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TOM TAT

Trong mang cam bién khéng day (WSN), hiéu qua sit dung nang luong cta cac nat
cam bién phu thudc rat 16n vao thuat toan diéu khién t6-p6 va dinh tuyén. Céc cong
trinh nghién ctru da cong bd thuong tach roi dinh tuyén va diéu khién t6-po, dan
dén cd truong hop t6-pé mang thu dwgc la t6i wu, nhung khong tdi wu vé tap 10
trinh truyén di liéu va nguoc lai. Diéu nay dan dén hiéu qua st dung nang luong
trong mang WSN khong t6t. D€ giai quyét van dé nay, ching toi dé xuat mot giao
thire dinh tuyén két hop diéu khién t6-pd dua trén giao thiee DSDV, duoc dat tén la
TC-DSDV. Y tedng ctia giao thitc TC-DSDV la dwea trén bac hién hanh ctia niit cam
bién d€ chon 16 trinh cap nhat vao bang dinh tuyén sao cho t6-pd thu dwoc la téi vu
nhat. K&t qua md phong cho thdy rang giao thitc TC-DSDV hoat dong hiéu qua hon

giao thitc DSDV nguyén ban vé do t6i wu t6-pd va hiéu qua st dung nang luong.

Tt khoa: Dinh tuyén, diéu khién t6-p6d, mang cam bién khong day, DSDV.

1. MO PAU

Trong thoi gian gan day, mang cam bién khong day (Wireless Sensor Networks
- WSNs) da n6i lén nhuv mot cong nghé nén tang, dong vai tro quan trong trong nhiéu
linh vic nhw gidm sat mdi truong, y t€, giao thong thong minh, thanh phoé thong minh,
va quan sy. Cac nut cam bién trong WSN thuong cd kich thudc nho, gia thanh thap, kha
nang tinh toan han ché va quan trong nhéat la nguén nang lwgng hitu han, thuong dwgc
cung cip bang pin khong thé thay thé hodc sac lai trong sudt vong doi hoat dong. Do
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d6, nang cao hiéu qua st dung nang luong luoén la thach thitc then chét trong thiét ké
va van hanh WSN.

Mot trong nhiing hudng ti€p can quan trong dé kéo dai thoi gian sdng ciia mang
la diéu khién t6-pd (topology control) va dinh tuyén (routing). Diéu khién t6-p6 cho
phép cac ntt cam bién tu diéu chinh pham vi truyén théng cua minh dé€ dat dwoc cdu
tric mang t6i vu vé murc két ndi, trong khi dinh tuyén dam bao tim ra cac duong di hiéu
qua d€ truyén dit liéu ttr nguon dén dich. Tuy nhién, phan 16n cac cong trinh nghién cttu
truede day thuong tach roi hai bai toan nay, hodc tap trung t6i wu hoa té-pd, hodc cai tién
co ché dinh tuyén. Hé qua la c6 nhitng truong hop mang dat duoc t6-pd t8i wu vé mat
két ndi, nhung cac 10 trinh di liéu lai khong t6i wu vé nang lwong, hoac nguoc lai. Mot
s6 cong trinh nghién ctru gan day da chi ra rang sw két hop chit ché gitta diéu khién t6-
pd va dinh tuyén c6 thé mang lai hiéu qua vugt trdi so véi viéc toi uu hda riéng 1é timng
thanh phan [7], [8], [9]. Khi m{t ntit cam bién luwa chon 16 trinh, dong thoi nd cling anh
huwong dén cau tric két ndi lan can va pham vi truyén thong. Do d6, cac quyét dinh dinh
tuyén can tinh dén dic diém to-po ctia mang va nguoc lai. Chang han, néu mot ntit chon
16 trinh thong qua mot nat lang giéng xa, nd budc phai mo rong pham vi truyén thong,
lam tang s6 luwong lang giéng két ndi va gy tiéu hao nang lwong nhiéu hon. Nguoc lai,
néu chon 16 trinh di qua moét nat gan hon, pham vi truyén théng c6 thé duoc thu hep,
g6p phan can bang mtc dd két ndi trong mang, tir d6 giam thiéu nhiéu va tiét kiém nang
lwong. Nhu vay, t6i wu hoa dong thoi dinh tuyén va diéu khién t6-p6 la hudéng nghién
ctu can thiét d€ nang cao hiéu qua tong thé. Day chinh la ddng co thuc day chung to6i
thuc hién cong trinh nghién cttu nay. Cac déng gép mdi cta bai bao bao gom:

(i) Dé xuat giao thitc TC-DSDV véi co ché cap nhat bang dinh tuyén mdi, bo sung
tiéu chi can b?mg bac nut vao qua trinh Iyra chon 19 trinh.

(ii) Bang phuong phap mo phong, chiing t6i da chiing minh dwoc viéc két hop dinh
tuyén véi diéu khién t6-pd mang lai hiéu qua cao hon han vé ning lwong va d6
on dinh mang so v6i DSDV gdc.

Cac phan con lai ctia bai bao dwgc bd cuc nhu sau: Phéan 2 trinh bay cac cong trinh
nghién ctru lién quan. Phan 3 trinh bay thuéat toan dinh tuyén két hgp diéu khién t6-p6
duoc dé xudt. Cac két qua mo phong va thao luan duoc trinh bay trong Phén 4. Cudi
cung la két luan va dé xuat hudng phat trién ti€p theo, dugc trinh bay trong Phan 5.

2. CAC CONG TRINH NGHIEN CUU LIEN QUAN

Trong thoi gian gan day, nhiéu cong trinh da dé cap dén viéc t6i wu hda dinh
tuyén trong mang WSN, trong d6 giao thirc DSDV [2] 1a mot trong nhiing giao thirc dinh
tuyén theo bang ghi tién phong, dua trén nguyén tac duy tri bang dinh tuyén tai mdi ntt
v6i trong s6 1a tong s8 ching (hop-count). Uu diém cua DSDV la don gian, dam bao tim
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duoc dwong di ngan nhat va han ché vong 1dp dinh tuyén. Tuy nhién, vi chi dya trén s&
ching, DSDV chua tinh dén yéu t8 can bang nang lwong hay t6i wu hoa t6-pd mang. D&
giai quyét van dé nay, mot s6 cong trinh nghién ctru da cai tiét giao thitc DSDV nham
nang cao hiéu qua st dung nang luong trong mang khong day tuy bién. Nhom tac gia
trong [3] da dé xuadt mot cai tién cua giao thiee DSDV, duoc dat tén 1a EEDSDV (Energy
Efficient DSDV), trong d6 diéu chinh co ché truyén/nhan va logic cap nhéat bang dinh
tuyén dé giam tiéu hao nang lwong. EEDSDV thay d6i mot s6 tham sd truyén dan va vu
tién cac 10 trinh tiéu thu it ndng lwong hon khi cap nhat bang dinh tuyén, nham kéo dai
tudi tho cta cac nut mang so voi giao thite DSDV g6c. Han ché ctia cong trinh nay la
giao thttc EEDSDV chu yéu tap trung vao tiéu chi nang leong va thit nghiém trong mo
phong, chura dua vao cac yéu td cau tric t6-pd nhu bac nt dé can bang phan bd két nédi.
Mot cong trinh nghién ctru khéc cling da cai tién giao thitc DSDV bang cach st dung da
tiéu chi (multi-cost) khi lia chon 16 trinh [4]. Ngoai hop-count con két hop cac yéu t6
nhu nang lwgng con lai ctia nat, chat lwong lién két, va do tré. Viéc st dung ham trong
s6 da tiéu chi cho phép can nhic gitta hiéu nang truyén géi va tiét kiém nang leong, gitp
cai thién cac d¢ do hiéu nang quan trong nhu thoi gian séng trung binh ctia nut va tong
nang lwong tiéu thu. Mic du tich hop nhiéu tham s& nang lwong, phuong phap nay van
chwa khai thac tryece tiép thong tin to-pd (vi du bac ntt hay diéu khién viung truyén thong)
dé diéu chinh dinh tuyén theo muc tiéu can bang t6-pd. Mot cong trinh khac ciing da cai
tién giao thitc DSDV thanh EDSDV (Efficient DSDV) nham giam dd tré, mitc d6 tic nghén
va cai thién hiéu qua stt dung nang lwong bang mot s6 ky thuat t8i wu hda cap nhat bang
dinh tuyén va giam phu tai dinh tuyén. Két qua mo6 phéng da cho thay rang EDSDV cai
thién mot vai thong s6 hiéu nang (delay, overhead) va viéc sit dung nang luong tiét kiém
hon so véi giao thitc DSDV nguyén ban. Tuy nhién, cong trinh nay cling ¢c6 mot sd han
ch€ nhu cac cong trinh trede, cu thé la giao thiee EDSDV chu yéu tap trung toi wu vé
giao tiép/bang thong va tiéu thu ning luong tdng thé, khong st dung tiéu chi can bang
bac nut nhu mét phan ctia chién lwgce chon 16 trinh va diéu khién to-pd.

Song song dd, hudng nghién ctru vé diéu khién t6-pd trong mang WSN ciing da
phat trién manh. Nhom tac gia trong [1] da dé xuat mot thuat toan diéu khién to-pd dua
trén hoc tang cuong (reinforcement learning), cho phép cac nut cam bién tw diéu chinh
ving pht séng nham dat duoc t6-pd can bang va tiét kiém nang luwong hon. Két qua cho
thay cac phuong phap hoc may mang lai trién vong 16n, nhung cac nghién ctru nay chu
yéu tap trung vao to-po, it quan tdm dén anh hwong dén dinh tuyén. Cling véi phuong
phap tng dung hoc tang cuong vao bai toan diéu khién t6-po, nam 2024, nhom tac gia
H6 Hai Quan cung cac cdng su da ching minh r:?mg cac hé so hoc (learning rate) va hé
s0 chiét khau (discount factor) trong hoc tang cwong anh huong manh mé dén kha nang
hoi tu va hiéu qua cua thuéat toan diéu khién to-pd [6]. Tuy nhién, cdng trinh nay cling
chi tap trung vao khia canh t6-pd, chua két noi truc ti€p véi co ché€ dinh tuyén truyén
thong. Mot cong trinh khéac da tap trung vao viéc diéu khién t6-p6 cho mang tuy bién di
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dong trén nén tang 5G [10]. Trong cong trinh nay, nhom tac gia thuat toan TFACR
(Topology control by Flexibly Adjusting the Coverage Radius), nham nang cao hiéu
nang mang thong qua co ché diéu chinh linh hoat ban kinh phu séng ctia cac nat. Khac
véi cdc phuong phép truyén thdng von stt dung ban kinh ¢& dinh, TFACR cho phép moi
nut thich nghi véi diéu kién mang nhu mat d6 nat, d6 di dong va do tin cay lién két dé
Iga chon pham vi truyén théng phit hop. Nho d6, thuat toan gitip can bang gitra tiét
kiém nang luong va duy tri két n6i 6n dinh. Két qua mo6 phong cho thdy TFACR dat hiéu
suat vuot trdi hon so vdi cac thuat toan diéu khién t6-pd khac, véi cac chi sd noi bat nhw
thong lwong cao hon, ti 1é chuyén géi thanh cong 16n hon, d9 tré thap hon va tiéu hao
nang luwong giam dang ké. Bén canh do, thuat toan ciing kéo dai tudi tho mang trong
nhiéu kich ban khéc nhau, dac biét khi méat d6 hodc d6 di dong cta ntt tang cao. Tuy
nhién, nghién cttu chu yéu méi dung lai @ mo6 phong, chua trién khai thwee nghiém va
chua tich hop sau voi cac giao thitc dinh tuyén cu thé. Day la huéng mé d€ phat trién
trong twong lai nham t6i wu hon nita hiéu nang ciia WSN va MANET thé hé méi.

Gan day hon, mot s6 cong trinh da thtr nghiém viéc két hop diéu khién t6-p6 voi
dinh tuyén, tuy nhién van ton tai han ché&'[7], [8], [9]. Chrimg han, cac phwong phap dwa
trén AODV hodc DSDV duoc cai tién ¢ xét dén yéu t6 nang luong, nhung thuong chi
bd sung tiéu chi nang lwgng du thira ctia nut, chwa khai thac yéu td cau triic mang va
bac nut. Viéc duy tri phan bd bac ntt can bang 1a yéu t§ quan trong d€ tranh tinh trang
mot s6 nut phai chiu tai leu legng qua nhiéu dan dén hao pin nhanh chéng,.

Tt viéc khao sét & trén ¢ thé thay rang, mic dii da c6 nhigu hudng tiép can trong
c4c bai toan dinh tuyén va diéu khién t6-p6, nhung hau hét cdc nghién ctru van dimng lai
& viéc t6i uu héa don 1é. VAn dé con ton tai 16n hién nay nam & chd can mot giai phap
két hop dong thoi dinh tuyén va diéu khién t6-pd, trong do cac quyét dinh dinh tuyén
dwoc hd tro boi thong tin vé bac nut va cau trac két ndi. D€ giai quyét van dé nay, bai
bao dé xuat giao thitrce TC-DSDV (Topology Control aware DSDV), duoc cai tién tit DSDV
truyén thdng. Y twdng chinh 1a khi xt Iy g6i Hello, ngoai viéc cap nhat dua trén s6 ching
va s0 thit tw, ntit con so sanh chénh 1éch gitra bac nut hién tai véi bac nut mong doi. Nho
d6, mang c6 thé dat duoc t6-pd can bang, giam tiéu hao ning leong va ting d6 bén
ving. Chi tiét vé giao thitc nay duoc trinh bay trong cac phan tiép theo dudi day.

3. PINH TUYEN KET HOP PIEU KHIEN TO-PO DUA TREN GIAO THUC DSDV

Trong phan nay, ching t6i trinh bay thuat toan dinh tuyén két hop diéu khién
t0-po dugc dé xudt cd tén la DSDV-TC, duoc cai tién tix co ché cap nhat bang dinh tuyén
cta giao thirc DSDV [2]. Trudc tién chung toi trinh bay y twdng caa thuat toan duoc dé
xuat, sau do la chi tiét vé nguyén ly hoat dong cta thuat toan.
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3.1. Y twong caa thuat toan DSDV-TC

Hinh 1 minh hoa y twdng ctia thuat todn TC-DSDV. Xét treong hop nat D gt
quang ba goi Hello dén cac nat khac trong mang d€ cap nhat thong tin dinh tuyén. Theo
nguyén ly caa giao thiec DSDV, khi mgt nuit trung gian nhan dwoc mot goi Hello, trude
tién no sé doc dia chi nat dich trong goéi Hello, sau d6 kiém tra trong bang dinh tuyén
cua nd xem c6 19 trinh nao dén nut dich d6 hay khong. Néu khong, nd sé cap nhat mot
ban ghi méi vao bang dinh tuyén véi khuoén dang {D, N, w, [cdc trieong khic]}, trong d6
D biéu thi nut dich, N biéu thi nut tiép theo dé€ di dén dich va w la trong s6 cua 10 trinh
nay. Trong truong hop bang dinh tuyén ctia ntat dang xét da ¢ 19 trinh dén D, né sé doc
thong tin 10 trinh hién c6 trong bang dinh tuyén. Néu trong sd cta 10 trinh hién c6 16n
hon trong s6 ctia 16 trinh mdéi thi 10 trinh méi sé duoc cap nhat vao bang dinh tuyén dé
thay thé€10 trinh hién c6. Trong s6 duoc stt dung trong giao thitrc DSDV la tong s6 chang.

Heio]  (K) . [

\'\ Hello
\

F/ } ® .e_fl‘i"_",\@

DA w}=>k=7
D

@ , N, wz% =k=3 //

e e - m

Hinh 1. Minh hoa y twdng cta thuat toan DSDV-TC

Dua trén nguyén ly hoat dong cta giao thitc DSDV dwoc mo ta & trén, chiing toi
thay rf?mg, giao thitc DSDV dua trén trong s6 la tong s6 chang dé lua chon 16 trinh cap
nhat vao bang dinh tuyén ciia mdi nat. Két qua 1a cac 16 trinh truyén di liéu trong mang
lu6n ludn 1a 16 trinh ngéan nhat (theo nghia di qua it nut trung gian nhat). Diéu nay cho
phép giam thiéu do tré ctia viéc truyén di liéu trong mang. Tuy nhién, néu xét vé do toi
uu to-pod thi ¢ thé khong dat duoc. Tro lai vi du ¢ Hinh 1, khi ntt S nhan géi Hello tt
nut A, néu nat S cdp nhat vao bang dinh tuyén 16 trinh {D, A, w, [cic trieong khdc]} thi bac
ctia ntt S ludn ludn 1én hon hodc bang 7, vi ntt S phai duy tri vung truyén thong tdi
thiéu dé€ phu song duoc nat A, khi d6 cacnat B, C, F, N, M va P cling nam trong vung
pht séng cta nut S, nghia la nit S ¢ it nhdt 7 nat lang giéng. Khi nat S nhan goéi Hello
ttr nat N, néu nut S cap nhat vao bang dinh tuyén 16 trinh {D, N, w, [cdc trieong khdc]} thi
bac cta nat S ¢ thé rat gon vé 3 vi nut S ¢d thé thu nho vung truyén thong da dé phu
song dén nut N, khi d6 chi ¢6 2 nut lang giéng khac duwoc phu song la C va M. Nhu vy,
tiy theo 16 trinh dwoc chon ma mdi ntt cé thé diéu chinh ving truyén thong pht hop
dé thu duoc to-p6 mang t6i wu, day la y tudng cta thuat toan DSDV-TC.
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3.2. Thuat toan DSDV-TC

Thuat todn 1 mo6 ta co ché xw ly goi hello trong thuét toan dinh tuyén DSDV-TC
Khi ntit I nhan goéi hello ttr mot ntt 1an can, no6 sé doc cac thong tin chita trong gdi hello
gom cac truong {D, ], HCy, Seqn}, trong d6 D la nat dich (nat ban dau tao ra goéi hello), |
la nit chuyén tiép goi hello cho nut I, HCr la tong s6 chdng tinh tir ntt | dén nut D va s6
Seqn1a s6 thit tw dén dich ctia goi. Néu gdi tin nay chua ting dwgc xtt ly truwede d6, nat
s€ ti€p tuc kiém tra cac diéu kién. Truong hop I khong phai la nat dich, nghia la goéi tin
khong xudt phat tt chinh né, ntt I sé tinh toan s8 ching méi HCuww béng cach ting gia
tri HCy thém mot. Bong thoi, nat I cling tinh toan bac k(dij) cia né néu vung truyén thong
la dij. Sau d6, nat I tim ki€m trong bang dinh tuyén cia minh d€ kiém tra xem da ton tai
16 trinh dén dich D hay chwa. Néu c¢, thuét toan tién hanh so sanh thong tin madi voi
thong tin cii dua trén gid tri s§ thi tw Seq va s6 ching HC. Nguyén tic chung 14 16 trinh
nao co so thit ty 16n hon hodc madi hon sé duoc wu tién. Néu so thi tw bf?mg nhau, 16
trinh nao c6 s6 chang ngén hon sé duoc chon.
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| Doc thong tin {D, J, HC», Seqn} trong gdi Hello |

. Nt I chwa nhdn géi Hello nay

bung

Niit I khong phai la nit dich (D)

Dung

- HCuew=HCn+ 1
- Tinh k(dij)=
- Tim 19 trinh Rip trong bang dinh tuyén cua I

Tim thdy Rip={D, N, HC, Seq}

Dung

Seqn> Seq bung
Sai
< Seqn= Seq
bung
FICoea < HC > D108
Sai
H Cnew =H C
bung

| k(dz,]) = kdesivedl < | k(di,n) = kdesivedl

\ 4

A 4

Cap nhat 16 trinh
{D, ], HCHL’IU, Seqh} vao
bang dinh tuyén cta I

v
L,(?m bo Cap nhat géi Hello:
g6i Hello J=1, HCh = HCrew
v

Quang ba goi Hello dén cac nut lang giéng cua I

Hinh 2. Luu d6 thuat toan DSDV-TC

Diém khac biét gitta thuat toan dwgc dé xuat, DSDV-TC so véi thuat toan DSDV
nguyén ban la truong hop s8 ching bang nhau, thuat toan DSDV-TC bd sung thém mét

tiéu chi moi, do la so sanh mttc d§ chénh 1énh gitra bac nut thuce t€ k(dij) so v6i bac nut

mong doi kiesired. Nt nao cé mitc chénh léch nho hon sé duwoc wu tién, tic 1a 16 trinh nao
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gitip mang duy tri phan bd bac ntit can bang va 6n dinh hon sé dugc chon. Day chinh la
diém khac biét quan trong & cac Iénh tir (16) dén (20) so véi giao thiic gdc AODV, boi vi
AODV nguyén thuy chi xét dén s6 thit ty va s6 chang, ma khéng quan tam dén yéu to
diéu khién t6-pd hay su can bang vé mtrc dd két ndi ctia cac ntt. Sau khi qua trinh so
sanh két thic, néu 1§ trinh mdi thoa man diéu kién, no sé thay thé€'1) trinh cli trong bang
dinh tuyén cua nut I, dong thoi gdi hello sé dugc cap nhat lai thong tin, trong d6 truong
] duoc gan bang I va s6 chang duoc ting 1én HCrew. Sau d6, géi tin dugc tiép tuc quang
bé dén tat ca cac nut lan can caa I, gitp lan truyén thong tin dinh tuyén trong toan mang.
Nguoc lai, néu khong thdéa man cac diéu kién, goi tin s€ bi loai bo d€ tranh tran ngap
thong tin khong can thiét. Nhu vay, viéc bo sung diéu kién rang budc lién quan dén bac
nut giap thuat toan DSDV-TC chi tim dwoc tap 10 trinh hiéu qua ma con duy tri duoc
c&u tric mang t6i ru hon, giam thiéu hién twong mat can bang két ndi trong mang cam
bién khong day, nang cao hiéu qua st dung nang luong.

Vé d6 phtc tap tinh toan, thuét toan DSDV-TC c¢6 d6 phtic tap tinh toan cao hon
thuat toan DSDV gd6c do bd sung hai khdi kiém tra diéu kién lién quan dén sy chénh
lénh gitra bac nat hién tai va bac mong doi (Ik(dij) - kaisiwea). Trong khi DSDV g6c c6 do
phtic tap trung binh O(N?)vdi N 1a s6 nit trong mang, DSDV-TC bd sung thém phép so
sdnh va tinh todn bac nit nén dd phtic tap tang 1én thanh O(N? + E), trong do6 E 1a s6
két ndi trung binh dén cac nut lang giéng. Tuy nhién, viéc tang nhe do phtic tap nay gitp
thuat toan cai thién dang ké tinh 6n dinh va giam s6 lan cap nhat khong can thiét.

4. MO PHONG VA PHAN TiCH KET QUA
4.1. Kich ban mé phong

M6 phong dugc trién khai trén OMNeT++, mang duoc bd tri trong dién tich
1000x1000 m? véi 50 nuit cdm bién dwoc phan bd ngau nhién. Mbi nit cé néng luong ban
dau 1a 20 J va pham vi truyén thong toi da la 250 m. M6 hinh suy hao tin hiéu sit dung
khong gian tu do. Trong kich ban nay, hai giao thitc dinh tuyén duoc trién khai song
song la DSDV truyén thong va giao thitc dugc dé xudt TC-DSDV. Két qua so sanh sé tap
trung vao cac do do quan trong nhu mttc tiéu thy nang leong va thong lugng mang
nham chiing minh wu thé ctia giao thitcc TC-DSDV so véi giao thite goc.

4.2. Két qua mo6 phong va thao luan

Két qua mé6 phong & Hinh 3 thé hién sy so sanh mtc nang lwong tiéu thu trung
binh cua hai giao thirc dinh tuyén DSDV va DSDV-TC. Két qua cho thdy DSDV ¢6 mtc
tiéu thu nang luwong cao hon, véi gia tri trung vi khoang 2.7 mJ/s va phan bd dao dong
rong tur 2.0 dén 4.2 mJ/s, dong thoi xuat hién gia tri ngoai lai 1én tdi gan 5.8 mJ/s, phan
anh su kém 6n dinh vé hiéu qua st dung nang luong. Nguoc lai, DSDV-TC dat duoc
muec tiéu thu nang leong thdp hon va on dinh hon, véi trung vi khoang 2.4 m]/s, bién do

22



TAP CHI KHOA HOC VA CONG NGHE, Truong Dai hoc Khoa hoc, PH Hué
Tap 33, S5 1 (2026) ISSN: 2354-0842

dao dong hep hon (2.0-3.8 mJ/s) va chi c6 mot gid tri ngoai lai 6 mitc 5.0 mJ/s. Gid tri
trung binh ctia DSDV-TC ciing thap hon so véi DSDV, khéng dinh vai trd ctia co ché
kiém soat td-po trong viéc giam nang luong tiéu hao ctia cac nut mang. Nhu vay, c6 thé
nhan thdy rang DSDV-TC giup tiét kiém nang luong hiéu qua hon, gép phan kéo dai
thoi gian sdOng ctia mang va cai thién tinh bén vitng trong qua trinh van hanh.
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Hinh 3. So sanh nang lwong tiéu thu ctia giao thite DSDV va DSDV-TC

Tiép theo, ching tdi phan tich nang lwong con lai tai cac nit cam bién theo thoi
gian mo6 phong, két qua thu dugc nhu ¢ Hinh 4. Nang luong cua ca hai giao thic déu
giam dan theo thoi gian do hoat ddng truyén nhan va xw ly gdi tin, tuy nhién tdc d¢ suy
giam gitta ching c6 sy khéc biét ro rét. Véi DSDV, nang lwong con lai gidam nhanh hon,
sau 300 giay mo phong chi con khodng 18.2 J. Trong khi d6, TC-DSDV duy tri mitc ndng
ltong cao hon, khoang 18.9 ] vao cting thoi diém. Két qua nay chiing to rang co ché kiém
soat to-po trong TC-DSDV gitip han ché s lwong goi tin can truyén, giam thiéu cac hoat
dong khong can thiét va tir d6 tiét kiém ndng luwong cho toan mang. Su chénh 1éch vé
ndng leong con lai gitta hai giao thitc ngay cang ro khi thoi gian moé phédng kéo dai, cho
thay loi thé'lau dai cia TC-DSDV trong viéc kéo dai tudi thg mang cam bién.

ﬂ'\\—\“‘\“‘\«
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Hinh 4. So sanh nang lwong con lai tai cac nut ctaa giao thiec DSDV va DSDV-TC

Trong khi cac két qua vé nang luwgng cho thay TC-DSDV vuot trdi hon trong viéc
tiét kiém va duy tri nang luong ctia cac nat, thi d€ danh gia toan dién hiéu qua giao thic,
can xem xét thém kha nang truyén dit liéu cia mang thong qua chi s thong luong trung
binh, dwgc minh hoa trong Hinh 5. Trong giai doan dau (ttr 0 dén 40 giay), thong luong
cua ca hai giao thirc bién ddong manh do qua trinh khoi tao mang va thiét 1ap bang dinh
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tuyén. TC-DSDV nhanh chéng dat duoc muc thong lwong 6n dinh cao hon, trong khi
DSDV mat nhiéu thoi gian hon d€'hoi tu va c6 muc thong luong thap hon. Khi hé thong
di vao trang thai 6n dinh (sau khoang 60 giay), thong luwgng trung binh cua DSDV duy
tri & miec xap xi tte 395 dén 400 Kbit/s, trong khi TC-DSDV dat khoang 410 dén 420 Kbit/s.
Sw khac biét nay cho thay viéc tich hgp co ché kiém soat td-pd trong TC-DSDV da giap
giam tai viéc xu ly cac gdi dinh tuyén du thira, d6ng thoi t6i vu hda duong truyeén div
liéu. Mac du sau khoang 200 giay, hai giao thitc c6 xu hudng hdi tu gan nhau, nhung
TC-DSDV van giit duoc wru thé nhe vé thong luong so véi DSDV. Két qua nay khang
dinh rang TC-DSDV khong chi tiét kiém nang lwong ma con cai thién hiéu qua truyén
dt liéu, gép phan nang cao hiéu suat toan mang trong giai doan hoat dong on dinh.
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Hinh 5. So sanh thong lwong khi st dung giao thic dinh tuyén DSDV va DSDV-TC

5. KET LUAN

Hiéu néang tong thé ludn la thach thiic quan trong trong thiét k€ va van hanh
mang cam bién khong day. D€ giai quyét van dé nay, bai bao da dé xuat giao thitc TC-
DSDV, dugc cai tién tir DSDV bang cach két hop dong thoi dinh tuyén véi diéu khién
t0-pd. Diém méi caa TC-DSDV la b6 sung tiéu chi so sanh dya trén chénh léch bac nut
hién tai va bac nat mong doi, gitp duy tri cau tric mang can b.%\ng va 6n dinh hon. Két
qua md phong trén OMNeT++ va INET Framework cho thdy TC-DSDV giam tiéu thu
ndng lwong, duy tri nang lugng con lai lau hon va cai thién thong lwong so véi DSDV
truyén thong. Trong twong lai, giao thirc c6 thé duoc mo rdng cho cac kich ban mang
16n hon va tich hop cac kj thuat hoc may dé€ nang cao tinh thich tng.
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ENHANCING ENERGY EFFICIENCY IN WIRELESS SENSOR NETWORKS
USING A TOPOLOGY CONTROL AWARE ROUTING TECHNIQUE BASED ON
THE DSDV PROTOCOL
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ABSTRACT

In wireless sensor networks (WSNs), the energy efficiency of sensor nodes strongly
depends on topology control and routing algorithms. Most existing studies treat
these two problems separately, which may lead to suboptimal results: a network
topology may be optimal, but the routing paths are not energy-efficient, or vice
versa. To address this issue, we propose a topology-control-aware routing protocol
based on DSDV, referred to as TC-DSDV. The key idea of TC-DSDV is to use the
current node degree when selecting routing paths to update in the routing table,
thereby optimizing the resulting network topology. Simulation results demonstrate
that TC-DSDV outperforms the original DSDV protocol in terms of topology

optimization and energy efficiency.

Keywords: Routing, topology control, wireless sensor networks, DSDV.
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