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Decentralized collaborative self-organization algorithm based on
information content
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Abstract: Collaborative self-organization of sensor nodes in wireless sensor networks involves sensor management
and state estimation, which include the selection of sensor nodes, the configuration of sensors, and the estimation of the
states of the inspected system. Thus, this collaborative self-organization performs the joint optimization of decision and
estimation. We propose an adaptive dynamic collaborative self-organization algorithm, in which the sensors are selected
based on the composite index of the measured information and the residual energy of the sensor node. Given the desired
accuracy by the end user, the optimal set of sensors involved in the sensing task is chosen adaptively and instantly. Then, the
measured information from selected sensors is fused under the frame of information filter. Compared with the method of
information-driven sensor querying(IDSQ), this technique is more advantageous in the adjustable accuracy, the robustness
and the network lifetime. When this algorithm is applied to the target tracking, the simulation results validate the superiority

of this algorithm to IDSQ in tracking accuracy, the percentage of missing tracking and the lifetime of the network.
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1 5|5 (Introduction)
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1) 2B iy . A S U E 2 4% B S Kalman B8 3% AH
2, PIEREE W e RS PE LK, 18 H TA& A
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2 o) $E H (Problem formulation)

8 SR W 286 T YT P IR) B A SR AR R AR L
DRSS G, T2 H R AR 28 P 4 it
o WA T A D R G IRES, R A A AN
S M 1980/ 1 o TR ) A A AR, o A ]
BT 7R, B ()R s 3l B I 3R G Ay 2 1R 4R
A, ZO RN 2 LLRT SR AE A ¢ 2005 0 &R
28 IR 2 o (t) DANE 20 %5 B R A, LA 22 %5 B2 n LA
il i GMM (Gaussian mixture model) 5% i 7 &
(particle filter, PF) 1T L3R 5, #5770 A1 % % 0 IE 4
oy A, HIAE A7 22 v LA 1 DKF(decentralized
Kalman filter) 5% 73 115 345 J& € ¥ (decentralized infor-
mation filter, DIF)25 15 2. K4t Z) R G0RSMR
S Aip(z(t)| ZO)VFIH P75 3R, A g i A H Al
t+ I ZIM R a(t + 1), U155 8ENE A% 15 55
A DL S AR IR AR U B 5 25 B AN TR 1 ) 44 e 2k
2+ 1N ZE RS B RS2+ 1).
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Fig. 1 The chart of collaborative self-organization
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Fig. 2 Signal sampling, communication and time

synchronization
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Fig. 3 The flow chart of ADCS-IF

3 ADCS-IFH # #i iR(The description of
ADCS-IF)
R 0 DR ) G U D A ke s e 1) 22 1]
SR AR, E ARSI I R R L A B
BRI RESH P S SRS AG T AR R
TEREFTR B4R FR R A
Oovj(§) = Bepusitiey (V2071 240)) +
~vResi_Energy(j), (1)
A ZODRRIN A — LRI RIAE S, 20 4
WA RN, Quriiy (p(2 D 207D, 287))
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i, RORGRE T 8T SR P Al R 145 A BA A
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I S0 4 WS 3 L AR AE 45 1Y RO AR L DT R R SR R 45
B> i (k), Y I, (k), HIEDIFA BIER Z1 & G0k

5 JLURAS 0 B (e o) RSB EY (R ).

z(k)

flas

-

=R

i(k), I(k) ik), 1K)

il RETRE p-

P(k-1[k-1), Y1),

i(k), I(k)

= RS

Y(k|k), Y(k|K)

3,0, $14,06)

Gi.(k), 1,40}

K m— k), L(R)}

5 Bk

4 AT R B RS HE

Fig. 4 The chart of information fusion at a node

3.1 44 A5 B U8 P (Decentralized Information

Filter)
SIEPOE KalmanJEJE 155 B30, %5 lE etk
F;g J? rFi }f/
z(t+1)=F(t)z(t — 1)+ G(t)v(t),
z(t) t)x(t) + w(t),
b o(t) ~ N(0,Q(), w(t)
Xa(tlt') £ Blz(t)|20)], P(tt') £ var(a(t)| 24)),
JUEEPS! SRS 1) BT AR 7S
Y(t[t') = PT(tt),
g(tlt') = PTH(tI)2 () = Y (t[t")a(t]t').
KalmanJEi 5 A SR EEAME S B
Tt
g(tt = 1)
Y(tlt—1) =

2
3)

=H
N ~ N(0,R(t)). &

(
(
E[z(t)|
FEREY A

Lt

—~

= Lt — 1)t - 1),
(F)Y (- 1]t —
GG (1)

FT(t) +

il
g(tt) = gtt — 1) + H ()R (1)2(t),
i(t)
=Y(tlt-1)+H ()R (HH().
I(t)
P L () 5 BAL A, FOT LLoR

Y(t[t)

L(t) = Y(t|t — DF()Y~

i(t), 1(t) J A BAREAME EARE.
A = () 2y SAME AR R AR 75, RN

2(t) = (29,29, 29},

1(t - 1‘t - 1)7

A

A = Hy(t)a(t) + ws(t), s = , S,

SR AL AR e SRS B I 7 g sy 34 (1 g 7 L
DB PR A R 2 1 5 P ANAL K,

1,

ElwPw!) =6t —#)5(s — &) Ra(t).
AH S (PR R mT L2
H(t) = [H{(t) Hy(t) -~ HI®)],
w(t) = [wi () wy(t) -~ ws(®)]",
R(t) = diag{R1(t), Ra(t),--- , Rs(t)},
PRl U,

i(t) = H ()R~ (t)2(t) =
iH;F (RS (1)2(t), )

is(t)

I(t)= HY )R Y(t)H(t) =
SHORMOH).  ©)
s=1

Is(t)
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L7787 A COME B, WA R L B w T LU
BT A = NAE S = 1R, BT 246 3R EE R
28, DM S UEECA Rl-G HESE, ARk TR R
ARE, 3 T A St X 5 v 1 A XA T ) 7L
3.2 ADCS-IFEZ Z${(The primary parameter of
ADCS-IF)

1) £ .

e 2

a) Pla(t) W &AE, 2(1) 5 2 DRM I,

b) Lla(t — 1) 4AF, 2(t) 520 VAL,

J7 B BayesJEEARETE X1 F Prow:

p(=)”|e®)p(t)| 211

&) 7@t-1) &)y _ J
p(@™| 2%, 2;7) p(21[ZD)

(6)
PR 2 EOGE R, )
—logp(z"| 2=V, A\) =

),
_ zZ: |

PRS2 (1), 2\ S
H(zW) 20Dy = g0 20D, Z(t)) _
p(2{]z®)
p(z"1Z0D)
(1) Z(t=1) )
E[logp(x | 5 )] =
p(z®]Z(t=1)
ERIASRIF) (7)

Ellog =

LA B4 G T LRt R0 ) B o
BORA, B RORES AT 1P kb g E
LA BN, I BT A R

2) Bl I FERLL,

A 2 90 25 P [ R R HE T B o T L
JELBETI R AL B DL T 12 I 0 HO A T
10 R 32 5 BRI T 4 K 1 R e TP, A< S B T
[ R B BUR AL T 30Rk 1],

BT T 1 A I AL BT LU I B T
TAE I A

Ey(j1,bs) = esbs, ®)

es AR AR 19 551 RREAR DUE
WURTY Kot — B AR JE 5 Rigs A ikbe LRy K/
A8 0., D) A 3K i v FE ) BE M
E(j2, 3. bc) = (ex + eary, j,) X be, 9)
ey, eq 11719 Ko KN BERSHUIT IR GE, 19 1ijan j3 Z
[) FRTBRR P 88 A, g o FHAAR TE IOREAE R E 5 B2
i PR e BT FE A
Ey(js,bc) = exbe, (10)

ex BT 03 OB R UEE

9 T A B ) T3 (8, A TR AR EE A A B
PTiFFER) fEhL.

3) ML,

EAG VAN 200 B 7 ZE AR A P (t|t), £
AR A (¢ 9, 4, I Z PR A o1 kG
D(t)(i,j) = \/P(ﬂt)(i,i) +P(t) ) =

VYL + Y ) g (an

3.3 HP B (The steps of ADCS-IF)

S8 SN BT 55 17 mOABIE 1 5, 0 A 58 1%
SN 55 171 s AR 5571 A

Step 1 K 0 16 15 5 Nk — 10 Z1 (94T 55
R RARIRAS B S, A 2 Bk kA
i Dijkstrati kA5 2 1) 50 AT,

Step 2 kI ZIg 1k 5 mi 5 G 4% I H b ek £ 0%
FrHEzl;

Step 3 LUE S UE A Rl 5 HE 4L, 4K VCR] H fige
T RS SUE B EEOIRA, B RS TR
J5 35 A2 VA By B T [R5 1, 49 31 85
PLBIAESS 1 A

Step 4 i€ k + 1 B ZIMEIENT A, 72
Step 1.

4 kYRS 4 P (The analysis of ADCS-IF
performance)

ASCULH bR ERER R N TS 5, Hosow BAe s
Xy T N R T S e (S AR
4.1 4{iE %5 (The simulation scenario)

JE A X 358 K/ 4800 mx 800 m, 7 I X Ik 4 bifi
HLEICAT SO0 5 i, BEAN 1T 28 s 5 A% Begs F 41
AME IR A

N Z RS Ky & [:L'gt) v)(f) ygt) vy)]T,
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WRIE 2 45 FE115 BRI A X B IR B 419353 1395

(@0, g B AR AR AR, (08, o) ki
W, RR AT B 2 30, SR AT N

2D = pa® 4,0 (12)
JiRE R FAPIRS AR, o IR B 7 2 5 B
Qe T g
1 T00
p_ |0 100 |
00 1T
0001
- , T3/3 T?/2| |T3/3 T?%/2
Q = q = diag{ 2 T || 122 T 2

Forb: T RAE IR, gk e 1R M 75 F) iR B2, )7 3T
HT=1, ¢=0.5. HFHIEEREA[-300 10 — 300
10]T, ARAS ALV 8B R o A X 5 B
JEJ (DEIF).
4.2 Yl E Kk H %2 H(Configuration and pa-
rameter)

1) AR,

a) AR,

FE AL R STl e e (R A%, 1% 1h) [F]
YRR BT, 7 i S Rl 28 Dy

Ao

a = Y
,r.a

AP Ao R EE AR T mAk P IR, r oA PSR4
HEE A, oo PRI Bk R AL FARE L Fa = 1, T
TS brrh, &R FAEE M, o = 0.5 ~ 1.5.
HH LM 75 A A R AR S A 2
(1) = g
' IHfS(t_tm) _fiHa

A ap () M AR AR I ZIe0 A5 1 75 2 R TR,
G AR IR M 25, T = (zs, ys) A IR H AR
AL E, T = (24, ;) AR BV AR, ¢ N 75
WAL S I 8], w; o (€) A7 00 e 75 (30 55 Ay v 20 9
W ). AR AT I SR A0 UE 1 iR 2 [ 5 B,
ko = 0.896. ¥ H AR 4G 75 25 4 i Ao ik
X[ 4 [50, 100] (3453 43 i o

b) ZLAMERAS.

IRA% S A% AR IS AN IR W ddge, 1 & 4252 H b
H 7= A B S At B U 1) FvAR S, 49 30 =S
7, R H bR AR B s 2L AR S R RS
HH TR A 25 (R A28 Oy

0;(t) = arctan u + wi rr(%), (14)

Ts — T4

+wia(t), (13)

S () S A I A 1 75 B A0, (s,

Ys) K EHARTE I ZILI 25 ) AA bR, A% Ik 254K 7% 1] A
B5 M (i yi), wirr(8) 09 B DN W 75 GR35 A v S0 1 e
).
A AR IR R -2 Rp = 25m, 1Y AUIE
512 Re = 50.
2) HAZISHL
A Bl AALEEPE BT R
Pusitity (p(z | 207D 21)) =
H(z0) 2t - H@(t)‘z(t*l),zj(t)) —

1
(5 log(2me) + - log | P(t]t — 1)) -

(2 toa(2re) + 3 log | P(t]r)]) =
IP(E= 1), _

[P(iD)
Y=t~ 1)|
RTEIn]
Krha®, 2070, 2% AR 24 BTk, R
AYEEC N, YU ([t — 1), Y (e]e) 53 5l Ryt %) H
RTINS £ B,

2 LB RL R B R

D(t) = /o2 + 02 = \/tr(L(t|t)), (16)
Horr:

log(

1
2
1
B ); 15)

TR TR EMEFEARE, T o =
2,es =50x107% ¢, =45x107%, e, =135 x 1076
(BA_E B 35 R 0bit), eq = 10 x 1072 mJ/(bit-m?),
bs = 64bit, b, = 512 bit.

PREFRS FERIAT I 8 = 0.5, 4% 25 1 i 1)
P+ = 0.5.

4.3 P F545(The guideline of evaluation)

1) PREFRSRL.

BEHFPRIRSIUED X, A5 THEA X, Xk, X
53 AR 28 5 0 o H AR Ak IS Z) KPR, IS
J7 iR ZE A B H AR IR R ERRS

1 Nl 1 Ns

RMSE = — Y [— S d(Xp,, Xi.0)]. (17
Ny kz::I[stgl Kgs Xeg)]- (4D

K NGBS, N1 oA PR B A
2) RERE.
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Ny ) EEAE 8 7 A% T ELR R R 2, 1 1) R B
%

1 Ns N, .
P = J7,miss 18
miss NS ]; Nl ) ( )

N AT B IEL

T AW H bR % 2k 16 3% 2 B Errory, =
20 m.

3) miss M 2% A= i .

0 286 1 iy ) 39 A2 TG 4 A Tkt 0 8% 1Y) i B4R AR,
T8 SR FH W 5% v i Sl R R RE B 1 1 R 7 i SR A
HI2 P HMELSL RN S, B2 By
AN e SFE S RO D BT, 98 1 LR AR A ]
SEEVE I 5% 1 A i
4.4 253 5t 5 B (Result analysis and discus-

sion)

1) 45515 #r.

FH T IDS Q-2 70 45 AN I ZI 38 46 5N 49 i A A
Rl Ty, FEWCHE B AR b — I I 55 A H AR
(RS AR FE L S S E (i El5(a)), W 5
AR 755 s PR A I IS S, DRAR A Al R

T FE R B SR, W H bR ER, SR = S
. A ELIDSQH V%, ADCS-IFH = fE % Hi 95 ] )
H 5 SCIFTER ERORG B 1 38 N 50 25 M o 2 53 B 20 4T 5%
AN B EI5 (b)), f ok mT RE R H A R
WA B BT AR 2 AT A, Herh Ay
FALSS T s Re R BN, HEAS e i R ER T
M5 1, RSk Ao bk, S ik
ZNWSNH [ 52 10 4 e, [53 l 2 [1) p R R AT 251
R, MR RN H bR IR 5% m DX, X420 74 A
IESSIE

400 KA .Iu..' LA T « ' L ~..l
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100F 5,
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R . '.. . . o' ®
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-300}f "7 .0

fa g eyt
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(b) ADCS-IF

B 5 R HFRER ER
Fig. 5 Target tracking through node cooperation(ADCS-IF)

FH P W08 1 R B G L B A By 4 57 L6
K707 LLE H, IDSQ 5 ADCS-IFH by, = 61 R
ERORE EAH 24, {HIDSQIM 2% 2E iy J& W)z /N T Dy, =
G I 265 [ A A7 B[], 58 3L i R AE T IDS QA i %)
RO AT 2515 5, THFERR 2 e 1, TRl BT 4510
U AR T RS A5 5 9 R e &, 1A T ADCS—
IFSEE I BEAT 25715 s BLH AR PR Ay vy, 5 T
BIRERAS BEBUR, WPy, = 61 2 5 IR AR 55 1Y
RUB BN TIDSQEVE AT 45715 mE B, R I i
A58 N S T B S R AR, PR
DA 3 2 T IDSQEF 4 11 1% 2% A= iy J& 11 /)N T ADCS—
TP RS FEE 25 R I 1) 9 8% 2 iy J&) 151, ADCS-TFIY)
PR R RS FERMSERH 25 H 2 ¥ € 1 RS B 1 22 4k,
Do /N, 25 H AR EREE PR 45T B %, Bk
(100 IR B R, A Y. PR v RO, 0 Dy,
= 0.50, R Pl FEM BE & X T IDSQITTH FE M1 BE
i, (BT EEALE BT S5 S B e T s A
5 W 4% e i, BRI 9 2 1) 2E oy o 3 S5 TDS QI 1
28 AL A7 I TR AH 2, DA ADCS-TFRE 7] LR &= H 5
PR IRORS B, At — 5 i 58 b i K P 285 1 2 o 3

gh 45 7. KI8TT LA tH, ADCS-TFS Tl % K
JEBIME RN, 25 B AR EEIAT 55710 2, A
IS ¥ E 1) R T K, 1T BB I AN Y A B R
K, DRI A ST BT s SR 9 4% 2 iy J B AR 4 HLAS
SC Y R R R Ay A SR, A T R e FE
JRFEANBEIE B H A5 19 R BR, DR A ST 3 1B R 4
1EADCS-TFEAT 5 & #e Pk, nl LRI BAK W H A5
SR PRE (I8 H b % BN AR A8 15 A2 T A ST R (1)
FBRIRAS J7 R M 7 i B2 2 B g B O, B0 H A
PERTH TR0 X S 3 EBUH).
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Fig. 6 The comparison of tracking accuracy RMSE
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Fig. 7 The comparison of network lifetime
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Fig. 8 The comparson of target missing ratio
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