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TOM TAT

Bai bao trinh bay nghién cttu thuc nghiém danh gia hiéu qua cua viéc két hop cac
giao thirc diéu khién truy nhap moéi truong truyén (MAC) va giao thire dinh tuyén
trong mang cam bién khong day (WSN). Ba giao thitc MAC gom BMAC, LMAC va
XMAC duoc két hop v6i hai giao thic dinh tuyén AODV va GPSR, tao thanh sau
c&u hinh dé so sanh vé thong lugng, d6 tré dau cudi va tiéu thu nang luong thong
qua md phong. Két qua cho thdy hiéu nang ctia mang phu thudc dang ké vao su két
hop gitra giao thitc MAC va dinh tuyén. Trong cac cdu hinh duoc khao sat, XMAC-
AODV dat hiéu qua cao nhat vé thong luong va d9 tré, trong khi LMAC-AODV cho
hiéu qua tot nhét vé tiéu thu nang luong, gop phan kéo dai thoi gian hoat dong cua
mang. Nghién cttu cung cap co s¢ tham khao cho viéc lwa chon va két hop giao thikc
MAC véi giao thizc dinh tuyén phti hop nham t8i wu hiéu nang va hiéu qua st dung

nang leong trong cac tng dung WSN.

T khéa: Dinh tuyén, diéu khién truy nhap duong truyén, BMAC, LMAC, XMAC,
AODV, GPSR.

1. MO PAU

Ngay nay, cung voi su phat trién cua khoa hoc ky thuat va cong nghé thong tin,
mang cam bién khong day (Wireless Sensor Network - WSN) (Akyildiz & Vuran, 2010)
da tro thanh mét cong nghé quan trong trong nhiéu linh vuc, ddc biét la giam sat moi
treong tir xa. WSN la sy két hop gitra kha nang cam nhén, tinh toan va truyén thong
trén cac thiét bi cam bién cd kich thudc nho gon. Dinh tuyén trong WSN la mét trong
nhitng chti d& duoc nhiéu nha nghién cttu quan tAm nham nang cao hiéu qua st dung
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ning long ctia mang (Mundada & Monica, 2012). Do c4c ntit cdm bién hoat dong bang
nguon pin ¢6 dung luong han ché, viéc thiét ké giao thitc dinh tuyén can hudéng dén muc
tiéu tiét kiém nang luwong d€ kéo dai tudi tho cua ting nut cing nhu toan bd mang.
Nhiéu hudng ti€p can da duoc dé xuat nhu cac giao thiee dinh tuyén duya trén vi tri, cdu
tric mang, xtt ly di liéu, duong du phong, tinh dong cia mang, yéu cau QoS va tinh
khong dong nhat.

D6i véi cac ting dung gidm sat, dit liéu tir cdc ntt cam bién phai duoc thu thap
lién tuc, do d6 phuwong phép dinh tuyén theo cum duoc xem 1a phit hop nham giam chi
phi truyén tai va bao dam yéu cau thoi gian. Nhiéu giao thirc dinh tuyén phéan cdp nhuw
LEACH, LEACH-C, LEACH-F, FZ-LEACH, PEGASIS va EB-PEGASIS da duoc dé xuat
nham nang cao hiéu qua st dung nang long. Bén canh d6, cic nghién ctru gan day tap
trung vao viéc tim kiém sy két hop t6i wu gitra cac giao thitc d€ can bang gitra tiét kiém
nang luong, do tré va do tin cay. Trén co sd do, thiét ké xuyén 16p duoc xem la mot
hudng ti€p can hiéu qua, cho phép giao thitc dinh tuyén va giao thitc MAC chia sé thong
tin, chang han str dung chu ky ngti/thtec ctia ting MAC d€ Iga chon ntit chuyén tiép hodc
diéu chinh chu ky hoat dong cia MAC theo luu luong do tang dinh tuyén tao ra.

Hiéu ndang cua mang WSN khong chi phu thudc vao tirng giao thitc hoat dong
ddc lap ma con chiu anh hudng 16n boi sw phoi hop gitia giao thire diéu khién truy nhap
moi treong (MAC) ¢ tang lién két dit liéu va giao thic dinh tuyén ¢ tang mang. Giao
thitc MAC chiju trach nhiém truy cap kénh truyén va quan ly nang luong thong qua co
ché& ngu/thtic, trong khi giao thitc dinh tuyén dam nhiém viéc thiét 1ap va duy tri duong
di ctia gdi tin. Chién lwgc ngt/thtec ctia taing MAC anh huong truc ti€p dén kha nang
chuyén tiép goi tin, trong khi lvu lwgng do tang dinh tuyén tao ra tac dong dén mirc do
truy cap kénh truyén. Vi vay, moét giao thiec MAC c¢6 hiéu nang tot khi hoat dong doc
lap chua chic mang lai hiéu qua t6i wu khi két hgp véi mét giao thire dinh tuyén cu thé.

Trong nghién cttu nay, ba giao thitc MAC gom BMAC, LMAC va XMAC duoc
két hgp vdi hai giao thirc dinh tuyén AODV va GPSR, tao thanh sau t6 hop giao thirc d€
danh gia thong qua mo6 phong. Hau hét cac giao thitc MAC trong WSN déu st dung co
ché& Duty-Cycling nham tiét kiém ning lwong nhung van bao dam kha nang truyén va
nhan dit liéu. Saraswat & Bhattacharya (2013) da phan tich anh hwong ctia Duty-Cycling
dén hiéu nang ctia mang WSN va chi ra rang néu khong ap dung thiét k& chéo tang thi
dd tré ting dang ké khi mat d6 mang giam. Bouabdellah cling cc cong su (2008) da deé
xuat giao thitc chéo tang tich hop MAC nham giam tiéu thu ning lwong. Jang cling cac
cOng si (2008) da trién khai giao thitc AS-MAC cho WSN dé nang cao hiéu qua st dung
nang luong. Akyildiz, Vuran & Akan (2006) da dé xuat mot giao thitc chéo tang két hop
dinh tuyén dua trén vi tri va diéu khién truy nhap moi truong nham cai thién thong
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luong va tiét kiém nang lwong. Buettner cung cac cong su (2006) da nghién ctru su két
hop gifta giao thitc MAC dura trén Beaconing va GPSR, dong thoi dé xuat cac cai tién hd
tro co ché chuyén ti€p tham lam. Attada va Setty (2013) da nghién cttu anh huong cua
cac giao thitce MAC 802.11 va CSMA dén hiéu nang cua giao thitc dinh tuyén AODV
trong MANET, thong qua céc chi tiéu thong luong, d9 tré.

Céc nghién cttu trén cho thdy su két hop gitra giao thitc MAC st dung Duty-
Cycling va giao thitc dinh tuyén ludn ton tai sy danh ddi gitta muc tiéu tiét kiém nang
luwong va hiéu nang truyén thong. Do d9, thiét ké chéo tang (Cross-layer Design) dwoc
xem la mot hudng ti€p can hiéu qua, cho phép chia sé thong tin gitta taing MAC va dinh
tuyén nham nang cao thdng lwong H-lé-chuyén-gbi-thanh-edng (PDR), giam do tré va
duy tri muc tiéu thu ndng luong thap. Day chinh la dong co nghién ctru ctia cong trinh
nay.

biém méi ctia nghién ctru nay 1a danh gia mot cach c6 hé théng su tuong tac gitra
hai ting MAC va dinh tuyén théng qua sau t6 hgp BMAC-AODV, LMAC-AODV,
XMAC-AODV, BMAC-GPSR, LMAC-GPSR va XMAC-GPSR trong cung mét diéu kién
mo phong. Qua d6, nghién ctu lam rd anh hudng ctia co ché truy nhap kénh dén thong
lwong, do tré va tiéu thu ndng lwong cua timg giao thikc dinh tuyén, dong thoi chi ra su
danh ddi gitra hiéu nang truyén thong va hiéu qua st dung nang luong khi lya chon to
hop giao thtrc.

Cac phan con lai ctua bai bao dugc b6 cuc nhw sau: Phéan 2 trinh bay nguyén ly
hoat dong cua cac giao thitc MAC phé bién. Phéan 3 trinh bay cach thirc két hop cac giao
thite MAC va dinh tuyén. Cac két qua mo phong va thao luan duoc trinh bay trong Phan
4. Cudi cung, phan 5 la két luan va dé xuat hudng phét trién tiép theo.

2. NGUYEN LY HOAT PONG CUA CAC GIAO THUC MAC PHO BIEN
2.1. BMAC (Berkeley MAC)

BMAC (Berkeley MAC) la mot giao thirc diéu khién truy nhap moéi truong truyén
(MAC) don gian va duoc stt dung rong rai trong cac mang WSN. BMAC thudc nhém
giao thitc MAC khong dong bd (asynchronous), hoat dong dua trén co ché CSMA
(Carrier Sense Multiple Access) két hop véi chu ky ngu/thtic (duty cycling) nhdm giam
muc tiéu thu nang leong. Nguyén ly hoat dong cuia BMAC duoc mo6 ta nhu sau:
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( BAT DAU (NUT NHAN) ) ( BAT PAU (NUT GU1) )
1. NGt & trang thai NGU (Sleep) | 1. NGt muén gri dir liéu l

trong phan lém thoi gian dé tiét kiém néng luwong

L v

i N . T ] l 2. Kiém tra kénh (Carrier Sense - CSMA) |¢—
2. Thirc day trong mét khoang thai gian rat ngan
(Check Interval) dé kiém tra kénh

Khong Khong | 4. chorcho
dén khi kénh réi

3. Phat hién tin hiéu
trén kénh?

4. Quay lai
trang thai NGU Cco
(Sleep)

= g = 5. Truyén Long Preamble
5. Tiép tuc duy tri trang thai HOAT DONG c6 d6 dai it nhat bang chu ky ngl clia nat nhan
dé nhan géi tin

I I

I 6. Nhan géi dir liéu | | 6. Truyén géi dir liéu ngay saulLong Preamble
I 7. Két thic nhan géi tin | . 9 -
7. (Tuy chon) Ch& xac nhan tir lop trén
‘ hodc tir giao thirc khac (néu cd)

| 8. Quay lai trang thai NGU (Sleep) |

A4
KET THUC ( KET THUC )

Hinh 1. Luu d6 nguyén ly hoat dong ctia giao thitce BMAC

O phia ntat nhan: Ntt cam bién ¢ trang thai ngt trong phan 16n thoi gian dé tiét
kiém ning luong. Theo chu ky dinh s&n, nut sé thitc day trong mot khoang thoi gian rat
ngan (goi la check interval) d& kiém tra xem kénh truyén cé tin hiéu hay khong. Néu
khong phat hién tin hiéu, nut sé quay lai trang thai ngt; nguoc lai, nut tiép tuc duy tri
trang thai hoat dong d& nhan géi tin. O phia ntt giri: Do khong biét chinh xac thoi diém
ntit nhan thitc day, ntt giri phai truyén mot long preamble c6 dd dai it nhat bang chu ky
ngu cuia nat nhan. Khi nit nhan phat hién tin hiéu trong giai doan kiém tra kénh, no sé
duy tri trang théi thiic d€ nhéan gdi dir liéu dwgc truyén ngay sau phan tién dé.

2.2. XMAC (Extend MAC - Cai tién cia BMACQ)

XMAC (Extended MAC) la giao thitc MAC khong dong bd (asynchronous) duoc
phat trién nhidm khic phuc nhitng han ché caa BMAC, dac biét la hién tuong
overhearing, tiéu thu nhiéu nang luwong do Long Preamble va do tré truyén 1én. XMAC
stt dung co ché Strobed Preamble (tién dé ngan 13p lai) két hop véi Early ACK (xac nhan
som) dé€ giam thoi gian truyén tién dé va nang cao hiéu qua st dung nang lugng.

O phia nat gtti, khi c6 dit liéu can truyén, ntt thiee hién co ché CSMA dé kiém tra
kénh truyén. Néu kénh r6i, thay vi phat mot tién dé dai nhwe BMAC, ntit sé truyén lién
tiép cac tién dé ngan (strobed preambles), giita cac tién dé c6 cac khoang nghi ngan
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(gaps), trong do mdi tién dé déu chra dia chi cia ntt nhan. O phia nat nhan, nat van
hoat dong theo co ché€ Duty-Cycling va dinh ky thirc day d€ kiém tra kénh truyén. Néu
phat hién tién dé chira ding dia chi ctia minh, nut sé gii ngay mot goi Early ACK trong
khoang nghi gitra hai tién dé dé thong béo sén sang nhan di liéu. Sau khi nhan dwoc
Early ACK, nut gtri ding phat cac tién dé con lai va truyén ngay géi dix liéu. Nguoc lai,
néu tién dé khong chira dia chi ctia minh, nat sé quay lai trang thai nga ma khong tiép

BAT DAU (NUT GU) BAT DAU (NUT NHAN)
| 1. C6 dir lidu can truyén | 1. Hoat dong theo co ché
v Duty Cycling

’ 2. Thyc hién CSMA
4. Chos dén khi
kénh rdi

tuc lang nghe.

(kiém tra kénh)

2. Pinh ky thic day dé kiém tra kénh
(nghe tién dé ngén — Preamble Sampling)

Khéng

4. Quay lai trang thai
NGU (Sleep)

5. GUri EARLY ACK ngay trong
khoang nghi gilra hai tién de
(théng bao sin sang nhan dir liéu)

a Kho! et 3 * >
7. Nhan duq;c ong “éna&; ':Pé:r'f_ﬂ’ha‘ 6. Duy tri trang thai THUC
Early ACK? gan tiép theo aé nhan géi dir liéu

6
[ 9. Dimg phat tien dé con lai | ~oooooo___________ 7. Nhan géi dir liéu (DATA)
i ! tu nut guri
!
{

. Phat hién tién dé
chira ding dia chi
ctia minh?

5. Phat lién ti€p cac TIEN DE NGAN
(Strobed Preambles)
gitra cac khoang nghi (gaps)
(mdi tién dé chura dia chi nat nhan)

6. Chos Early ACK tir ndt nhan
trong khoang nghi giira hai tién dé

v Chu ky tién dé T
[ 10. Truyen goi dr tieu (DATA) |} (Strobed Pr | e ]
. Kel uc nhan
P1|gap |P2| gap ... |Pn|gap ! -

i
i ”
KET THUC i X | — .
! P: Tién dé ngdn KET THUC
i
i

(gébm dia chi nat nhan)

Hinh 2. Luu d6 nguyén ly hoat dong cta giao thiec XMAC
2.3. LMAC (Lightweight MAC)

LMAC (Lightweight MAC) la mét giao thiic diéu khién truy nhdp moéi truong
(MAC) dong bo, hoat dong dua trén co ché TDMA. Khong gidng cac giao thitc MAC bat
dong bé nhu BMAC va XMAC, LMAC yéu cau cac nut trong mang phai dong bd thoi
gian truede khi truyén théng, tir d6 phan chia quyén truy cap kénh truyén theo cac khe
thoi gian ¢6 dinh. Thoi gian hoat dong ciia mang dwgc chia thanh cac khung thoi gian,
mdi khung bao gobm nhiéu khe thoi gian. Mdi ntt trong mang duoc cap phat mot khe
thoi gian riéng va chi duwoc phép truyén dir liéu trong khe thoi gian d6. Déi voi nut giri:
Khi dén khe thoi gian dugc cap phat, nat sé thie day va truyén dir liéu. Ngoai khoang
thoi gian nay, nat chuyén sang trang thai nga dé tiét kiém nang luong. D6i voi nat nhan:
Trong khe thoi gian ctia cdc ntit khéc, nit chi thiec trong mot khoang thoi gian rat ngan
& dau mdi khe dé lang nghe thong tin diéu khién (preamble sampling). Néu phat hién
goi tin duwoc gui cho minh, nut sé ti€p tuc duy tri trang thai hoat dong dé nhan di liéu;
nguroc lai, nat s€ quay trd lai trang thai nga.
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I 1. Ddng bd hoda thai gian gitra cac nat —I

| 2. Chia thai gian thanh cac khung (Frame) |

3. M&i khung gdm nhiéu khe thai gian (Time Slot)
M&i nit dugc cap phat mét khe thdi gian ¢ dinh

NUT GU1 (SENDER) NUT NHAN (RECEIVER)
Y
4. Co dir lidu
cén gtri?

Co

6. Dén khe th&i gian
ctia minh?

cé

8. Thirc day
(Wake up)
9. Truyén dir liéu trong
khe th&i gian ctia minh

I 10. Két thic khe thai gian cta minh l
‘ | 19. K&t thic khe théi gian I

12. Ddu méi khe thdi gian:
Thirc ddy trong khodng th&i gian rat ngin
dé kiém tra (Preamble Sampling)

13. Phat hién cé
g6i tin?
co
14. Ngu
(Sleep)
15. Géi tin c6 giri Khén,
cho minh?
cé

16. NgQi
(Sleep)

5. Ngu
(Sleep)

Khéng

7. Ngu
(Sleep)

| 17. Duy tri thirc 4 nhén di ligu

i

I 18. Nhan dir liéu

I 11. Ngu (Sleep) l

| 20. Ngu (Sleep)
QUAY LAI BUOGC 12

Hinh 3. Luu d6 nguyén ly hoat dong cua giao thitc LMAC

3.KET HOP GIUA CAC GIAO THUC MAC VA PINH TUYEN.
3.1. Két hop cac giao thiec MAC véi giao thitc AODV

AQODV la giao thttc dinh tuyén phan tng, chi thuc hién qué trinh kham pha va
thiét lap duong di khi c6 nhu cau truyén dit liéu. Nho d6, AODV giam dugc chi phi duy
tri bang dinh tuyén trong diéu kién luu luong thap, tuy nhién hiéu nang cua giao thirc
phu thudc dang ké vao kha nang truy cap moi treong truyén ctaa tang MAC.

Trong nghién cttu nay, giao thitc AODV duoc két hop lan luot véi ba giao thuc
MAC gobm BMAC, LMAC va XMAGC, tao thanh ba to hop BMAC-AODV, LMAC-AODV
va XMAC-AODV. Mic du cung stt dung mét giao thic dinh tuyén, moi t& hop c6 dac
diém hoat dong khac nhau do co ché€ truy nhap kénh truyén va quan ly nang luong cua
ting giao thite MAC. Ddi v6i BMAC-AODYV, tang MAC st dung co ché CSMA két hop
Duty-Cycling, trong d6 cac nut dinh ky thittc day d€ kiém tra kénh truyén. Khi AODV
can phat cac goi diéu khién (RREQ, RREP, RERR) hodc goéi di liéu, BMAC phai truyén
mot tién dé dai (Long Preamble) triede khi gtri dit liéu nham bao dam ntit nhan dang &
trang thai thirc. Co ché nay giap tiét kiém nang luong cho niit nhan nhung lam tang do
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tré truyeén, tiéu thu nhiéu nang lwong 6 nut gtri va dé xay ra hién tuong overhearing. Ddi
véi LMAC-AODYV, tang MAC hoat dong theo co ché TDMA véi cac khe thoi gian dwgc
cap phat cd dinh cho ting nit. Khi AODV phat sinh goéi diéu khién hoac d liéu, viéc
truyén chi duoc thiee hién trong khe thoi gian ctia nat gii. Co ché nay gan nhuw loai bo
va cham gdi tin va giam dang ké nang luong lang phi do truyén lai. Tuy nhién, khi cac
goi diéu khién cua AODV duoc tao ra ngoai khe thoi gian truyén, chung phai cho dén
khe ti€p theo, 1am ting thoi gian khdm pha duong di va do tré dau cudi. Déi véi XMAC-
AODV, tang MAC van st dung co ch&€ CSMA va Duty-Cycling, nhung thay thé tién dé
dai ctia BMAC bang chudi tién dé ngan (Strobed Preamble) két hop véi co ché Early
ACK. Khi AODV can truyén dit liéu hodc cac géi diéu khién, nat gui chi ti€p tuc phat
cac tién dé ngan cho dén khi nhan dugc Early ACK tlr ntt dich, sau d6 truyén ngay géi
d@ liéu. Nho vay, XMAC giam dang ké thoi gian cho, han ché€ hién tugong overhearing
va gidm mtrc tiéu thu ning lwong so véi BMAC, dong thoi cai thién dd tré va thong
leong cua AODV.

3.2. K&t hgp cac giao thitrce MAC véi giao thire GPSR

GPSR (Greedy Perimeter Stateless Routing) la giao thitc dinh tuyén dia ly
(Geographic Routing Protocol), trong d6 viéc lwa chon nit chuyén tiép duoc thuc hién
dwa trén thong tin vi tri ctia cdc nuat lan can va nut dich. Khac véi AODV, GPSR khong
thuc hién qua trinh kham pha va duy tri duong di truedce khi truyén dit liéu ma quyét
dinh nat chuyén tiép tai tiing ching truyén. Nho d6, GPSR giam dang ké chi phi diéu
khién va c6 kha nang thich nghi tot véi cac mang c6 cau trac thay doi. Tuy nhién, hiéu
qua cta GPSR phu thudc nhiéu vao kha nang sén sang ctia cic nit 1an can va co ché truy
nhap mdi truong truyén cua tang MAC.

Trong nghién cttu nay, giao thitc GPSR duoc két hop lan lugt voi ba giao thic
MAC gom BMAC, LMAC va XMAC, tao thanh ba t6 hop BMAC-GPSR, LMAC-GPSR
va XMAC-GPSR. Mbi t& hop c6 nhitng déac diém riéng do co ché truy nhap kénh truyén
va quan ly nang lueong cta ting giao thitc MAC. D&i voi BMAC-GPSR, tang MAC st
dung co ché CSMA két hop voi Duty-Cycling. Khi GPSR lya chon dugce nut chuyén tiép,
nat gt phai truyén mot tién dé dai (Long Preamble) triede khi giri géi dit liéu nham bao
dam nat nhan dang ¢ trang thai thirc. Mdc du co ché nay gitp giam tiéu thu nang luong
ctia ntit nhan, nhung thoi gian truyén tién dé dai lam ting dd tré tai mdi ching truyén.
Trong mang nhiéu budc nhay, do tré nay dugc cong don, lam anh huéng dén hiéu nang
tong thé cua GPSR. Dd&i voi LMAC-GPSR, tang MAC hoat dong theo co ché TDMA,
trong d6 mdi ntt chi dwoc phép truyén dir liéu trong khe thoi gian da dwoc cdp phat.
Sau khi GPSR xac dinh ntt chuyén tiép tiép theo, viéc truyén dit liéu phai cho dén diung
khe thoi gian cta nat gii. Co ché nay gitp loai bo gan nhu hoan toan hién tugong va
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cham goi tin va nang cao hiéu qua st dung nang lwong. Tuy nhién, trong treong hop
luu luong ting hodc tuyén truyén gom nhiéu budc nhay, thoi gian cho gitta cac khe
truyén c6 thé 1am tang do tré dau cudi. D&i véi XMAC-GPSR, ting MAC van st dung
co ché CSMA két hop Duty-Cycling, nhung thay thé tién dé dai bang chudi tién dé ngan
(Strobed Preamble) va co ché Early ACK. Khi GPSR lua chon ntt chuyén tié€p, nat gii
chi phét cac tién dé ngan cho dén khi nhan duwoc Early ACK tir ntit nhan, sau d6 truyén
ngay géi dir liéu. Co ché nay gitip rit ngan thoi gian cho, giam hién twong overhearing
va tiét kiém nang luong so véi BMAC. Dong thoi, viéc truyén dit liéu dién ra nhanh hon,
g6p phan cai thién thong legng va giam dd tré ctia GPSR.

4. MO PHONG VA PHAN TiCH KET QUA
4.1. Kich ban mo phéng

Dé danh gia anh huong cua su két hop gitta cac giao thirc diéu khién truy nhap
moi truong (MAC) va giao thitc dinh tuyén trong mang cam bién khong day, nghién
ctu stt dung OMNeT++ (Varga, 2025) két hop v6i INET Framework 4.5 lam moi truong
mo phong. Kich ban gom s6 nat cam bién tir 30 dén 40 va 01 tram co s& (BS) trong khu
viee 1000 x 1000 m?, trong d6 cac nit cam bién truyén dit liéu vé BS thong qua mang da
ching. Ban kinh pht séng ctia mdi nut 1a 250 m, nang luwong ban dau duoc thiét 1ap 1a
20]. Luu lwong dugc cdu hinh theo md hinh UDP nham phan anh d4c trung ctia cac tmg
dung WSN, kich thudc gdi trung binh la 1024 bytes. Ba giao thitc MAC gom BMAC,
LMAC va XMAC duoc két hop véi hai giao thire dinh tuyén AODV va GPSR, tao thanh
sau t6 hop gom BMAC-AODV, LMAC-AODV, XMAC-AODV, BMAC-GPSR, LMAC-
GPSR va XMAC-GPSR. Tét ca cac td hop dugc danh gid trong cung mot kich ban md
phéng dé bao dam tinh khach quan khi so sanh.

Hinh 4. Giao dién chinh ctia chwong trinh mo6 phong trén OMNeT++
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4.2. Két qua mé6 phong va thao luan

Hinh 4 minh hoa giao dién chuong trinh md phong khi cac nat cam bién dang
broadcast go6i RREQ dé€ kham pha tuyén theo giao thitc AODV. Song song véi d6, tang
MAC phét géi Preamble nham danh thttc cdc nit 1an can dang & trang thai ngu, gitp
chting s&n sang nhan géi RREQ va thiét 1ap dwong truyén.

Hinh 5 trinh bay sy thay ddi ctua thong lwong theo thoi gian mo6 phong ddi véi sau
t0 hop giao thttc gom BMAC-AODV, BMAC-GPSR, LMAC-AODV, LMAC-GPSR,
XMAC-AODV va XMAC-GPSR. Trong khoang 0-2 s dau ctia qua trinh mo6 phong, thong
luong cta tat ca cac t6 hop dao dong kha 1én. Nguyén nhan 1a do cac giao thic dinh
tuyén dang trong giai doan thiét lap hodc kham phad tuyén truyén, dong thoi cac giao
thitc MAC thyc hién qua trinh truy cap kénh truyén va dong bd hoat dong gitra cac ntt.
Sau khoang 3-4 s, cac duong truyén dan on dinh va thong lugng ctia cac to hop hoi tu
vé gia tri 6n dinh.

—BMAC-AODV
1200 BIMAC-GPSR

~LMAG-AODV
—LMAG-GPSR
10004 XMAG-A0DV

—XMAC-GPSR

Théng lugng (Kbit/s)

400 )“

|
200

Thei gian mé phdng (s)
Hinh 5. So sanh thong luong ctia cac kich ban phoi hop theo thoi gian m6 phong

Co6 thé thady XMAC-AODV dat thong luong cao nhat, duy tri khoang 820-840
Kbit/s khi hé thong on dinh. Nho co ché Strobed Preamble két hop véi Early ACK,
XMAC giam thoi gian truyén tién dé, han ché overhearing va rat ngan thoi gian cho, tir
d6 nang cao kha nang khai thac kénh truyén. BMAC-AODV dting thtt hai véi thong
leong khoang 760-780 Kbit/s, nhung viéc st dung Long Preamble lam tang thoi gian
chiém dung kénh nén thong luong thap hon XMAC-AODV. Cac t6 hop con lai ¢6 thong
luong kha teong dong, khoang 650-700 Kbit/s.

Délam r6 hon két qua 6 Hinh 5, gid tri thong luwgng trung binh dwoc trinh bay chi
tiét & Hinh 6. Két qua cho thdy XMAC-AODV dat thong luong trung binh cao nhat,
khoang 850 Kbit/s ¢ kich ban 30 nut; khi sd nut ting 1én 35 va 40, thong luong Tan luot
dat khoang 800 va 840 Kbit/s, va van cao nhat trong céc t6 hop duoc khao sat. BMAC-
AODV dung tht hai vdi thong luong dao dong khoang 770-800 Kbit/s trong ba kich
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ban. Trong khi d6, bon t6 hgp BMAC-GPSR, LMAC-AODV, LMAC-GPSR va XMAC-
GPSR ¢6 thong luong trung binh kha tuong dong, dao dong trong khoang 650-700
Kbit/s. Khi s& nut tang tir 30 1én 40, thong luong ctia cac t6 hop nhin chung khong thay
doi dang ké, cho thay hiéu nang teong d6i on dinh khi quy m6 mang tang trong pham
vi khao sat. Cac thanh sai s8 biéu dién d6 léch chuan (STD) gitra 10 Ian chay mo6 phong
cho th&y mtkc bién thién tong d6i nho. Két qua nay khang dinh nhan xét tir Hinh trudce
rang su két hop XMAC véi AODV mang lai hiéu qua truyén dit liéu cao nhét trong cac
t0 hop duoc khao sat

1000

500 m 30 nodes M35 nodes W40 nodes
oo | 2o L d
700
& + B =

500

500

400

Théng lwgng (Kbit/s)

300

200

100

o

BMAC-AODV BMAC-GPSR  LMAC-AODV  LMAC-GPSR  XMAC-AODV  XMAC-GPSR
Hinh 6. So sanh thong luong trung binh ctia cac t6 hop giao thitc MAC va dinh tuyén

Hinh 7 trinh bay d6 tré dau cudi (End-to-End Delay) trung binh cta sau t6 hop
giao thirc. Két qua cho thdy XMAC-AODV dat do tré thdp nhat, khoang 9,4-10,0 ms
trong ba kich ban, nho co ché Strobed Preamble két hop véi Early ACK, gitp rat ngan
thoi gian cho trude khi truyén dit lieu. BMAC-AODV c¢6 d6 tré thap thit hai, dao dong
khoang 10,0-10,4 ms, trong khi viéc st dung Long Preamble van lam tang thoi gian
truyén so voi XMAC. Bon t6 hop con lai (BMAC-GPSR, LMAC-AODV, LMAC-GPSR va
XMAC-GPSR) c6 d9 tré twong d6i twong dong, chti yéu trong khoang 11,7-12,2 ms. Khi
s6 nut tang tir 30 1én 40, d6 tré ctia cac t6 hop nhin chung khong thay d6i dang ké, cho
thdy hiéu nang tuong ddi 6n dinh khi quy md mang tang trong pham vi khao sat. Cac
thanh sai s& biéu dién d6 léch chuan (STD) giita 10 Tan chay m6 phong cho thdy mtc
bién thién twong d6i nho. Két qua nay phu hop véi danh gia vé thdng luong, cho thay
XMAC-AODV khong chi dat thong liwgng cao nhat ma con mang lai kha nang truyén div
liéu v6i dd tré thap nhat trong cac td hgp dwoc khao sat.

Cudi cung, chung t6i danh gia nang luong tiéu thu trung binh tai cac nit cam bién,
két qua thu duoc nhu ¢ Hinh 8. Két qua cho thdy LMAC-AODV tiéu thu nang luong
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thap nhat, khoang 0,00085 m]/s, ti€p theo la LMAC-GPSR vdi khoang 0,00094 m]/s. Diéu
nay cho thay co ché€ TDMA cua LMAC gitp giam déang ké hién twong va cham va truyén
lai gdi tin, tir d6 nang cao hiéu qua sit dung nang lwong. Trong khi d6, BMAC-GPSR va
XMAC-GPSR c6 mtc tiéu thu ndng luong trung binh, Ian luot khoang 0,00129 m]/s va
0,00140 m]J/s. Hai t6 hop BMAC-AODV va XMAC-AODV tiéu thu nang luong cao nhat,
lan lwgt khoang 0,00154 m]J/s va 0,00160 m]J/s, do AODV st dung nhiéu goéi diéu khién
trong qua trinh kham pha va duy tri tuyén, lam tang s0 [an truyén va nhan goi tin.

0.016

| B30 nodes M35 nodes B 40 nodes |
0.014

0.012

0.01

End-to-end delay
o
o
8

BMAC-ACDY BMAC-GPSR LMAC-ACDY LMAC-GPSR  XMAC-AODV XMAC-GPSR
Hinh 7. So sanh d¢ tré dau cudi trung binh cta cac td hop giao thite MAC va dinh
tuyén

0.0018

0.0016

0.0014

0.0012
0.001
0.0008
0.0008
0.0004
0.0002
]

BMAC-AODV BMAC-GPSR LMAC-AODV LMAC-GPSR XMAC-AODV XMAC-GPSR

Nang lugng tiéu thu trung binh (ml/s)

Hinh 8. So sanh nang luong tiéu thu cua cac t6 hgp giao thitc MAC va dinh tuyén

K&t qua nay cho thdy, néu muc tiéu vu tién la tiét kiém nang lwong, LMAC-AODV
la lya chon phut hgp nhét. Nguoc lai, XMAC-AODV méc du dat thong luwgng cao va do
tré thap nhung phai danh d6i bang muc tiéu thu nang luong 16n hon, thé hién sw danh
doi gitta hiéu nang truyén thong va hiéu qua st dung nang luwong trong WSN.
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5. KET LUAN

Bai bao da danh gia anh huong cua su két hop gitra cac giao thitce MAC va dinh
tuyén dén hiéu nang cua mang cam bién khong day (WSN). Ba giao thitc MAC gom
BMAC, LMAC va XMAC duoc két hop véi hai giao thitc dinh tuyén AODV va GPSR,
tao thanh sau t6 hop giao thitc va duwoc danh gia thong qua mo phong trén OMNeT++
v6i INET Framework 4.5. Két qua cho thdy su lya chon giao thite MAC anh huong dang
ké dén hiéu nang cua giao thitc dinh tuyén. Trong cac to hop khao sat, XMAC-AODV
dat hiéu qua cao nhat vé thong luong va do tré dau cudi, trong khi LMAC-AODV dat
hiéu qua t6t nhat vé tiéu thu nang lwong nho co ché truy nhap theo khe thoi gian
(TDMA). Két qua nghién cttu cting cho thady khong ton tai mot t6 hop giao thirc t6i uu
cho moi tiéu chi danh gia. Viéc lya chon t6 hop giao thitc can phu thudc vao yéu cau cta
tirng tng dung: XMAC-AODV phu hop vdi cac ttng dung uu tién thong luong cao va
dd tré thap, trong khi LMAC-AODV phti hop véi cdc ting dung yéu cau tiét kiém nang
leong va kéo dai thoi gian hoat dong cua mang.

Tuy nhién, nghién ctu hién tai mdi xem xét sw két hgp cta cac giao thite MAC
va dinh tuyén truyén thong. Trong cac nghién cttu ti€p theo, c6 thé mo rong theo hudéng
tich hop céc co ché diéu khién truy nhap va dinh tuyén tién tién nham nang cao kha
nang thich nghi va hiéu nang ctia mang.
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PERFORMANCE EVALUATION OF WIRELESS SENSOR NETWORKS
THROUGH THE INTEGRATION OF MAC AND ROUTING PROTOCOLS

Vo Thanh Tu
Faculty of Information Technology, University of Sciences, Hue University
Email: vttu@hueuni.edu.vn
ABSTRACT

This paper presents an experimental study to evaluate the effectiveness of
combining Medium Access Control (MAC) and routing protocols in Wireless Sensor
Networks (WSNs). Three MAC protocols, namely BMAC, LMAC, and XMAC, are
integrated with two routing protocols, AODV and GPSR, resulting in six protocol
combinations. These combinations are evaluated via simulation for throughput,
end-to-end delay, and energy consumption. The simulation results demonstrate that
the interaction between the MAC and routing protocols significantly influences
network performace. Among the evaluated configurations, XMAC-AODYV achieves
the best performance in terms of throughput and end-to-end delay, while LMAC-
AODV provides the highest energy efficiency, thereby extending the network
lifetime. The findings provide useful guidelines for selecting appropriate
combinations of MAC and routing protocols to optimize network performance and

energy efficiency in WSN applications.

Keywords: Wireless Sensor Networks (WSNs), Medium Access Control (MAC),
Routing Protocol, BMAC, LMAC, XMAC, AODV, GPSR.
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