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TOM TAT: Vin dé t6i wu hiéu sudt ning lwong trong cac nit cdm bién nham kéo dai thoi gian séng ciia mang cam bién
khong ddy la mot trong nhitng nhiém vu quan trong doi véi cae nha nghién citu vd trién khai. Vin dé nay dic biét quan trong asi
Vvéi cde mang cam bién khéng day da budc. Do han ché ciia cdc phirong tién truyén dan, gidi phdp phdn cum dé 16i wu nang lweong
la mot giai phdp hitu hiéu trong van dé cdi thién hiéu nang mang. Tuy nhién, hiéu qud truyén tin gitta cdc chi cum sau qud trinh
phan cum ciing la mot yéu t6 anh hudng lom t6i hiéu nang mang. Bai bao nay dé xudt mot lzep cdn lai ghép bang cach su dung logic
mo trong phan cum khong déu nham tranh 16 hong nang luong va sir dung hroc do dinh tuyén hiéu qua giita cdc chii cum de kéo dai
thoi gian song ciia mang. Dé xudt dicge chirng minh doi sanh qua mé phong sé cho thdy hiéu qud ré rét so véi cdc dé xudt gan day.

Tir khéa: Mang cam bién khong day da bude, ky thudt phan cum, logic me, thudt todn dinh tuyén, thoi gian séng.

I. GIOI THIEU

Mang cam bién khong diy WSN (Wireless Sensor Network) dong vai tro la ha tang truyén thong quan trong
trong nhiéu linh vuc nhu quén sy, nong nghiép, diéu khién théng minh va Big Data,... WSN thuong gom s6 luong 16n
céc cam bién co kich thudc nho dé thu thap thong tin sy kién hodc tham sé moéi truong dua trén truyén thong khong
day don budc hodc da budc. Mang cam bién khong chi thu thap thong tin ma con sir dung dé didu khién cac thiét bi
chap hanh theo cac quyét dinh tinh toan thong minh. Tuy nhién, cac nit cam bién khong ddy thuong sir dung ngu(‘)n
nang luong hiru han nhim ting tinh linh dong va kéo theo do la nhu cau tiét kiém nang luong hay keo dai thoi gian
séng cua mang cam bién khong day. Vi vdy, mét trong cac van d& thach thirc v& mat hiéu ning mang cam bién lién
quan tdi cac co ché hoat dong tiét kiém nang lwong [1] [2] [3] [4].

Mot tlep can hiéu qua dé bao toan nang lugng cac thiét bi cam bién trong mang la thong qua qua trinh phan
cum. Mot sé cam bién c6 mbi quan hé gan vé khoang cach duoc t6 chirc thinh cum va bau chon mot nut lam chu cum
CH (Cluster Head). Qua trinh truyen thong dugce thuc hién tir cac cam bién t&i chu cum va tir d6 chuyén tiép t6i tram
gbc BS (Base Station). Do cac két ndi truyén thong cé khoang cach nho va dir liéu dugc tép trung tai nat chi cum
truwocs khi chuyén téi tram gdc nén thoi gian sdng tong thé ciia mang ting 1én. Tir giao thirc phan cum hi¢u qua ning
luong dién hinh co tén l1a LEACH (Low Energy Clustering Hierachy) [5], mét loat bién thé dya trén nguyén tic phan
cum da dugc phat trién theo nhiéu tiéu chi lya chon chii cum khéc nhau nhu xac xudt, nang lugng du cua nit, mat do, ..
[6]. Pé tich hop nhleu tiéu chi v6i do phic tap tinh toan hop 1y, mot sé thudt toan phan cum dya trén logic mo ciing
dugc phat trién gan day [7] [8] [9]. Cac giao thirc nay hoat dong trong ca moi trudng truyen thong don bude va truyén
thong da budc. Pbi vai truyén thong da budce, viée xuat hién cac 16 hong nang luong gan tram goc da tao ra thach thue
méi cho cac giai phap phan cum. Bén canh d6 14 hiu suit qua trinh truyén tin da budc giita cac chii cum ciing dit ra
nhu cau phat trién céc thuat toan m6i nham cai thién hiéu ning mang cam bién khong day.

Trong bai bao nay, cung véi tiép can phan cum mo nhu da dugce dé xuét trong [9], giai phap chuyén tiép thong
tin gifta cac chu cym to1 dich dugce xay dung bang thudt toan m&i nhim cai thién th01 gian song cua mang cam bién
khong day. Dé xuat duoc chimg minh bang phuong phap d6i sanh qua mo phong s6, cac két qua cho thay hiéu qua
vuot troi cua dé xuat khi cho két qua cin bang tai t6t hon va kéo dai thot gian song cuiia mang so voi cac de xuat trude
day. Bai bao dugc trinh bay nhu sau. Phan |1 trinh bay cac nghién ciru gan day vé k¥ thuat phan cum va dinh tuyén lién
quan t6i nghién ctru. Dé xuat phuong phap phan cum duya trén logic md va luge dd dinh tuyén giita cac nat chii cum
dugc dua ra trong Phan II1. Két qua md phong va dbi sach véi nghién ciru trude duge dua ra trong Phan IV, cudi cing
1a két luan vé nghién ctru ciing nhu hudng phat trién tiép theo.

II. CAC NGHIEN CU'U LIEN QUAN

Trong nhitng ndm gin déy, nhiéu thuit toan phan cum dua trén ¥ tuéng cia giao thic LEACH d3 dwoc phat
trién nham cai thién hiéu ning cua mang WSN. Hoat dong trong mang don bude, LEACH sir dung phdn b x4c suét
ngau nhién cta cac nit cam bién trong mang dé bau nit cha cum CH. Mic di LEACH d4 cai thién thoi gian séng cua
mang, nhung viéc lua chon ngiu nhién ¢ thé chon CH c6 ning luong thip va kéo theo murc suy hao nang luong lon va
hlnh thanh thanh 15 tréng niang lugng. Cac bién thé cia LEACH nhdm hudng t6i giai quyet han ché nay biang cac tham
s0 hiéu qua hon nhu chon CH dua trén muc ning lwong du, mat do hodc khoang cach dén BS [10] [11] [12]. Phdi hop
cac tham bién dau vao dé dua ra quyét dinh nho suy ludn mo dem lai két qua rat kha quan khi c6 hiéu suat t6t va do
phirc tap hop 1y [13]. Tuy nhién, cic nghién ctru trén déu thyc hién cho mang WSN don budc nén khong phii hgp cho
mang quy mo lon.
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Trong mang WSN quy md 16n, truyén thong da bude yéu cau khong nhiing chi qué trinh phan cum hgp 1y ma
con lién quan téi qué trinh dinh tuyén. Céc giai phap dinh tuyén trong mang truyén thong da budc tinh toan t6i nhicu
tham s6 phu nham tranh 15 hong ning lugng. Trong [8] dé xut thuat toan dinh tuyén sir dung ning lugng con lai ctia
CH va ning luong trung binh ctia cac CH xung quanh. Cay dinh tuyén dya trén ning lugng CH con lai va sé lugng cac
nat thanh vién duoc dé xudt trong [14]. Ti 16 nang luong con lai cua cac CHs sau khi truyén 1én CH tiép theo 1a tham s6
dinh tuyén dugc d& xuit trong [15]. Ngoai trir dé xuét trong [9] tinh toan toi yéu t6 phan cum khong day dé tranh 16
héng ning lugng, cac thuat toan trén dau chwa huéng tdi giai quyét van dé nay. Tuy nhién, cc giai phap dinh tuyén
trén chua c6 sy két hop chat ché phan cum va dinh tuyén dé tranh 16 hong niang luong mot cach hop 1y nén can phai
tiép tuc cai thién dé kéo dai thoi gian song. Vi vy, trong nghién ctru nay s€ trinh bay dé xuat phan cum khong déu két
hop luge d6 dinh tuyén hiéu qua gilra cac nat CH toi BS dé kéo dai thoi gian song clia mang cam bién khong day da
bude. Cac két qua mod phong s6 cho thdy wu diém 6 rét ciia dé xuat so v6i cac nghién ctru gan day.

IIL. MO HINH BAI TOAN

A. Gidi thiéu chung

Logic m& 12 mot tiép can hitu ich ddi véi cac hé thong co cac didu kién khong chic chin. Vi bai toan hinh
thanh cum va lwa chon chi cum, cac tham bién dau vao nhu muc ning lwong du, khoang cach hay mat do trong mot
mang dong 13 nhitng yéu t6 khong c6 do chéc chin. Vi vdy, nhu di duoc chimg minh qua cic nghién ctru trude day [8]
[9], logic m& phi hop dé giai quyét viéc phan cum cho mang WSN béng cach tinh toan Iya chon trong nhiéu tham sb
phu thudc khac nhau. Hinh 1 duéi day chi ra mé hinh hé théng suy luan mo tong quat. Cac khdi chirc nang chinh dugc
biéu dién truc tiép theo muc tiéu phan cum cho cac nut cam bién.

Mapping Rules

A

Y

. Inference
Input » Fuzzification Svstem —»|Defuzzification > Output
s

Hinh 1. M6 hinh hé théng suy luan mo FIS tdng quat

Fuzzification: B6 l1am mo c6 tac dung anh xa ting diém trong dit liéu dau vao sang cac gia trj trong khoang [0,
1] hodac giir lai cac gia tri mo tai dau vao.

Mapping Rules: Biéu dién mbi quan hé giita cac tham s6 dau vao va tham sb dau ra dya trén cac quy tic nhét dinh.
Inference System: Hé thong suy luan anh xa giita dau vao va dau ra theo quy tic mo.
Defuzzification: Cac gia tri thu duoc tai dau ra s& dugc 4nh xa nguoc lai dé xac dinh chinh xac.

Trong bai b&o ndy, md hinh ning lugng dugc tinh dya trén khoang cach DISt(I i glua ngudn va dich va kénh
khong gian tu do f; va kénh da duong m,. Nang luong tiéu thy khi truyén dit lidu cua | bit gitta nat S; va S; voi khoang
cach Distjj, duoc xac dinh bdi cong thirc sau:

(Eetec + €,Distl ;) X1 v6iDisty ) <d,

A 1
Erx(Si,S)) (Eelec + empDistE‘i'j)) X1 v6iDistyj = d, @
trong d06, dy 1a ngudng gia tri khoang cach dugc tinh:
€

dy= |2 )

€m,

Ning luong nhén trong qua trinh nhan di li€u cua | bit duoc tinh:

Er(siusj) = Eglec X1 @)

B. Phdn cum va lya chon chii cum

bé thyre hién phan cym va lga chon chu cym, nghién cttu ndy thyc hién phin cym khong déu theo tiép can trinh
bay trong [8]. Trong do, d¢ thuc hién phan cum khong déu dya theo logic mo, cac niit ¢6 kha nang ung ctr [am chd cum
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duoc lya chon 14n thtr nhit thong qua ham fitness 1, cac nut chu cum thuc té s& duoc lya chon thong qua hé théng suy
ludn mo véi dau ra fitness 2. Cac bién va ham thanh vién cia hai hé thong suy luin mo duge trinh bay dudi day.

Trén Hinh 2 thé hién cac bién Iya chon nut ing cir cha cum thong qua hai gia tri khoang cach va ning lugng.
Gia tri diu ra fitness! thé hién kha nang dugc lya chon lam g ctr nut chd cym.

Degiee of membership
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(a) (b) (©)
Hinh 2. Cac tham s6 dau vao (a) Miic ning lwong; (b) Khoang cach dén nut géc; (c) Fuzzy fitness 1
Pé tinh toan phan cum khong déu, ban kinh cum duge xac dinh thong qua bién mat do va chi phi két ndi t6i nat
lan can. Y nghia cac tham so dau vao mo ta nhu sau:

1. Mikc ning lwgng: Mic ning luong ciia mot nut S; 12 ty 1& niang lugng con lai voi nang luong ban dau. Cac
nat ¢6 mirc nang luong cao hon sé dugce chon la nit ung vién. Hon nita, khi mirc nang lugng giam theo thoi
gian, ban kinh cym dugc diéu chinh dé bao tén nang lugng cua nd.

2. Khoang cach: Do dai duong di tir mot niit S; dén nut gbc BS dwoc ky hiéu: Distys(S;), tranh dugc van dé co
qué nhiéu nit CH ndm gan BS ma c6 Disty(S;) nho hon ban kinh cum.

3. Mat dd lan can: Ty 18 s6 lugng cac nat 1an can cia S; v6i tong sb nat trong mang. Xem xét viéc khong thé dy
doéan duoc viée trién khai ngiu nhién cc niit cam bién, mic du ban kinh cum nhé hon cia CH gﬁn BS hon,
nhung lai ¢6 nhiéu nat thanh vién hon cac CH ¢ xa BS ¢6 ban kinh cum 16n hon. D6 ¢6 thé 1a 1y do lam giam
céc két qua tot ciia phan cum khong déu.

4. Chi phi l1an can: Khi ban kinh cum ting, chi phi truyén thong giita cac nut trong cum tang theo. Vi ning
lwong tiéu thu trong truyén dir lidu ty 18 thuan véi binh phuong khoang cach giita may phat va may thu.
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Hinh 3. Céc tham s ddu vao (a) M4t d6 1an cén; (b) Chi phi 1an cén; (c) Tham sb diu ra fuzzy fitness 2

Sau khi tinh toan thong qua fitness1, moi nat S; s& dua ra mot gia tri 1a thoi gian tré Ty trude khi ty chon nut
CH, T4 dugc xac dinh theo cong thic sau:

T.(S;) = a X (1 — Fuzzyfitnessl) X T, 4

Trong d6, bién ngau nhién a nim trong khoang [0.9, 1] dugc thém vao dé giam thiéu kha nang tr& cia hai nat va T, 13
thoi gian cho t6i da khi bau CH. Khi hét thoi gian tré, n6 s& tu chon minh 1a nat CH va tinh ban kinh cum. Sau do, Kkét
qua dau ra cua fitness! s& dugc dua vao fitness 2 dé tinh toan lai ban kinh cum. Néu mot CH gﬁn BS hon sé& c6 nang
lugng du rat thap do phai nhan va truyén dir liéu ctia nhidu nit & xa hon, thi n6 s& c6 ban kinh cum nhé nhat va nguoc
lai cac nit ¢ xa s€ it anh huong do truyén nhan dir liéu nén nang luwong con lai cao hon nén ban kinh cum s& 16n hon .
Hon nita, khi ning lugng con lai cia CH giam, cac tham sé thir cdp dam bao rang ban kinh cum duge diéu chinh sao
cho CH khong bi rt hét niang lugng mot cach nhanh chong. Do d6, phuong phap nay 6 thé rat ti wu dé xur 1y dugc
qué trinh nay.

Sau khi tinh toan ban kinh cum, mot CH s€ quang ba ban tin CH_ADVERTISE trong ban kinh cym cta no.
CH_ADVERTISE chtra mirc ning luong cua CH, vi tri va khoang cach ctia né téi BS. Néu mot nat S; nhan duoc thong
bao, thi n6 s& khong bau CH va coi d6 1a nat khong phai CH cho vong d6. Néu mot nut khong phai CH nhan dwoc ban
tin CH_ADVERTISE tir nhiéu CH, thi né s& chon mét CH trong s chung dua trén chi phi. Ham chi phi CH_Cost(s;,
CH)) duoc xac dinh nhu sau:

Dist(S;, CH;) X Distgg(CH;)
Energyyes (CHi) (5)

CH_Cost(S;,CH;) =
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NUt S; s& tinh toan chi phi cho mdi nat CH_candidate va chon ra nit c6 min{CH_Cost(S;, CH;)} dé lam CH. Nhu
vay, qua trinh tao cum trong mang WSN da hoan thanh.
C. Lwoc dé chuyén tin giiva cdc chii cum

Muc tiéu ctia tinh toan dinh tuyén cho cac nut chii cum s& dua trén ham chi phi thip nhit. Myc tiéu ctia dé xuat
nay la tranh dugc cac 16 hong nang lugng khi truyén thong da bude gitta cac nit chit cum. DE giai quyét van dé nay,
bai bao dé xuat hai thuat toan dinh tuyén dé cai thién hiéu nang mang cam bieén khong day da budc.

1. Dé xuét luge d6 chuyén tin theo thuat toan Dijktra

Sau khi dugc phan cum, cic nut cam bién truyén dit liéu v& cho nut cha cum CH thi cac nut cha cum s& co
nhiém vu chuyén tat ca cac ban tin t&i nat goc thong qua mot duong di ngén nhit theo giai thuat Dijkstra. Tuyén dudng
cua cac nit CHg; s€ dugce tinh toan thong qua cac nat CH khac dya vao ban kinh cum. Véi moi khoang cach Dist; jy s€
duoc so sanh v6i Ryay, néu duong di c6 gia tri nho hon hodc bé’mg thi s€ Iuu lai cac gia tri:

Dist(S;,S;) < Rmax (6)

Sau khi luu lai toan bo vét duong di giita nat CH can dinh tuyén thong qua cac nat CH con lai dé téi nut gbc,
nat CH day sé tim ra tuyén duong cé gia tri nho nhat:

cost(path) = min{Dist(Scy,, Nps)} (7)

Thuat toan Dijkstra dugc mo ta nhu sau.

Thuat toan Dijkstra

1. Function Dijkstra(Nodes, segments, start_id, finish_id)
2 Nodes = [Id x y] (id and coordinate of each Node)
3 For each Nodes N;

4 If distance of (N;, N;) < Rpax

5. update [N; N;] to segments

6 End If

7 End For

8. path = [start_id to finish_id using segments]

9. If cost(path) == min(distance(start_id to finish_id))
10. return path

11. EndIf

12. End Function

2. Dé xuit luge dd chuyén tin theo thuét toan Greedy

Khac véi giai thuat Dijkstra & trén, thuat toan Greedy dua trén cac khai niém vé vector dung dé xdy dung lén
cach tinh toan duong di. Tai nit CH, bat ky, khi dinh tuyén dén nit BS, n6 s€ m¢é mot goc quét voi ban kinh Ry Sa0
cho vector [CHg;, BS] 1a tia phén gidc cua goc do. Trong qua trinh quét, nat CHg, s€ tim cac nit € Hsj thudc goc quét do
va xac dinh d§ dai hinh chiéu R(S) ctia nit d6 xuong duong no6i nut € Hg, va nat BS. Sau khi xdc dinh duoc hét tat ca do
dai hinh chiéu cua cac nit CH trong goc do, C Hg, s& chon nit CH ma c6 R(S) la 16n nhét dé truyén dir liéu,

R(S]) = max{cos(a) X l(Sj)} 8

J @
T

Hinh 4. Thuat toan dinh tuyén Greedy
trong d6 a l1a goc quét, | 1a do dai tia quét. Sau do, mang tiép tuc dugce dinh tuyén dén nat BS cho tdi khi khoang cach
tr nt CHg, t61 BS nho hon Ryax.

Thuat toan Greedy dugc mo ta nhu sau.

Thuét toan Greedy

1. Function Greedy(R,,., angle, finish_id, start_id)
2. vector_to_finish_id = vector(start_id, finish_id)
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3 Infr_path =]
4 While true
5. If length(vector_to_finish_id) < R,qx
6 update finish_id to Infr_path
7 break
8. End If
9. For each S; in all nodes
10. vector = vector(CH, S;)
11. cosine = cos(vector,vector_to_finish_id)
12. If(length(vector) < R4, and cosine < cos(angle))
13. R(S;) = max(cosine*length(S;))
14, End If
15. End For
16. update Si to Infr_path
17. Start_id = S;.id
18. End While
19.  return Infr_path

20. End Function

IV. KET QUA MO PHONG VA THAO LUAN

Dé danh gia hiéu qua cua dé xudt, mo phong sb dugc thuc hién trén Matlab véi cac théng sb dau vao nhu cac dé
xuét trudc day da thuc hién [8] [9]. Tram co s& BS duoc dit tai hai vi tri (trung tm va canh mang), cac thong s6 dau
vao dugc trinh bay trén Bang 1. Cac tiéu chi danh gia hiéu nang mang thong quan thoi gian s6 ciia mang gom: nut dau
tién can kiét niang lugng (FND: First Node Die), khi mot nira nut bi can kiét nang lugng (HND: Half Node Die) va tat
ca nut can kiét ning luong (AND: All Node Die). O ddy, FND va HND c6 nghia 1a s luong vong khi mang bat dau
thay d6i cho dén khi c6 niit chét dau tién va khi c6 mot nira sd lugng nut chét, va trén thuc té s& khong xay ra truong
hop AND chung t6i dwa vao chi nhdm muc dich tinh toan twong d6i vong doi clia mang. Mot nit dugc coi 1a da chét
(can kiét nang lwong) khi no khong con ning luong dé nhan hay truyén dir liéu.
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Hinh 5. (a) BS ndm tai bién; (b) BS nim & trung tim

Dé danh gia dbi sanh khach quan bo tham s va cac gi tri chung dugc dua ra trong Bang 1 dudi day.

Bang 1. Bang cac thong sb va gid tri

Cic tham sb Ky hi¢u Gia tri
Kich thudc mang A 100x100 m?
Vi tri nat BS BS (50, 50); (50, 0)
S6 lwong nat N 1. 100
Nang lugng khadi tao | Energyinis 051
Bén kinh cum Rimax 30m
Kich thudc goi tin D, 500
Khong gian ty do €f, 10 pJ/m®/bit
Tré da duong €m, 0.0013 pJ/bit/m*
Tin hiéu Ty va Ry Ey OF Eyy 50 nJ/m?/bit

Céc hinh v& 1a dbi sanh ca ba thuét toan dinh tuyén bao gé)m thuét toan DFCR [9], thuét toan Dijkstra va thuét
toan Greedy, cac thuat toan déu dugc chay va danh gia ¢ trén hai mo hinh mang duoc dé cap ¢ phan trén. Hinh 4 (a) va
4 (b) 1a so sanh giita FND va HND ctia ba thuat toan. Thuat toan DFCR mé phong hiéu qua cao va 6n dinh hon so véi
hai thuat toan con lai. Hinh 4 (c) la so sanh AND, két qua md phong trong truong hop nay thiy dwoc hai thuat toan
Dijkstra va Greedy tt hon, tudi tho ctia mang cao hon.
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Hinh 5. So sanh két qua vong doi cia mang: (a) So sanh vé FND; (b) So sanh v& HND; (c) So sanh v& AND

Mang WSN duoc ap dung thudt toan Dijkstra va Greedy s& xudt hién nut chét va mot nira sé lwong nut chét
nhanh hon do ban dau can thoi gian dé tinh toan cac tuyén duong. Khi cac tuyén duong da duge cap nhap thi mang lai
chay rét 6n dinh do khong phai tinh toan nhiéu chi phi. Vi vay, ta c¢6 thé nhan thay rang tudi tho ciia h¢ thdng mang
dugc tang 1én rat nhiéu so véi cach tinh cua thuat toan DFCR.
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Hinh 6. So sanh s6 lwong nut sdng trong mdt vong: (a) M6 hinh khi nut BS nim tai bién; (b) M6 hinh khi ntit BS nim tai trung tim

V. KET LUAN

Thoi gian sdng cia mang cam bién khong day da budc ludn 1a mot tiéu chi thyc tién danh gia hiéu nang mang.
Céc tiép cén tinh toan thong minh dua trén logic m& dem lai giai phap hi€u qua cho qua trinh phan cum va lya chon
chu cym. Nham tranh cac 16 hong ning ugng bang cac thut toan dinh tuyen hiéu qua gilta cac nit chu cum, hai thuat
toan dé xuat da dugc dua a va chimg minh thong qua mé phong. Céac két qua cho thay kha ning hoat dong hi€u qua va
dap ung tot voi cac didu kién khong chéc chén cua mang cam bién khong day da budc. Tur nhimg két qua budc dau
trén, cac tinh toan hop tac giita cac chii cum s& 1a muc tiéu nghién ciru tiép theo.
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AN EFFICIENT ENERGY-AWARE ROUTING SCHEME
FOR MULTI-HOP SENSOR NETWORKS
Nguyen Thi, Pham Nhu Viet Anh, Tran Nhu Duc, Nguyen Quoc Uy, Hoang Trong Minh

ABSTRACT: Optimizing the consumption energy in multi-hop sensor networks is one of the most important tasks for
researchers and deployers nowadays. A typical wireless sensor network composes sensor nodes which attached by a non-
replaceable battery. Hence, the network lifetime is heavily dependent on the conservation energy of its sensor nodes. This challenge
is especially challenged to multi-hop wireless sensor networks because of the transmission range limitations of sensor nodes. To
overcome this challenge, clustering strategies have been proposed to enhance the network lifetime in literature. However, the
efficiency of the routing scheme from cluster heads to the base station can be a major factor affecting network performance due to
the energy hole creating. This paper proposes a novel routing scheme for a multi-hop wireless sensor network to improve its
lifetime. The scheme composes an unequal clustering method formed by using fuzzy logic and appropriate routing algorithms to
avoid the energy hole problem. The numerical simulation results when compared with recent studies show the clear advantages of
our proposed scheme.

Keywords: Multi-hop sensor networks, clustering techniques, fuzzy logic, routing schemes, network lifetime.



