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LOI NOI PAU

Trong nhitng nam gén day, do su tién bod cua khoa hoc k¥ thuat, viéc san Xuét
cac thiét bi cam bién nhoé va chi phi thip tré nén kha thi vé mit k¥ thuat va mat kinh
té. Viéc thiét ké va thuc hién c6 hiéu qua mang cam bién khong day tr¢ thanh linh vyc
thu hut duoc nhiéu sy quan tdm vi tiém ning Gng dung ciia mang cam bién trong cac
linh vuc trong doi sébng hang ngdy nhu trong y té, trong cong nghiép, trong quin
su...Tuy vay, viéc thiét ké va thuc hién c6 hiéu qua mang cam bién khong day phai
d6i mat voi rat nhidu thach thirc, mot trong nhiing thach thirc 16n nhat trong mang cam
bién 1a ngudn ning luong bi gidi han va khong thé nap lai, chinh vi thé hién nay réat
nhiéu nghién ctru dang tap trung vao viéc cai thién kha niang sir dung hiéu qua ning

lugng cua toan mang.

Xuat phat tir nhitng phat tir nhitng yéu cau thuc té do, dé tai “Pdnh gid mgt so
giao thirc trong mang cam nhan khong ddy bang mé phéng NS2” thyc hién viéc gidi
thiéu mot cach tong quan vé mang cam bién khong day, cic giao thirc cling nhu céc
giai thuat dinh tuyén thuong dugc ding: LEACH, LEACH-C, MTE, STAT-
CLUSTER, d6ng thoi str dung phan mém NS-2 dé mé phong, danh gia 4 giao thic do.

Do an gdm c6 3 chuong:

Chuwong 1: Téng quan vé mang cam bién khong day (WSN): dua ra dinh nghia,
ciu tric mang WSN, céac yéu to anh huéng dén céu tric mang WSN, céc thach thirc

ma mang WSN phai d6i mit.

Chuwong 2: Dinh tuyén trong mang cam bién khong day: dua ra cac van dé phai
d6i mat khi dinh tuyén, dua ra cac giao thirc dinh tuyén dang duoc ding trong mang
cam bién va trinh bay cach phan loai cac cach tiép cin véi van dé nay. Ba loai dinh
tuyén chinh duoc dua ra trong chuong nay 1a giao thire trung tam dir liéu, giao thic

phén cap va giao thuc dya vao vi tri.

Chwong 3: M6 phong mot s6 giao thic dinh tuyén va danh gia két qua: Khai
quat vé phan mém mo phong mang NS-2 va xdy dung mé hinh phidn mém mé phong
cho céc giao thirc mang. Phan tich va nghién ciru cic vin dé vé ning luong, thoi gian

song, dir liéu truyén va thdi gian tré trén tram goc.
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DANH SACH TU VIET TAT
Chir viét tat Chir day du Nghia tiéng Viét
ACK Acknowledgement Ban tin phuc dap
ADC Analog-to-Digital Converter B6 chuyén d6i twong tu - S6
ADV Advertise Ban tin quang ba
A0A Angle of Arrival Goc dén
BS Base Station (Sink) Tram gdc
CDMA Code Division Multiple Access Da truy nhap phan chia theo ma
DD Directed Diffusion Truyeén tin truc tiép
EDD Enhanced Directed Diffusion Truyén tin truc tiép nang cao
GAF Geographic adaptive fidelity Giai thuat chinh xac theo dia ly
GEAR Geographic and Energy-Aware Pinh tuyén theo ving dia ly st
Routing dung hi¢u qua nang lugng
GPS Global Positioning System Hé thdng dinh vi toan cau
LEACH Low-energy adaptive clustering Giao thirc phan cap theo cum
hierarchy thich img nang luong thap
MAC Media Access Control Piéu khién truy nhap méi truong
PEGASIS Power-efficient Gathering in Téng hop ning luong trong cac
Sensor Information Systems hé thdng théng tin cam bién
QoS Quality of Service Chat lugng dich vu
REQ Request Ban tin y&u cau
RSS Received Signal Strength D6 manh tin hiéu thu dugc
RSSI Received Signal Strength Bo chi thi @6 manh tin hiéu thu
Indicator duogc
SAR Sequential Assignment Routing ~ Binh tuyén phan phéi tuan ty
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SMP

SPIN

SQDDP

TADAP

TCP

TDMA

TEEN

ToA
UDP

WINS

WSN

Sensor Management Protocol

Sensor protocols for information

via negotiation

Sensor Query and Data

Dissemination Protocol

Task Assignment and Data

Advertisement Protocol
Transmission Control Protocol

Time Division Multiple Access

Threshold sensitive Energy

Efficient sensor Network protocol
Time of Arrival
User Datagram Protocol

Wireless Integrated Network

Sensors

Wireless Sensor Network

Giao thtrc quan Ii mang cam bién

Giao thac cho thong tin di li¢u
thong qua dam phan

Giao thirc phan phéi dit liéu va
truy van cam bién

Giao thurc quang ba dir liéu va chi

dinh nhiém vu cho tirng cam bién
Giao thirc diéu khién truyén dan
DPa truy nhap phan chia theo thoi
gian

Giao thuc hiéu qua vé nang luong
nhay cam véi mac ngudng

Thoi gian dén

Giao thuc goi dir liéu nguoi dung
Cam bién mang tich hop khong
day

Mang cam bién khong day
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CHUONG 1: GIOI THIEU VE MANG CAM BIEN KHONG DAY

1.1. Gidi thiéu
Mang cam bién khdng day (WSN - Wireless Sensor Network) 1a mang c6 hai

chirc nang: mang va cam nhan théng tin tir moi truong.

Mang WSN c6 dic diém céc nat lién két véi nhau bang két ndi séng vo tuyén
trong d6 cac nut mang thuong la cac thiét bi don gian, nho gon, gia thanh thap ...
Mang loai nay c6 thé c6 sé lwgng 16n, duoc phan bé mot cach khéng co hé thong trén
mét dién, sir dung nguon ning luong han ché, cd thoi gian hoat dong lau dai khoang
vai thang dén vai nam, c6 thé hoat dong trong méi trudng khac nghiét nhu: chat doc, 6

nhiém, nhiét do ...

Céac nat mang thuong c6 chirc nang cam nhan, quan sat moi truong xung quanh
nhu nhiét do, 46 am, anh sang ... theo ddi hay dinh vi cac muc tiéu cé dinh hoac di
dong ... Cac nat giao tiép vai nhau va truyén dir liéu vé trung tam (base station) mot

céch gian tiép bang ky thuat da chiang (multi-hop).
1.2. Cau tric mang cam bién khong day

Cau trdc mang cam bién khong day can phai thiét ké sao cho sir dung c6 hiéu
qua ngudn tai nguyén han ché ciia mang, kéo dai thoi gian séng cia mang. Vi vay thiét

ké cau tr(ic mang va kién tric mang phai can phai quan tim dén cac yéu t6 sau:

- Giao tiép khong day da ching: Khi giao tiép khong day 1a ki thuét chinh, thi
giao tiép truc tiép giira hai nat s& ¢ nhiéu han ché do khoang cach hay céc vat can.
Dic biét 1a khi nat phat va ndt thu cach xa nhau thi can céng suat phat 16n.Vi vay can
cac nat trung gian l1am nGt chuyén tiép dé giam cong suat tong thé. Do vay cac mang
cam bién khdng day can phai ding giao tiép da ching.

- Str dung hiéu qua ning luong: dé hd tro kéo dai thoi gian séng caa toan mang,
sir dung hiéu qua nang luong 1a ki thuat quan trong mang cam bién khong day.

- Tu dong cau hinh: Mang cam bién khong day can phai ciu hinh cac thdng sb
mot c&c tu dong. Chang han nhu cac nit c6 thé xac dinh vi tri dia Iy cua né théng qua

cac nat khac (goi la tu dinh vi).
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- Cong tac, xir ly trong mang va tap trung dir liéu: Trong mét sé ¢ng dung maot
nGt cam bién khong thu thap da dix liéu ma can phai c6 nhiéu ndt cing cong tac hoat
dong thi mai thu thap du dir liéu, khi d6 ma tirng ndt thu dit liéu giri ngay dén tram gdc
thi s& rat tén bang thong va nang luong. Can phai két hop céc dit liéu caa nhiéu nat
trong mot ving roéi méi guri tGi tram goc thi sé tiét kiém bang théng va ning luong.

Chang han nhu khi xac dinh nhiét d6 trung binh, hay cao nhat caa mét ving.
Do vay, cau tric mang dugc thiét ké s& phai thoa man:

- Két hop Van dé nang luong va kha nang dinh tuyén.

- Tich hop dir liéu va giao thirc mang.

- Truyén nang luong hiéu qua qua cac phuong tién khong day.

- Chia sé nhiém vu gitra cac nat lan can.

Cac nat cam bién dugc phan bé trong mot ving cam bién nhu hinh 1.1. Mdi
mot NGt cam bién c6 kha ning thu thap di liéu va dinh tuyén lai dén cac tram géc. Di
licu dugc dinh tuyén lai dén cac tram gbc bai mot cu tric da diém nhu hinh vé trén.
Céc tram gbc co thé giao tiép vai cac nat quan ly nhiém vy (task manager node) qua

mang Internet hoac vé tinh.

Nt quan Iy
nhiém vy

Ngudi dimg

/ Niit ¢im ting

Trutmg cam tmg
Hinh 1.1 Céu trdc mang cam bién khong day

C6 thé phan chia cau trdc cia mang cam bién thanh 2 loai: cau tric phang va

cau tric phan cap
1.2.1 C4u trac phing

Trong ciu trdc phang (flat architecture) (hinh 1.2), tit ca cac nat déu ngang

hang va ddng nhat trong hinh dang va chtic nang. Céc nut giao tiép véi tram goc qua
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da ching st dung cac nat ngang hang 1am bo tiép song. Véi pham vi truyén cé dinh,
c4c nut gan tram gbc hon s& dam bao vai tro cua bo tiép song d6i voi mot sé lugng 16n
ngudn. Gia thiét rang tit ca cac ngudn déu dung cling mot tan sb dé truyén di liéu, vi
vy c0 thé chia sé thoi gian. Tuy nhién cach nay chi c¢6 hiéu qua voi diéu kién 1a c6

ngudn chia sé don 1¢, vi du nhu thoi gian, tan sb. ..

Hinh 1.2 Cau tric phang
1.2.2 CAu truc phan cap

Trong cau tric phan cap (tiered architecture) nhu hinh 1.3, mang phan thanh cac
cum, mdi cum ¢d nat chi cum (cluster head). Cac nit trong cum thu thap dit liéu, rdi

gui don chang hay da chang téi nat cha cum (tuy theo kich thudc cua cum).

Hinh 1.3 Céu trdc phan cap

Trong cau triic nay cac nit tao thanh mot hé thong cap bac ma o dé mdi nit ¢
moét mirc xac dinh thuc hién cac nhiém vu di dinh sin. Trong cu tric phan cap thi
chic nang cam nhan, tinh toan va phan phdi dit liéu khong dong déu giita cac nit.
Nhitng chtrc ning nay c6 thé phan theo cip, cap thip nhét thuc hién tit ca nhiém vu
cam nhan, cap giira thuc hién tinh toan, va cap trén cung thuc hién phan phdi dit liéu
(hinh 1.4)
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Cap 2! phan phdi é —

Hinh 1.4 Céu tric mang phan cip chirc ning theo 16p

Cac nhiém vu xéac dinh c6 thé dugc chia khong déng déu gitra cac 16p, vi du
mdi 16p ¢ thé thuc hién mot nhiém vu xac dinh trong tinh toan. Trong truong hop
nay, cac nut & cap thap nhat déng vai trd mot bo loc thong dai don gian dé tach nhidu
ra khoi dir liéu, trong khi d6 cac nat & cip cao hon ngirng Vviéc loc dit liéu nay, va thuc

hién cac nhiém vu khac nhu tinh toan, phan phdi di liéu.

Mang cam bién xay dung theo céu trdc phan cip hoat dong hiéu qua hon cu

tric phang, do céc Iy do sau:

- Cau tric phan cap c6 thé giam chi phi chi mang cam bién bang viéc dinh vi
C4C tai nguyén & vi tri ma chiing hoat dong hiéu qua nhat. R3 rang 1a néu trién khai céac
phan cting thong nhat, mdi nat chi can mot luong tai nguyén tbi thiéu dé thyc hién tat
ca cac nhiém vu. Vi s6 luong cac nit can thiét phu thuoc vao ving phu séng xac dinh,
chi phi cua toan mang vi thé s& khong cao. Thay vao d6, néu mot s lwong Ién céc nit
c6 chi phi thap duoc chi dinh 1am nhiém vu cam nhan, mét s lwong nho hon cac nuat
¢6 chi phi cao hon dugc chi dinh dé phan tich dix liéu, dinh vi va dong bo thoi gian, chi

phi cho toan mang sé giam di.

- Mang céu tric phan cap sé& c6 tudi tho cao hon mang phang. Khi can phai tinh
toan nhiéu thi mot bo xir ly nhanh s& hiéu qua hon, phy thudc vao thoi gian yéu cau
thuc hién tinh toan. Tuy nhién, véi cac nhiém vu cam nhan can hoat dong trong
khoang thoi gian dai, cac nat tiéu thy it nang luong phd hop véi yéu cau xu Iy toi thiéu
s& hoat dong hiéu qua hon. Do vy véi cau trdc phan cip ma cac chirc ning mang phan
chia giita cac phan cting da duoc thiét ké riéng cho ting chirc ning sé 1am tang tudi

tho ctia mang.
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1.3. Cac dic trung ciia mang cam bién khoéng day
1.3.1 Nang lwong tiéu thu

Cac ung dung trong mang cam bién khong day thuong doi hoi cac thanh phan
c6 cong suat tiéu thu thap hon rat nhiéu so véi céc cong nghé khdng day hién tai (nhu
Bluetooth). Vi du nhu cac cam bién ding trong cong nghiép va y té dwoc cung cap
ning lwong tir nhitng cuc pin nho, c6 thé séng dugc vai thang dén vai nim. Véi cac
ing dung theo ddi moi trudng, khi ma sé lwong I6n cam bién duoc rai trén dién tich rat
rong thi viéc thudng xuyén phai thay pin dé cung cap nguon ning luong 1a diéu khong
kha thi. Chinh vi thé trong mang cam bién khong day, ngoai viéc quan 1y ning luong

dé sir dung mot cach hiéu qua nhat can két hop céac thuat toan dinh tuyén tdi wu.
1.3.2 Chi phi

Khi thiét ké mot (ing dung khong day thi gia thanh ciing 1a mot yéu té chinh can
duoc quan tdm. Dé cd thé dat duoc muc tiéu nay thi khi thiét ké cau hinh mang va giao
thic truyén thong can tranh sir dung cac thanh phan dat tién va téi thiéu hoa do phic
tap cua giao thuc truyén thong. Trong mang cam bién, sé luong cac nit mang sir dung
la kha I6n va khi chi phi dé san xuat tirmg nat con duoc giam di thi gia thanh cua toan
bo hé théng giam di dang ké. Hién nay trong cac (ing dung co ban cac nlit mang cé gia
khoang 5-10USD.

Ngoai cac yéu t trén thi mot phan kha lén tac dong toi gia thanh d6 1a chi phi
quan tri va bao tri hé thong. Mang cam bién khong day di lam t6t hai chic ning co
ban d6 1a tw cAu hinh va tu bao tri. Ty c4u hinh c6 nghia 13 ty dong do tim vj tri cac nat
lan can va to chic thanh mot cau trac xac dinh. Tu bao tri c6 nghia 1a tu dong phat
hién va sira 16i néu phét sinh trong hé thdng (¢ cac ndt mang hoic cac lién két giira cac
nGt) ma khong can sy tac dong cua con ngudi. Vi cac tinh nang vu viét nay thi mang
cam bién khong day ngay cang to rd nhimg wu viét cia minh.

1.3.3 Loai hinh mang

Véi mot s6 ung dung don gian trong pham vi hep thi mang hinh sao (star
network) c6 thé dap tmg dugc cac yéu cau truyén nhan va xi ly dix liéu. Trong mang
hinh sao, 1 nit s& dong vai tro nut chi cac nat con lai 1a nat con két néi tgi nit chu.

Tuy nhién khi mang dwgc mé rong thi ciu trac hinh sao don thuan s& khéng dap ung
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dugc, mang s& phai ¢6 cau hinh da ching (multi-hop). CAu hinh nay s& doi hoi nhiéu
tai nguyén bo nhd va xur 1y tinh toan hon do mat do cua cac ndt mang tang va dién tich

cua mang dugc phu trén mot pham vi 16n.
1.3.4 Tinh bao mat

Trong céc ung dung cua mang cam bién khong day thi tinh bao mat rat quan
trong, dac biét 1a cac ung dung trong quan sy. Khdng gidng nhu cac mang c6 day rat
kho c6 thé lay duoc thong tin khi truyén di giita 2 d6i twong, khi truyén tin hiéu khong
day duoc truyén di trong khong gian va c6 thé duoc thu lai boi bat ky ai. Nhitng moi
hiém hoa khong chi 1a viéc danh cip théng tin ma con & chd nhimg thong tin d6 c6 thé

bi chinh sira va phat lai dé phia thu nhan dugc nhiing thong tin khéng chinh xac.

Nhu vay bao mat trong mang cam bién khdng day can dam bao cac yéu to: dix
liéu dwoc ma hda, c6 ma xac thuc va nhan dang gitra ngudi giri va nguoi nhan. Viéc
nay s& dugc thuc hién két hop giita ca phan mém va phan cing bang viéc ma hoa cac

tap tin, diéu chinh céc bit thong tin, thém céc bit xé4c thyec...

Cac chuc nang nay s& lam tiéu tén thém tai nguyén cua hé thong vé mat ning
luong va bang thong tuy nhién bao mat 1a mot yéu té bat budc trong truyén tin. Do vay

can dat duoc su can bang giita 2 yéu té nay dé dam bao cho hé thong t6i wu nhat.
1.3.5Po tré

Céc ung dung thong thuong caa mang cam bién khong c6 yéu cau cao vé thoi
gian thyc khi truyén ma chii yéu cha trong vao chat lugng ngudn tin (trir mot s6 truong
hop dic biét nhu hé thdng béo chay). Tuy nhién trong mot mang luéi khé 16n, cac
thong tin ciia cac nat con dwoc tap hop & mot nat cha dé xir 1y va dua vé tram trung
tam thi yéu t6 dong bo hoa 1a rat quan trong.

1.3.6 Tinh di dong

Nhin chung cac ang dung trong mang cam bién khong day khong doi hoi tinh di
dong nhiéu vi khi trién khai cac nit mang thudong & cac vi tri ¢ dinh. Cac phuong
thirc dinh tuyén trong mang cam bién khong day ciing don gian hon so véi cac mang
ad-hoc khac (nhw MANET).
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1.4 Nhirng khé khin trong viéc phat trién mang khong day

Tuy rang mang cam bién khdng day c6 rat nhiéu wu diém va tng dung hitu ich,
nhung khi trién khai trén thuc t& s& gap phai mot sé han ché va kho khin vé mat ky
thuat. Khi ndm rd duoc nhitng khé khin nay ching ta s& c6 diéu kién dé cai tao nham

t6i wu hon nira.
1.4.1 Gi6i han nang lwgng

Thong thuong, céc thiét bi trong mang cam bién khong day thuong st dung cac
ngudn ning lwong c6 san (pin). Khi sé lwgng ndt mang 1a 16n, yéu cau tinh toan la
nhiéu, khoang cach truyén 16n thi s tiéu thu ning luong l1a rat 16n. Chinh vi vay can
tim céc giai phap dé co thé t6i uu viéc xu Iy & truyén dir liéu véi mot nang luong ban
dau caa cac nat nham kéo dai thoi gian séng cho mang.

1.4.2 Giéi han vé giai thong

Hién nay toc do truyén thdng vo tuyén bi gigi han trong téc d6 khoang 10-100
Kbits/s. Sy gigi han vé dai thdng ndy anh huong truc tiép dén viéc truyén thong tin
gitra cac nut.

1.4.3 Giéi han vé phan cing

Yéu cau ciia mang cam bién khong day 1a kich thudc ciia cac ndt phai nho vi co
mot s6 ung dung doi hoi phai trién khai mét sé lwong 16n cac nit trén mot pham vi hep.

Diéu nay da han ché vé niang luc tinh toan ciing nhu khong gian luu trix trén mdi ndt.
1.4.4 Anh hwéng cia nhiéu bén ngoai

Do trong mang cam bién khong day sir dung duong truyén vo tuyén nén bi anh
huong bai nhitng can nhidu bén ngoai, c6 thé bi mat mat hoic sai léch thong tin khi

truyén tir nat vé tram géc.
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CHUONG 2: PINH TUYEN TRONG MANG CAM BIEN KHONG DAY

2.1 Cac van @@ can hru y @6i véi giao thire dinh tuyén
2.1.1 Pic tinh thay déi thoi gian va trat tw sap xép caa mang

Cac nat cam bién hoat dong véi su gii han vé kha ning tinh toan, luu trit va
truyén din, dudi rang budc vé ning luong khat khe. TOy thudc vao tng dung, mat do
cac nat cam bién trong mang c6 thé tir thua thét dén rat day. Hon nita trong nhiéu ng
dung s6 lwong cac nut cam bién c6 thé 1én dén hang tram, tham chi hang ngan nut
dugc trién khai tiy y bao pha mét ving rong Ién. Trong mang nay, dic tinh cua céc
cam bién 1a co tinh thich nghi dong va cao, cac yéu cau tu t6 chic va bao toan ning

lwgng budc cac nt cam bién phai diéu chinh lién tuc dé thich tng hoat dong hién tai.
2.1.2. Rang bugc veé tai nguyén

Cac nat cam bién duoc thiét ké voi do phtc tap nho nhat cho trién khai trong
pham vi 16n dé giam chi phi toan mang. Ning luong 1a mdi quan tdm chinh trong
mang cam bién khong day, 1am thé nao dé dat duoc thoi gian séng kéo dai trong khi
cac n(t hoat dong véi su giéi han vé ning luong du trir. Viéc truyén géi da chiang
(multihop) chinh 1a ngudn tiéu thu nang lugng chinh trong mang. Viéc giam ning
luong tiéu thu c6 thé dat duoc bang cach diéu khién ty dong chu ky niang lwong cua
mang cam bién. Tuy nhién van d& quan 1y ning luong di tré thanh mot thach thuc

chién Iuoc trong nhiéu (g dung quan trong.
2.1.3 M6 hinh dir liéu trong mang cam bién

M6 hinh dit liéu md ta ludng thong tin gira cac nat cam bién va cac tram goc.
M6 hinh nay phu thudc nhiéu vao ban chat cua tng dung, cac dir liéu dugc yéu cau va
st dung. C6 mot vai mo hinh dir lidu duge dé xuat nham tap trung vao yéu ciu tuong

tac va nhu cau tap hop dit liéu cua cac tng dung khéc nhau.

Mot loai tng dung cua mang cam bién 1a mé hinh thu thap dir liéu dua trén viéc lay
mau theo chu ky hay su xay ra cua sy Kién trong méi trudng quan sat. Trong cac tng
dung khac dir lidu co thé duogc lay va luu trir hodc c6 thé dugc xu ly, tap hop tai mot
nut trudc khi chuyén tiép dir liéu dén tram goc. Mot loai thir 3 d6 1a mé hinh di liéu

tuong tac hai chiéu gitta cac ndt cam bién va tram géc.
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2.1.4. Cach truyén dix liéu

Cac truy van va dir liéu duoc truyén giita cac tram gbc va cac vi tri quan sat
hién twong 12 mot khia canh quan trong trong mang cam bién khong day. Mot phuong
phép co ban dé thyc hién viéc nay 1a mdi nat cam bién c6 thé truyén dit liéu truc tiép
dén tram gdc. Tuy nhién phuong phap dua trén ki thuat don ching cé chi phi rat dat
va c4c nit ma xa tram gdc thi s& nhanh chdng bi tiéu hao ning luong va do d6 l1am

giam thoi gian séng cia mang.

Nham giam thiéu I8i cua phuong phap nay thi dit liéu trao doi giira cac nut cam
bién va tram gdc c6 thé duogc thuc hién bang viéc s dung truyén géi da ching qua
pham vi truyén ngan. Phuong phéap nay tiét kiém niang luong déng ké va ciing giam
dang ké sy giao thoa truyén dan giita cac nat khi canh tranh nhau dé truy cap kénh, dic

biét 1a trong mang cam bién khong day mat do cao.

DPé dap rng Ccéc truy van tir cac tram goc hodc cac su kién dac biét xay ra tai
moi trudng thi dit liu thu thap dugc s& duoc truyén dén cac tram gbc théng qua nhiéu

duong dan da ching.

Trong dinh tuyén da chiang cua mang cam bién khong day, cac ndt trung gian
dong vai tro chuyén tiép dir liéu gita ngudn va dich. Viéc xac dinh xem tap hop céc
n(t ndo tao thanh duong dan chuyén tiép dit liéu gitta ngudn va dich 1a mot nhiém vu
quan trong trong thuat toan dinh tuyén. N6i chung viéc dinh tuyén trong mang kich
thuéc 16n von da 1a mot van dé kho khian, cac thuat toan phai nham vao nhiéu yéu cau
thiét ké thach thic bao gom s chinh xéac, 6n dinh, téi wu hoa va cha ¥ dén su thay doi

cuia cac théng sd.

V6i dic tinh bén trong cua mang cam bién bao gém sy rang budc vé dai thdng va
ning luong di tao thém thach thirc cho cac giao thire dinh tuyén Ia phai nham vao viéc thoa
mé&n yéu cau vé luu luong trong khi van mé rong duoc thoi gian song cua mang.

2.2 Céc giao thire dinh tuyén trong mang cam bién khong day

C6 nhiéu cach phan loai cc giao thirc dinh tuyén trong WSN nhu: phan loai theo

cau truc, phan loai theo hoat dong, phan loai theo cach thic ma ngudn tim téi dich.

Sinh vién: D6 Pirc Hung - Lép CT902 15 Truong PHDL Hai Phong



Bdo cdo do dan tot nghiép

2.2.1 Céc giao thirc xét theo cau tric mang
2.2.1.1 Giao thire dinh tuyén ngang hang

Giao thire dinh tuyén ngang hang (Flat Routing) 1a loai dau tién ké dén khi xét
cac loai giao thirc dinh tuyén. Trong mang ngang hang mdi nat cam bién c6 mot vai
trd giéng nhau va cac nit cam bién két hop véi nhau dé thuc hién nhiém vu cia mang.
Cac giao thuc: SPIN va directed diffusion 1a cac giao thicc dya trén dinh tuyén tap
trung dix lidu va tiét kiém nang luong théng qua viéc tich hop dit liéu va loai bo sy du
thura dir liéu.

Giao thwc SPIN

SPIN (Sensor Protocol for Information via Negotiation) dua trén y tuong la dat
tén dit liéu sir dung ky hiéu mé ta & mirc d6 cao hay con goi 1a théng tin vé dir liéu
(meta-data). Trugc khi truyén, thong tin vé dir liéu duoc trao ddi gitra cac nat qua mot
co ché thdng bao dir lidu, d6 chinh 1a dic diém chinh cia SPIN. M&i mot ndt nhan di
liéu mai, thdng béo téi cac nit 1an can cia n6 va cac ndt 1an can quan tam dén dir lidu
nay, vi du nhu cic niit ma khong co dir liéu, lay duoc dit liéu nho giri ban tin yéu cau.
Sy dan xép céc thong tin vé dix liéu caa SPIN giai quyét duoc cac van dé cua flooding
nhu 13 thong tin du thira, chong chéo cac ving cam nhan, vi vay dat dugc hiéu qua vé

mat nang luong.

C6 3 ban tin duoc xac dinh trong SPIN diing dé trao doi dit liéu giita cac nut, d6
la ban tin ADV cho phép cac nit thdng bao mot meta-data cu thé, ban tin REQ dé yéu
cau cac dir liéu dac biét va ban tin DATA dé mang thong tin thuc. Hinh 2.1 tong két lai
cac qua trinh cua SPIN.

NGt A bat dau quang ba dix liéu téi nat B (a). NGt B tra 1oi bang cach gui yéu
cau téi nat A (b). NGt B nhan dit liéu yéu cau tir nat A (). NGt B phéat ban tin quang ba

dén cac nit 1an can (d), sau d6 cac nit nay gui yéu cau lai cho B (e-f)
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Hinh 2.1 Co ché ctia SPIN

Giao thirc truyén tin truc tiép

Giao thirc truyén tin truc tiép (Directed Diffusion) st dung luoc d6 tap trung dir
liéu va cac nut déu biét vé tng dung. Tt ca céc dir liéu phat ra bai nat cam bién dugc
dat tén stir dung céc cap gia tri thudc tinh va sir dung qua trinh xu li trong mang nhu
tich hop dix liéu (aggregation). Giao thic nay loai bo sy du thira dir liéu nho qua trinh
xur I noi mang, va tbi thiéu sé lan truyén nén tiét kiém dugc nang luong, kéo dai thoi
gian séng ciia mang. Hinh 2.2 mé ta c4c qua trinh dién ra trong mang khi dung giao

thic Directed Diffusion.

Ban dau tram gdc tao ra mot yéu cau duogc xac dinh ding cac cap gia tri thuoc
tinh nhu 13 tén vat thé, vi tri dia ly, khoang thoi gian... Cac thong tin ndy duoc phat
quang ba thong qua cac ndt trung gian dén ngudn. Mdi mot nlt nhan duoc thong tin do
sé& gitr lai dé so sanh dit liéu nhan duoc véi gid tri trong thong tin d6. Cac thong tin nay
cling bao gdm cac trudng gradient. Gradient 1a duong tra 1oi dén ndt 1an can tir noi ma
nhan duoc thdng tin yéu cau. N6 dugc mo ta boi toe do dir liéu, khoang thoi gian va
thoi gian man han nhan dugc tir cac thong tin yéu cau. Vi thé nhd viéc sir dung cac
thong tin yéu cau va gradient thiét lap duoc cac duong truyén giira tram gdc va cac
ngudn. Tram géc giri lai cac ban tin goc qua nhimg dudng da dwoc chon voi khoang
thoi gian gitra hai sy kién ngan hon vi vay ting cuong nit nguén trén dudng dé dé gui

dir liéu déu dan hon.
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Hinh 2.2 Cac pha trong Directed Diffusion
Giao thirc GBR

Giao thuc GBR (Gradient based Routing) la giao thac chinh sira cua Directed
Diffusion. Y twéng cua giao thirc nay 1a luu sb chang khi phan tan qua mang. Do do,
mdi nat co thé tim ra s6 chang tdi thiéu tgi Tram goc (khoang céch téi Tram gdc). Su
khac nhau giita khoang céch téi Tram gdc cua ndt va caa nat 1an can duoc xem xét
trong gradient trén két ndi d6. Mot goi duoc chuyén tiép trén két ndi do vai gradient
I6n nhat. Trong giao thac nay c6 thé dung mot s6 ki thuat nhu tich hop dir liéu va phan

tan luu luong (traffic spreading) dé chia déu thong lugng trén toan mang.
2.2.1.2 Céc giao thirc phan cap

Trong kién tric phan cip, cac nit c6 vai tro khac nhau: cac nat c6 ning lwong
cao hon duoc sir dung dé xir ly va giri thong tin trong khi cac nut c6 nang lwong thap
duoc st dung dé cam nhan, thu thap dit liéu. Piéu ndy c6 nghia 1a tao ra cac cluster va
chi dinh cac nhiém vu dic biét cho cac nat chi cum (NGt ma c¢6 nhiéu ning luong).
Muc dich chinh cta dinh tuyén phan cap 1a dé duy tri hiéu qua viéc tiéu thu ning
lugng cua cac nat cam bién bang viéc dat ching trong giao tiép da ching trong mot
cum cu thé va bang viéc thuc hién tap trung va hop nhat dix liéu dé giam sé ban tin
duogc truyén dén tram goc. Sy hinh thanh cac cum chu yéu dua trén ning lwong du trit

cua nut va vung lan can caa nut so véi cac nut cha cua cum.
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Phan nay s& trinh bay mot sé giao thuc tiéu biéu trong loai giao thic dinh tuyén

phan cap.
2.2.1.2.1 Giao thiwc LEACH

LEACH (Low-energy adaptive clustering hierarchy) la mét trong sé nhiing
cach tiép can dinh tuyén phan cip dau tién cho mang cam bién .Y tuéng 1a dé hinh
thanh cac cum ndt cam bién dya vao cudng do tin hiéu nhan va dung cac nat cha caa
cum nhu 13 céc router dén cac tram géc. Viéc nay sé tiét kiém ning lwong vi qué trinh
truyén chi c6 thé thuc hién bang cac nat chu cua cum thay cho viéc st dung tat ca cac
nGt cam bién. S6 lugng céc nat cha téi wu ctia cum 1a vao khoang 5% tong sb lwong

cac nut.

Trong giao thitc LEACH, nho viéc lya chon ngau nhién mét sé nat 1am ndt cha
cum va sau d6 quay vong vai tro nit chi cum cho cac nat khac trong cum, do do viéc
tiéu hao nang luong khi lién lac vai tram gbe duoc trai déu cho tat ca cac nat cam bién
trong mang. Nhd d6 gop phan vao viéc kéo dai thoi gian sdng cho mang. Qué trinh
hoat dong ciia LEACH duoc chia thanh hai pha la pha thiét 1ap va pha 6n dinh. Thoi
gian cua pha 6n dinh kéo dai hon so vai thoi gian cua pha thiét lap dé giam thiéu phan
diéu khién.

Pha thiét lap

Céc cum duoc hinh thanh va cac nat cha cum dwoc lva chon. Cac nit cha duoc
lya chon nhu sau:M&i ndt cam bién lwa chon mot s6 ngau nhién gitra 0 va 1. Néu sd
nay nho hon ngudng T(n) thi nGt cam bién la nit chu. T(n) duoc tinh nhu sau:

p
1-p*(rmodl/p) K&, neG

T(n)=

T(n)=0 con lai
Trong d6
p: ti I& phan trim nut chi
r: chu ki hién tai

G: tap hop cac nut khéng duoc lya chon 1am ndt cha trong 1/P chu ki cudi.
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MJdi nat chi cum duoc lua chon s& truyén théng tin quang béa cho céc ndt con
lai trong mang ban tin théng b&o rang chidng Ia nGt chu cum méi. Cac nat con lai
khong 1a nat chu, khi nhan duoc ban tin quang ba, ching s& quyét dinh ching thuoc vé
cum cua nat cha ndo. Quyét dinh nay duya trén d6 manh cua tin hiéu caa ban tin quang
ba cac nut cha cum phat di ma ching nhan dugc. Cac nut khéng phai cha cum nay sé
théng bao cho nat chi cum rang ching sé& thuéc vé cum ndo. Sau khi cac nat cha cum
nhan duoc hét cac thdng bao cua cac nit thudc vé cum cua chling, cin cir vao sé nut
trong cum, nit chu cum s& chi dinh thoi gian ma cac ndt trong cum gui dit liéu dén cho
no dua trén TDMA.

Pha 6n dinh

Cac nut bat dau thu thap dir liéu va gui dix liéu dén cac ndt cha cum. Cac nat
chu cum sg& tich hop dit liéu caa cac ndt trong cum giri dén trude khi giri dit lidu dén
Tram gdc. Sau mot khoang thoi gian trong pha 6n dinh, mang s& tré lai pha thiét 1ap va
vao budc lya chon ndt chu cum mai.

Cac n(t c6 thé nging hoat dong ngau nhién va cac cum dong sé 1am ting thoi
gian song cia mang. Tuy nhién LEACH dung dinh tuyén don diém, céc nit c6 thé
truyén truc tiép dén cac nit chu va tram goc. Vi thé n6 s& khong thich hop véi mang
ma trién khai trén dién rong. Hon nita, y tuéng vé cac cum dong doi hoi s6 lwong mao

dau 16n, vi du nhu cac su thay doi ndt chi, quang ba...
2.2.1.2.2 Giao thwc PEGASIS

PEGASIS (Power-efficient Gathering in Sensor Information Systems) la giao
thire cai tién 1én tir LEACH. Thay vi viéc hinh thanh cac cum, PEGASIS tao thanh
chudi tir cac nit cam bién dé mdi nut truyén va nhan tir nt 1an can va chi c6 mot nat
dugc chon tir chudi d6 dé truyén dén tram gdc (tram géc). Dix liéu tap hop duoc truyén
tir NGt nay sang nut kia, tap trung lai va dan dan truyén dén tram géc. Vi du nhu hinh
2.3. NGt cO0 truyén dit liéu cua né dén nit c1. NGt ¢l tap hop di liéu cua nat cO va di
liéu cia nd, sau d6 truyén dén nat chinh. Sau khi nat c2 chuyén thé bai cho nit ¢4, nat
c4 truyén dir liéu caa nd cho nat ¢3. NGt ¢3 tap hop dir liéu caa ¢4 véi dix lidu cua
chinh n6 va sau d6 truyén dén nat chinh. NGt ¢2 doi dé nhan dix liéu tir ca hai nat 1an
can va sau d6 tap hop dit liéu cua nd voi dit liéu cua cac nat 1an can. Cudi cung, c2

truyén maot ban tin dén tram géc.
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v

Tram gdc

Hinh 2.3 Chudi trong PEGASIS

Su khéc biét so véi LEACH 1a ¢ chd dung dinh tuyén da ching bang viéc hinh
thanh chudi va va chon mdi mét nat dé truyén dén tram gdc thay cho ding nhiéu nt.
Dung PEGASIS sé giai quyét duoc van dé vé mao dau gay ra béi viéc hinh thanh cac
cum dong trong LEACH va giam dugc sé lan truyén va nhan bang viéc tap hop dit
liu. Tuy nhién PEGASIS lai c6 do tré duong truyén Ion ddi véi cac nlt ¢ xa trong
chudi, vi vay ciing kho ap dung cho mang c6 quy md Ién, sé nat cam bién 16n. Hon

nira & Nt chinh c6 thé xay ra hién twong thit c6 chai.
2.2.1.2.3 Giao thwrc hiéu qua nang lwong cam nhan mirc nguwéng

Giao thtc hiéu qua nang lwong cam nhan muc nguong TEEN (Threshold-
sensitive Energy Efficient sensor Network protocol) dugc dua ra cho cac ng dung
phu thudc thoi gian. Trong giao thirc ndy cac nit cam bién lién tuc cam nhan moi
truong, nhung gui dit liéu khong thuong xuyén. Nt chu cum guai cho cac thanh vién
trong cum cua né mét giéd tri ngudng cang (hard threshold)- la gié tri ngudng cua
thudc tinh duoc cam nhan va mot gia tri ngudng mém-1a luong thay déi nho vé gié tri
cua thudc tinh 1am cho ndt chuyén sang ché do phat dix lidu. Gia tri ngudng cung 1a dé
giam su truyén dan bang céach chi cho phép nit truyén khi thudc tinh cam nhan trong
mot pham vi thich hop. Ngudng mém dé giam thém nita sé lan truyén dan khi co sy
thay doi rat it cia thugc tinh can do (khi su thay doi nhé hon ngudng mém thi khéng
truyén dir liéu). Gié tri ngudng mém cang nho thi d6 chinh xac cua mang cang cao,
nhung chi phi ning lugng ciing ting. Do d6 can phai hai hoa giita do chinh xéac va su
tiéu thu nang luong. Khi cac nit cha cum thay doi, cAc gia tri ngudng sé& thay doi va

duoc broadcast. Hoat dong cua TEEN duoc thé hién trong hinh vé 2.4.
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Hinh 2.4 Time line cho hoat dong cia TEEN

Nhuoc diém chinh cua giao thirc nay 1a néu cac nit khéng nhan duogc céc gia tri
ngudng cta ndt chu cum giri t6i thi nat nay s& khong giri dir lidu, vi user s& khong thé
nhan dir liéu todn mang. Ngoai ra, né con kho phan dinh khe thoi gian khi tat ca cac
nut déu bat bo phat va gui dit lidu cing lic va khdng phan biét duoc nit bi hu hong

hay n6 khdng cam nhan duoc su thay di 16n gia tri thuoc tinh.
2.2.1.3 Giao thire dinh tuyén dwa theo vi tri

Trong loai giao thirc ndy, vi tri cac nat dwoc sir dung dé dinh tuyén dir liéu. Cac
nGt cam bién dugc danh dia chi theo vi tri caa ching. Khoang cach giira cac nat duoc
udc tinh dira theo cudng d6 tin hiéu thu duoc. Vi tri cua cac nat ¢d thé thu duoc bang
cach trao d6i cac ban tin giira cac nat 1an can hoic lay truc tiép thong qua hé thong
dinh vi toan cau. Néu nat dugc trang bi mét bo thu GPS cong suat nho. Viéc ding
thong tin vi tri vao dinh tuyén gép phan st dung hiéu qua ning luong va tiét kiem

nang luong cho toan mang.
2.2.1.3.1 Giao thiac GAF

Giao thuc GAF ( Geographic Adaptive Fidelity) dwa trén vi tri c6 hiéu qua vé
mit ning luong duoc thiét ké chu yéu cho cac mang ad-hoc di dong, nhung ciing co
thé &p dung cho mang cam bién. Trong giao thic ndy, toan bd mang s& dugc chia
thanh céc khu vuc ¢ dinh va hinh thanh ludi 40. Trong mdi khu vuc, cac nut két hop
v6i nhau dé gitr cac vai trd khac nhau. Vi du nhu, cac nat s& bau ra mot ndt & trang thai
hoat dong trong mot khoang thoi gian nhat dinh va sau dé di vao ché do nghi. Céc nut
nay chiu trach nhiém giam séat va bao cao di liéu vé Tram géc thay cho cac nit trong
cung khu vuc. Do d6 GAF du trir ning luong bang cach tat cac nat khdng can thiét

trong mang ma khong anh huéng dén mirc do chinh xac cua dinh tuyén. Mdi nat ding
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GPS cua no — vj tri xac dinh dé két hop véi cing mot diém trén ludi ma duoc coi la
tuong dwong khi tinh dén gia cua viéc dinh tuyén goi. Su tuong dwong nhu vay duoc
tan dung dé giir cac nut dinh vi trong vung ludi xac dinh trong trang thai nghi dé tiét
kiém ning luong. Vi vay GAF c6 thé ting dang ké thoi gian séng ctia mang cam bién
khi ma sé luong cac nut ting 1én. Mot vi du cu thé duoc dua ra ¢ hinh 2.5. Trong hinh
V& ndy, nat 1 co thé truyén dén bat ki nat nao trong sé cac nit 2, 3 va 4 va cac nit 2, 3,
4 ¢6 thé truyén t6i ntt 5. Do d6 cac nut 2, 3, va 4 1a twong duong va 2 trong sb 3 nit

d6 c6 thé & trang thai nghi.

Hinh 2.5 Vi du vé luéi 40 trong GAF

2.2.1.3.2 Giao thiaec GEAR

Giao thuc GEAR (Geographic and Energy-Aware Routing) la giao thuc su
dung théng tin vi tri trong qua trinh truyén ban tin truy van téi ving thich hop vi trong
c4c truy van thuong chira cac thudc tinh mang thdng tin vi tri. Giao thic nay dung sy
nhan biét vé ning luong va va thong tin vi tri caa cac nat 1an can dé dinh tuyén ban tin
truy van vé ving dich. Viéc dinh tuyén thong tin theo ving dia ly rat cé ich trong cac
hé thdng x4c dinh vi tri, va dic biét 1a trong mang cam bién. Y tuéng chinh cua giao
thirc 12 han ché sé luong cac yéu cau ¢ Directed Diffusion bang cach quan tam dén
mot ving xac dinh hon 13 giri c4c y8u cau t6i toan mang. Nho d6, ma GEAR cai tién

hon Directed Diffusion & diém nay va vi thé du trir duoc nhiéu nang lugng hon.
2.2.2 Céc giao thire dinh tuyén xét theo hoat déng

Phan nay sé& trinh bay phan loai cac giao thirc theo hoat dong cua giao thirc.
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2.2.2.1 Céc giao thire dinh tuyén da dwong

Cac giao thirc loai ndy sir dung nhiéu duong dé truyén dir liéu dé tang cudng
hiéu ning ctia mang: nhu kha ning chiu I5i (fault tolerance), su can bang trong viéc
tiéu thu nang luong gitra cac duong cling nhu toan mang, hi¢u qua nang luong va do
tin cay. Kha ning chiu 16i cua mot giao thuc 1a kha ning c6 thé dung mot duong thay
thé khi duong so cip giira ngudn va tram géc bi 16i. Diéu nay co thé c6 duoc bang
cach duy tri nhiéu duong tir nguon téi Tram goc nhung 1am tiang su tiéu thy ning
lugng va thong lugng trong mang. Cac duong thay thé nay duoc duy tri bang cach gui
c4c ban tin dinh ky. Do dé d6 tin ciy cia mang c6 thé ting nhung ciing ting thém chi
phi nang lugng khi duy tri nhiéu duong. Khi duy tri nhiéu duong, néu xay ra 16i &
duong so cp, viéc ¢ sin cac duong thay thé s& 1am giam chi phi va do tré khi thiét
lap lai duong khéc. Cac giao thuc tiéu biéu cho loai ndy gom Maximum Lifetime

Routing, Multipath Directed Diffusion....
2.2.2.2 Giao thire dinh tuyén thoi gian séng cue dai

Giao thirc dinh tuyén thoi gian séng cuc dai (Maximum Lifetime Routing) Ia
giao thire dinh tuyén dir liéu qua mot duong ma cac nat trén dudng d6 c6 ning luong
con lai 16n. Puong s& duoc chuyén bat ctr khi nao c6 mot duong khac tot hon duoc tim
ra. Pudng so cap duoc sir dung cho dén khi ning luong cua nd giam dudi ning luong
ciia mot duong du trix (backup). Bang cach nay cac nut trén dudng so cap sé khong bi
giam nang lugng nhanh chong so vai khi st dung duong nay lién tuc. Do d6 thoi gian

séng cua mang sé ting.
2.2.2.3 Multipath Directed Diffusion

Giao thuc nay dua trén Directed Diffusion nhung thay vi tang cuong cho mot
duong toi uu, nd thiét lap va ting cudng cho vai duong. Giao thire da duong nay cé uu
diém 1a khéc phuc duoc 16i hu hong nat cam bién trén duong so cp, do né chon lubn

duong con lai. Tuy nhién, phai tén nang lwong dé duy tri nhiéu duong.
2.2.2.4 Céc giao thic dwa trén truy van

Trong loai giao thirc nay, cac nat dich truyén mét ban tin truy van di liéu tur

mot Nt qua mang va cac nit co dix liéu phd hop véi truy van s& gai dit liéu tro lai nat
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dich. Thuong cac truy van nay duoc md ta bang ngdn ngir tu nhién hodc ngén ngir bac
cao. C4c giao thuc tiéu biéu cho loai nay nhu Directed Diffusion, Rumor routing

protocol.
2.2.2.5 Giao thuc Directed Diffusion

Nhu mé ta & phan trén, Directed Diffusion 1a mét giao thirc thudc loai giao thuc
dinh tuyén nay. Trong giao thicc ndy, Tram gbc gui ban tin interest t6i cac ndt cam
bién trong mang. Khi interest duoc truyén qua mang, gradient tir nguon téi tram gdc
duoc thiét 1ap. Khi nguon co dix lidu, ching s& gui dit liéu theo cac duong da thiét 1ap

dén Tram gbc. Dé giam ning luong tiéu thu, tich hop dir liéu duoc thuc hién.
2.2.2.6 Giao thire dinh tuyén Rumor

Giao thirc dinh tuyén Rumor két hop flooding truy van va flooding sy kién.
Giao thuc nay sir dung mot tap cac agent dé thiét 1ap duong truc tiép vé phia su kién
khi chiing chdng xay ra. Khi mot nat do thay sy kién, n6 phat ra mot agent theo mot
duong ngau nhién. Mbi ndt duy tri mot danh sach cac nat 1an can va mot bang cac su
Kién dugc cap nhat khi su kién mai xay ra. Cac niat cd agent di qua sé hinh thanh
gradient vé phia su kién. Khi agent dén tir nhitng duong ngan hon hay hiéu qua hon,
ching ti wu cac dudng trong bang dinh tuyén twong tng. Khi Tram géc can mot sy
kién, ching s& giri mot truy van vao mang theo moét huéng ngau nhién. Truy van nay
c6 thé theo dudng ngau nhién vao ving co su kién hoidc gap nit trén duong ma agent
da thiét 1ap. Khi d6 sé& hinh thanh cac dudng dé gui dir liéu (hozc theo mot dudng riéng

hodc qua duong ma agent da thiét 1ap).
2.2.2.7 Giao thirc dwa trén thwong lwgng

Giao thirc dua trén thwong lwong s dung ban md ta di liéu dé loai bo viéc
truyén dit lidu du thira qua viéc hoi dap.Viéc quyét dinh truyén géi cling dua vao tai
nguyén c6 trong c4c nit. Giao thic SPIN 1 giao thic tiéu biéu cho loai giao thic nay.
Flooding va Gossiping 1a hai co ché c6 dién dé truyén di liéu trong mang cam bién ma
khéng can bat cr mot giai thuat dinh tuyén hodc su duy tri cau hinh nao. Trong
Flooding, mdi nat nhan duoc géi dit liéu, rdi quang béa né téi tat ca cac nit 1an can va
qua trinh nay cu tiép dién cho dén khi goi dir liéu dén duoc dich hodc goi da di qua sb

lwong 16n nhit cac chiang. Gossiping c6 cai tién hon Flooding mét chit, trong d6 céac
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nGt nhan dit liéu gui goi dén mot nat 1an can ngau nhién, sau d6 lai chon ngau nhién
mot nat 1an can tiép theo dé truyén goi, va ct tiép tuc nhu vay. Mic du Flooding trién
khai twong déi d& dang nhung n6 c6 mét sé6 nhuoc diém. Do 1a khi xay ra trudng hop
cac ban tin kép gui dén cing mot nat; hay hién tugng chong chéo khi hai ndt cam nhan
cing mét ving, giri nhitng goéi twong tu nhau dén cling mot nat 1an can. Do vay
Flooding va Gossiping tiéu tén ning luong va phai xu i nhiéu. Giao thire SPIN dugc
thiét ké dé phan phdi dir liéu tir mot nit t6i tat cac cac nat khac trong toan mang dé

loai bo dit liéu du thura.
2.2.2.8 Giao thic dwa trén chat lweng dich vu

Trong cac giao thirc ndy, mang phai can bang gitra tiéu thu niang luong va chat
luong dir liéu. Nhin chung mang phai théa man céc théng sé nhat dinh nhu tré, ning

luong, bang thong, khi phan phdi dit liéu tgi Tram gdc.
2.2.2.9 Giao thirc xir Ii két hep va khéng két hop

Xt Ii di liéu 1a mot thanh phan trong hoat dong cia mang cam bién khong day.
Do d6 cac ki thuat dinh tuyén sir dung cac ki thuat xir Ii dit liéu khac nhau. Nhin chung
cac nut cam bién s& két hop véi nhau trong qua trinh xir 1i dit liéu khac nhau khi truyén
trong mang. Hai ki thudt duoc dua ra trong cac mang cam bién 13 dinh tuyén dya trén
xir |i két hop va khong két hop. Trong dinh tuyén xir Ii dir liu khéng két hop, cac nit
sé xur Ii dir liéu thd cuc bo trude khi gui di cho cac nat khac xur Ii thém. Cac nat thuc
hién viéc xir 1i thém duoc goi 1 cac nat tich hop. Trong dinh tuyén xu I dir liéu, di
liu duoc chuyén t6i cho céac ndt tich hop sau khi da xu If t6i vu. Qua trinh xu I t6i vu
bao gom cac nhiém vu nhu 1a danh dau, loai bo ban tin sao... Dé thuc hién dinh tuyén

hiéu qua nang luong, dinh tuyén két hop thudng duoc lua chon.
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CHUONG 3: MO PHONG MOT SO GIAO THUC PINH TUYEN VA
PANH GIA KET QUA

Chuong trude dd nghién ctu cac giao thuc dinh tuyén vé mit ly thuyét. Moi
giao thirc c6 nhitg vu diém va nhugc diém riéng tac dong dén qua trinh tiéu thu ning
lwong cua cac nat va lwong dit liéu truyén vé tram géc. Tuy nhién, trén thuc té trudc
khi trién khai mot mang bat ky ngudi ta thuong phai danh gia tinh hiéu qua cua céac
giao thirc duya trén nhirng s6 liéu cu thé. Dé thuc hién diéu nay ngudi ta thuong dung
cac phan mém md phong dé xay dung cac mé hinh Iy thuyét. Qua d6 chung ta c6 thé
thu dugc cac két qua truc quan gidp cho viéc trién khai trong thuc té duoc toi uu hon
va tiét kiém rat nhiéu chi phi. C6 kha nhiéu phan mém mé phong mang, tuy nhién
trong dd an nay, phan mém mé phong dugc chon 1a NS-2 (network simulation) bai
day 1a mot céng cu hd tro rat tot cho viec md phong cac giao thuc trong mang cam

bién khong day.
3.1 Phan mém mé phéng mang NS-2
3.1.1 Gi6i thiéu vé NS2

NS-2 12 phan mém mé phong mang diéu khién sy kién riéng ré hudng doi
tugng, dugc phat trién tai UC Berkely, viét bang ngon ngir C++ va OTcl. Bon loi ich
I6n nhat cia NS-2 phai ké dén dau tién Ia:

- Kha ning kiém tra tinh 6n dinh cua cac giao thirc mang thudng dung.

- Kha nang danh gié cac giao thirc mang mai trude khi dua vao str dung.

- Kha ning thyc thi nhitng mé hinh mang 16n ma gan nhu ta khong thé thuc thi
dugc trong thuc té.

- Kha nang c6 thé md phong nhiéu loai mang khéc nhau.

NS thyc thi cac giao thirc mang nhu Giao thirc diéu khién truyén tai (TCP) va
Giao thire goi ngudoi dung (UDP); céc dich vu ngudn luu lwong nhu Giao thirc truyén
tap tin (FTP), Telnet, Web, Téc do bit ¢ dinh (CBR) va Toc do bit thay doi (VBR);
cac k¥ thuat quan 1y hang doi nhu Vao trude Ra trudc (Drop Tail), DO sém ngau nhién
(RED) va CBQ; cac thuat toan dinh tuyén nhu Dijkstra... NS ciing thuc thi
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multicasting va vai giao thirc 16p Diéu khién truy cap duong truyén (MAC) dbi véi md
phong LAN.

- OTel : Teliterpreter - - Q
with OO0 extention Analysis

OTcl Script Simulation
sirmulation NS Simulator Library Results 4y
Program + Ewent Scheduler Chjects }Y—“
+ Network Component Objects NAM
+ Metworl: Setup Helping M etarnrk
Modules (Plumbing Modules) Animatar
Hinh 3.1: Téng quan vé NS duwéi géc dd nguwoi dung
e QOTcl Script Kich ban OTcl
e Simulation Program Chuong trinh mo6 phong
e OTcl B6 bién dich Tcl mé rong hudng dbi twong
e NS Simulation Library Thu vién moé phédng NS
e Event Scheduler Objects Céc dbi twong bo lap lich sy kién
e Network Component Objects Cac dbi tuong thanh phan mang

e Network Setup Helping Modules Cac mé dun trg gitip thiét 1ap mang

e Plumbling Modules Céac mo6 dun Plumbling
e Simulation Results Céc két qua md phong

e Analysis phan tich

e NAM Network Animator Minh hoa mang NAM

Trong hinh trén, NS 1a Bo bién dich Tcl mg rong hudéng d6i tuong; bao gom céc
d6i tuwong bo 1ap lich su kién, cac d6i twong thanh phan mang va cac module tro gidp

thiét 1ap mang.

Pé sir dung NS-2, nguoi dung 1ap trinh bang ngén ngit kich ban OTcl. Nguoi ding

cd thé thém cac ma ngudn Otcl vao NS-2 bang cach viét cac 16p ddi twong mai trong
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OTecl. Nhiing 16p nay khi d6 s& duoc bién dich ciing véi ma ngudn géc. Kich ban OTcl

c6 thé thuc hién nhitng viéc sau:
e Khoi tao bo 1ap lich su kién
e Thiét 1ap m6 hinh mang dung cac dbi twong thanh phan mang

e Bio cho ngudn traffic khi nao bat ddu truyén va ngung truyén packet trong b
lap lich su kién

Thuat ngit plumbing dugc dung dé chi viéc thiét 1ap mang, vi thiét 14p mot mang
nghia 13 xay dung cac duong dir lidu giita cac dbi trong mang bang cach thiét 1ap con
tré “neighbour” cho mot doi tugng dé chi dén dia chi cua ddi tugng twong ng. mod
dun plumbing OTcl trong thuc té thuc hién viéc trén rat don gian. Plumbing lam nén
strc manh cua NS.

Thanh phén 16n khac cia NS bén canh cac doi tuong thanh phén mang la bo 1ap
lich sy kién. B0 1ap lich su kién trong NS-2 thyc hién nhitng viéc sau:

e Tb chirc bd dinh thdi mo phong

e Huy céc su kién trong hang doi sy kién

e Loi goi cac thanh phan mang trong mé phong

Phu thudc vao muc dich cua ung dung nguodi dung st dung kich ban mé phong
OTcl ma két qua mé phong cé thé duoc luu trit nhu file trace. Pinh dang file trace s&

duoc tai vao trong cac ung dung khac dé thuc hién phan tich:
e File nam trace (file.nam) dugc dung cho cong cu minh hgoa mang NAM

e File Trace (file.tr) dugc dung cho coéng cu lan vét va giam sat mo phong
XGRAPH hay TRACEGRAPH
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¢ Outnam
TCL N B L NAM
file I Visual
File.tcl Simulation
- NS
Tracing and
Monitoring
T T Simulation
;:‘ Out.tr

. e

Hinh 3.2: Ludng cac sw kién cho file Tcl chay trong NS

e NAM Visual Simulation M6 phdng truc quan

e Tracing and Monitoring Simulation ~ Mo phong l1an vét va giam sat
3.1.2 C++va OTcl

Hinh sau biéu dién kién truc chung cua NS. Nguoi ding c6 thé tudng tuong

minh dang ding & goc trai dudi, thiét ké va chay ciac mo phong trong Tecl. Tcl dung
cac ddi tuong mo phong trong OTcl. Cac doi tuong B 1ap lich Sy ki¢n va hau hét cac
d6i tuong thanh phan mang thyc thi bang C++ va sin c¢6 cho OTcl qua mot lién két
OTecl. Lién két OTcl nay dugc thyc thi dung TclCL. Tat ca dd 1am nén NS, bg bién

dich Tcl mé rong hudng ddi tuong va cac thu vién mé phong mang.

Network
Components
TclCL Qo m
> 0
OTdl ]~
c
Tcl o
C/C++
ns-2

Hinh 3.3: Kién truc ciia NS-2

e NS su dung hai ngén ngir 1ap trinh: ngdn ngtr kich ban va ngdn ngir 1ap trinh hé

thong (C/C++)
e NS la tang bién dich Tcl dé chay céc kich ban Tcl

e Bang cich str dung C++/OTcl, bd md phong mang phai hoan toan 1a huéng ddi trong
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Hinh sau chi ra cac ddi tuong C++ co lién két OTcl. Khi d6, néu ching tao nén mot

phan cip thi cac ddi teong OTcl cling c6 mot phan cap twrong tng nhu vay.

™ =

Pure Pure
O+ 4+ -",lel OTcl
y = ; A A
'ill:lﬁ ' :
C++/0Tcl split
C+ OTc
n

Hinh 3.4: C++ va OTecl: Sy d6i ngiu

TclCL 1a ngon ngit duoc sir dung dé cung cip lién két gitra C++ va OTcl. Cac
kich ban Tcl/OTcl duge viét dé thiét 1ap va cau hinh topology ciia mang. TclCL cung

cap lién két gitra phan cap 16p, khoi tao dbi twong, ndi két bién va guri 1énh.

A B

TCL Scripts -Ns is written in C++

- Setup/Config of - New components
network simulation added are written in C++

TelCL-acts as a
link between A
and B

Hinh 3.5: TclCL hoat ddng nhw lién két giira A va B

Viy, tai sao NS lai can sit dung dén hai ngén ngir? Ly do 1a vi bd mo phong

can thuc hién hai viéc khac nhau.

Mot mit 13 vi cac md phong cho céc giao thirc yéu cdu mot ngon ngit 1ap trinh
hé théng 6 thé tinh toan mét cach hiéu qua cac byte, cac tiéu dé packet va céc thuat
toan thuc thi dang chay trén mot tap dit lidu 16n. Vi tic vu ndy, run-time speed (toc
do thoi gian chay thyuc) 1a quan trong trong khi turn-around time (thoi gian quay vong)
thi it quan trong hon. Turn-around time bao gom thoi gian chay mo phong, thoi gian

tim 16i, thoi gian sira 10, thoi gian bién dich lai va thoi gian chay lai.

Mait khéac, khi nghi€n ctiru mang thi rat can quan tam dén cac tham sé va cac cau

hinh c6 thay d6i nhung khong dang ké, hay quan tdm dén céac tinh hudng (scenarios)
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can kham ph4 that nhanh chong. Trong tac vu nay thi thoi gian lip lai (iteration time)
tuc 1a thot gian hay d6i mo hinh va chay lai la quan trong hon. Vi c4u hinh chi chay mot

1an lic bit dau mo6 phong nén run-time trong tac vu nay rd rang kém quan trong hon.
Theo gidi thich trén, tung ngon ngir sé dwgc dung cho nhitng viéc gi?
Dung C++ dé:
e MO phong giao thirc chi tiét yéu ciu ngdn ngit 1ap trinh hé théng
o Thao tac trén byte, xur ly goi, thyc thi thuat toan
o Téc d6 thoi gian thuc 1a quan trong nhat
e Thuc hién bt ky viéc gi ma can phai xt 1y tirng packet ctia mot ludng.
e Thay d6i hanh vi cta 16p C++ dang ton tai theo nhitng huéng di khong duoc
luong trudce.
Va dung OTcl dé:
e M0 phong nhitng thong s6 hay ciu hinh thay do6i
o Tham do nhanh mét s6 tinh huéng
o Thoi gian twong tac (thay d6i mé hinh hay chay lai) 13 quan trong
e Cau hinh, thiét 1ap hay nhiing gi chi 1am mot 1an.
e Thuc hién nhitng cai ta mudn bang cach thao tac trén cac dbi tuong C++ dang
ton tai.

Vi du nhu cac link 14 nhitng d6i tugng OTcl lién két cac md dun vé d6 tré (delay),
sap hang doi (queueing) va kha ning mat mat (possibly loss). Con néu mudn thuc hién

nhiing viéc chuyén nghiép hon thi can phai tao ra ddi tugng C++ méi.

Hau hét dinh tuyén duogc viét bang OTcl (du thuat toan Dijkstra 15i viét bang C++).
Mo phong HTTP c6 ting ludng bat dau tai OTcl nhung viée xtr 1y ting goi lai duoc
viét bang C++. Phuong phép nay chay t6t cho dén khi c6 dén 100 ludng bat dau thoi
gian mo phong mdi gidy. Néi chung, néu phai triéu goi Tcl nhiéu 14n mdi gidy thi c6 18

nén chuyén sang C++.
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Vé phuong dién ma ngudn, NS-2 dugc viét véi 100kB dong ma 1énh C++, 70k

dong ma Tcl va 20k dong tai ligu.
3.1.3 Cac dac tinh ctia NS-2
NS-2 thyuc thi nhitng tinh nang sau:
e (Céc k¥ thuat quan ly hang doi Router nhu DropTail, RED, CBQ,
e Phat song da chiéu (multicasting)
e MO phong mang khong day
o Pugc phat trién boi Sun Microsystems + UC Berkeley (Du an Daedalus)
o Thudc mat dat (di dong, ad-hoc, GPRS, WLAN, BLUETOOTH), v¢ tinh

o Chuan IEEE 802.11 c6 thé duoc md phong, cac giao thitc Mobile-IP va
ad-hoc nhu DSR, TORA, DSDV va AODV

e Hanh vi ngudn luu luong (traffic) — www, CBR, VBR
e Céc tac nhan (agent) truyén tai — UDP, TCP
e Dinh tuyén
e Ludng packet
e MOJ hinh mang
e (Cacung dung — Telnet, FTP, Ping
e Cac packet tracing trén tat ca cac link va trén cac link xac dinh
3.2 M6 phéng mang cam bién khong day trén NS-2
3.2.1 Bai toan mé phdng
Pé xay dung md hinh mot mang cam bién khéng day ching ta can quan tam

dén cac tham sé chinh: topo ciia mang, sé luong cac ndt mang, ning luong ban dau
ctia cac nut, kich thugc mdi gai tin, cac thong s6 vat Iy cia kénh vo tuyén.
Két qua cua phan mém md phong thu duoc sé la:

- Tong nang lugng tiéu thy bai méi nat

- Tong sb dir liéu truyén tir mdi nat dén tram gdc

- S6 nat con sdng sau mot thoi gian xac dinh.
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3.2.2 M6 hinh phin mém

Environment -------- ~‘ Wireless tcl Leachl protocol
Creation | Leach.tcl ns-leach.tcl

Assumption -

/’mps.tcl BS application
‘ns—ranode.tcl | / |
ns-bsapp tcl
[ ns-resource-manager.tcl ]

‘ ] [ extras. tcl ]

ns-energy-resource tcl

[ ns-neighbor-resource tcl J l stats. tcl |
Resource Adaptive Node Trace Info

Hinh 3.6 Mé hinh ciu triic phin mém xay dung trén NS-2

Céc thanh phan chinh trong mé hinh:

- Wireless.tcl: luu trit cac thong sb chinh cua méi trudng truyén song vo tuyén nhu toc

d6 kénh truyén, ning luong ton hao trén kénh truyén...

- UAMPS.tcl: Tuu trit cac thong s6 vat ly, cac thdng sb gia thiét dau vao cua bai toan
mé phong nhu: s lwong, vi tri cac ndt trong toan mang, mic ngudng ning luong dé
truyén, nhan tin hiéu thanh cong, kich thuéc, ning lwong ban dau cua goi tin, cac

thong sb cua anten...

- ns-leach.tcl: thuc hién cac chtr nang cua giao thite LEACH nhu chon nut cha cum,
phan chia cluster, truyén, nhan cac ban tin caa cac nut.

- start.tcl: luu trir cac thdng sb cua qué trinh mé phong, cac thdng sé nay co thé dung
cac chuong trinh d6 hoa dé hién thi truc quan thong qua cac do thi

- Céc file Resource Adaptive Node: Iuu trit cac thdng s6 cua nat nhu: ning lugng,

trang thai hoat dong.
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3.2.3 Cac giao thirc mé phong
3.2.3.1 LEACH
Gi6i thiéu

LEACH Ia giao thuc phan cip theo cum thich tng ning luong thap. N6 dya
trén thuat toan phan nhdm va cé nhirng dac trung sau:

- C4c n{t c6 thé phan bé ngau nhién va ty hinh thanh cum

- Viéc truyén dit liéu duoc diéu khién ¢ trong cum. Tac & nGt cha cum sé diéu
khién céc nat trong cum guri dix liéu dén n6

- C6 qua trinh xu 1y dir liéu nhu viéc nat cha cum téng hop dit liéu tir cac nat

giri dén no roi gui téi tram goc.

Mt chid cum

Tram géc

Hinh 3.7 Giao thiee LEACH

Trong LEACH, cac nit ty té chire thanh cac cum, trong d6 mot nit s& dong vai
tro 1a nat cha cum. Tat ca cac nat khdng phai 1a nat cha s& phai truyén di liéu caa nd
t&i nat cha. NGt cha cum phai nhan dix liéu tir tat ca cac nat thanh vién trong cum, thuc
hién xt ly dix liéu cuc bo rdi truyén téi tram gdc. Bai vay, viéc trg thanh ndt chu s& tidu
hao nhiéu niang luong hon cac nut khéng duoc chon 1a nat chi. Trong bdi canh ma ning
luong caa c&c nat 1a gisi han, néu ndt cha duoc chon ¢ dinh trong sudt thoi gian séng
cua mang, nhu trong giai thuat phan nhom tinh (static clustering), thi cac nut cha s& hét
nang lugng rat nhanh. Mot khi nit cha hét nang lugng, nd sé khdng hoat dong nira.

Khi nat chi chét, tat ca cac ndt trong cum s& khong c6 kha ning trao d6i thong
tin nira. Vi thé, LEACH thyuc hién ngau nhién hoa, quay vong vi tri cc nat cha cd

nang luong cao trong s tat ca cac nat dé tranh sy tiéu hao niang luong trén mot nit cu
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thé trong mang. Theo cach nay, ning luong tai lién quan dén viéc trg thanh nat chi s&

duoc phan bb déu cho tat ca céc nut.

Hoat dong cia LEACH dugc chia thanh céc vong (round). M&i vong bit dau
cuing véi pha thiét 1ap khi ma cac cum dwogc hinh thanh, sau d6 dén pha 6n dinh khi ma
cac khung dir liéu duoc giri toi cac nat chu va gui téi tram gbe. Tat ca cac nat phai
ddng bo vé& mat thoi gian dé bit dau pha thiét 1ap tai thoi diém giéng nhau. Pha 6n dinh

thudng dai hon rat nhiéu so vai pha thiét 1ap.

Set-up  Steady-state Frame Round
>4t -+

'
Y

LA L]

» Time

Hinh 3.8 Time-line hoat dong cia LEACH

Tw ddng cau hinh hinh thanh cum (Self-configuring Cluster Formation):

LEACH thuc hién phan cum bang viéc sir dung giai thuat phan tan, cac nat tu
quyét dinh ma khéng can bat ctr sy diéu khién nao. Uu diém cua phuong phap nay l1a
khéng yéu cau viéc giao tiép vai tram gbc, do do tranh duoc viée tiéu hao ning luong
néu c4c nat & xa tram gbc. Bong thoi viéc hinh thanh cac cum phan tan cé thé duoc
thuc hién ma khdng can biét chinh xéac vi tri cua cac ndt trong mang. Thém vao d6, nd
khong yéu cau su lién lac toan cuc trong pha thiét 1ap cum va khdng c6 gia thiét nao vé

trang thai hién tai cia cac nut khac trong qué trinh hinh thanh cum.
Lwa chon nut chi cum

Khi c4c cum duoc tao ra, mdi nlt ty dong quyét dinh né c6 1a nat chu cho vong
tiép theo hay khdng. Qua trinh chon lya dién ra nhu sau: mdi nat cam bién chon mot
s6 ngau nhién giira 0 va 1. Néu con s nay nhé hon ngudng T(n) thi nit d6 tré thanh

nat chu. T(n) dugc xac dinh theo phuong trinh sau:

T,(n)= P (3.1)

1-P*(rmod—)
P

O day P quyét dinh sb luong trung binh céc nat cha trong mot vong, r 1a sé

vong hién tai. Dung thuat toan nay thi mdi ndt s& 1a nat chu dung mot lan trong 1/P
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vong. Chd y rang sau 1/P-1 vong, T1(n)=1 vdi tat ca cac nat chwa duoc lam ndt ch.
Khi mot nut dwgce chon 1am nit chu, né s& thong béo téi tat ca cac nat khac. Céc nat
khong phai 1a nGt chu ding nhitng ban tin nay tir cac nat cha dé chon cum ma chdng
muén tham gia dya trén cuong do tin hiéu nhan dugc ban tin nay. Sau khi cac nat chi
d3 duoc hinh thanh, né s& quyét dinh md hinh TDMA cho cac nt tuy thudc tirng cum,

quang ba mo hinh va sau dé pha trang théi tinh bat dau.
Pha thiét lap

MJdi nit s& dugc chon lam ndt chi cum néu Xac suat cua nd thoa min phuong
trinh (3.1). Nt cha phai théng bao cho cac nat khac trong mang biét ring né duoc
chon 1am ndt cha & vong hién tai. Bé thuc hién diéu ndy, mdi nat chu s& phét ban tin
quang ba (ADV) dung thuat toan CSMA (carrier sense multiple access). Ban tin nay la
mot ban tin nho bao gom ID cia nat va header dé phan biét ban tin nay I1a ban tin
quang ba. Tuy nhién, ban tin nay phai dugc truyén quang ba téi tat ca cac ndt trong
mang. C6 hai 1y do cho diéu ndy, thi nhat 1a d&é dam bao tat ca cac nit lang nghe ban
tin quang ba dé tranh xay ra dung do khi CSMA duoc ding. Thir hai 1 khong cé co
ché @& dam bao rang cac nut duoc chon la ndt chu cum s& duoc phan bd déu trén toan
mang. Néu cong suat phat ban tin quang ba bi giam di, mot so nit & bién cé thé s&
khong nhan dugc thong bao va do d6 co thé s& khong la mot thanh phan trong vong
nay. Hon nita, ban tin quang ba rat nho, do d6 viéc ting cong suat phéat ban tin nay dé
n6 dén duoc tat ca cac ndt trong mang khong phai 12 mot tro ngai. Boi vay cong suat
duogc thiét 1ap ¢ mic cao vira du dé tat ca cac nat trong mang c6 thé ling nghe duoc
ban tin ADV nay.

Nhitng nGt khdng phai 1a nat cha s& quyét dinh né s& nam trong cum nao bing
viéc chon xem n(t chu ndo yéu cau ning lugng giao tiép thap nhat dua trén cudong do

cua tin hiéu nhan duoc tir ban tin quang ba cia méi ndt chu.

Sau khi mdi nat quyét dinh né 1a thanh vién caa cum nao, nd s& bao cho nat chu
cua cum d6 biét. Mdi nat s& phét ban tin join-request (Join-REQ) téi nut chu va ciing
ding giao thrc CSMA. Ban tin nay ciing 1a mét ban tin nho, né bao gém ID cua nut,

ID n(t chu va header dé phan biét véi céc ban tin Khac.
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Cac nat chu trong LEACH hoat dong nhu khéi diéu khién trung tdm cuc bo dé
lien két cac dir liéu trong cum ma né 1am nat chu. NGt chu thiét 1ap ban tin dinh thoi
TDMA va truyén téi cac nit trong cum. Piéu nay dam bao s& khong c6 dung d6 xay ra
va cho phép phan phat song radio cua cac ndt khéng phai nt chu s& ¢ trang thai nghi.
NG chi thirc day tai thoi diém ma no truyén dir liéu. Nhu vay s& tiét kiém duoc ning
lwong cho cac ndt. Sau khi ban tin TDMA dugc truyén dén tat ca cac nat trong cum,

pha thiét lap da hoan thanh va bat dau pha 6n dinh (steady state phase).

Eing

Sal

~
Thing bao trang thai = Ché ban tin thing
cla nit chn ———* - - bao cia nit chi
1 o 1

L - Griri ban tin y&u chu

Ch;\o- rac baq ta yeu —_—— - gia nhip cum té1 nit
cHu gia nhip cum - ST e
Sy

| :
Thitt lip ban tin
dinh thén TDIA va
truyén téi cac nit
thanh wifn cia cum

\/

i vao hoat déng &
pha 6n dinh

Ché ban tin dinh

== —-== théi te it ch

Hinh 3.9 Giai thuit hinh thanh cluster trong LEACH
Hinh 3.9 m6 ta so do giai thuat caa qua trinh hinh thanh cum trong LEACH.
Sau mdi vong thi lai bat dau pha thiét 1ap méi dé chon ra cum méi phi hop véi mo

hinh mang.
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Hinh 3.10 Sy hinh thanh cum & 2 vong khac nhau (nut den la nut chi)
Pha 6n dinh

Hoat dong cua pha 6n dinh dugc chia ra thanh cac khung (frame). M&i nit s&
guri dit liéu cua nd téi nut chi cum mot 1an trén mot khung trong khe dinh vi caa no.
MJi nut sé c6 mot khe thoi gian ¢ dinh, cir dén khe thoi gian d6 thi nit truyén dix lidu
t6i nat chi cum. Sé khe thoi gian cho mot khung dit liéu phu thudc vao sé luong nit &
trong cum. Tuc 14 ¢6 bao nhiéu ndt trong cum (trir ndt cha) thi s& ¢6 bay nhiéu khe
thoi gian. Trong khi giai thuat phan tan dé xac dinh ndt cha mong doi rang sé cum
trong mdi vong 1a k, nhung no lai khong co co ché dam bao rang s& ¢ k cum trong
mdi vong. Thém vao d6 giao thic trong pha thiét lap khong dam bao rang cac nut sé
phan bb déu cho mdi nat chu. Do d6, sb nat trong mdi cum 1a khac nhau va téng di

liéu ma mdi nat gai dén nat chu phu thudc vao sé nat trong cum.

Dé giam su tiéu thu ning lwong, mdi ndt khdng phai 1a nat chu s& diéu khién
cong suat phat dua trén cudong d6 cua ban tin quang ba nhan duoc tir nGt chi. Hon nira
1a kénh phat s6ng caa nat s& & trang thai nghi cho dén khe thoi gian duoc cip phat cho
nd. Cac nGt chu s& phai gitr lai cac dir liéu ma cac ndt trong cum gui dén nod. Khi da
nhan duoc hét dit liéu tir tit ca cac nat, nd tién hanh xu 1y dix liéu cuc bo nhu nén, téng
hop dit liéu,...Di liéu da dugc tong hop sau d6 duoc gui téi tram gdc. Khoang cach tir
nit cha tai tram géc c6 thé xa va kich ¢& ban tin dix liéu thuong khéa 16n, do d6 ma
nang luong tiéu thy do quéa trinh truyén nay thuong 1a cao. Nhin vao hinh 3.11 ta s&

hiéu 5 hon vé hoat dong caa pha 6n dinh.
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Hinh 3.11 Mé hinh LEACH sau khi di 6n dinh trang thai
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Hinh 3.12 Hoat déng cia pha on dinh trong LEACH
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Hinh 3.12 chi ra time-line trong mot vong cua LEACH, tir khi cac cum duoc
hinh thanh trong pha thiét 1ap, qua hoat dong cta pha 6n dinh khi dir liéu duoc truyén
tir c&c n{t tGi nat cha cum rdi truyén dén tram goc.

+— Sel-up —»= Steady-state >

. ; d Slot for Slot for
usters forme I noen | I node | oo

» Time

Hinh 3.13 Time-line hoat djng ciia LEACH trong mgt vong

DPé md ta vé viéc trao d6i théng tin trong pham vi mot cum. Giao thac MAC va
giao thirc dinh tuyén duoc thiét ké dé dam bao cho céc nut tiéu thy ning luong thap va
khéng xay ra dung d6 trong cum. Tuy nhién, kénh phat séng khong day vén la co
pham vi phat ban tin quang ba & muc trung binh. Do do, sy phat séng cua mét cum
cling s& anh huong dén cac cum gan nd. Vi du nhu hinh 3.14, sy phat song caa nit A

dén nut B ciing anh hudng dén nat C

Hinh 3.14 Sy anh hwéng ciia kénh phat song

Pé giam thiéu sy anh huéng nay, mdi cluster trong LEACH s& trao d6i thong
tin dung co ché trai pho day truc tiép (DS-SS - directed-sequence spread spectrum)
hay da truy nhap phan chia theo ma (CDMA — code division multiple access). Moi

cum s& diing mot ma trai phé duy nhét, tat ca cac ndt trong cum phéat dix liéu cua ching
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t6i nat cha s& dung ma trai phd ndy va nat cha s& loc tat ca cac nat cé mé trai pho nay.
Chua y rang mdi ndt chi chi can mot ma trai phd don dé loc cho tat ca céc tin hiéu dén
non ma st dung mé trai phd giéng nhau. Diéu nay ciing hoi khac véi co ché CDMA
ma madi nat s& c6 mot ma trai pho duy nhat.

Dit liéu tir cac nit chu duogc giri t6i tram goc s& dung mot mé trai phéd ¢ dinh,
va ciing dung co ché CSMA dé tranh xay ra dung do véi cac nat khac. Tuy 1a kénh
truyén v tuyén, nhung khi mot nat cha c6 dir liéu dé gui téi BS, n6 s& phai lang nghe
xem c6 ndt chii no phat dir lieu khdng. Néu khdng c6 nit nao phat thi nd s& phat dir

liéu t6i tram gdc, con néu c6 nut dang phat dit liéu thi né sé doi dé phat dit liéu.
Téng hop dir li¢u

Tong hop dir liéu trong mang cam bién gidp loai trir di nhitng thong tin du thira
dé thu duogc thdng tin ¢6 ich vé méi trudng cam bién. Viéc tong hop dir lidu co thé
duoc thyuc hién tai tram géc hoac thuc hién cuc bo tai nGt cha cia mot cum, didu nay
tly thudc vao ning luong tiéu thu dé tong hop dir liéu so véi niang luong sir dung dé
truyén nhiing thong tin d6 di. Khi ma niang lugng cho truyén tin 1én hon, thuc hién
tong hop dit lidu cuc bo tai nGt cha gidp giam nang lwong tiéu thu cho toan hé thdng
do c6 it dir liéu hon phai truyén vé tram goc. Néu gia sir nang lugng cho tong hop dir
liu ddi voi mdi bit 12 Epa va niang luong dé truyén mot bit vé tram géc 1a Erx. Thém
vao do, gia sir thuat tong hop dit liéu gilp nén di liéu vai ti 18 L:1. Ta thu dugc cong
thic biéu dién ning luong dé tong hop L bit dir liéu cuc bo tai ndt cha, sau d6 duoc

guri vé tram gbc nhu sau:
ELocal-oa=L*EpatErx
Ning luong dé truyén thiang L bit dir liéu vé tram gdc:
Eno-oa=L*Erx

Ta thély, ELocaI-DA<ENo-DA khi EDA<% *ET)(, tor do ta co thé nhém dll’]h du’()’C khi nao

thi viéc tong hop dit liéu cuc bé mang lai swr hiéu qua vé mit nang lugng cho toan mang.
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Hinh 3.15 P thi so sanh ning lwong sir dung khi ¢6 va khong cé tong hop

dir liéu cuc bo

L=20 (twong (ng 20 ndt trong cum), Etx=1,05x10"°J, khoang cach dén tram géc l1a
100m.

3.2.3.2 LEACH-C (LEACH-Centralized)

Trong khi c6 nhitng wu diém caa giai thuat hinh thanh cum phéan tan cua
LEACH, ttc 1a mdi nat ty n6 quyét dinh s& & trong cum nao. Nhung giai thuat nay lai
khong dam bao dwoc vi tri cling nhu s lugng nut chi trong toan mang. Tuy nhién,
viéc dung mot giai thuat diéu khién trung tdm dé hinh thanh cum c6 thé tao ra cac cum
t6t hon vai cac nat cha phan tan trén toan mang. Giai thuat nay goi la LEACH-C.
LEACH-C c¢6 pha 6n dinh giéng véi LEACH (cac nit gui dir liéu toi nat cha va nit
cha téng hop dix liéu réi giri V& tram géc), né chi khac LEACH ¢ pha thiét 1ap.

Trong pha thiét lap cua LEACH-C, céc n(t s& gui thdng tin vé trang thai hién
tai cua n6 (bao gom vj tri va ning lwong) vé tram gbc. Tram gdc sau d6 s& dung thuat

toan t6i wu dé xac dinh ra cac cum va nat chu cho vong do.
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Hinh 3.16 Pha thiét 1ap cia LEACH-C

Viéc dung tram goc dé xac dinh cum noi chung 1a tot hon so véi viéc hinh
thanh cum dung giai thuat phan tan. Tuy nhién, LEACH-C yéu cau cac nut phai gui
thong tin vé vi tri caa nd vé tram gdc tai thoi diém bat dau cua mdi vong, théng tin nay
c6 thé bao gém viéc phai st dung hé thdng dinh vi toan cau (GPS-Global positioning
system) dé xac dinh vi tri hién tai caa mdi nut.

Dé xac dinh dugc cac cum c6 tinh thich &ng tét, tram gdc can chic chin rang
tai nang luong duoc phan bb déu trén tit ca cac ndt trong mang. Dé lam duoc diéu nay
tram gdc tinh todn nang luong trung binh caa cac nut. Nat nio ma cé nang luong nho
hon nang lugng trung binh nay sé khong duogc chon lam ndt chu ¢ vong do, nhirng nat
con lai c6 nang lwong I6n hon gié tri trung binh d6 c6 thé 1a nat cha. Tram gdc sé chay
giai thuat nhiéu lan dé chon ra k nat tét nhat trg thanh nat chi ciing nhu chon ra duoc
k cum t6i wu.

Khi chon duoc c&c nit chi va cac cum tdi wu, tram gbc s& giri thong tin nay téi
tat ca cac ndt trong mang. Viéc nay duoc thuc hién bang viéc phat quang ba ban tin
bao gom ID caa ndt chu cho mdi ndt. Néu nit nao ¢d ID tring véi ID trong ban tin n6
s€ tro thanh nut cha, cdc nat khac s€ xac dinh khe thoi gian caa né cho viéc phat dir
liéu, va s& & trang thai nghi cho dén thoi diém né phat dit liéu vé nit chu.

Pha 6n dinh cia LEACH-C giéng hét LEACH.
3.2.3.3 Phan cum cé dinh (Stat-Cluster)

Nguyén tac hoat dong twong tu véi LEACH-C. Tram géc sé can ctr vao toa do va
ning luong hién tai cta cac nat dé phan chia ciu hinh mang. Tuy nhién & Stat-Cluster

tram gbc chi chia nhém mét 1an va gitr nguyén cau hinh mang do dé gui dit liéu.

Sinh vién: D6 Pirc Hung - Lép CT902 44 Truong PHDL Hai Phong



Bdo cdo do dan tot nghiép

Uu diém: Céc nat cha cum 1a ¢6 dinh nén khong tén thoi gian va ning lwong
cho qua trinh phén chia lai.

Nhwee diém: Thoi gian séng ngin vi qua trinh chon ndt chu cum ban dau la
ngau nhién va néu cac ndt chi cum ndy ¢ qua xa tram gdc thi mang s& hét ning lwong

rat nhanh.

3.2.3.4 Ning lwong truyén téi thiéu (Minimum Transmit Energy)

— —
A ‘_B"'*‘a_..ﬂ — T e
A—*B—*C If

“
=

Hinh 3.17 Hoat dong cua giao thirc MTE

d,g2+dg.

Trong phuong phap dinh tuyén nay dir liéu duoc truyén di theo duong ngin
nhét, sir dung co ché CSMA.

U'u diém:

- Thoi gian séng ciia mang ¢6 ldc rat lau vi cac nut chi tén nang luong trao doi
dit liéu véi cac nit gan nhau nhat.

- Khi xay ra dung do thi cac nat s& doi va truyén lai dit liéu theo co ché CSMA.

Nhuwoc diém:

- Khi s6 nit I6n thi mang s& thudng xuyén xay ra lip va dung do.

- Dit liéu s& khong thu dugc hoic sé khong nhu mong mudn khi ma nit & qué
Xa S0 Vi tram géc.

- Thoi gian séng 14u nhung dit liéu thu dwoc phu thudc vao vi tri dat tram géc

- Trong thuc té tram géc s& dit cach xa cac ving cam bién nén néu ding MTE
thi rat c6 thé mang van trao ddi thong tin nhung ta s& khong thu duoc dir liéu gi vé

tram géc.

Sinh vién: D6 Pirc Hung - Lép CT902 45 Truong PHDL Hai Phong



Bdo cdo do an tot nghiép

3.2.4 M6 phéng

Tién hanh md phong 4 giao thic dinh tuyén: LEACH, LEACH-C, MTE,
STAT-CLUSTER Véi cac thdng sb dau vao:

- Tong sb nat: 101 (bao gdm 1 tram gdc)

- Pham vi dt cac nat: 100m x 100m (cac nit duge dat ngau nhién)
- Nang luong ban dau ciia mdi nat: 2J

- Tram gdc dat tai vi tri c6 toa do: (50,100)

- Thoi gian mo6 phong: 300s

- S6 cum khoi tao: 5

Két qua thu dwoc:

xgraph

Hinh 3.18 S6 niit mang con song theo thoi gian
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Danh gia:
- Vi giao thuc Stat-Cluster (duong mau vang) thi cac nit mang chét rat nhanh sau
mot thoi gian ngan vi thuat toan cua Stat-Cluster 1a chi phan chia cum mét 1an nén néu

cac nut chi cum & xa tram gdc thi nang lugng dé truyén dix liéu vé tram gdc 1a réat I6n.

- Véi giao thite MTE (duong mau xanh dam) thi thoi gian song ciia mang 1au hon vi

cac nut chi tén ning luong trao d6i dir liéu véi cac nit & gan nhat.

5 Xgraph ==

Close || Hdopy || About TUtal Energy

Jule —
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Hinh 3.19 Nang lwgng tiéu thu ciia toan mang theo thoi gian
Danh gia:
Trong khoang 100s dau tién, mirc tiéu thy nang luong cia ca 4 giao thuc xap xi nhau.
Tuy nhién, cang vé sau thi muc tiéu thu ning luong cia MTE cang giam chiam hon.

LEACH tiéu ton nhiéu ning lugng hon LEACH-C. Stat-Cluster tiéu tén ning luong

nhiéu nhét.
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xgraph

Hinh 3.20 Ti 1¢ nit/sé bytes nhian dwgc & tram gbc
Panh gia:
- Vi MTE dit liéu tir cac nGt giri thanh cong vé tram gdc rat nho do co ché truyén cua
MTE 1a CSMA nén khi ¢6 dung do trén mang thi cac nat s& doi va truyén lai di liéu.

- LEACH-C 16 rd wu thé vuot troi néu tinh trén lugng dit liéu dugc cac nat gii thanh

cdng vé tram géc.
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xgraph

Hinh 3.21 Ti 1€ di¥ li€u / nang lugng
Panh gia:
- MTE: Mic du thoi gian séng cia mang 1au nhung luong dir liéu nhan duoc & tram

gbc 1a rat nho. C6 thé néi trong giao thire dinh tuyén ndy mirc hao phi ning luong tinh

trén luong dit liéu nhan duoc 12 rat Ion va kém hiéu qua.

- LEACH-C: ¢6 luong dit liéu giri V& tram gdc tinh trén mot don vi nang luong hiéu

qua nhét trong 4 giao thuc.
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xgraph

Hinh 3.22 Biéu d6 tré tin hiéu tai tram gbc
Panh gia:
C6 khé nhiéu bién dong trong qué trinh dit liéu dwoc g tir cac nat vé tram géc & giao
thirc LEACH

Dé c6 thé danh gia mot cach toan dién anh huong cua cac tham sé téi hoat dong cua
mang, tac gia da thay doi 1 thong sb gia thiét ban dau, cac thdng sé khac giir nguyén.

- Két qua thu dwge khi thay déi ving dit cadc nGt mang tir dién tich 100x100
thanh 1000x1000:
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xgraph

Hinh 3.23 S6 niit mang con sdng theo thoi gian
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xgraph

Hinh 3.24 Nang lugng tiéu thu cua toan mang theo thoi gian
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xgraph

Hinh 3.25 Ti 1¢ nut/sé bytes nhin dwgc & tram gbc
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Xgraph

Hinh 3.26 Ti l1édi li€u / nang lwgng

Sinh vién: Bé Pirc Hung - Lép CT902 54 Truong PHDL Hai Phong



Bdo cdo do an tot nghiép

xgraph

Hinh 3.27 Biéu d6 tré tin hiéu tai tram gbc
Nhan xét:

Khi ting dién tich cta ving cac nut mang, dong nghia véi viéc cic nit mang
nam cach xa nhau hon va khoang cach téi tram gdc ciing ting theo. Didu d6 dan toi
ning luong dé truyén dit liéu giita cac nat ciing ting. Qua cac do thi cho thiy thoi gian
séng ctia mang bi giam di dang ké:

Xét voi giao thirce LEACH thi & gia thiét ban dau (dién tich 100x100) sau 300s c6 60

nGt mang con séng nhung khi ting dién tich 1én 1000x1000 thi sau 300s chi con 22 nit
mang con séng (hinh 3.18 va hinh 3.23).
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Bén canh d6 thoi gian tré tai tram gdc ciing ting 1én dang ké (hinh 3.22 va hinh 3.27),
tré 16n nhét trong truong hop dau tién (hinh 3.22) chi 1a 0.9s nhung trong trudng hop
thr 2 (hinh 3.27) da 1a 9s.

Qua d6 c6 thé thay rang yéu té dién tich dit nit mang anh huong rat 16n dén thoi gian

song, cling nhu kha nang truyén dit liéu ciia mang.

- Két qua thu dwoc khi thay doi ning lwong ban diu cia méi nat mang tir 2J 1én 10J:

xgraph

Hinh 3.28 S6 niit mang con song theo thoi gian
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xgraph

Hinh 3.29 Ning lugng tiéu thu cua toan mang theo thoi gian
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xgraph

Hinh 3.30 Ti 1¢ nuat/sé bytes nhian dwgc & tram gbc
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xgraph

Hinh 3.31 Ti 1€ di¥ li€u / ndng lugng
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xgraph

Hinh 3.32 Biéu d6 tré tin hiéu tai tram gbc

Nhén xét:

Khi ting ning luong ban déu cta mdi nut 1én 5 1an (tir 2J -> 10J) thi thoi gian

song va dg tré trén tram goc ciia mang duogc cai thi¢n 10 rét:

Xét v6i giao thie LEACH: trong 300s dau tién tt ca 100 nat mang van con
song (hinh 3.28) va thoi gian tré trén tram gdc giam (tir 0.9s -> 0.17s) (hinh 3.32). Tuy
nhién trén thuc té thi chi ¢6 thé ting ngudn ning luong cip cho mdi nut mang dén mot
mirc d6 nao d6. Vi thé nén chung ta can phai nghién ctru cac thuat toan dinh tuyén méi

dé co thé st dung hiéu qua nguon nang luong han ché nay.
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KET LUAN

Mang cam bién khong day c6 nhitng wu diém trong viéc thu thap di lidu, xir li
va phan phdi dir liéu vé cac moi truong khac nhau. Véi nhitng tinh ning vu viét va kha
ning tng dung to 16n mang cam bién khong day dd mau chéng gianh duoc su quan
tam cua cac nha nghién ctu nhiéu noi. Nho nhirng tién bo khoa hoc ki thuat, viéc ché
tao cac thiét bi cam bién nho gon, gia thanh thap, tiéu thu it ning lwong c6 kha ning
cam nhan dir liéu, tinh toan va giao tiép vo tuyén trd nén kha thi. Vi vdy mang cam

bién khong day dang phat trién nhanh chong.

Tuy vay, viéc thiét ké va thyc hién c6 hiéu qua gap rat nhiéu kho khin do nhiing
dic diém riéng biét va nhimg han ché. Cac giao thirc ding trong mang cam bién phai
tinh dén cac kho khan, thir thach nay. Dinh tuyén trong mang cam bién 13 mot linh vuc
méi thu hat nhiéu su quan tam nghién ctru cua cac nha khoa hoc, dac biét la xét vé khia
canh t6i vu ngudn ning luong str dung trong mang. Chinh vi thé d6 4n da trinh bay cac
thuat todn va danh gia dua trén 1y thuyét va cac két qua mo phong. Dya vao d6 co thé

Iwa chon mét giao thirc dinh tuyén phu hop nhat véi timng tng dung cu thé.
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