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LOI CAM ON

Loi dau tién cho phép em giri 0 cam on sdu sdc tdi toan thé cdc thay cé
giao trong khoa Cong Nghé Thong Tin - Pai hoc Ddan Lap Hai Phong, nhitng
nguoi da hét minh truyén dat cho chiing em nhitng kién thirc quy bdu va bé ich

trong suot 4 nam hoc vira qua.

Em ciing xin bay t6 long biét on chan thanh nhdt t6i thay PGS.TS. Vieong
Dao Vy - trwong Pai hoc Cong Nghé, Dai hoc Quéc Gia — Ha noi, nguoi da
luén tdn tinh huéng dan, truc tiép truyén thu cho em nhitng kién thirc, nhitng
twong khoa hoc méi mé va nhitng kinh nghiém hét sitc quy bdu trong suét qud

trinh lam do an nay.

Em ciing xin cam on dén nhitng nguoi than va toan thé ban be da giup

do, dong gop y kién va dong vién em trong suot qua trinh lam do dn.

Hai Phong, thang 07 nam 2009.
Sinh vién:

Tran Thi Tinh
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LOI MO DAU

Trong thoi dai khoa hoc va cong nghé bung nd theo timg ngdy, nhu cau st dung
cac hé thong vién thong ngay cang cao. Vi vay, doi hoi cac ki thuat thu thap, xir 1y va
truyén dit liéu phai chinh xac va nhanh chong. Dé dap tung dugc nhu cau d6 thi can
phai phat trién mot hé théng truyén thong khong day két hop véi su da dang hoa céc
loai hinh dich vy. Va khi nghi d¢én mang khong diy thi nguoi ta nghi ngay dén céc
thiét bi di dong, PDA, hay laptop,... Cac thiét bi nay co6 gia thanh cao, theo mdt muc
dich cho trudc va dua trén co sé ha tﬁng dd c6 sdn. Bén canh do, cac nhu ciu trong
cac linh vuc nhu: quan su (kich hoat thiét bi, diéu khién tu dong cac thiét bi
robot,...),y té (dinh vi, theo doi tinh trang strc khoé bénh nhan, bao dong khan cép
mot cach ty dong,...), moi truong (giam sat i lut, thién tai,...) va mdt sb linh vuc
khac vé doi séng (nha thong minh, diéu khién tu dong tranh Un tic giao thong,...)
cling can sir dung cac hé théng vién thong. Dé giai quyét duoc nhu cau do, ngudi ta
da phat trién hé théng mang cam bién khong day (Wireless Sensor Network ~ WSN).
Mang WSN tao ra mdi truong giao tiép giira cac thiét bi thong minh hay gitta céc
thiét bi thong minh vdi con ngudi hodc cac hé théng vién thong khac. Mot linh vuc
nodi bat ctia mang cam nhan khong day (WSN)Ia sy két hop viéc cam nhén,tinh toan
va truyén thong vao mdt thiét bi nho.Thong qua mang ludi(mesh networking
protocols),nhitng thiét bi ndy tao ra mot sy két ndi rong 1on trong thé gisi vat 1y.
Mang WSN tao ra mdi truong giao tiép giita cac thiét bi thong minh hay gitta cac
thiét bi thong minh v6i con ngudi hodc cac hé thong vién thong khac .Trong khi kha
nang cua timg thiét bila rat nho,su két hgp hang tram thiét bi nhu vay yéu cau la phai
c6 cong nghé mai.

Strc manh cua WSN nam & chd kha nang trién khai mot sb luong 16n cac thiét
bi nho c6 thé ty thiét 1ap cdu hinh hé thong.Str dung nhiing thiét bi nay dé theo doi
tho1 gian thyc,dé giam sat diéu kién moi tru:(‘mg,dé theo ddi cAu truc hodc tinh trang

thiét bi.
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Ngoai nhitng wu diém ma WSN mang lai thi con c¢6 nhitng khuyét diém vé kha
ning hoat dong mang. C6 thé hiéu don gian mang WSN 1a mang lién két cac node
bang song vo tuyén, trong d6 cac node mang thuong 1a cac thiét bi don gian, gon nhe,
ré tién, co s6 lugng 16n va phan bd kha rong. Luu luong dir lidu luu thong trong
WSN 14 thap va khong lién tuc, thong thuong thoi gian 1 node mang o trang thai nghi
16n hon trang thai hoat dong rt nhiéu, do vy can c6 giai phap tiét kiém nang luong
t6i da. Hon nita, cac node mang con phai hoat dong trong méi trudng khic nghiét,
dugc bd tri ngdu nhién nén co thé di chuyén 1am thay d6i ciu hinh mang, vi thé doi
hoi cac node mang phai c6 kha ning ty dong cau hinh va thich nghi. Khé khin cudi
cung 1a van dé bao mat va an ninh do kha ning hoat dong ty dong cia cic node
mang.

Luan vin gom :Phan Mé dau,3 chuong ndi dung,phan két luan,tai liéu tham
khao

D6 4n nay tap trung vao cac thu tuc diéu khién tham nhap moi trudng cua
mang WSN va dugc chia lam 3 chuong ndi dung:

e Chuong I: Tong quan vé mang cam bién khong day WSN, cac tmg dung ciia
n6 trong doi sdng va mot s6 chuan ctia mang cam nhan khong day WSN.

e Chuong 2: Gi6i thiéu vé chirc nang cta 16p lién két dit liéu trong mang cam
bién khong day va mot s thu tuc diéu khién truy nhap méi truong.

e Chuong 3:Van dé tiéc kiém ning luong trong mang cam nhdn khong day
WSN.L4p lich nga khong dong bo cho truyén théng trong mang WSN.Sau do
tim hiéu va thir nghiém phan mém Tempbroadcast. Ttr d6 dua ra duoc so do
giai thuat va thuc nghiém cua ki thuat tham do 1a mot trong s6 cac thu tuc truy
nhdp moi truong.

Véi kién thirc han hep, thoi gian nghién ciru khong dai, tai liéu tham khao c6
chua nhiéu, do vay dd an khong tranh khoi nhing sai s6t. Mong quy thay co cing cac

ban chia s¢é, gop ¥ d€ do an dugc hoan thi¢n.

SV:Tran Thi Tinh CT901 Trang 5



D6 an tot nghiép nghanh CNTT DbHDLHP

CHUONG 1

TONG QUAN VE MANG CAM BIEN KHONG DAY WSN
(Wireless Sensor Network)

1.1 Gidi thiéu mang WSN:
WSN (Wireless Sensor Network), tiéng Viét goi 1a mang cam bién khong day

Mang cam bién khong diy 1a mot trong nhitng cong nghé thong tin moi phat
trién nhanh chéng nhat, voi nhiéu Gng dung trong nhiéu linh vuc: diéu khién qua

trinh cong nghiép, bio mat va giam sat, cam bién méi truong, kiém tra sirc khoe. ..

Hinh 1.1: Biéu tuwong ciia mang WSN

Mang cam bién khong day WSN 1a mang lién két cac node véi nhau nho song
vo tuyén. Trong d6, mdi node mang bao gdm day du cac chic ning dé cam nhan, thu
thap, xtr 1y va truyén dir liéu. Cac node mang thuong 1a cac thiét bi don gian, nho
gon, gia thanh thdp va co sé luong 16n duoc phan bd mot cach khong co hé thong
trén pham vi rong, st dung ngudn ning luong (pin) han ché, thoi gian hoat dong 1au
dai.

Céc mang vo tuyén khac bao gdm mang té bao (cellular), mang WLAN
Wireless Local Area Network (802.11 a va b), va mang pham vi & nha (Bluetooth).
Céac goi chuyén tir mang ndy qua mang khac dé hd trg internet khong ddy, nhung

tiéng nodi van 1a ing dung uu thé hon trong mang té bao. Mang té bao vé6i dich dén 1a
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tai nhirng ngudi su dung c6 tinh di dong cao. Tdc do dit lidu cho tinh di dong tai muc
nay bi gidi han do dich tan Doppler. Mat khac, WLAN c¢6 tbc d6 dir liéu cao.
Bluetooth ¢6 dich dén 1a tai nha. Tc do dir lidu mong mudn c6 dai vo tuyén (radio)

thap hon va ngin hon nhiéu, tinh di dong ciing thap.

WSN khac v6i cac mang trén. N6 ¢6 1 sb lugng 16n cac node. Khoang cach
giita cac node 1an can 1a ngin hon so véi cac mang trén. Do WSN hoan toan chi 1a
cac node, chi phi cho mdi node 1a it. Mtrc tiéu thu ning luong thip hon nhiéu béi vi
viéc thay thé pin ctia mdi node tham chi 1 thang 1 1an sé rat vt va. Toc d6 dir liéu va
tinh di dong trong WSN ciing thap hon. Hon nita, trong dit liéu ctia sensor von da du

thura.

Céc nha nghién cru ¢ Berkeley da phat trién céc thiét bi mang cam bién khong
day, goi la cac hat bui “motes”, n6 dugc st dung cong khai, san sang dé thuong mai
hoa, cing v6i TinyOS mot hé diéu hanh két nbi nhing dé co thé dé dang st dung
thiét bi nay. Hinh duéi minh hoa 1 thiét bi “mote”ctia Berkeley. Sy tién ich cia cic
thiét bi nay d6 1a: chung nhu mot chuong trinh d& str dung, hoat dong day du, véi gia
tuong ddi ré, cho cac thi nghiém va trién khai thuc té da mang lai moét vai tro dﬁy dua

trong cudc cach mang vang cia mang cam bién khong day.

Hinh 1.2: [ thiét bi “mote” ciia Berkeley
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1.2 Cac thiét bi WSN:

Céc thiét bi chinh tao ra mang cam bién khong day:

Sensors

e |

Memory Processor =~ GPS

Radio transceiver

| Power source |

Hinh 1.3: So d6 mang cam bién khéng ddy co bdn

1.2.1 B9 xir Iy nhing ning lwong thap:

Céc nhiém vu ctia may tinh trén thiét bi WSN bao gém: qua trinh xir 1y thong tin
cam bién cuc bd cling nhu thong tin truyén boi cac cam bién khac.Hién nay chu yéu
do su kim ham kinh té, cac bo xir Iy gan vao thiét bi thuong bi han ché trong pham vi
nang luong . Yéu cau mot xir 1y d6 1a gia thanh ré.tich hop duoc dé dang véi cac cam
bién,tiéu thu dién nang thap....Bo vi xir Iy ¢6 chirc nang thu thap thong tin, xur Iy dix

ligu truyén nhan gitra cac niit mang

1.2.2 B0 nhé' / Luu trir:

Luu trir dudi dang RAM (Random Access Memory) va ROM (Read-only
memory) ca bd nhd chuong trinh (cac Iénh thuc hién béi bd xur 1y) va bo nhé dir licu
(luu cac két qua do chua qua xur Iy va da xir Iy boi sensor; cac thong tin cuc bd
khac).Chét luong bd nhé va luu trit trén board cua thiét bi WSN thudng bi giéi han

dang ké bai 1y do kinh té va di nhién van dé nay s& duoc cai tién theo thoi gian.

1.2.3 Bo thu phat vo tuyén:
Thiét bi WSN: tdc do thap, vo tuyén khong day dai ngan (10->100kbps, <100m).

Trong thoi di€ém hién nay n6 bi giogi han vé dung luong,va sé dugc cai thién 1 cach
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tinh t€ vao thoi gian téi vé cac mat: cai thién gia thanh, hiéu qua pho, triét tiéng on,

fadinh, va xuyén nhiéu.

Trong WSN thi truyén vo tuyén 1a mot qua trinh sir dung ning lugng manh nhat,
do d6 vo tuyén can phai két hop hiéu qua ning luong giita cac ché d6 ngu va ché do

hoat dong

1.2.4 CA4c sensor (Cam bién):
Do gidi han bang thong va nguén, cac thiét bi WSN chi hd trg bd cam bién te
d6 dit liéu thap. B cam bién chinh 1 thiét bi thu thap thong tin dit liéu. Tuy theo mdi
ung dung ma c6 1 loai sensor riéng: cam bién nhiét do, anh sang, do am, ap suét, gia
toc ké, tir ké, am thanh hay tham chi 1a hinh anh c6 do phan giai thap.
1.2.5 H¢é thong dinh vi dia Iy GPS (Geo Positioning System):
Trong nhiéu tng dung cia WSN, quan trong nhat 14 tng dung cho cac phép do
sensor dé danh dau vi tri. Cach don gian nhat dé khoanh ving vi tri 1 tién cau hinh
cho sensor & vi tri trién khai; tuy nhién n6 chi mang tinh kha thi trong mot s6 diéu

kién trién khai nhat dinh.

1.2.6 Ngudn niing lwong:

Str dung ngudn ning luong dé co thé trién khai hoat dong cua thiét bi WSN nhur
ngudn pin.Trong nhitng Gng dung tap hop dir liéu (data-gathering) co ban, c6 mot
node dugc xem nhu node sink, tat ca dit liéu tir cac node sensor nguén dén nod 1a truc
tiép.Dbi voi mang cai dit ning luong truyén thip hon hay trién khai trén dién rong
thi str dung cau triic hinh cdy da hop. Trong truong hop nay, mot vai node dugc xem

nhu node ngudn, va dinh tuyén cho cac nguén khac.
1.3  Pic trung va cau hinh mang cam bién:
Mot node trong mang WSN thong thuong bao gon 2 phan:

= phan cam bién (sensor) hodc diéu khién

= phan giao tiép vo tuyén (Radio frequency transceiver)
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Do s lugng node trong WSN 1a 16n va khong can cac hoat dong bao tri, nén yéu
cau thong thuong d6i véi 1 node mang 1a gia thanh thap (10 - 50 usd) va kich thudc
nho gon ( dién tich bé mit vai d&én vai chuc cm?). Do gidi han vé& ngudn ning lugng
cung cap (pin,...) gia thanh va yéu cau hoat dong trong mot thoi gian dai, nén van dé

tiéu thu ning luong 14 tiéu chi thiét ké quan trong nhat trong mang cam bién:

*Lép vat Iy (physical layer): twong dbi don gian, gon nhe do rang budc vé kich
thude va kha nang tinh toan ctia node. K thuat diéu ché tin hiéu sé: O-QPSK, FSK
cai thién hiéu suit bo khuéch dai cong suét. Cac ky thuat ma hoa stra sai phuc tap nhu
Turbo Codes, ma LDPC (Low-density parity-check code) khong dugc st dung, ki
thuat trai phd duoc st dung dé cai thién ti sd tin hiéu trén nhiéu (SNR_signal noise

rate) & thiét bi thu va giam anh hudng fading ciia kénh truyén.

*Lép MAC (Media Access Control): ki thuat da truy nhap phan chia theo thoi
gian (TDMA_ Time Division Multiple Access) hodc da truy nhdp cdm nhan song
mang tranh xung dot (CSMA/CA  Carrier Sense Multiple Access with Collision

Avoidance) hiéu chinh véi muc dich 1a giam muc nang luong ti€u thu.

*Lép dinh tuyén (routing layer): giao thirc dinh tuyén quan tdm dén niang luong

“power aware”, dinh tuyén dia 1y (geography routing),... WSN thudng dugc trién
khai trén mot pham vi rong, sé luong node mang 16n va dugc phan bé mot cach
tuong d6i ngiu nhién, cac node mang c6 thé di chuyén 1am thay d6i so dd mang ...
do vay WSN doi hoi 1 ciu trac mang linh dong (ad- hoc, mesh, star,...) va cac node
mang c6 kha ning ty diéu chinh , tu cau hinh.Trong 1 s6 ing dung WSN thong dung
(giam sat, cam bién, moi truong,...) dia chi ID cua cac node chinh la vi tri dia 1y va
giao thic dinh tuyén dya vao vi tri dia Iy nay goi 13 giao thic dinh tuyén dia ly
(Geography routing protocol GRT). Béi v6i mang c6 sé luong 16n cac node, so dd
mang khong 6n dinh... thi GRT gitip don gian hoa giai thuat tim duong, giam di liéu
bang dinh tuyén (routing table) luu trit tai cic node. GRT phu hop véi cac WSN ¢
dinh, tuy nhién ddi voi cac node di dong (dia chi ID node thay dé)i) giao thic dinh

tuyén trd nén phuc tap va khong 6n dinh.
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Céu hinh cho mang WSN ciing tuong tu nhu WLAN nhung phtc tap hon
WLAN vi s lugng cac node ciing nhu pham vi hoat dong 1a kha 16n. Cac dang cu
hinh trong mang WSN con phai dap tng duoc cac ham két ndi cua timg dang dé dam

bao mang hoat dong.

Do gi6i han kha nang tinh toan cta timg node mang ciing nhu dé tiét kiém niang
lugng, WSN thuong sit dung cac phuong phap tinh toan va xu ly tin hiéu phi tap
trung (giam tai cho node gan hét ning luong) hodc gt dir liéu can tinh toan cho cac

tram co sO (co6 kha nang xu ly tin hi¢u manh va it rang bude vé ti€u thu nang luong).

1.4 Ung dung ciia mang cam bién:

WSN dugc uing dung dau tién trong cac linh vuc quéan sy. Cung véi sy phat
trién ctia nganh cong nghiép diéu khién tu dong, robotic, thiét bi théng minh, méi
truong, y té ... WSN ngay cang duoc sir dung nhiéu trong hoat dong cong nhiép va

dan dung.
Mot $6 teng dung co ban ciia WSN:

e Cam bién mdi trudng:
v’ quén su: phat hién min, chit doc, dich chuyén quan dich,...
v cong nghiép: hé théng chiéu sang, d6 am, phong chay, chong 10 ri,. ..
v dan dung: hé thong diéu hoa nhiét do, chiéu sang,...
e Diéu khién:
v quan sy kich hoat thiét bi, vii khi quan su,...
v cong nghiép: diéu khién ty dong cac thiét bi, robot, ...
e Theo doi, giam sat, dinh vi:
v quan su: dinh vi, theo dai su dich chuyén thiét bi, quan doi,. ..
e MOoi truong:
v’ giam sat 1 lut, bao, gio, mua,...
v’ phat hién 6 nhiém, chat thai. ..

e Y té: dinh vi, theo d3i bénh nhan, hé théng bdo dong khén cép,. .
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e He¢ thong giao thong thong minh:
v’ giao tiép giita bién bao va phuong tién giao thong, hé thong diéu tiét luu
thong cong cong, hé théng bao hiéu tai nan, ket xe,...
v hé thdng dinh vi phuong, tro giup diéu khién tuy dong phuong tién giao
thong,...
e Gia dinh: nha théng minh: hé thdng cam bién, giao tiép va diéu khién cac
thiét bi thong minh,...
WSN tao ra moi trudng giao tiép giita cac thiét bj thong minh, giira cac thiét
bi thong minh va con nguoi, gitta cac thiét bi thong minh va cac hé thong vién

thong khac (hé théng thong tin di dong, internet, ...)
1.5 Mot s6 chuan mang cam bién :

Do pham vi tng dung cua WSN rat rong 1on, tinh chét, dic trung cia mang phu
thudc vao tng dung trién khai cu thé. Do vay, cac cong ty, cac phong thi nghi¢m van
thuong phat trién, trién khai giao thic riéng (MAC, Routing, synchronisation) phu
hop cho ting tng dung cu thé dua trén cac thiét bi phan cing (transceiver chip) trén

thi truong. Mot s6 chuan WSN dugc biét dén:

ALOHA system (U. of Hawaii)

PRNET system (U.S. Defense)

WINS (U. of California)

PicoRadio (U. of California)

MicroAMPS (M.1.T)

MANET (Mobile ad-hoc Network)

Zigbee: dya trén physical layer va MAC layer ctia chuan WPAN 802.15.4
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CHUONG 11
CHUC NANG LOP LIEN KET DU LIEU TRONG MANG WSN
CAC GIAO THUC VA THU TUC TRUY NHAP MOI TRUONG
2.1 Chirc niing 16p lién két dir liéu:
Lé6p lién két dit liéu hd tro 1 tap cac chirc ning.Chiing va mdi quan hé cua ching

duoc chi ra trong m6 hinh bén dudi.

Mo6i khoi h¢ thong con trong mo hinh biéu dién 1 chirc nang da ho tro va cac miii

tén chi thi su phu thudc truc tiép gifta cac hé théng con.

Vi du: khoi Truyén dir liéu dua trén khoi MAC dé biét duge khi ndo truyén va kénh

gi duoc st dung.

MAC
A
Diéu khién Truyén dir Dia chi cuc
161 D liéu X bd
A/
\ 4
Dinh vi tri Xu ly dir Danh sach
D liéu node lan can
\ / A
Tinh di Phép do Diéu khién
dong lién két ngudn

Hinh 2.1: Cdu tric I6p lién két dir liéu

Bit dau tir trén xudng, tir trai sang phai, mo ta tom tit mdi khoi nhu sau:
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% Khdi MAC: truy nhap viéc diéu khién. N6 chi rd thoi gian 1 node c6 thé truyén
va kénh gi str dung cho viéc truyén.

% Khoi Piéu khién 16i: ma hoa hay giai ma dir liéu dua trén 1 sy do 16i cu thé hay
ma sira 16i.

% Khoi Truyén dir liéu: truyén dix liéu dén 16p vat 1y.

% Khoi Pia chi cuc bé: tra 11 cho viée an dinh 1 dia chi duy nhat dén 1 node.

% Khdi Pinh vi tri: tinh toan hodc xac dinh vi tri ctia 1 node dya trén vi tri cia
chinh no6 (hodc vi tri ma n6 gia su), cac vi tri cia cac node lan can (duoc gia
sur), cac khoang cach gitra cac node 1an can va chinh node do.

< Khoi X [y div liéu: xtr 1y dit lidu tir 16p vat 1y

% Khdi Danh sdch node ldan cdn: tao ra va chtra danh sach node 14n can. Danh
sach node 1an can (neighbor) c6 thong tin vé moi neighbor sau: dinh vi tri, dia
chi cuc b, phép do lién két.

% Khoi Tinh di déng: hd trg cac node di dong

< Khoi Phép do lién két: cung cap 1 phép do (metric) cho mdi lién két (link). Lop
mang sit dung metric dé tinh toan x4c suat ciia viéc xac dinh dudng truyén.
Khéi ciing luu giit trang thai kénh (khéi MAC can), va do cuong do tin hiéu
nhan RSSI Received Signal Strength Indicate (khdi dinh vi tri can)

s Khoi Diéu khién nguon: chi rd mirc nang lugng truyén.

= Cac khoi duoc md ta & trén lam viéc v6i nhau dé thyc hién cac nhiém vu
trong 16p lién két dir liéu. M6 hinh dudi ddy chi ra cach 1am thé nao dé cac 16p
khac str dung 16p lién két dir liéu nay. Nhitng con ngudi trong md hinh dudi day
biéu dién su lién két, giao tiép vai 16p lién két dir liéu. Vi du: 16p mang s& st dung
16p lién két dir lidu dé truyén dir liéu dén 16p vat Iy va nhan dit liéu tir nd. N6 ciing
tim kiém danh sach cua cac node 1an can trong 16p lién két dir liéu dé biét thong tin

cu thé cua node do.
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thiét 1ip qud trinh trayén moe ndng heng “-\\&
Q
= -
fﬁ@ TN
;%,{E truyén dfrliéy 1 vt 1y
—\—\_\_\_\_\_\_
‘ C D
Op mang
Iy dir ligu
C D
e

titn fiode 1an cdin

Hinh 2.2: Mé hinh mitc hé thong I6p lién két dir liéu
MAC 1a mét chtrc ning quan trong duoc hd trg trong 16p lién két dir lidu.

2.2 Pic diém cia thi tuc MAC:

Thu tuc (giao thic) 1a tap hop cac qui tic, qui wdc chung dé cho 2 hoic nhiéu
thiét bi c6 thé truyén thong v6i nhau. Viéc trao doi thong tin, cho du 1a don gian ciling
phai tuan theo nhiing qui tac nhat dinh. Do d6 viéc truyén thong tin trén mang ciing
can phai c6 nhitng qui udc vé nhiéu mit, tir khuon dang (ct phap, ngit nghia) ca dit
li¢u cho t&i cac thu tuc gui, nhan dir lidu, kiém soat hiéu qua va chat luong truyén tin,
xtr Iy cac 16i va sy ¢b. Yéu cau vé xir 1y va trao doi thong tin ciia ngudi st dung cang
cao thi cic qui tdc cang nhiéu va phitic tap hon. Tap tit ca cac qui tic, qui udc do
duogc goi 1a thu tuc hay giao thirc (protocol) mang. Cac mang c6 thé sir dung cac giao

thirc khac nhau tuy lra chon cua nha thiét ké va yéu cau cua ngudi st dung.

Mot dic diém chil yéu cua truyén thong vo tuyén (wireless) 1a cung cap mot
moi trudng chia sé sdn co. Tat ca cac thu tuc diéu khién truy nhap moi trudng
(MAC_ Media Access Control) cho mang wireless 1a quan 1y viéc st dung giao dién
(interface) vo tuyén dé dam bao tan dung hiéu qua viéc chia sé bing thong. Cac thi
tuc MAC thiét ké cho mang WSN c¢6 thém mot muc ti€u cua viéc quan ly su hoat

dong radio dé bao ton niang lugng. Vi thé, trong khi cac thu tuc MAC truyén thong
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phai can bang vé thong luong, do tré, va cac méi quan tam khac, thi cac thii tue MAC

trong mang WSN dit viéc st dung hiéu qua ning luong 1a mbi quan tAm chinh.

Thi tyc diéu khién tham nhap méi truong trong WSN ciing co phan giéng véi
WLAN tuy nhién do yéu cau vé tiét kiém nang lugng t6i da cua cac node, WSN dua
ra cac giai phap dé giai quyét viéc tiét kiém nang luong bf?mg cac ché do 1ap lich thuc,

ngu cho modi qua trinh truyén va nhan dir liéu ciia moi node.

Quan 1y niang luong 14 1 van dé thach thirc trong cac giao thirc truyén thong
mong mudn trong mang WSN. Viéc lang phi ning luong xay ra cha yéu do xung dot
(2 node truyén xen vao tai cing thoi diém), nghe 10m (overhearing - 1 node nhan 1
g6i ma dich dén khong phai 1a nd), ting chi phi géi tin diéu khién (control packet
overhead) va lang nghe khi méi truong rdi (idle listening) (song vo tuyén cia 1 node
1a hoat dong tham chi khi khong c6 dir liéu dé truyén hodc nhan). Nhimng van dé nay
cd mat trong tat ca cac mang moi trudng chia sé va néi chung dugc cac ki thuat MAC

khac phuc.

< Muc tiéu chinh cta thu tuc 16p MAC 1a dé phan phét cho cac kénh vo tuyén
duogc chia sé trong s6 cac node sensor gidng nhau va dé dam bao rang khong co 2
node truyén xen vao tai ciing thoi diém. Boi vi tiém ning cta né cho viée tranh ling
phi ning lugng khong can thiét, MAC trong WSN d trd thanh linh vuc nghién ctru

rong.

K/

¢ C4c thudc tinh quan trong cua tha tuc MAC la:
v' Tranh xung d6t: nhiém vu co ban 1a diéu khién truy nhap méi trudng
v' Hiéu suit ning luong: quan trong nhat
v/ Tinh mo rong va tinh thich nghi: dé thay dbi kich thudc mang, mat do
node va topo mang. S6 lugng cic node thay di theo thoi gian
Do tré (latency)
Binh dang (fairness)
Thong lugng
Viéc str dung bang thong

DN N NN
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% Céc tha tuc MAC c6 thé chia thanh céc loai khac nhau dua trén cic nguyén tic
khac nhau. Mot vai tha tuc duogc tap trung véi tram géc hodc chii nhém 1am diéu
khién truy nhap; vai thu tuc thi duoc phan phdi, vai tha tuc khac thi str dung 1 kénh
don 1¢, vai thu tuc khac thi st dung nhiéu kénh, vai thu tuc khac nira thi st dung cac
kiéu khac nhau cua truy cap ngdu nhién, vai thu tuc khac thi str dung viéc danh riéng
1a 1ap chuong trinh. Céc thu tuc d6 cling duoc t6i wu cho nhitng diéu khac nhu: ning
luong, do tré, thong luong, su binh dang, chat luong va dich vu (QoS), hodc hd tro
cho nhiéu dich vu khac.

v Thi tuc MAC trong WSN c¢6 thé duoc phan thanh 2 loai:
= thd tuc canh tranh co ban (contention-based)
» thu tuc canh tranh tu do (contention-free)

Moét chu dé chung cho tat ca cac thu tuc nay la dat mot “ché d6 ngu” cua radio voi

nang luong thap theo chu ky hodc vao bat ctr lic nao co thé thyc hién duoc khi 1

node khong nhan hosc khong truyén.

a) Thu tuc canh tranh co ban (contention-based):

Cac thu tuc contention-based nhu: Aloha, CSMA (Carrier Sense Multiple
Access), MACA (Multiple Access with Collision Avoidance), IEEE802.11, PAMAS
(Power Aware Medium Access with Signaling), S-MAC (Sensor MAC)....Trong s6
dé quan trong la: IEEE 802.11, PAMAS va S-MAC.

e Ciac ki thuat Aloha va CSMA: 1a khong duoc xac dinh truéc nén dé gay ra
xung dot va nang luong bi han ché.

e MACA: céc ban tin diéu khién RTS/CTS (Request To Send/ Clear To Send)
giai quyét duoc van dé node an, hién

e IEEE 802.11: mac du duoc st dung rong rai vi tinh don gidn cia no6 va tinh
chat manh (robustness) chong lai van dé node an, khong phai 1a 1 giao thirc
hiéu qua niang luong, vi vay né khong dung vao viéc tranh van dé nghe 16m
(overhearing) va lang nghe khi méi truong ranh (idle listening).

e PAMAS: c6 thé dung dé tranh van dé nghe 16m (overhearing)
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e S-MAC: 1 cai tién cia PAMAS, giam lang phi tir idle listening bang cach lam
cho céac node tat di cac radio cua chung khi ranh réi. Tuy nhién, khoang thoi
gian ngu 12 nhu nhau cho mdi node, gy bat loi cho cac node c6 it nang lwong.

Vi¢c lam cho céc node cang ngu it thi cang c6 thé tang hiu suat.

b) Thu tuc canh tranh tu do (contention-free):

Thu tuc nay st dung ki thuat FDMA (Frequency Division Multiple Access),
TDMA (Time Division Multiple Access), CDMA (Code Division Multiple

Access),...

o Thu tuc st dung FDMA hodc CDMA dé tranh xuyén nhiéu giita céc link lién
ké. Han ché cua tha tuc nay 13 bang thong sir dung thap vi 1 node chi ¢ thé noi
chuyén v&i 1 node 1an can tai 1 kénh tan s6. CDMA rat phirc tap va khong thé
thuc hién duoc véi tai nguyén gidi han cua cac node mang sensor. FDMA khong
c6 hiéu qua cho céac ban tin theo chu ki trong cac hé thong thoi gian thuc.

o TDMA truyén théng duogc thuc hién dua trén 1 bang ma xac dinh ban tin co
truy nhap dén mang tai moi thoi diém da biét trudc. Lich TDMA 1a xac dinh trudc
va rat c6 hiéu qua. Trong tuong lai, lich nay c6 thé duoc tdi uvu cho mdi node dé
gém cac ban tin ma n6 g1 hoac nhan. Tuy nhién viéc thuc hién do can nhiéu bo
nhd. Thu tuc nay thuan lgi hon thu tuc contention-based la: khong c6 xung dot,
hodc ting chi phi goi diéu khién . Tuy nhién, cac thi tuc TDMA khong c6 su md
rong tot nhu cac thi tuc contention-based.

o Thu tuc khac dugc dua ra bd1 Woo va Culler st dung 1 ki thuat diéu khién tdc
d6 thich hop dua trén CSMA. Thu tuc nay c¢b ging dé dat 1 vi tri bang thong t6t
dé tat ca cac node phr:in nao tiét kiém duoc ning luong hon tai mdi node trong 1
mang da budc (multi-hop).

o Piconet 1a 1 thi tuc khac gibng nhu S-MAC duoc thiét ké cho cac mang vo
tuyén ad-hoc ning lugng thap, dit cac node vao chu ki nga cho viéc bao ton ning

lugng. Cho sy ddéng bo, piconet lam cho 1 node phét broadcast dia chi ctia né
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trude khi nd bat dau ling nghe. Han ché cia tha tuc nay 13 néu 1 node mudn noi
chuyén vé1 node 1an can, n6é phai doi cho dén khi no ¢6 dia chi cta node 1an can
d6. O dé tai nay trong tam chi 1a cac thu tuc MAC contention-based. Cac thu tuc
MAC contention-based c6 mot thuan loi hon thi tuc MAC contention-free & tocdo
dir liéu thap, dic tinh tré thdp hon va thich nghi t6t hon véi cac bién doi cua luu
lugng.

2.3 Céc thit tuc MAC truyén thong:
2.3.1 ALOHA va CSMA:

- ALOHA: truyén bat cr khi nao dit liéu d4 sin sang gui.
- CSMA:Carrier Sense Multiple Access (da truy nhap cam nhan song mang)

a) Aloha: thuan lgi chinh ctia mé hinh truy nhap ngau nhién Aloha 1a n6 don
gian. Cac node c6 thé truyén dir liu cua chung bat chap su hoat dong cua cac node
khac. Néu ban tin nhan thanh cong thi node gdc guii 1 ACK (acknowledgment) qua 1
kénh (feedback). Néu node khong nhan duge 1 ACK thi node truyén lai ban tin sau
khi doi mot thoi gian ngu nhién. Do tré chii yéu dugc xac dinh boi xac suat ma goi
tin khong nhan dugc (boi vi xuyén nhiéu tir qua trinh truyén khac duoc goi 1a 1 su
xung dot) va gia tri trung binh cua thoi gian doi ngdu nhién trude khi qua trinh truyén

lai.
Nguyén ly Aloha:

*1

Truyén

Do ngéu
nhién

Hinh 2.3: mé td qud trinh node xi Iy trong mang truy cdp ngau nhién Aloha
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Céc dang don gian nhat cia truy nhap moi truong 1a Aloha khong chia khe

(unslotted Aloha) va Aloha c6 chia khe (slotted Aloha).

< O Aloha khdng chia khe (unslotted Aloha) mdi node hoat dong ddc 1ap nhau
va thuong 1 truyén 1 géi bét ctr khi nao né duge giri t61, néu xung dot xay ra, thi

g6i s& phai truyén lai sau 1 chu ki chd ngau nhién.

A

tram 1
tram 2
tram 3
tram 4
tram 5
tram &

thei gian (cac khe téi chi sw xung dat)

Hinh 2.4: Aloha khong chia khe

=>Han ché quan trong & day 1a goi tin goi da nhan hay chua. Dé giai quyét van
dé nay, trong md hinh Aloha khéng chia khe , khi 1 node két thuc viéc truyén, nd
mong chd 1 ACK trong 1 luong thoi gian han ché. Mat khac, né truyén lai dir liéu
mot cach dé dang. M6 hinh nay lam viéc tdt trong cdc mang nho noi ma tai khong
cao. Nhung trong mang 16n, doi hoi nhiéu tai, noi ma nhiéu node c6 thé muén truyén
tai cuing thoi diém, thi mé hinh nay khong dung duoc. Do d6 dan t&i su phat trién cia

Aloha c6 chia khe.

< O Aloha c6 chia khe thi 1am viéc theo cach twong tw, nhung chi cho phép
truyén trong nhitng khe dong bo riéng. Mot khe bang thoi gian truyén 1 frame. Cac
node chi bat dau truyén cac frame tai diém bat dau cia cac khe. Cac node dugc
ddng bo dé mdi node biét khi nao cac khe bat dau. Néu 2 hoic nhiéu hon cac frame

xung dot trong 1 khe, thi tt ca cac node do tim xung dot trudc diém cudi cia khe.

SV:Tran Thi Tinh_CT901 Trang 20



D6 an tot nghiép nghanh CNTT DbHDLHP
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tram 5
tram &

H

thin glan (cac khe téi chi s Tung diot)

Hinh 2.5: Slotted Aloha

Trong giao thirc ndy, s6 xung dot co thé xay ra duoc giam. Va vi thé, né thuc
hién t6t hon Unslotted Aloha. Cac xung dot chi c6 thé xay ra vdi cac node di san

sang noi tai cung thoi diém. Pay 1a 1 su giam dang ké.
b) CSMA.

Thu tuc MAC ¢ dién khac 1a thu tuc diéu khién truy nhdp moéi trudng cam

nhdn song mang

Trong CSMA, mdt node mudn truyén thi truéc hét phai lang nghe kénh xem
lac nao né ranh (tréng). Néu kénh ranh, thi node thuc hién qua trinh truyén. Néu kénh
ban, thi node chd 1 chu ki back-off ngau nhién va thir lai. CSMA véi su phat hién
xung d6t 1a 1 ki thuat co ban duoc sir dung trong chuin IEEE 802.3/Ethernet. Tuy

nhién van chua giai quyét dugc van dén node an va node hi¢n.

Muon truyén

@ ong

co

Truyén

Hinh 2.6: Giao thirc CSMA
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Giao thuc CSMA khong xac dinh ro viéc do xung dot hoac xur ly xung dot. Vi
vay, xung dot c6 thé va s& xay ra rd rang. Dy 1a giao thirc khong tot cho cac mang
16n, nhiéu load. Vi vy, chiing ta can cai tién qua CSMA, diéu nay dan dén su phat

trién cia CSMA/CD.

Fioi bacleoft
ngiu nhién

S tin
higu Jam

K&t thuc
truyEn

Hinh 2.7: giao thirc CSMA/CD

Trong mang Ethernet, CSMA duoc sir dung v6i ché do6 CSMA/CD (da truy
nhap cam nhan séng mang do xung dot): ché do nay hoat dong nhu CSMA thuong
nhung trong qua trinh truyén, node dong thoi lang nghe, nhan lai cac dir lidu gui di
xem c6 xung dot khong. Néu phat hién xung dot, node s& truyén 1 tin hiéu nghén
(Jam) dé cac node khac nhan ra va dimg viéc giri goi trong 1 thoi gian back-off ngiu
nhién trude khi ¢b gui lai, tire 13 c6 kha ning do xung dot nhung van khéng tranh

duoc xung dot.

CSMA/CD van khong giai quyét dugc van dé node an node hién. Vi du: ¢6 3 node
A,B,C dang truyén thong véi nhau sir dung 1 giao thire khong day. B co thé truyén
thong v6i ca A va C, nhung A va C khac dai va vi viy khong thé truyén thong truc
tiép voi nhau. Bay gid gia sir ca A va C mudn truyén thong dong thoi voi B. Ca hai sé

cam nhan séng mang la roi1 (idle) va vi the s€ bat dau qua trinh truyén, ngay ca néu co
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1 xung ddt, thi cd A va C cling khong cam nhan dugc. B s€ nhan 2 gbéi tai cung thoi
diém va c6 thé khong hiéu nhau.Dé giai quyét van dé nay, mot phién ban tét hon

duogc goi 1a CSMA/CA di dugc phat trién,ddc biét cho cac tmg dung khong day

2.3.2 Node an va node hién:
CSMA thuong khong c6 kha ndng tranh xung ddt va khong hi¢u qua trong

mang wireless vi 2 van dé duy nhat do 1a : van dé node an va van dé node hi¢n.

- Node an: & day node A dang truyén dén node B. Node C nam ngoai dai v
tuyén cta A, cling cam nhan kénh truyén rdi va bat dau truyén géi dén node B. Trong
trudong hop nay, CSMA khong tranh duoc xung dot vi A va C 1a khong lién hé voi

nhau (trc 13 A va C 1 4n voi nhau).

- Node hién:O day, trong khi node B dang truyén t6i node A, node C c6 mot
goi dir liéu dinh gui cho node D. Béi vi node C nam trong dai cua B, n6 cam nhén
kénh truyén bi ban va khéng thé thuc hién truyén dit liéu cho D dugc. Tuy nhién,
trong 1y thuyét, vi D nam ngoai dai cia B va A nam ngoai dai cua C, nén 2 viéc
truyén ndy sé khong xung dot 1dn nhau. Sy hoén truyén cua C 1a nguyén nhan ling

phi bang thong.

Jdai w6 truyen

(a) i)

Hinh 2.8: Cdc vin d@é véi CSMA co bdn trong méi truong wireless:
(a) node an; (b) node hién
=> Két luan. Cac van dé nay la song song nhau trong mot cam nhan . Trong van
dé node an, cac goi dir litu xung dot, boi vi cac node dang gui khong biét cac nut
khac ciing dang giri dir liéu Trong khi d6, & van dé node hién thi lang phi co hoi dé
gui g6i dit liéu do sy nham 14n clia qua trinh truyén dang ban hay rdi.
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2.3.3 MACA (MACA hay CSMA/CA):

MACA: Multiple Access with Collision Avoidance (Thu tuc da truy cdp cam

nhan song mang tranh xung dot)

- Giao thtc MACA st dung 2 ban tin di€u khién c6 thé giai quyét duoc cac
van d¢ node an va node hi¢n. Ciac ban tin diéu khién do la: yéu cau dé gui

(RTS_request to send) va tin hiéu bao sin sang dé truyén (CTS_clear to send).

- Ban chit ctia van d& nay: 1a khi 1 node muén giri dit liéu, n6 phat ra gbi RTS
dén noi né mudn giri dir liéu dén. Néu bén nhan cho phép nhén géi dit liéu, no sé& phat
ra goi CTS. Khi bén gtri nhan duge gbi CTS thi n6 bat dau truyén dir liéu. Khi 1 node
gan no nghe thay c6 1 goi RTS gui dén 1 node khac, nd tu chin su truyén caa minh
trong mot thoi gian, chd dén khi c6 tin hiéu tra 10i CTS. Néu nd nhan duoc CTS, thi
node d6 co thé bat dau truyén dir lidu ctia minh. Néu 1 CTS duogc nhan, bat chap c6
hay khong c6 RTS duogc nghe trude do, thi node dé tu chin viée truyén ciia né trong

khoang thoi gian vira du dé két thiic qua trinh truyén di liéu tuong tmg.
=1 qué trinh truyén dit liéu thanh cong (tir A dén B) bao gom chudi frame:

- frame “Request to Send” tir A dén B
- frame “Clear To Send” tir B dén A
- frame doan DATA tir A dén B

- frame ACK tr B dén A
Mode & Mode B
g
-______1_1}
-:'JE_,Hf'f
—
e DAT
T
ACK_— -
T
Fa

Hinh 2.9: Qud trinh truyén nhdn giita 2 node A va B
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2.3.4 IEEE 802.11 MAC :

Chuan IEEE 802.11 la mot hé théng thu tuc canh tranh co ban str dung giao
thirc truy nhap méi trudong MACA dé 1am giam xung dot. Thiét bi 802.11 c6 thé duge
hoat dong trong ché d6 Infrastructure (mang don hop két ndi véi cac diém truy nhap)
hay trong ché d6 ad hoc (mang da hop). IEEE 802.11 MAC ciing sir dung ACK d¢é
thong bao ¢ 1 frame duoc nhan thanh cong. Néu noi giri khong tim thay frame ACK
do frame dur liéu géc hoac ACK khong nhan nguyén ven, frame bi truyén lai. Pidu

nay 1o rang ACK khéc phuc dugc van dé xuyén nhi€u va cac van dé lién quan dén vo

tuyén khac.
LI IEEE 802.1
sublayer
Contention-free
Data link . y seriiee Contention
layer service
Point coordination function (PCF)
MAC
sublayer
Diistributed coordination function (DCF)
Physical 802,11 B02.11 BO201 | 802.01a | 20201a | 80211g
layer FH5S DS55 Infrared D555 OFDM D558

Hinh 2.10: Cdc I6p con ciia MAC trong chudn IEEE 802.11

Khung dir lieu MAC trong 802.11:

Frame | Duration | Adressl | Adress2 | Adress3 | Sequence | Adress4 | Data | FCS

control ID control

- Frame control (2 byte): chita mot sé truong nho, mdi trudng c6 mot chirc ning
riéng nhu: Phién ban giao thirc, loai khung, quan 1y ning luong, diéu khién dit liéu, 2

bit DS chi thi y nghia cua truong dia chi,...
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- Duration/ID (2 byte): dua vao loai frame, chira gia tri chu ky thoi gian (ms) ma
moi truong bi chiém gir, yéu cau truyén frame hodc moét nhan dang két hop
(ADI_association identity) cho tram ma da truyén frame.

- Address 1-4 (6 byte/truong): theo thtr tw 1a dia chi MAC cua node dich cubi
cung, node frame kho1 dau, noi nhan trung gian cia frame, noi truyén frame.

- Sequence Control (2 byte): Chirc ning sap xép trat ty cac goi bi dao 10n.

- Data (0-2312 byte): chra thong tin truyén di cho cac frame dit liéu.

- FCS: su kiém tra du vong (CRC_cyclic redundancy check) chira 32 bit.

Khung MAC c6 thé duge luu truyén gifta cic tram hodc gilta cac tram va diém
truy cdp hodc giira cac diém truy cap phu thudc vao gia tri cua 2 bit DS trong trudng

diéu khién khung.
N6 ciing gom 2 ki thuét, dé 1a :

v" DCF: churc nang phdi hop phan phéi (distributed coordination function)
v' PCF: chuc niang phdi hop diém (point coordination function)
»  Ki thuat DCF : 1a giao thue CSMA/CA véi ACKs.
% Noi gii mudn truyén dit lidu trude hét s& kiém tra moi truong co ban
hay khong. Néu duong truyén dang ban, tram d6 phai hodn viéc truyén

lai cho dén khi duong truyén rdi.

DIFS
Source RTS Data
o SIFS SIFS SIFS
Destination CTS ACK
Other NAV (RTS) /  Contention Window
| NAV (CTS)
Defer Access Backoff After Defer

Hinh 2.11: Méi quan hé dinh thoi IEEE 802.11 DCF
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% Céc noi gui xac dinh trang thai cua duong truyen dya trén 2 co che:

- Kiém tra 16p vét Iy xem c6 séng mang hay khong.

- Str dung chitc nang cam nhan séng mang ao la NAV (network allocation

vector).

% Cac tram c6 thé kiém tra 16p vat 1y va thdy rang duong truyén rdi. Nhung

trong mot s6 trudng hop, duong truyén cé thé di duoc dit chd trudc boi

mot tram khac thong qua NAV. NAV 1a mot bd dinh thot (timer) dugc cap

nhat boi cac frame dir liéu truyén trong dudng truyeén.

Hode nguén

DIFS

Mode dich

tram

Time

tit cd cde
tratm khac

NAV
(Mo carrier sensing)

Hinh 2.12: MACA va NAV

tram

Time

Ki thuat PCF: 1a mot diém truy nhap chu yéu xac dinh toa d§ truy nhap moi

truong bang cach tham do (polling) cac node khac cho chu trinh dit liéu. Pic biét no

c6 ich trong cac Gmg dung thoi gian thuc. Vi nod c6 thé dugc sir dung dé bao dam cho

cac truong hop tré xau nhat.

2.3.5 Ki thuit thim do:

Mot ki thuét khac voi CSMA cho truy cép kénh vo tuyén 1 thim do (polling).

Trong ki thuat thim do, cac node mang chi co thé truyén trén kénh sau khi node

master cho phép nhan. Ban tin tai cic node lave dugc diéu khién boi node master

bang cach phat timg géi tham do dén tat ca cac node slave. Mdi node slave sé& tra 10i

lan luot cho cau hoi nay néu chung mudn truyén. 1 node muon truyén chi c6 thé
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truyén khi node master cho phép. Bang cach nay, node chu diéu khién viéc truy nhap

trén kénh.

Uu diém hon CSMA:

- Thoi gian truy cap kénh c6 thé biét trude va khong bi tré ngdu nhién nhu ¢ ki
thuat CSMA. Pay 1a 1 thuan loi quan trong cho cac ting dung yéu cau do tré truyén
tin thap va cac ung dung d& bi anh hudng badi sy bién dong trong nhitng 1an ban tin
dén, nhu cac tmg dung da truyén thong (multimedia) (vi du: truyén hinh d6 rd nét
cao_high-definition television)

- Boi vi truy cép kénh dugc diéu khién boi 1 node master, nén chinh sach tham
do ctia node master c6 thé duoc diéu chinh dé dang dé cung cip cac mirc khac nhau
ctia viéc truy nhap kénh dén mdi node slave. Bing cach ndy, cic node c6 nhu ciu
chét luong va dich vu (QoS) cho ing dung ma n6 phuc vu; cac node véi thong luong
dir li€u cao hodc cac yéu cau do tré ban tin thép thi ¢4 thé duogc tham do nhiéu hon
cac node khac. Thém vao do, ngudi didu khién co thé didu khién node master, nén
truy cap kénh ciing c¢6 thé duge dam bao hop 1y.

- Véan dé& node an, von c¢6 6 CSMA, cling dugc tranh.

Nhwoe diém:

- Node master chira tai va vi n6 phai lién tuc truyén va nhan, nén rat tén ning
luong. Cac node slave cling phai tiép nhan cac goi tham do, dugc nhan lién tuc tur
node master, va thinh thoang tra 10i dén node master khi dia chi d6 1a cua ching va
néu chiing co ban tin dé goi.

- Trong mot mang WSN 16n (tlr vai traim dén vai ngan node) thi ki thuat nay kho
sir dung vi kich thudc mang ting thi s6 lugng cac node mang tham do theo thoi gian
cling tang.

- Ki thuét thim do thudng yéu cau 1 mang don hop. Tat ca cac node phai nam
trong dai ctia node chil dé c6 thé truy nhap dén kénh.

Tuy nhién, ki thuat nay c6 thé thuc hién duoc trong mang da hop néu co thé

mo rong dai cta 1 node bat ki nhung phai dua vao dung luong kénh va thong luong

SV:Tran Thi Tinh_CT901 Trang 28



D6 an tot nghiép nghanh CNTT DbHDLHP

dir liéu chung trong mang WSN dé tranh xung dot kénh.(do 1 s6 node nam trong dai

cua node khac).

= Chuong 2 n6i vé chirc ning, dic diém va cac giao thirc,thu tuc truy nhap
moi truong trong 16p lién két dit lieu. Mot chi dé& xuyén subt cho tat ca cac tha tuc
MAC 1a dat ché do ngu véi nang lugng radio thap giita cac chu ki hodc bat ¢t khi nao
c6 thé khi mot node khong truyén ciing khong nhan. Vi thé trong chuong sau s& trinh

bay vé van dé lam thé nao dé tiét kiém nang lugng hi€u qua.
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CHUONG I
HIEU QUA NANG LUQNG TRONG CAC GIAO THUC MAC VA
LAP LICH NGU KHONG PONG BQ CHO MANG CAM NHAN
KHONG DAY WSN VA PHAN THU NGHIEM

Hiéu qua ning luong thu dugc trong cac giao thic MAC bang viée tat song vo
tuyén chuyén sang ché do nghi bat c khi ndo c6 thé dé tiét kiém muc tiéu thu ning

lugng.

3.1 Van dé tiét kiém niing lrong cho mang cam nhan khéong day:

Mang khong day dd c6 nhiéu ung dung trong thuc tién, né mang lai cho con
ngudi nhitng thong tin quan trong trong nhiéu linh vyc ma it can dén cac hoat dong
tryc tiép cua con nguoi. Nhitng két qua dat dugc 13 do kha ning hoat dong doc lap
clia ting nit mang. Dé hoat dong doc 14p hoan toan, mdi nut mang ludn ludn di kém
v6i mot ngudn nang lwong dé nudi chung. Va viée tiét kiém ngudn nang luong nay dé
kéo dai thoi gian hoat dong ciia nut mang 13 vo cing can thiét. Yéu cau nay lam xuat
hién mot huéng mdi cho nghién ctu ctia con ngudi d6 1a: tiét kiém tiéu thu ning
luong cho nut mang khong ddy. Pay 1a mot hudng 16n co tim quan trong va dang

duogc thyc hién thong qua nhitng nghién ctru, thtr nghiém,....

Muc tiéu quan trong nhat ctia cac nghién ctru nay la tim ra dugc tit ca nhitng yéu
t6 co thé tac dong dé giam thiéu tiéu thu niang luong. Va thong qua cac yéu td do s&
thuc hién tac dong dé tiét kiém ning luong. Vay ta phai c¢6 ché do hoat dong va ché
d6 ngt , ché do ngat dién sao cho tiét kiém niang luong dén mirc thap nhat c6 thé.
3.2 Nguyén nhén cua viéc lang phi ning lwgng:
- Khi mdt node nhan nhiéu hon 1 goi tai cung thoi dieém, cadc goi nay duoc goi la
“collided packet” tham chi khi ching xay ra dong thoi timg phan (khong hoan
chinh). T4t ca cic goi nguyén nhan la do xung dot thi phai loai bé va yéu cau

truyén lai cac goi ndy. Vi vdy, 1am ting muc tiéu thy ning luong.
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- Viéc nghe 16m (Overhearing): nghia 1a 1 node nhan duoc cac goéi ma dich dén
khong phai la né ma la cac node khéc.

- Phi ton géi diéu khién(Control packet overhead): viéc guri va nhan cac goi diéu
khién s& lam tiéu thu ning luong qua nhiéu, trir cac goi dit lidu c6 ich co thé duge
truyén

- 1 trong nhitng nguyén nhan chinh cua viéc lang phi nang lugng 1a “idle listening”:
nghia 1 lang nghe 1 kénh ranh dé c6 thé nhan luu luong ma khong gui di

- Nguyén nhan cudi cing 13 “overemitting”: d6 1a do su truyén cta 1 ban tin khi
node dich 1 khong san sang (ready)
= Vi céc nhan t6 trén nén 1 giao thirc MAC duoc thiét ké hop 1i dé ngin chin céc

lang phi nang luong do.

3.3 Céc yéu td tac dong lam giam thiéu tiéu thu ning lwong.
» Qua trinh tiéu thu nang lugng.

~ Ta can tim hiéu qua trinh tiéu hao ning luong trong mdi nut. Vi mdi nit,
ta cAn nghién ctru 2 ché d6 ning luong co ban.
+ Ché d6 hoat dong.
+ Ché d6 nghi.
— Qua trinh ti€u thu nang luong cua nit mang tai cac trang thai:
+ Ché dp ngu:
Phén 16n thoi gian nat mang ngu.
Dong dién tiéu thu & muc tdi thiéu: Mach ngét doc lap. Phan cung st dung
nang lugng thip (dé RAM ghi nhé thong tin).
+ Khi thure ddy:
Thong tin ti€u dé chuyén tr ché do ngu sang ché d6 hoat dong. BO vi diéu
khién va song vo tuyén hoat dong tré lai.
+ Ché dé hoat djng:
Tai bd vi diéu khién: Qua trinh xr Iy nhanh, hoat dong & mirc nang lugng
thap va né tranh cac dao dong tir bén ngoai.
Véi song vo tuyén: Co toc do dit lidu cao.
Tuy nhién, qua trinh tiéu hao ndng lugng lai khac nhau tuy theo mé hinh mang,

khoang cach , mat d§ nat, tan s6 lam viéc,.....thuc té s dung.
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Vén dé quan trong dit ra 13 lam thé nao dé nut mang c6 thé giam cuong do
dong can sir dung ¢ mbi ché d6 dong thoi né c6 thé trg vé 1 trong 3 ché do 1 cach
linh hoat d¢ tranh su lang phi, ting thoi gian st dung ngudn. Mot sé giao thic chon
duong, quan 1y cong suat va trao doi sb liu da duoc thiét ké cho WSN véi yéu cau
quan trong nhét 13 tiét kiém duogc ning luong.

Mic du cac img dung ctia mang WSN 1a rat 16n nhung nhimg mang ndy c¢6 mot
s6 han ché nhu gidi han vé ngudn cong suit, kha ning tinh toan va do rong bing
thong. Mot trong nhitng muc tiéu thiét ké chinh cia WSN 1a kéo dai thoi gian séng
clia mang va tranh suy giam két nbi nho cac k¥ thuat quan 1y ning luong.

> Nhirng yéu t6 tic dong dé giam thiéu tiéu thu niing lwong.

C6 nhiéu yéu td co thé tac dong dé giam thiéu tiéu thu ning lugng nhu: Ché do

quan 1y dién ning, Khoang cach gitta nut truyén va nit nhan trong mang, Mat do cac

nut, Tan suat lam viéc ciia mo1 nat, Cong suat truyén, Téc do truyén,.....

- ché dj quan 1y dién nang: Can phai c6 ché do quan 1y dién niang hop 1y: Tic
ta can t6i wu hoa dién ning ciia ngudn bang cach str dung cac thiét bi hoat dong véi
dién 4p thap va giam cuong do cua cac thanh phan khi chiing dang & trong tinh trang
khong hoat dong.

-Khodng cdch giita cdc nit truyén va nit nhdn trong mang: Khi cac nat dat
cach nhau 1 khoang cach ngan, thoi gian truyén s€ nhanh hon, nang lugng ti€u dung
s€ nho hon so véi cac nit mang ¢ cach xa nhau

-Mdt 36 cdc nit mang (hay s6 lirong niit mang):

+ Véi mot mang c¢6 2 nat mang thi 2 nat sé thay nhau truyén dit liéu, thoi gian
cho s& rat nho. Mat do truyén sé rat day -> tiéu hao nhiéu nang lugng.

+ Khi mang c6 vai chuc t&i vai tram nut thi van dé dit ra la:thoi gian cua nut
mang truyén dit liéu di tang 1én do phai doi cac nut khac.Do vy, thoi gian nghi cua
mdi nut s& nhiéu 1én va niang luong tiéu hao lic nay lai it di. Vi mang c6 nhiéu nut s&
Xay ra hién tugng nghén mang, nang lugng trong truong hgp nay 1a khong nho.

-Tan sudt lam viéc ciia moi niit mang:

-Cong sudt truyén dir liéu cua nut mang:
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3.4 Truy nhip méi treong quan tim dén ning lwong véi viée baohiéu
(Power aware medium-access with signalling - PAMAS):

- mIPAMAS 13 mét ki thuat mo rong cia MACA va cai thién dugc hiéu suat
nang lugng tr MACA.

- Giam duoc van dé nghe 10m bang cach dit cac node vao trong ché do ngu,
nhung khong giam dugc van dé ling nghe khi méi truong roi.
Str dung 2 kénh vo tuyén: mot kénh dit liéu va mot kénh diéu khién riéng. Kénh diéu
khién bao gdm bao hiéu RTS/CTS va tin hiéu ban. Khi node nhan bat dau nhan dir

liéu thi n6 s€ gdéi tin hi¢u ban dén kénh di€u khién

kénh RTS | CTS | tinhiéubén
dieukhién | AIB | B! A | giibdiB

» thoi gian

dir liu A!B

Hinh 3.1: K7 thudt PAMAS

- Trong PAMAS céc node chuyén sang ché do ngu khi ching khéng nhan hoic
khong truyén dit liéu thanh cong. Piac biét, chung cling chuyén sang ché do ngi khi
ching tinh co biét ¢ su truyén ctia node 1an can dén node khac hodc néu né phat
hién thong qua biéu hién cta kénh bao hiéu diéu khién RTS/CTS ring c6 1 node lan
can dang nhan.

- Khoang thoi gian cua ché d6 nga duoc thiét 1ap theo chiéu dai cua qua trinh
truyén dang xay ra, dugc chi thi boi kénh diéu khién.

- Néu qua trinh truyén duogc bat dau trong khi mot node van ¢ ché do ngu, vao
lic node thirc day, gui tin hiéu tham do dé xac dinh khoang thoi gian qua trinh truyén
x4y ra va bao 1au n6 c6 thé quay trd lai ché do ngu.

- Trong PAMAS, mdt node sé chi quay tro lai ché do ngu khi né dugc ngan chan
tr qua trinh truyén/ nhan, vi vay, viéc thuc hién do tré/thong luong cia mang I3

khéng gay bat lgi. Tuy nhién van con lang phi ning luong déng ké trong ché d6 nhan
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idle (vd: trong diéu kién khi 1 node khong c6 goi tin dé giri va khong c6 su hoat dong
nao trén kénh) va lang phi khi phai str dung dén 2 kénh lam viéc dong thoi nghia 1a

sir dung 2 hé théng vo tuyén.
3.5 Lap lich ngu:

Céac ki thuat tiét kiém nang lugng tdn tai & l6p MAC chu yéu bao gém cac ki
thuat 1ap lich ngii. Nguyén tic co ban dang sau tat ca cac ki thuét 1ap lich ngu 1a qua
nhiéu nang luong bi lang phi do phai lang nghe trén kénh truyén vo tuyén trong khi
khong cé thtr gi dé nhan. Céc ché do lap lich ngu da st dung ché @6 lam viéc cua 1
radio gitta cac trang thai ning luong mé va tit cia nd dé giam hiéu qua cua viéc lang
nghe kénh ranh nay. Chang duoc st dung dé thirc day 1 radio bat ¢t khi ndo né doi

truyén hoic nhan goi va ngii néu khac.
Céc ki thuat 1ap lich ngu c6 thé chia thanh 2 loai:

> Lap lich ngit ddng bd
> Lap lich ngii khong dong bd

=» Cac ki thuat 1ap lich ngu déng b0 dua trén su déng bd xung clock gitra cac node
trong mang. C4c noi giri va noi nhan biét vé nhau khi ndo chiing nén hoat déng va chi
goi dit liéu dén mot noi khac trong khoang thoi gian ciia chiing. Néu ngoai thoi gian
do6 thi ching di ngu.

N o tt'uvén:

thor o thor o
TT71T T
o CcAac o1 thin o1 cac o1 tin
M ovi maddEwac:
thnr o thiyr =
TT1 T
S cAac ol bn mhin cac ool bin

Hinh 3.2: Ldp lich ngu dé‘ng bo

SV:Tran Thi Tinh CT901 Trang 34



D6 an tot nghiép nghanh CNTT DbHDLHP

= Mt khac, cac ki thuat lap lich ngt khéng dong bo khong dya vao bat ki xung
clock déng bd nao gitta cac node. Cac node c6 thé gai va nhan cac gbi tuy ¥ (bat
ctr khi nao chiing thich). Hinh du6i chi ra cach ma 2 node dang hoat dong, 1ap lich
ngu khong dong bo c6 thé truyén thong véi nhau.

Noi truxén:

Preamble i higu

= WL
! T !

kigm tra kénh ligm tra kénh wa nhin  kigm tra kénh

Hinh 3.3: Ldp lich ngii khéng dong bé

- Cac node thuc day va di ngu dinh ki theo cung cach ma ching lam viéc trong
ché d6 1ap lich ng dong bd. Vi khong c6 dong bd hoa thoi gian, tuy nhién, phai co
mot cach dé dam bao rang cac node nhan thirc ddy dé nghe cac qué trinh truyén dén

tur cac node khac.

- Théng thudng cac byte din dau (preamble) duoc giri bai 1 goi tin dé dong bo
diém bat dau ca ludng dir liéu dén giira noi truyén va noi nhan. Vi ché d6 1ap lich
ngt khong dong bo, 1 sd lugng 16n cac byte ddn dau thém vao duoc giri cho mbi

g61 dé dam béao rang noi nhan c¢6 thé dong bd nod tai 1 so thoi diem.

- Trong trudng hop xau nhét, mot gbi bit dau truyén khi noi nhan goi di ngu, va
cac byte dan dau s& phai dugc goi trong khoang thoi gian bang khoang thoi gian
ngil ciia noi nhan. Mdi lan noi nhan thic diy, né dong bo cac byte dan dau nay va

van con cho dén khi n6 nhan goi.
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3.6 Cac ki thuit 1ap lich ngii khéng dong bé:
Trong ki thuét nay, cic node thuong gilt song vo tuyén ¢ trang thai nga nhu 1a

mic dinh, va chi thirc day trong 1 thoi gian ngin dé kiém tra luu luong giri/nhan céc

thong diép, ban tin:

3.6.1 Vo tuyén danh thic thir cAp(Secondary wake-up radio)

Mot nat mang khi khong c6 hoat dong truyén hodc nhén goi tin can duoc dit vao
ché d6 nga dé tiét kiém nang luong. Pé 1am didu nay, giai phap thir nhat 1a trang bi
mot phan climg trén mdi nit mang, phan cting nay c6 2 loai séng vo tuyén. Loai song
v6 tuyén thtr nhit c6 ning lugng cao dung dé trao ddi dit lidu, dat trong ché do ngu
mic dinh. Loai séng v6 tuyén thi hai (hay thir cdp) dung cho viéc danh thire, loai nay
khong can niang lugng cao va hoat dong lién tuc (ca thao tac truyén va nhan). Néu vo
tuyén danh thirc nhan duoc vo tuyén danh thie tir niit khic, né phan mg bang cach
danh thtrc vo tuyén thir nhat day dé nhan dit liéu. Qu4 trinh nay bao dam vo tuyén thi

nhat chi hoat dong khi truyén hodc nhéan dit liéu.

3.6.2 Ki thuat ling nghe v6i ning lwong thap va viéc kiém tra tin hiéu din
dau “preamble” (Low-power listening/preamble sampling):
Trong ki thuat nay, dé cap dén van dé kiém tra preamble(ldy mau dau khung) va

k¥ thuat lang nghe voi nang luong thap (low-power listening).

- Céc noi nhan thic ddy dé cam nhan kénh theo chu ky. Néu khong c6 hoat

dong nao dugc tim thay, chung sé tré lai ché do ngu.

- Néu mot node mudn truyén, nd s& gui tin hiéu preamble(tin hiéu dau khung)
dé truyén go1 dén noi nhan. Khi do duge tin hiéu preamble, node nhan s& chuyén
sang ché do hoat dong nhan. Kich thudc cua preamble ban dau duoc dat ding bﬁng

chu ki kiém tra.

- Néu I node tim thdy duong truyén ban sau khi né thuc day va kiém tra dudng
truyén, nd tiép tuc ling nghe cho dén khi n6 nhan 1 géi dir liéu hoidc dudng truyén trd

lai trang thai roi. (d6 13 do su truyén cua 1 ban tin khi node dich 1a khong sin sang). Hon
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nira, chiéu dai cua preamble va goi dir li€u lam tdng overemitting, vi khong c6 quan
hé bat tay nao dugc thiét 1ap vdi1 noi nhan da muon nhan.
prearmnble =& ban tin dir 1lidu

P
| NN

o grd

® N N
noi nhén \\1/’ e

- hoat déng dé
kiém tra preamble Hhan ban tin

Hinh 3.4:K7 thudt ling nghe vdi nang lwong thap/viéc kiém tra tin hiéu preamble

Tin hi¢u thirc thay vi c6 kha nang duogc gui qua mdt giao thurc cua goi tin &
murc cao hon, thi mot phuong phap hiéu qua hon 1a thuc hién truc tiép & trong 16p vat
ly, nhu vay tin hiéu thirc ¢6 thé khong dai hon mot xung RF. Cac node chi tim thay
sau khi kiém tra nang lugng radio trén kénh dé xac dinh tin hiéu c6 mat ¢ d6 hay
khong.

Chu ¥ : ché d6 nay c6 kha ning thirc day tat ca cac noi nhan c6 thé trong mot
ving 1an cin cua noi truyén xac dinh, thong tin & phan dau (header) c6 thé duoc ding
dé dua ching trd vé trang thai ngl néu truyén thong khong danh cho chiing.

3.6.3 WiseMAC:
Ki thuit trén c6 mot nhuge diém la: preamble dai lam cho dir liéu cia bén
truyén can gui di 1a dai > d6 1a nguyén nhan lam giam thong luong va lang phi ning

lugng cho ca bén nhan va bén gui.

dEn, ch dﬁng NEW ol thnydng 1o,

thii difm y truyen o
ngudn l Do P| Data
L
Tw
dich A
= B o b b ke
thi¥c daw, thorc déw, tharc dEw,
méi treémg rod mdi trdng 1ot mdi trdng bin,
nhin kan tin

| FERX B Tx P:Preamble A Acknawledge|

Hinh 3.5: Khai niém WiseMAC
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- Giao thuc WiseMAC duoc xay dung trén co s¢ kiém tra tin hiéu preamble dé

khic phuc nhuoc diém do.

* WiseMAC dua ra phuong phép dé do tim tu dong chiéu dai cta preamble.
Béng viéc st dung cac ndi dung thém vao cua cac goi ACK, mdi node biét duoc
nhiing lan thic day dé kiém tra dinh ki ctia cac node lan can no, va sir dung nhiing

thong tin nay dé giri tin hiéu preamble ngian danh thirc vao ding thoi diém.

Tham sb khac anh huong dén viéc chon chiéu dai preamble 1a do Iéch xung
ddng hd giita ngudn va dich. Khoang thoi gian preamble duoc xac dinh bai do 1éch

xung dong ho tir khi dong bo cudi cung.

Goi Tw: la chu ky noi nhan kiém tra
0: 13 do léch xung dong hd giira ngudn va dich
L: 1a khoang thoi gian gitta cac 1an truyén.
Nhu vay khoang thoi gian ctia preamble Tp can la:

Tp = miri (416 Toy )

* Cac goi tin trong WiseMAC ciing chtra mot bit “more” (bit du), noi truyén
sir dung né dé bao hiéu cho noi nhan biét néu né mudn gitr trang thai thuc trong

khoang thoi gian ngan dé nhan thém cac goéi tin danh cho no.
- Giao thic WiseMAC voi viéc kiém tra preamble dé giam “idle listening”

Uu: Céc két qua diéu chinh d6 dai preamble tu dong cia WiseMAC thyc hién
tot dudi cac diéu kién luu luong khac nhau. Thém vao do, do 1éch xung clock duoc

bét tay trong giao thirc s& lam giam yéu cau dong bo thoi gian bén ngoai

Nhuwoe: han ché chi yéu cia WiseMAC d6 1a cac két qua lap lich ngi-nghe
(sleep-listen) trong nhing 1an nga va thire day 1a khac nhau cho mdi neighbor cua 1
node. Pay 14 1 van dé quan trong cho truyén thong loai broadcast, vi goi broadcast sé

dugc dém cho cac neighbor trong ché d6 ngt va duoc phan phat nhiéu 1an khi mdi
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neighbor thic day. Tuy nhién, viéc truyén du thira nay s& cho két qua do tré cao hon

va tiéu thu nang lugng cao hon.

Van dé node an hién cling dugc hinh thanh theo m6 hinh WiseMAC. Van dé
nay ciing 1a két qua cta xung dot khi 1 node bat dau truyén preamble dén 1 node ma
dang sin sang nhan sy truyén cua node khac, & d6 noi giri preamble 13 khdng c6 bén

trong dai.

3.6.4 Noi truyén/noi nhan — bit dau chu ky tiép nhan (Transmitter /
receiver — initiated cycle receptions TICER / RICER):
K§¥ thuat TICER/RICER tuong tu nhu ki thuat low-power listening / preamble

sampling.

> Trong k¥ thuat TICER, khi 1 node sensor khong c6 goi dit liéu dé truyén,
n6 thirc ddy dé kiém tra kénh véi 1 chu ky T va trd lai trang thai ngu sau 1 khoang
thoi gian thitc day To, nhu hinh a. Ngay khi 1 node c6 géi dit liéu dé truyén — hoic
dugc phat tir cac 16p trén xudng cia ngian xép giao thirc hodc dugc truyén boi cac
node khac — né thirc ddy va kiém tra kénh trong khoang thoi gian Ton. Néu no khong
nghe bat ki qua trinh truyén dang xay ra ndo trén kénh, n6 bat dau truyén cac tin hiéu
RTS dén noi nhan, va cho tin hiéu tra 10i trong khoang thoi gian T sau mdi qua trinh
truyén RTS. Theo lich thitc ddy déu din cia node nhan thi vao luc thirc day, ngay l1ap
tirc nhan dugc tin higu RTS , lic d6 no tra 16 véi tin hiéu CTS dén node truyén. Sau
khi nhan tin hiéu CTS, node truyén truyén géi dir liéu. Qua trinh két thac véi 1 tin
hiéu ACK duoc truyén tir node nhan dén node truyén sau khi nhan dang géi dit liéu.

Céc quy tic nén dugc xem xét khi thiét ké giao thirc TICER:

1. Vi Ton cang 1au dan dén ton niang luong nhiéu, do d6 dé tiét kiém ning
luong thi T, nén it. Vi vay thoi gian can dé nhan 1 RTS phai 1a nho nhat. Tuong tu
T, duoc dit dén 1 thoi gian t6i thiéu can dé nhan CTS.

2. Pé t6i thiéu ning lugng truyén, cic goi diéu khién RTS, CTS va ACK
(v6i chiéu dai b) phai ngan c6 thé. Chung bao gém cac dia chi MAC cuc bo ciia node

truyén va node nhéan, va nhan duogc 1 preamble.
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3. Tan s6 ctia RTS truyén di nén thap dé tiét kiém nang luong truyén. Tuy
nhién chu ky khong duge 1au hon Ton, vi node nhin cé thé thie dy va di nga giita 2
RTS do do c6 thé nhd noi hen gap nhau .Vi vay, chu ki dugc dat hoi ngrfm hon Ty,.

=>» Nhu vay khac biét chu yéu voi viée kiém tra tin hiéu preamble do la:trong TICER
noi giri s& truyén mot chudi tin hiéu khong lién tuc thay vi mot preamble don dai, va

doi 1 tin hi€u 10 rang tir noi nhan trude khi truyén di.

» Con trong k¥ thuat RICER, minh hoa ¢ hinh b, twvong tu nhu TICER , 1
node sensor khong c6 goi dit liéu dé truyén, thic day véi chu ky T. Sau d6 nd duoc
xur Iy bang viéc truyén 1 tin hiéu nhac thirc day ngan voéi chiéu dai Ty, dé bao rang né
thire, va cho 1 tin hiéu tra 10i trong khoang thoi gian Ton. Néu khong c6 tra 101 node
lai di ngu. Node truyén c6 dit liéu dé truyén, n6 thirc day va kiém tra kénh, chd 1 tin
hiéu nhic thirc day tir node nhan. Vao lac nhén, nd bat dau truyén goi dir lidu. Qua
trinh két thuc vai 1 tin hiéu ACK duge truyén tr node nhan dén node truyén sau khi
nhan dang goi dir li¢u.

Cac quy tac thiét ké caa RICER twong tu nhu TICER:
1. To chi duoc dit du dai cho node nhan dé nhan ra 1 g61 dir ligu dugce
truyén dén no.

2. Chiéu dai tin hiéu nhic thire day Ty, dugc dat i thiéu.

- DA (TR
= j— B . B B s
TI Tsiﬁ-\.:iﬂ

Ton Taon RTS (Ty)
o

feTS (T, ACK (T2

e

Feirefr ez KOV theeddr TICFER

E[T. ChaTa (T, '
g | L
LR e—— I
Wakeup beacon (T.) E-ﬂ'-Cl‘C TRl
RO ;L . - |
- E = -
Ti-.l'i

Eirahr Bb- K5 thudt RICER

Hinh 3.6: Ky thudt TICER/RICER
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3.7 Phian mém nhing:

Phian mém nhung dang c6 nhimg budc dot pha méi, tao ra nhitng cudc cach
mang triét dé trong twong lai nham phuc vu nhu cau ngdy cang cao cia con ngudi. Co
s& cho su phat trién nay la nhitng budc tién manh mé trong cong nghé phan ctng.
Mot phan mém nhiing phai két hop chit ché véi moi trudng cua nd bao gdm phan
ctng va cac hé thong lién quan. N6 c6 nhitng rang budc vé toc do xir 1y, dung luong
b6 nhd va muc tiéu thy dién niang. Piém mau chdt ctia cac phan mém nhing ngay
nay 1a viéc lya chon cac phuong phap thuc thi ctia mot chire ning gidng nhu mot
thanh phan phan cimg nhung theo mot cach riéng. Vi vy ma khong thé bo di cac tinh
ning “ctng” ctia phan mém nhu cac phan mém truyén thong khac. Mot phin mém

nhing ngay nay dugc phat trién theo cach sau:

- Lién két phan mém nhung tir dudi 1én trén, tir cac 10p triru twong dén céc

chure ning hé thong.

- Lién két phan mém nhung v&i cac nén 1ap trinh dugce - cdc nén ho trg nd cung
cap cac phuong tién can thiét dé danh gia xem cac rang budc dua ra c6 théa man hay

khong.

Pé lam dugc nhu vay thi thuc chat can phai phat trién cac k¥ thuat hinh thic &
muc triru twong dé c¢6 nhimg danh gia sdm cung véi cac nhom cong cu va phuong
phap ding dan. Mit khac ciing can phai xem xét phan mém nhing va kién tric phan
cling cua nd trong mot tong thé can doi. Do phai thoa man nhiéu yéu t6 khac nhau vé
phan cing, moi truong, gia thanh, hiéu ning nén ton tai nhiéu thach thic trong phét
trién phan mém nhung ngay nay nhu: Can c6 kha ning tai str dung cao, c6 thé dong
thiét ké phan cimg, phan mém, xdy dyng mo hinh cac thudc tinh phi chirc ning,
chuyén doi cac phan mém thanh cac dich vu thong qua cic thanh phan phin mém,
kién trac hé thong va kién trac phan mém, danh gia va kiém dinh muc hé thong, xay
dung cac hé théng c6 kha ning t6 hop dugc nho cac thanh phan phan mém co thé tai

st dung.
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Pé viét phan mém nhung cho cac ho vi xur 1y, ching ta c6 thé sir dung cac
ngdén nglt khac nhau nhu C/C++ hodc Assembler. Tuy theo ti€u chi xay dung hé
théng ma lwa chon ngdn ngit thich hop. T d6 ciing chon chuong trinh dich thich
hop. Ngay nay, do nhu cau phat trién hé thdng nhanh, bao tri d& dang nén ngén ngir

duogc lya chon thuong 13 ngdn ngir cip cao nhu C/C++.

Mot sd bude co ban dé xay dung phin mém tng dung: Trudc hét can tim hiéu
bai toan, phan tich chi tiét dé dua ra hudng di, tim hiéu cac yéu ciu cia bai toan
nhim thiét ké luu d6 thuat toan, dua vao phan thiét ké dé viét chuong trinh Gng dung

sau d6 dua vao kiém thtr dé xac dinh hiéu qua ma chuong trinh dat duoc.

3.8 Phan thyc nghiém:

Chuong trinh thuc nghiém 1 phan mém nhung viét cho CC1010 duoc viét bang
ngdn ngit C, str dung cac thu vién cho CC1010 do hang Chipcon cung cip, chuong
trinh bién dich Keil uVision 2.0.

Chuong trinh dich Keil uVision 2.0 do hang Keil Elektronik GmbH xay dung la
mot mdi truong phat trién tich hop (IDE) dung dé xay dung cac chuong trinh cho céc
ho VDK tuong thich 8051 cua Intel. Pay 1a bo chuong trinh dich cho phép nguoi viét
chuong trinh soan thao chwong trinh, dich chuong trinh va g& 15i trén ciing mot moi

trudng. Chuong trinh dich hd trg cho ca ngon ngit C va Assembly.

3.8.1 Cac thw vién trong chwong trinh:

M5 hinh ctia mot phan mém nhing viét cho CC1010 nhu sau:

Chuong trinh tng dung

Thu vien C | Thu vién tién ich Chipcon

chuan (Chipcon utility library-CUL)
Thu vién phﬁn cung

(Hardware abstraction library — HAL)

Céc file dinh nghia phan cing
(Hardware definition file - HDF)
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# Thu vién tién ich Chipcon - Chipcon Utility Library (CUL)

Bén canh module HAL CC1010IDE ciing cung cdp mdt thu vién cho truyén
thong RF dat trong thu vién tién ich(CUL). Thu vién nay thuong dung cho cac ung
dung RF dién hinh, va cung cap mot giao thirc RF day du.

Thu vién CUL hd tro cac chirc ning sau:

- Truyén nhdn khéng ddy
- Tinh toan Ma du vong (CRC)
- Xuw ly Thoi gian thuc (Realtime Clock)

Ca hai thu vién HAL va CUL déu hd tro Truyén nhan khong day va xu 1y thoi
gian thuc. Tuy nhién, cac ham & thu vién CUL lam viéc & mirc cao hon, nguoi viét
chuong trinh ciing d& dang va tién loi hon, nhung bu lai ciing kém mém déo hon so
v6i str dung cac ham ¢ thu vién HAL. Do vdy, d6i v6i nhitng tmg dung doi hoi su

phtrc tap thi thuong dung thu vién HAL.

+ Thu vién phan cirng - Hardware Abstraction Library (HAL)

Pé hd trg viée phat trién chuong trinh nhanh chong va dé dang, Chipcon cung
cap thu vién cac macro va cac ham truy cdp phan cing C1010 d& dang. Nhimg thu
vién nay nam trong Thu Vién Phan Cting (HAL) va thi hanh mot giao tiép phan cing
triru twong d6i voi chuong trinh nguoi dung. Nho do chuong trinh nguoi dung ¢ the
truy cap ngoai vi cua vi diéu khién, thong qua cac 10i goi ham/macro, ma khong can
hiéu chi tiét vé phan cumg.

Thu vién HAL hd tro cac chiic ning sau:

- Truyén nhdn khéng déy

- Do cuong do RSSI

- Truyén nhdn RS232

- Lam viéc voi ADC

- Xuw ly thoi gian thuc

- Ma& hoa DES

- Thiét Igp cdc b dinh thoi

- Lam viéc voi cac cong
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+ Cac file dinh nghia phan ctng - Hardware Definition Files (HDF)

Céc file dinh nghia phan cting dinh nghia dia chi cac thanh ghi, 4nh xa vecto
ngit va cac hang sd phan cing khac. Chung ciing thuong dung cic macro cho

CC1010EB, va cac dinh nghia hd tro hop ngit va ngon ngit C.

3.8.2 Cac thiét bi sir dung :
1.COMPUTER:

2 CC1010:

Chip CC1010 1a mot vi mach thu phat siéu cao tan (UHF — Ultra Hight
Frequency) c6 tich hop vi diéu khién 8051 véi b nhé 32K Flash. Khéi thu phat RF
(Radio Frequency) c6 thé duoc 1ap trinh dé hoat dong véi dai tan 300 — 1000MHz.
CC1010 thuong duoc dung dé thiét ké cac tmg dung khong day it tiéu thu ning
luong. CC1010 can dén rat it cac thanh phan phu trg khac dé tro thanh mot nut mang

cuia mang cdm nhan khong day st dung CC1010.
Diic diém co ban ciia CC1010.

~ Gia trj tan s6 duoc 1ap trinh 12 300 — 1000 MHz.

~ L&i 1a vi diéu khién 8051.

- B0 nhé Flash 32 KB.

~ 3 kénh ADC 10 bit

~ Ngudn cung cip 2.7 - 3.6 V

~ Tiéu thy dong thap (9.1 mA trong ché do thu).

~ Cong suat phat c6 thé 1ap trinh dugc (c6 thé 1én téi +10dBm)
~ Tdc do thu phat dit liéu 1én t6i 76.8 kbit/s.

— Phuy thudc rét it vao cac thanh phan bén ngoai.

3.Cac nat mang cdm nhan va bd nap chuong trinh:

SV:Tran Thi Tinh CT901 Trang 44



D6 an tot nghiép nghanh CNTT DbHDLHP

CC1010MB V1.1

Hinh 3.8 Cdc nut mang dang nap chwong trinh
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Hinh 3.8 gom cho 1 node truyén (nt cam nhan nhiét d6) va 2 node nhéan (1 node gin

may tinh va 1 node gan LCD):

|

CC1010MB V1.1

Hinh 3.9 Cdc mit mang :1 mit co s& (master)2 nit cam nhdn (Slave)
3.8.3 Tim hié¢u phin mém tempbroadcast

Tempbroadcast 13 mét phin mém dé do nhiét do mdi truong.

Thiét bi gdm c6: mot node co s¢ két néi CC1010EB voi CC1010EM, mdt node
mang CC1010EM co6 gén b cam bién nhiét 6. Nhiét do duoc node mang do va gui
quang ba vao vung khong gian vo tuyén (RF) rdi giri vé node co s. Nhiét do node
mang gui toi node géc s€ duoc luu vao bang nhiét do, déng thoi hién thi trén may
tinh cing node ID, va tén ctia node. May tinh duoc két ndi véi khdi CC1010EB qua
cap ndi RS232.
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L rezzz |CCA010
EB
May tinh CCAM0

Hinh 3.10: So dé thi nghiém do nhiét dé méi truong
+ Két qua:
Thong tin nhiét d6 méi truong dugce cam bién cam nhan va chuyén thanh gia
tri nhiét do rdi gui vé tram gbc. Tiéu thu ning luong cua node mang khi truyén dir

liéu xdp xi 20mA. Viéc ting hé s6 doi 1én s& lam cho tiéu thu ning luong cua node
mang giam dang ké.

& CC1010_temphiroadenst_COM_57600 - Hyper Terminal M=%
Fle Edit Wew Cal Trarsfer Help

O = & b

TEMPERRTURE LIST:
8. (B=FBC4) bb - TEMP: 26.98 - AGE (m=zecs): 30

Prezs "8'-'9" to change the waiting multiplier
Press "d’ to empty the table
Press 'n” to give the unit a new name

i ¥
Connected 1L:07:43 Ly 57600 E-N-1

Hinh 3.11: Két qua do duwoc

3.8.4 Tién hanh thyc nghiém:
a. Mot sé thi nghiém dwoc tién hanh diu tién:

- Khi cho mét node truyén va mot node nhan (gin vao may tinh):

e néu d tré = delay (30000) thi nhan du goi

e néu do tré cang giam xudng thi ¢ goi nhan duge co goi mat

- Khi cholnode truyén va 2 node nhan (1 node gan may tinh va 1 node gan LCD):

e ltc dau: 1 node nhan duge g061 nay, 1 node nhan dugc goi kia
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e liic sau: node gan voi may tinh thi nhan du sé goi, con node gan LCD nhan ngat
quing nhung vé sau cling nhan t6t

- Khi cho 2 node truyén va 1 node nhan (gin vao may tinh): lac dau: node nhan
nhan tuan tu 2 node truyén dén, nhung sau d6 node nhan chi nhan dugc node nao
truyén dén trudc.

- Khi cho 2 node truyén va 2 node nhan:

e liic dau: node gin v6i may tinh nhan tudn tu 2 node truyén dén, node gan LCD
chi nhan duogc 1 node

e luc sau: node gan may tinh nhan node truyén nay va node gan LCD nhan node
truyén kia.

> day chi 1a mot giao thirc truyén goi don gian, nd khong tuan theo 1 giao thirc
nao cu thé.

b. Phdn thwe nghiém ciia chwong trinh chay:

Duya trén phan mém tempbroadcast, nghién ctru phan 1ap trinh cho ki thuat thim
do. Ta c6 so d6 giai thuat cho ki thuat tham do nhu duéi day:

+ So d0 giai thuit cho ki thuit thim do trong giao thirc MAC:
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& So do gidi thudt cho node master:

<
«

v
J=1
5 4

S i
3<10 Nghi 30s
J+1

Add=1

i
v
S

Add<max

Tre

Add+1

-

Tru

XL

\ 4

Hinh 3.12: So dé gidi thudt ciia node master
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+ So dé gidi thudt cho node slave:

>
A

Nhian tham do
l 1)

RXI.status!=SPP
-RX-Finished

A A

Kiém tra

Add,type

Hinh 3.13: So dé gidi thudt ciia node slave

= Tom lai :Trong ki thuat tham do nay, khi khong hoat dong thi node master s€ ngu
dé tiét kiém ning lugng. Chi khi node master ngt hét 30s thi thirc ddy gui khung
thaim do dén node slave dé tiép tuc hoat dong. Nhu vay, ki thuat ndy ciling lam giam

nang lugng ti€u thu.
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3.9 KET QUA

DHDLHP

Hinh 3.14: Két qud thu dwoc hién thi trén LCD

e LCTOTO tempBroadcast” CORMT —5r600T=Hyperiermnagl

File Edit Wew Call Transfer Help
]
TEMPERATURE LIST:
1. (Bx1) - TEMP: 25.88 - TARGER: OxFFFF - TYPE: OxFF0® - AGE {msecs): 70
2. (0x2) - TEMP: 24.66 - TARGER: @xFFFF - TYPE: BxFFO0 - AGE (msecs): 460
3
(vl
Conneched 1:23:44 AMST E7600 8-M-1 SCROLL CAPS | pgum | Capture | Print echo

Hinh 3.15: Két qua thu dwoc hién thi trén PC
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KET LUAN

Trong hoan canh dat nudc ta hién nay thi van d& WSN con phai nghién ctru va
phat trién. PO 4n di dua ra kién trac tong quat WSN d6 la:cac thiét bi (Bo xur 1y
nhing ning luong thap,Bo nhd / Luu trit,B6 thu phat vo tuyén,Cac sensor (Cam
bién),Hé théng dinh vi dia Iy GPS, Nguodn ning lugng).Hé théng phai c6 kha ning
mém déo dé thich hop véi cac yéu cau ciia ung dung. Cac dang tmg dung chi yéu cua
WSN 1a: thu thap dit liéu moi trudng, an ninh, theo ddi d6i twong.Mdi dang tmg dung
c¢6 su khac nhau cin ban vé truyén théng va cac giao thirc can duoc hd tro boi kién
trac phan cimg. Yéu ciu quan trong cia mot nat mang 13 co kich thudc bé, tiéu thy
nang luong thap nhat co thé va co tich hop truyén nhan khong day, tir d6 di chon loai
vi diéu khién CC1010 do hing Chipcon ché tao c6 do tich hop cao, truyén nhan RF,
tiéu thu nang luong thap dé 1am nit mang va xay dung hé thong thuc nghiém.

Do 4n ciing di gidi thiéu tong quan tang lién két dit liéu va cac tha tuc truy
nhap mdi trudng trong mang WSN. Do gidi han vé nguon ning luong cung cap, gia
thanh va yéu cau hoat dong trong mot thdi gian dai nén van dé ning luong 1 tiéu chi
thiét ké quan trong nhit trong mang cam nhan khong day WSN. Dé tiét kiém dugc
nang luong song vo tuyén thi giao thire MAC di duoc thiét ké phu hop bang cach 1ap
ché d6 ngit mot cach hiéu qua khi khong truyén hoic khong nhan.

Hudng phat trién cua dé tai: do thoi gian ¢6 han nén em chi méi dua duge giai
thuat ma chua duoc phﬁn l1ap trinh cho ki thuat tham do hiéu qud. Nén néu co thoi
gian nghién ctru, em s& cd gang hoan thién phan 1ap trinh ki thuat thim do sau dé lap
trinh 1 ki thuat khac trong sb cac ki thuat cia MAC. Tir d6 so sanh 2 ki thuét vé hiéu
qua nang lugng, hiéu qua truyén nhan géi tin va hiéu suat cua dudng truyeén.
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THE END
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