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A Compressed Sensing Reconstruction Based on Elastic Collision and
Gradient Pursuit Strategy for WSNs
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Abstract
struction algorithm based on elastic collision optimization (ECO) and improved gradient pursuit strategy for WSNs is

In order to improve the precision of compressed sensing (CS) sparse reconstruction algorithm, a CS recon-

proposed. First of all, a new intelligent optimization computing technology: ECO is put forward. Referred to physical
collision information interaction process, the historical optimal solution and population optimal solution are used to guide
evolutionary direction and individuals are spread around the optimal solution in the form of N(0, 1), which helps to im-
prove the convergence speed and extend the individual search space. Qualitative analysis shows that ECO can converge to
the global optimal solution in probability 1 and the analysis of the diversity index shows that the algorithm has the ability
of global optimization. Secondly, aiming at the defects of greedy reconstruction algorithm as low reconstruction efficiency
and sparsity set in advance for high dimensional sparse signals, the ECO is applied to the CS reconstruction algorithm
on the basis of the design validity index, and the quasi Newton gradient pursuit strategy is also introduced, which helps
to realize the accurate reconstruction of large scale sparse data. Finally, simulation is carried out using multidimensional
test functions and WSNs data acquisition environment. The simulation results show that ECO has certain advantages
in convergence accuracy and success rate, and compared with other reconstruction algorithms, the reconstruction results
significantly improved for high dimensional sparse signal.
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colony optimization, ACO)B, ki F#f &k (Par-
ticle swarm optimization, PSO)!2! | I8 & i k2=
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1 M RHERCEE (ECO)
1.1 ECO BE#%si|

flf 188 2 — i DL P BB 42, SRR X iz
B 1 W A TR AR S B R] PN AR i, O R AR
BRAS. il 43 4% BE 5 £ B W] DAG) S 5 4 B il 4
(Complete elastic collision, CE). 5¢4x 5 filf i
(Complete inelastic collision, CI) FIdE5E 45 PERl
fi£ (Non complete elastic collision, NCE), kT
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CE - {ml'vl + Moy = My + M)
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1
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RIS

EX 1 (ER).  3T4
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Fig.1 Extreme value collision schematic diagram
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2. while (¢ < Thax) //3ERTEH

3. Fori=1:n

4. ML (8) ~ (10) XF X(t) FE4T AT

5. IR f(XG @+ 1) < f(XG(),
BRI X (1), BIRR X () A7E;

6. TR X (1) i EAR GL(0);

7. end for

8. WAL B(t), t+1—t

9. end while

HHEERE ECO HEEA—ITHEIE R
O(nlog D), FHI AT B A EEH O(n), H I
ECO HEAREHN ThaxO(nlog D) + O(n).
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t—o00

O
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.
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R SRR A A
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% 0% (t) = By (t) — Bz (), 1
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1 n D
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(), PLABLHI AR R AR XA wdd s T
FYABK L R EIRAE R BE ), W9 T BVA R E B R e
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AT LB K 2B REIL AL A RS A— 2R
WS T R, (2 Ao A RTIRE” 16k
Bk H A2 R 2 08 RE A A YA 75 B AR Sl DL (Y X
AL, i ECO il b 2 R rEal i AR, $240L 7%
Fheg 2] s, 1y LW R SR>, ML A 2 5) 55
W SR EE RIS 1ot BRI A E
2R AT NS EIRE AT RIATERE R B B, ECO
ZREPE AT U] T R PR R I TR L R 2R fiE
M—E =S ERE, ECO BFFENAXS 24 i & BB 1L
AR RA —E SR, Rk TR E
REPEALIRTATE H 51 A M ) Bl

3 EZERLHA StOMP S EEE /) &k st
3.1 EgeREIEL (CS)

YA N Y55 oy T PATE RS g
Yyoy FAMNEA K < N DMEEREA )&
Snx1 BATHEL R RIS, Bl 2y = $yun X Syxi,
WIFR xnw1 FE Onxn bA2 K BERER. O
B Puan B Ty FEATIRE, 15205 H &
Ymx:

Ymxt = Pusxny X Tux1 = Puxn X Wysn X Snxi
(30)
Y Auxn = Puxn X Yyun, H Yux1 =
Apxnsnxi- CS HIBIA Y Ay W2 RIP 2%
P HESH M > CK In (N/K) i, #] bA#E
Kt/ o EBHFKIZ sy, B
min ||s]|;, s.t. y=As=®¥s (31)
Tk (31) J& T 554> NP-hard #Ef, Donohol'l
SEUERA AT DARF e/ Lo YEEOR R Ty e/ 1 T84
KAt SR L WECEMITEGHR A I — LP &
MENE, Hh Rz EECREC NS 2
TOARE M SR

3.2 StOMP S EME AKX

7 41 48 x B Ak E A SR AT T IR AR AR,
IHF5 1 StOMP (stage-wise orthogonal matching
pursuit) Bk E R B, &M TR S AL
M, HE A EmA R K. WEH RIP (Restricted
isometry property) Z{FEORE ARMEE K 6
T B BB, S ITE StOMP Sk s B 5 A
ECO FMAF s BB B0, R 155 B AL 4)
TR ORI T PIANETES (WE 2 FR), PASE
PR AT 1 B2 AR I Y HERA E AL (BEA StOMP
DUAS TR SR S LA 56 SR, AN FHEEIR).

— BFHE e &R —

| AR A

ECO #0145 KStOMP Tk W

i . . Ll
) nn

B2 ik StOMP fufdtly sk sl
Fig.2 Improved StOMP greedy reconstruction algorithm

implementation

KTMER T StOMP 53k T 2R H IE 4 #
LI GAG 5 E, FRKbrs T REER, A
TR EEOR B I G, T HAAS R “BE 77
FHIE AU ¢ BUES L AADRG B PR, Ay g
RN ECO SRRl B Sems, BIA AR A Kods
(Yn, 81) (Yn- 8 73 HINE h AEA LR
Hifs S mMME) A SSOMP 53k 7 Al t, #4714,
MG RAES A A

EX 5. X T StOMP FYASHOC B M3, & X
ECO Fkh 14 iE -

X, = (i, x0) , T =250, ts =

Horr |- ] R N R

E3% 2. ECO fiift StOMP E:& ¥ E

BN, HEE Anen. FEARBE {ylay27"' )
yu s Wi K. ECO By K24 ¥Rtk ECO
FiEAE

1. For h=1:H //X5 h MEARIATINLE

2. While (R /2 ECO %4 ¥k 2 1k & 4)
do//#47 ECO #:4

3. For i =1:n //% 4 i ASRLT#-4T40BR

| iz | (32)

4. s ECO #EAeLIxk+ X #HT
B /R

5. StOMP &Eykwitgaik: t = 1. vy =
Yo XHEHET = . '§h,t = 0;

6. For t = 1:t,(|zi2]) // StOMP #H
MK AR 80,

7. WIEH AT = {5 [(re-1, &5)] >
T(wil)} (j = 17 7N)7 ?jz H:’l AM><N -
(¢1a¢27 T 7¢N) 5 @@EE"J?%I;

8. I = I UJ, &, =
(‘b?q)l)il q’?yh\ Tt = Yn — (I)Igh,t;

9. End for

10. 4= (32) TR X, REUHE,
BEr X Dy s L

11. End for

12. ¥ ECO B L

13.  End while

4. B b DERXIE (Th tsn):
15. End for

16. Mg r = (O m)/H ft, =
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X 6. KT StOMP BLyk S R, i 3
ECO %13k H s HO:
min ||y; — PWs; ||, (33)

ECO 1fift, StOMP Sk 280 S Il Bk

MR BT B SR T DA ), AR T
2 O(KnMN log (m + D)), B AR, H
1% B E 2 TRk i StOMP 53 2 40l
DR S B[R] RO =, 1 H ECO ByE S I AR T
KIASEE, A —2 “& BB $E4E TR Sk
[

K EME L EME & BG5S S brab
PR, PRSI B OR A, T AU A i
JE B ER SR NE DARR v S AR E A VA IZ AR, JiAhE|
NG REFREL, PASEIEE M EE K RAME S
P EE A

P 140 B B R SRR 012 b R ) s
SR I RS B R S A A P Y e
RIS, AP R, H:

8 =81 +ad, (34)
ry =141 — a;Pyd;
IO, dy AT BREREIITIEL d, . a0 HEATY:
<Tt—17 (I)tdt>
Btdt: tfaAX syt = — 5 35

t (rie1, Apxn) s a H‘I)tdt||2 (35)
Hor, By AT AEAT Y Hessian 4, It
AR E A AR
Bi_, (ad;) (atdt)T B4

(atdt)T B4 (atdt)

((‘I)t)T P, (atdt)) <((I)t)T P, (atdt))T

((‘Dt)T P, (atdt))T (ard;)

B,y 0
0 1

Hop, Bl FoR*t By B9P7JE. W] AR R T 53X
(33) HEATIEAREMZ WS T FoE (.

EX 7 (ERAYMER). X THGESEY
S, B SCEAABMEARE Ve

Bt - Béfl —

(36)

!
t—1

1<i<N

N
1
VN = N ; (Si — §1)2 4+ max (Si — §1)2 +

min (s; — §;)° (37)

1<i<N

Hrp, sy = (817"' ,SN) RHEEAGS, Snx =
(81,---,5n) NEMES. MEX T WLAFEH, Vy
KRWET snx1 5 8nx AR, Vv BUEB/DN, Sn
AT sy

FET A W I 18 BR SR S A etk StOMP (Im-
proved StOPM, IStOMP) & #4583 s P i 42 v] DA

5% 3. IStOMP %

BN HEFE Ay MRSy, FIH ECO 155
i (7, ts)

L. Fork=1:K'"// K' ARAWGE K LR

2. Fort=1:t,(|mi))

3. IStOMP &yEmitafh: t = 1. ro = y.
SHET = ¢ 8, =0, By =0;

4. WRIETHE AKX T = {7 [(ri1, ¢5)] >
T(xa)} (G = 1,---,N), & Aun =
(@1, P2, s on) 5 riy BRG]

5. B I =TUJ, i (33) ~ (35) it
NP %

6. End for

7. AiEL (36) AV

8. End for

9. max << Vo XMWY K BNFSHE; %
1) 8, B MM A5 5 B 45 2R

M IStOMP E AL SC LS ] DA Y, Bk
IR O(Kt,log (m)), iz B B AIG, XARLR
UE T SR RE S = R AL B AR

3.3 IStOMP 7£ WSNs F N A

PATC A% s M 28 (Wireless sensor networks,
WSNis) i B 254 K6 I Sk %) 52 B AT B 98 #E WSNs
HEIFE N O Q MR R TS N AN
PRV, FEBEZ) N ASFE IR A AR KA 2 2,
FITEE Snw1 = [51,80, ,sn] FmFH FIF6E
WIS (s; = 0 RARRFHEILFFLE), BARY
K < N B, sy« N K EWGES. Bk Q =N,
W N AR @y = [21, 20, 2n] R

Z
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-xN
haal (dig) ™ ol (di2)™ - o] (din) ™
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=¥nNxNS (38)

Horft, do g Wl S AEARBE, hay WA SERI. A
B CS e, A M /SRS AR A B ] 52

Ff it S A
m 10 ---0---0 x
o 01 ---0---0 T
Ymx1 = . = 1. .. . . =
Dy NTN <1 (39)

A= (37) A X (38) A yuxi = PuxnTrxi =
P vPNxNSNx1 = ApxnSnxi, A PATEBH Y
M > O(c(K +1)In(N/K)) I, A 7l L bf 4y
6 RIP %1%, {H)2 ISSOMP #3375 SRS A
AR REARIERS), RN Ay SEFT 0 AR b H,
HIE

A=UxV" (40)

Hrp Ben ARIEEN AR, U, V NIERH
U, Bt at (38) T DAL :

Yy=PynTnx1 =As=UXV"Ts=

M x M (N=M)x M)
—_—
oy 0 -+ 0 0---0
U|0 o+ 0 0--0]|VTs (41)
R 0
0 0 -0y 0---0

Xt (40) dE—PAb i
Uy =3'U'U

MxM (N—M)xM MxM (N—M)xM
~~ =~ =~ =~
3 0 | % Vs s =

‘/1TS = y/ — EIIUT’y — ‘/1T8

XA (41) AERATHINER RS, RYEHE S AR ] A
A IR VT ORATIESCH R, G 2 RTP 2%
1.

UL, WSNs #gi S CH R s AL M AT
PEAY RS BR K AN P i) A, A s il
Ry 75 WSNs AR Br Ber I 5% g A 2 0t
T2 BN GR DA 31| fe 2 BOE B AL A A S8 s

FrBeA A ISSOMP 5 A4 33 6 12 15 5 A0 B AT 2]
MG S 1A & SN w1, M S8R i i 2 ) SE A
4 SCIGAE

4.1 ECO MaEitIEniz

H T HAE ECO Sk b tiae, R 2 51 EL
R T LR H, R 1 8T 6 S AL fED
BRI AL

1 EUENeE KL

Table 1  Benchmark functions
PR PR H b ek % 4% IEVER
fi(z) =
Scaffer 05 [sin2 (xf +x§)05] 2 [0, 1]
© [140.001 (22 + 22)?]
Sphere fo(x) =0 a2 5 (—30,30)
i=1
1 &,
f3(z) = 1000 ; Ti—
Griewank " - 20 (—30, 30)
T
cos| — | +1
ILes( )
n—1
fa(x) = Z (=7 + mfﬂ)o'%x
Scaffer7 i=1 30 (—100,100)
[sin*(50 (7 + 33?+1) 0'1) +2]
fs (x) =
Rastrigin n n (—5.12,5.12)
Z (z2 — 10 cos 2mx; + 10)
i=1
fo(x) =
Rosenrrock n (—30, 30)

i=1

4.1.1 ECO B#igESW

FEARRRE n. TR R e, AlEE B &S A S
1 € Fiadl 250 8 2 ECO &y M F S8,
H B & T8 BB 535 S Bl v i) i >R ) S vk i
s, WILIRE n. e. £, 0 NEIBUEXT f3 BREGHE
Frimia, &aatT 10 K, B s (A1)
BT HEAT T, B 3~6 B T AR n. e. €. 6
i RS E A T3 s 1T i R AR Al 2.

M 3 WTPAE H, BEE A RUBABTY K, S8k
I MUIRB AR, HBWS T &R L, (B2
n > 200 B}, FEFE n KBRS RICH BA2 L, M
12 S 1] A 4, DR SR WG A S SRS P A RITERE
IS B AR A B AR D iz S ). AT 4 W] DA
Y e < 0.6 B, FEMSUE A A K BIST4
SRt iR, (B R BYE B ME & A8 KB IRAR,
Ye > 0.6 B, g ¢ 2K, BRSO I B REAL,
XAEFE R e BUEBK, K7 H MR BAL, S8
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ZHIRSE B

i PSO SEyARN e A H th ()9 IKHE 353% (Dolphin
swarm algorithm, DSA)20 | JREEE GE: (Smart
wolf pack algorithm, SWPA)Z JE475%F [ S2 56, %f
LU A3 A [R] A0 SR T I Ak B8 30 1 BB 52 ), DA
M ECO W8use# (PSO. DSA il SWPA 280k E
Z25 A R OCHR). BRI IE AT 100 IR, SEHUR
YR Su (B S Be i /N T IBIE 6 IRAL
R IR KA HUAE) - JeRME Max ., f/IME Min, 3
8 Ave FzBERHE] T RSEFESEREXT L AR bR, &
THHT 4 M EER B SZ, K2 T
AN [] BRSSP BB R Ao FL 25 2R

MIELT F3 2 v DAE i, X T RIEREL fo (G
RN 0, E 6 = 1073,), 4 ML BIEHD
REMB IS T2 Ry e AL AR 0, I HLB T #8484 100 %;
YT 22 WAERE fiv fs. fo A f5(fis f3 19
6 =107% HAEME 0 = 107"), i TiX 2R 57 AE
KERPRE, SEEA PSO BERE f1 RN
12 % &b, HAhpRBUETI AR 0, 1) DSA F1 SWPA
BYERAE fi fs WIS BREBCK R AR T B AR )
F,RT fa A0 fs eREL, DSA F SWPA Bk i)
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AR B fo CGRIREJREAMMEN 0), FEULSOR BEE &
H o =10"" WIFOLT, 4 RIS ECO
B 17 %, F HARE B e e ME L 1
0.013, JLFTovk kB & R Ui, 286 ot Lakxs
FLZE SR AT A

1) i A SR B e e B X Sk el BE e
AR R B el Bk A R WS vk fig, e @ A T2 R
PAN AR S 2% R B AL 17 B, R R SR 3G N T A A 2
FEVEFN 5 SRR BEFR Z BB 7, M (15 35035 BB A 314 K
Bk SR AR (AR

2) ECO BRI S Z DA RS SRS B8 B 4T
Hofh = Fh 3, X2 ECO B3 3R SE ik 3
il 3, B TREARZ AR, T E S B a5
NS SRYATE S 5 5 I B A B IR B8 R e
PRI R B0 28 i A R SRR T, X TRk I S

0 02 04 06 08 1
TR ARG B

K6 Al B FERACAFRIER-I 2T I R A b £k
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Table 2 Comparison results of convergence performance
indexes of different functions

f ]y Su (%) Max Min Ave T (s)
ECO 100 —0.997 —1 —0.999 6.79

PSO 12 —0.23 —0.95 —0.68 11.37

h DSA 100 —0.96 —1 —0.98 6.13
SWPA 100 —0.93 —1 —0.97 7.74
ECO 100 1.78E—6 0 6.37TE—10 6.37

PSO 100 5.27TE—4 5.77TE—6 1.19E—4 12.76

F2 DSA 100 6.27TE—3 3.09E—4 1.62E—3 8.36
SWPA 100 1.04dE—4 3.33E—5 6.24E—5 14.55
ECO 100 7.24E—4 0 1.29E—-3 10.88

PSO 0 1.51 0.012 0.84 15.27

fa DSA 98 3.28E—3 1.93E-3 2.74E-3 12.70
SWPA 100 6.53E—3 2.85E—3 3.48E—3 11.09
ECO 100 281E-5 6.34E—-8 7.11E-7 22.16

PSO 0 17.11 6.25 10.78 27.94

B psa 19 007 183E-2 004  11.22
SWPA 80 0.18 3.64E—-T72 0.01 14.55
ECO 100 1.11E—-6 0 4.89E-9 741

PSO 0 20.47 11.25 19.86 10.28

fs DSA 65 0.063 3.21E-2 0.017 6.89
SWPA 86 0.025 4.44E-3 0.008 8.77
ECO 17 0.467 0.013 0.227 15.23

PSO 0 88.171 21.073 44.110 20.79

fo DSA 0 22.145 6.667 8.936 18.81
SWPA 11 6.652 2.147 3.667 12.56

3) X T e AS R AR, 4 BhIRIAHRIL Bt — 2
et R N R fo O AEREE, (A ITAAR A
HE R, X RRY], Bkl AT e
0, AR R R — 2600 MR AT S R PR RE, PRI
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Fig.8 Changes in different K values (7, ts)

MK 8 ATLAF H, AR K BUE TR, (7,ts) BUH
AR, I H MSE #HX & /N, Btk 1A
AL T BAAL (1,ts) PIRIATYE. JE2EscTs st E
IStOMP %4 (7,ts) A (2.32,10).

4.2.2 RIS EMITELELE

AT 2 4rH7 ISSOMP 244 5535 4 BE, 78
WSNs #:E X N hikE K = 156 DMK
AR, I I K S R IR B A N R AR S
Snxi. VEHL StOMP 5L SP dthy 5k
1 BSMP fAA AP S0 tsg i, S i fe v
XL H A FIEA LB SHEE K KN, A
YRS R TS 100 R, S T RRAC M BUE XS A
ZPERIEW, 5 M > O (c(K +1)In(N/K)), %
M =100 EPpIZEHA 100 A5 54T TARRE.

9 5T 4 FhEMEEREUE S X LA R, K 3
g5 T EATEN TR AR AT g AR

ME 9 K3 3 v PAF H, ISSOMP &3k . BSMP
FA SP LR LM B S RS R A, I
H IStOMP #&yEE kiR HA 1.23, EiF-T BSMP
LM SP 3k, 4K StOMP 5535 o vk SE AR Gt
RIME S EN, BERERSRGESZBRK, JL

TGP AR A T G, A S ]
I, TStOMP S Bk Hofls = A, SR A5
BRI B B, SEGE R AR, (12
FERE K = 15 i, SR FAT 14.881 s, LA
T DA 3% 0 325 556 1] BT 19, ISEOMP T 597
LA SR

# 3 AFEMTEN TR

Table 3  Comparison of evaluation indexes of different
reconfiguration
K=15
G AN __
THSRERSE  \sp DsR (%) T (s) SNR
IStOMP 1.23 100 14.881 39.114
StOMP 91.27 7 9.524 27.047
SP 12.54 89 6.227 36.541
BSMP 16.76 99 8.123 35.046
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Fig.9 Comparison of four reconstruction algorithms for

sparse signal reconstruction results
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different algorithms

5 LRSI

MARERAE 5 FA RS LA S HO B A TERE
Wiy SE g ] A H, ISCOMP SEAPERE SIS H:

1) ISCOMP R S SRHL L AR MU S (Rl
. RPN K RAEOL, IStOMP S8R A
TR T2, ARG 2 B DR IO L, 4 AR —
SERE AP T IR TR AT, 0 IStOMP tR I 14U
ik A7 sCVAPR R SR AT e . PR A 5 o I
U, AE ] AR SZ s SRS A, IStOMP FEHY
SR EAR L BE AR N 5 A SR B b T

2) IStOMP B A7 5T v i) o M G 2R 344 i 2
TR MR BrBcl gy ECO Rk Z
R B DA L7 0 A AR B AN [R] g BE AR e T
IStOMP S, 5 LI AR 1K 2L 5 1Y
AR

6 ZERiE

Xt —FhasprE RE AL SE S HAE WSNs i 3¢
PRSI A B B EAT T W9, AR A RSl $3E
WIEMENERFEA Z AR UEAT T 0 b7, X X5
BREMARIRAA — MR G W WSNs g3
PRI R I WFTEA T, T XIRRBURER A B ARG R 2
R BGTTEAREA B, £ ECO SE4REA
&, I T 2By B AHEZCR ISSOMP H AL 5
%, et EERMEIET ECO HiEF IStOMP
R A RTNIUR S S § O s 2 SR A 0 WE SRS N
A IE TS RO Ry d o Gl 20/ P

References

1 Luo C, Wu F, Sun J, Chen C W. Efficient measurement gen-
eration and pervasive sparsity for compressive data gather-
ing. IEEE Transactions on Wireless Communications, 2010,
9(12): 3728—3738

2 Kennedy J, Eberhart R C. Particle swarm optimization. In:
Proceedings of the 1995 IEEE International Conference on
Neural Networks. Perth, Australia: IEEE, 1995. 1942—1948

3 Colorni A, Dorigo M, Maniezzo V. Distributed optimization
by ant colonies. In: Proceedings of the First European Con-
ference on Artificial Life. Paris, France: Elsevier Publishing,
1991. 134—142

4 Eusuff M M, Lansey K E. Optimization of water distribu-
tion network design using the shuffled frog leaping algo-
rithm. Journal of Water Resources Planning and Manage-
ment, 2003, 129(3): 210—225

5 Tan Y, Zhu Y C. Fireworks algorithm for optimization.
In: Proceedings of the First International Conference on
Advances in Swarm Intelligence. Beijing, China: Springer-
Verlag, 2010. 355—364

6 Mo Xiu-Wen, Zhang Qiang, Lu Jing-An. A complement op-
timization scheme to establish the digital core model based
on the simulated annealing method. Chinese Journal of Geo-
physics, 2016, 59(5): 1831—1838
(T3, Ko, BEALZE. BLLHR KRBT A D i — R T A
FE. HERYIBIZAAR, 2016, 59(5): 1831—1838)

7 Li Bao-Lei, Shi Xin-Ling, Gou Chang-Xing, Lv Dan-Ju, An
Zhen-Zhou, Zhang Yu-Feng. Multivariant optimization algo-
rithm and its convergence analysis. Acta Automatica Sinica,
2015, 41(5): 949—959
(B, ML, FE2%, BFHE, 2, k. 2o
B PESHT. BElbaH, 2015, 41(5): 949—959)

8 Ebrahimi D, Assi C. Network coding-aware compressive
data gathering for energy-efficient wireless sensor networks.
ACM Transactions on Sensor Networks, 2015, 11(4): Arti-
cle No. 61



192 H 3l 1k

% 46 4

9 Liang J J, Qin A K, Suganthan P N, Baskar S. Comprehen-
sive learning particle swarm optimizer for global optimiza-
tion of multimodal functions. IEEE Transactions on Evolu-
tionary Computation, 2006, 10(3): 281—-295

10 Ma Wei, Sun Zheng-Xing. A global cuckoo optimization al-
gorithm using coarse-to-fine search. Acta Electronica Sinica,
2015, 43(12): 2429—2439
(BT, IMEX. RIS RE LRGSR RE. BT
I, 2015, 43(12): 2429—2439)

11 Tian Jin. Improvement of quantum-behaved particle swarm
optimization algorithm for high-dimensional and multi-
modal function. Control and Decision, 2016, 31(11):
1967—1972
(P, 75 2 2 Ve ok B AT R PR AL SV b B 9. 455 5
HesfE, 2016, 81(11): 1967—1972)

12 Lee K S, Geem Z W. A new meta-heuristic algorithm for
continuous engineering optimization: harmony search the-
ory and practice. Computer Methods in Applied Mechanics
and Engineering, 2005, 194(36—38): 3902—3933

13 Cui Xiao-Hui, Yin Gui-Sheng, Dong Hong-Bin. Co-
evolutionary algorithm for web service matching. Journal
of Software, 2015, 26(7): 1601—1614
(REIENE, BVAEAR, SELDM. T 1 e 55 DTG RIS P [l S0k Bk
247, 2015, 26(7): 1601—1614)

14 Donoho D L. Compressed sensing. IEEE Transactions on
Information Theory, 2006, 52(4): 1289—1306

15 Wang Yan-Fen, Cong Xiao-Yu, Sun Yan-Jing. Sparsity
adaptive algorithm for ultra-wideband channel estimation.
Journal of University of Electronic Science and Technology
of China, 2017, 46(3): 498—504
(EHETY, TRW, IMESR. — R AR RE & M SO R A T k.
LR KRR, 2017, 46(3): 498—504)

16 Yang Cheng, Feng Wei, Feng Hui, Yang Tao, Hu Bo. A spar-
sity adaptive subspace pursuit algorithm for compressive
sampling. Acta Electronica Sinica, 2010, 38(8): 1914—1917
(B, 158, 1HHE, Wik, W1 — R4 RS PO RRBILE H G R
ZEAEERSE. TR, 2010, 38(8): 1914—1917)

17 Candes E J, Wakin M B. An introduction to compressive
sampling. IEEE Signal Processing Magazine, 2008, 25(2):
21-30

18 Fang Hong, Yang Hai-Rong. Greedy algorithms and com-
pressed sensing. Acta Automatica Sinica, 2011, 37(12):
1413—1421
(4, wifge. SRS R EAME. |k, 2011,
37(12): 1413—1421)

19 Jing M L, Zhou X Q, Qi C. Quasi-newton iterative projec-
tion algorithm for sparse recovery. Neurocomputing, 2014,
144: 169-173

20 Wu T Q, Yao M, Yang J H. Dolphin swarm algorithm. Fron-
tiers of Information Technology & Electronic Engineering,
2016, 17(8): 717—729

21 Xue Jun-Jie, Wang Ying, Li Hao, Xiao Ji-Yang. A smart
wolf pack algorithm and its convergence analysis. Control
and Decision, 2016, 31(12): 2131—-2139
(FERA, B, 20, M. — PR G SR S ST 4%
#5948, 2016, 31(12): 2131—2139)

22 Liu Pan-Pan, Li Lei, Wang Hao-Yu. Research on greedy
reconstruction algorithms of compressed sensing based on
variable metric method. Journal on Communications, 2014,
35(12): 98—105
(KW iy, 2586, EXGTE. Hgi RO R T8 ROBE VR S 8 s A 50k
MBFIE. 4R, 2014, 35(12): 98—105)

23 Dai W, Milenkovic O. Subspace pursuit for compressive
sensing signal reconstruction. IEEE Transactions on Infor-
mation Theory, 2009, 55(5): 2230—2249

24 Sun B, Shan X, Wu K, Xiao Y. Anomaly detection based
secure in-network aggregation for wireless sensor networks.
IEEE Systems Journal, 2013, 7(1): 13—25

XUSHOM VA 25 2 Be . 2016 4F 3k
(EYiE NN Y =W A S R A
FEWE Ty A EEAE, BB A M
8%, (L IRERER I 4. AR SOEE1ES
E-mail: nazi2005@126.com

(LIU Zhou-Zhou
Xi’an Aeronautical University, China.

Professor at

He received his Ph.D. degree in infor-
mation engineering from Northwestern Polytechnical Uni-
versity, China in 2016. His main research interest covers
mobile communications, random access in mobile radio net-
works, sensor networks. Corresponding author of this pa-

per.)

FrT AT R H R FEGR
TR N T M 255 A5 5 2 4, KB Ay
Hr, WO, R RETHAL

E-mail: lishining@nwpu.edu.cn

(LI Shi-Ning  Professor at North-
western  Polytechnical
China.
wireless communication and security,
big data analytics, industrial internet of things, and intel-

University,
His research interest covers

ligent computing.)

T a5 PR B X T
L Rlefef el . 2006 4F 315K R FE
ToRZE A2 BT 1 R
i, IR, PR AR

E-mail: hawa@ntnu.no

(WANG Hao
Natural Sciences in Norwegian Univer-

Associate professor at

£ f}%
N sity of Science & Technology, Norway.

He received his Ph.D. degree from South China Univer-
sity of Technology, China in 2006. His research interest
covers wireless communication and security, big data ana-
lytics, and industrial internet of things, high performance
computing, and safety-critical systems.)

SKABRD YL A2 E BRI, 2007 1K1
FA LA MR R 2R 2, B
PP EREY e N

E-mail: jinganqy1988@126.com
(ZHANG Qian-Yun
Xi’an Aeronautical University, China.

Lecturer at

She received her bachelor from Nan-
chang Hangkong University, China in
2007. Her main research interest is signal processing.)



