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LOI CAM ON

Em xin duoc bay t6 10ng biét on sdu séc téi thdy Vuong Pao Vy -
giang vién truong Pai Hoc Cong Nghé — DPai Hoc Quéc Gia Ha No1 da
tan tinh hudng din va tao moi diéu kién thuan loi dé em hoan thanh bai
khoa luan dung thoi han.

Em xin chan thanh cam on tat ca cac thdy co gido trong khoa Cong
ngh¢ thong tin - Truong Pai hoc dan 1ap Hai Phong da nhiét tinh giang
day va cung cdp nhiing kién thitc quy bau dé em c6 thé hoan thanh tot

khoa luan tot nghiép nay.

Cudi cling, em xin cam on tat ca cic ban di dong vién, gop y va

trao d6i hd tro cho em trong sudt thoi gian vira qua.

Vi thoi gian thuc tap c6 han, trinh d6 ban than con nhiéu han ché.
Cho nén trong dé tai khong tranh khoi nhiing thiéu sét, em rat mong
dugc sy gdp ¥ quy bau cua tit ca cac thiy cd gido ciing nhu cac ban dé

dé tai cua em dugc hoan thién hon.

Em xin chan thanh cam on!
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GIOI THIEU

Nhitng k¥ thuat tién tién gan day da cho ta mot sb lugng 16n céac
ngudn nang luong thap trong tuong lai.Nhiing thiét bi cam nhén ré dugc
nhung diy dic trong mot moi trudng vat 1y,hoat dong chung trong mot
mang khong day.Nhiing ing dung cua mang cam nhan khong day bao
gém vung rat rong lon:quan sat moi truong sinh thai,giam dinh cu trac
vé suc khoe,do tim cac chat gdy 6 nhiém moéi truong,diéu khién xir 1y
cong nghiép,tim duong muc tiéu trong quan su,...

Mang cam bién v6 tuyén (WSN) c6 thé hiéu don gian 1a mang lién
két cac node v6i nhau bang két ndi song vo tuyén (RF connection) trong
d6 cac node mang thuong 14 cac (thiét bi) don gian , nho gon, gia thanh
thép ... va ¢b sb luong 16n, duge phan bd mot cach khong c6 hé théng
(non-topology) trén mdt dién tich rdng (pham vi hoat dong rong), st dung
ngudn ning luong han ché (pin), c6 thoi gian hoat dong 1au dai (vai thang
dén vai nam) va co thé hoat dong trong méi truong khac nghiét (chat doc,
6 nhiém, nhiét do ...).

Céac node mang thuong c6 chic nang sensing (sensor node): cam
ng, quan sat mdi truong xung quanh nhu:nhiét do, d6 am, anh sang ...
theo do1 hay dinh vi cac myc tiéu ¢ dinh hodc di dong ... Cac node giao
tiép ad-hoc v&i nhau va truyén dir liéu vé trung tdm (base station) mot
cach gian tiép bang k¥ thuat multi-hop.

Luu luong (traffic) dit liéu luu thong trong WSN 1a thap va ko lién
tuc. Do vy dé tiét kiém ning luong, cac sensor node thudng co nhiéu
trang thai hoat dong (active mode) va trang thai nghi (sleep mode) khac

nhau. Thong thuong thoi gian 1 node ¢ trang thai nghi 16n hon & trang

thai hoat dong rat nhiéu.

Nhu vay, dac trung co ban nhat dé phan biét 1 mang cdm bién va 1

mang wireless khac chinh 1a gid thanh, mat d6 node mang, pham vi hoat
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dong, cu hinh mang (topology), luu luong di liéu, ning luong tiéu thu

va thoi gian & trang thai hoat dong (active mode).

Bai luan van s€ tim hiéu tong quan vé mang cam nhan khong day,

cac thu tuc diéu khién tham nhap moi trudng va thir nghiém mot giao

thitc MAC v6i phan mém nhung cho vi diéu khién CC1010. Véi kién

thirc con han hep, thoi gian nghién ctru khong dai va tai liéu tham khdo c6
chua nhiéu, do vy khoa luan khong tranh khoi nhimg sai sét. Vay kinh
mong cac thdy cliing cac ban sinh vién quan tdm chia sé dong gop y kién

dé khoéa luan duoc hoan thién.
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Chwong 1: TONG QUAN VE MANG CAM NHAN
KHONG DAY WSN-WIRELESS SENSOR NETWORK
Pé xay dung duoc mot hé théng mang cam nhan khong day thi
trude hét phai hiéu thé nao 1a mang cam nhan khdng day,cac thiét bi su
dung trong mang,dic diém cau hinh va mot sb yéu cau can thiét...Tir d6
méi co thé xay dung duoc mot hé théng mang WSN hop 1y va dat hiéu

qua nang luong cao.

1.1 Dinh nghia

Ngay nay, cac vi diéu khién da c6 mot budc phat trién manh véi mat
do tich hop cao, kha nang xur Iy manh, tiéu thu nang lugng it va gia thanh
thap. Khi dugc nap phan mém nhing, cac vi diéu khién nay s& hoat dong
ddc 1ap trong cac loai mdi truong va & nhiing vi tri dia 1y khac nhau. Mbi
vi diéu khién khi dugc tich hop véi bo thu phat song vo tuyén va bd cam

bién s& tao thanh mot nat mang, tap hop cac nit mang do6 trong mgt pham

vi nhat dinh duoc goi 14 mang cam nhan khong day(WSN-Wireless

Sensor Network).

Mang cam nhan khong diy la m{t mang khong ddy ma céc nut
mang 13 cac vi diéu khién sau khi da dugc cai dat phan mém nhing két
hop vé6i cac bo phat song vo tuyén cing véi cac cam bién va nod co kha
nang thu nhan,xtr 1y dir li¢u tor cdc nit mang va moi trudng xung quanh

nit mang.
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Trong hé théng WSN c¢6 céc tram gdc va trung tdm diéu khién. Tram
gbc dong vai tro cong két ndi gitra cdc nit mang va trung tam diéu khién,
tiép nhan thong tin cia cic nlit mang chuyén téi trung tam diéu khién qua
nhiéu cach khac nhau. Cic nat mang truyén thong tin theo kiéu nhiéu
chang tir nit mang ndy sang nt mang khac va vé tram gbc. Tur tram gdc
c6 thé gui thong tin cho ngudi dung (trung tdm diéu khién) theo nhiéu
cach nhu truc tiép qua hé théng may tinh, qua mang Internet, qua vé
tinh.... nhd d6 nguoi giam sat ¢ thé nhan duoc thong tin du dang & bat
ctr dau.

1.2 Cic thiét bi WSN

Céc thiét bi chinh tao ra mang cam bién khong day

Sensors
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Radio transceiver
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*Bo xir Iy nhiing ning luwong thap

Céc nhiém vy tinh toan trén thiét bi WSN bao gém: qua trinh xtr Iy
thong tin cam bién cuc bo cling nhu thong tin truyén boi cac cam bién
khéc.

Hién nay dudi 4p luc dau tién cua kinh té, cac bo xir Iy nhing
thuong bi han ché trong pham vi ning lugng may tinh(vi du: nhiéu thiét
bi str dung trong viéc nghién ctru va phat trién hién nay chi c6 bd xu 1y
16MHz, 8 bit). Do su han ché cua cac bd xir 1y loai nay nén nhiéu thiét bi
chay trén cac hé diéu hanh c6 céc thanh phin co ban dic biét, nhu la
TinyOS. Tuy nhién ching ta ciing phai nhé rang mot mang cam nhan
khong day cd thé khong dong bo va bao gom it nhat mét vai nat hoat
doéng vai gidgi han I6n hon nang luong may tinh.Hon nita theo dinh luat
Moore, cac thiét bi WSN tuong lai c6 thé dugc gin vao bd xtr 1y cuc
manh.N6 ciing s& hop nhat cac ky thuat thiét ké nang lugng thap tién tién
nhat ,nhu hiéu qua caa ché do ngu va chia ti 16 von ké dong dé co thé tiét
kiém ning luong dang ké.

*B¢ nhé/luu triv

Luu trit dudi dang RAM (Random Access Memory) va ROM
(Read-only memory) ca bo nhd chuong trinh (cac 1€nh thuc hién bdi bd
xtt 1) va bd nhd dir liéu (luu cac két qua do chua qua xur 1y va da xu ly
boi sensor; cac thong tin cuc bd khac).

Chat luong bo nh¢d va luu trit trén board cua thiét bi WSN thuong
bi gii han dang ké bai 1y do kinh té va di nhién van dé nay sé dugc cai
tién theo thoi gian.

*B§ thu phat vo tuyén

Cac thiét bi WSN bao gom mot birc xa khdng day tdc do thap,trong
khoang ngin(10->100kbps, <100m). Trong thoi diém hién nay né bi gidi

han vé dung lugng,va s€ duogc cai thi¢n 1 cach tinh té vao thoi gian toi vé
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cac mit: cai thién gia thanh, hiéu qua phd, triét tiéng on, fadinh, va xuyén
nhiéu.

Trong WSN thi truyén vo tuyén 1a mot qua trinh st dung ning
luong manh nhat, do d6 vo tuyén can phai két hop hiéu qua ning luong
giita cac ché do ngu (mode sleep) va ché do hoat dong (mode active).

*Cam bién(Sensor)

Do giéi han bang thong va ngué)n, cac thiét bi WSN chi hd tro bd
cam bién toc d6 dir lidu thdp. Véi cac tmg dung bd cam bién da chirc
nang, mdi thiét bj c6 mdt vai sensor trén board. Tuy theo mdi ung dung
ma co6 1 loai sensor riéng: sensor nhiét dg, anh sang, do am, ap suét, gia
toc ké, tir ké, Am thanh hay tham chi 1a hinh anh c6 d6 phan giai thap.

*H¢é thong dinh vi dia Iy GPS (Geo Positioning System)

Trong nhiéu tmg dung ctia WSN,thi c6 mét ung dung cuc ky quan
trong 12 nhan biét duoc vi tri ciia cac s6 do cua cac cam bién . Cach don
gian nhét dé khoanh vung vi tri 1 cAu hinh trudc vi tri caa cac cam bién
trude khi trién khai; tuy nhién né chi mang tinh kha thi trong mét sé diéu
kién trién khai nhat dinh.

Dbac biét trong cac hoat dong ngoai troi,khi ma cac mang ludi dugc
trién khai mot cach dic biét cac thong tin d6 dé thu nhan théng qua vé

tinh co ban GPS. Tuy nhién, tai cac tmg dung, do han ché ctia méi truong

va kinh té, chi mot phan nho cac node dugc trang bi GPS. Trong truong

hop nay, cac node khac nhau (trong cung mot vung) chi thu duoc vi tri

ctia nhau 1 cach gian tiép qua giao thtrc dinh vi mang

*Ngudn ning lwong

Pé viéc trién khai hoat dong cia mang cam nhan khéng day tra nén
linh hoat va mém déo thi ngudn niang luong duogc sir dung cho cac thiét bi
chinh 1a nang lugng pin(vi du str dung cac loai pin LiIMH AA). Trong khi

mot s6 nat c6 thé duoc két ndi ciing mot ngudn ning luong lién tuc trong
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mét s6 tng dung,va niang luong thu duoc trong ki thuat nay co thé cung
cap mot phan nang luong tai sinh cho mot sé timg dung khéc.

TUy thudc vao mdi tng dung, cac thiét bi WSN c¢6 thé trong cung
mot mang voi nhau. Trong nhiing Ung dung tap hop dir li¢u (data-
gathering) co ban, c6 mot node dugc xem nhu node sink, tat ca dir liéu tr
cac node sensor ngudn dén né 1a truc tiép. Topo mang don gian nhat cho
tmg dung nay 13 topo hinh sao don hop, & ddy tit ca cac node gui dit liu
truc tiép dén node sink. P6i voi mang cai dit nang luong truyén thap hon
hay trién khai trén dién rong thi sir dung cdu tric hinh cdy da hop. Trong
truong hop ndy, mot vai node duoc xem nhu node ngudn, va dinh tuyén
cho cac ngudn khac.

Mot dic diém tha vi cia mang cam nhan khéng day 1a né thuong
xuyén cho phép kha nang xu ly mang thong minh.Cac nit trung gian doc
theo dudng truyén khong chi don thuan 1a chuyén céc g6i dix liéu ma con
c6 thé kiém tra va xu ly noi dung cua go6i dit liéu truyén qua ching.N6
thuong dugc ding dé nén dir liéu hodc xu Iy tin hiéu dé cai thién chat

luwong caa thong tin thu duoc.

1.3 Kién triic niit mang

*Bo vi xir Iy: Yéu cau 1 vi xtr 1y gid thanh ré tich hop dugc dé
dang voi cac cam bién,tiéu thu dién ning thap....Bo vi xtr Iy c6 chuc
nang thu thap thong tin, xir Iy dit liéu truyén nhan gitta cac niit mang.

*Bo mach: Bo mach 1a bang vi mach dién tir bao gdm ngudn nuodi,
ang ten thu phat song,cac cong giao tiép va la noi tich hop cac bo cam
bién,bod truyén thong,bd luu trix dit lidu...

*B§ cam bién: Bo cam bién chinh 1a thiét bi thu thap thong tin di
liéu,co6 nhiéu loai cam bién nhu cam bién quang hoc,cam bién nhiét

do,cam bién do0 am,cam bién co hoc...
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*Bo luu trir: Cac niat mang cam nhan khong day c6 thanh phan luu

trit thong tin dit liéu rat nho,thudng str dung bd nhé Flash hay DRAM.

*B§ truyén thong: Mo hinh truyén thong dugc dé cap dén day
chinh 13 truyén thong da budc.Véi nhitng wu diém vé tinh mém déo, giam

dang ké nang luong tiéu thu trong mang cam nhan khong day.

1.4 Pic trung va cau hinh mang cam nhin khong day

1 node trong mang WSN thong thudng bao gonm 2 phan:
. phan cam bién (sensor) hodc diéu khién
. phan giao tiép v tuyén (Radio frequency
transceiver)

Do s6 luong node trong WSN 1a 16n va khong can cac hoat dong
bao tri, nén yéu cau thong thuong doi voi 1 node mang 1a gia thanh thap
(10 - 50 usd) va kich thudc nho gon ( dién tich bé mat vai dén vai chuc
cm?®). Do giéi han vé ngudn ning luong cung cdp (pin,...), gia thanh va
yéu cau hoat dong trong mot thoi gian dai, nén van dé tiéu thy nang luong
1a tiéu chi thiét ké quan trong nhat trong mang cam bién

-Lop vat 1y (physical layer): tuong d6i don gian, gon nhe do rang
budc vé kich thudc va kha nang tinh toan ctia node. Ky thuat diéu ché tin
hiéu sé: O-QPSK, FSK cai thién hiéu suit bo khuéch dai cong suit. Cac
ky thuat ma hoa stra sai phuc tap nhu Turbo Codes, ma LDPC (Low-
density parity-check code) khong duoc str dung, ki thuat trai phd dugce sir
dung dé cai thién ti s6 tin hiéu trén nhiéu (SNR_signal noise rate) & thiét
bi thu va giam anh hudng fading cta kénh truyén.

-Lop MAC(Medium Access Control):ky thudt da truy cdp TDMA

hodc CSMA-CA hi¢u chinh véi muc dich giam nang luong ti€u thu.
-Lép dinh tuyén (routing layer): giao thic dinh tuyén quan

tam dén nang luong “power aware”, dinh tuyén dia 1y (geography
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routing),... WSN thuong duoc trién khai trén mot pham vi rong, sb lugng
node mang 16n va dugc phan bd mét cach trong dbi ngiu nhién, cac node
mang c6 thé di chuyén lam thay d6i so d6 mang ... do viy WSN doi hoi 1
cdu tric mang (topology) linh dong (ad- hoc, mesh, star,...) va cac node
mang c6 kha ning tu diéu chinh , ty c4u hinh. Trong 1 s6 tng dung WSN
thong dung (gidm sat, cam bién, moi trudng,...) dia chi ID cta cac node
chinh 1a vi1 tri dia 1y va giao thuc dinh tuyén dua vao vi tri dia 1y nay goi
1a giao thirc dinh tuyén dia 1y (Geography routing protocol _GRT). Déi
vO1 mang co $6 luong 16n cac node, so do mang khong 6n dinh... thi
GRT giup don gian hoa giai thuat tim duong, gidm dit liéu bang dinh
tuyén (routing table) luu trit tai cac node. GRT phu hop véi cac WSN ¢
dinh, tuy nhién d6i v6i cac node di dong (dia chi ID node thay doi) giao
thire dinh tuyén trd nén phuc tap va khong 6n dinh.

Céu hinh cho mang WSN ciing twong tu nhu WLAN nhung phirc
tap hon WLAN vi sd luong cac node cling nhu pham vi hoat dong 13 kha
16n. Cac dang céu hinh trong mang WSN con phai dap tmg duoc cac ham
két ndi cua timg dang dé dam bao mang hoat dong.

Do gidi han kha ning tinh toan cila timg node mang ciing nhu dé
tiét kiém ning luong, WSN thuong st dung cic phuong phap tinh toan va
xtr 1y tin hiéu phi tap trung (giam tai cho node gan hét niang luong) hoic
gri dit liéu can tinh toan cho cac tram co sé (c6 kha nang xur 1y tin hiéu

manh va it rang budc vé tiéu thu ning luong).

1.5 M@t s6 chuin ciia mang cam nhin khong day

Do pham vi irng dung cua WSN rat rong 16m, tinh chat, dic trung
cua mang phu thudc vao trng dung trién khai cu thé. Do vay, cac cong ty,
cac phong thi nghiém van thuong phét trién, trién khai giao thirc riéng
(MAC, Routing, synchronisation ...) phu hop cho timg tmg dung cu thé

dua trén cac thiét bi phan cting (transceiver chip) trén thi trudng.
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Moét sb chuan WSN duoc biét dén 1a:
oALOHA system (U. of Hawaii)
oPRNET system (U.S Defense)
oWINS (U. of California)
oPicoRadio (U. of California)
oMicro AMPS (M.I.T)
oMANET (Mobile ad-hoc Network)
oZigbee: dya trén 16p vat 1y va 16p MAC cia chuan
WPAN 802.15.4

1.6 Ung dung ciia mang cim nhin khong day

WSN dugc tmg dung dau tién trong cac linh vuc quan sy. Cung véi
su phat trién ctia nganh cong nghiép diéu khién tu dong, robotic, thiét bi
théng minh, mdi truong, y t& ... WSN ngay cang dugc st dung nhiéu
trong hoat dong cong nhi¢p va dan dung.

Mot s6 ung dung co ban caa WSN:

o Cam bién mdi trudng;

4 quan su: phat hién min, chit doc, dich chuyén quan dich,...

v cong nghiép: hé thong chiéu sang, d6 am, phong chay, chéng

dan dung: hé théng diéu hoa nhiét do, chiéu sang,...
Piéu khién:

quan su: kich hoat thiét bi, vii khi quan su,. ..

cong nghiép: diéu khién ty dong cac thiét bi, robot, ...
Theo doi, gidm sat, dinh vi:

quan su: dinh vi, theo doi su dich chuyén thiét bi, quan

Moi truong:

giam sat 1l lut, bao, gid, mua,...
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v/ phat hién 6 nhiém, chat thai. ..

e Y té dinh vi, theo ddi bénh nhan, hé thdng bao dong khan

J Hé théng giao thong thong minh:

v giao tiép giita bién bdo va phuong tién giao thong, hé thong
diéu tiét luu thong cong cong, hé théng bao hiéu tai nan, ket xe,...

v' hé théng dinh vi phuong, trg giup diéu khién tu dong
phuong tién giao thong,...

. Gia dinh: nha théng minh: hé théng cam bién, giao tiép va
diéu khién céc thiét bj thong minh,...

WSN tao ra méi trudng giao tiép giilta cac thiét bi thong minh, giita
cac thiét bi thong minh va con nguoi, giita cac thiét bi thong minh va cac

hé thong vién thong khac (hé thng thong tin di dong, internet, ...)

1.7 Yéu ciu ciia mang cam nhan khong day

*Ning lwong tiéu thu thap

Mang cam nhan khong ddy bao gom rat nhiéu nit mang nho, duoc
dat ¢ khap noi trong méi truong. Dé nit mang hoat dong duge chiung can
cung cip nang luong Nhung do diéu kién sdng ngoai méi truong,cac nit
mang phai c¢6 dic diém tiéu thu it ning luong thi thoi gian song cuia mdi
nat mang mai ton tai trong nhiéu nam.Nang luong dé cung cap cho mdi
nat mang c6 thé 1ay & nhiéu ngudn,vi du nhu dung pin,ning luong mit
troi,nang lugng RF thu dugc tir song vo tuyén,ning luong rung dong co
hoc ...

*Phan mém twong thich véi phin cing

Van dé lua chon vi diéu khién thich hop dé xay dyng nat mang rat
quan trong.Viéc chon dung vi diéu khién s& 1am hé théng hoat dong 6n
dinh, c6 kha ning nang cdp thém nat mang...Ngoai thi truong c6 rat

nhiéu vi diéu khién nhu CC1010,MSP430,ATMEGA... Nhung hién nay
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vi diéu khién CC1010 duoc lya chon lam nat mang v6i nhiing uu diém
hon han.

*Cac mit mang c6 kha ning tu cau hinh

Mang cam nhan khéng day st dung nhiéu nit mang,vdi phuong
thire truyén nhan bang séng Radio,nén ngudi quan tri mang kho co thé
can thi¢p lién tuc vao qua trinh hoat dong cia mang.Vi thé doi hoi cac nat

mang phai c¢6 kha ning tu t6 chire,ty duy tri_tu ciu hinh.

1.8 Muc tiéu cia mang cim nhan khong day

*Chi phi thap

Mang cam nhan khong day c6 vu diém d6 1a dé trién khai,mo rong
mang.Do kha ning ty cdu hinh ciia mang WSN nén ngudi quan tri mang
it phai can thiép,va nguoi sir dung khong can hiéu sau vé mang ciing nhu
co ché truyén thong khi 1am viéc voi mang WSN.Véi nhiing tién ich va
mg dung rong rii ctia mang cam nhan khong day thi chi phi dau tu cho
hé thong 1a khong cao so voi cac mang thong thudng hién nay.

Diéu miu chdt cho mang WSN hoat dong 6n dinh 1a chi phi bao
tri,kiém tra hé théng.Do dic diém nat mang ngoai moi truong nén can
xay dung hé théng mang c6 kha nang thuc hién viéc ty bao tri,ciing nhu
duy tri thoi gian séng cang 1au cang tot cho mdi niit mang.

*Thoi gian song dai
Mang cam nhan khong day véi uu diém dé trién khai,dé mo rong
hé théng,nhu:ng cling tdn tai nhugc diém 13 cac nut mang dat ngoai moi

truong,nhat 13 voi nhitng nat mang ing dung trong giam sat moi truong,

theo ddi d6i tuwong... kho cd thé bao tri theo hang thang hay hang nam.

Diéu do6 co nghia la moi1 nat mang phai ty nudi song minh bang nhing
nguon nang lugng khac nhau.Thoi gian song ciia moi nit mang phai dam
bao lau dai, phai song dugc trong diéu ki¢n ngoai moi truong nhi€u

nim.Mdi niit mang bi 16i s& d4nh huéng dén hé thong mang.Nhur vay mdi
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nat mang can ngudn ning luong 6n dinh c6 kha ning cung cap lau
dai,cling nhu mdi nit mang can co ché tiét kiém tiéu hao ning lugng tdi
da.

*An toan bao mat

Mang cam nhan khong diy dugc mg ung rat rong rai trong doi
séng vi du nhu thu thép nhiét do, do am moi truong,...hay quan trong
hon nhu phuc vu an ninh qudc gia.Do d6, van dé bao dam kha ning git bi
mat thong tin thu thap duoc 1a rt can thiét.Ma hoa dir liéu 1a bién phap an
toan dé bao mat thong tin. Pong nghia voi viéc giai ma thong tin phai
chinh xac, sac thuc.

*Kha nang thu thap dix liéu

Dbi v6i mang cam nhan khong day thi tbc d6 thu thap dir liéu ciing
anh huong dén tinh sac thuc cua thong tin.Thong tin thu vé phai nhanh
chéng, chinh xac, nhat 1 nhimg thong tin ¢6 anh hudng dén an ninh qudc
gia.Téc d6 thu thap thong tin hiéu qua 1a s6 miu lay dugc tir mdi nut
riéng 1¢,nhig thong tin riéng 1¢ phai truyén dén diém thu thap trung tim

dé xir 1y.

1.9 Uu/nhwge diém ciia mang cam nhan khong day

*Uu diém

-D@ trién khai va c6 kha nang mé rong

-Chi phi lap dit va bao tri thap

-Khéng doi hoi ngudi sir dung hiéu chuyén siu vé kién trac mang

-Mang st dung phuong thirc truyén séng Radio nén truy nhap don

*Nhuwoe diém
-Do tinh linh déng va dé truy nhap nén an toan bio mat mang
khong day phtc tap

-Kho quén ly nit mang dat ngoai moi trudng
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1.10 Pic diém ciia mang cam nhan khong day

-Cac nat mang cam nhan c6 kich thudc nho

-Nang luong nap duogc va luu dugc bi gigi han

-Hoat dong & cé4c diéu kién moi truong khic nghiét khdng can can
thiép cua con nguoi

-Dé xay ra 15i tai NGt mang,dé xay ra 15i trong khi truyén dit liéu

-C4c n(t mang c6 thé dich chuyén duoc ma khong can thay d6i cau

-M0 hinh mang dong,linh hoat

-Céc ndt mang hén hop

-Cho phép kha nang ma rong cao

Két luan chwong:Két thuc chuong | ching ta di c6 nhimg hiéu
biét tong quan vé mang cam nhan khéng day.Pong thoi ciing phai noi
thém ring voi nhitng dic diém d4 néu ¢ trén thi trong mang cam nhan
khong day WSN mot tiéu chi quan trong dé xay dung d6 chinh 1a tiéu chi
hiéu qua nang luong. Tir day dit ra 2 van dé do 1a chon thiét bi nhu thé
nao va sir dung giao thirc hoat dong gi dé dat duoc hiéu qua niang luong
mot cach cao nhat.Trong chuong Il ching ta s& tim hiéu vé giao thirc
MAC(Piéu khién tham nhap mdi truong)va giao thac lap lich nga tap

trung.
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Chuong 2: PIEU KHIEN THAM NHAP MOI
TRUONG VA GIAO THUC LAP LICH NGU TAP
TRUNG

Nhu d& n6i & chuong 1 mot tiéu chi quan trong dé xay dung hé
théng mang cam nhan khong day d6 la tiét kiém ning luong.Va trong
chuwong 2 nay ching ta s& cung tim hiéu mét s gaio thitc MAC truyén

thng va giao thirc 1ap lich nga tap trung.

2.1 Gioi thiéu giao thire MAC-Medium Access Control

Thu tuc (giao thie) 1a tap hop cac qui tic, qui udc chung dé cho 2
hodc nhiéu thiét bi c6 thé truyén thong véi nhau. Viée trao doi thong tin,
cho du 1a don gian cling phai tuan theo nhitng qui tic nhat dinh. Do do6
viéc truyén thong tin trén mang ciing can phai c6 nhimng qui udc vé nhiéu
mat, tr khuén dang (cu phap, ngt nghia) ciua dit li¢u cho téi cac thu tuc
guri, nhan dir liéu, kiém soét hiéu qua va chat luong truyén tin, xur 1y cac
16i va su ¢d. Yéu cau vé xtr 1y va trao d6i thong tin ctia ngudi sir dung
cang cao thi cic qui tic cang nhiéu va phuc tap hon. Tép tat ca cac qui
tac, qui udc d6 dugc goi 1a thu tuc hay giao thirc (protocol) mang. Céc
mang c6 thé st dung cac giao thirc khac nhau tity lwa chon cua nha thiét
ké va yéu cau cta ngudi st dung.

Mot dic diém co ban cua giao tiép khong diy 13 nd phai cung cap
mot phuong tién dé chia sé. Tat ca cac giao thuc diéu khién da truy cap
cho mang khong day str dung giao dién radio dé dam bao hiéu qua sir
dung cua bang thong chia sé. Giao thic MAC duoc thiét ké cho mang
cam nhan khong day c6 mot muc dich thém cho quan ly hoat dong cua

radio dé chuyén d6i niang luong. Nhu vdy trong khi giao thic MAC

truyén thong phai can bang dau vao, tré, va mgt s6 moi quan tam khac thi

giao thirc MAC ciia WSN dit viée str dung ning luong hiéu qua 1a moi

quan tdm chinh.
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Thu tuc didu khién thAm nhdp méi truong trong WSN ciing ¢6
phan gidng voi WLAN tuy nhién do yéu cau vé tiét kiém ning luong toi
da ctia cac node, WSN dua ra cac giai phap dé giai quyét viée tiét kiém
nang luong bang cac ché do lap lich thirc, ng cho mdi qua trinh truyén
va nhan dit liéu ctia moi node.

Quan 1y ning luong 12 1 van dé thach thtc trong cac giao thirc
truyén thong mong mudn trong mang WSN. Viéc lang phi ning luong
xay ra chi yéu do xung dot (2 node truyén xen vao tai cung thoi diém),
nghe 16m (overhearing - 1 node nhan 1 gbi ma dich dén khong phai 1a
no), ting chi phi géi tin diéu khién (control packet overhead) va ling
nghe khi moi trudong rdi (idle listening) (séng vo tuyén cua 1 node van
hoat dong tham chi khi khong c6 dir liéu dé truyén hodc nhan). Nhiing
van dé ndy c6 mat trong tt ca cic mang moi truong chia sé va néi chung
duoc cac ki thuadt MAC khic phuc.

< Muc tiéu chinh ctia thu tuc 16p MAC 1a dé phan phét cho cac kénh

vO tuyén dugc chia sé trong s6 cac node sensor giong nhau va dé€ dam bao

rang khong co6 2 node truyén xen vao tai cung thoi di€ém. Boi vi tiém nang

ctia nd cho viéc tranh lang phi ning luong khong can thiét, MAC trong
WSN da tr¢ thanh linh vuc nghién ctru rong.
% Cac thudc tinh quan trong cua thu tuc MAC la:
v/ Tranh xung dot: nhiém vu co ban 1a diéu khién truy nhap moi
truong
Hiéu sut niang lugng: quan trong nhat
Tinh mé rong va tinh thich nghi: dé thay déi kich thudc mang,
mat d6 node va topo mang. SO luong cac node thay dbi theo
thoi gian
Po tré (latency)
Binh dang (fairness)
Thong lugng
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v" Viéc sir dung bang thong

% Céc thu tuc MAC c6 thé chia thanh cac loai khac nhau dua trén cac
nguyén tdc khac nhau. Mot vai thi tuc duoc tap trung voi tram géc hoac
chi nhém 1am diéu khién truy nhap; vai thu tuc thi dugc phan phbi, vai
thu tuc khac thi st dung 1 kénh don 1€, vai tha tuc khac thi stir dung nhiéu
kénh, vai thu tuc khac nita thi str dung cac kiéu khac nhau cia truy cap
ngau nhién, vai thu tuc khac thi st dung viéc danh riéng 1a 14p chuong
trinh. Céc tha tuc d6 ciing duoc t6i vu cho nhitng diéu khac nhu: ning
luong, do tré, thong luong, su binh dfmg, chat luong va dich vu (QoS),

hodc hd trg cho nhiéu dich vu khac.

2.2 Mot so giao thirc MAC truyén thong

2.2.1 Giao thirc Aloha

Céac giao thitc MAC truyén théng 1a cac giao thic da truy cép.
Dang don gian nhat cua da truy cdp la Aloha khong chia ranh va Aloha
chia ranh. Trong Aloha khong chia ranh, mdi nat hoat dong doc lap va
don gian 1a truyén mot goi bat ctr khi nao go6i dugc giri toi; néu mot xung
dot xay ra, goi s& duoc truyén lai sau mot khoang thoi gian doi ngau
nhién.

Aloha chia ranh lam viéc cling theo cach tuong tu, nhung chi cho

phép truyén trong nhirng ranh dac bi¢t duoc déng bo.

Thuén loi chinh ctia md hinh truy nhap ngau nhién Aloha 1a n6 don
gian. Cac node c6 thé truyén dr 1i€u cua ching bat chép su hoat dong cua
cac node khac. Néu ban tin nhan thanh cong thi node gbc giri 1 ACK
(acknowledgment) qua 1 kénh (feedback). Néu node khong nhan duogc 1
ACK thi node truyén lai ban tin sau khi doi mot thoi gian ngau nhién. Do
tré chii yéu duoc xac dinh boi xac sudt ma goi tin khong nhan duge (boi
vi xuyén nhiéu tir qua trinh truyén khac duoc goi 1a 1 su xung dot) va gia

tri trung binh cta thoi gian doi ngiu nhién trude khi qua trinh truyén lai.
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< O Aloha khong chia khe
A

NI
=

]

ther gian (cac khe t8i chi s sung dat)

Hinh 2.1: Aloha khong chia khe

- Han ché quan trong & day 1a goi tin giri da dugce nhan hay chua.
Pé giai quyét van dé nay, trong md hinh unslotted Aloha, khi 1 node két
thuc viéc truyén, né mong chd 1 ACK trong 1 luong thoi gian han ché.
Mat khac, né truyén lai dir liéu mot cach dé dang. Mo hinh nay lam viéc
t6t trong cac mang nho noi ma tai (load) khong cao. Nhung trong mang
16, doi hoi nhiéu tai, noi ma nhiéu node c6 thé mudn truyén tai cung thoi
diém, thi mo6 hinh nay khong dung duge. Do d6 dan t6i sy phat trién cia
Slotted Aloha

< O Aloha chia khe, thi 1am viéc theo cach tuong tu, 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

cuia cac khe. Cac node dugc dong bd dé mdi node biét khi nao cac khe bat
dau. Néu 2 hoac nhi€u hon cac frame xung dot trong 1 khe, thi tat ca céac

node do tim xung dot trude di€m cuoi cua khe.
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]

thed gian (cac khe t&i chi su xung dat)
Hinh 2.2: Aloha chia khe
Trong giao thirc ndy, s6 xung dot co thé xay ra dugc giam. Va vi
thé, no thuc hién tét hon Unslotted Aloha. Céc xung dot chi co thé xay ra
v6i cac node dd sin sang noi tai cing thoi diém. Pay 1a 1 sy giam dang

keé.

2.2.2 Giao thirc CSMA(Carrier Sense Medium Access)

Mot giao thitc MAC c6 dién khac 13 giao thic da truy cip cam
nhan séng mang (CSMA). Trong CSMA, mot nit mudn truyén trudc hét
phai lang nghe kénh dé danh gia n6 c6 rdi khong. Néu kénh nhan rdi, nit
sé tién t6i viée truyén. Néu kénh ban, nat s& doi mot chu ky back-off ngau
nhién dé cd truyén lai. Ca Aloha khong chia ranh, Aloha chia rdnh va

CSMA van chua giai quyét dugc van dé nit an, nit hién.

Chuan IEEE 802.3/Ethernet di dwa ra giao thic cam nhan séng
mang do xung d6t CSMA/CD trong mang Ethernet. Ché d6 nay hoat
dong nhu CSMA thuong nhung trong qua trinh truyén, nut dong thoi ling
nghe moi trudng, nhan lai cac dir lidu giri di xem c6 xung dot khong. Néu
phat hién xung ddt, nlt s& truyén I tin hi€u nghén dé cac nut khac nhan ra
va dimg viéc gui goi trong 1 thoi gian ngau nhién backoff trude khi cb

gtri lai, tire 13 ¢ kha niang do xung dot nhung van khong tranh duoc.
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Trong cac mang phuc tap hon nhu mang khong day thi nguoi ta
dung giao thirc cdm nhan song mang/trdnh xung dot CSMA/CA. Giao
thire nay c6 kha nang giai quyét van dé nat an, nat hién va sé duoc trinh
bay chi tiét trong phan sau.

*Van dé nit 4n/nut hién

Céc giao thirc MAC truyén thong khong du dé ngan ngira xung dot
va khong hiéu qua trong mang khong day boi vi 2 van dé duy nhét: van
dé nut an va nat hién.

Van d& nat an duoc thé hién trong hinh 2.3a; ¢ ddy, nut A dang
truyén toi nat B. Nut C, ndm ngoai ving song radio cuia A, s& cam nhan
dugc kénh truyén nhan rdi va bat dau truyén goi t6i nit B. Trong trudng

hop nay, CSMA khéng ngan ngira xung dot bai vi A va C an cho mdi nut.

Van dé nat hién duoc thé hién trong hinh 2.3b. O day, trong khi
nut B truyén t6i nat A, nat C c6 mot goi can truyén cho nat D. Bsi vi nit
C trong khoang ctia B, cam nhan thdy kénh ban va khong co6 thé truyén.
Tuy nhién, trong 1y thuyét, vi D nam ngoai khoang cta B, va A nam
ngoai khoang ctia C, 2 sy truyén nay khong xung dot véi nhau. Viée

truyén bai C s& bi hodn lai va lang phi bang thong.

Radio range

- -

_ 0-3-0 | 00 C-0

W

(a) (b
Hinh 2.3:n0t dn va nGt hién

Vén dé nay 1a séng ddi theo mot phwong dién nao do: trong van dé

node an, goi gy xung dot vi trong khi nit giri ma khong biét nit khac
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dang truyén, trong khi d6 nat hién mat co hoi 1on dé guri 1 gbi do sy nhdm
14n cua qua trinh truyén khong bi nhidu. Loi giai cho sy ghép d6i khong
d6i xung nay nam & chd khong phai noi truyén can thiét dé cam nhan
song mang ma 1a noi nhan. Mot vai giao tiép giita noi truyén va noi nhan

can thiét dé€ giai quyét van dé nay.

2.2.3 Giao thirce MACA(Medium Access Collision Avoidance)
Giao thitc MACA gi6i thiéu vé cach st dung cua 2 thong diép diéu

khién co thé giai quyét van dé Hidden node(nut 4n) va Exposed node(nt
hién).Cac thong diép diéu khién nay duoc goi la Request to send(RTS) va
Clear to send(CTS).Ban chat cua giao thirc nay 1a khi Intat mubn gir dir
lidu n6 phat ra 1go6i RTS t6i noi nd mudn giri dir liéu.Néu noi nhan c6 thé
nhan dit liéu,n6 phat ra 1 goi CTS.Khi noi giri nhan duoc CTS né bat dau
truyén dit liu.Khi 1 nat gan d6 nghe thay 1 dia chi RTS cua nit khac,no
s& ngan chin dudng truyén cia minh trong 1 thoi gian,doi dén khi CTS
tra 10i.Néu n6 khong nghe thady CTS thi n6 s& bat dau truyén dit liéu cua
minh.Néu khong nghe thay CTS,thi du RTS cé nghe thay CTS hay khong
nut d6 s& han ché duong truyén ctia minh trong 1 khoang thoi gian vira du

dé viéc truyén dir 1i€u hoan thanh.

- 1 qué trinh truyén dit liéu thanh cong (tir A dén B) bao gdm 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 tir B dén A
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Hinh 2.4: Qud trinh truyén nhén giita 2 node A va B

Gia su ly tuong (vi du bo qua kha nang xay ra xung dot RTS/CTS,
gia str truyén thong 2 chiéu, khong mat goi, khong hiéu tng capture), c¢6
thé thay rang giao thitc MACA c6 thé giai quyét ca van dé node an va
node hién. Véi cac vi du don gian nhu hinh 2.1 ¢ trén, no giai quyét van
dé node an bai vi node C s& phai lang nghe ban tin CTS va chin xung dot
duong truyén cua nd. Tuwong ty nd giai quyét van dé node hién vi mic du
node C ling nghe CTS cta node B, n6 s& khong nhan CTS tir node A va

do d6 c6 thé truyén géi tin ctia nd sau 1 thoi gian chd co thé.

2.3 Giao thirc 1ap lich

2.3.1 Cam wng MAC(S-MAC)
- Giao thirc S-MAC 1a m6t giao thic MAC khong day dugc thiét ké

dac biét cho WSN.

M3 Ti (M| TR

[ae] Ta  [ME| TH

|nte| Ta M| TR |—

Hinh 2.5:Giao thirc S-MAC

Nhu hinh v& chi ra, né chiém mdt chu ky tuan hoan, & d6, moi

node s& ngu trong mot khoang thdi gian va sau d6 thirc ddy dé ling nghe.
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Chu trinh 1am viéc cta ché do 1ap lich ngii — ling nghe nay thuc hién nhu
nhau dbi véi tit ca cac node, vi vy ma lam giam ning luong tiéu thu.

% Chu ki nga — lang nghe:

Lang nghe | Lang nghe

Hinh 2.6: chu ki ngii — ling nghe

e Van dé: “Idle listening”: tiéu thu ning lugng dang ké. Pay 1a 1 van
dé 16n trong viéc tiéu thu nang luong.

e Giai quyét: Dua vao chu ky nga — lang nghe, nghia 1a dit cac node
vao trong chu ki trang thai ngti. Sau khi ngu vai gio thi mdi node thire day
va lang nghe xem c6 node ndo muén ndi chuyén véi nd khong. Néu co,
n6 s& thire. Néu khong, no lai tré vé trang thai nga. Trong sudt thoi gian
ngu, node tat di radio cua nd. Piéu ndy s& giam dugc chu trinh 1am viée
ctia node xudng khoang 10% (200ms mé& va 2s tit)

- Trong sudt qua trinh khoi tao, cac node van thtc va chd doi mot
chu ky ngiu nhién dé ling nghe ban tin vé chu ky lich ngi — lang nghe
cta 1 trong cac node 1an can. Néu chung khong nhan dugc mot ban tin
nao, chung s¢€ lya chon lich cua riéng chiing va phat quang ba (thong bao
broardcast) cho cac node lan can. Cac node nghe duoc lich cua node lan
can s€ chép nhan lich nay va bao cho cac node tiép theo. Mot vai node
ranh gidi co thé chép nhén nhiéu lich khac hodc chi chép nhan lich cua 1
node 1an can. Cac node s& dinh ky truyén cac lich nay dé cap vi tri cho
mdi node m&i duge két ndi véi mang. Mac du cac node van phai trao doi

g6i tin theo dinh ky véi cac node 1an can dé dong bo, nhung day khong

phai 1a van dé 16n vi chu ky nghe thuong 16n hon nhiéu so véi dd tré cua

xung dong ho. Lap lich ngu khong duge dung trong khi truyén dir lidu.
Vi du: Trudc khi cac node thuc hién chu ki nghe ngii, chung can
chon 1 lich dé biét khi nao nghe va khi nao ngi. Hinh dué6i day chi ra

rang tham chi néu 2 node c6 cac lich khac nhau. Chung c6 thé con lién lac
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v6i nhau mot thoi gian 1au nhu khi chung biét cac lich ctua nhau. Néu
node 1 muén lién lac véi node 2, né chi doi cho dén khi node 2 dang léng
nghe. Tuy nhién ching ta mudn cac node 1an can 14 phai co cung lich. Vi

vay that dé dang dé phat broadcast.

Node 1 Lang nghe ngh King nghe ni

Node 2 e

Hinh 2.7: 2 node c06 cung schedule

- Nhung trong 1 mang 1én thi khong thé dam bao tat ca cac node déu
¢6 lich nhu nhau. Vi dy hinh sau ¢6 2 lich khac nhau trén mdi mit phang.
Node den 1a node nhan ca 2 lich. Khi né phat broadcast 1 géi, thi no can
phai phéat goi d6 2 1an, 1an 1 1a cho cac node & lich 1, sau d6 1a cho cac

node ¢ lich 2.

Hinh 2.8:cac node c6 2 schedule khac nhau

> Mot mé rong cia so dd S-MAC co ban, goi 1a dap tmg lang nghe

(adaptive listening), cho phép chu ky hoat dong c6 thé thay doi do dai, dé

giam kha niang ngi dén 1 mic do nhat dinh. Ki thuat Adaptive listening
duoc dua ra dé cai thién do tré ngu. Trong ki thuat nay, node tinh co nghe
duoc cac su truyén cua node lan can, no s€ thuc day trong 1 thoi gian
ngan tai diém cudi cua dudng truyén. Do d6, néu node 1a node next-hop,
thi neighbor ctia n6 ¢ thé chuyén dir liéu ngay lap tirc. Piém cudi cua

duong truyén dugc xac dinh boi trudng DF cua cac goi RTS/CTS.
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(a) Basic S-MAC (b) Adaptive S-MAC

Hinh 2.9:Su hoat dong cua S-MAC basic va adaptive

Cha y: tiét kiém nang luong trong S-MAC mang t6i tiéu phi trong
qua trinh ngii: nghia 12 1 géi truyén qua mang sé& phai tam ding trong qué
trinh ngl cua nhimg node trung gian (phu thudc vao qua trinh thiét lap,
g61 tin qua mot vai hop thi phai dung lai).

Uu: Lich ngt 1am giam di su 1ang phi ning luong giy ra boi “idle
listening”.

Nhuoc: Truyén thong broadcast khong st dung RTS/CTS >lam
taing kha nang xung dot. Ki thuat Adaptive listening phai chiu van dé
“overhearing” hodc “idle listening” néu goi tin khong di dén node dang

lang nghe no.

2.3.2 Timeout MAC(T-MAC)
T-MAC la mdt giao thirc ¢6 chu ky lam viéc tuong tuy nhu S-MAC

va adaptive listening, cho phép thay d6i chu ky lam viéc. Do dai ciia mdi
chu ky dugc gitr ¢ dinh, nhung két thac cua qua trinh hoat dong duoc
xac dinh tich cuc béng viéc st dung 1 ki thuat timeout (thoi gian cho).
Néu noi nhan khong nhan bat ki ban tin (d¥ 1i¢u hoac diéu khién) nao
trong Khoang thoi gian chd, thi n6 s& nga. Néu né nhan duge 1 ban tin, bo
dém sé& bat dau lai sau khi tiép nhan ban tin. Co ché phuc héi (Iam moi)
nay cho phép dé& dang thich nghi véi sy bién dbi ctia khong gian thoi gian

trong luu lugng.
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Ché d6 T-MAC co ban phai chiu mot vai van dé, goi 1 “ngti sém”,
n6 co thé 1am giam thong lugng, dic biét trong truong hop chi truyén qua
mot hudng duy nhat. Khi 1 node yén ling do xung dot trong 1 chu ky xéc
dinh, n6 khong thé giri bat ky mot ban tin ndo cho nhitng noi nhan biét dé
ngit thoi gian timeout cua nd. Khi noi gui ¢6 thé giri sau khi két thuc qua
trinh xung dot, thi noi nhén lai dang & ché do ngu.

Hai giai phap c6 thé giai quyét van dé ngi sém dugc dit ra la:

+ Giai phap dau tién st dung mot ban tin diéu khién FRTS (future
request to send) hién thoi ngan, né co thé truyén téi noi nhan mong mudn
bang cach yéu cau n6 phai cho doi thém mot chu ky timeout.

+ Giai phap thir 2 dugc goi 1a “quyén uvu tién bd dém buffer day”, ¢
d6, 1 node muén gii hon 1a nhan khi by dém buffer cua né 1a day. Véi
ché do nay, 1 node c6 d6 uu tién cao hon s& gui goi tin ciia nd thay vi

nhan cac goi tin khac, va co6 thé tam thoi ngat thoi gian cho cua noi nhan.

2.3.3 MAC hdi tu dif litu(D-MAC)

-

-

Fo [ Tx ngn [Rx]Tx]

-

¥ 3
Ryl Tx nau [(Fx | Tx

L

[T - e (R[]

rihiey kkhe Ifwat\ d“@ﬂg chy thp hop dit ligu
hom niva néu can thigt

Hinh 2.10: 7 cady tap hop dir liéu va sy hoat dong ciia D-MAC cia no
- Danh cho nhiing g6i tin truyén qua da budc (multi-hop), ca S-MAC
va T-MAC mat ning luong tiét kiém do hao phi cua viéc ting d6 tré. Boi

vi goi tin chi c6 thé truyén qua mot vai hop trong mdi chu ky trudc khi téi
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1 node ma node d6 phai ngi. D6 chinh 1a van dé vé ngat dit liéu chuyén
tiép.

- Mot giai phap ung dung dic biét cho van dé nay dugc dua ra boi
giao thtc D-MAC, né chi ap dung trén cay dir li€u héi tu da xac dinh
trude, di tir nhimg node mang khac nhau dén 1 sink chung. Vé co ban, D-
MAC dua ra 1 ché do ngu so le, tirc 14 khi chuyén 1 chudi nhan - truyén -
ngl tr cac node muirc dudi 1én mot mirc cao hon thi chudi d6 & mdi muc
cao ké tiép duoc dich vé bén phai. Chu ky nay duoc xép hang dé 1 node
tai mirc thr k 1a & trong ché d6 nhan khi node thép hon trén cay tai mic
thir k+1 14 dang truyén.

- Lap lich so le ctia D-MAC ¢6 nhiéu thuén loi - nd cho phép cac goi
dir liéu va goi diéu khién chuyén lién tuc theo moi cach trén cay véi do
tré nho nhat; nd yéu cau phan md rong tuong thich ciia chu ky hoat dong
phai truyén di theo moi dudng trén cdy; né giam xuyén nhidu nho chia
chu ky hoat dong ra tai cac mirc khac nhau; va né ciling giam sb luong
node thirc day khi chu ky thich Gmg xuat hién. Dé giai quyét giita xung
d6t va xuyén nhidu, D-MAC ciing bao gdm cac thanh phan tuy chon nhu
dir liéu dy bao trudc(“data prediction”) va viée sir dung goi thém dé giri
(MTS_more-to-send).

Maic du c6 nhitng thuan lgi nay, nhung D-MAC tu n6 khong phai
la 1 MAC c6 muyc dich chung. Vi né chi thich hop v6i cac cay “data-
gathering” mot chiéu.

Uu; D-MAC dat duogc do tré (latency) rat tot, so sanh v&i chu ki
ngu — lang nghe cta cac phuong phap khac.

Nhuoc: Phuong phap tranh xung dot khong duoc st dung, vi khi
cac node c6 cung lich (cung murc trén cdy) ma cling giri t1 cung node, thi

sy xung dot s€ xay ra. Bén canh do, cac duong truyén dir liéu khong duoc

biét trudc, nén s€ ngan can sy thanh lap cua cay tap hop dir licu.
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2.3.4 Lap lich tap trung

Mot bién d6i cia CSMA ddi voi truy cap kénh khong day 1a tham
do (polling). Trong thuit toan polling, cac nut mang c6 thé truyén chi trén
mot kénh sau khi nhan dugc su cho phép cua nat chu (master) trén mang.
Ban dau nut master gui thong diép dén cac nat khong phai nat chu (slave)
mot cach déu dan tham do tat ca cac nut slave, hoi xem ching c6 dir liéu
truyén khong. Mdi thiét bi slave phan hdi 1an luot lai truy van nay. Theo
cach nay, nat master c6 thé diéu khién truy cip moi truong.

Mbi g061 tin tham do ton tai riéng biét v&i mot goi dir li€u boi ty, 12
thoi gian dugc yéu cau dé sink thay doi trang thai. P6i véi mot tham do
khong thanh cbng, c6 mot su phan chia t8i thiéu 2ty +toe gilra 2 goi tin
tham do thanh cong ,day 1a thoi gian duoc yéu cau dé xac dinh co hay

khong bat ky dap tng tir maste trudc khi mot goi tham do khac duoc gui.

Lz dit ligu

- g1 thim do thanh cong

- géi thim do khdng thinh céng

!‘r."ru'l"
—» -+

g re— i, iy + lf: e + lr.'c:_.r +ffc:+

Hinh 2.11: thoi gian truyén cho polling

Trong dé ty : thoi gian truyén mot géi dir liéu

tw: thoi gian tir trang thdi nhdn sang truyén hodc tir truyén

sang nhan

teca thoi gian dé quyét dinh liéu co dir liéu dang truyén hay
khéng bang viéc nhdn biét kénh la trong (clear)hay khéng
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Tham do cung cép nhiéu thuan loi hon CSMA. Thir nhat, thoi gian
truy cép kénh c6 thé dugc dinh trude va khong phai chiu tré ngdu nhién
tir thuat toan CSMA. Diéu nay c6 thé 1a mot thuan loi quan trong ddi véi
nhimng tng dung yéu cau tré thong diép thap va nhimg ting dung can duoc
xtr 1y hét strc than trong trong nhitng thong diép khan cip. Hon nita, boi
vi truy cap kénh duoc diéu khién boi mot thuc thé don (master) , chinh
sach ctia nut master c6 thé diéu chinh d& dang dé cung cép cac muc do
khac nhau vé viéc truy cap kénh ddi voi nit slave. Trong cach ndy, mdi
nut c6 thé dua ra chat luong dich vu can thiét ddi véi tmg dung né phuc
vu; nhitng nut yéu cau bang thong dit liéu cao hoic tré ban tin thap co thé
dugc tham do nhiéu 1an hon céc nit khac. Thém vao do, boi vi nd dugc
diéu khién boi master, kénh truy cép cling c¢6 thé duge dam bao tot hon.

Cuoi cung, van dé dau cuoi an, nhu CSMA 1a tranh duoc.

Nhimng diém khong thuat loi ciia thuat toan polling trong mang cam

nhan khong day:

o Tht nhat,bdi vi master phai truyén va nhan lién tuc, nd
khong thé twong xtng gitta chu ky cong suét thip véi thoi gian sdng pin
dai. Cac nut slave cling phai chiu tai ctia viéc nhan tham do lién tuc cua

nut chi mong danh cho céc nut slave khac. Va thinh thodng lai dap lai nut

master néu ding dia chi cua nod

o Thir 2, khi s6 luong thiét bi trong mang tang 1én, tong sb thoi
gian mang mat cho viéc thim do céc nit mang ciing ting theo. Vi vy dé

dua ra thuat toan cho sé luong ndt I6n ciing rat khé khan.

o Cudi cung, phuong thtc truy cap kénh thim do thudng yéu
cdu mot mang don hop. Cac nat phai ndm trong pham vi cta nut chu dé

gianh duoc truy cap kénh.
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Tuy nhién, nhiéu WSN s& hiru ich nhat néu ching c6 thé hoat dong
trong cac mang da hop va c6 thé mé rong ra hon pham vi ctia bat ky mot
nat don. Pidu nay di dugc thuc hién, ddi véi hé thong truy cap kénh tham
do trong mang da hop; co ty 1€ 16n kénh dung luong dir li¢u trong WSNss
dé tranh s6 lugng 16n xung dot kénh khéng dugce chap nhan (lam giam sé

lugng nut trong pham vi ciia mgt nuat khac).

Ung dung t6t nhat ciia phuong thire tham do cua truy cip kénh trong
cac mang khong day cd nhan (WPANSs) 1a Bluetooth. Blue-tooth 1a mdt

mang don hop vai so slave t61 da la 7 va yéu cau truyén dir licu dong bo,

1a truong hop dac biét phu hop voi1 phuong thure truy cap kénh tham do.

Két luan:Trong chuong nay chdng ta d& tim hiéu dugc mot s6 giao
thire MAC truyén théng,uu nhugce diém cia timg giao thie. DA tim hiéu
duogc thé nao 1a van dé nit an,nat hién va cach giai quyét.Ngoai ra trong
chuong con nghién caru mot sé phuong phap lap lich ma cha yéu 1a lap
lich tap trung.Va chuong 2 nay sé& la tién dé cho viéc viét chuong trinh

thir nghiém duoc dé cap dén trong chuong tiép theo.
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Chwong 3: THU NGHIEM CHUONG TRINH

Trong mot s6 phuong phép lap lich néu trén thi ching ta chon

phuong phép lap lich tap trung dé thir nghiém chuong trinh.

3.1 Thiét bi sit dung trong chwong trinh

*Str dung Vi diéu khién CC1010 1am nit mang vi nhiing ly do sau:

o Vi diéu khién CC1010 cta hang chipcon c¢6 chtra nhan CPU
8051, duoc tich hop bo thu phat song vo tuyén va cac thanh phu khac va

c6 murc tiéu thu nang lugng thap.

. CC1010 con c6 cac ché do 1am viéc tidu thu it ning luong,
c6 thé 1ap trinh diéu khién ché d6 lam viéc. Do d6, CC1010 rat phu hop
dé tré thanh nat mang WSN, dic biét trong cdc mang do cac thong s6 moi

truong.
*C4u tao vi diéu khién CC1010:
Phan 16i MCU:

v’ Vixu ly 8051 c6 téc d6 bang 2.5 lan vi xur 1y 8051 tiéu

chuan.

C6 céac ché do tiét kiém nang lugng (nghi va ngi), co thé 1ap

trinh dé vi diéu khién hoat dong trong cac ché do nay.
32 kbyte b nhd Flash, 2048+128 byte bd nhd trong SRAM.

3 kénh ADC 10 bit, 4 bo dinh thoi, 2 cong UART, RTC, ma

hoa DES, 26 chan vao ra chung.

Tich hop bd g& rdi, hd trg mdi truong phét trien Keil

uVision qua cong giao tiép ndi tiép
Bo thu phat séng vo tuyén:

v' Tén sb 300-1000MHZ.
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Tiéu thu dong rat thap(9.1 mA trong ché do thu).

Cong suit phat c6 thé 1ap trinh dugc (1én dén +10dBm).

Do nhay cao (thong thuong -107dBm).

v
v
v Téc d6 thu phat dir liéu 1én dén 76.8 kbps.
v
v

HJ trg cac giao thirc nhay tan.

Hang chipcon con dwa ra cac thu vién dé hd tro lam viéc véi
CC1010, do d6 viéc viét chuong trinh cho CC1010 tré nén dé dang va
thuan tién hon.

Véi nhitng ddc diém trén, ta c6 thé thay khi duoc tich hop thém bo
cam bién, vi diéu khién CC1010 c6 nhitng pham chat t6t dé tré thanh mot
nut mang WSN.

Hién nay, hing chipcon cung cap Module CC1010EM (Evaluation
Module) dé phat trién thém céc tng dung cua CC1010. Trén CC1010 EM
co tich hop hau hét céc linh kién can cho mét nat mang nhu CC1010, cac
chan céng. 1 cam bién nhiét d6 dua vaofchaan ADI, anten, dao dong
thach anh, Module CC1010EM nhé gon va dép tmg day du cac chirc ning
cua nit mang la chirc ndng mang va chirc nang cam nhan. Trong luan van

nay st dung CC1010EM Iam nat mang.

T
/! :

CCi010MB V1.1
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3.2 Phan mém nhiing

3.2.1 Tong quan vé phan mém nhing
Phan mém nhing dang c6 nhiing budc dot pha mdi, tao ra nhiing

cudc cach mang triét dé trong tuong lai. Ly do ctia su phét trién nay xuat
phat tir nhitng nhu cau birc thiét cua thuc té va nhitng budc tién manh mé
trong cong nghé phan ctrmg. Mot phin mém nhung phai két hop chit ché
v6i moi truong ctia né bao gdm phan cimg va cac hé thong lién quan. N6
c6 nhimg rang budc vé tdc do xur 1y, dung lwong bd nhé va mirc tidu thu
dién nang... Mot phan mém nhung tot 1a phin mém phai dam bao céc yéu
t6 trén va do ciing 12 hudng phét trién quan trong cta cic phan mém
nhung. Diém mau chét cta cac phan mém nhung ngay nay 13 viéc lya

chon cac phuong phap Vi vay ma khong thé bo di cac tinh ning “cimg”
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cia phan mém nhu cac phin mém truyén thong khac. Mot phan mém
nhung ngay nay dugc phat trién theo cach sau:

o Lién két phan mém nhing tir dudi 1én trén, tr cac 19p triru

tugng dén cac chirc nang hé thong.

Lién két phan mém nhiing véi cac nén 1ap trinh dugc - cic nén
hd trg né cung cip 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 ky thuat
hinh thic & muc triru twong dé c6 nhimg danh gia sém cung véi cac
nhom céng cu va phuong phap dung dan. Mit khac ciing can phai xem
xét phan mém nhung va kién trac phan cimg ctia nd trong mot tong thé
can ddi. Do phai théa méan nhiéu yéu td khac nhau vé phan cimg, moi
truong, gia thanh, hiéu ning nén ton tai nhidu thach thirc trong phat trién
phan mém nhing ngay nay, nhu:

o Tang cudng vi¢e tai st dung.

o  DPong thiét ké phan cing, phan mém.

Xay dung mo hinh cac thugc tinh phi chtrc nang.

Chuyén d6i cac phan mém thanh cic dich vu théng qua céc
thanh phan phan mém.

Kién trac hé thong va kién triic phan mém.

Panh gia va kiém dinh mic hé thong.

Tuong thich phan cing va phan mém nho céc cau triic cod thé

dinh c4u hinh lai va c4c thanh phan Plug and Play.
Xay dung cac hé thdng c6 kha ning t6 hop dugc nho cac thanh

phan phan mém c6 thé tai str dung.

3.2.2 Cé&c buéce co ban xay dwng mét phan mém nhdng
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Phan mém nhiing viét cho cac ho vi xtr Iy ¢6 thé st dung cac ngdn ngir
khac nhau nhu C/C++ hoac Assembler. Tuy theo tiéu chi xay dung hé
thong ma lya chon ngén ngir thich hop. Tir d6 ciing chon chuong trinh
dich thich hop. Ngay nay, do nhu cau phat trién hé théng nhanh, bao tri
dé dang nén ngdn ngit dugc lya chon thuong 1a ngdn ngit cip cao nhu
CIC++.

Quy trinh x4y dung mot phan mém bét ky thuong trai qua cac budc
Sau:

-Tim hiéu bai toén

-Phan tich

-Thiét ké

-Viét chuong trinh

-Kiém thir

Viéc xay dung phan mém nhing ciing tuan theo trinh tu cic budc nhu
trén. Ngoai ra, phan mém nhing con ¢ dic trung 1a lam viéc truc tiép voi
phan cting. Do d6 dé kiém soat qua trinh lam viéc véi cac thanh phan

chap hanh c6 dung din hay khong 1a diéu dic biét quan trong.

3.2.3 Phan mém nhang viét cho CC1010
Phan mém nhing viét cho CC1010 duoc viét bang ngdn ngit C, sir

dung céc thu vién cho CC1010 do hang Chipcon cung cap, chuong trinh
bién dich Keil uVision 2.0.
Chuong trinh dich Keil uVision 2.0 do hang Keil Elektronik GmbH

xay dung 1a mot méi trudong phat trién tich hop (IDE) dung dé xay dung

cac chuong trinh cho cac ho VDK tuong thich 8051 cua Intel. Bay 1a bo
chuong trinh dich cho phép ngudi viét chuong trinh soan thao chuong
trinh, dich chuong trinh va g& 16i trén cung mot moi truong. Chuong

trinh dich ho tro cho ca ngdn ngir C va Assembly.
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Hang Chipcon ciing cung cap bd thu vién CC1010IDE hd tro cho
viéc xdy dung phan mém cho VDK CC1010. Pay 1 bo thu vién gitip cho
viéc xay dung chuong trinh cho CC1010 dugc dé dang va nhanh chéng.

CC1010IDE dua trén cong cu phat trién “uVision2” cua hang Keil ™
Elektronik GmbH. Cong cu nay cung cip mot khung (framework) cho hau
hét cac dic diém cua CC1010IDE va cling ho trg hau hét cho cac VDK ho
8051. Trinh soan thao 1a mét cong cu chu yéu dé soan thao cac file ngué)n
va file hop ngit. N6 ciing cung cap cac chic nang tro giup khac nhu giao
dién do hoa (Graphic User Interface - GUI), can cho md phong/gd 16i (ma
1énh dang hop ngit, thanh ghi, bd nhd, cac cira so theo doi, budc lénh, )
Thém vao d6, IDE ciing cung cp cac giao dién voi thu vién lién két dong
(Dynamic Linking Library — DLL) dugc st dung ¢é mo phong va g& 16i
trén mach. Mot diém dic biét cia bod dich 1a co thé chuyén cac file nguén
duoc viét bang C sang dang hop ngit, dé sau d6 c6 thé t6i vu hoa ma 1énh.

Dang hop ngit sau d6 duoc chuyén thanh céc file doi tugng (mi may hoic

dir liéu nhi phan). Cubi cung, bd lién két dua ra dang file thuc thi dang
Intel HEX va c6 thé nap vao bo nhé Flash ciia VBK.

M6 hinh ciia mét phan mém nhing viét cho CC1010 nhw sau:

Chuong trinh ung dung

Thu vién Thu vién tién ich Chipcon
C chudn | (Chipcon utility library-CUL)

Thu vién phan cimg
(Hardware abstraction library — HAL)

Céc file dinh nghia phan cing
(Hardware definition file - HDF)

> Céc file dinh nghia phan cirng(HDF)
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Céc file dinh nghia phan cing dinh nghia dia chi cac thanh ghi, anh
Xa vecto ngit va cac hang s6 phan cimg khac. Ching ciing thuong ding
cac macro cho CC1010EB, va cac dinh nghia hd tro hop ngit va ngon ngir
C.

> Thuw vién phéan cieng(HAL)

Pé hd tro viéc phat trién chuong trinh nhanh chéng va dé dang,
Chipcon cung cép thu vién cdc macro va cic ham truy cdp phan cung
C1010 dé dang. Nhiing thu vién nay nam trong Thu Vién Phan Cung
(HAL) va thi hanh mét giao tiép phan ctng triru tuong dbi véi chuong
trinh nguoi dung. Nho d6 chuong trinh nguoi ding co thé truy cap ngoai
vi ctia vi diéu khién, thong qua cac 101 goi ham/macro, ma khong can hiéu
chi tiét vé phan cimg.

Thu vién HAL hd tr¢ cic chirc niing sau:

- Truyén nhdn khéng day
- Do cuong do RSSI
- Truyén nhdn RS232
Lam viéc voi ADC
Xu Iy thoi gian thuc
Ma hoa DES
- Thiét lgp cdc b dinh thoi
- Lam viéc vi cdc cong
» Thuw vién tién ich Chipcon(CUL)

Bén canh module HAL CC1010IDE ciing cung cap mdt thu vién

cho truyén thong RF dat trong Thu Vién Tién ich (CUL). Thu vién nay

thuong dung cho cac ing dung RF dién hinh, va cung cip mét giao thirc

RF day du.

Thu vién CUL hd tro cac chirc nang sau:
- Truyén nhdn khéng day
- Tinh toan Ma du vong (CRC)
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- Xu 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 thyc. Tuy nhién, cac ham & thu vién CUL lam vi¢c ¢

muc cao hon, ngudi viét chuong trinh cling dé dang va tién loi hon,

nhung bu lai ciing kém mém déo hon so véi st dung cac ham & thu vién
HAL. Do viy, ddi voi nhitng tmg dung doi hoi sy phirc tap thi thuong
dung thu vién HAL.

3.3 Thwr nghiém chwong trinh-Giai thuat cho giao thirc lap
lich tap trung(Polling)

*Miéu ta chwong trinh:Chuong trinh thu nghiém trén 3 nut
mang:1 ndt Master va 2 nat Slave(gia sir dia chi 2 nat 1an luot 1a 1 va
2).NUt Master s& bat dau vong tham do bang cach phat mot goi tham do
dudi dang quang ba c6 chira dia chi cia n(t 1.Khi 2 nut Slave nghe thay
g6i tham do ching nhan géi va kiém tra dia chi.NGt 1 kiém tra thiy dia
chi trong g6i tring véi dia chi cia minh thi bat dau truyén dir liéu veé
Master,nat 2 kiém tra goi tham do dé dbi chiéu dia chi,néu khdng dung n6
s& khong giri dir liéu.Sau khi nhan xong di liéu tir nat 1 gui vé,Master
thay doi dia chi trong goi tham do dé tham do sang nuat 2.Quy trinh dugc

thuc hién tuong tu nhu véi nat 1.

Vi Thi Phuong Thao




Mang cam nhan khong day va dinh thoi truyén khong ddy dir liéu cho niit mang Wsn

Gidi thudt cho nut Master

Add<=Max

Truyén tham

do

T=(int)sppGett
ime

>
<

Nhan dir liéu

RXI.status!=SPP-RX-
Finished&&sppGettime()-t<150
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Gidi thudt cho nut slave

Khoi tao

[
L o |

A

Nhan tham do

RXl.status!=SPP
-RX-Finished

Kiém tra

Add,type

A 4

Truyén dit liéu
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3.4 Mot so hinh anh thir nghiém chwong trinh

*Nap chwong trinh

w9 =)

e LamSse Geira ) pdipes

i
8%

P
L2

CRECICRR

143
3

Cevceld  [07 Chpoan COIG10THes 11

o Feas Loon i oot wate ok
Lock Stame | Upper 0 tyter b kockad

CChipcon CCTOAD Flash Prograrmme -
HIE - Filec
| ESHUMGDY [GINLap Lich Tap TmohMhan_ LCDADc: BEE hes
Paralel poat: Drevvicaz Chock Freeguency [MHzE
[LPTY - | [14 7455 -

Hstian ko Paifcem
* Eraze. Program & Wenly
T Erase & Program
T Weiily Device aganst HEX File
" Heasd Progeam Memory Biom Device ard wWinie bo HE- Fie
Perfoem Flash Memoep Test
P emory Lock Dptions D evice Information
I “wfrite Protect Bool Block Gl From Device
Fiesd Prob=ct Wwihole b e

Dievice 10 ||:|1: Chipcon CC10MD Ray 1)

Mamong WwWiebe Froteciom: Ma Resad Lack, Ho Boal wiile losk
Lock Status:  ||ppes O bytes wite: locked.
Ll Fermory Unboched

Dperation completed successhulip!
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*Chay thir chwong trinh

Hién thj trén man hinh

0 Wypeer Terminst

Pl Gt gee Gal Jrashe e

O = 3 DE o

1. (Bx#)] - TEWF: #3.68 - TARGER: O«FFFF - TWPE: @wFFEBR — AGE (msecs):

2. [Bx1) - TEWP: 26.25 - TARGER: B=FFFF - TWPE: @xFFBR — AGE (msecs): 5860
Tham do nut 1_

=
=
-
o

§' TETETo T e Cormrmard i, Forad e e
el LU

Hién thj trén LCD

CCil010MB V1.1

‘ *Két qua chwong trinh:Chuong trinh chay 6n dinh dir liéu nhan
déu va lién tuc.
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Két luan

Trong hoan canh dit nude ta hién nay thi mang cam nhan khéng

day(WSN) can dugc nghién ctru rong réi va phat trién.

Bai luan vian da dua ra kién tric téng quat va dua ra cac yéu cau
chu yéu can dat duoc khi xay dung mot hé théng WSN,d6 1a:nang lugng
tiéu thy thap,phan mém tuong thich véi phan cang,cac nit mang c6 kha
nang tu cau hinh.Trong d6 yéu cau nang lugng tiéu thy thap 1a dic biét
quan trong.Vi vay viéc lua chon thiét bi(nit mang)ciing dugc dic biét
quan tam,n(t mang can cd kich thudc bé,tiéu thu niang luong thap va co
tich hop truyén nhan khong day.Véi tat ca cac yéu cau trén thi vi diéu
khién CC1010 do hang Chipcon san xuat 1a mot giai phap ti vu:co do
tich hop cao,truyén nhan RF,tiéu thu nang luong thip dé lam ndt mang

va xay dung hé thong thuc nghiém.

Ngoai ra trong bai ciing da néu ra dugc mot s6 dang tmg dung cta
mang cam nhan khong day nhu la:ithu thap dir licu mdi truong,an
ninh,theo ddi dbi twong...Mbi dang ung dung cd su khac nhau co ban vé
truyén théng va cac giao thirc can duoc hd trg boi kién tric phan cing.

Bai luan van ciing d4 gidi thiéu vé tong quan tang lién két di liu
va cac thu tuc truy nhap moi truong(MAC) trong mang cam nhan khéng
day.Do gigi han vé ngudn nang luong cung cip,gia thanh va yéu cau
hoat dong trong mot thoi gian dai nén van dé nang luong 1a tiéu chi thiét
ké quan trong nhat trong mang cam nhan khong day WSN.Vi thé dé tiét
kiém duoc nang luong song vo tuyén thi giao thac MAC d4 dugc thiét ké
phU hop bang céch lap ché ¢6 nga mot cach hiéu qua khi khong truyén

va khdng nhan dir li¢u.

Trong bai luan vin nay tap trung nghién ctu vé lap lich tap

trung(polling) va da co6 chuong trinh thir nghiém. Tuy nhién chuong trinh
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chua dugc hoan thién trong viéc tinh toan chinh xac khe thoi gian.Vi vay
huéng phat trién cua dé tai 1a tinh toan duoc khe thoi gian mot cach

chinh xac trong chuong trinh 1ap lich tap trung dong thoi s& nghién ciru

vé mat ly thuyét ciing nhu viét chuong trinh cho mot ky thuat khéac caa

giao thuc MAC dé tir d6 so sanh 2 ki thuat vé hiéu qua nang luong,hiéu

qua truyén nhan goi tin va hiéu suat cua dudng truyén.

Vi Thi Phuong Thao




Mang cam nhan khong day va dinh thoi truyén khong ddy dir liéu cho niit mang Wsn

Tai liéu tham khao

[1] Bhaskar Krishnamachari, Networking Wireless Sensors, Cambridge
University Press 2005

[2] Lizhi Charlie Zhong, Jan Rabaey, Chunlong Guo, Rahul Shah, Data
Link Layer Design For Wireless Sensor Networks.

[3] Edgar H. Callaway, Jr., Wireless Sensor Networks: Architectures
and Protocols

[4] Wei Ye, MAC Layer Design for Wireless Sensor Networks

[5] llker Demirkol, Cem Ersoy, and Fatih Alagéz, MAC Protocols for
Wireless Sensor Networks: a Survey

[6] Kevin Klues, Power Management in Wireless Networks

[7] Javier Bonny, Investigating MAC Power Consumption in Wireless

Sensor Network

Vi Thi Phuong Thao



mailto:klueska@gmail.com

