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Research on Routing Protocol Based on Gradient and Energy Awareness in Wireless Sensor Networks

ZHENG Zhi-yun GUO Fang WANG Zhen-fei ZHANG Xing-jin WANG Fei
(School of Information Engineering, Zhengzhou University, Zhengzhou 450001 ,China)

Abstract To solve the problem of unbalanced energy consumption of wireless sensor network nodes,a new distributed
routing protocol based on gradient and energy awareness (EGRP) was proposed. EGRP introduces 3 parameters to form
clusters: the residual energy of the node itself, its distance gradient, and the average residual energy of its neighbors.
Then according to inner cluster head’s residual energy and distance gradient, every outer cluster head chooses one inner
as the forward routing to build the routing tree. Theoretical derivation and simulation results show that EGRP can a-

chieve ideal optimal effect,and it reduces single node’s energy consumption by 10. 9% ,improves the balance of energy
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consumption between different nodes,and prolongs network’s lifetime,

Keywords Wireless sensor network, Clustering, Distance gradient, Energy awareness, Routing protocol
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Parameter Description
D The id set of WSN,ID={1,2,++,N}.
1E (Initial Energy)Define the initial energy of every node.
RE (Residual Energy)Define how much energy the node left.
AE (A(;erage Energy) Define the average energy of neighbor
nodes.

(Distance Gradient)Define the distance gradient of node, de-
fault value is 0.

(Total Number of Nodes) If it” s cluster head, TN defines
how many nodes this cluster contains;default value is 1.

DG

TN

(Nodc State) Definc if the node has been chosen as a header
NS this round, default value is 1S(Initial State) ,CS means it’s a
cluster header,and MS means a member node.

(Neighbor Nodes List) Define the first pointer of the list sto-

NL ring all the neighbor nodes’ information which including
their ID,RE, DG and NS,
NR (Next Route)Define the next route of the node.




9

B, 55 F TS M BE B AR AR TO 2 A% T 0 B by B LB 5% 117

#2 HEMXBHRIEAHE

Message Type Parameter Description
. Sent by the base station, is used to define
Gradient_Msg bG each node’ s gradient,
Broadcast_Msg 1D, DG, Sejnt by. each n(.)de, to b.roadcast their at-
- RE,NS tribute information to neighbor node. s.
Head_Msg 1D, DG, Se.nd by th-e Fhosen cluster head, to tell its
- RE,NS neighbors it is a cluster header.
Join_Msg ID.NS Member node§ §end Join_Msg to the clus-
ter header, to join this cluster,
Forward_Msg ID: RE, Sent between cluster heaz'iers, is used to
- DG, TN construct the forward routing,

3.3 HEREHME
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Gradient_Msg {30 (i R, BB H BRIEEBEME,
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FORE R AR ERAS IS O RS MS, ZE i, EGRP
PHSURBERT B SE AL, IX — SR R OR AR AS An 2 PR
1. NS=1S
2. //Neighbor information Acquisition stage

3. every node broadcast Broadcast_Msg

4, receive Broadcast_Msg

5. update neighbor nodes list NL

6. //Head Competition stage

7. T==the delay time to broadcast Head_Msg
8. while (currentTime < THC){

9, while (the delay time T is not run out){

10. if (receive a Head_Msg from neighbor list NL[i]){
11. NS=MS

12. NL[i]. NS=CS

13. }

14, else continue

15. }

16. if (NS==18){

17. broadcast Head_Msg

18. NS=CS

19, }

20. }

21. //Cluster Selection stage

22, while (THC<CcurrentTime<<TCS){

23. if (NS==MS &.& have not sended Join_Msg)

24, send (Join_Msg to the max K cluster head)

25. else

26. receive (Join_Msg from its neighbor MS nodes)
27.}
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Parameter Value Parameter Value
Network size 100m X 100m Sink position (50m, 100m)
Initial energy 2] dy 87.7m

Emp 0. 0013pj/bit/m" Egec 50nj/bit
Epy 5nj/bit s 100pj/bit/m’
Node number 300 Cluster radius 20,25,30,35,40
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if (ssesubj_active) 4 (00 1 obj_sctive = {})4 (00 11 »; mm- =0
ALK, Ke Lt\“\/\ (fst K = ss) A {snd K} »{n}

©obj_active U oo
olse
obj_active

3
-n'\et

ssst;
00_obs={d_tf, management};
oo_alts{d_ok}

(neobj active) / (00 obs ¢ obj_sctive)A (oo alt L obj_active

At{ss} xo0_obs C subj_obj0 A({ss} x00_obs C subj_| aum«((-) <00 alt < subj_0b1000))
lapply (simp scciLet_def)
apply (simp aci:sub_active_def obj_active_def)

Ly (wimp ol :subj_objo_def subj_objoo_det subj_obe0o_det)
apply (sizp onlythebilt_det clast_det flow def c_level_def)
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2 4= W 56 1 T RE L2 2 2 R RL ) — BUHE BEAT 3R UE , fRIIE T
BEMKTER I E 2.

ARSCALEA T R A & W S R AL A B AR 454, E T A 1Y
AR, B KB MBRA 20 24, TR X IEH
HIETRA 80 4%, it Sk FJE = Ak 7 vk %t FL gk AT 40 A B E
W T RN TG B ARG R T
FAMEHTTTENE, A SCRH A BLP LRI A] LLSE B % 4
9 36 B HEDhRERS R AR . 3T R THER ak S A X R
AL A BA 49 75 25 A D BB L i A7 AL BT F i
IERFZE , RS BRI AL T TT R IR 2 2 W 3¢

2 £ x #

[1] VIAPLANA A R. IpsecVPN[EB/OL]. [2017-4-10]. http://

upcommons. upc. edu/handle/2099. 2/2117.

[2] PHIFER L. Tunnel Vision: Choosing a VPN-SSL. VPN vs IPSec
VPN[EB/OL]. http; /search security. techtarget. com/feature/
Tunel-vision-Choosing-a- VPN-SLL-VPN-vs-IPSec- VPN,

[3] WU T,KUANG X H,FU Z L. Analysis and Suggestion of the
Heartbleed [J]. National Defense Science &. Technology, 2014,
35(5):27-30. (in Chinese)

RIY E XA drb sz, O L R T B4 RE 643 BT A X SR I
[J]. EBiRHE,2014,35(5) : 27-30.

[4] BIEBER P. Formal techniques for an ITSEC-E4 secure gateway
[C]//Computer Security Applications Conference,1996. IEEE,
1996.:236-245.

[5] BELL D E,LAPADULA L ]. Secure computer system: mathe-
matical foundation: MTR2527 [R]. Belford: Mitrecorp, 1973.

[6] ABRIAL J R. Modeling in Event-B: System and Software Engi-
neering[ M]. Cambridge university Press,2010.

[7] COMMUNITY E E. Information Technology Security Evalua-
tion Criteria (ITSEC)[R]. Commission, 1990,

[8] ULWETE. ¥MERGE LA VTIMI. Jb5T  HUB Tolk th it , 2013.

[9] BIBA K J. Integrity Considerations for Secure Computing Sys-
tems: Mitre Report MTR 3153[R]. Belford: Mitrecorp,1975.

[10] DENNING D E. A lattice model of secure information flow[]].
Communications of the ACM,1976,16(5) : 236-243.

[11] GOGUEN ] A, MESEGUER ]. Unwinding and Inference Con-
trol[C] // 1984 IEEE Symposium on Security and Privacy.
IEEE, 1984 .75.

[12] NIPKOW T,PAULSON L
A proof assistant for higher-order logic[ M]. Springer, 2002.

[13] CHAPMAN D B,ZWICKY E D. Building Internet firewalls [M] //
O’Reilly & Associates, Inc. ,1995.

[14] COMER D E. Internetworking with TCP/IP[M]. Beijing : Posts &
Telecom Press, 2002.

C, WENZEL M. Isabelle/HOL:

(E#% 119 ®)

[10] ZHANG W Z,LIU J,ZHANG L, et al. Non-cluster Based To-
pology Control Method in Wireless Sensor Networks[ ] ]. Comp-
tuer Science,2010,37(2) :44-47. (in Chinese)

TRSCHE XA SRR 5. TR 1% % I 4 B AR 0 FME O 3
BrFELI]. HHEHLRIE,2010,37(2) : 44-47.

[11] FAN Z P,XIE D Q,JIN Z Z. Energy-efficient and load-balancing
multipath routing scheme for wireless sensor networks[J]. Jour-
nal of Chinese Computer Systems, 2013, 34 (2): 253-257.
(in Chinese)

BEET AT , S ET. R RN KRR R MBI
B A it e SR L] 1. /NEUGRORHEHLAR 4E 5 2013, 34(2) : 253-257.

[12] SUN Y Q,PENG J,LIU T,et al. Uneven clustering routing pro-
tocol based on dynamic partition for wireless sensor network
[J7. Journal on Communications,2014,35(1):199-206. (in Chi-
nese)

INETH » M, XURE S5, BT 3h 53 X I R R AL AR R 4% 4 15

AR e ph M () . B AR 2R 5 2014, 35(1) : 199-206.

[13] FENG C X,LIU Z,LUO Y S. Optimal Cluster Numbers in Clus-
tered Wireless Sensor Networks[ ] 7. Journal of Huazhong Uni-
versity of Science and Technology,2013,41(10) :49-53. (in Chi-
nese)

R X5 B R SN AR M 45 P R AR AR B B T (T ).
AR K2R, 2013,41(10) : 49-53.

[14] REN X L, WANG C. Load-balancing Routing Protocol Based on
Dividing Node Neighboring Space in Wireless Sensor Networks
[J]. Journal of Chinese Computer Systems, 2016, 6 (6): 1222-
1227. (in Chinese)

AT, . 3T 45 409025 10 S JE LR A IR 0 B 2RI e
B ()], /MRS HLR 58, 2016, 6(6) : 1222-1227.

[15] TIAN X Z,XIAO Y. Algorithm of Opportunistic Routing Based
on Energy Harvesting Wireless Sensor Networks[]J]. Comptuer
Science,2016.,43(6A) : 288-290. (in Chinese)

WE R, . — BB B AR G 4R A% RN 45 P 2 B i R
[J0. iR, 2016, 43(6A) : 288-290.



