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Tém tit: Mang cam bién khong day duoc quan tam nghlen ctru va ap dung rong
rdi trong nhiéu linh vuc nhu cdng nghiép, ndng nghiép, y té, quan su, giao thong.
Quang ba gdi tin 1a mot ung dung quan trong cua mang cam bién khong day. Bai bao
phan tich, phan loai va danh gid vé mot s6 phuong phap quang ba goi tm trong mang
cam bién khong day. Dya vao phan tich, khao st cac giao thirc dinh tuyén quang ba,
bai bao da xay dyng kich ban md phong trong cong cu md phong mang NS2 dé danh
gia va so sanh hiéu suit ciia mot s giao thirc nhu EMBA, CEB va EENWB. Céac két
qua nay 1 co so ly thuyét cho cac nghién ciru, dé xuat cai tién nham cai thién hiéu qua
cho mang cam bién khong day.

Tir khoa: Mang cam bién khong day; quang bé dinh tuyén; thong luong.

1. Giéi thi¢u

Mang cam bién khong day (ereless Sensor Netwrok WSN) bao gém cac nut
cam bién nang luong thip duogc trién khai trong mot sé méi trudng dé thuc hién mot
hodc mdt s6 nhi¢m vu giam sat, do luong, theo ddi. Chure nang chinh cua mang cam bién
khong day chinh 1 thong qua cac cam bién dé tap hop cac thong tin xung quanh no va
giri thong tin dén nut co so (Base station) dé xir Iy [1-2]. TrOng do, tmg dung quang ba
g0i tin d3 tré nén phod bién va quan trong, nham chuyén tiép gbi tin tir mot hodc mot so
nat dén cac nat con lai trong mang [3]. Khi ning lugng cta cac nat can kiét thudng sé& rat
khé dé cung cép. Do d6, mot trong nhiing thach thirc chinh cia WSN 1a t6i wu ning
luong trong qua trinh hoat dong, xtr 1y thong tin [4]. Nghién cau vé téi uu niang lugng
quang bé, giam g6i tin phan phat, bao dam an toan goi tin, bao mat vj tri nit cam bién tro
thanh nhitng chu dé nghién ciu quan trong ngay nay.

Trong mang c6 diy khi mot niit quang ba goi tin thi chi mot s6 nut lién két don
v6i n6 nhan duoc goi tin. Ngugc laiWSN, dong thoi tat ca cac nit trong ving phi song
cua mot nit s€ nhan dugc goi tin. Dya vao tinh chat nay ma phuong thirc quang ba goi
tin ¢d dién pho bién 14 dwa vao phat tran (flooding), day 1a phuong thirc rat don gian.
Theo d6, khi mot nat c6 thong tin quang ba, nut s& giri thong tin toi tit ca cac nut hang
x6m ciia nd. Mot nut hang x6m 1an dau tién nhan dugc goi tin sé tiép tuc chuyén tiép goi
tin dén cac hang x6m cua n6. Piéu nay dan dén tat ca cic nut déu tham gia vao qua trinh
quang ba. Két qua 1a phat tran s& du thira thong tin, goi tin tranh chap hay con goi 13 bo
phét song. Vi vy, da c6 nhiéu nghién ctru nham t6i wu goi tin phan phat, gidp ting hiéu
qua quang ba dd duogc nghién ctru nhu cdy dinh tuyén (convergecast), cdy bao trim
(CDS) hodc phan nhém dinh tuyén (cluster-based). Cu thé cac phuong thuc s& duoc
chung t6i trinh bay & phan sau.
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2. Kién thirc lién quan
2.1. Phén logi giao thirc qudng bd trong mang cdm bién khong diy

ba co nh_iéu danh gia khao sat cac loai dinh tuyén quang ba nham muc dich chi ra
c4c uu nhuoc diém cua ching nhu trong [5-6]. Tir d6 xem Xét cac nut cam bién tham gia
vao qua trinh chuyén tiép nhu thé nao, két qua ra quyét dinh chuyén tiép ctia mdi phuong
phép c6 tu nhién, ngau nhién, hiéu qua hay khong. Tir cac khao sat, giao thitc quang ba
6 thé duoc phan loai nhu sau.

a. Phuong phap tap trung va phan tan (Centralized and distributed algorithms): Cac
giao thirc dua vao phuong phap tinh toan dé tién hanh phan loai. Phuong thirc tap trung
thuong dya trén toan bo thong tin ciia mang dé c6 duge két qua tot nhat. Nhung trong phan
16n cac tmg dung cam bién khong day, st dung toan bo thong tin vé mang dé tién hanh tinh
toan la rat kho va tén kém chi phi, thoi gian. Do d6, thong thuong cac giao thic sir dung
phuong thirc phan tan dé tiét kiém chi phi, giam thoi gian va nang luong. ..

b. Phuong phap ct xén va khong cit xén (Based on tailoring and non - tailoring
algorithms). Véi phuong phap cit xén, cac nut cam bién duoc tao thanh cac cdy bao trum
gilp giam thiéu thoi gian chuyen tiép goi tin giita cac nut do chi st dung cac nut trong
cdy bao tram dé chuyén tiép g01 tin. Do tp n{t bao phu co thé c6 duoc bang nhiéu cach
thirc, nén tir d6 phuong phap nay dé dang duoc thuc hién va co thé cing véi cac phuong
phap khéac nhu tap thng tri dé két hop nham tao ra hiéu qua tt nhét.

C. Phuong phap chi dinh (gan) nat hang x6m va tu quyét dinh: Pay 1a phuong
phép dua vao tap nut hang xom dé quyét dinh c6 tham gia vao qua trinh chuyén tlep hay
khong. Hodc do tuy nut quyét dinh ¢ tham gia hay khong. Déi véi phuong phap tiép can
nay, cac nat trude khi thuc hién chuyen tiép phai stra 601 thong tin cua tiéu dé& gbi tin.
Phuong phap nay c6 thé giam thiéu thong tin chuyén tiép trong mang, thich hop véi
mang c6 ciu triic thay doi thudng xuyén.

d. Phuong phap dya vao xac xuat va phuong phap xac dinh: Pay la phuong phap
dya vao tinh toan quyet dinh c6 thay doi s0 vo1 du doan ban dau hay khong? Trong
phuong phap xéac xuat, quyét dinh chuyén tlep khong duoc dam bao. 100% cac niit déu
nhén dugc goi dit liéu, voi hiéu suat tuong d6i kém. Tuy nhién phuong phap nay la tuong
dbi don gian, thong thuong yéu cau rat nho cac thong tin ra quyet dinh, cu thé d6i voi
tinh m& rong va mat do nat day cua mang thiphuong phap quyet dinh 1a rat tét.

e. Phuong phap diéu tiét cong suat va khong diéu tiét cong suat Trong phuong
phap diéu tiét cong suit, cac nut co the dira vao thong tin cong suit twong quan, cong
suat nho nht co thé dé chuyen tiép, tiét klem nang lugng tiéu thy. Tuy nhién voi phuong
phap nay, loi dung ky thuat tang mang nén can thiét phai c6 kién thirc va hiéu biét sau vé
tang mang.

g. Phuong phap dua trén tap cac nut thong tri va khong dua trén céc nit thong tri:
Phuong phap théng qua xay dung mot tip cac nut théng tri (CDS) va cac thong tin bao
tri lién quan. Tai cic mang cé sy thay ddi (dynamic) 16n thi chi phi cho viéc bao tri cao,
dbi v6i mang tinh ¢6 thé c6 duoc giao thirc twong ddi on dinh. Phuwong phép dua trén tap
théng tri thuong thich hop véi mang c6 cong suét cac nut khong thé diéu tiét. Ngoai ra co
thé st dung phuong phéap két ciu va khong két ciu do thi cua mang dé tang thém hiéu
qua cho tap viéc xdy dung thong tri va hidu qua cta dinh tuyén.
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h. Phuong phap khong sir dung théng tin tin hiéu (beacon) va c6 st dung thdng
tin beacon: Phuong phap khong co beacon khong yéu ciu trao doi thong tin beacon,
thong tin overhead nho, thudc vé giao thirc quang ba khong trang thai, thich hop cho cac
mang c6 su thay dbi 16n, hon nita, c6 kha ning mé rong voi cac mang c6 quy md 16n.
Nhung d6i véi cac loai phuong phép nay thuc hién rat 1a phire tap, khé khan.

i. Phuong phéap dya trén pham vi bao phu cia truyén tai va khong thudc pham vi
bao phu truyén tai: Trong giao thirc dwa vao pham vi bao phu truyén tai, cac nut loi
dung pham vi bao phu clia cac nut tham gia chuyén tiép géi tin trudec d6 ma khong dwa
vao cdu tric mang dé quyét dinh co tham gia vao chuyén tiép goi tin hay khong? Mic
du phuong phap nay st dung thong tin vi tri dia 1y cia cac nut, nhung rd rang da giam
thiéu di rat nhiéu thong tin beacon trao doi ciia cac nit hodc 14 hoan toan khong can
dén thong tin beacon.

j. Phuong phap dua vao dinh hudng antena va toan hudng antena: Trong mang co6
mat do cac nut thép lgi dung tinh dinh hudng truyén tai co thé tang hiéu qua sur dung
nang luong, nhung diéu nay can céc nit ¢6 hd tro cac antena dinh hudéng. Nguoc lai, ddi
v6i cac mang c6 mat do nat 16n thi sir dung antena toan hudng co thé ting hiéu qua
quang ba khong day.

2.2. Mét s6 giao thive dinh tuyén quing ba phé bién

Trong phan nay, ching tdi s& trinh bay mét s6 giao thirc quang ba dinh tuyén pho
bién duoc ap dung cho cac mang cam bién khong ddy tinh bao gom: giao thirc da kénh
EMBA, giao thuc hiéu qua phu séng CEB va giao thuc bao toan nang luong EENWB.

a. Giao thuc EMBA

Trong [2], cac tac gia dé xudt mot giao thirc quang ba dinh tuyén truyén phat da
kénh hiéu qua (An Efficient Multihop Broadcast Protocol for Asynchronous Duty-Cycled
wireless Sensor Networks - EMBA). EMBA ting hiéu qua quang ba da diém cho cac nat
cam bién thong qua sir dung cac thong tin va cham va han ché phat lai géi tin du phong.
EMBA cho thdy hiéu qua str dung ning lugng cao, giam chi phi goi tin trong ca hai
truong hop mang c6 mat do thua va day dic. EMBA dugc dé xuét dung cho cac mang
cam bién khong day khong dong bo theo chu ky (asynchronization duty-cycled). EBMA
dwa vao cach tiép can quang ba nhiéu diém (multihop broadcast protocol) két hop hai ky
thuat “dinh hudéng giri tin (Forwarder’s guidance)” va “lang nghe cac thong tin quang ba
(Overhearing broadcast)” dan dén giam s6 lwong géi tin phét tan quang ba, giam va cham
gdi tin, ciing nhu t6i wu héa nang lugng. Tuy nhién, EMBA ting géi tin overhead dé diéu
khién qué trinh dinh hudng va lang nghe goi tin trong mang.

Mo hinh mang EMBA bao gdm mét tip niit phan b6 ngiu nhién, trong mang c6
thé tao thanh cac ving da giac (n-dinh) hodc tam giac (3-dinh), tan suat xuat hién cua da
giac phu thudc vao mat do cua mang. Cac nit trong mang 1 ¢6 dinh, khong c6 kha ning
di chuyén. M&i mot nut sé duy tri mot bang hang x6m cap 1 va mot bang hang x6m cip 2
trong d6 gém thong tin chit lugng lién két t6i nd. Cac nut trong mang s& dugc phan chia
thanh cac nhoém nhu trong Bang 1.
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Bang 1: Tdp hop cdc nut cua EMBA

Tap Phan tir Bit diu
N(s) Tap cdc nut hang xém cua nut S %}
N'c(S) Tdp cac nut hang xom da guri goi tin boi S %}
N'yev(S) Tap cac nut hang xom phat hién boi nut S N(s)
N'opig(S) Tdp cdc mit bat bugc phai givi boi mit S N'iev(S)
N'4g(S) Tdp cdc mit hang xém dwoc ity quén giri thay mit S %)

b. Giao thirc CEB

Trong tai liéu [7], cac tac gia da dé xuit mot giao thirc quang ba dua trén tinh
hi¢u qua phu song (Coverage Efficiency-based Broadcast - CEB). Mot nut s€ dua vao
thdng tin cac nut trong bang hang x6m dé xac dinh vai trd ctia né 1a bt budc hay 1a duge
iy quyén dé chuyén tiép gai tin (obligated or delegator). Theo d6, dua theo thong tin cac
g061 nhan dugc, mot nit s€ chia cac nat hang x6m thanh ba trang thai: tap cac nut guri
(SS), tap hop nit dugc bao phi don (SCS), va tap hop nut duge bao phii nhiéu (MCS).
Trang thai cua cdc nut trong ba tdp hop nay s€ duoc su dung dé xac dinh nat duoc
chuyén tiép g01 tin tiép theo.

So véi giao thuc quang ba EMBA, trong CEB, thuét toan chuyén tiép goi tin tai
mot nut | s€ dya trén ty 1¢ gura s6 nut trong SCS (| SCSi |) trén tong sO nit hang xém (|
Neighbori [) glup CEB sé cai thién chét luong phat song. Két qua 1a CEB da giam dang
ké s luong goi tin quang ba. Tuy nhién, trong EMBA va CEB, céac nut chi dva trén chat
lugng cua cac lién két dé Chuyen tiép goi tin. Khi do, mot gbi tin cd the phai chd cho dén
luot duoc chuyén tiép, diu nay cé thé lam tang thoi glan chuyén tiép, hon nita lam cho
nut guri phai duy tri hoat dong lién tuc dé chuyén tiép goi tin ma khong di vao trang thai
nghi dé tiét kiém nang luong.

c. Giao thue EENWB

Dé cai thién hiéu qua quang bao dinh tuyén, trong [8], cac tac gia da dé xuat mot
giao thirc quang ba toan mang tiét kiém ning lugng (energy-efficient network-wide
broadcast - EENWB). Giao thirc EENWB dua trén chat luong lién két va su hop tac tich
cuc gilra cac nut guri lan cdn. Mot nut guri trong EENWB ¢ thé di vao trang thai nghl
som hon dé tiét kiém nang lugng. Trong EENWB, khi nat gui A da uy quyen phat song
cho nhitng nut giri hen ké, thi nat giri A c6 thé di ngli sém hon néu cac nut giri lién ké co
chat lu’orng lién két tot hon chinh n6 lién két dén cac nut lan cén. Tuy nhién, trong truong
hop g01 tin duoc ty quyén gui dén mudn hodc nut iy quyén cd chat luorng lién két kém
thi giao thirxe EENWB khong tiét kiém ning lugng va ting do tré phat song.

3. Panh gia mé phong

Trong phan nay ching t6i thuc hién danh gia va so sanh hiéu ning ctia CAc giao
thic EMBA, CEB va EENWB nhu da gidi thiéu ¢ muc 2.2. Thong qua cac thuat toan
clia timg giao thirc quang b, chling t0i da thyc hi¢n cai dit va danh gia thong qua cong
cu mo phong NS2, day 1a cong cu hd trg md phong va danh gia hiéu ning mang rat pho
bién hién nay. Mo phong danh gia cua chung toi duoc thyc hig¢nvai cac kich ban mang
comdt do cac nut cam bien khac nhau gom 50, 100, 150, 200 nit nhim danh gia hi¢u qua
clia cac giao thirc quang ba trong nhiéu trudng hop khac nhau. Cac nut duoc trién khai
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ngiu nhién trong dién tich mang 400 x 200 m?, va thdi gian md phéng cho mdi kich ban
la 400s. Mot so thong so khac cua mang cam bién khong day nhu trong phan mé phong
danh gia ¢ tai liéu [9].

3.1. 80 lwgng géi tin phin phdt

Trong quéang ba, s6 lugng goi tin phan phat la s6 liéu quan trong dé dénh gia chat
lugng cua giao thire 6. Goi tin phan phat cang thap thi hiéu qua quang ba cua giao thuc
cang cao. Nhung trong Hinh 1, khi s nut trong cac kich ban tang Ién thi téng sb goi tin
phan phat cling tang theo. Dac biét voi cac giao thirc CEB, tong s goi tin c6 xu hudng
tang 1én nhanh khi tong s nit cam bién ctia mang tang 1én. Trong giao thic EENWB,
cac goi tin duoc uy nhiém phan phat, do d6 tong sé goi da giam di dang ké so v6i hai
giao thirc con lai dan dén giam chi phi bang thong, tranh xung dot géi tin.

Number of Transmissions
1600
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Téng so géi tin

600
——EMBA —-CEB EENWB
400

200

50 100 150 200
Tong so nut cia ciac kich ban mé phong

Hinh 1: Téng sé géi tin phéin phat cho cdc giao thire qudang bd
3.2. Nang lwong trung binh con lai

Danh gia nang luong con lai trong mang thé hién sy tbi uu, kha thi trong trién khai
mang cam bién khong day trong thyc té. Cac cam trong moi trudng trién khai ton tai cang
lau cang t6t. Ching toi da danh gia tong nang lwong con lai ciia cac giao thic sau khi két
thiic m6 phong. Nhu trong Hinh 2, nang lugng con lai cta céc giao thirc khong chénh l¢ch
nhau nhiéu. Trong d6 EENWB c6 ndng lugng trung binh con lai cao hon cac giao thirc
khac. Diéu nay c6 duogc 1a do cac nut di di vao trang thai ngii dé bao toan ning luong.

Average of resuadial energy

%
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Tong s6 nut cam bién cua cac kich ban

Hinh 2: Nang luong trung binh con lai cia cac giao thirc
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4. Két luan

Nghién ctru dinh tuyén goéi tin 1a mot trong nhitng ndi dung rt dwoc quan tam
trong mang cam bién khong day. Trong bai bao nay, chung t6i da téng két vé céc loai
giao thirc quang ba trong mang cam bién khdng day tir d6 danh gia va phan loai mot sé
loai giao thuc quang ba. Thong qua cac danh gia vé mot sé giao thirc dinh tuyén quang
ba nhu EMBA, CEB, EENWB, bai bao s& 1a co so ly thuyét cho cac nghién ctru, dé xuat
cai tién giup tang hiéu qua cho mang cam bién khéng day va cai tién giao thic dinh
tuyén quang ba dya vao téi uu cau trdc lién két caa cac nit cam bién.
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SUMMARY

BROADCAST ROUTING
IN WIRELESS SENSOR NETWORK
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The wireless sensor networks are interested in research and widely applied in
some fields such as industry, agriculture, medical, military, and transportation.
Broadcasting is an important application of wireless sensor networks. This paper has
analyzed, classified and evaluated some broadcast approaches in wireless sensor
networks. Based on the analysis and survey of broadcast routing protocols, the paper
has built a simulation scenario in the NS2 network simulation to evaluate and compare
the performance of some protocols such as EMBA, CEB and EENWB. These results
are the theoretical basis for research and proposal to improve the efficiency of wireless
sensor networks.

Keywords: Wireless sensor network; broadcast routing; throughput.
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