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LOI CAM ON

Trudce hét em xin gui 161 cam on chéan thanh t6i cac cac thay co giao Khoa
Cong nghé thong tin cling toan thé cac thdy c6 gido trudong Pai hoc Dan lap Hai
Phong, nhimg ngudi da day dd, trang bi cho em nhiing kién thirc co ban, can
thiét trong nhimg nim hoc vira qua, nhat 1a ThS.Nguyén Trong Thé, gido vién
Khoa Coéng ngh¢ thong tin, truong Pai hoc dan 1ap Hai Phong, ngudi da nhiét
tinh gitip d&, chi bao dé em c6 thé hoan thanh dé tai tot nghiép ctia minh.

Pic biét em xin bay to long biét on sau sic téi PGS.TS Vuong Pao Vy,
Khoa Dién tir vién thong, truong Pai hoc Cong nghé - Pai hoc Quéc gia Ha Noi,
ngudi da huéng dan chi bao tan tinh cho em trong sudt thoi gian lam dé tai tot
nghiép.

Cubi cung em xin gui 101 cam on t6i gia dinh, ban bé - nhitng nguoi da
ing hd, quan tam, gitp d&, dong vién em trong sudt thoi gian qua va 1a chd dua
vitng chic gitp cho em c6 thé hoan thanh dé tai tot nghiép.

Em xin chan thanh cam on!

Hai Phong, thang 07 nam 2010

Sinh vién

Nguyén Cong Tién
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LOI NOI PAU

Trong nhitng ndm gan ddy, clng vai su phat trién manh mé cua khoa hoc
ky thuat néi chung va cdng nghé thdng tin ndi riéng, mang cam bién khong day
(Wireless Sensor Networks — WSN) la mot trong nhiing linh vuc hién dang
duogc rat nhiéu noi trén thé giéi nghién cau va phat trién. Nghién ctu vé WSN
mé ra nhitng tng dung dem lai loi ich thiét thuc cho doi sbng con, gilp con
nguoi khéng mat quéa nhiéu cong sic, nhan luc nhung van mang lai hiéu qua cao
cho cong viéc. Nhirng trng dung cia WSN trong tuong lai khong xa s¢€ tro thanh
mot phan khong thé thiéu trong doi séng con ngudi néu chling ta c6 thé phét huy
hét dugc cac vu diém caa nd. Stc manh cua WSN nam & chd kha ning trién
khai mot sé lugng 16n céc thiét bi nho cd thé ty thiét 1ap cau hinh hé théng. St
dung nhiing thiét bj nay dé theo dbi theo thoi gian thuc, dé giam sat diéu kién
moi trudng, dé theo ddi cau tric hoic tinh trang thiét bi. ...

Maic du 6 rat nhiéu wu diém nhung WSN van con nhiéu nhugce diém, han
ché can duogc giai quyét. Mét trong nhiing thach thiee 16n nhat caa WSN chinh 1a
ngudn nang luong bi giéi han lam anh huong toi thoi gian song caa cac nat
mang. C&c nit mang cam bién lai dugc phan bb va hoat dong véi sé lugng 16n &
nhitng ving dia 1y va moi truong khac nhau nén viéc nap lai hay thay thé ning
luong cho c&c nit mang 1a vo cung kho khan. Vi vay ma rat nhiéu nghién cau
hién nay dang tap trung vao van dé 1am thé dé tang hiéu qua ning luong cua
WSN trong tung linh vuc khac nhau.

Nhan thay duoc su quan trong cua viéc ting hiéu qua nang luong cho
WSN nén trong khéa luan ndy em s& tap trung vao nghién ctu tim hiéu vé van
dé: “Tham nhédp méi truwong (MAC), hiéu qud ndng lwong cho cac nit mang
cam bién khéong day”. Noi dung khoa luan nay bao gém 3 chuong, phan mo

dau, phan két luan va tai liéu tham khao:
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Chuong 1: Tong quan vé mang cam bién khong day: gisi thiéu mot cach
tong quan vé WSN, céc wu - nhuoc diém va cac ung dung dang duoc trién khai
trong doi sdng con nguoi.

Chirong 2: Giao thirc diéu khién tham nhdp méi trirong trong mang cam
bién khong day: tim hiéu vé céc thdng sé can thiét khi thiét ké cac giao thuc
thdm nhap moi truong (MAC), cac nguyén nhan gay ra su hao phi nang luong
va gidi thiéu mét sb giao thic MAC phd bién.

Chuong 3: Thuc nghiém mo phong gidi thugt tham nhgp méi truong cho
mang cam bién khdng day: tap trung tim hiéu vé phuong phap 1ap lich tap trung
va tién hanh 1am thuc nghiém do kiém tinh toan hiéu qua niang luong cua giao
thac nay.

Phan két lugn: tong két danh gia lai nhitng van dé da thuc hién va két qua

dat duorc.
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CHUONG 1: TONG QUAN VE MANG CAM BIEN KHONG DAY
(WIRELESS SENSOR NETWORK -WSN)

1. 1. Pinh nghia:

Mang cam bién khong day (Wireless Sensor Network - WSN) la mot
mang khéng day phan tan rong bao gdm nhiéu ndt cam bién dugc lién két véi
nhau bang song vd tuyén. Cac nat cam bién thuong la cac thiét bi don gian sir
dung cac vi diéu khién, cam bién, bo truyén tin hiéu song radio,... véi kich
thudc rat nho, tiéu thu ning luong it, tu to chic, gia thanh thap dung dé do cac
dix liéu va truyén thong khdng day giira cac ndt trong mang. Mai nat ciia mang
c6 thé hoat dong doc lap dé tién hanh do cac thong sd khac nhau cia méi truong
nhu: nhiét 4, do am, ap suit, anh sang, do on, ... Thay vi giri s6 liéu thd toi nit
dich thi cac nat cam bién véi bo vi xi 1y bén trong c6 thé tién hanh xir Iy don
gian va gui dit lidu da duoc xur ly theo yéu cau. Mang cam bién khong day ra doi
nham dap tng cho nhu cau thu thap thong tin vé moi trudng tai mot tap hop céc
diém xac dinh trong mot khoang thoi gian nhat dinh nham phat hién xu huéng

hoac quy luat van dong cua moi truong.

1.2. Céc thanh phan ciaia mang cam bién khong day:
1.2.1. NGt cam bién:
CAu tao co ban cua mét nat cam bién gom 4 thanh phan chinh:

- Bo phan cam bién (Sensing unit): bao géom cam bién va bo phan chuyén doi
tin hiéu tuong thanh tin hiéu sé (Analog to Digital Converter — ADC). B cam
bién dua trén nhitng thdng sé thu duogc tir mdi trudng san sinh ra tin hiéu twong
tu, nhitng tin hiéu nay duoc chuyén sang tin hiéu sé bang bo ADC rdi sau d6
dugc dua vao don vi xur ly.

- Pon vi xir ly (Processing unit): thuong duoc két hop voi mot bo luu trit nho
(Storage unit) quan Iy céc tha tuc 1am cho céc nit két hop véi nhau d@é thuc hién

cac nhiém vu dinh san.
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- B6 phan truyén nhan (Transceiver unit): két ndi nGt véi mang.

- B6 nguén (Power Unit): 1a mot trong cac thanh phan quan trong nhét cua
mét nit mang vi nd cung cp ning lugng hoat ddng cho moi hoat ddng caa ndt.

Ngoai ra, tiy theo muc dich ma cac nat cam bién c6 thé duoc bd sung thém
nhitng thanh phan khac nhu:

- Heé thdng dinh vi (Location finding System): hau hét k§ thuat dinh tuyén va
nhitng nhiém vu cam bién ctia mang doi hoi c6 do chinh xac cao vé vi tri thi nat
cam bién phai duoc gan thém bo phan nay.

- B6 phan quan ly di dong (Mobilizer): tuy thugc vao trng dung ma nat cam
bién cd thé duoc trang bi thém bo phan nay dé quan ly chuyén dong khi né duoc
y&u cau thyc hién nhiém vu dinh truéc.

- B thu phat ngudn (Power Generator): bo ngudn thuong duoc hd tro boi

c4c bo phan tiép nang lwong nhu pin mat troi.

...............................................................................................

Hé thong dinh vi Bo phan di dong
R IR AR X

Don vi cam bién Don vi xit Iy Pon vi truyén dén

. e xu ly a :
cambien: ADC | |z By thu phat

; Luu trit T
) [ I \
-y ! Bé phat nguon
Bo nguon :

Hinh 1.1; C4u tao nat cam bién.

Tat ca cac bo phan nay dugc tich hop trong mot mé dun véi kich thude nho
chi bang hop diém hozc c¢6 khi nho hon 1em?® va can phai théa man cac yéu cau
nhu: tiéu thu rét it ning lwong, hoat dong & mat do cao, cé gia thanh thap, cé thé
tu hoat dong va thich tng véi su bién doi ciia moi truong.

Nhitng nat cam bién thuong 13 khong tac dong duoc, tudi tho cua mot
mang cam bién phu thudc vao tudi tho cua nhiing ngudn cung cap ning luong.
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Vi kich thudc giéi han, nang lugng cua ndt cam bién ciing trd thanh mat tai
nguyén khan hiém.
1.2.2. Mang cam bién:

a. Mang cam bién: Bao gdm mat sé luong 16n cac nat cam bién, cac nit
nay thudng dugc phan bd trong truong cam bién. Mai ndt c6 kha ning thu thap
s6 liéu va chon dudng dé chuyén sé lidu téi nat goc bang viéc chon duong theo
da budc nhay. NGt goc ¢6 thé lién lac véi noi quan ly nhiém vu théng qua mang
Internet hozc vé tinh. Viéc thiét ké mang cam bién khéng day khac hin cac
mang truyén théng khac do cac nit cam bién c6 gidi han vé tai nguyén dic biét
1a ning lwong rat khat khe va con phu thudc vao nhiéu yéu té khac nhu: kha
nang chiu I18i, kha ning md rong, gia thanh san xuat, rang budc vé phan cuang,

cau hinh mang, méi truong hoat dong, phuong tién truyén dan, sy tiéu thu nang

lugng.
b / Treong cam bién |\_\\ b é |
8 b i il &
@;';5' %
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Nuat cam nhan Router
\ Trwéng cam bién

Hinh 1.2: Cau tric mang cam bién

b. Kién truc giao thirc mang cam bién: Trong hinh 1.3 1a kién trdc giao
thie dugc sir dung cho mang cam bién. Kién tric nay bao gom céc 16p va céc

mat phang quan ly. Cac mat phang nay quan 1y dé cac nat c6 thé 1am viéc cung
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nhau theo cach c6 hiéu qua nhat, dinh tuyén dit liéu trong mang cam bién khong

day va chia sé tai nguyén gitra cac nat cam bién.

T
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Hinh 1.3: Kién trdc giao thuc cia mang cam bién

- Lop vat Iy: c6 nhiém vu lya chon tan sé, tao ra tan sé song mang, phat hién
tin hiéu, diéu ché va ma héa tin hiéu

- Lop lién két dir liéu: cd nhiém vu ghép cac luong dir liéu, phét hién céac
khung (frame) dix liéu, cach truy cap duong truyén va diéu khién 15i.

- L6p mang: quan tim dén viéc chon duong dit lidu duoc cung cap boi 16p
truyén tai

- Lop truyén tai: gidp duy tri ludng so lieu néu ung dung mang cam bién yéu
cau. NO chi can thiét khi hé théng c6 ké hoach duoc truy cap théng qua mang
Internet hoac cac mang bén ngoai khac.

- L6p ung dung: tuy theo nhiém vu cam bién, cac loai phan mém tng dung
khac nhau c6 thé dugc xay dung va st dung & 16p nay.

- Mit phang quan ly cong suat: diéu khién viéc s dung cong suat cua nit
cam bién. Vi du nhu khi mac cdng suat caa nat cam bién thap, nat cam bién
phat quang bé toi cac ndt 1an can dé théng bao n6 c6 muc cong suat thap va
khong thé tham gia vao cac ban tin chon duong. Cong suat con lai s& dugc danh

riéng cho nhiém vu cam bién.
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- Mit phang quan Iy di chuyén: ¢ nhiém vu phat hién va diang ky su chuyén
dong cua cac nit. Tir d6 cac nut c6 thé theo ddi xem ai 1a ndt hang xém cua
ching. Nh& d6 cac nlt cam bién cd thé can bang giira cong suat caa nd va nhiém
vu thuc hién.

- Mit phang quan Iy nhiém vu: can bang va sap xép nhiém vy cam bién giira
cac ndt trong mot viing xac dinh. Khdng phai tt ca cac ndt cam bién trong ving
d6 diéu phai thuc hién nhiém vu cam bién tai cing mét thoi diém. Két qua 1a
mot s6 nat cam bién thyc hién nhiém vu nhiéu hon cac nat khac tuy theo muc

cong suat cua no.

c. Hai cau truc dic trung cia mang cam bién:

- CAu truac phang:

Trong cau trdc phang (flat architecture) (hinh 1.4), tit ca cac nut déu
ngang hang va doéng nhat trong hinh dang va chic niang. Cac nit giao tiép
véi sink qua multihop st dung c&c n(t ngang hang lam bo tiép song. Voi
pham vi truyén cé dinh, cac nat gan sink hon s& dam bao vai tro cua bo tiép
séng dbi véi moét sd lugng 16n ngudn. Gia thiét rang tit ca cac ngudn déu
ding cung mot tan sé dé truyén di lidu, vi vay cé thé chia sé thoi gian. Tuy
nhién cach nay chi c6 hiéu qua voi diéu kién 1a c6 nguon chia sé don 18, vi du

nhu thoi gian, tan s6...

Hinh 1.4: Cau trGic phang caa mang cam bién
- CAu tric tang:

Trong ciu tric tang (tiered architecture) (hinh 1.5), cac cum duoc tao ra gilp
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cac tai nguyén trong cung mot cum gui dir liéu single hop hay multihop (tay
thuoc vao kich c& cua cum) dén mot nat dinh san, thuong goi 1a nat chu (cluster
head). Trong cau tric ndy cac nit tao thanh mot hé théng cap bac ma & 6 mdi

nat & mot mac xac dinh thuc hién cac nhiém vu da dinh san.

Hinh 1.5: Cau trdc tang cia mang cam bién
Trong ciu tric tang thi chic niang cam nhan, tinh toan va phan phéi di
lieu khdng ddng déu giira cac ndt. Nhitng chac nang nay cé thé phan theo
cap, cap thap nhat thuc hién tat ca nhiém vu cam bién, cap gitra thuc hién tinh

toan, va cap trén cing thyc hién phan phéi di liéu (hinh 1.6).

—TYT

Cap 2: Phan phoi (

C Internet

Cap 1: Tinh toan

Cap 0: Cam nhan

Hinh 1.6: Cau tric mang phan cap chic niang theo 16p

Mang cam bién xay dung theo ciu tric ting hoat dong hiéu qua hon
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cau tric phang, do cac ly do sau:

-C4u tric tang co thé giam chi phi chi mang cam bién bang viéc dinh vi
c4c tai nguyén & vi tri ma ching hoat dong hiéu qua nhat. R3 rang 1a néu trién
khai cac phan cting théng nhat, mdi nat chi can mét luong tai nguyén téi thiéu
dé thuc hién tat ca cac nhiém vu. Vi sé lugng cac ndt can thiét phu thuoc vao
viing phu séng xé&c dinh, chi phi caa todn mang vi thé s& khdng cao. Thay vao
d6, néu mot s luong 16n cac nat c6 chi phi thap dugc chi dinh 1am nhiém vu
cam bién, mot sé lwong nho hon cac ndt ¢6 chi phi cao hon duogc chi dinh dé
phan tich di liéu, dinh vi va dong bo thoi gian, chi phi cho toan mang s& giam
di.

-Mang céu tric tang s& c6 tudi tho cao hon cau tric mang phang. Khi can
phai tinh toan nhiéu thi mot bd xa Iy nhanh s& hiéu qua hon, phu thudc vao
thoi gian yéu cau thuc hién tinh toan. Tuy nhién, véi cac nhiém vu cam bién
can hoat dong trong khoang thoi gian dai, cac nat tiéu thu it nang luong phu
hop vai yau cau xir Iy tdi thiéu s& hoat dong hiéu qua hon. Do vay vai cau tric
tang ma cac chuic nang mang phan chia gitra cac phan cang da duoc thiét ké
riéng cho tung chirc ning sé lam tang tudi tho caa mang.

V& d6 tin cay: mdi mang cam bién phai pht hop véi véi s6 luong céc nit
yéu cau théa man diéu kién vé bang théng va thoi gian séng. Vi mang cau trdc

phang, qua phan tich nguoi ta da xac dinh théng luong toi uu cia mdi nut
trong mang c6 n nat la % trong d6 W 1a do rong bing tan caa kénh chia sé.
n

Do d6 khi kich c& mang tang Ién thi thong leong ciia mdi nut s& giam vé 0.
-Viéc nghién ciu cadc mang cau tric ting dem lai nhiéu trién vong dé khac
phuc van dé nay. Mot cach tiép can 1a ding mot kénh don 1é trong cau tric
phan cip, trong d6 c4c ndt & cap thap hon tao thanh mot cum xung quanh tram
g6c. M&i mot tram gdoc dong vai trd 12 cau ndi véi cap cao hon, cap nay dam
bao viéc giao tiép trong cum théng qua cac bd phan hitu tuyén. Trong truong

hop nay, dung luong cua mang tang tuyén tinh véi sé luong cac cum, véi diéu
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kién 1a sé lugng cac cum tang it nhat phai nhanh bang n. Cac nghién ctiu khéc
d4 thu cach dung céc kénh khac nhau ¢ cac mac khac nhau cua cau trdc phan
cap. Trong truong hop nay, dung lwong cua mdi 16p trong cau trdc ting va dung
luong cta mdi cum trong moi I6p xac dinh 1a doc 1ap vai nhau.

Tom lai, viéc twong thich gita cac chac nang trong mang cé thé dat
dugc khi ding cau tric tang. Bac biét nguoi ta dang tap trung nghién ctu vé
c4c tién ich vé tim dia chi. Nhitng chic nang nhu vay c6 thé phan phdi dén
moi nit, mot phan phan bd dén tap con cua cac nut. Gia thiét rang cac nat déu
khong cd dinh va phai thay d6i dia chi mét cach dinh ki, sy can bang gita
nhitng lya chon nay phu thudc vao tan sé thich hop caa chirc ning cap nhat va
tim kiém. Hién nay ciing dang c6 rat nhiéu mé hinh tim kiém dia chi trong mang

cau trlc tang.

1.3. Ung dung ciia mang cam bién khong day:

Tuy theo céc loai cam bién khac nhau dugc trang bi trong cac nit ma
mang cam bién ma né thé duoc ung dung cho nhitng muc dich khac nhau trong
nhiéu linh vuc nhu an ninh - quc phong, moi truong, y té, gia dinh, cong
nghiép, thuong mai....

* U'ng dung trong an ninh - quéc phong:

- Gidm sat, phat hién va thu thap théng tin vé sy di chuyén, vii khi, chat
no.... ctia d6i phuong.

- Phét hién phdng xa hat nhan.

- Bao vé an ninh cho cé4c cong trinh trong yéu

- biéu khién tu dong, kich hoat cac thiét bi quan sy, vii khi, robot.. .

- Giam sat an ninh trong cac khu dan cu, thuong mai...

- Theo di bién gisi két hop véi vé tinh.

* U'ng dung trong bio vé méi truong:

- Theo ddi, nghién ctru giam sat dong vat hoang da can duoc bao vé.
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- Theo dbi cac yéu td thoi tiét nhu mua béo, lut 161, dong dat, nudc bién
dang.... dé kip thoi canh béo phong tranh giam nhe thiét hai.
- Phéat hién céac yéu t6 gay anh huong téi moi truong nhu 6 nhidm, chat
thai, hoa chat doc hai....
* Uhg dung trong y té:
- Theo ddi tinh trang sic khoe bénh nhan, hd tro chuan doan diéu trj va
kip thoi canh bao cho cac bac si va nhan vién y té khi ¢ su ¢d xay ra.
- Giam sét dich bénh trong vung dich.
* Ung dung trong gia dinh:
- biéu khién tir xa cac thiét bi trong gia dinh.
- Giam sat tu dong, canh béo an ninh cho gia dinh tir xa khi c6 cac van dé
nhu chay nd, Xam nhap trai phép. ..
* U'ng dung trong linh vuc san xuit céng nghiép, thuwong mai:
- biéu khién, quan Iy ty dong cac khau trong qua trinh san xuat san pham.
- Gidm sét qua trinh san xuat, chat lwgng nguyén vat liéu hay san pham,
kiém soat mdi truong lam viéc, quan Iy nhan vién.
- Canh béo, tu dong xir Iy cac yéu té nguy hiém gay mat an toan lao dong.
- Xay dyng van phong thong minh.
- Quan ly cau duong, cac cong trinh xay dung, cac hé thong vién thong. ..

- Kiém soat mic tiéu thu dién nang, nuéc, khi gas, nguyén vat liéu. ..

1.4. Uu diém, nhwoc diém cia mang cam bién khong day:
1.4.1. Uu diém:

- Mang cam bién khéng day c tinh linh hoat cao, khéng bi rang budc cb
dinh vé phan bé dia ly,

- D@ trién khai, sir dung trén nhitng ving c6 dién tich Ion va dia hinh phirc
tap.

- C6 thé dé dang bo sung hoac thay thé cac thiét bi tham gia vao mang ma

khong phai cau hinh lai toan bo ciu tric lién két cia mang.
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- Chi phi dé trién khai lip dat mang cam bién khdng day ngay cang giam
nho cac tién bo vé cong nghé da lam giam gia thanh va kich thudc céc ndt cam
bién.

- Theo ddi, giam sat cac thay doi cua méi truong trong thoi gian thuc.
Gilp cho hé théng ngay lap tac c6 thé canh béo, xt 1y duoc céac tinh hudng bat
loi co thé xay.

- Thay thé cho viéc con nguoi phai tu theo dbi giam sét trong nhitng moi
truong nguy hiém, doc hai. Giam bét stc lyc, nhan lwc ma van mang lai hiéu
qua cao cho cbng viéc.

1.4.2. Nhuoe diém:

Mang cam bién khong day van con ton tai nhiing han ché co ban can phai
khac phuc sau:

- Tdc d6 duong truyén chua cao.

- Kha ning bi nhidu va mat thong tin trén cac ving c6 dia hinh xau la 16n.

- Kha ning tinh toan, bo nhé luu trit cta ndt cam bién con rat gigi han.

- Giao thwc quan ly mang phuec tap.

- Pic biét 1a sy han ché vé nang luong st dung, cong suat phét trong

mang.

1.5. Két luan:

Chuong nay gidi thiéu tong quan vé mang cam bién khdng day va cac (ng
dung ciia no trong cac linh vyuc an ninh — qudc phong, mdi truong, y té, gia dinh,
san xuat — kinh doanh... Qua d6, chung ta thay dugc tam quan trong cia mang
cam bién trong doi séng cua ching ta ngay nay. Nam duoc cac uu diém dé cé
thé trién khai mot cach thich hop cho cac ung dung méi va nhugce diém co ban
can phai khic phuc dé nang cao thém kha ning ctia mang cam bién khdng day.

Pic biét trong dé tai nay thi nhuoc diém vé van dé nang lugng ciia mang
cam bién khong day sé& dugc tim hiéu va nghién cau cach khic phuc trong cac

giao thuc diéu khién thAm nhap méi truong (MAC) cho mang.
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CHUONG 2: GIAO THUC PIEU KHIEN THAM NHAP MOI TRUONG
TRONG MANG CAM BIEN KHONG DAY

Mot dac tinh co ban cua mang khéng day la hoat dong trong moéi trudong
khong khi von da dugc chia sé. Tat ca cac giao thie diéu khién tham nhap moi
truong (Medium Access Control - MAC) cho mang khéng day quan ly viéc su
dung lién két séng vo tuyén dé dam bao hiéu qua sir dung cua cac bang thdng
chia sé. Nhitng giao thic MAC duoc thiét ké cho mang cam bién khéng day
(WSN) ngoai muc dich gibng cac mang khéng day khéc 1a quan ly hoat dong
cuia song vo tuyén con ¢ mot muc tiéu bo sung 1a bao toan niang lugng cho cac
nGt mang. Nguyén nhan 1a do mang cam bién khac véi cac mang khong day
truyén thong trén mot vai khia canh sau:

- Nang lwong cung cap cho moi hoat dong cua cac ndt trong mang cam
bién khong day déu dua vao ngudn dién tir pin va rat kho dé cd thé nap dién
hoac thay thé cho ngudn pin cho tat ca céc nut.

- C4c nit thuong duogc trién khai theo kiéu phi cau tric tic 1a ching phai
tu to chirc thanh mot mang truyén thong.

- Nhiéu @ng dung caa mang can phai s dung mot sé luong 16n cac ndt co
thé I1&n téi hang nghin, hang triéu va mat do caa ching sé& thay doi tly theo
nhiing dia diém va thoi gian khac nhau.

- Hau hét cac luu thong trong mang duoc thiic day bai nhirng sy kién cac
nGt cam bién dugc tir méi truong.

Vi vay, trong khi giao thicc MAC truyén thong phai can bang toc do
truyén tai, d6 tré va quan hé cdng bang gitra nhitng ndt, nhitng ngudi dung,
nhiing tng dung khac nhau thi cac giao thitc MAC trong WSN dat trong tam
vao hiéu qua nang luong la chu yéu.

Trong chuong nay chiing ta s& tim hiéu vé mot sb giao thirc MAC da dugc
dé xuat cho WSN.
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2.1. C4c thong s6 can quan tam khi thiét ké giao thirc MAC cho WSN:

C6 rat nhiéu thong sé can quan tam khi thiét ké giao thic MAC cho mang
khéng day truyén théng nhung trong WSN thi chung ta chi quan tdm dén cac
van dé sau:

- Pp tré (Delay): 1a luong thoi gian can thiét dé gdi dir liéu dugc xu ly
trudc khi né duoc phat thanh cong. Su quan trong cia db tré phu thuoc vao tng
dung cua mang cam bién. Cac ung dung nhu giam sat hodc theo ddi thuong yéu
cau rat khat khe vé do tré. Nhitng ung dung nay khi chua cam bién dugc su kién
thi viéc tiét kiém ning luong duoc coi trong hon d6 tré boi vi khi d6 thi mang
dang & ché d6 nghi va cd rat it dix liéu duoc trao doi trong mang. Nguoc lai, sau
khi cam bién x4c dinh duogc su kién thi muc tiéu quan trong cia mang cam bién
lGc nay 14 phai hoat dong véi @6 tré thap.

- Théng lwong (Throughput): dé cap téi sé luong dit liéu dugc chuyén
thanh cong tir noi giri dén noi nhan trong mot khoang thoi gian cho trudc. N6
thuong duge do bang théng diép trén gidy hoac bit trén gidy. Trong giao thic
MAC cia mang khéng day truyén théng thi van dé quan trong la 1am téi da
thong luong kénh truyén véi do tré nho nhat. Nhung ciing gidng nhu voi do tré,
Su quan trong cua thong luong trong WSN ciing phu thudc vao loai ing dung.
Péi véi nhitng ting dung cam bién ma yéu cau thoi gian sdng cua mang dai thi
giao thirc MAC can phai tang d6 tré nhiéu hon va giam thong luong thap hon

- PH chic chian (Robustness): 1a su két hop cua su tin cay, linh dong va
cac yéu cau phu thuoc khac. N6 phan anh muc do cua giao thic trong viéc doi
pho vai 18i va thong tin sai. Trong WSN thi dé dat duoc sy chiac chan 1a rat kho
khan vi n6 phu thugc vao tinh chat cua cac yéu té gay hu hong cho dudng truyén
va cac nut.

- Kha ning mé réng (Scalability): 1a kha ning ctua hé théng dap tng
dugc cac thay d6i nhu kich thudc mang, mat do va cau trac lién két mang. Do
WSN duoc trién khai phi ciu trdc va cac nit cd kha nang tu té chic thanh mot

mang nén bat ky thoi diém nao ngudi ta cling c6 thé bo sung thém cac ndt mang
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dé bo sung cho mang hoic bd sung thay thé céc ndt mang khéng con hoat dong.
Mot giao thic MAC tét can phai diéu tiét mot cach hop ly nhitng su thay doi
nay. Day la mot yéu cau quan trong khi thiét ké céc giao thicc MAC bai vi WSN
duoc trién khai phi cau trdc va hoat dong trong nhitng méi truong khong chac
chin véi sé lugng nat rat 1on, cé thé 18n toi hang nghin hang triéu nat. Viéc
nhém cac ndt cam bién vao cac cluster cho phép thiét ké cac giao thirc MAC Vi
kha nang mo rong cao.

- Tinh 6n dinh (Stability): 12 kha ning caa hé thong sir dung bang thong
hoac dung luong kénh truyén nhu thé nao trong moét khoang thoi gian dai hoat
doéng. Mot giao thirc MAC 6n dinh can phai diéu khién duoc tai tac thoi dé
khong dat t6i muc t6i da dung lugng kénh truyén. N6 duogc coi 1a on dinh néu
lwu thong khéng bi tic nghén khi tai ting 1én.

- Sw cdng biang (Fairness): thé hién kha niang cta nhimg ngudi dung,
nhitng nat hoac nhitng tng dung khac nhau cuing chia sé kénh truyén mot cach
cong bang. Pay 1a mot thudc tinh quan trong trong mang khong day ciing nhu
cac mang truyén théng khac khi ma mdi nguoi dung déu mudn cé co hdi nhu
nhau dé giri hoic nhan dit liéu cho nhiing tng dung cia minh. Tuy nhién, trong
WSN thi tit ca cac nat hop tac cho mot nhiém vu chung don 1€, nén c6 thé tai
nhitng thoi diém dic biét, mot nat s& cd thé ¢ nhiéu dit liéu hon dé g so véi
cac nut khac, diéu nay hiéu qua hon 1a ddi xur véi mdi nit cong bang tly thudc
vao ting tng dung. Vi vay nén sy cdng bang véi tiing nit timg ngudi ding
trong WSN tré nén it quan trong hon.

- Hiéu qua ning hreng (Energy efficiency): 1a mot trong nhitng yéu cau
quan trong nhat trong viéc thiét ké giao thac MAC cho WSN. Do cac ndt cam
bién hoat dong bang pin nén viéc thay thé hoic nap dién lai cho cac nat nay véi
s6 luong 16n trén nhimg ving dia 1y rong 1a rat kho khin va khong kha thi.
Trong thuc té thi hau hét muc dich thiét ké cac mang cam bién Ia xay dung
mang bang nhitng nut da ré dé vit bo con hon 1a nap lai dé sir dung nén viéc kéo

dai tudi tho caa mdi nat duoc xem van dé then chbt. Cac nat cam bién tiéu ton
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nang luong chi yéu cho viéc thu phéat séng vo tuyén. Vi thé viéc thiét ké cac
giao thirc MAC cho WSN dé tryc tiép diéu khién hoat dong thu phat séng vo
tuyén can phai quan tdm nhat dén hiéu qua ning luong boi viéc ndy s& anh
huong dang ké dén thoi gian sdng cua cac nut ciing nhu ciia todn mang.

Nhu vay, khi thiét ké mot giao thac MAC cho WSN thi céc yéu té quan
trong nhat 1 hiéu qua niang luong va kha nang mo rong, nhirng thong sé con lai

|4 thir yéu va c6 thé khdng can quan tam.

2.2. Cac nguyén nhan gay ra sw lang phi niang lwong:

- Xung d@dt — tic nghén (Collision — Obstruction): 1a nguyén nhin dau
tién gay ra su lang phi nang lugng. Khi hai goi tin cua 2 nat trong mang dugc
truyén cuing thoi diém thi s& xay ra xung dot, ching bi hong va bi loai bs. Yéu
cau truyén lai goi tin 1an nita s& 1am hao phi thém nang luong cta nat. Tuy nhién
c6 thé khi d6 ca 2 nat ciing duoc yéu cau truyén lai cing mot thoi diém nén rat
c6 thé xay ra xung dot mot 1an nira. Biéu nay s& gay ra su tac nghén trong moi
truong truyén khi ma 2 ndt ca ¢6 gang truyén lai mai. Néu cu tiép tuc nhu vay
thi hao phi ning luong sé& 1a rat 16n vi viéc thuc hién phéat tin hiéu 1a cong viéc
gay tiéu ton ning lwong nhat cia mot nat. Do do, tat ca cac giao thirce MAC déu
phai ¢ gang tranh gay ra xung dot bang moi cach dé 1am tang hiéu qua ning
lwong cho nat mang.

-Nghe 16m (Overhearing): do méi trudong truyén dan caa WSN 1a moi
truong khdng khi nén van dé nghe 1om s& xay ra khi mot nit nhan duoc nhiing
g6i tin danh cho nat khac. Ma khi mét nit mudn nhan dugc mot goi tin thi no s&
phai tiéu tén nang lwong cho viéc nay, tuy mic tiéu tén khdng bang viéc phat
song vO tuyén nhung ciing van gy tiéu hao nang luong dang ké cua nut. Viéc
nghe 16m nhiing goi tin khong can thiét nay ciing 1a mot nhén té chinh gay ra
viéc tiéu hao nang luong.

- Nghe nhan rdi (Idle listening): xay ra khi nit nhan nghe kénh trong tat

ca xem c6 dir liu khong dé nhan va cé gang dé khdng mat goi tin nao. Tuy
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nhién thi trong cc mang cam bién khdng day thi chi khi cam bién duoc su kién
xay ra thi méi co6 di liéu duoc phat di, con lai thi khdng co dir liéu trong mot
khoang thoi gian dai.Viéc nghe nhan réi trong mot thoi gian dai nhu vay gay ra
su tiéu hao ning luong ciing rit dang ké.

- Xir ly cac goi tin diéu khién (overhead): bao gém viéc gii, nhan nghe
cac goi tin nay cua nat. Du cac goi tin diéu khién khong khong chuyén cho dit
liu nhung no ciing 1am tiéu thu nang luong dang ké caa ndt mang.

Mbét giao thac MAC thiét ké cho WSN can giai quyét duoc cac nguyén
nhan trén bang viéc diéu khién cac thanh phan séng vo tuyén dé tranh hoac giam

bot tiéu hao nang luong.

2.3. Céc giao thwe MAC trong WSN:
2.3.1. CSMA (Pa truy cap cam bién song mang):

CSMA 14 cac giao thitc ma trong d6 cac tram lam viéc lang nghe dudng
truyén truéc khi dua ra quyét dinh lam gi dé tuong thich véi trang thai duong
truyén doé duoc goi la giao thiic ¢6 cam nhan duong truyén. N6 hoat dong bang
cach: lang nghe kénh truyén, néu thay kénh truyén rdi thi bat dau truyén khung,
néu thay ban thi tri hodn lai viéc gui khung. Viéc tri hoan giri khung nay khong
thé kéo dai mai nhung van dé la khong biét khi nao duong truyén réi nén nguoi
ta da dua ra ba giai phap dé giai quyét van dé nay:

- Theo di khong kién tri (Non-persistent CSMA): Néu dudng truyén ban,
doi trong mot khoang thoi gian ngau nhién rdi tiép tuc nghe lai duong truyén.

- Theo dbi kién tri (persistent CSMA): Néu duong truyén ban, tiép tuc
nghe dén khi duong truyén rdi roi thi truyén goi tin véi xac suat bang 1.

- Theo ddi kién tri véi xac xuat p (P-persistent CSMA): Néu duong truyén
ban, tiép tuc nghe dén khi duong truyén rdi rdi thi truyén goi tin véi xac suat
bang p.

Tuy nhién, trong CSMA ¢ thé phat sinh mot van dé nhu sau: khi mot nit

vira phat xong thi mot nat khac ciing phat sinh yéu cau phat khung va bat dau
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nghe dudng truyén. Néu tin hiéu caa nat thi nhat chua dén nat tha hai, nat tha
hai s& cho rang duong truyén dang rdi va bat dau phat khung. Khi d6 thi xung
dot s& xay ra 1am cho khung bi mat va toan bo thoi gian tir lic xung dot xay ra
cho dén khi phat xong khung 1 1ang phi. Mét vin dé méi phat sinh nira 1a cac
ndt can phai quan tdm theo ddi xung dot va sau khi phét hién thi cac nat s& phai
lam gi.

Tu d6 nguoi ta xdy dung thém giao thac mo rong CSMA/CD (ba truy
cap cam nhan séng mang tranh xung dot). Giao thirc nay co ban la gibng CSMA
Véi co ché ling nghe trugc khi truyén nhung duoc cai tién thém viéc phat hién
xung dot va 1am lai sau xung dot. Xung dot c6 thé duoc phat hién bing céch
theo doi nang lugng hay do rong cia xung tin hiéu nhan duoc va dem so sanh
véi do rong caa xung vira truyén di. Sau khi bi xung dot, nat s& chay maot thuat
toan goi 1a back-off dung dé tinh toan lai lwong thoi gian nd phai chd truge khi
goi lai khung. Luong thoi gian nay phai 14 ngau nhién dé cac nat sau khi quay

lai khong bi xung dot véi nhau nira.

* Van dé nat an, nat hién:

CSMA truyén théng khong canh bao duoc mién dung d6 va khéng hiéu
qua trong cac mang khdng day do c6 2 van dé chinh : van dé cac nit an va cac
van dé cac nat hién.

Van dé cac ndt an minh hoa ¢ hinh 2.1(a), & day nat A truyén téi nit B.
NGt C, nit ma nam ngoai séng cua A, s& cam nhan thay kénh truyén téi nat A
dang ranh va cling bat dau truyén téi nat B. Trong truong hop ndy CSMA
khong phat hién canh bao xung dot dugc do A va C an véi nhau.

Van d& nat hién dugc minh hoa bai hinh 2.1 (b). O déy, trong khi nat B
truyén toi nGt A, ndt C c6 mot goi danh cho nit D. Tai vi nGt C nam trong ving
pht séng caa ndt B, nd s& cam thay 1a duong truyén dang ban va né sé khong
truyén Tuy nhién trén ly thuyét tai vi nat D nam ngoai viing phu séng caa ndt B,

va A nam ngoai ving phi séng cua C, ¢6 2 phién truyén ma khong dung do voi
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nhau. Viéc tri hodn viéc truyén bai C s& 1am lang phi bang thong.

(a) (b)
Hinh 2.1. Céc van d& voi CSMA cén ban trong méi trudng khéng day :
(a) nat an , (b) nat hién
C06 hai van dé can quan tam trong m&i mot cam bién : & nit an van dé cac
goi bi dung d6 vi nit gui khong biét co nat khac dang sir dung duong truyén,
trong khi van dé cua nGt hién ¢ su lang phi co hoi truyén mot goi vi nhan biét
sai léch cua truyén chong nhiéu. Véan dé chinh caa 15i nay 1a khdng phai bo
truyén cam nhan séng mang ma la bo thu. Mét sé giao tiép giira bo truyén va bo

nhan can phai co dé giai quyét cac van dé nay.

2.3.2. S-MAC (Sensor-MAC):

S-MAC dugc gioi thiéu boi cac tac gia: Wei Ye, Jonh Heidermann va
Deborah Estrin tai Hoi nghi INFOCOM lan thir 21, nim 2002. SMAC 1 mét
truong hop cua da phan chia thoi gian thuan tly duoc xay dung trén nén tang
ctia Cac giao thirc canh tranh nhu 802.11, S-MAC cb gang ké thura su linh hoat,
tinh kha bién cua giao thirc trén nén canh tranh trong khi cai tién tinh hiéu qua
st dung ning lugng trong mang da budc nhay. Giao thic ndy ¢d gang giam bét
tiéu thy nang lwong tir tat ca cac nguon duge xac dinh 1a nguyén nhan gay tiéu
hao ning lugng, d6 1a: nghe nhan rdi (idle listening), xung dot (collision), nghe
lom (overhearing) va xur 1y thong tin diéu khién (overhead). Pé dat dugc muc
dich nhu thiét ké, S-MAC duoc thiét ké gom c6 ba van dé chinh 1a thuc hién chu
ky thac - ngu, tranh xung dot va nghe lom, xir 1y thong diép.

* Thuc hién chu ky thirc - ngu:
Trong nhitng ang dung caa WSN, néu khéng xuat hién sy kién cam bién

thi cac nit cam bién thuong ¢ trang thai nhan rdi trong phan Ién thoi gian. S-
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MAC dugc thiét ké dé giam bét thoi gian thic bang cach dé cho nit cam bién
dinh ky chuyén sang trang thai ngu. Khi d6 ning luong cua ndt mang sé duoc
tiét kiém mot cach dang ké do & trong trang thai nga nd sé tiéu ton ning luong it
hon rat nhiéu so véi khi hoat dong.

a. Lugc dd co ban:

MJ3i ndt cam bién chuyén vao trang thai nga trong mot khoang thoi gian,
sau d6 tinh day va nghe xem liéu ¢4 nt nao mudn truyén tin hiéu ti nd. Trong
thoi gian ngd, nat cam bién tat bo phan thu phat vo tuyén va dat thoi gian dé
quay Vé trang thai thuc. Viéc nay tao thanh mét chu ky 1a chu ky thac - nga va
khoang thoi gian cho viéc thirc va ngu cd thé duoc lua chon theo nhitng ung

dung khéac nhau.

| |
i i
| |
[SYNC|  Active | Sleep [SYNC |  Active | Sleep

Hinh 2.2: Lugc do S-MAC

Lugc dd trén yéu cau co dinh ky su dong bo giira cac nt cam bién trong
viing trénh sai léch thoi gian. O ddy c6 thé sir dung hai ki thuat dé dong bo thoi
gian: Thir nhat, chiing trao doi cac thdng s thoi gian qua cac goi tin timestamps,
thoi gian duge ddng bo 1a twong d6i. Thir hai, ting khoang thoi gian nghe 1én
dang ké so vai thoi gian bi sai léch do 13i. Vi du, khoang thoi gian nghe 1a 0.5s
gap 10° 1an thoi gian léch. Nhu vay yéu cau diéu kién dong bo gitra cac ndt 1an
can trong S-MAC khong qué khit khe. Tat ca cac nat cam bién déu tu do lap
lich cho minh chu ky thirc-ngi. Tuy nhién, dé giam bét phai xir Iy nhiing gai tin
diéu khién, tét hon 1a dé cho céc nut trong ving dong bd cing nhau. Co nghia 13
ching thtc cung IGc va chuyén sang trang thai ngu cung lac. Nhung ciing can
cha y trong mot mang da budc nhay khdng phai tat ca cac nat 1an can co thé
ddng bo hda cung nhau. Hai nat 1an can A va B c6 thé c6 lich khac nhau vi

ching tién hanh dong bd véi nhiing nit khac nhau, C va D (Hinh 2.3).
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Hinh 2.3: Bdng bo giita cac nat. Hai nat 1an can A, B ¢6 lich khac nhau vi A
d6ng bo voi C, B dong bo véi D

Cac n(t cam bién trao d6i v6i nhau thdng tin lich 1am viéc cua ching
bang cach phat quang bé cho tat ca cac nat 1an can hién thoi. Didu nay bao dam
rang tat ca cac nit trong viing van cd thé néi chuyén duoc véi nhau di chiing ¢6
lich 1am viéc khac nhau. Vi du trong Hinh 2.3, néu ndt A mudn néi chuyén voi
nat B, nd chi can doi cho dén khi B ¢ trang thai thirc. Néu c6 nhiéu nat trong
ving 1an can muén ndi chuyén véi mot ndt, thi ching can tién hanh canh tranh
chiém duong truyén khi nat nhan ¢ trang thai thiac. Co ché canh tranh danh
quyén truy nhap ciing giéng chuan IEEE 802.11, st dung gdi tin RTS (Request
to Send) va CTS (Clear to Send). Nut nao guri goi tin RTS ra trudc s€ gianh
quyén truy nhap va nit nhan s& tra 16i véi mot goi CTS. Sau d6 ching bat dau
su truyén dix liéu, ldc nay ching khong tuan theo lich 1am viéc trude d6 cua
chung cho dén khi ching két thiic truyén dit ligu.

Dic trung khac cta lugce do trén 1a né hinh thanh nhirng nit vao trong cau
trdc lién két phang. Céc nGt cam bién trong viing 1an can ty do néi chuyén voi
nhau bat ké lich 1am viéc nao ma ching c6. Cac nat duge déng bo tu hinh thanh
mot nhém ao. Lugc dd nay kha dé dé 1am thich nghi d6i véi mang c6 thay doi
cau tric lién két.

Mt trai caa luoc d6 1a sy gia ting d6 tré do duy tri chu ky nga (sleep) cua
mdi nat. Hon nita, do tré c6 thé tich lity qua mdi chang (hop), nén yéu cau gidi
han do tré cua tng dung tao ra gidi han thai gian ngua trong chu ky lam viéc cua
cac nat cam bién.

b. Tién trinh lwa chen va duy tri lich lam viéc:

Trudc khi bat dau chu ky thic-nga, mdi ndt can phai chon mét lich biéu

lam viéc (khi ndo thic, khi ndo ngu) va trao doi lich nay véi cac ndt 1an can.
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M3i nat duy tri mot bang luu giir tit ca cac thoi gian biéu cua cac nit 1an can ma
no biét. Quy trinh chon thoi gian biéu ctia mdi nat nhu sau:

Buéc 1: du tién nat cam bién nghe trong mot khoang thai gian nhat dinh.
Néu né khéng nghe thiy thoi gian biéu tir nGt khac, n6 chon ngau nhién mot
khoang thoi gian dé bit dau nga va tac thoi quang ba thoi gian biéu cua né trong
thong diép SYNC, thong diép nay théng bao rang né s& ngu sau khoang thoi
gian t gidy. Chang ta goi mot nat trén 1a nuit dong bg (synchronizer), né da tu
chon cho minh mét thai gian biéu doc 1ap va nhitng nat khéac s& phai dong b
theo no.

Buwdéc 2: néu mot ndt nhan duoc mot thoi gian biéu caa mot nat 1an can
trudc khi tu chon cho minh thi n6 sé lay thoi gian biéu do thiét 1ap thoi gian biéu
cho minh. Ta goi nat nhu vay 12 it dong bé theo (follower). Sau d6 né doi mot
khoang thoi gian ngau nhién ty va phat quang ba lai thoi gian biéu nay, va théng
bao rang nd s& ngu sau t - ty gidy nita. S¢ di phai doi ngau nhién khoang thoi
gian ty dé tranh xung dot, vi nhiéu kha ning c6 nhiéu nat dong bo theo mot nut,
khi quang ba lai thoi gian biéu cia minh ciing mot thoi diém sé xay ra xung dot.

Buwéc 3: néu mot ndt nhan duoc mot thoi gian biéu khac sau khi n6 lua
chon va quang ba thoi gian biéu cua minh, n6 s& chap nhan ca hai (Vi dy, n6 sé
lap lich cho né tinh day tai nhitng thoi diém trong ca hai thoi gian biéu, cua
chinh né va caa nat 1an can). N6 quang bé thoi gian biéu cia no trude khi
chuyén sang trang thai ngu.

Rat hiém khi xay ra cac nat phai duy tri nhiéu thoi gian biéu. Cac nat s&
¢ gang chon mot thai gian biéu da ton tai truge khi tw chon cho minh mét thoi
gian biéu doc lap. Mat khac, xay ra truong hop cac ndt 1an can that bai trong
viéc kham pha, phat hién ra nhau tai thoi diém ban dau do xung dot khi quang
ba thoi gian biéu, thi chiing van cé thé tim thay nhau trong chu ky ké tiép.

Pé minh hoa giai thuat nay, hdy xem xét mot mang gom cac nat cé thé
“nghe” thy |an nhau. Pong hd hé thong cua mot nat s& khai dong tinh gio truéc

va su quang ba s& dong bo tat ca trong thoi gian biéu caa nd. Néu thay vi hai nat
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doc lap ding ky thoi gian biéu (vi ching khdng thé nghe thay 13n nhau, hoic vi
ching tinh co truyén o tai thoi diém gan nhau), nhirng ndt trén nam & ranh gigi
gitra thoi gian biéu s& chap nhan ca hai. V&i cach nay, mot nat chi can gui mot
lan cho mat goi tin quang ba. Piédu bét lgi 12 nhitng nat trén c6 it thoi gian hon
dé ngu va do d6 sé& tiéu thu nhiéu nang luong hon nhing nut Khac.

Mot tiy chon khac dé cho nhitng ndt trén ving bién chip nhan duy nhat
mét thoi gian biéu 1a chap nhan cai dén trudc tién. Khi nd biét thoi gian biéu
khac ma mot sé nat 1an can cua nd theo, nd ¢ thé van con ndi chuyén Véi
chang. Tuy nhién, vai nhiing goi quang ba, nd can gui hai lan vai hai thoi gian
biéu khac nhau. Uu diém caa phuong phap nay 1a cac nat nam trong ving bién
sé co cung chu ky nghe ngu véi nhitng nut khac.

¢. Thuc hién dong bd:

Luoc db thirc-nga yéu cau sy dong bo gitra nhitng nat trong ving lan can.
Viéc cac nut trong vang 1an can dinh ky cap nhat 1an nhau thoi gian biéu cua
ching 1a can thiét dé ngan ngtra sy sai léch thoi diém cua chu ky nghe-ngu.

Viéc cap nhat thoi gian biéu duoc thyuc hién bang trao dbi géi tin dong bo
SYNC. Géi tin SYNC rat ngan, va bao gom dia chi cua nat gai va thoi diém
chuyén sang trang thai ngu tiép theo cua nd. Thoi diém ngu tiép theo lién quan
dén thoi diém ma noi giri két thlic truyén goi tin ddng bo SYNC, ciing xap xi khi
nGt nhan nhan dugc goi tin (khi do tré truyén ngan). Nhiing ndt nhan s& diéu
chinh déng hd cua ching ngay sau khi nhan duoc géi tin ddng bo. NGt cam bién
s& chuyén sang trang thai ngu khi dong ho caa né két thc tinh gio, bao dén thoi
diém ngu.

Pé mot ndt nhan dugc ca nhitng goéi dong bo 13n nhiing gdi dix liéu, ching
ta chia khoang thuc (active time) cia n6 thanh hai phan. Phan dau tién dé nhan
nhitng goi tin ddng bo, phan hai dé nhan nhitng g6i RTS (Hinh 2.4). M&i phan
duogc chia tiép thanh nhiéu khe thoi gian cho nhitng nat gui dé thuc hién cam
nhan séng mang. Vi du, néu mot ndt giri muén giri mot goi tin dong bo thi nd

khoi dong cam nhan séng mang khi nat nhan bat ¢au nghe. N6 ngau nhién lua
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chon mot khe thoi gian dé két thic cam nhan séng mang. Néu n6 khdng phat
hién ra bat ky su truyén nao vao khoang cudi khe, thi né chiém dugc duong
truyén va bat dau gui goi tin déng bd cua né & tai thoi diém ay. Viéc thyuc hién
truyén goi dit liéu ciing duoc thuc hién tuong tu.

Hinh 2.4 ciing thé hién mdi quan hé dinh thoi caa ba truong hop c6 thé
khi mot nat giri thuc hién truyén téi mot nit nhan. CS 1a cam ¢ng séng mang.
Trong lugc db, NGt gui 1 chi giri mot goi tin dong bo SYNC. Nut gui 2 chi
mudn gui dix lieu. NGt giri 3 giri mot goi tin ddng bo va mot goi tin RTS.

M®bi nut dinh ky quang ba nhimg goi tin dong bo tai cac 1an can cua nd ké
ca khi n6 khong c6 nat ddng bd theo. Pidu nay cho phép mot ndt mai gia nhap
nhém 1an can da hinh thanh truede d6. Nat méi thuc hién tha tuc dé chon mot
thoi gian biéu cd sin 1am thoi gian biéu caa nd. Quang thoi gian nghe du dai dé
n6 c6 kha ning hoc va theo mét thoi gian biéu ¢6 san truéc khi nd tu chon cho

minh mot thoi gian biéu doc 1ap.

Nut nhan Thure
i s
for SYNC | for RTS INgU
Nut g 1 SYNC
L C8§ H Ngu
Nut gt 2 RTS
|
: CS H G dit liéu néu nhan duwoc CTS
|
Nut gz 3 SYNC RTS

LS H Cs H G d liéu néu nhan duwoc CTS

-

Hinh 2.4: Quan hé dinh thoi gitra n(t nhan va cac nut gui.
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M®bi nut dinh ky quang ba nhimg goi tin ddng bo t6i cac 1an can cua nd ké
ca khi né khong c6 nat ddng bd theo. Pidu nay cho phép mot ndt mai gia nhap
nhém Ian can d hinh thanh trude d6. Nut mai thuc hién thi tuc dé chon mot
thoi gian biéu cé sin 1am thoi gian biéu cua nd. Quang thoi gian nghe du dai dé
n6 c6 kha ning hoc va theo mét thoi gian biéu ¢6 san truéc khi nd tu chon cho

minh mat thoi gian biéu doc 1ap.

* Tranh xung dot va nghe lém:

Tranh xung dot la mot nhiém vu co ban cua giao thuc MAC. S-MAC st
dung mot luge do tranh xung dét trén nén canh tranh. Khi mot nat phat di mot
g06i tin, goi tin d6 duoc thu boi tat ca cac ndt 1an can caa nd mac du chi mot
trong s6 chdng 1a ndt nhan, d6 chinh 1a nghe lom. Phai nghe 16m lam cho giao
thirc MAC trén nén canh tranh kém hiéu qua vé tiét kiém niang luong nén né can
phai tranh.

a. Tranh xung dot:

Khi nhiéu nat c6 nhu cau gui sé liéu vao ciing mét thoi diém, ching can
canh tranh dé quyét dinh mot nat dugc quyén gii (chiém duong truyén). Trong
s6 nhitng giao thic canh tranh, 802.11 thuc hién rat tt viéc tranh xung dot. S-
MAC sir dung céc k¥ thuat nhu chuan 802.11, bao gom cam nhan séng mang vat
ly, cam nhan s6ng mang 4o lan thuc hién trao d6i RTS/CTS.

C6 mot truong do dai phat (duration field) trong mdi goi tin duoc truyén
di dé chi rang viéc truyén nay sé duy tri trong thoi gian bao 1au. Nhu vay néu
mét ndt nhan dugc Mot gaéi tin danh cho nat khéc, thi nd biét viéc nd phai giir
yén lang bao lau. Nat ghi gia tri nay trong mot bién goi la vecto thoi gian chiém
gitt mang (Network allocation Vector - NAV) va dit mot déng ho tinh gio cho
nd. Vao moi thoi diém khi ddng hd NAV hoat dong, nit cam bién tuan ty giam
gia tri cia NAV cho dén khi né vé gia tri 0. Khi mot nit cé dit liéu dé guri, dau
tién n6 kiém tra ddng hd NAV. Néu gia tri cia NAV khac 0, thi nit xac dinh
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rang duong truyén ban va sé khong thuc hién phat dit liéu. K§ thut nay duoc
goi la cam nhan séng mang ao (Vitual Carrier Sense).

Cam nhan séng mang vat Iy dugc thuc hién & tai 16p vat ly bang cach thuc
hién nghe kénh dé truyén. Thoi gian ngau nhién cho viéc cam nhan séng mang
rat quan trong cho viéc tranh xung dot. Puong truyén chi duoc xac dinh 14 rdi
néu ca cam nhan séng mang vat ly 1an cam nhan séng mang ao déu xac dinh
duong truyén roi.

Tat ca c4c nat guri thuc hién cam nhan séng mang truéc khi bat du phét
dir lieu. Néu mot nut that bai trong viéc tham do duong truyén, thi no chuyén
sang trang thai nga va thac giac tai thoi diém nat nhan & trang thai nghe va
duong truyén rdi tro lai. Nhitng goi tin quang ba dugc gui ma khéng sur dung ky
thuat RTS/CTS. Nhitng géi tin Unicast s& theo tuan ty RTS/CTS/Data/ACK
gitra nut gui va nat nhan,

b, Tranh nghe lom:

O chuan 802.11, mdi nat duy tri trang thai nghe cho viéc truyén téi tat ca
cac nat 1an can cua né dé thyc hién co hiéu qua viéc cam nhan séng mang ao.
Két qua 1a mdi nut phai nghe thira nhiéu géi khong giri cho né. Pay 1a mot trong
nhitng nguy&n nhan chinh cho viéc tiéu phi ning lwong khdng can thiét, dac biét
khi mat d6 nut 1on va Iuu lwgng mang tang.

S-MAC dugc thiét ké voi muc tiéu cb ging tranh nghe thtra bang cach dé
cho nhitng nit ¢ kha ning gy nhidu khéng tham gia vao quéa trinh truyén phat
dir liéu, chuyén sang trang thai ngu sau khi chiing nhan dugc mot géi RTS hoac
CTS. Khi nhitng géi dir liéu ludn dai hon goi tin diéu khién, céch tiép can Ia
ngan can cac nat lan can nghe thtra nhitng goi dir li¢u dai va sir dung goi tin
ACK theo sau. Phan tiép theo s& md ta cach truyén c6 hiéu qua mot goi tin dai
két hop tranh nghe thura.

E C A B D F

Hinh 2.5: Thuc hién tranh nghe thira. NGt nao nén chuyén toi trang thai ngu.
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Trong Hinh 2.4, nat A, B, C, D, E, Va F hinh thanh mét mang da budc
nhay ma ting nat chi c6 thé nghe thdng tin truyén tir 1an can hién thoi caa no.
Gia thiét nut A dang truyén mot goi dir liéu téi nat B. Cau héi dit ra nhitng nat
nao phai chuyén sang trang thai ngu.

Xung d6t d& xay ra & ndt nhan, ndt D can phai ngu vi su truyén cia nd
anh hudng toi sy tiép nhan tin hiéu caa B. Ciing dé dé nhan ra nat E va nat F
khong phat sinh nhiéu, vi vay ching khéng can phai nga. Nat C ¢6 nén di nga
hay khong? C 1a cach hai budc t6i B, va su truyén cia no khdng gay nhiéu téi su
tiép nhan cua B, nhu vay no tu do dugc phép truyén téi 1an can caa nd, vi du
nhu E. Tuy nhién, C khdng thé nhan bat ky sy tra 16i nao tir E, vi su truyén caa
E xung dot vai sy truyén cta A tai nat C. Nhu vay sy truyén cia C don gian 1a
mét su tiéu phi ning luong. TOm lai, tat ca lan can tac thoi cua ca nlt giri va nat
nhan can phai chuyén trang thai ngu khi ching nghe thay géi RTS hoic CTS
cho dén khi su truyén hién thoi két thic.

M®di nat duy tri NAV dé chi bao hoat dong trong khu 1an can cua n6. Khi
mot nut nhan mot goi danh cho téi nhitng nat khac, no cap nhat NAV cuaa no tai
truong duration trong dinh dang gai tin. Mot gia tri NAV 16n hon 0 chi béo rang
c6 mot nat dang giri s6 liéu trong khu vuc 1an can caa nd. Gia tri NAV giam dan
theo thoi gian. Nhu vay mot nat can phai ¢ trang thai ngu dé tranh nghe thira khi
gia tri NAV cua no khac 0.

* Xir ly thong di¢p:

Truyeén dir liéu dai trong mot goi tin thi chi phi cho viéc truyén lai khi chi
c6 mot vai bit 13i trong 1an truyén dau tién Ia rat cao. Tuy nhién, néu ching ta
chia nho thong diép vao trong nhiéu goéi nho doc lap, ching ta phai xir Iy qua
nhiéu géi tin diéu khién do vay do tré truyén sé tang.

S-MAC xir ly van dé trén bang cach chia nho thong diép dai thanh nhiéu
phan doan nho va truyén ching trong mot cum (burst) nhung chi sir dung mot
goi tin RTS va mot goi tin CTS. Chidng chiém dung duong truyén truyén tat ca

cac doan. Mdi 1an mot doan dir liéu duoc truyén, noi gii doi mot xac nhan ACK
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tir noi nhan. Néu n6 khéng nhan duoc ACK, nd s& mé rong thoi gian chiém
dung dudng truyén cho da mot phan doan nita, va truyén lai ngay phan doan dit
liéu hién thoi.

Nhu d3 biét, tat ca cac goi tin déu co truong duration, bay gio no 12 thoi
gian can cho su phat tit ca cac phan doan dir liéu con lai va nhitng géi ACK.
Néu mot ndt trong ving 1an can nhan duoc mot gdi RTS hoic CTS, thi n6 s&
chuyén sang trang thai nga trong khoang thoi gian truyén tat ca cac phan doan.

Muc dich cta viéc sit dung ACK sau mdi phan doan dit liéu nham ngan
ngira van dé nGt an (hidden station). C6 thé mot ndt 1an can thac day hoic mot
nGt méi gia nhap ving 1an can trong qué trinh truyén. Néu ndt chi 1a 1an can cua
nGt nhan nhung khong phai nat gui, thi nd s& khong nghe thay cac phan doan di
liu dang dugc phat tir nt gui. Néu nit nhan khdng giri ACK thuong xuyén, thi
nGt méi c6 thé gay nhiéu vi cam nhan séng mang trong viéc tham do dudng
truyén sé& thong bao duong truyén rdi. Néu né khoi dong tién trinh phat, thi qua
trinh truyén hién thoi s& bi hong & tai nat nhan.

MOdi phan doan dit liéu va goi tin ACK ciing c6 truong duration. Bang
cach nay, néu mot ndt tinh day hoac mot nit méi gia nhap trong qué trinh
truyén, thi n6 chuyén sang trang thai nga bat ké né 1a 1an can caa nat gui hay nat
nhan. Vi du, gia st mét nat 1&n can nhan dugc mot RTS cua nat gii hoac mot
CTS tir nGt nhan, nd s& chuyén trang thai nga trong toan bo thoi gian duoc cung
cap trong théng diép. Néu bén giri mo rong thoi gian truyén do mat phan doan
dir liéu hoac do 15i, vi nga nén cac nat 1an can khéng y thirc dugc su mé rong
nay ngay lap tic. Tuy nhién, cac nit s& biét dugc diéu nay tir nhimg phan doan

mao rong hoac nhitng goi tin ACK khi no tinh day.

2.3.3. T-MAC (Time out - MAC):
Giao thire diéu khién truy nhap T-MAC (Timeout-MAC) do hai tac gia
Tijs van Dam va Koen Langendoen, khoa Cong nghé thdng tin va cac hé théng,

Truong dai hoc cdng nghé Delft, Ha Lan, gisi thiéu tai Hoi nghi qudc té vé cac
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hé théng mang cam bién nhing lan tha nhét tai Los Angeles, My, nim 2003
(Sensys’03). Giao thirc nay 1a su cai tién nham khic phuc nhugce diém cua S-
MAC.

S-MAC c6 hai tham sé quan trong: d6 16n cua khung thoi gian (frame
time) va do dai thoi gian thace (active time). D 16n khung thoi gian bi gigi han
boi yéu cau vé do tré cho phép va do 16n bo dém. Do 16n thoi gian thic phu
thuoc chu yéu trén tée do phat sinh théng diép: né phai du 16n dé nat cam bién
c6 thé phat di tat ca cac thong diép caa nd trong khoang thoi gian thic. Trong
khi yéu cau do tré va khdng gian bd dém noi chung 1a ¢6 dinh thi toc d6 phat
sinh thong diép thuong thay d6i. Dé dam bao tat ca cac thong diép duoc phat
nhu mong mudn, nit cam bién phai duoc cai dit mot thoi gian thie sao cho ¢6
thé xtr ly & muc thong lwong cao nhat. Nhung khi thong lwong xudng thap thi
thoi gian thac sé khong duoc str dung téi wu va do dé niang luong s& bi lang phi
do van dé nghe nhan rdi (idle listening).

Y tuéng mai cua giao thirc T-MAC l1a giam bét thoi gian nghe khi rdi
bang viéc truyén tat ca cac thong diép trong nhitng cum (burst) c6 do dai thay
doi tly theo, va thuc hién ngua gitta cac cum, xac dinh mot cach mém déo do dai
ti wu thoi gian thic theo su thay d6i cua luu luong dudng truyeén.

* Nhirng van dé co ban:

emal [ LT LT LTTLTT

active time

T4  slegptime
P

we 1 W mE

Hinh 2.6: Luoc d6 co ban T-MAC véi thoi gian thic thay doi
Hinh 2.6 cho thay lugc do co ban cua giao thac T-MAC. Mai nat dinh ky

tinh day lién lac céc nGt 1an can, sau d6 ngu tiép cho dén khi khung tiép theo.
Trong ltc do, nhitng thong diép mdi duge dua vao hang doi. T-MAC ciing su
dung ky thuat RTS, CTS, Data, ACK dé tranh xung dot va truyén sé liéu tin cay.

Sinh vién: Nguyén Cong Tién - Lép CLT201 Trang 31



Dé an tot nghiép dai hoc - Nganh CNTT - Trwong PH Dén 1dp Hdi Phong

Mot nit s& duoc dit & ché d6 nghe va san sang thuc hién truyén sé liéu
khi n6 dang & trong trang thai thizc. Trang thai thirc s& két thic khi khéng c6 mot
su kién kich hoat (activation event) nao xuét hién mét khoang thoi gian TA. Mot
su kién kich hoat la:

+ Su két thlic mot khung thoi gian theo dinh ky.

+ Su tiép nhan bat ky dit liéu ndo trén sdng vo tuyén.

+ Sy xut hién sy kién cam bién dugc phat hién qua thanh phan vo tuyén.

+ Sy két thlc truyén dix liéu caa mot nit c6 so hitu goi dix liéu hoac su
bién nhan ACK;

+ Thong tin vé su két thuc trao ddi dir liéu cua cac ndt 1an can qua nhan
duoc cac goi RTS, CTS.

Thong sé TA xac dinh thoi gian ti thiéu cho viéc thirc chd nghe trén mot
Khung thoi gian.

Luoc do timeout chuyén tat ca cac giao dich vao mot cum tai diém bat
dau cua khung. Khi d6 nhimg thong diép giira c4c thoi gian hoat dong phai duoc
dua vao bd dém. Do 16n cua bd dém xac dinh can trén cta do Ion khung thoi
gian cuc dai.

* Phan nhom va ddng b:

Pang bo khung thoi gian duoc thuc hién qua su hinh thanh phan nhém ao
nhu dugc md ta trong giao thic S-MAC. Khi mot nlt cam bién bat dau qué trinh
hoat dong cua minh, né bat dau bang viéc doi va nghe. Néu n6 khong nghe thay
gi trong mot khoang thoi gian nhat dinh, thi né ty chon cho minh mét lich 1am
viéc va truyén mot goi tin ddng bo SYNC chaa dung thoi gian khoi tao cua
khung tiép theo trong lich l1am viéc. Néu n(t cam bién trong thoi gian khoi dong
nghe thiy mot goi tin dong bo tir nat khac, thi nd sé theo lich 1am viéc trong goi
tin dong bo d6 va quang ba goi tin ddng bo twong ng cta chinh minh.

Céac n(t cam bién thyc hién phat lai ngay géi tin dong bo caa ching.
Chuing thuc hién nghe day du mot khung mot cach khong thuong xuyén, vi vay

ching c6 thé phat hién ra su ton tai cua nhitng thoi gian biéu khac nhau. Diéu
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nay nay cho phép cac nit méi hodc cac nat di dong cd thé dugc chap nhan gia
nhap nhom da ton tai trude do.

Néu mot nit da c6 mot thoi gian biéu nhung lai nghe dwoc tir goi tin dong
bo mot thai gian biéu khéc (tir nGt khac), thi nd chap nhan ca hai va thuc hién
phat mot goi tin déng bo chira thoi gian biéu cuia minh dé cho céc nit khéc biét
c6 su ton tai thoi gian biéu d6. Viéc chap nhan ca hai thoi gian biéu 1am viéc c6
nghia rang nat s& c6 nhiing su kién kich hoat & tai thoi diém bét dau cua ca hai
Khung.

Muén truyén dit liéu, cac ndt cam bién phai khoi dong tai diém bat dau
khoang thoi gian thie quy dinh trong lich biéu caa ching. Tai thoi diém do, ca
cac nut 1an can c6 cung thoi gian biéu, va cac 1an can ma di chap nhan thoi gian
biéu nhu sy b6 sung déu & trang thai thirc. Néu né thuc hién ¢ diém bat dau cua
mét khung cta nut 1an can, thi ¢d thé n6 phét trong khi 1an can cta né van dang
trong trang thai ngi. Véi luge do nay lam ¢ thé thuc hién quang ba ma chi can
phat mét 1an duy nhat.

Luoc d6 dong bo dugc md ta ¢ trén duoc goi 12 qué trinh phan nhém ao,
thuc day cac nat hinh thanh nhém véi cuing thoi gian biéu ma khong bat budc
thoi gian biéu ndy &p dung téi tat ca cac ndt trong mang. N6 cho phép thuc hién
quang ba co hiéu qua, va tranh su duy tri thdng tin cac ndt lan can.

* Thyc hién gii RTS va chgn TA trong T-MAC:

T-MAC cin b6 sung mét sé dic tinh so véi S-MAC dé thuc hién sy diéu
chinh t6i uu thoi gian thic.

a. Khoang canh tranh cé dinh (Fixed contention interval):

Trong nhiing giao thirc trén nén canh tranh, nhu IEEE 802.11, cac nit doi
ngau nhién mot khoang thai gian nhat dinh, goi 1a khoang thoi gian canh tranh,
sau khi phét hién c6 xung dot. Chi khi duong truyén rdi trong thoi gian ay ching
méi khai dong lai su truyén. Thong thudong, mot lugc do back-off duoc st dung:

khoang thoi gian canh tranh tang thém khi luu luong dudng truyén ting. Luoc
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d6 back-off giam b4t xac suat xay ra xung dot khi tai ting cao, trong khi tdi
thiéu do tré khi tai thap.

Trong giao thitc T-MAC, mdi nit truyén cac thong diép trong hang doi
ctia nd vao mot cum tai diém bét dau cua khung. Trong thoi gian truyén cum
nay, dudng truyén 1a bdo hoa: nhimng thong diép dugc truyén ¢ toe do cuc dai.
Moi nut déu mudn gianh quyén truy nhap dudng truyén mdi khi nd giri mot goi
tin RTS. Khoang canh tranh ngdy cang tang thi lai khdng c6 ich khi tai phan l6n
d3 cao va khong thay do6i. Boi vay, su truyén RTS trong T-MAC bat dau bai
viéc doi va nghe mot khoang thoi gian ngau nhién trong pham vi mét khoang
canh tranh ¢ dinh. Khoang nay dugc diéu chinh phu hop Vvéi tai cuc dai.

Khoang thai gian canh tranh luén luén dugc st dung du khong c¢6 xung dot.

A I contend  RTS CTS DATA ACK
i
i
E ‘t“ t“
i Y Ay
C 1 contend oA &
. i

T4

Hinh 2.7: Luoc d6 trao ddi dir liéu co ban. Nt C nghe dugc CTS tir nit B va sé
khong 1am phién giao tiép gitra A va B. TA phai di dai dé C c6 thé nghe duoc
phan dau CTS

b. Thir lai phat lai RTS:

Khi mot nat phat mot goi tin RTS, nhung khong nhan dugc tro lai mot
CTS, c6 thé mot trong ba trudong hop xay ra:

+ Nt nhan khong nghe dugc RTS vi xung d6t, hoac

+ NUt nhan bi ngan can tra loi vi nghe dugc RTS hoac CTS, hoac

+ NUt nhan dang ngu.

Khi nat gai khong nhan cu tra 1oi trong khoang TA, n6 c6 thé chuyén
sang trang thai ngu. Tuy nhién, diéu d6 c6 thé khéng hop Iy trong nhiing truong
hop 1 va 2: s& xay ra hién twong ndt muén gui chuyén sang trang thai ngu trong

khi nit nhan van thae. Khi truong hop nay xay ra tham chi ¢ ngay tai thong bao
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dau tién cua khung, thong luong giam dang ké. Boi vay, mot nat can phai cb
gang gui lai RTS néu n6 khong nhan duoc cau tra loi. Néu khdng cd con su tra
loi sau khi thir lai, né can phai tir bo ¥ dinh truyén va sang trang thai ngu.

c. Xac dinh khoang TA:

Mét nat khdng nén chuyén sang trang thai nga trong khi cac ndt 1an can
cua né van con trao doi s lieu, mot khi nat 1an can d6 co thé 1a ndt nhan cua
mot théng bao ké tiép. Khi bat dau nhan dugc goi tin RTS hoic CTS cia mot
nat 1an can cing da thuc hién mot tac vu kich hoat khai tao khoang TA.

Khong nam trong vang 1an can, nén mot nit s& khdng nhan dugc thong
diép RTS tir mot ndt ma khaoi tao truyén thdng véi 1an can caa nd. Khoang TA
phai du dai dé nhan it nhat bat dau caa g6i CTS (Hinh 2.7). Su quan sat nay cho
chung ta mot can duéi cua do dai khoang TA:

TA>C+R+T

O day C 1a chiéu dai khoang canh tranh, R 14 d6 dai mot géi RTS, va T Ia
thoi gian turn-around (khoang thoi gian ngan gitta két thac caa goi RTS va su
bat dau cua goi CTS). Chon thoi gian TA 16n s& lam tiang su tiéu phi ning
lugng.

* Tranh nghe lém:

Giao thiic S-MAC dua ra y tuwong nit sé sang trang thai ngu sau khi nghe
dugc mot goi tin RTS hoac CTS danh cho cho nut khac. Khi do6 nut bi ngan can
viéc gui dir liéu trong thoi gian d6, nd khong thé tham gia bat ky truyén théng
nao va tot nhat Ia tat bo phan thu phat vo tuyén ciia no dé tiét kiém nang luong.

Tranh nghe lom 1a mot tly chon trong giao thuc T-MAC dé giam ning
luong tiéu thy. Tuy nhién, ching s& lam xung dot do thong tin diéu khién
(overhead collision) cao hon: mét ndt c6 thé khdng nhan dugc goi tin RTS va
CTS trong khi ngu va lam phién giao tiép nao d6 khi nd tinh day tré lai. Do vay,
lwu lwong cuc dai giam bét. Mac dau viéc tranh nghe thira sé tiét kiém dién nang
nhung n6 khong duoc st dung khi muébn dat bang thong cuc dai.

* Truyén thong bat ddi xing:
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Do luu lwong trén mang cam bién phan 16n 1a dang hudng, nhu dang
truyén thdng tir nhiéu nat tai nat gbc (Nodes-to-Sink), nén T-MAC xuat hién
hién twgng lam giam thong luong cuc dai cia mang. Hién tugng nay duoc mé ta
nhu sau (Hinh 2.8): Céc ndt tir A d&én D hinh thanh mot té bao véi cac 1an can
cua n6. Céc théng diép di chuyén tir trén xudng dudi, nhu vay nit A chi phét téi
B, B chi phéat tai C, va C chi phat tgi D.

A contend RTS CTS DATA ACK
(]
B 1 "‘ 1"‘ T
£y Ay -"
‘# \‘ , ’J'
£’
’ contend -13.' -‘:".' i
C
‘l' 1
D active !s.reep
1 RTS?
T4

Hinh 2.8: Hién tugng nga sém. D di ngu trude khi C gui mot RTS cho nd

Khi nGt C muén phét dit liéu tgi ndt D, nd phai tién hanh canh tranh, thim
do duong truyén dé gianh quyén phat. Viéc tham do co thé khong tién hanh
duogc vi trude d6 ndé nhan mot thong diép RTS tir ndt B, hoac nghe duoc thong
diép CTS tur nut B tra 1oi téi nat A.

Khi C khéng tién hanh duoc viéc thim do duong truyén do nhan dwogc
théng diép RTS tur nat B, nod s¢€ tra 1o B mot thong diép CTS, D sé nghe duoc
thong diép nay va dat lich chuyén sang trang thai thic khi truyén théng giita C
va B két thic. Tuy nhién, néu C khong tién hanh dugc 1a do nghe dugc thong
diép CTS tur B tra 1oi A (Hinh 2.11), nd phai gii im ling. O trudng hop nay, do
D khdng biét truyén théng gitra A va B, khdng nhan dugc thong diép muén
truyén dit liéu tir C, nd s& chuyén sang trang thai ngu khi thoi gian thirc theo lich
két. Chi & tai diém bat dau cua khung tiép theo, nit C méi c6 co hoi dé thyc hién
tham do va tién hanh trao doi dit liéu vai nat D.

Nhitng van dé quan sat dugc & trén duoc goi 1a hién twong ngu sém (early
sleeping problem), tirc 1a mot nit chuyén sang trang thai nga khi mot nat 1an can

van thirc va muén trao doi dir liéu voi nd. Trong dang truyén thdng tir ntt dén
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nGt gc, nga sém 1am giam thong lugng c6 thé cua T-MAC téi it hon mot nia
thong luong cuc dai cua nhitng giao thire truyén thdng, hoic so véi S-MAC. C6
hai giai phap dé khic phuc hién tuong trén:

- Gui som RTS (Future request to send):

Y tudng cua giai phap giri s6m RTS 14 s& dé cho ndt nhan tiém ning (nut
D) biét dugc c6 mot nit mubn g dir liéu cho nd, nhung dang trong tinh trang
phai giir im ling dé khong 1am anh huong dén giao tiép khac. Khi mot nat nghe
dugc mot thong diép CTS danh cho cho nat khéc, né ngay lap tac gui mot goi
FRTS (nat C trong Hinh 2.9). G6i FRTS chua théng tin vé do dai caa khéi dir
liéu truyén thong lay duoc trong thong diép CTS.

conwend RIS CT1S DS ACK

A DATA

+ \ 7 B, i
C conrend A/ 8 /

D acrive ; acuve >

74

Hinh 2.9. Thuc hién giri sém RTS. Goi tin FRTS gitr D thuc

Mot nat nhan duoc géi tin FRTS thi nd biét rang trong khoang thoi gian t
tiép theo n6 s& nhan duoc mot thong diép RTS, do vay phai lap lich thirc trude
thoi gian ay. Thong tin thoi gian t duoc lay trong thong diép FRTS.

Pé thong diép FRTS (do C phét) khdng gay nhiéu di liéu trao doi (giira A
va B) theo sau thong di¢p CTS, dir licu phai dugc hodn lai khoang thoi gian
truyén FRTS. Bé khong mat kénh truyén, nat khoi tao RTS ban dau (Nt A)
truyén mét gai tin DS (Data-Send). Sau goi DS, n6 ngay 1ap tac gui dit liéu binh
thuong. FRTS c6 cung kich thudc voi DS, nd sé chi xung dot voi goi DS ma
khéng phai vai goi dit liéu. Goi DS bi mét, nhung khong c¢6 van dé gi vi né
khong chtra dung thong tin.

Vi giai phap FRTS, d6 dai cua khoang thoi gian TA phai dugc tang thém
mét khoang biang do dai théng diép CTS. Viéc thuc hién giai phap guri s6m RTS

s& lam ting thong luong cuc dai trong truyén thong dang hudng. Tuy nhién, vi
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c6 DS va FRTS, muc tiéu thu ning luong ciling ting thém. Ciing c6 thé sir dung
ky thuat FRTS trong cac dang truyén thong khac nhung chi khi muén ting thong
lwgng mot cach chinh dang. Vi khi tai & muac thap thi téc do trao d6i dir licu
cling thap do phai gia ting xir 1y thong tin diéu khién.

- Thuee hién wu tién giri khi bg dém day (taking priority on full buffers):

Khi ndo bo dém truyén/dinh tuyén cia mot nat gan day, thi viéc gui s&
hop 1y hon 1a tiép tuc nhan. Khi mot ndt nhan dugc RTS danh cho nd, ngay lap
tic nd guri g6i RTS cua chinh minh cho nut khéc, thay vi viéc tra 1oi vai mot
CTS nhu binh thuong.

contend

I contend /

]

i

I

I

I

:

F -

: o TOTRTH RO T
| i FoooF A
: ;7 r / K / F
|

I contend

:

|

|

|

|

1

|

|

\/ NN /

RTS CTS DATA

O N €W

L =

Hinh 2.10: Thuc hién wu tién gti khi bo dém day

Giai phap nay c6 hai hiéu qua, truéc hét khi nat C khi tra loi B bang thong
diép RTS khi bo dém cua no day, mot mat né tra loi B rang né khéng mudn
nhan, mit khac dong thoi né ciing thong bao cho D 1a né mudn giri dir liéu. Nhu
VAy X4c suat ma van dé nga sém xay ra sé& thap hon. Hai 13, thuc hién vu tién gii
khi bo dém day hinh thanh mét gisi han diéu khién ludng trong mang cd loi cho
nhitng dang truyén thong tir nat téi nat goc. Trong Hinh 2.10, ndt B bi ngan gui
cho dén khi nat C c6 da khdng gian bo dém.

Tuy nhién, phai can than khi st dung giai phap nay, né nguy hiém trong
truong hop tai cao khi dang truyén thong khéng phai 1a dang huéng. Khi nhiing
tat ca nGt trong mot mau truyén thong da hudng bat dau gianh quyén wu tién, co

hoi cho xung do6t taing nhanh chéng. T-MAC st dung mét gigi han: mot nat co
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thé chi str dung giai phap nay khi né da mat canh tranh it nhat hai 1an. Gigi han
nay bao vé su thuc hién trong mot mau truyén thong da hudng, trong khi van

ting thong luong cuc dai trong mau don hudng.

2.4. Két luan:

Muc dich chinh cua viéc diéu khién thdm nhap moéi truong (Medium
Access Control - MAC) trong WSN la quan ly hiéu qua hoat dong cua song vo
tuyén trong mang nham tiét kiém nang luong cho cac nit mang. Trong chuong
nay ching ta c6 thé nam duoc céc thong s6 can quan tdm khi thiét ké giao thuc
MAC va cac nguyén nhan gay ra hao phi nang lugng trong WSN. T d6 tim
hiéu mot s6 giao thirc MAC da dugc dé xuat cho WSN hoat dong nhu thé nao dé

c6 thé tiét kiém nang luong cho cac nut mang mot cach hiéu qua nhat.
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CHUONG 3: THUC NGHIEM MO PHONG GIAl THUAT PIEU KHIEN
THAM NHAP MOI TRUONG TRONG WSN

Chuong trinh thtr nghiém 1a chuong trinh khao sat do nhiét do moi truong
trong mang WSN duoc tién hanh trén mot s nit mang cam bién CC1010 (st
dung vi diéu khién CC1010 dé xay dung ndt mang trong mang cam bién) véi
phuong phap 1ap lich tap trung. Ly do lua chon phuong phap nay cta em la do
day 1a mot trong nhitng phuong phap cé thé tiét kiem duoc nang luong cho nit
mang khéng day va dé trién khai trén thuc té.

3.1. Ché d@ 1ap lich tip trung:

Lap lich tap trung 1a mot trong nhiéu cach t6 chirc hoat dong cua cac nat
mang trong mang WSN. V1 13p lich tap trung, hoat dong ctia mang s€ do hoan
toan nat co s¢ diéu khién. Tat ca cac nut cam nhan khac trong mang s& hoat
dong theo yéu ciu cia nit mang co s, cac yéu cau diéu khién nay da duoc nut
mang co s¢ sép Xép ¢ dinh va tré thanh mot lich trinh hoat dong cho mang do.

CAu tric cua goi dir liéu dd duoc sir dung trong chuong trinh lap lich tap

trung véi tat ca cac nit mang c6 dang nhu sau:

7 byte 2 byte 16byte 2 byte 2 byte 2 byte 1 byte

Preamble | NutID NutName | Data Target Type CRC

Trong do:
Preamble : c4c byte dan dudng dung dé dong bod ngudng cho bo thu RF
NutID: Pia chi cua ndt truyén.
NGtName: Tén caa ndt truyén.
Data: Thong tin dit liéu truyén ve.

Target: Dia chi nat nhan.
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Type: Loai goi dit ligu (didu khidn/d ligu).
CRC : Byte chtra thdng tin kiém tra 18i du thira vong.

* Hoat dong:

- Nut co so: S& lan lugt y8u cau ting nlt mang g dix liéu truyén vé. MOi
nGt mang khi nhan dugc yéu cau s& phai giri dit liéu phan hdi vé cho nut co so.

Ban dau, nat co so gli yéu cau téi mot nt cam nhan n (NGtID=n). Sau khi
gui goi tin yéu cau nut n ra ngoai mdi truong thi cac nit mang khac ciing déu
nhan duogc yéu cau d6 chir khong riéng nit n nhan duoc. Tiép theo nut mang co
so chuyén sang ché do nhan dir liéu tir nit mang cam nhan truyén vé. Luc nay,
nut mang co so s€ nhan dir liéu, néu nhan khong thanh cong thi nhan lai lan nira.
Tuy nhién, qué trinh nhan lai nay s€ dugc gidi han vé mat thoi gian. Tuc 1a véi
moi mot nit cam nhan, nit co s& chi danh cho mot luong thoi gian nhét dinh,
néu sau khoang thoi gian d6 ma van khong nhan duoc goi dir lidu truyén vé thi
tirc 1a nat mang dugc yéu cau d6 di khong nhan dugce yéu cau hodc 1a goi dir
lidu truyén vé da gdp phai 16i truyén nao d6 ngoai mdi trudng dan téi nit co sé
khéng thé nhan duoc. Lic ndy nat co s¢ s& phai bo qua nut d6 dé chuyén tiép
sang yéu cau nat khac. Néu trong thoi gian d6 ma ndt co s& nhan duoc thanh
cong goi dit liéu cta nit cam nhéan truyén vé thi s& tién hanh xir 1y goi tin va
hién thi hodc luu trit dit liéu nhan duge d6. Sau khi xir 1y xong gobi tin, trude khi
chuyén sang yéu cau nat tiép theo (n+1) thi niit co s& s& tré mot khoang tdelay.
Ly do phai c6 khoang tré ndy s& dugc giai thich tai phan hoat dong cia nit cam
nhan. Nhu vay la nut co sé da hoan thanh viéc yéu ciu va nhan g0b1 tin tor mot
nat cam nhén trong mang. Sau do6 nut co so s€ tang thém 1 vao dia chi ctia nut s€
yéu cau, tirc 14 sé tién hanh nit cam nhan tiép theo. Nhung néu khi tang dia chi
nat yéu cau ma vuot qua gidi han da dat 13 s6 nat t6i da c6 trong mang thi nit co
sO lai quay lai yéu cau nut dau tién (nutID=1). Qua trinh duogc 1ap lai lién tuc,
nit co s& yéu cu va nhén dit liéu cua lan luot tung nut trong mang, sau khi hét

mot luot lai tién hanh quay lai véi nat dau tién.
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while (TRUE) {
for(i=1;i<max;i++) // max 1a sé ndt mang
{
tbcTransmit(i,0xFF);  // giri yéu cau cho nat |, loai goi tin diéu
khién
t = (int) sppGetTime(); // lay thoi gian trudc khi nhan
do{ //Néu nhan khéng thanh coéng s& nhan lai
cho //toi khi hét 800ms thi théi.
tbcReceive();
Jwhile((RXI.status !'= SPP_RX FINISHED)&&( ((int) sppGetTime()-
)<80));
tbcPrintTable(); /I xtx ly goi tin
delay(10000);//Thoi gian Master dgi cac Slave tinh toan, xu ly dir
liéu
¥
¥

* Giai thuat cia nut co s6':
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v
Addr=1
2 !
S .
Addr>max? Gl yéu cau

A

A

Hinh 3.1: Giai thuat nat co s&

- NGt cam bién: Ludn ¢ trang thai san sang nhan yéu cau cia nut co so.
Ngay sau khi nhan duoc yéu cau sé tién hanh gui dit lidu tro ve.

Ban dau, nat cam nhan s& ludn & trong trang thai nhan dir li¢u, néu nhan
khong thanh cong thi nhan lai cho té1 khi nhan dugc goi dir liu thanh cong. Sau
khi nhan dugc géi, nat cam nhan tién hanh tach timg truong dit lidu cta gbi da
nhéan duoc va kiém tra xem do6 c6 phai 13 yéu cau gui dit liéu ciia nit co s¢ yéu
cau chinh né hay khong. Néu dtng thi nat cam nhan sé& tré mot khoang thoi gian
ngan roi mdi tién hanh gii dit liéu tré vé cho nut co so. Roi sau d6 lai quay tré
lai qué trinh nhan yéu cau dé cho tin hiéu yéu cau lan tiép theo. Néu g01 tin nhan
dugc khong phai 1a yéu cau chinh nd gui dit liéu vé thi lic nay c6 thé c6 2 kha
nang: hodc 1a d6 goi tin yéu cau cia nit co s gui téi yéu cau mot nit khac,

hoac dé 1a mot goi tin dir liéu cua mdt nut co s& khac dang truyén vé. Khi do, no
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s& quay tro lai viéc nhan dir liéu tir moi trudng. Nhung sau mdi qua trinh nhan
thi nit cam nhan lai phai tién hanh tach cac truong dir liéu trong goi tin nhan
dugc va kiém tra cac truong do. Cac cong viée nay s& ton mot khoang thoi gian
va khién cho nat cam nhan khéng dugc yéu cau s& quay trd lai qua trinh nhan
yéu ciu mudn hon nat cdm nhan vira nhan duoc yéu ciu va da gui dir liéu di. Va
cling chinh vi qua trinh xtr Iy mat mot khoang thoi gian ma tai nut co so sau khi
xtr 1y xong dir liéu lai phai tré di mot khoang dé khi giri tin yéu cau thi cac nuat
cam nhén khéc c6 thé nhan duoc.

* Giai thuat nat cam bién:

I

Nhan yéu cau

S
v D

S
Kiém tra dia chi

1D

Tré

‘

Truyén dir liéu

!

[

Y

Hinh 3.2 Giai thuat nat cam bién
while (TRUE) {
do{
tbcReceive();
twhile(RXl.status != SPP_RX_FINISHED);
if((nutTarget[n]==1)&& (nUtType[n]==0xFF))
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delay(20000);
tbcTransmit(OxFFFF,0xFF00);

3.2. Thiét lap thuc nghiém:
* C4c thiét bi thuc nghiém:
- C4c nt ctia mang duoc xay dyung tir vi diéu khién CC1010.

- Hé théng WSN duoc két ndi voi may tinh théng qua cap ndi RS232 dé
nap phan mém cho cac ndt mang. Ngon ngit lap trinh sir dung 1a ngdn ngit C

cung vai chuong trinh dich la Keil pVision2.0.

- Ngudn pin, déng hd do.

Hinh 3.1: Nt cam bién sir dung khéi EM-CC1010
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Hinh 3.2: NGt mang cam bién c6 gan ma hinh hién thi két qua do

* So' d6 thwe nghiém va thuit toan:

NUt co s&
Master

Céac nat
cam nhan

Céac nat
cam nhan

Céc nut
cam nhan

Céc nut
cam nhan

Hinh 3.3: So d6 thuc nghiém mang WSN

Nut CC1010 ndi truc tiép véi may tinh qua cong RS232 (goi 1a nat co sd)
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nhan két qua tir nat cam nhan (co6 thé di dong xa nut co sd). Nt co sd s& phat tin
hiéu yéu cau thu thap dit liéu tir cac niit cdm nhan theo nguyén tic hoi vong, cac
nat cam bién sau khi nhan dugc yéu cau tir nat co s& s& giri tra 10i.
* Nap chwong trinh cho cac nit mang:

- Nbi ban mach véi may tinh dé nap chuong trinh nhing cho cac nat
mang thong qua ban mach nay.

- Dung trinh bién dich Keil pVision 2.0 @ dich chuong trinh thtr nghiém

trén may tinh tir ngon ngir C sang ma may ta duoc file .hex dé nap cho cac nut.

LT I p¥ision?2 - [C:\Documents and Settings\idmin\DesktopM.ap Lich Tap Trung V2. 241 .c]

& | ] Eﬁ'lTalgetI j
Eile Edit Yiew Project Debug Flash Peripherals Tocls SYCS Window Help _ 5| X
Project Wiarkspace ®
=24 Target 1 Z|
EF_BXTxPAIR_3SETTINGS code RF_SETTINGI = {

=25 Source Group 1

+ RFReceivePacketZ
1] cullib_small,LIB
1 hallib_small.LIE

SA0x4AE, 0x2ZF, O0x15, // Modew 0O, 1 and 2: Manchester, Z.4 kBaud
0x43, 0x&F, Oxl5, /¢ Modew O, 1 and =2: HNRZ, Z.4 kbaud

AA0mdl, 0x2F, 0x29, A4 Modem 0, 1 and 2Z: NRZ, 35.4 kEaud
J/0xa0, O%2ZF, 0x52, // Modew 0, 1 and 2: NRZ, 76.8 kBaud

= l.c 0x75, 0Oxi0, 0x0O, 7/ Freg 4
reglnil.h OxE8, 0x3z, Ox&ED, /¢ Freq B
cc1010nd.h 0x01, OXAE, /4 FSEP 1 and 0 J
packet.h Dx40, /¢ PLL_BX
hal.h Ox30, 44 PLL_TH
stdio.h oxeC, /¢ CURRENT_EX
OxF3, // CURRENT TX
ox3z, // FREND
OxFF, /4 PA_POU
ox00, /¢ MATCH

0x00, /¢ PEESCALER
}:

< > d LH
 Biriles [Prees | (5 B e PACKETH

*[linking. .. |
—|Program Size: data=30.0 zdata=24 const=19 code=2395

£|lcreating hex file from "3"...

5|"3" - 0 Error(s), 0 Warningis). -
=

A | | | [\Build/(\ Command l}‘;\FinclinFiIes f ||1 |b

1 Start (f LS I N r ¥0Y Master. .. r -% chipco... BEE 1 - i

Hinh 3.4: Dich chuong trinh nhung bang Keil uVision 2.0

- Bat ngudn pin caa ban mach vira gan ndt mang, mé chuong trinh

Chipcon CC1010 Flash Programmer dé nap tép .hex vira dich cho nit mang.
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HEX-file:
Iocuments and Settings\AdmintDesktophLap Lich Tap Trung V2.24143 hex Browse B .

Keil iViSions’

— Parallel port: Device Clock Frequency (MHz):
-
) 8 y) [tPT1 > [re7es =
My Computer. Mozilla Fivefox | RN R Tl =/t (11
Rl |~ : Dolt
Erase, Program & Verify
" Erase & Program
" Verify Device against HEX, File
(" Read Program Memory from Device and Write to HEX File
" Perform Flash Memory Test
— Memory Lock Options .~ Device Information -
[ ‘wite Protect Boot Block GelEom D v
™ Read Protect Whole Memory |

Device ID: |01: Chipcon CC1010 (Rev 1)

Memory Write Protection: No Read Lock, No boot write lock,

| |Lock Status:  |Upper 0 bytes write locked.

All Memory Unlocked v

: ‘Cnp\,"cnf Lap
“LichiTap Trus

Demo 14,07

0 Master - .. -8 Chipron CC... | BDV1 -pision... &) # L (R, 3i42PM

Hinh 3.5: Nap chuong trinh nhing cho cac niit mang

3.3. Tién hanh thwe nghiém:

Tién hanh do dong dién tiéu thu 4 trang thai khac nhau cua nat mang la:
truyén, nhan, nga va khi khong truyén — nhan.

Céch do dong dién:

CC1010 sir dung ngudn nudi 3.3V, dién ap ndy duoc tao ra tir jump testl
(dugc danh dau trén so dd trong Hinh 3.6).

Trong so @ CC1010MB thi chi ¢6 chip CC1010 sir dung ngudn nudi
3.3V nén dong qua jump test 1 cling chinh la dong tiéu thu cua chip CC1010.

Pé do dong nay ta dit mot dong ho do dong ndi tiép tai testl nhu so do
trong Hinh 3.6.

Pong thoi nap chuong trinh cho CC1010 chay trong timg ché do riéng
bi¢t, ta s€ do dugc dong ti€u thu cia CC1010 trong ché do tuong Ung.
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o Vi tri do

"~ TOWER SUPPLY r . pm
. v K % v { M Nax ‘.—?':‘—. W ;_It‘;l t 2 —‘6 %:‘:/ CLPO’ng do
"T‘__.::T_’ | B (T i T a0 | | Go | | 1)
M C I: ! g %: o= ¥ — -—‘W‘”t dong dién
=Kl [ :{' 2 W =0 gi TEST1
ik jief | 2=8 — 01 “-tz_‘ =il I
— i : 1| x Ve _‘.“f

Hinh 3.6: So dd chip CC1010, vi tri ddnh dau dé do dong dién tiéu thy

rf}ll' -

T, ’—‘»mﬁmj

_’

Hinh 3.8: Do dong dién trén chip CC1010
Trang 49
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a. Po dong dién tiéu thu cia nut mang lic mang nhan dir liéu:

Pé ¢6 thé do dong dién ti€u thu cia nut mang & ché d6 nhan di liéu ta s&
phai lam nat mang chi hoat dong & ché do nay bang cach nap chuong trinh cho
nat ludn & ché d6 nhan dit liéu sau do tién hanh do cuong dé dong dién.

* C4c budc tien hanh:

- Thiét lap ché do hoat dong cho module RF.

- Cho phép module RF bat dau nhan tin hiéu.

- Chuong trinh 18p vo han.

* Két qua:

Cuong do dong dién khi nit mang nhan dit li¢u la: 23mA
b. Po dong dién tiéu thu ciia nlit mang lic mang truyén dir lidu:

Cho nut mang hoat dong ¢ ché d6 nhan di liéu, nap chuong trinh cho no
luén & ché do phat tin hi€u, sau do tién hanh do cuong do dong dién.

* Céc budc tién hanh:

- Thiét lap ché do hoat dong cho module RF.

- Cho phép module RF bat dau phat tin hiéu.

- Nhay tai cho.

* Két qua:

Cuong do dong dién khi nit mang truyén dir liéu 1a: 35mA
. Po dong dién tiéu thu ciia nit mang liic mang ngu:

Cho nut mang vé ché d6 ngu, nap chuong trinh cho né ludén & ché do ngu
roi tién hanh do dong dién.

Nt cam bién s& & ché d6 ngti ngay khi bit dau chay.

* Két qua:

Cuong do dong dién khi nut mang ngu la: 0.18mA
d. Po dong dién tiéu thu ciia nit mang lic mang khong truyén - nhin dir
li€u:
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Tuong tu nhu trén, ta cling thiét 14p nat mang vé ché d6 khong truyén -
nhan dir liéu bang cach nap chuong trinh cho nd ¢ ché do khong truyén — nhan
dit liéu rdi tién hanh do.

* Cac bude tién hanh:

- Thiét lap ché d6 cho module ADC va kich hoat ADC, khong kich hoat
module RF, chi cho CPU ¢ ché d6 chay I¢énh.

- Chuong trinh nhay tai chd.

* Két qua:

Cuodng do dong dién khi ntit mang khong truyén — nhén la: 17mA
e. Panh gia két qua :

’T&céckétquéﬂnlduqc(Suéntanhénthéychuongtﬁnhthuclﬁ@mduqc
viée tiét kiém nang luong rat rd rang. Dong dién tiéu thu & ché do nghi con nho
1% cua dong ti€u thu khi niit mang & ché do hoat dong. Vi vay, néu thoi gian nut
mang & trong ché do nghi kéo dai sé& tiét kiém nang luong rat nhiéu. Ty theo
ting ung dung thuc té yéu cdu ma ta co thé ting hodc giam thoi gian nghi cua
nut mang.

Phuong phéap nay rat hiéu qua doi v6i nhitg mang chi can cung cap thong
tin mot cach dinh ky nhu theo doi thoi tiét, myuc nudc, nhiét do tai nhirng thot
diém trong ngay...vi thoi gian nghi ciia mang 16n va cic nat chi hoat dong trong
nhimg khoang thoi gian duoc dinh san. Can cir vao nhu cau thyc té ta c6 thé can
thiép vao thoi gian nit mang nghi dé c¢6 duoc hiéu qua tiét kiém ning luong

nhét.

Sinh vién: Nguyén Cong Tién - Lép CLT201 Trang 51



Dé an tot nghiép dai hoc - Nganh CNTT - Trwong PH Dén 1dp Hdi Phong

KET LUAN

Nghién cau vé mang cam bién khdng day 1a mot van d& méi con la 13m
véi nhiéu ngudi 1am viée trong linh vuc ¢6ng nghé thong tin. Qua d6 &n nay, em
d3 trinh bay mot cach tong quan vé mang cam bién khéng day cing véi nhiing
vu diém, tinh ning wu viét va tng dung da dang ma khoéng phai mang nao ciing
c6. Trong twong lai khéng xa thi mang cam bién s& nhanh chéng dugc phat trién,
tng dung rong rai nham phuc vu tét hon doi séng, nhu cau cua con ngudi. Vi
dd &n ndy, em mong rang cé thé gop mot phan nho bé caa minh vao viéc nghién
ctru Vé linh vuc kha mai mé nay ¢ nudc ta.

Trong pham vi nhiém vu cua do an tét nghiép nay, em da nghién ctu
nhitng van dé co ban cua viéc thiét ké cac giao thire diéu khién méi truong va
c4c nguyén nhan giy hao phi ning lwong ctia mang cam bién khéng day, tim
hiéu mot s6 cac giao thirc thAm nhap moi truong va tién hanh thuc nghiém
phuong phap 1ap lich tip trung. Do ddy 1a mot linh vuc con kha mai mé va kién
thirc ctia em con han ché nén d6 an tét nghiép cua em khong thé tranh khoi
nhitng thiéu sét. Em rat mong nhan duogc su gop y, phé binh cua cac thay cod
trong khoa dé d6 an ctiia em duoc hoan thién hon.

Mot l1an nira, em xin chan thanh cam on PGS.TS. Vuong Pao Vy — Khoa
Pién tir vién thong — Truong Pai hoc Cong nghé - Pai hoc Quéc gia Ha Noi da

tan tinh giup d& em trong thoi gian vira qua.
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PHU LUC

Chuwong trinh khio sat do nhiét d¢ moi truwromg trong mang WSN

Phan mém viét cho Master bao gdm céc file: CC1010MB.h, Master.c

Phan mém viét cho Slave bao gdm cac file: Slave.c

1. CC1010MB:.h: File thu vién dinh nghia cac chan I/O

#ifndef CC1010EB_H
#define CC1010EB_H

#include <Chipcon/reg1010.h> // Include register definitions

//********** Constants *khkhkhkhhkhkhkkkkk

#define CC1010EB_CLKFREQ 14746
#define STRING_LENGTH 16

//********** LED macros *kkhkhkhkhkhhhkkkx

#define RLED P1 4 /I last recieved false
#define YLED P1_5 // waitting for recieve
#define GLED P1_6 // last recieved ok

#define BLED P1_7 // transmitting

#define LED_ON 0

#define LED_OFF 1

// LED pin output enable macros

#define RLED_OE(x) {P1DIR=(x) ? P1DIR&~0x10
#define YLED_OE(x) {P1DIR=(x) ? PIDIR&~0x20
#define GLED_OE(x) {P1DIR=(x) ? P1DIR&~0x40
#define BLED_OE(x) {P1DIR=(x) ? PLDIR&~0x80

//********** SWitCh macros *khkkkkhkkkkikkkk

#define SW1_PRESSED (IP1_7)
#define SW2_PRESSED (IP3_2)
#define SW3_PRESSED (IP3_3)

: PIDIR|0X10;}
: P1DIR|0x20;}
: PADIR|0x40;}
: PADIR|0Xx80;}
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#define SW4_PRESSED (!P2_4)

//********** Button macros *kkkkkikkkikkk

#define MENU_PRESSED (IP1_3)
#define SELECT_PRESSED (!P2_3)
#define UP_PRESSED (IP3_3)
#define DOWN_PRESSED (IP2_4)

//********** MlSC macros *hkkkkikkkkikkikik

#define DCLK PO_2
#define DIO PO 1
#define DCLKIO_OE(b) {PODIR=(PODIR&~0x06)|((b)?0x00:0x06);}

I PUT IN EXAMPLE RF_RXTXPAIR STRUCTURES FOR 434/868/915 !!!

#endif /CC1010EB_H

2. Master.c

#include <chipcon/reg1010.h>
#include "CC1010MB.h"
#include "PACKET.H"
#include <chipcon/hal.h>
#include <stdio.h>

#include <stdlib.h>

#include <math.h>

//LCD define

#define LCDPORT P2
shit _RS=LCDPORT"0;
shit  RW=LCDPORT"1;
sbit E =LCDPORT"2;
#include “lcd.h"

// Node ID constants
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#define Node_ID OxFF

#define Nodel 0x01
#define Node2 0x02
#define Node3 0x03
#define Node4 0x04

#define Max_Node 3

// Data type

#define Temp_LM35 0x01
#define Temp_DS18B20 0x02
#define Presure 0x03

I/ warning level

#define Nguongl 25
#define Nguong2 30
#define Nguong3 35

/I Protocol const
#define PREAMBLE_BYTE_COUNT 10

#define PREAMBLE_BITS_SENSE 16
#define CRC16_POLY 0x1021
#define CRC16_INIT OxFFFF
#define CRC_OK 0

PACKET xdata txDataBuffer;
PACKET xdata rxDataBuffer;

byte halRFReceivePacket2(byte timeOut, byte* packetData, byte maxLength);

/I MAIN PROGRAM

void main(void) {
unsigned int n;
byte result;
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unsigned int node;
char so[20];
float fTemp;

/I X-tal frequency: 14.745600 MHz

/I RF frequency A: 868.277200 MHz Rx
/I RF frequency B: 868.277200 MHz Tx
/Il RX Mode: Low side LO

Il Frequency separation: 64 kHz

// Data rate: 2.4 kBaud

/I Data Format: Manchester

/I RF output power: 4 dBm

/I IF/IRSSI: RSSI Enabled

RF_RXTXPAIR_SETTINGS code RF_SETTINGS = {
1/0x4B, 0x2F, 0x15, // Modem 0, 1 and 2: Manchester, 2.4 kBaud
0x43, 0x2F, 0x15, // Modem 0, 1 and 2: NRZ, 2.4 kBaud
//0XA1, 0x2F, 0x29, // Modem 0, 1 and 2: NRZ, 38.4 kBaud
I/0xXAOQ, 0x2F, 0x52, // Modem 0, 1 and 2: NRZ, 76.8 kBaud
0x75, 0XAO0, 0x00, // Freq A
0x58, 0x32, 0x8D, // Freq B
0x01, OxAB, /I FSEP 1 and 0

0x40, /I PLL_RX

0x30, /I PLL_TX

0Xx6C, /| CURRENT_RX
OXF3, /I CURRENT_TX
0x32, /I FREND

OXFF, /I PA_POW

0x00, /| MATCH

0x00, /I PRESCALER

o

/I Calibration data
RF _RXTXPAIR_CALDATA xdata RF_CALDATA,
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/I Initialize peripherals
WDT_ENABLE(FALSE);
RLED_OE(TRUE);
YLED_OE(TRUE);
GLED_OE(TRUE);
BLED_OE(TRUE);

BLED = LED_OFF,;
RLED = LED_OFF,
GLED = LED_OFF,
YLED = LED_OFF;

/I Set optimum settings for speed and low power consumption
MEM_NO_WAIT_STATES();
FLASH_SET_POWER_MODE(FLASH_STANDBY_BETWEEN_READS);

UARTO_SETUP(57600, 14746, UART NO PARITY | UART RX TX |
UART_POLLED);

P2DIR=0x00; /I LCD port is output
lcd_init();

lcd_com(15);

lcd_goto(1,1);

lcd_puts(" Ket Qua:");
Icd_goto(2,1);
Icd_puts("Nutl:chua co du lieu™);
lcd_goto(3,1);
lcd_puts("Nut2:chua co du lieu™);
Icd_goto(4,1);
Icd_puts("Nutl13:chua co du lieu™);

// Build packet
/I first 2bytes is Source of packet (here is Master)
/I next 2 bytes is Destination of packet (target node)
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/I next 2 bytes is type of data or command (temperature or pressure...)

Il next 2 bytes is real data or command.

/I the transmiting function will add 2 byte CRC16(packet) at the end of packet
txDataBuffer.packet.source = Node_ID;

txDataBuffer.packet.target = 0x00;

txDataBuffer.packet.type = 0x00;

txDataBuffer.packet.dat = 0x00;

n=0;
node =1,
while (TRUE)
{
// Calibration
halRFCalib(&RF_SETTINGS, &RF_CALDATA);

txDataBuffer.packet.target = node;
BLED = LED_ON;

// Turn on RF, send packet
halRFSetRXxTXOff(RF_TX, &RF_SETTINGS, &RF_CALDATA);

halRFSendPacket(PREAMBLE_BYTE_COUNT, txDataBuffer.buffer,
PACKET_LENGTH);

BLED = LED_OFF,
YLED = LED_ON,;

/I Turn on RF, receive ACK, turn off RF

halRFSetRXTXOff(RF_RX, &RF_SETTINGS, &RF_CALDATA);

result = halRFReceivePacket2(80, rxDataBuffer.buffer, PACKET _LENGTH); // wait
for 1s

YLED = LED_OFF,
RLED = LED_OFF,
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GLED = LED_OFF,

/I Success/failure indicators
if ((result))// == PACKET_LENGTH) && (rxDataBuffer.packet.source == node) &&
(rxDataBuffer.packet.target == Node_ID) )
{
GLED = LED_ON;
fTemp = rxDataBuffer.packet.dat;
if(rxDataBuffer.packet.type == Presure) // Cam bien ap suat

fTemp *=0.925;
fTemp -=10.2;
Icd_goto(node+1,1);
sprintf(so,"Do sau: %3.1f cm ", fTemp);
lcd_puts(so);
}

else if(rxDataBuffer.packet.type == Temp_DS18B20) // Cam bien
nhiet do so DS18B20

fTemp /= 16;
else if (rxDataBuffer.packet.type == Temp_LM35)
{
fTemp -=492;
fTemp /= 8.192;
}

Icd_goto(node+1,1);
sprintf(so,"Nut%1d:%2.1f",node,fTemp);
lcd_puts(so);

Icd_data(223);

Icd_puts("C ")

if(rxDataBuffer.packet.type ==
Temp_DS18B20||rxDataBuffer.packet.type == Temp_LM35)

{
if(fTemp > Nguongl && fTemp < Nguong2)
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{
Icd_goto(node+1,12);
Icd_puts("-BaoDong1");
¥
else if(fTemp > Nguong2 && fTemp < Nguong3)
{
Icd_goto(node+1,12);
Icd_puts("-BaoDong2");
h
else if(fTemp > Nguong3)
{
Icd_goto(node+1,12);
Icd_puts('-BaoDong3");
¥
¥
// Send to PC

printf("%u\t",rxDataBuffer.packet.source);
printf("MYNAME\Wt");
printf("%u\t",rxDataBuffer.packet.target);
printf("%u\t",rxDataBuffer.packet.type);
printf("%u\t",rxDataBuffer.packet.dat);
printf(" END\n");

else
{
RLED = LED_ON;
lcd_goto(node+1,1);
sprintf(so,"Nut%1d: time out  ",node);
Icd_puts(so);
¥
/I sleep_ms(100);
halWait(100, 14746); //delay 100ms

node++;
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if(node > Max_Node) node = 1;

} // end of main()

// Flash interrupt handler (do nothing)
// We need to handle the interrupt even though we do not do anything.
/I If not, the program will not run correctly except under the debugger,

// which has its own Flash interrupt handler

void FlashIntrHandler(void) interrupt INUM_FLASH {

INT_SETFLAG(INUM_FLASH, INT_CLR);

return;

byte halRFReceivePacket2(byte timeOut, byte* packetData, byte maxLength) {
byte receivedBytes, pkgLen, crcData, i;

word crcReg;

halConfigTimer23(TIMER3[TIMER23_NO_INT_TIMER, 10000,
CC1010EB_CLKFREQ);

INT_SETFLAG(INUM_TIMERS3, INT_CLR);
TIMER3_RUN(TRUE);

RF_SET_PREAMBLE_COUNT(16);

RF_SET_SYNC_BYTE(RF_SUITABLE_SYNC_BYTE);

MODEM1=(MODEM1&0x03)|0x24; /I Make sure avg filter is free-running + 22 baud
settling time

INT_ENABLE(INUM_RF, INT_OFF);

INT_SETFLAG(INUM_RF, INT_CLR);

RF_START_RX();
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while (1) {
/I Check if 10 ms have passed
if INT_GETFLAG(INUM_TIMER3)) {
/I Clear interrupt flag and decrement timeout value
INT_SETFLAG(INUM_TIMERS, INT_CLR);
if (timeOut && !--timeOut) {
timeOut=255;

break; /I Timeout

¥
/I Check if sync byte received

if INT_GETFLAG(INUM_RF)) {
EXIF &= ~0x10; // Clear the flag
break;

receivedBytes=0;
// Timeout or sync byte received?
if (timeOut!=255) {

/I Lock average filter and perform RSSI reading if desired
RF_LOCK_AVERAGE_FILTER(TRUE);

/I Get length of package
RF_WAIT_AND_RECEIVE_BYTE( pkgLen );
pkgLen+=2; // Add the two CRC bytes

/I Initialize CRC-16
crcReg=CRC16_INIT;

/Il Receive as many bytes as packet specifies + 2 crc bytes
while (pkgLen--) {
RF_WAIT_AND_RECEIVE_BYTE( crcData );
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/I If there is space in the buffer at _packetData_ and we're not
/I currently receiving CRC, store the byte
if (pkgLen>=2 && maxLength) {

*packetData++=crcData;

receivedBytes++;

maxLength--;

// Calculate CRC-16 (CCITT)
for (i=0; i<8; i++) {
if (((crcReg&0x8000)>>8) ” (crcData&0x80) )
crcReg=(crcReg<<1)*CRC16_POLY;
else
crcReg=(crcReg<<1);

crcData<<=1;

/I Check if CRC is OK
if (crcReg = CRC_OK)
receivedBytes=0;

TIMER3_RUN(FALSE);
RF_SET_PREAMBLE_COUNT(RF_PREDET OFF);

return receivedBytes;

3. Slave.c

#include <chipcon/reg1010.h>
#include "CC1010ND.H"
#include "PACKET.H"

#include <chipcon/hal.h>

Sinh vién: Nguyén Cong Tién - Lép CLT201 Trang 64



Dé an tot nghiép dai hoc - Nganh CNTT - Trwong PH Dén 1dp Hdi Phong

#include <stdio.h>

/I Node ID constants

#define Node_ID 0x03
#define Master OxFF
// Data type

#define Temp_LM35 0x01
#define Temp_DS18B20 0x02
#define Presure 0x03

/I Protocol const
#define PREAMBLE_BYTE_COUNT 10
#define PREAMBLE_BITS SENSE 16

/I Variable

PACKET xdata txDataBuffer;
PACKET xdata rxDataBuffer;

extern byte halRFReceivePacket2(byte timeOut, byte* packetData, byte maxLength);

IIMAIN PROGRAM
void main(void) {
byte result;

/I X-tal frequency: 14.745600 MHz

/I RF frequency A: 868.277200 MHz Rx
/I RF frequency B: 868.277200 MHz Tx
Il RX Mode: Low side LO

Il Frequency separation: 64 kHz

// Data rate: 2.4 kBaud

// Data Format: Manchester

/I RF output power: 4 dBm
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/l IF/RSSI: RSSI Enabled

RF_RXTXPAIR_SETTINGS code RF_SETTINGS = {
1/0x4B, 0x2F, 0x15, // Modem 0, 1 and 2: Manchester, 2.4 kBaud
0x43, 0x2F, 0x15, // Modem 0, 1 and 2: NRZ, 2.4 kBaud
//I0XA1, 0x2F, 0x29, // Modem O, 1 and 2: NRZ, 38.4 kBaud
I/0xXAQ, 0x2F, 0x52, // Modem 0, 1 and 2: NRZ, 76.8 kBaud
0x75, 0XAO0, 0x00, // Freq A
0x58, 0x32, 0x8D, // Freq B
0x01, OxAB, [/ FSEP 1 and O

0x40, /I PLL_RX

0x30, /I PLL_TX

0X6C, /| CURRENT_RX
OXF3, /| CURRENT_TX
0x32, /I FREND

OXFF, /I PA_POW

0x00, /Il MATCH

0x00, /I PRESCALER

o

/I Calibration data
RF_RXTXPAIR_CALDATA xdata RF_CALDATA,
WDT_ENABLE(FALSE);
/I Setup UARTO with polled 1/0
UARTO_SETUP(57600, CC1010EB_CLKFREQ, UART_NO_PARITY | UART_RX_TX |
UART_POLLED);
/Il ADC setup
halConfigADC(ADC_MODE_SINGLE | ADC_REFERENCE_INTERNAL_1 25,
CC1010EB_CLKFREQ, 0);
ADC_SELECT_INPUT(ADC_INPUT_AD));
ADC_POWER(TRUE);
/I Initialize peripherals
RLED_OE(TRUE);
YLED_OE(TRUE);
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GLED_OE(TRUE);
BLED_OE(TRUE);
BLED = LED_OFF,;
RLED = LED_OFF;
GLED = LED_OFF;
YLED = LED_OFF,;
/I Set optimum settings for speed and low power consumption
MEM_NO_WAIT_STATES();
FLASH_SET_POWER_MODE(FLASH_STANDBY_BETWEEN_READS);
// Ready for acknowledge
txDataBuffer.packet.source = Node_ID;
txDataBuffer.packet.target = Master;
txDataBuffer.packet.type = Temp_LM35;
txDataBuffer.packet.dat = 0x00;
// Calibration
halRFCalib(&RF_SETTINGS, &RF_CALDATA);
while (TRUE) {
Il RX
YLED = LED_ON;
// Turn on RF, receive test string packet,
halRFSetRXTXOff(RF_RX, &RF_SETTINGS, &RF_CALDATA);
result = halRFReceivePacket2(0, rxDataBuffer.buffer, PACKET_LENGTH);
YLED = LED_OFF;
GLED = LED_OFF;
RLED = LED OFF;
BLED = LED_OFF;
/I Success/failure indicators
if (result == PACKET_LENGTH)
{
GLED = LED_ON;
if(rxDataBuffer.packet.target == Node_ID)
{
BLED = LED_ON;

// Power up the ADC and sample the temperature
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ADC_SAMPLE_SINGLE();
txDataBuffer.packet.dat= ADC_GET_SAMPLE_10BIT();

halRFSetRXxTXOff(RF_TX, &RF_SETTINGS, &RF_CALDATA);
halRFSendPacket(PREAMBLE_BYTE_COUNT, txDataBuffer.buffer,
PACKET_LENGTH):
BLED = LED_OFF;

else
RLED = LED_ON;

} /1 'end of main()
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