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Decentralized collaborative self-organization algorithm based on
information content

CHEN Yan-jun, PAN Quan, LIANG Yan, LI Xiao-wei
(Institute of Control & Information, School of Automation, Northwestern Polytechnical University, Xi’an Shaanxi 710072, China)

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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,
. IDSQ,

,
. Kalman

, ,
.

2 (Problem formulation)

,
,

,
1 . 1 : x(t) t

, Z̄(t) t . t

x(t) ,
GMM (Gaussian mixture model)

(particle filter, PF) ,
, DKF(decentralized

Kalman filter) (decentralized infor-
mation filter, DIF) . t

p(x(t)|Z̄(t)) ,
t + 1 a(t + 1),

; ,
t + 1 z(t + 1).

1
Fig. 1 The chart of collaborative self-organization

, ,

. DIF Kalman
,

DIF ,
. , :

A1) ,
,

, ,
;

A2) ;
A3) ,

,
2 .

2
Fig. 2 Signal sampling, communication and time

synchronization

3 ADCS–IF

Fig. 3 The flow chart of ADCS–IF

3 ADCS–IF (The description of
ADCS–IF)

,
.

Θobj(j) = βϕutility(p(x(t)|Z̄(t−1), z
(t)
j )) +

γResi Energy(j), (1)

: Z̄(t−1) t − 1 , z
(t)
j j

t , ϕutility(p(x(t+1)|Z̄(t−1), z
(t)
j ))
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j t

; Resi Energy(j) j ,
; β, γ

QoS(quality of service, QoS)
,

, bit, J, Θobj(j)
,

.
,

3 , 3 : E[·] , rj j

, RD ,
,

.
4 ,

z(k) i(k) I(k),

∑
n

in(k),
∑
n

In(k), DIF k

ŷ(k|k) Y (k|k).

4

Fig. 4 The chart of information fusion at a node

3.1 (Decentralized Information
Filter)

Kalman ,

x(t + 1) = F (t)x(t − 1) + G(t)υ(t), (2)

z(t) = H(t)x(t) + ω(t), (3)

: υ(t) ∼ N(0, Q(t)), ω(t) ∼ N(0, R(t)).
x̂(t|t′) � E[x(t)|Z̄(t′)], P (t|t′) � var(x(t)|Z̄(t′)),

Y ŷ

Y (t|t′) = P−1(t|t′),
ŷ(t|t′) = P−1(t|t′)x̂(t|t′) = Y (t|t′)x̂(t|t′).

Kalman .

ŷ(t|t − 1) = L(t)ŷ(t − 1|t − 1),

Y (t|t − 1) = [F (t)Y −1(t − 1|t − 1)FT(t) +

G(t)Q(t)GT(t)]−1.

ŷ(t|t) = ŷ(t|t − 1) + HT(t)R−1(t)z(t)︸ ︷︷ ︸
i(t)

,

Y (t|t) = Y (t|t − 1) + HT(t)R−1(t)H(t)︸ ︷︷ ︸
I(t)

.

L(t) ,

L(t) = Y (t|t − 1)F (t)Y −1(t − 1|t − 1),

i(t), I(t) .

z(t) S ,

z(t) = {z(t)
1 , z

(t)
2 , · · · , z

(t)
S },

:

z(t)
s = Hs(t)x(t) + ωs(t), s = 1, · · · , S,

,

E[ω(t)
s ω

(t′)
s′ ] = δ(t − t′)δ(s − s′)Rs(t).

H(t) = [HT
1 (t) HT

2 (t) · · · HT
S (t)]T,

ω(t) = [ωT
1 (t) ωT

2 (t) · · · ωT
S (t)]T,

R(t) = diag{R1(t), R2(t), · · · , RS(t)},
,

i(t) = HT(t)R−1(t)z(t) =
S∑

s=1
HT

s (t)R−1
s (t)zs(t)︸ ︷︷ ︸

is(t)

, (4)

I(t) = HT(t)R−1(t)H(t) =
S∑

s=1
HT

s (t)R−1
s (t)Hs(t)︸ ︷︷ ︸
Is(t)

. (5)
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is(t), Is(t) s

, Kalman ,

. s

,
,

, ,
, .

3.2 ADCS–IF (The primary parameter of
ADCS–IF)

1) .

a) x(t) , z(t) Z̄(t−1) ;

b) x(t − 1) , x(t) Z̄(t−1) .

Bayes :

p(x(t)|Z̄(t−1), z
(t)
j ) =

p(z(t)
j |x(t))p(x(t)|Z̄(t−1))

p(zt
j |Z̄(t−1))

.

(6)

,

− log p(x(t)|Z̄(t−1), z
(t)
j ) =

− log p(x(t)|Z̄(t−1)) − log
p(z(t)

j |x(t))

p(z(t)
j |Z̄(t−1))

.

x(t), z(t)
j :

H(x(t)|Z̄(t−1)) − H(x(t)|Z̄(t−1), z
(t)
j ) =

E[log
p(z(t)

j |x(t))

p(z(t)
j |Z̄(t−1))

] =

E[log
p(x(t)|Z̄(t−1), z

(t)
j )

p(x(t)|Z̄(t−1))
] =

I(x(t)|Z̄(t−1); z(t)
j ). (7)

, j z
(t)
j

,
, .

2) .

(
) ,

[11].

j1 bs

:

Es(j1, bs) = esbs, (8)

es j1 .

j2 j3 bc

,

Et(j2, j3, bc) = (et + edr
α
j2,j3) × bc, (9)

et, ed j2 , j2 j3

rj2,j3 , α ;

Er(j3, bc) = erbc, (10)

er j3 .

,
.

3) .

t P (t|t),
x(t|t) i, j ,

Φ(t)(i, j) =
√

P (t|t)(i,i) + P (t|t)(j,j) =√
Y −1(t|t)(i,i) + Y −1(t|t)(j,j). (11)

3.3 (The steps of ADCS–IF)
,

.

Step 1 k k − 1
,

Dijkstra ;

Step 2 k

;

Step 3 ,
,

Φthr ,
;

Step 4 k + 1 ,
Step 1.

4 (The analysis of ADCS–IF
performance)

,

.

4.1 (The simulation scenario)

800 m×800 m,
500 ,

.

t x(t) � [x(t)
s v

(t)
x y

(t)
s v

(t)
y ]T,
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(x(t)
s , y

(t)
s ) , (v(t)

x , v
(t)
y )

. ,

x(t+1) = Fx(t) + υ(t), (12)

: F , υ(t)

Q .

F =

⎡
⎢⎢⎢⎣

1 T 0 0
0 1 0 0
0 0 1 T

0 0 0 1

⎤
⎥⎥⎥⎦ ,

Q = q ∗ diag{
[

T 3/3 T 2/2
T 2/2 T

]
,

[
T 3/3 T 2/2
T 2/2 T

]
}.

: T , q ,
T =1, q=0.5. [−300 10 − 300

10]T,
(DEIF).

4.2 (Configuration and pa-
rameter)

1) .

a) .

,
,

a =
A0

rα
,

: A0 1 m , r

, α , α = 1,
, , α = 0.5 ∼ 1.5.

ai(t) = gi
A(t − tni)

‖�xs(t − tni) − �xi‖α + ωi,a(t), (13)

: ai(t) i t ,
gi , �xs = (xs, ys)

, �xi = (xi, yi) , tni

, ωi,a(t) (
). ,

α = 0.896. A0

[50, 100]
b) .

IR ,
,

, ,
IR

θi(t) = arctan
ys − yi

xs − xi
+ ωi,IR(t), (14)

: θi(t) i t , (xs,

ys) t , i

(xi,yi), ωi,IR(t) (
).

RD = 25m,
RC = 50.

2) .

ϕutility(p(x(t)|Z̄(t−1), z
(t)
j )) =

H(x(t)|Z̄(t−1)) − H(x(t)|Z̄(t−1), z
(t)
j ) =

(
n

2
log(2πe) +

1
2

log |P (t|t − 1)|) −

(
n

2
log(2πe) +

1
2

log |P (t|t)|) =

1
2

log(
|P (t|t − 1)|
|P (t|t)| ) =

1
2

log(
|Y −1(t|t − 1)|
|Y −1(t|t)| ), (15)

x(t), Z̄(t−1), z
(t)
j 2 ,

n, Y −1(t|t − 1), Y −1(t|t) t

.

t

Φ(t) =
√

σ2
x + σ2

y =
√

tr(L(t|t)), (16)

:

L(t|t) =

[
1 0 0 0
0 0 1 0

]
P (t|t)

[
1 0 0 0
0 0 1 0

]T

=

[
1 0 0 0
0 0 1 0

]
Y −1(t|t)

[
1 0 0 0
0 0 1 0

]T

.

, : α =
2, es = 50× 10−6, et = 45× 10−6, er = 135× 10−6

( J/bit), ed = 10 × 10−9 mJ/(bit·m2),
bs = 64 bit, bc = 512 bit.

β = 0.5,
γ = 0.5.

4.3 (The guideline of evaluation)

1) .

X , X̂, Xj,k, X̂j,k

j k ,
:

RMSE =
1

N1

N1∑
k=1

[
1

Ns

Ns∑
j=1

d(Xk,j , X̂k,j)]. (17)

: Ns , N1 .

2) .
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t Errorthr

, . j Nj,miss

N1 ,

Pmiss =
1

Ns

Ns∑
j=1

Nj,miss

N1
, (18)

Ns .
Errorthr =

20 m.
3) miss .

,

[12]. ,
,

.

4.4 (Result analysis and discus-
sion)

1) .
IDSQ

,
( 5(a)),

,
, ,

, ,
. IDSQ , ADCS–IF

( 5(b)),
. ,

,
, . 5 :

WSN ,
, ,

.

(a) IDSQ

(b) ADCS–IF

5

Fig. 5 Target tracking through node cooperation(ADCS–IF)

Φthr. 6
7 , IDSQ ADCS–IF Φthr = 6

, IDSQ Φthr =
6 , IDSQ

, ,
, ADCS–

IF ,
, Φthr = 6

IDSQ ,
,

IDSQ ADCS–
IF ; ADCS–IF

RMSE ,
Φthr , ,

, , Φthr

= 0.5 , IDSQ
,

, IDSQ
, ADCS–IF

, .

7 8 , ADCS–IF
, ,

,
, ;

,
,

ADCS–IF ,
( 8

q ,
).
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6 RMSE

Fig. 6 The comparison of tracking accuracy RMSE

7

Fig. 7 The comparison of network lifetime

8

Fig. 8 The comparson of target missing ratio

, ADCS–IF ,
IDSQ , ,

;
,

,
, .

2) .

CRLB,
Fisher J −1 ,

E[{x(t) − x̂(t|t)} {x(t) − x̂(t|t)}T] �
CRLB = J −1(t). (19)

x(t) , x̂(t|t),
P (t|t),

p(x(t)|Z̄(t)) =N (x(t); x̂(t|t), P (t|t)) ,

, x(t) Fisher

J (t) = P−1(t|t). (20)

(19) (20)

CRLB =J (t)−1 = P (t|t) = Y −1(t|t). (21)

(20) .

CRLB
, (15)

CRLB ,
CRLB

.

5 (Conclusion)
ADCS–IF

,
,

Kalman ,
,

, ;
,

;
,

.

,
, .

,
,

.
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(Appendix)
(20) .

x(t) ∼ N (x(t); x̂(t|t), P (t|t)),
p(x(t)|Z̄(t)) =

1

A
exp{− [x(t) − x̂(t|t)]TP−1(t|t)[x(t) − x̂(t|t)]

2
},

A =
p

det (2πP (t|t)).

J (t) = −E[∇x∇T
x ln p(x(t)|Z̄(t))] =

E[∇x∇T
x { [x(t) − x̂(t|t)]TP−1(t|t)[x(t) − x̂(t|t)]

2
+

ln A}] =

E[∇x∇T
x { [x(t) − x̂(t|t)]TP−1(t|t)[x(t) − x̂(k|k)]

2
}] =

E[P−1(t|t){[x(t) − x̂(t|t)][x(t) − x̂(t|t)]T}P−1(t|t)] =

P−1(t|t)P (t|t)P−1(t|t) =

P−1(t|t).
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