hs ~ Hy) ©

ID Ml M2 X- A% Y- A%

H, L, N, H; Position_X Hi Position_Y
H, L, N, H, Position X H, Position_Y
Hs L,, N, Hs Position X Hs Position_Y
He L, N, He Position_X He Position_Y

(N,,N, ~ L ~ N, ~ L, )=>(N,,N,)~ (N,,N,)

ID | Ri&M] |2 X- 2 4 V-2

H, L, N, H: Position_X H: Position_ Y
H, L, N, H, Position_X H, Position Y
Hs L,, N, Hs Position_X Hs Position_Y
He L,, N, He Position X He Position Y
Hs N, N, Hs Position_X Hs Position_Y
H, N, N, H, Position_X H, Position_Y
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@ Hole & 2
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] 3-4(e) CADT-HD /% & 2 % 7 Bl-*r » Ny Pl 7
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4] 3-4(F)4c » Ns gt ifld B> # 45 “rF Hole e BL(Hi~ He) » 35 11§ i

Ns & R4 Fl e Bleha g SRS 1H 2 2 g8(Hy~ Ha ~ Hs) o

ID Ml R m2 X- A 1% Y- %

He L, N, He Position_X He Position Y
Hs N, N, Hs Position_X Hs Position_Y
H, N, N, H, Position_X H, Position_Y

AR LB AR Kk o ek B RS 5 3R M ehd 38 Ns BB

ID | Ri&M] 2|2 X- 2 V-2

He L, N, He Position X He Position Y
Hs N, N, Hs Position X Hs Position_ Y
Hy N, N, H, Position_X H, Position_Y
H, N, N, H: Position X H. Position_Y
H, L, N, H, Position X H, Position Y
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) 3-4(f) CADT-HD i & i % 7 Bl-*r » Ns g 2l
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4ol 3-4(g) e » Ng st R4 ] » #Frds 77 Hole sha B> ¥ ixj ¢ 7 Eiwih

LB PR AP Z AT R RERE SRS T BT o

ID | 2eal <2 X 1 V-1

He L, N, He Position_X He Position_Y
Hs N, N, Hs Position_X Hs Position_Y
H, N, N, H, Position_X H, Position_Y
H, N, N, H; Position_X Hy Position_Y
H, L, N, H, Position_X H, Position_Y

BRE

) Hole & gk

] 3-4(g) CADT-HD i & i 4 7= Bl-4r » No & 7



APEKRFT - BT hoR 35@)4 RARET & At » R B

BRI F - H Hole sha 85 = & 250 A & o

ID Ml M2 X-R: A% Y- A%

H, L, L, N; Position_X N; Position_Y
H, L, L,, N, Position_X N, Position_Y
Ha L, L, N3 Position_X N3 Position_Y

m HARE RS
‘ B pE

o Hole & 2

Bl 3-5() CADT-HD i & i# 4 7 Bl-4= € e il > & A 4e » i o BRI B R iRl )
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4ol 3-5(b) 4 » Nyt Rl ] > 4 “73 Hole ih2 B(Hy ~ Hz) > 43 11 3

Ny E R e Flen2 gh o 2RISR L g(Hy) -

ID 2RR] M2 X- & Y- %
H, L, L, N, Position_X N, Position_Y
Hs L,, L, N; Position_X N; Position_Y

ﬁhﬁﬁ%'}“ﬁﬁig&ﬁ?'i’\ RAD K Aok X Fe 7 R Mend B Ny | R

Ly~ ElS ):>(N1: Elz) A (Nl’tl?: )

ID Al M2 X- 3 % Y- A

H, L, L,, N, Position_X N, Position_Y
Hs L,, [ N; Position_X N; Position Y
H, L, N, H; Position_X H; Position_Y
Ha [ N, H, Position_X H, Position_Y
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3.2.3 Modified CADT-HD % & ;%

d 3t 7]

v oo

mAFEEPERE T AR 0
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BE o @ oig SR B L B ETEE R L 4T

ML RSN de P e BE(R B S RS AR Rengfeigl) s &

BH et B et MR A it (Aol 3-7) BEH B L X AP

MO E ME AR A4 RTen2 gl 3 30 T F ek i BB 07k 2

<] o
Elz Eu X-axis Y-axis
L, | Ly X-axis Y-axis

L, | Ly X-axis Y-axis

@ Hole &g

;f,%‘;%;:jap“gé,;‘;‘b ° Hole #f &% 2t

#® 3-7 Modified CADT-HD % & i# % 7 Bl (%c » # 2% 2t)
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B R B O]0 do W) 304 4R BT 0 A A e » i R R R R R

=

LBLLZ AAHEEL D GAR P BEAC BARE G o

HoleID ID &1 x2M2 X- A 4% Y- A
1 H, L, [ N; Position X ' N; Position_Y
1 H, L, L, N, Position_X = N Position_Y
1 Hs L, [ N; Position X = Ns Position_Y

Na @ w3

) Hole & 2k

° Hole # =% gt

%) 3-9(a) Modified CADT-HD i & i* % 7 -

ARk s 0 A A e e R B R R
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4o 3-9(b)*c » Ny g el Bl #45 #rF Hole e Bh(Hy ~ Ho) % 4 vt 8k »

HAF AN R R Rl BEE S BE > RSP B (H) 2 e gk o

HoleID = ID 2241 R A2 X Y-
1 H, L, L, N, Position_X = N Position_Y
1 Ha L, L, N; Position X = Ns Position_Y

ﬁ?*—?%ﬁt%“'l‘f LB R WA GRS ko Bt I Ny PR R Rl e 3 B D

i ;14

TR ¢ 7 Bk E5% #2 2 ID
L, 3 A2 - BATORE Hy
L, 3 A2 - BATHLE Ha

AA s A

Hole ID ID =x:|1 @2 X- & % Y-
1 H, L, L,, N, Position. X = N, Position_Y
1 Ha L, L, N3 Position. X = Ns Position_Y
1 H, L, N, H: Position X = H; Position_Y
1 H. Ly N, H, Position X = Hs; Position Y

48 BATLBEH Hy (3 > 2 Hole) » % & N el b (Hi 3 Ha 2
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@ Hole & 2

° Hole #f &% &t

®] 3-9(b) Modified CADT-HD i & i # 7= Bl--4c » Ny g 7l §
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4o 3-9(C)4e » Ny e 1§ B> 4545 #+F Hole 52 BE(Hy ~ Hy) % 4 24 B »

HF AN R e Bl gE2 et 8L RSP B (H) 2 ff et B o

Hole ID ID SR ) X- i % Y- %
1 Hs L,, [ N; Position X = Ns Position_Y
1 H; L, N, Hi Position_X = H; Position_Y
1 Ha [ N, H, Position X = Hs Position_Y

%—fiﬁt%“'l‘f LB A WA SR RS ks Bt I Ny PR R Rl e 3 B D

i ¥

TR A AR (3 5% #7228 ID
L, 3 A2 - BATHLE H2
L,, 3 A4 - BRI B Hs

A4 s gl A

Hole ID ID RRAM] R M2 X-7A Y-
1 Hs L,, [ N; Position X = Ns Position_Y
1 H; L, N, Hi, Position_X = H; Position_Y
1 Ha [ N, H, Position X = Hs Position_Y
1 H, L, N, H, Position_X = Hz Position_Y
1 Hs L,, N, Hs Position X = Hs Position_Y

£ A4 A BB H  Hs (3 2 2 Hole) » * % &N, + (Hy 3] Hs 2
LR ST
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@ Hole & 2

° Hole #f &% &t

®] 3-9(c) Modified CADT-HD 5 & /= % & Bl--4c » Na & P& ]
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4o ] 3-9(d)4e » N gt ifl o B 4545 73 Hole 52 Bh(Hy ~ Hs) % 4 24 Bk

0 A Na iRl ge ] @ Bl en2 B2 g ev gl SRS M L0 2 Bh(Hg) 2 fFee gk o

HoleID ID %2 &] =22&a2 X— 7 % Y- %
1 H; L, N, Hiy Position_X ~ H; Position_Y
1 Ha [ N, H, Position X = Hs Position_Y
1 H, L, N, H, Position_X = Hz Position_Y
1 Hs L, N, Hs Position X = Hs Position Y

%‘#ﬁi%'l“,’f LB R WA e EES A ko Bt I Ny eng R Rl e 3 B D

kiR 9
21| ek Y 32 2 1D
L. 3 A4 - BaTeA B Ha
L, 3 A4 - BT He
A fsnt BhE R
HoleID = ID TRA] R A2 X % Y- %
1 H, L, N, H, Position_X = H; Position_Y
1 Ha L, N, H, Position X = Hs Position_Y
1 H, L, N, H, Position_ X = H, Position_Y
1 Hs L, N, Hs Position X = Hs Position_Y
1 Hs L, N, Hs; Position X = Hs Position_Y
1 He L, N, Hes Position X = Hs Position_Y
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A2 BATLBH He (7§ 2 Hole) » ¥ § & N, enffl ¢ (Hs 5 Ho 2

)42 # etk o

. BRI

) Hole & 2k

° Hole # 2+ gk

#l 3-9(d) Modified CADT-HD i ¥ i# 4 7 Bl--*c » N3 g it # il
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4] 3-9(€)4c » Ny e 1§ B> 45 “1 5 Hole e BL(Hy~ He) % #f 24 2

FIRNGBRIFRE G ¢ 5 Ly > NJSREF chifes g o

HoleID ID 2251 2 &mM2 X- i 4% Y-k A
1 H, L, N, Hi Position_X  H; Position_Y
1 Ha [ N, H, Position X = Hs Position_Y
1 H, L, N, H, Position_X H, Position_Y
1 Hs L, N, Hs Position X  Hs Position_Y
1 Hs L, N, Hs Position_ X  Hs Position_Y
1 He L, N, He Position_ X  He Position_Y

:I:ZP%MIJ% BRI R AR SRS R 0 B30 Ny g BRI Rl e 3OS

je B
M ¢ g ek L % 3728 1D
N, 2 A4 - Birera | Ho s Hio
L,, 2 A4 - BATend gk H; ~ Hg
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Hole & 2t

° Hole #f &% &t

) 3-9(e) Modified CADT-HD i & 2 % 57 Bl--4v » Ng & Bl Fl(+ * 7 L)
d 0 2@ NgR BIERIS A 4w BATAR B 4 & & F Ny g R B
#-F A& - B Hole *» )= & & Hole ; 2% P #-372 4 e LB 4ERE 7] » 2R {3
&5 B i 2 R(eF 3-9(F) A B BB 4~ ffESEE . P AT B

2P LR ST B 3] T B A 2] A B 3 A B Hole ¥ (4- ) 3-9(h)) -

] 3-9(f) Modified CADT-HD i & i % 57 Bl--4c » Ny & i#l# Fl(*» 2] Hole)
38



HoleID = ID 22 &] &2 X— & A% Y- %
1 H; L, N, H, Position_X H; Position_Y
1 H, L, N, H, Position_X Hz Position_Y
1 Hs [ N, Hs Position_ X ' Hs Position_ Y
1 H. [ N, H, Position_ X ' Hs Position_ Y
1 Hs N, N, Hs Position_ X ' Hs Position_Y
2 H, [ N, H. Position_ X ' H; Position Y
2 H, N, N, H, Position_X Hz Position_Y
2 Hs L, N, Hs Position X = Hs Position_Y
2 Ha L, N, H, Position_X Hs Position_Y
2 Hs [ N, Hs Position_X Hs Position_Y

Hole & 2t

° Hole #f &% &t

®] 3-9(h) Modified CADT-HD /% & i % 5= Bl--4c » Ng & Bl # Bl(*> ] Hole 2 £2)
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48] 3-9(i)#r » Ns e Bl F > #F45 % — B Hole ¢ B(Hy ~ Hs) % # 24
g;;,w%%ﬁaé e Fen BRE Her gk B NschR RIFERF e 7 % - B Hole 1
FAORERE g, Pl B EBEA Y O BIR A NP RIFRC RERES
- i Hole ; £ 44 % = ® Hole eh2 B:(Hy~Hs) % #5248 > Ns BRI BT ¢

FiEREEE W B R4 NsehRg RIFFS S - B Hole 2 53 e -

[aad

Hole 1:
LM | €k 5% 7% 8 D
L,, 4 P EAAAY None
N, 4 *E AL R None
N, 4 *E AL 2 None
N, 4 P EASE None
L, 4 PEALTE None
A3 st it (Holel 230K %) :
HoleID = ID 22 &] 2 A2 X— & A& Y- 4%
2 H, [ N, H, Position_ X H; Position_ Y
2 H, N, N, H, Position_X Hy Position_Y
2 Hs L, N, Hs Position X Hs Position_Y
2 Hy L, N, H, Position_ X Hs Position_Y
2 Hs L, N, Hs Position_ X Hs Position_Y
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@ Hole &g

° Hole #f 2+ 8t

B 3-9(i) Modified CADT-HD /% & i % 77 Bl--4c » Ns & 7] # ]
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4] 3-9() 4 » No e B4 B > 4 3 Hole 2 1% Bh(Hy ~ Hs) % 3 ot

Bho 35 A NeRlge Bl & Rlen< BR2 g et 2h s SRESH I 2 2(Hi Hav Hs) 2

ﬂiﬁ"El’ fgé, °
HoleID =~ ID LML R A2 X- 7 Y- A
2 H, N, N, H, Position_X = Hy Position_Y
2 Hs L, N, Hs Position X = Hs Position Y

%&‘H% BT R RE EL RS Ak s B

No e il B & 3 Sp e

kiR 9
TR M ¢ 7 Bk L 5 372 2L 1D
[ 4 PEAARE None
N, 4 PEZAARE None
L,, 3 A4 - BRI B Hy
N, 3 A4 - BRI EL H,
A4 s g
Hole ID ID RAM] R A2 X- 7 Y-
2 H, N, N, H, Position X | H, Position_Y
2 Hs L, N, Hs Position X = Hs Position_Y
2 H, N, N, H: Position X | H; Position Y
2 Hy L, N, H, Position X | Ha Position Y

LA A BEATLBH ~Hy (2 2 2 Hole) » 2 % & N enFl+ (Hy 3] Hg 2

D ER ST
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@ Hole & g
° Hole # =+ 2t

®l 3-9() Modified CADT-HD it & i % 77 Bl--4c » Ne & 7] # ]
AT B A SRR A GG B T U R TR AR D2

AR KRB BRG] F o
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4ol 3-10(@)4~ R R BT o W R4~ E e R R E DR R4 R > H Hole shiic &

Fp- B2 Rz &gy GG EA BREL G o

Hole ID ID TR M2 X- ik Y- A
1 H, L, L, N; Position X = N; Position_Y
1 H, L, L,, N, Position_X N, Position_Y
1 Hs L, L, N; Position X =Nz Position_Y

m FARE BB
‘ B

@ Hole & g

° Hole #f 2% 2t

#) 3-10(2) Modified CADT-HD i & i* % 7 -

ARk s 0 A A e e R B R R
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4] 3-10(b)4c » Ny hg B B> 4545 =+ F Hole e BE(Hy ~ Ha) & i o4 2

HAF AN R R Bl BEE S BE > RSP B (H) 2 e g o

Hole ID ID 2241 R A2 X % Y-
1 H, L, L, N, Position_X N, Position_Y
1 Ha L, L, N; Position X Nz Position_Y

ﬁ?*—?%ﬁt%“'l‘f LB R WA GRS ko Bt I Ny PR R Rl e 3 B D

i ;14

TR ¢ 7 Bk E5% #2 2 ID
L, 3 A2 - BATORE Hy
L, 3 A2 - BATHLE Ha

AA s A

Hole ID = ID M R X- % Y-
1 H, L, L,, N, Position.X = N, Position_Y
1 Ha L, L, N; Position_ X = Ns Position Y
1 H, L, N, H: Position X H; Position Y
1 Ha L, N, H, Position_ X Hs Position Y

L A4 BATLBH ~Hy (3 222 Hole) » ® Z & N, eF)F (Hy 3] Hy 2
YA 2 i e 8 o
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@ Hole & 2t

° Hole # =+ gk

®] 3-10(b) Modified CADT-HD i & i % 75 Bl--4r » Ny & i#] § F
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4] 3-10(c)4r » Ny e 1§ B 4 45 “7F Hole e BE(Hy ~ Ha) 2 4 24 B

HF AN R e Bl gE2 et 8L RSP B (H) 2 ff et B o

Hole ID = ID ML R X- % Y- %
1 Hs L, L, N; Position X Nz Position_Y
1 H; L, N, H, Position_X ' H; Position Y
1 Ha [ N, H, Position X Hs Position_Y

HALH iR L BEET LA g g ko Bt Ny chpt iRlde fl e 3 B eh

i ;4

P I 372 % 1D
L, 3 A4 - BarAE H,
L, 3 A4 - @At g Hs
A4 s g
HoleID = ID 221 22 X— Y-t
1 Hs L, L, N; Position X = Ns Position_Y
1 H, L, N, H, Position_X ' H; Position_Y
1 H, L, N, H, Position X = Hs Position_Y
1 H, L, N, H, Position_X ' Hy Position_Y
1 Hs L,, N, Hs Position X = Hs Position_Y

—i’_é_iﬁ fﬁ%ﬁ”%&,ﬁgé’—-Hz > H5(7r %?*7%4 Hole) » ¥ F:% é—_Nzﬁ”]}ﬂj (Hz;f'] Hsi
)AL 4 e g o
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. B R
) Hole & 2t
° Hole #f &% &t

1 3-10(c) Modified CADT-HD i & i # 7 Bl-4: » N & i
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4B 3-10(d) 4 » Ng g ipl§= ] - # 45 7§ Hole 2 Bh(Hy ~ Hs) % f &t

B G ik Ny L 2 Blen BE2 4ot Bl SR (5 R IH 0 2 B (Ha) & 3 ot Bhe

HoleID ID 22 &1 22&2 X— & A% Y- %
1 H; L, N, H, Position_X ' H; Position Y
1 Ha [ N, H, Position X Hs Position_ Y
1 H, L, N, H, Position_X H, Position_Y
1 Hs L,, N, Hs Position X = Hs Position_Y

%‘#ﬁi%'l“,’f LB R WA e EES A ko Bt I Ny eng R Rl e 3 B D

kiR 9
21| ek Y 32 2 1D
L. 3 A4 - BaTeA B Ha
L, 3 A4 - BT He
A fsnt BhE R
Hole ID ~ ID TRA] R A2 X- i % Y-
1 H; L, N, Hy, Position_X | H; Position_Y
1 Ha L, N, H, Position X | Hs Position_Y
1 H, L, N, H, Position_X | Hz Position_Y
1 Hs L, N, Hs Position X | Hs Position Y
1 Hs L, N, Hs Position X  Hs Position_Y
1 He L, N, He Position X  Hg Position_Y
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E A4 A BATLELHy~ Hg (3 %> 2] Hole) » ® 3 A N, e ¥ (Hs ¥ He 2

) A 2 4 ob gk o

) Hole & 2t

° Hole # &+ gk

] 3-10(d) Modified CADT-HD j# & i# % 7 Bl--4c » N3 )4 ]

50



4o 3-10(6) 4 » Na g 145 Bl > #64 #7 Hole ch2 8b(Hy ~ He) % #f 25
2o B NGB RIFEE R G ¢ 7 L 8E b ehifes g o
Hole ID ID 22 &m] A2 X % Y- %
1 H, L, N, H: Position X = H; Position_Y
1 Ha [ N, H, Position_ X = Hs Position Y
1 H, L, N, H, Position_ X ' H, Position_Y
1 Hs L,, N, Hs Position X = Hs Position_Y
1 Hs [ N, Hs Position X = Hs Position Y
1 He L,, N, He Position X = Hg Position Y

%—?ﬂ%q‘fi%ﬁi& %ﬁlﬁ WEJ’,%!:';'J :lll ji 5 5;_‘;_1_ 5= N2 Eﬁ}fg\: /?'J%]}]é g%ﬂﬁ;;ﬁ

kil /3
1R fREE + % %72 2 1D
Ly 2 A4 - BEreat g H; -~ Hg
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A4S g i

HoleID = ID 22 &1 =22 X— & A% Y- %
1 H, L, N, H, Position_X ' H; Position_Y
1 Ha L, N, H, Position X ' Hs Position_Y
1 H, L, N, H, Position_X ' Hz Position_Y
1 Hs L, N, Hs Position X ' Hs Position Y
1 Hs L, N, Hs Position_X ' Hs Position_Y
1 He L, N, He Position_X ' Hs Position_Y
1 H, [ N, H; Position_ X ' H; Position_Y
1 Hg [ N, Hg Position X ' Hg Position Y

LA4 A BATLBHy ~Hg (2 32 Hole) » ® % & N, =F (Hy 3] Hg 2

SRR

# 3-10(e) Modified CADT-HD i#

52
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Hole & 2-

Hole # =% gk
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4ol 3-10(f)4e » Ns gt ipld= ] - #45 #r3 Hole e B(Hy ~ Hg) % #f &2

BLo 14 & § TP ehBLE Y OABL » SR L BLA B o

HoleID  ID 22 &1 22 &2 X- A A% Y-
1 H; L, N, H, Position_X H; Position_Y
1 Ha [ N, H, Position X Hs Position_Y
1 H, L, N, H, Position_X Hy Position_Y
1 Hs L,, N, Hs Position X Hs Position_Y
1 Hs [ N, Hs Position_X Hs Position_Y
1 He L, N, He Position_X Hg Position_Y
1 H, L, N, H; Position X H; Position_Y
1 Hg L, N, Hg Position X ~Hg Position_Y

m WARERR
@ 2

) Hole & 2k

° Hole # =% gk

®] 3-10(f) Modified CADT-HD i % i# % & Bl--%c » Ns & Pl 4§
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4ol 3-10(9)#r » No iR R4 Bl - #r s 15 Hole e g.(Hy ~ Hg) % #f &

—

B B Ng BRIFER NG & 2L, Ly~ Ny s NySE e s ghie i g ¢ 3

PN
TP REL o

HoleID  ID RA] R A2 X- % Y- A%
1 H, L, N, H, Position_X H; Position_Y
1 Ha [ N, H, Position X Hs Position_Y
1 H, L, N, H, Position_X Hz Position_Y
1 Hs L, N, Hs Position X Hs Position_Y
1 Hs L, N, Hs Position_X Hs Position_Y
1 He L, N, He Position_X Hs Position_Y
1 H, L, N, H; Position_ X ~H; Position_Y
1 Hg L, N, Hg Position X ~Hg Position_Y

ﬂMﬁW‘J‘/TT LB A WA e EES] A ko Buph I Ne eh R Rl e 3 B D

kiR 9
2R AR ¢ 7 Eik CR S #7228 ID
L, 2 A4 - BAreh2 g Hu ~ Hpe
L, 2 A4 = BAThL g Hg ~ Hip
N, 2 A2 = BaTeh2 g Hiz >~ Hu
N, 2 A2 - BATHLE  His >~ He
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3 B2 B 1E B[R (4o B 3-10() > @ & B2 ZEA e~ fEELEL S P At n

LEE BB AR E AL B Hole ¢ (4-B 3-10(i) -

@ Hole & gt

° Hole #f 2% 2t

®l 3-10(h) Modified CADT-HD i & i# % 7 Bl--4c » Ng & il # F(*» & Hole)
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3.3 # 2 11l : CADT-HR

~_ Ssl .
\\
-

B 3-11 CADT-HR ;# & = 7 3. B
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3.3.1 CADT-HR ;% & ;*

& CADT-HR ¢ » 2 1 @ LR RIFH B~ 3B < T8 dyedf » AP 8 444

=

BA ARG REREIARPE RCELCLERE? P E- BEHFR
L BB R PR e ik Hole R BT E 0 REAH = £

RN S X

M A CADT-HR &9 » A g #1256 Hole R geh R & 0 $5 ig = =

ﬁ:ﬂj Hole L’f”},@_‘ fE'J% [Nl ~ N3~ Nz >~ Ns ~ N6] 23 "'T'li‘“,@ﬁslﬁ'thOle < 8k o

RS N1 N3 Nz Ns Ns

ﬁxsﬁ Hole % 2t H, HG H, He H,

B 3-12 R | E 2 Hole % 2-% 7+ B)
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B AR > APPER LW RRBE B ELERAFEET §
Hole i~ pF > T Z & R RFFDRREATLRE > RIS EF IRO] KK 4
Global_Weight $ ~ cpt ] B fafs = e € 5 5 Hole | p% > 1 3 & ARITR P E
£ 8 % 5 = (Local_Weight + )ehgs il Bsev M B E > R S EF e+ K34
Local_Weight #e + s BB s d+ et € 5 2 T WALR BIBH T A 2 RvH#ik

RG> A A PFE R Y > BRI EE B Round ¥ oA - = o

Hole _Size
Maximum _ Hole _Size

p=ax

B 3-13 ¢ » B3k Ny e Total Weight &~ > P iLd % 7 Hole % gh(H,) > #

3
&K
g
|
=
P

E‘Hzﬁ"":&fg\b s REA = '5’-513%\ %.Eﬂrﬁ?pié g
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i@i*ﬁﬁ%ﬁpiﬂ’$QUx%E%&M$£¢#m%m@w%§lR’w
ERPRA BERERELORRE RN EHFB AT RQR- 5 FleE
)R BHENERRB N > RAAK P APEHORPBEF A A
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FHAFYUENFR N ) RS E BRI T I T A

- BedEet AR F R E R D] o

F13-14 £ % 5 4 7 B
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RS LA B ERFEA L PR SET 6 nd g
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TXE’

Overlap Ratio Oy, = WZL (For Circle C,)
X

KT EREFEE BRI b ] -

~
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3.3.3 Local Weight F;2

Local_Weight ¥ 4533 BB Lt L ¥ H

g

i 43 A PR R E R
BRI E (2 ¥ = & 250 ) E) Overlap Ratio = /] 23%4c i fa— 42> k& 7 B R B
AEEHARE RS o

4o 3-15 7 > Sy BT eR BB 5 [Sy~S3 Sy ~ S5 Sel 0 ¢ Wy, ~ Wy,

Wi ~ W *200 #7140y ~ Oy ~ Oy ~Ogy» ¥ 5t FEAF ERHDTHE

Wy, |30 #7110, % f 8> M4 A FizF € Rha%% 0 B Local_Weight

0,=0, +031 +0, +051 +061 o

o
Il

i Zoji

j € Neighbor i

] 3-15 Local_Weight -+ . ¥
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3.3.4 Global Weight f;*

2

Global_Weight £ 35345 Bl BrtiT Rt i L HER R B R E a4 ;LR R B
SACEE BN IRES PR o S PR A P P73 BRI E b Local_Weight - 4e i A
AL EUA RPN R ESEE A T G BE S R R EE AT
Brytenz 225 g PR DB 3-16 7 0 AF¥[S; v Se Sy ]2 £35° 0 S B
] % e Global_Weight » #-% — F# &[Sy~ Sz~ S5~ Sg]GLEF )2 % - FF & [Sa»
S7](Gk % ¢ e Local_Weight = -] 4 4t & — A:Kéf I PER R RE ﬁ?ﬁxi)’j‘fué Si
R B % e Global_Weight ; Global_Weight 4% < & £ b | B¥fiT € fpen® 882 A%
X oou ARG AR T AR BB B (S Prig = o Hole o

S~
Sl7 N

®] 3-16 Global_Weight -+ %. B
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¥ w % CADT# % i+ e

N~

A F & g4 CADT 7 B 02 27 VRA i 8 2 Kbt F am® i 1 3
B4l & > 445 VFA § ek chff 4 5 4.2 § 20 4454 Sensing Range %7 I

% 5T g R
4.1 VFA (Virtual Force Algorithm)

R BRI X BREREREHT - BRRAEAL - B > PR
AT R AL TR AEsd S BRERIBIER S ERITE B PR EA D

A B BRPIBIER S EEREF B PR E AL 54

B H AR B A (XY, mE o RIS BRI B B R E e

d, = /(XX b=y, )2

Force IEij RIEE5 T BRAIBS s BRAZT 54 0 FamiifkT

- T

dth = OZ(SRI + SRJ) SRI ;‘_3, :)’7 i f[;;)a /?'J %E,ﬁ)a /?'J%’E

22

dp 2 % I BRRESL S ] BERE2 FEHthreshold » 5 - B4 £
Bengde; $d, RTE | F PRRELFAREIRBERX S AF 0 F d,
KETLE~F PIRRIFLFDE A2~ DHoles w, ~w,

Sl * R ARG HP TS DR B w,<<w, -
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14

T

12

B 3-18 Virtual Force =7 e & 2| § 1 <hg i#l B R T (a =1)

GE3-18Y > A BRBEFA |} SRR E  BEHS 45

— E E 3 . A 3 2 ez 3 :
F,=F,+Fs;+F, ; d 3*d, >d, =(r,+r,) #1712 S, %+ S A ¥35l4 ;

dy <dy =(n+1,) 9712 S5 ST A S dy=dy =(R+6)“T1 S;7 %4 S,

E* 4 o

i

BREBTEERE > 23 KBRRE HE i BRRE S B4 T s

k
'fi = Z 'fij
j=1,]=i

d 3% VREA BB R RIREIDS A F > R R BEPRT 7 i # B A A

T Fenge B 0 7 AR 3K € Boundary Force kg d gt iR 4 o
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TE LR RIBEHBEALD AP T rehde ] 0 4ol 32190 AR R G AP
},&/?#@m},&/? éﬁl (é??‘)g,/? ), * kX K?vfé‘ff”%@"&%}a/?ﬂ
FEERPF AP eI HER RS RERBLY BB

B 3-19 ¥ 5 Boundary Force /= *

+ & Boundary Force {+i= ™ » & 4 & 5:

F.=1,7x if x,+ SR, > m - d
ﬁizl,o if x,+ SR ., < d
— 3 .
Fi=1,2 if y,+ SR , > n - d
ﬁizl,%_ if y.+ SR, < d
— k—»
F = ZFU. otherwise
j=1,j#i
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4.2 Simulation Result

% 4-1 HoH i

et 300*300
WA R R B R 40
B R R ER R F 25
BE R RIER R R Normal(45,25)
BN R BaE 20
a 0.75
2
Wa
W, 2000

= /root{Desktop/triangle-original-Virtual Force/Out/Final.ixt

Round

(@) Initial Deployment
Coverage_Ratio=51.9082
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(b)Round 2 (c)Round 4

Coverage Ratio=67.1961 Coverage Ratio=85.4379

SN e [N e e e TR 1

(d)Round 8 (e)Round 12

Coverage_Ratio=95.8046 Coverage_Ratio=99.5111
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= [root/Desktop/triangle-original-Virtual Force/Out/Final.txt

Round 14

(HRound 14

Coverage_Ratio=99.8529
B4-1CADT mE 2 78 %

Bl 4-1 ¢ > 'g%¥ CADT /% & 2 3 {7 =t 3 4. » 2 Coverage Ratio » i& j#ieh
B BT AR ALY FMA CADT 5 % &8 14 = » 5B RS 48
WA E R R R R ¥t B 4-1 ¢ enERER| Ei%5 i CADT-HD #7424 4 4 %

HEBE S P AP CADT-HD ehme v 2 B FEenfi &) Hole & BLeretf o
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Round
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Bl 427 » it gie CADT 2 VFA T E 2 &% b R B BEcE ™ doai 4
¥7 3 CADT i 82 > g Bl f > F/m™ » 8278 Round =x ) 4 > e &
B ZF 3 4rin v 4B173t Seamless Coverage ; @ VFA 53 7 70 A B Round > 7]
PEOT% ek 52 8 15 CADT 249 AR B F h% g 2aF b #0m VFA
PlERE BRPIEBN TIOMKAEERREY » @ 2 £4°4 Hole & B » #7112

T &% R P kiE 5] Seamless Coverage e
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B43° > FRVFAFEZECFH PR R BEE 8 4o > BRI OFHY
B RS g2 AR A R Y VRA T 2 Y R R B e A
FRAPESTAL MR NE S BB E o TER B EAITIAF Hole s fiertiBil
FEN-BTHEARE T Y E1RBE MBS E A RRI BT AR S AR E T
FRT g T HE RS AR S A & CADT jwhize » App g

F 4% Hole 83T Bl B % wdfiaf » B4 £ CADT w32 o ifl BHcE # 4
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o HABE s 3 g X FRIH e SENTS ETPRRF o A EMT

# e 42 5 & Node # & #-] b > CADT /7 & # & 1

‘mL
%)ES
>—\-
15
B
)\4.
b=g)
ot
pe|

B o VFA BB E L H 5 o

d Bl 42, Bl4-3 ApPEaeVFAFRE 2
PAREHEOR R o T EHA RS § Ak F 5 @ A g CADT w2
¢ BiEH e Node B 0 7 B EMORES 4 T 7§ 1R S EH OB

s
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44

£33 % RRIREEEL LM o

A2 TR * VR PR % £ W Crosshow o & #7873 e SRS P
PR B E[6]g 0 45tk err B 5 AR R EIA AT enE
Crosshow = & #7473 @ SR Rl B MICAZ § g » 55 5 Sedhiy o #pig & ehad 4

Crosshow = & #7f= 2 Ie P& ¥ X 32 R RIE /1 & chd » 34k 5 Stargate 5 & i 2

P g MR NXT B EA[7] ) T R4 AR ERp o

R

i\

> Ad Lego =

5.1 & il B MPR2400 (MICAZ)

51 Pin Expansion Connector —|

v

Logger
Flash
Antenna

]

Processor
Analog VO =
Digital /O =

r

¥
802.15.4 RF

MMCX Transceiver
Connector

B 5-1 &R BF AR s HE

BRI EA AR A S e 205 > BB E MPR2400—AJT ¥ ~-Atmegal28 Ak
WE T4 RE A-3A Tit 2 BHE A-CC2420 & % 0 ¥+ MPR2400 i * 4
7 — 1 4AMbits Serial Flash > #* 732 Bl H ~ 5 ple~ § T APV A

MR Pl g B B¢ Arde ik MIBS10 &4 22N SR B E 51 PIN

Expansion Connector “&4% 1 g B % -1 Flash -
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5.2 q*ﬁ >V 5 (Stargate)

Stargate €_# Crosshow = & #74 & 1 Linux = o e » 3¢ 5> &5 % =
AR 2 TR I 4 s R ERF AR 2 PR IHEAEE L FREAE
Crosshow = @ #748 B eng MR R E » 7 1T 5 g AR P E 2 oI 4 4 5
AL R

B8] 5-2 Stargate Development Platform

(Processor Board and Daughter Card)

5.2.1 Stargate A ¥

® 32-bit, 400 MHz Intel PXA255 XScale RISC processor

® SAI1111 Strong ARM companion chip for multiple 1/0 access
® 32 MB of Intel StrataFlash

® 64 MB of SDRAM

® 1 Type Il Compact Flash slot

® 1PCMCIA Slot

® Reset button

® Real time clock
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® Lithium ion battery option

® MICA2 and MICAz Mote capability, GPIO/SSP and other signals via 51-pin
expansion connector

® |2C connector via an installable header

® 51-pin daughter card interface

o Wired Ethernet via a 10 Base-T Ethernet port
o Host USB

o JTAG port

o External A/C power supply adapter

o RS-232 serial port via DB-9 connector

5.2.2 Stargate & *

® & AR P4 i Gateway

® 3802.11a/b & 41 4§t Gateway
® BEHAE+

® o URRIG HLAST

® LinuxZT 5] AT 5
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5.3 Lego NXT Device

LEGO MINDSTORMS NXT (72 F {#fENXT) #5v &3 RF 43 27 &
2006 4 i enAT— RFEAWEARF L L T=mE | HE R kg 0 LEGO
MINDSTORMS i 7| & S-iic A fF o 7 B ALse & cipnd » v * 40P & hfg
ot e X LB AR ER L RER e R F I EERYE R
FARS 0 B IR R b (7S A A P RNXT R A - BT B R PE

Hig g~ ¢k vu(Stargate) HUSB 44 e v 2GR R ERIE S F BB

B 5-3 Lego NXT % % 4
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54 TinyOS ¥ nesC %3
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TR AR F R FAG L F ok (brg P RFPFE)NG - Lp

¥R AR Z p A EFF 4 (Self-Maintenance) e

® R ARMRPRIRERSTE LY B R g £
FATS R DB T £ AT g L o

b PR REY PP AR B AR L E B RE f
FTinyOS eniT# %% HEF® A2 gamida 4 ~ 2 p et 2 8 K
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542 TinyOS f§ 4

TinyOS[8] & — £ . d 4 < Fentaf|so A B 3 I keniv ¥ k5 2Bk
P RAess > 30 L3S A anE AR AR 5 4oB 54 41T o d BlF VAT M
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3151433000 > TinyOS
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PAN
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TinyOS gt :
® Component-based Architecture
TinyOS # - ksende 2> — B R * 4258 7 1238 157 e s (Wired)” e
At i tadidrk o R T AT R GG o
® [Event-driven Architecture
TinyOS Rl £4x * F 2 spdend 72 5% > T h - menfinT™ > 88 I 4
PR ARk ET > FF I B Rl > J ERBEE N
AR > FRprE A ¢ TR E B A oo 23R RN g
® Tasks And Events Concurrency Model
Tasks — 4% A Y PR & £ E X3t ¢ -0 tasks 2 FF §_T %
0 WHEFFIRBALESER A 2 B ENGF o - LT RS tasks eniF
(TR & RE - B task FRIE] 0 i dg iRk Shanf dEddE S events - ik
AT R R Y A BT VU 7 R A R tasks e
Hievents {7 > v ¥ k- B ITARR 2 N F K p hIRTE B FE 2
fga > A TinyOS ¥ — 4d A 1Y 972 k SH F 2 o
® Split-phase Operations
d 3 tasks 2 F¥ 7 it T ApdA A 70 41 TinyOS i 3 R B iE e [k
Wit SOR- BEFRE SR TR AR > - LRI iE BT

N RIeiz B T AL B RF R > LT ETRSG PH T o
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6.1 XA

AP HE SRR E S FTAHAE S 2 Host 2 kiE Tl M R Rl
B 0T R A PA AN o

6.1.1 # &N B opl B

d Micaz jg ?| F ~ Stargate 4 » 3% 5 522 Lego NXT % 4 #rie= » 2
#ep ool BEETREE S L TR Host 597 T E AT R AR 6 o

] 6-1 4% # ;% & i#| % (Mobile Sensor)
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6.1.2 FHHE =4

d Micaz g P % ~ Stargate q‘ﬁ MU RBRZ AT AT s SRIBIRERYE &
WP (802.11) A FE > f FTWRRERBOEATRBEL IR 4 [ F
Beafreheng £ BEL L BRPIE o

] 6-2 F 4§ =4 (Data Collector)
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6.1.3 Host =4
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©Step 1
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©Step 2
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86



©Step 3
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