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LOI CAM DOAN

T6i xin cam doan ddy 13 cong trinh nghién cru cua riéng toi. Cac sb liéu,
két qua néu trong luan vin 1a trung thuc va chua duoc cdng bd trong cac cong
trinh khac. Néu khong ding nhu da néu trén, t6i xin hoan toan chiu trach nhiém
vé dé tai caa minh.

Hoc vién

Tran Hong Hai



LOI CAM ON

Puoc truong Pai hoc Qudc Gia Ha Noi va Khoa Céng Nghé Théng Tin
cho phép tdi nghién ctu, viét luan van vé dé tai : “Nghién ciu xay dung mang
cam bién khong day dya trén giao thic LEACH va Zigbee”. PAau tién tdi xin
chan thanh cam on quy thay c6 da giang day, chi dan tdi trong thoi gian t6i hoc
tap tai truong. Nhitng kién thac quy bau cua thay co da giup toi rat nhiéu trong
hoc tap ciing nhu trong cudc song. Tiép theo t6i xin gui 161 cam on sau sac nhat
dén thay Nguyén Hoai Son. Cam on thiy da gan bo, chi day tan tinh t6i trong
qua trinh t6i nghién ctu va viét luan van. Mot 1an nita xin cam on quy thay quy
cd trong khoa va nha truong. Luan van thac sy nay duogc thyc hi¢n dudi sy tai
tro tir dé tai NCKH cdp PHQGHN, mi s dé tai: QG.16.30.

Hoc vién

Tran Hong Hai
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MO DAU

1. Ly do chon dé tai:

Hién nay khoa hoc ky thuat dugc dua vao ap dung cho cong néng nghiép
rat nhiéu. V&i nhu cau tiéu thy thuc pham sach an toan ngay cang cao cho nén
nhitng vuon trdng hay trang trai c6 quy mé dugc mé ra. Nham gitip cho ngudi
trong quan 1y duoc méi trudng cua vuodn tréng nhanh va chinh xé4c thi nhiing
thiét bi cam bién duoc s dung. Tinh cap thiét ddi véi thuc té, vi vay tdi da tim
hiéu va nghién ciru vé dé tai xay dung mang cam bién véi mong mudn mang lai
hiéu qua hon cho nguoi su dung.

Mang cam bién khong day la hé théng tap hop, lién két nhiéu cam bién
véi nhau st dung cac lién két khong day dé phdi hop thuc hién nhiém vu thu
thap thong tin dir lieu véi quy md lon trong bat ky diéu kién va ¢ bat ky ving
dia ly nao. Mang cam bién khong day co thé lién két tryc tiép véi nat quan ly
giam sat truc tiép hay gian tiép théng qua mot diém thu phat va moi truong
mang c6ng cong nhu Internet hay vé tinh. M&i mot cam bién chiu mot hoic
nhiéu nhiém vu khac nhau tuy thudéc vao tng dung. Hién nay mang cam bién
khong day dugc &p dung trong nhiéu linh vuc vi du nhu: y té, cdng nghiép, néng
nghiép, nghién cuu,... Céc thiét bi cam bién khéng day lién két thanh mot mang
d3 tao ra nhiéu kha ning méi cho con nguoi. Cac dau do véi bo vi xur Iy rat nho
gon tao nén mot thiét bi cam bién khéng diy c6 kich thudc rat nho, tiét kiém vé
khong gian. Ching c6 thé hoat dong trong méi trudong day dic véi kha ning xur
ly tbc do cao. Ngay nay, cac mang cam bién khong diy duoc ¢ng dung trong
nhiéu linh vuc nhu nghién ctu vi sinh vat bién, giam sat viéc chuyén ché céac
chat gay 6 nhiém, kiém tra giam séat hé sinh thai va moi trudng sinh vat phuac
tap, diéu khién gidm séat trong cdng nghiép va trong linh vuc quan su, an ninh
qudc phong hay cac ung dung trong doi séng hang ngay.

Cong nghé k¥ thuat phét trién manh nhu hién nay mang cam bién khéng

day duoc cai tién lién tuc mang lai hiéu qua to 16n cho nhiéu nganh nghé trong



nhiéu linh vuc. Pi kém véi cdng nghé 4.0 va cong nghé 10T dang phét trién
vuot bac cho ta thiy tuong lai tuoi sang cua mang cam bién khong day.

Xbee 12 mot thiét bi truyén thong khong day duoc sir dung rong réi trong
mang cam bién khong day. Xbee cd nhiing thé manh can thiét nhu: sy tin cay,
tinh mo rong, dé st dung, tiét kiém ning luong,... Xbee st dung giao thuc
Zigbee co ban dé hinh thanh mang cam bién khdng day. Véi nhitng thé manh
cua Xbee néu ¢ trén dé tai cua tdi lwa chon Xbee la thiét bi dé xay dung mang
cam bién khong day ZigBee.

Dé tai ndy co thé gilp toi tim hiéu va van dung cac kién thac vao thuc té,
cung vai do tich iy thém kinh nghiém va chuyén mén. [2]

. Muc tiéu nghién ciu:

Hién nay nhiéu nhitng thiét bi cam bién va nhiéu mang cam bién duoc
thiét ké ra. M&i mang cam bién lai ¢ thé manh riéng, cach thuc sir dung riéng.
Vi vay trong dé tai tdi chon hai giao thirc mang cam bién dung nhiéu nhat va
phU hon voi diéu kién ¢ Viét Nam 1a LEACH va Zigbee. Muc tiéu cua toi 1a dua
ra phuong phap dé két hop thé manh cua hai giao thirc mang cam bién lai voi
nhau nhim xay dung mot mang cam bién hoat dong hiéu qua hon.

Pé tai tap trung nghién ctru va thay d6i phuong thic dinh tuyén cia moé
hinh mang cam bién ZigBee theo phuong thiic dinh tuyén cua giao thuc
LEACH. Hé thong dugc ap dung trén 7 thiét bi truyén phat dit liéu Xbee, sir
dung Arduino dé dinh tuyén dudng truyén gai tin. Phan tich hiéu qua cua md
hinh mang lai vé ba mat : hiéu qua truyén tin, kéo dai su sbng cia mang, hiéu
suat tiéu thu nang luong.

Kién thuc vé mang cam bién khong day toi co dugc hoc trong chuong
trinh ddo tao cao hoc cua nha truong. Tai liéu nghién ctu cha yéu duoc Iy tir
nhiing bai bao trong va ngoai nudc va nhiing kién thirc thu nhat dugc tir cac
trang chia s€ thong tin trén mang Internet.

Di sau tim hiéu vé cach thirc dong gbi, dinh tuyén goi tin cia mang cam

bién khong day nham thay d6i theo cach thac minh mong mudn.



. CAu tric dé tai:

Qua thoi gian tim hiéu va nghién ciu toi da viét luan van véi cac nodi dung
nhu sau:
Chuong mot 13 tong quan vé mang cam bién : Chuong nay tap trung gigi thiéu
vé mang cam bién khdng day, mot sé mang cam bién duoc &p dung hién nay.
Chuong hai 13 mang cam bién lién quan: Gidi thiéu vé mang cam bién ZigBee
va hai giao thirc lién quan trong dé tai 1a LEACH, LEACH-C.
Chuong ba 13 dit van dé, dua ra giai phap dé xuat va phuong phéap thyc hién giai
phap trén.
Chuong bdn 1a xay dyng mang cam bién khéng day dua trén giao thac LEACH
va ZigBee, danh gia hiéu qua mang lai.
Chuong nam 1a két luan : Néu ra nhiing thé manh va két qua cua dé tai, rit ra
nhitng kinh nghiém va nhiing kho khan, nhiing van dé chua giai quyét dugc.

Phuong hudng tiép theo s& nhu thé nio.



CHUONG I: TONG QUAN VE MANG CAM BIEN

1.1. Giéi thiéu vé mang cam bién:

Mang cam bién khong day (Wireless Sensor Network) 12 tap hop cac thiét
bi cam bién sir dung cac lién két khéng day dé phéi hop thuc hién nhiém vu thu
thap thdng tin dix liéu véi quy md lon trong bat ky diéu kién va ¢ bat ky ving
dia Iy ndo. Mang cam bién khong day co thé lién két truc tiép vai nat quan ly
giam sat truc tiép hay gian tiép thong qua mot diém thu phat (Sink) va moi
truong mang cong cong nhu Internet hay vé tinh. Cac nit cam bién khong day
c6 thé duoc trién khai cho cac muc dich chuyén dung nhu diéu khién giam sat va
an ninh; kiém tra moi trudng; thu thap thong tin mdi truong; giam sét sic khoe
cho bénh nhan trong y té; ... Thé manh chu yéu cua ching su linh hoat ciing nhu
khong day nén c6 thé trién khai ¢ nhiing khu vuc dic biét ma thiét bi c6 day
khong thé xay dung.

Cac thiét bi cam bién khong day duoc lién két véi nhau tao thanh mot
mang hoic cac cum mang cé cau trdc theo chuan nhat dinh. Gilp cho ching ta
c6 thé tly chinh vé mé hinh, cach thac hoat dong, quy md cia mang. Cac thiét
bi thudng dugc thiét ké nho gon, tiét kiém vé khong gian va nang luong tiéu thu
thap. Hién nay khoa hoc tién tién da day kha nang xtr Iy cta chip dién tar 1én cao
vi vay cac thiét bi cam bién tuy nho gon nhung c6 thé thuc hién duoc rat nhiéu
cong viéc. V&i do bén thiét bi duge dam bao cho nén mang cam bién khong day
thuong hoat déng lién tuc, dwa lai cho ching ta nhitng thdng tin can thiét va kip
thoi. Hé théng mang cam bién duoc &p dung rat nhiéu trong cac linh vuc khoa
hoc ciing nhu cudc song. [2] [7]

Mang cam bién khéng day c6 nhung dic diém noi bat nhu sau: [2] [6]
Kich thwoc vit ly nhé gen:

Céc thiét bi trong mang cam bién khong day thuong dugc thiét ké nho
gon dé tién dung. Mic du kich thudc ludn ti 1& nghich véi toe do xur ly, gisi han
Iuwu trit, thoi gian hoat dong. Nhung véi nhiing muc dich minh mong muén thi

viéc phat trién va thiét ké sao cho hop Iy va hai hoa nhat. Vi cong nghé tién
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tién bay gio céc thiét bi trong mang cam bién khong day cling kha da cho nhu
cau caa nguoi dung: kich thude bé, nang lwong tiéu thu thap, xt Iy nhanh,...
Hoat déng dong theéi véi dé tap trung cao

Do nhu cau cia nguoi ding nén viéc mot mang cam bién khong day
thuong hoat déng lién tuc va chinh xac cao trong thoi gian dai. Vi du nhu viéc
giam sat stc khoe ngudi bénh trong y té chang han, nguoi dung phai dugc theo
ddi thuong xuyén va lién tuc. Nhiing thdng s6 méi trudng hay théng tin dit liéu
thuong duoc ngudi dung yéu cau tic thi va chinh xac cho nén cac thiét bi mang
cam bién khong day duoc thiét ké voi nhung tiéu chi nhu trén. Viéc thiét ké
phan cing anh huong truc tiép trong qua trinh trén nhung khi chung ta thiét ké
phan mém hop ly ciing mang lai hiéu qua kha bat ngo.
Tinh da dang trong thiét ké va si dung

Hién nay c6 rat nhiéu dang cam bién, nhitng cam bién duoc danh riéng
cho mét sb linh vuc nhat dinh. Nhiing hé théng duoc thiét ké cho nhiing cong
viéc dic thu nhu do luong dau trong nude hay do ndng do khi CO2 trong khdng
khi chang han. Cho nén nhiing ngudi phét trién mang cam bién khong day da
dua ra nhung giai phéap thich hop 1a xay dung mot nén tang chung cé thé é&p
dung, két hop nhiéu thiét bi lai voi nhau. Str dung linh hoat phan mém dé c6 thé
thich ang véi phan cting riéng nham dua lai hiéu qua cong viéc.
Hoat dong tin cay

Nhitng théng tin dit liéu ma mang cam bién mang lai rat quan trong va
can thiét. BSi v6i nhitng linh vuc dic biét thi diéu do 1a tbi can thiét. Hién nay
khoa hoc céng nghé phat trién da thiét ké ra nhiing thiét bi c6 do tin cay cao va
cung cap thong tin nhanh chéng. Nhu viéc linh dong di néu & trén thi viéc nguoi
ding st dung phan mém thich hop s& cho ching ta hiéu qua cao, do tin cay
thong tin cao. C4 rat nhiéu yéu t6 mang lai su tin cay cho mang cam bién khéng
day ciing nhu c6 rat nhiéu yéu té bén ngoai gay ra viéc giam do tin cay. Trong
mdi trudng hop ching ta phai dua ra nhitng giai phap hop 1y dé su tin cay cua

mang cam bién khong day la tot nhat.



1.2. Cau tric cia mang cam bién:

Mot mang cam bién khong day thuong 6 s6 luong 16n cac nat duoc pha
trong mot viing, khu vuc nao ddy ma ching ta mudn tham do hay thu thap thong
tin dir liéu. Do c6 sy gan két trong mang nén cac nut c6 thé tiy chinh vi tri sao
cho phu hop véi dia hinh ciing nhu yéu cau ngudi ding. Véi kha ning mé rong
cho nén mang cam bién khong day co thé tiép can nhitng khu vuc nguy hiém
hoic dia hinh dic thu. Kha ning lién két ciing nhu cong tac lam viéc cua cac
cam bién khong day chinh 1a dic trung co ban nhét. Véi sb luong 16n cac cam
bién khong day duoc trién khai gan nhau thi truyén thong da lién két duoc lya
chon dé cong suét tiéu thu 1a nho nhat (so véi truyén théng don lién két) va

mang lai hiéu qua truyén tin hiéu tét hon so véi truyén khoang cach xa.
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Hinh 1.1 : Cdu tric mang cam bién khdng day (https://www.researchgate.net)

Céu trac co ban cia mang cam bién khong day duogc thé hién trén hinh
1.1. Céc nat cam bién duogc xay dung trong mot trudng cam bién chinh 1a khu
vue duoc bao vién xanh trén hinh. M&i nat cam bién duoc sap dit trong mang cé
kha nang thu thap théng tin dit liéu, dinh tuyén goi tin vé nat cha 1a bo thu nhan
(Sink) dé chuyén téi nguoi dung (User) qua internet hoac mot moi truong khac.
Nt Sink cd thé yéu cau viéc dinh tuyén dé cac nit cam bién truyén ban tin theo
mong mudn. Sé liéu duoc nit Sink nhan vé thuong khéng c6 mét dinh dang cu

thé, cd thé tdy chinh sao cho phi hop véi muc dinh ctia minh.
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Hinh 1.2 Sensor node

MJ3i nat cam bién bao gém bén thanh phan co ban 1a: hé théng cam bién,
bo xir 1y, bd phan luu trit néu can, thiét bj thu phat khong day va ngudn ning
luong. Ty theo nhu cau ngudi ding nén c6 nhitng nGt cam bién con duoc gan
thém céc thiét bi nhu hé thdng dinh vi, hé théng ning lugng mit troi,... Céc
thanh phan co ban trong mot nat cam bién dugc thé hién trén hinh 1.2. Hé thng
cam bién bao gom cac dau do Sensor va mot bo chuyén d6i tuong tu/sé ADC.
Céc tin hiéu tuong tu duoc thu nhan tir dau do dugc chuyén sang tin hiéu sb
bang bo chuyén dbdi ADC, nhiing tin hiéu s6 dugce dua vao bo xir ly. Bo xu Iy
thuong dugc gan thém mot bo nhé nho, nham xir ly tin hiéu sé va truyén di lidu
cho thiét bi thu phéat khdng day. O day bo xir Iy ¢ thé dinh dang géi tin ciing
nhu dinh tuyén goi tin cho thiét bi khéng day. Thiét bi khéng day c6 nhiém vu
thu phat cac thdng tin dit liéu giira cac nat cam bién véi nhau. [2] [6]

1.3. Kién truc giao thirc cia mang cam bién khdng day
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Hinh 1.3 Kién trdc giao thizc ciia mang cam bién khong day
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Kién tric giao thic dugc sir dung trong ndt cha (Sink) va tat ca cac nut
cam bién duoc thé hién trén hinh 1.3. Kién trdc giao thirc bao gom 16p tng dung
(Application Layer), 16p giao van (Transport Layer), l6p mang (Network Layer),
16p lién két s6 liéu (Datalink Layer), 16p vat Iy (Physical Layer), mit bang quan
Iy nang lugng (Power Management Plane), mat bang quan 1y di dong (Mobility
Management Plane) va mit bing quan ly nhiém vu (Task Management Plane).
Kién trac gdom ba mit phang quan ly 1 : Mt phang quan ly nguén, mat phang
quan ly tinh di d6ng, mat phang quan ly tac vu.

- Madt phang quan ly nguén : Quan ly cach cam bién sir dung ngudn ning
lugng cua nb. Vi du : mot ndt cam bién co thé bat hoic tat bo thu nhan
sau khi nhan dugc mét ban tin. Cac nat cam bién c6 thé broadcast dén
cac nat bén canh riang minh khoéng du ning luong dé thyc hién cong
viéc duoc nira.

- Madt phang qudn Iy tinh di déng : C6 nhiém vu quan 1y tinh di dong cua
nGt. C6 thé phét hién cac nat bén canh va théng béo vi tri cua nd cho céac
nut day.

- Madt phang quan ly tac v : Lam nhiém vu sap xép cac cdng viéc giira
cac nut trong vung lién quan.

- Lép vat ly: C6 nhiém vu lua chon tan sd, tao ra tan s6 séng mang, phét
hién tin hiéu, diéu ché va ma hoa tin hiéu. Trong mang cam bién thi bang
tan sir dung nhiéu nhat 1a ISM 915 MHZ.

- Lop lién ket dir liu: Lop nay c6 nhiém vu lién két dix liéu, phat hién di
liu hay céc frame dix liéu can thiét. Vi mét mang cam bién thuong nhan
duoc nhiéu tin hiéu tap &m nén nhiém vu cta I6p nay rat can thiét.

- Lép mang: Lop mang duogc thiét ké dung dé phan biét cac mang cam
bién khac nhau. Trong 16p nay c6 nhung s6 liéu ma nguoi dung cai dat
dé xay dyng mot mang cam bién riéng cho minh.

- Lép truyen tdi: Chi can thiét khi hé théng duoc thiét ké cho viéc truy cap

qua internet hoac mang bén ngoai.



- Lép ing dung: Tuy theo nhiém vu caa cam bién, cac loai tng dung, phan
mém khac nhau dugc xay dung va st dung ¢ 16p ¢ng dung nay. [2]
1.4. Ung dung ciia mang cam bién:
e Giam sat va diéu khién céng nghiép
Hién nay nén cong nghiép cuc ky phét trién, rat nhiéu linh vuc can dén
tu dong hoéa. Hay c6 nhitng cong viéc phai diéu khién tir xa, suc khoe con ngudi
khong thé lai gan. Nhitng khu vuc nguy hiém can phai giam sat thuong xuyén
nhu ham mo, khu san xuat vat liéu nguy hiém, khu vuc thi nghiém thuéc sung
thudc nd. Mang cam bién khong day &p dung rat nhiéu trong cong nghiép, dem
lai nguon thu 16n lao cho con ngudi, giam thiéu kha ning tai nan anh hudng stc
khoe ngudi lao dong. Mot vi du don gian va dé thay nhat 1a hé thong phong chay
chita chay trong cong ty ban chang han. D6 ciing 1a mot cam bién nhiét do va
cam bién khoi trong phong. Khi phat hién ra nd s& tu dong phun nuéc dap lura.

e Tuw dong hoa gia dinh va dién dan dung
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Hinh 1.4 SmartHouse(www.viethamnet.vn)
Hién nay SmartHouse chic khong xa la di véi ching ta. Hé thdng nha
théng minh bao géom mat hoic nhiéu mang cam bién khac nhau. Phuc vu rat

nhiéu céng viéc cho con ngudi. Mot tng dung dugc diéu khién chung tur xa,
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may nghe nhac, dan am thanh noi va cac thiét bi dién tar gia dinh khac hay céac
bong dén, cac canh ctra, va cac 6 khoa ciing duoc trang bi véi két ndi mang cam
bién khong day. Véi hé thdng diéu khién tir xa ban c6 thé diéu khién, quan ly
ngdi nha caa ban. Tuy nhién, kha ning hap dan nhat 14 sy két hop théng minh tir
nhiéu dich vy, gidng nhu cac canh cira tu dong dong khi TV dugc bat, hodc c6
thé tu dong ngung hé théng giai tri gia dinh khi c6 dién thoai hoic chuéng cira
reo. Muc dich 16n cta cac mang cam bién khong day trong gia dinh dwoc mong
cho 12 muc tiéu thy dién thap va tinh 6n dinh cao 1a diéu kién thiét yéu cua cac
mang cam bién khdng day.
. Trién vong ciia mang cam bién khong day trong quan su
Cac mang cam bién khong day 1a mot phan cuc ky quan trong trong céc
tng dung quan sy ngay nay véi cac hé théng ra lénh, diéu khién, thu thap tin tac
tinh béo truyén thong, tinh toan, theo ddi ké tinh nghi, trinh sat va tim muc tiéu.
Cac dic tinh trién khai nhanh chéng, tu t6 chtc va kha ning chiu dung 15i caa
cac mang cam bién cho thiy day 1a mot céng nghé day trién vong trong linh vuc
quan sy. Vai dic diém nho gon thi mot hé théng theo dbi muc tiéu rat don gian
ma kha c6 thé phat hién dugc. Mét sé tng dung cua mang cam bién 1a: kiém tra
luc lwong, trang bi, dan duoc, gidm sat chién truong, trinh sat ving dia 1y va luc
lugong dich, tim muc tiéu, danh gia thiét hai tran danh, trinh sat va phat hién cac
v khi hoa hoc - sinh hoc - hat nhéan.
o Mang cam bién khong day trong y té va giam sat sirc khoe
Trong y té hién nay ciing 4p dung rat nhiéu vé mang cam bién khdng
day. Vi du nhu mét hé thdng theo ddi sitc khoe bénh nhan nhu: Nhip tim, nong
d6 con, ndng do chat trong mau, hoat dong chan tay,... Vi nhimg dic diém co
ban ctia mang cam bién khong day dugc néu ra & trén cho nén trong y té rat
dugc coi trong va tng dung.
e  Mang cam bién khong day véi méi truong va nganh ndng nghiép
Trong ndng nghiép hién nay da va dang sir dung nhitng mang cam bién
khong day Ion. Viéc theo dbi théng s cho cay trong luén duoc wu tién hang

dau. Vi dy nhu viéc theo d@i nhiét do, hodc luu lwong nudc, nong do chat trong
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dung dich nudi cay ching han. Véi dic diém ma rong va dé lap dat thi viéc ap
dung mang khong day trén moét dién tich tréng cay lon la hoan toan hop ly. Mot
sb cac ting dung vé moi trudng ciia mang cam bién khéng day bao gom theo déi
su di chuyén cua céac loai chim, loai thi nho, con trung; kiém tra cac diéu kién
moi trrdng anh hudng téi mua mang va vat nudi; tinh trang nudce tudi; cac cong
cu vi md cho viéc gidm sat mat dat & pham vi rong va tham hiém cac hanh tinh;
phat hién hda hoc, sinh hoc; tinh toan trong ndng nghiép; kiém tra méi trudng
khong khi, dt trong, bién; phat hién chay ring; nghién ciru khi twong va dia ly;
phat hién 1 lut; v& ban dd sinh hoc phuc tap ciia moi trudng va nghién ciu 6

nhiém mai truong. [2]
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CHUONG II: CAC GIAO THUC PINH TUYEN MANG CAM BIEN

2.1 Tong quan:

Mang cam bién khong day cé nhiéu diém gidng véi mang adhoc nhung ciing
c6 rat nhiéu dic tinh riéng nén c6 thé phan loai thanh mot dang mang riéng. Véi
nhitng dic tinh da trinh bay & chuong trudc gidp ching ta co thé thiét ké ra nhiéu
giao thirc dinh tuyén cho mang cam bién khong day. Dé thiét ké duoc giao thic
dinh tuyén cho mang cam bién khdng day can phai nam ré nhitng van dé lién quan
dén mang cam bién. Trong mang cam bién khdng day cé ba giao thirc dinh tuyén
chinh hay duoc ding trong mang cam bién, d6 1a dinh tuyén ngang hang hay goi 1a
trung tdm dir liéu (data-centric-protocol), dinh tuyén phan cap (hierarchical-

protocol) va dinh tuyén dwa vao vi tri (location-based-protocol). [6]

Giao Po
Giao i
thike | Giao Dhra Két phie | Kha Inra
thic Xic
Gao thic trung | thie Phan Di vao hép tap ning Ba vao
dwa . . dinh QoS
chon dwimg | tim | phin loai | chuyén hai 50 cia dinh | dwimg | yéu
) trén vitri .
dir cap dap lLiéu trang i can
vitri
liéu thai
PIN X MNeang | . . cé cé | xnang | knéng | Thip | 120 ch 6
SPIN hang Cothe ke E ‘5 = chE e
. Ngang | Han o . . . . Han . .
Directed X hang ) Cé Ca Ca khéng | Thap ché Ca Co
che
Diffusion Mgang | Rathan ) . i i . . )
X hang Khéng Ca Khéng | Khéng | Thap Tt Khéng Cé
Rumor ché
N = Han . i ~ . - —_— - .
CER X hg;‘:. Khdng Ca ¥hong | Khong | Thap ot Khéng Co
ché
X Ngang . khén 5 | knéng | knéng | Thip | 120 | knéng | knén
CADR hang | Knhng E g E p chi g E
S . MNgang . - . - - o Han - .
COUGAR X hang Khéng Khong Co Khong | Khong | Thap ché Khong | Khong

Hinh 2.1. Phan logi va so sanh cac giao thic chon diwong trong WSN [6]
2.2 Giao thac LEACH:
Nhitng tién bo gan day trong thong tin vo tuyén va dién tir di cho phép
phat trién cac mang cam bién gia thanh thap. Mang cam bién c6 thé duoc sir
dung trong cac tng dung khac nhau nhu theo déi méi trudng, y té, trong quan su

hoac sir dung trong gia dinh. Mang cam bién vo tuyén (WSN) bao gom céc nit
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nhé ¢ kha ning cam bién, tinh toan va trao d6i thdng tin vo tuyén. Mot sé giao
thac chon duong, quan ly cong suit va trao doi sé liéu da dugc thiét ké cho
mang cam bién vai y8u cau quan trong nhat 13 tiét kiém duoc ning luong. Céc
giao thirc chon dudng trong mang cam bién c6 thé khac nhau tuy theo tng dung
Va cau triic mang.

LEACH la mét giao thirc dugc xay dung theo loai phan cap. LEACH
duoc viét tat tir “Low Energy Adaptive Clustering Hierarchy” nghia 1a “Phan
cdp nhém thich ung cong suit thip”. Nguoi phat minh ra LEACH la ong
Heinzelman. Muc dich cia LEACH 14 lya chon ngau nhién cac nit cam bién
lam cac nat chu cum, do d6 viée tiéu hao nang luong khi lién lac véi nat goc
duoc trai déu cho tat ca cac nut cam bién trong mang. Qua trinh hoat dong cua
LEACH duoc chia thanh hai budc 1a budc cai dit va bude 6n dinh. Thoi gian
ctia budc on dinh kéo dai hon so véi thoi gian cua budc cai dat. [4] [5]

Leach 1a mot cum dua trén giao thic bao gom cac tinh ning sau day:

+ Ngau nhién va tu ciu hinh thanh cum.
+ Kiém soat luong dit liéu truyén nhan.

+ Str dung phuong tién truyén thong ning luong thap.

$ Base Station

- — - b ™
gl ~
/ N, 4 A Y

® N \
l@ @ @r \@ @ l
@@ @ @ @

-

@ Cluster Head
@ Cluster Node

—

—

Hinh 2.2 : M6 hinh giao thizc LEACH (http://www.spiroprojects.com)
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Trong giao thc LEACH c6 3 thanh phan d6 14 nat Sink dam nhan vai tro
la nat cha thu thap théng tin cia ca hé thong mang. Tiép theo 1a nat Cluster
Head chiu trdch nhiém la nat tap trung dir liéu cia mot cum céac ndt xung quanh
sau d6 chuyén tiép Ién nat Sink. Cudi cing 1a nat Non Cluster Head chinh 1a n(t
|4 trong mang cam bién da giGi thiéu ¢ trén. NGt Non Cluster Head hoat dong
cha yéu 1a thu thap théng tin hodc diéu khién mét thiét bi nao dé duoc nguoi
dung chi dinh. Hoat dong cia LEACH duogc phan tach thanh hai budc, budc va
buéc 6n dinh trang thai. O trong budc cai dit, cac nhém duogc tu to chic va tu
lya chon cé&c nat chinh. Con & giai doan on dinh trang thai, viéc truyén sé lidu
thuc su vé cac tram gbc duoc tién hanh. Budc cai dit thudng duoc trién khai khi
mang bat dau hoat dong va thoi gian cai dat thuong rat ngan dé danh thoi gian,
nang luong cho cong viéc chinh caa mang cam bién. [4] [5]

Vi su twong quan dir liéu gitra cac n(t gan nhau nén viéc phan cum trong
mang chinh 1 co sé cua LEACH. Biéu nay cho phép tat ca cac dir liéu tir cac
nat trong cum c6 thé duoc xir 1y tai ndt cluster-head, giam bét nhitng dit liéu
khong can thiét chuyén dén nguoi dung cudi. Vi vay, cac ndt thanh phan Non
Cluster Head sg& tiét kiém ning luong. Trong LEACH, cac n(t s& tu xét xem c6
tro thanh Cluster Head hay khong, cac nat khong tré thanh Cluster Head s€ nhan
mot nat Cluster Head nao d6 dé hinh thanh cum. Tat ca cac nit Non Cluster
Head gui dir liéu cua n6 cho nat Cluster Head, trong khi nut Cluster Head phai
nhan dugc dir lidu tir tat ca cac thanh vién trong nhém va truyén tai dit liéu dén
nit chi & xa . Cho nén nat Cluster Head sé& tiéu tén nhiéu ning luong hon nut
Non Cluster Head. Trong thuc té cac nit cam bién khéng day thuong co ning
lugng c6 han, khi nat Cluster Head hét nang luong sé dan toi viéc cum d6 bi
dinh tré va khéng hoat dong nita. Cho nén LEACH dua ra phuong thic xoay
vong dé cac nut trong mang dam nhan céng viéc cua Cluster Head trong mot
thoi gian. Nhu vay nang luong tiéu thu ciia viéc van chuyeén dir liéu 1&n nat cha
(SINK) va xt ly dit lidu s& dugc chia déu cho tat ca cac ndt trong mang. Piéu
nay dan dén thoi gian hoat dong va tinh 6n dinh cia mang dugc kéo dai dén khi

tat ca cac ndt hét nang luong. [4] [5]
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Pau tién cac nut thanh phan s& quyét dinh c6 tré thanh Cluster Head hay
khong. Quyét dinh nay dua trén ty 1 phan tram tré thanh Cluster Head cho céc
nGt do nat chu quyét dinh va sé 1an trg thanh Cluster Head. Quyét dinh nay duoc
thuc hién boi n ndt lya chon ngau nhién mot s6 tir 0 dén 1. Néu con sé s& thap
hon mét ngudng T(n), cac nit s& tré thanh Cluster Head. Ngudng dugc thiét 1ap

nhu:
T(n) = P — ifneG
|- P*(rmod—
(rmo FJ (1)
T (n) = 0 khéc

Hinh 2.3 : Nguwéng thiét Idp Cluster Head

O day P = ty 1¢ phan traim mong mudn tré thanh nat Cluster Head, r 1a chu
Ky hién tai, va G la tap hop cac nut chua duogc tré thanh la Cluster Head trong
1/P chu ky . Bang céach str dung so sanh véi ngudng trén, mdi ndt s& duogc lam
Cluster Head tai mot so thoi diém trong vong 1/P chu ky. Sau 1/P - 1 chu ky, T
s& bang 1 cho bat ky nit nao chua dugc 1am Cluster Head, va sau 1/P chu ky, tat
ca cac nat lai mot 1an nira hoi da diéu kién dé tro thanh Cluster Head.

Khi cac ndt tro thanh Cluster Head bang céach sir dung cong thuc trén, cac
nat Cluster Head phai thdng bao cho tat ca cic ndt khac trong mang ring ho da
tré thanh Cluster Head trong chu ky hién tai. Bé lam dwoc diéu nay nat Cluster

Head phat mot goi tin quang ba ( BroadCast ) bang cach sir dung CSMA.

Nades exchange info.
(ID, location, energy)

I 1
| 1
| 1
I 1
| 1
| 1
| KR |
1 N T— ¥ 1
1 - C Tuster head? = 1
I — 1
| "' 1
| 1
: Wait for cluster head Broadcast cluster head :
| advertisement msg. advertisement msg. |
| 1
! ¥ v .
! Send jain-CH msg. Wait for join-CH msg., |
| Send msg sleeplactive status msg. |
| 1
I ¢ 1
| Send TDMA schedule :
I to the active members |
1 i 1
| 1
OO RO | O U -

Go to the steady phase

Hinh 2.4 : Luu do thudt todn cai dat LEACH(www.slideshare.net)
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Trong giai doan 6n dinh trang thai, cac nit cam bién bat dau cam bién va
truyén phat s liéu vé cac Cluster Head. Cac nat Cluster Head sau khi thu nhan
tat ca céac s6 liéu, xtr ly dix liéu roi giri 18n nat chu SINK. Sau mot thoi gian nhét
dinh do nat chu SINK quy dinh thi tit ca cac nut s& bat dau vong lap mai. [4] [5]

Sleep for

kll_lt,u&,l
seconds

LT e ? 1< T 00? b

Yes Yes
¥

Receive data from
cluster members
seconds)

Transmit data fo
cluster-head

(creaue

Sleep for
L

scheduie
seconds

Compute on data
(data fusion) and send
result to Base Station

1

Hinh 2.5 : Luu do thudt todn giai doan 6n dinh LEACH(www.slideshare.net)

2.3 Giao thiic cai tién LEACH-C:
Trong muc truéc LEACH d3 dugc md ta chi tiét, giao thic LEACH da

hinh thanh thuat todn phan cum cho mang, mdi nut déu tu quyét dinh, lya chon
phan cum va chirc nang cho minh. Piéu nay khién cho giao thirc khong dam bao
vé sb lwong cac ndt trong mot cum va sb lwong cac ndt tré thanh Cluster Head.
Nhu vay néu c6 mot cum qué nhiéu nat hoac qua it cac nat Cluster Head s& anh
huong rat nhidu dén hiéu suét tong thé cua hé théng. Tuy nhién néu dé nat chu

ty phan dinh ndt nao 1a Cluster Head thi s& tranh dugc nhiéu van dé ma LEACH
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dang gap phai. Pay la co s¢ cho LEACH-C (LEACH-Centralized), mét giao
thac ma sir dung mot thuat toan cum tap trung va 6n dinh cling mot giao thuc
nhu LEACH (cac nat gui dir liéu cua ho vao cac cluster-head, va céc cluster-

head tap hop dix liéu va giri c4c tin hiéu tong hop cho céc tram co s6).

All Nodes Base Station

Wait for
information from
nodes

Send {(x,y)E}toBS}- —» —

Wait for
cluster
information

Determine optimal
— <4 — clusters and send info
to nodes

4

* Small packets
* Large energy

Clusters Formed

* Only nodes with E, > .
eligible

Hinh 2.6 : Giai doan cai dat cua LEACH-C (www.slideshare.net)

Trong qua trinh thiét 1ap cac giai doan LEACH-C, mdi nit gui thong tin
Vé Vi tri hién tai cia né va nang luong cho ndt chu SINK . NGt chi SINK s& xac
dinh va chia cum cho céc nit trong hé théng. Cac cum thanh 1ap bai nat cha
SINK n6i chung sé& tét hon so vai nhitng hinh thanh bang cach sir dung cac thuat
toan phan phéi ngau nhién. Sau khi hoan thanh budc cai dit thi thuat toan
LEACH-C ciing tién hanh buéc 6n dinh giéng voi LEACH. [4] [5]
2.4 ZigBee:
- Gidi thiéu vé ZigBee:

ZigBee 1a mot giao thirc mang khong day duoc dung dé két ndi céc thiét
bi v&i nhau. Céng nghé ZigBee dugc xay dung dua trén tiéu chuan 802.15.4
IEEE. Tiéu chuan nay str dung tin hiéu radio c6 tan séng ngan va co cau tric hai
tang 14 tang vat ly va tang MAC. Cong ngh¢ ZigBee ding séng radio va ciing c6
cau trdc hai tang nhu trén,

Tén goi ZigBee ldy cam himg tir diéu nhay theo dudng zig-zag ciia ong
mat (honey bee), diéu nhay nay dugc lodi ong str dung dé trao doi thong tin véi

nhau vé vi tri ctia hoa va ngudn nuée. [2] [3]
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- Chudn truyén théng khong day IEEE 802.15.4:

IEEE (Institute of Electrical and Electronics Engineers) 1 t6 chic nghién
ctru phét trién céc cong nghé lién quan dén thiét bi dién va dién tir. Nhém 802
cua té chc chuyén nghién ciru vé cdng nghé mang, bo phan 802.15 dugc danh
riéng cho chuan mang khéng day. Chuan IEEE 802.15.4 quy dinh truyén théng
trén song radio trong pham vi 10 mét dén 100 mét va hoat dong ¢ ba dai tan
chinh:

* Dai 868 - 868.8 MHz: chi mot kénh tin hiéu, trong dai nay toc do truyén

la 20kb/s.

* Dai 902 - 928 MHz: ¢6 10 kénh tin hiéu tir 1 - 10 véi toe do truyén

thuong la 40kb/s.

* Daj 2.4 - 2.4835 GHz:16 kénh tin hiéu tir 11 - 26 véi tde do truyén 250

kb/s.

- Cq4u truc cua giao thic ZigBee:

Giao thirc ZigBee c6 cdu triic ngan xép nhiéu tang, trong do tang vat ly va
tang MAC dugc dinh nghia gidng chuan IEEE 802.15.4. Sau d6 ZigBee
Alliance da xay dung thém 4 thanh phan chinh: ting mang, ting tng dung, ddi
tuong thiét bi ZigBee (ZigBee device objects — ZDO) va cac d6i tuong ngudi
dung .

Application Layer (APL)

Application Framework

AP
Object ozb‘{?‘ -
Object (ZDO)
ZigBee
Alliance
Appllcatlon Sub layer (APS) C4”3
4\,.

Network (NWK) layer

Medium Access Control (MAC) layer

|IEEE
802.154

Physical (PHY) layer

v

Hinh 2.7 : Cdu tric cia mang ZigBee(adlt.com.au)
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ZOD la cai tién dang ké nhat cia ZigBee, day 1a d6i twong thuc hién
nhitng tdc vu quan trong nhu dinh nghia vai tro cua thiét bi, truy cap mang, bao
mat thiét bi,..

- Thanh phdn mang ZigBee:

Mot mang kiéu ZigBee gém c6 3 loai thiét bi:

* ZC (Zigbee Coordinator: Pay 1a nut chu cia mot mang ZigBee. Mot
mang ZigBee c6 duy nhat mot ndt cha va ZigBee st dung nit chu dé xay dung,
thiét 1ap, ciu hinh mang.

* ZR (Zigbee Router): Nt Router ¢6 nhiém vu truyén tai thong tin tir nat
thanh phan dén nat chu ZC.

* ZED (Zigbee End Devide): Nut nay duoc xem la thiét bi dau cudi, nut
chuyén thu thap dix liéu va gui truc tiép 1én nat cha ZC hodc théng qua not
Router.

- M6 hinh mang ZigBee:
M6 hinh mang ZigBee c6 ba dang chinh: dang hinh sao, dang ludi va

dang cay.

@ ZigBee Coordinator
Cluster Tre;an ) @ ZigBee Rowters

L e Fa

() ZigBee Devices
Hinh 2.8 : M6 hinh mgng ZigBee (http://arduino.vn/)

Hinh sao (Star network): Mang hinh sao khong st dung cac nut

Router ma thay vao d6 cac nat thanh phan lién hé truc tiép dén nat chu ZC. Mb

hinh mang ngang hang da dugc nhac dén & trén.
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Hinh lu6i (Mesh network): M6 hinh mang ludi ¢ cac nat lién két chat
ché voi nhau. Trong md hinh nay dit liéu c6 thé van chuyén qua nhiéu khau
trung gian ZR dé dén duoc véi nit cha ZC. Piéu nay phy thudc vao cdu hinh
cling nhu cai dat hé théng cua ngudi xay dung.

Hinh cay (Cluster network): Mang hinh cay hoat dong theo cach cac dit
lidu tir nGit thanh phan s& phai thong qua nit Router dé dén duoc véi nat chi ZC.
Mo hinh mang nay dé cai dit va tinh mé rong cao nén duoc rat nhiéu nguoi tin

dung. [2] [3]
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Chuwong III. XAY DUNG MANG CAM BIEN DUA TREN LEACH VA
ZIGBEE
3.1. Pit van deé:

Mang cam bién khéng day mang lai hiéu qua rat 16n trén nhiéu linh vuc
trong cudc séng va trong nghién ctu. Hién nay co rat nhiéu chuyén gia nghién
ctru va dua ra nhiéu giao thirc mang cam bién khong day. ZigBee 1a md hinh
mang cam bién c6 rat nhiéu uu diém cho nén ZigBee duoc ngudi dung lua chon
dé xay dung mang cam bién khdng day. Bén canh nhitng lgi thé to 16n cua
ZigBee nhu da phan tich ¢ phan trude thi ZigBee con ¢6 mot vai khuyét diém di
cung. Trong d6 khuyét diém 16n nhat cua ZigBee I thoi gian séng cia mang.
M6 hinh mang ZigBee géom c6 ba thanh phan chinh la nit Coordinator, nut
Router va nut End Device. Binh thuong nat Coordinator s€ dugc dat ¢ mot vi tri
c6 dinh va su dung nguédn dién on dinh tr mang ludi dién. Nut Router va nat
End Device sé& sir dung nguon dién cung cap tir nang luong tich trit nhu pin hoac
nang luong mit troi. Pic diém nat End Device sé& thu thap dir liéu va gui dix lidu
dén nut Router theo ting chu ky, nat Router s& chuyén tiép dir liéu 1én nGt
Coordinator. Sau khi nt End Device giri dit liéu di thi c6 thé dugc ngudi thiét
ké cho ngu dong dé tiét kiém nang lugng va cho chu ky tiép theo. Nguoc lai nit
Router s& phai hoat dong lién tuc dé lang nghe dit liéu tir nhiéu nit End Device
guri vé. Cho nén ndt Router s& tiéu ton nhiéu nang luong nhat. Sau mot thoi gian
hoat déng ndt Router sé& tiéu thu hét lvong ning lwong tir pin dan dén viéc mang
sé khong hoat dong duoc nira. Trong khi d6 mirc nang lugng con trén cac nat
End Device van con nhiéu.

LEACH la giao thirc mang cam bién khong day véi thé manh kéo dai su
séng cia mang. LEACH str dung phuong phap chia déu cdng viéc cho toan bo
cac nGt trong cum. Trén ly thuyét mac ning luong tiéu thy & cac nat tuong
duong nhau nén khi hoat dong cac ndt s& hét niang luong gan nhu dong thoi.
Nhu vay sy song cia mang cam bién khdng day s& duoc toi uvu héa. Bén canh
loi thé trén thi trong thyc té khoang céch, vi tri dia ly caa cach nat thanh phan l1a
mot van dé giao thiuc LEACH gap phai. Khoang céch, vi tri dia Iy anh huong
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truc tiép dén hiéu suat va mac tiéu thu dién ning cta thiét bi truyén thong.
LEACH st dung mot ham ngau nhién dé chon nat Cluster Head nén khi chon
nGt Cluster Head thi nat thanh phan c6 thé chon mét nit Cluster Head ¢ xa hon
thay vi chon mét nat Cluster Head & gan. Diéu nay dan dén khi mang hoat dong
mét thoi gian s& xuét hién nhitng nut thanh phan hét ning luong trudc dan dén
hiéu qua cua mang chua cao.

Trong thoi gian tim hiéu va xay dung dé tai nay toi da gap phai hai van dé
co ban nhu sau:

- Kéo dai su séng ctia mang cam bién ZigBee

- T6i wu hoa viéc chia cum va tiét kiém nang luong cho giao thire LEACH
3.2. Giai phap dé xuat:

Vén dé dau tién 1a kéo dai sy séng cua mang cam bién ZigBee t6i dé xuat
ap dung giao thac LEACH vao trong ZigBee. Hé théng van sir dung chuan
truyén thong khoéng day IEEE 802.15.4 va ciu tr(ic mang cia ZigBee nhung viéc
dong goi dit lidu, xac dinh duong truyén dix liéu lai theo giao thiee LEACH. Nhu
da gidi thiéu & phan trudc vé giao thiuc LEACH, giao thirc LEACH bao gém ba
thanh phan chinh 1a: Nt cha, nat Cluster Head va ndt Non Cluster Head hoic
goi la nut 4. Khi ap dung giao thiec LEACH vao trong ZigBee thi nit chu cling
chinh 1a nat Coordinator trong Zigbee, nut ClusterHead ciing hoat dong giong
véi nut Router va nit 1a cling c6 chuc nang tuong tu vai nat End Device trong
Zigbee. Cac nut 14 thay phién nhau dam nhan tro thanh nat Cluster Head, cac nut
khéng phai hoac da tirng la Cluster Head s€ lya chon moét trong nhirng Cluster
Head xung quanh dé truyén di liéu 1&n. NGt Cluster Head hinh thanh cum va
chiu trach nhiém truyén dit liéu tir cac nGt thanh phan cua minh [&n nGt chu
(SINK). Nhu d trinh bay & trén vé yéu diém cua mang cam bién ZigBee 14 do
nit Router hoat dong qué nhiéu dan dén viéc hét ning luong trudc cac nat khac.
Khi ap dung giao LEACH vao trong céc nut s€ thay phién nhau chiu trach nhiém
d6 cho nén mirc nang lwong tiéu hao s& chia déu cho toan bo céc nt trong hé
théng. Nhu vay hé théng s& hoat dong duoc 1au hon va da giai quyét dugc van

dé néu trén. [8]
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Vén dé thtr hai 1a tdi vu hoa viéc chia cum va tiét kiém nang lwong cho
giao thicc LEACH. Do viéc lya chon ngau nhién céac nit Cluster Head nén viéc
phan cum gap nhiéu trudng hop khong hop ly. Giao thirc LEACH-C 12 giao thic
cai tién LEACH, trong d6 viéc lya chon cé4c ndt trg thanh Cluster Head dua trén
muc tiéu thu dién ning cua céc nat thanh phan. Nhitng ndt con nhiéu dién ning
hon s& duoc uvu tién lya chon tré thanh Cluster Head va cong viéc nay duoc nit
cha (SINK) thuc hién. Nhu da nhic dén & phan trén vé viéc do mirc ning luong
tiéu thu dién nang kha kho khin va phai gan thém thiét bi ngoai vi nén t6i khdng
ap dung LEACH-C vao trong ZigBee. Trong d¢é tai nay toi dé xuat sir dung hiéu
suat truyén nhan gai tin thay vi mirc do tiéu thu ning luong caa thiét bi. Thiét bi
truyén thong khong day co hiéu suat truyén nhan gai tin phu thuoc vao nhiéu
yéu té nhu: Khoang céch, vat can, méi truong, chat lugng thiét bi,... Kho trong
mang co hai nut ClusterHead tré 1én, tor mot nat 14 dang xét sé lya chon mot
trong nhiing ClusterHead trén dé truyén dir liéu dén. Nut 14 dang xét s& so sach
hiéu suat truyén dir liéu gitra n6 va cac nat ClusterHead trén. NGt ¢6 hiéu suat
truyén dir liéu cao nhat s& dugc nhan 1a Cluster Head va thyc hién viéc truyén
dir liéu. Hiéu suat truyén di liéu cao chang to diéu kién thuan loi gitra hai nit
véi nhau. Véi nhiing yéu té anh hudng dén hiéu suat truyén di liéu da phan tich
& trén s& chimg minh duogc viéc tiéu thu nang luong trén thiét bj tiét kiém hon,
hiéu qua hon.

3.3. Céach thic trién khai giai phap:

Pé trién khai duoc giai phap trén chung ta c6 hai budc quan trong. Budc
dau tién la xay dung mot hé théng st dung mang ZigBee don thuan. Budc thi
hai 1a 4p dung giao thic LEACH vao trong mang cam bién vira xay dung. Dé
xay dung duoc mang ZigBee ching ta phai cd thiét bi truyén théng va bo mach
diéu khién. Xbee la thiét bi truyén thong duoc st dung nhiéu hién nay. Xbee
dugc nha san xuat tich hop mang ZigBee vao trong nén viéc cai dat hé thong
mang ZigBee rat dé dang va tién loi. V&i nhiéu vu diém cua Xbee s& dugc toi
gioi thiéu ¢ phan sau nén tdi chon Xbee 1a thiét bi truyén thong khdng day trong

dé tai caa minh. Bo mach chu t6i chon Arduino Nano, Arduino Nano 1a phién
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ban rut gon caa Arduino nhung ciing du dé dap tng duoc nhitng yéu cau trong
dé tai nay. Viéc cai dat va két ndi Arduino cho Xbee dé hé thdng c6 thé hoat
dong duoc tdi s& trinh bay chi tiét & chwong sau. Xay dung mang cam bién
khong day ZigBee co ban va dit ra cac diéu kién cu thé dé phan tich loi thé, yéu
diém cua ZigBee nhu: Theo ddi mang hoat dong trong thoi gian dai, tan suét hoat
dong cao, luu lugng thdng tin truyén trong mang 16n, vi tri dia 1y cac nat khdng
thuan loi,... sau d6 rat ra nhitng yéu diém co ban di néu & trén nhu: Thoi gian

séng khong dai, cach thuc truyén tin kha lang phi,. ..

Sau khi xay dung xong hé théng Xbee thuan thi chiing ta bat d¢au &p dung
giao thire LEACH vao trong ZigBee dé khac phuc hai van dé gap phai da néu &
trén. Thiét bi Xbee duogc cai dat mé hinh ZigBee sé& sir dung phuong thirc truyén
thdng goi tin ¢ dang broadcast. Goi tin s¢ dugc phéat ra xung quanh cho nén
muén &p dung giao thuc LEACH thi phai dinh tuyén chinh xac duong di ctia goi
tin trong mang. Xbee cung cap API truyén tin va cong viéc nay dugc xac 1ap
trén bo mach Arduino két ndi voi Xbee d6. Khi 4p dung giao thuc LEACH vao
trong ZigBee thi nat Router trong ZigBee duoc bo di. Cac nut thanh phan s&
duoc tich hop hai chirc ning, mot 1a thay phién nhau dam nhan céng viéc truyén
tai dix liéu hai Ia tryc tiép thu thap dir liéu va gui vé nit chi cum (Cluster Head).
Nhu vay trong hé thdng khi xay dung s& c6 hai thanh phan chinh 1a nat chu
SINK, nat thanh phan. Giao thuc LEACH hoat dong theo vong tuan hoan va
trong vong tuan hoan c6 nhiéu chu ky. Binh thuong sé chu ky s& dugc nguoi
thiét ké chi dinh va chinh 1a sé nat thanh phan c6 trong mang. Chu ky chinh 1a
thoi gian mot nat thanh phan cé thé dam nhan cong viéc Cluster Head trong
vong tuan hoan d6. Thoi gian nay duoc nit chu SINK quy dinh. NGt chu SINK
sé dam nhan cong viéc thu thap dir liéu tur cac nut Cluster Head va gui théng bao

dén tat ca cac nat thanh phan khi chu ky méi bat dau.
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Thu thap di liéu

Guri goi tin thong
bao cho nut thanh

Kiém tra thoi gian
chu ky mai

Hinh 3.1. Sor d6 chite ndng ciia nat chi SINK

NGt chi SINK chi nhan dix liéu tir cac nat Cluster Head trong hé thdng
mang cam bién. Cho nén khi c4c nat thanh phan tro thanh nat Cluster Head thi
phai chuyén tiép dit liéu tir cac nat khac trong cum I1&n cho nit SINK va tu thu
thap di liéu gui truc tiép 18n nut SINK. Nhu vay dit liéu nit SINK thu thap duoc
s& ¢6 hai dang. Dang tha nhat 1a dit liéu duoc chuyén tiép va dang tha hai 1a dix
liéu riéng caa nat Cluster Head.

~ 1lbwvte 1 bvte 2 bvtes 2 bvtes 80 bvtes
Vsetun Tvoe IDSend | _IDData Content
86 bvtes >

Hinh 3.2. Khung dir liéu nat SINK nhan dwoc

Trong d6 Vsetup 1a biét dang int chta dung chac ning caa goi tin.
Truong nay dung dé xac thuc goi tin va phan biét nhiing goi tin khac nhau gui
dén. Vi Vsetup bang 5 thi dit liéu chinh 1a duoc gui vé tir cac nat Cluster Head.
Type 14 bién luu dang géi tin dén, nhu da phan tich & trén co hai dang dit liéu tir
mot nGt Cluster Head gui dén cho nat SINK. Vi type bang 0 tac la dit liéu ca
nhan cua Cluster Head, type bang 1 1a dit liéu dugc nit Cluster Head chuyén
tiép. IDSend 1a dinh danh cua Cluster Head, IDData chinh 13 dinh danh cuaa nit
thanh phan thu thap di liéu. Content 1a noi dung dir liéu ma cac nat thu thap
dugc qua hé thong cam bién caa minh. Khi nhan dugc dit liéu nat SINK s& sir
dung nhiéu phuong phap dé xt 1y dir liéu nhu: hién thi qua monitor cho nguoi
thiét ké, truyén Ién internet, truyén dén tng dung trong may tinh qua cong
COM,...
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Xt ly dir liéu xong nat SINK s& kiém tra thoi gian cua chu ky. Trong lap
trinh Arduino cé cung cép cho nguoi ding mét bién sé millis, bién sé nay luu
trir thoi gian tir khi Arduino duoc cip ngudn va hoat dong. Bién millis s& duoc
dat lai mac dinh 12 0 khi Arduino mat dién. Kiém tra bién millis dé thiét 1ap thoi
gian cho chu ky. Trong dé tai nay tdi chon chu ky 20 phat, khi bt dau hoat dong
hoac bat dau chu ky méi nat SINK s& gui dit liéu di v6i dang broadcast dén céc
nGt thanh phan trong hé théng. Néu chwa hét chu ky hién tai thi nit SINK lai

quay tro lai 1ang nghe dix liéu giri dén tir cac nat Cluster Head.

1 bvte 2 bvte 2 bvtes 20 bvtes
V/setun NumNod NumRoa Content
25 bvtes

Hinh 3.3. Khung dz liéu nat SINK gui di.

Trong d6 Vsetup 13 bién chirc ning goi tin, Vsetup ¢ day t6i cd dinh bang
1 dé phan biét vai cac gai tin khac. NumNode 1 bién luu trit s6 cac s6 nit thanh
phan cd trong hé théng mang cam bién. NumRoad 14 bién luu chu ky hién tai
cua hé thong. Toi xay dung sé chu ky chinh bang sé cac nat trong hé thong cho
nén khi chu ky 16n hon sb cac nat thi bién NumRoad s& duoc dat lai bang 1.
Content 1a ndi dung géi tin, t6i thém truong content vao dé gidp toi theo ddi
dugc hé théng. Khi hé thong hoat dong tot co thé khdng can dén bién content

nay nia.

Thanh phan quan trong va kha phuc tap caa hé thong chinh 1a nat thanh

phan. Chirc ning ctia ndt thanh phan duoc thé hién ¢ so d6 dudi.
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Goi tin dén

God fin b node SINK

{ Broadcazt Foad )

Goi tin thong bio Goi tin chuyén tiép

Chister Head

Hac dinh cluster head
Chuyen vé nit SINK

Lay dia chi Cluster
Head

e e e

Bha chi dich chinh 1a
ik SINE

Tao ditliév niéng gin
vé mit dich

Hinh 3.4. So d6 chirc ndng miit thanh phan

M3i Arduino Nano s& thuc hién mét vong lip tuan hoan trong sudt thoi
gian hoat dong. Theo so d6 hoat dong duoc xay dung nhu trén thi bude dau
vong lap Arduino Nano s& kiém tra thong tin dén. Dya vao trudng dau tién caa
goi tin ta c6 ba loai gdi tin thdng hanh trong hé thong. Mot 1a goi tin cai dit
duoc nut SINK phét broadcast trong mang, hai la géi tin thong bao dich danh
cluster head va goéi tin dir liéu riéng caa nat trong mang giri dén. Do dic tho
Xbee nén mdi mot vong lap chi nhan duge mot goi tin. Vai goi tin broadcast dén
tr nGt SINK tac 12 vong lua chon cluster head méi da bat dau. Khi nhan dugc
goi tin gom 25 bytes da trinh bay ¢ trén ndt thanh phan bat dau kiém tra bién
NumRoad. Néu bién NumrRoad bang 1 thi hé thng bit diu mot vong tuan hoan
méi khi d6 tat ca cac ndt thanh phan duwoc thiét dat lai tr dau. Néu bién

NumRoad khac 1 thi nat thanh phan kiém tra xem & nhitng chu ky truéc minh
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d3 tré thanh Cluster Head chwa. Néu d3 ting tr thanh Cluster Head thi bo qua
va xudng budéc tao dir liéu riéng roi giri dén nat dich. Nut dich duoc thiét 1ap
mic dinh 1a dia chi caa nat SINK, dia chi nay thay doi khi nat thanh phan nay
tham gia vao mot cum cac nat co Cluster Head quan ly va tro lai mac dinh khi
chinh n6 tro thanh Cluster Head. Néu nat thanh phan nay chwa tung trg thanh
Cluster Head thi s& sang budc tiép theo 1a xac dinh Cluster Head. Cac n(t s& tu
x4c dinh xem minh c6 tro thanh Cluster Head hay khéng bang céng thuc
LEACH di trinh bay ¢ phan trudc. Néu khdng phai Cluster Head thi nat thanh
phan lai dong goi dir liéu riéng va giri dén nut dich. Néu tre thanh nat Cluster
Head thi s& guri thong tin quang ba BroadCast dén cac nut khac dé thong bao

minh tro thanh Cluster Head. Qua d6 dé thanh lap cum céc nit do minh quan ly.

1 bvte 2 bvte 7 bvtes 10 bvtes
\Vsetun IDNode msh Isb

25 bvtes
Hinh 3.5. Khung dir liéu Broad Cast cua Cluster Head

Trong d6 Vsetup c6 gia tri bang 2 dung dé chi chic ning cua goi tin.
IDNode la dinh danh, msb va Isb 1a dia chi cua nut Cluster Head do.

Néu nhan duoc goi tin tir nit Cluster Head khac, nat thanh phan s& kiém
tra trong chu ky hién tai minh di tham gia vao cum nao chua. Néu da tham gia
thi bo qua budc nay, néu chua s& chon ngau nhién hoic dya vao hiéu suat truyén

dit liéu @é lva chon Cluster Head cho minh.

Néu nhan duoc g6i tin tir nit thanh phan khac chuyén dén thi c¢6 nghia

minh dang 1a Cluster Head.

1 bvte 2 bvte 5 bvtes 100 bvtes
Vsetun IDNode NumSen Content
108 bvtes

Hinh 3.6. Khung di# liéu diroc gii tir NGt thanh phdn dén Cluster Head

28



O day Vsetup bang 3, IDNode 1a dinh danh caa nat gii dix liéu dén va
Content 1a ndi dung thu thap duoc tir cac cam bién caa nat thanh phan. Bién
NumSend ding dé luu trit s6 goi tin da gui va khi chu ky méi bat dau tic 1a co
nGt ClusterHead méi thi bién sé tr lai gia tri mac dinh 1a 0. M&i géi tin duoc
guri di bién s& ting 1én mot don vi.

Dit liéu trong mdi nit c6 cac bién nhu sau :

- hieusuatX: luu tri¥ théng tin hiéu suat truyén tai dix liéu tir n6 dén
nGt X. Nat X chinh 1a dinh danh cuaa cac nat con lai caa hé théng
ngoai trir nut SINK. Gié tri mac dinh cua hieusuatX la -1.

- DataRevX : luu trir thong tin s6 cac goi tin nhan dugc tir cac nit
thanh phan X gui dén no. Bién nay sé tro lai gia tri mac dinh 1a 0 khi
nat hién tai tro thanh ClusterHead. M&i khi nhan duoc goi tin dén tir
nat X bién s& taing mot don vi.

MOi 1an nhan dugc géi tin dén tir nat X thi ClusterHead sé thay d6i gia tri
cua bién hieusuatX theo cong thic sau
hieusuatX = (hieusuatX + (DataRevX *100/NumDataSend))/2 (2)

Nhu vay ta ludn c6 gia tri trung binh hieusuatX dé danh gia hiéu suat
truyén tin cta hai ndt. Gia tri nay dwoc nat 14 dua vao dé lwa chon nit

ClusterHead thich hop khi mang phét sinh nhiéu hon mét nit ClusterHead.

Sau mot thoi gian hoat dong thi bién hieusuatX s& duoc xac 1ap chinh xac

hon dan dén viéc lya chon Cluster Head quan 1y minh dat hiéu qua hon.
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Chuwong IV. XAY DUNG HE THONG VA PANH GIA GIAI PHAP
4.1. Tong quan hé théng:

Mot mé hinh mang ZigBee mudn danh gia chat luong truyén thong, su 6n
dinh, hiéu nang tiéu thu,... can rat nhiéu nat, giao thie LEACH ciing vay. Do
diéu kién dé tai cho phép nén t6i chi str dung bay thiét bi Xbee va bay bo mach
Arduino dé xay dung hé théng. V6i mé hinh nhu thé chling ta phai truyén tai
lugng thdng tin 16n trén mot khoang thai gian nhat dinh dé c6 thé bu dap phan
nao han ché thiét bi trong hé théng. Viéc nay dan dén kha nhiéu van dé can duoc

giai quyét & phan sau.

Nhén dir liéu

Quy dinh chu ky

Nt thanh phé‘xn‘

‘ Cluster Head

—

(

Cum nhom
Hinh 4.1 So do hé thong

Hé thdng c6 bay thiét bj truyén théng Xbee va bay bo mach Arduino
Nano. Mdi mot Xbee duoc két ndi dén Arduino Nano hinh thanh mét nat trong
hé théng. Vi dic diém chung cia ZigBee va LEACH déu c6 mot nit chi hay
con goi la nat SINK. Sau nat con lai dugc xay dung thanh hai cum theo phuong
thac LEACH.
4.2. C4c thiét bi phan cirng:
4.2.1. Thiét bi truyén thong Xbee:

Digi Xbee la tén thuong hiéu caa mdt nhom cac module radio twong thich

véi cac yéu té hinh thuc cua Digi International. Cac radia Xbee dau tién da duogc
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gidi thiéu duéi nhan hiéu MaxStream nam 2005 va duya trén tiéu chuan IEEE
802.15.4-2003.

Hinh 4.2 : Thiét b Xbee (http://arduino.vn/)

Xbee 14 thiét bi truyén thong khong day dugc wa chudng trong linh vic
mang truyén théng khdng day. Qua rat nhiéu phién ban dugc nang cip va cai
tién thi hién nay Xbee S2C duoc sir dung kha rong rai trén nhiéu qudc gia va
nhiéu linh vuc trong cudc song. Véi Xbee ta ¢ thé su dung phan mém chuyén
dung nhu XCTU dé cai dat. Nha san xuat da hd trg ngudi dung nhiéu mé hinh
mang c6 san, nhung chii yéu Xbee hoat dong theo mang cam bién ZigBee. Vi
cac thu vién lap trinh san cho phép Xbee két néi dén nhitng bo mach théng dung
nhu Arduino, Raspberry, ... Vi nhitng ung dung dic biét thi Xbee cd thé hoat
dong doc 1ap nhung phan 16n nguoi ding van st dung phuong thic két hop dé

c6 thé linh dong trong viéc truyén tin va da dang thong tin trén kénh truyén.
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Hinh 4.3 : B¢ két hop cua Xbee va Arduino (http://arduino.vn/)
Xbee str dung ngudn 3.3V, trong dé tai nay tdi sir dung nam chéan co ban
cua Xbee la chan nguon, chan Tx, chan Rx, chan Sleep, chan GDN
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24 cm

Hinh 4.4 : Cdu truc Xbee (http://arduino.vn/)

4.2.2. Bo magch Arduino Nano:

Arduino 13 mot board mach vi xir ly, nham xay dung cac tng dung tuong
t4c voi nhau hodc véi méi trudng dugc thuan loi hon. Phan cang bao gom mot
board mach nguén mé dugc thiét ké trén nén tang vi xt Iy AVR Atmel 8bit,
hoic ARM Atmel 32-bit. Nhitng Model hién tai dugc trang bi gom 1 cong giao
tiép USB, 6 chan dau vao analog, 14 chan 1/O k¥ thuat sb twong thich voi nhiéu

board m¢é rong khac nhau.

Hinh 4.5 : Arduino Nano (http://arduino.vn/)
Arduino Nano la mot phién ban dugc rat gon caa Arduino. Arduino Nano nho
gon hon nhiéu so véi cac ban Arduino khac va cac chan duoc thiét ké duc gan trén

bo mach gitip ngudi ding ¢ thé cim Arduino tryc tiép trén céc breadboard.
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D1TX  (1)|M 5@ 1(30) VIN
DO/RX (2) ‘!' WUM ARDUIND .CC 4 (29) GND
RESET (3)| @ *"°Y1%9 ““"°f§ (28) RESET
GND (4)|(§ ®1(27) +5V
D2 (5) D: g (26) AO
D3 (6) DC‘ 8 (25) A1
D4 (7) g 8 (24) A2
D5 (8) n’ 3 (23) A3
D6 (9) 007 g (22) A4
D7 (10) g 3 (21) A5
D8 (11) D! ,7 (20) A6
D9 (12) ® |(19) A7
D10 (13) @ | 2008 uUsa @ ](18) AREF
p11(14) |'e I 1N ’t(ﬂ) 3V3
D12 (15) “J! o o [’ (16) D13
8 ]
L 1
1-2, 5-16 D0-D13 110 Digital input/output port 0 to 13
3,28 RESET Input Reset (active low)
4,29 GND PWR Supply ground
17 3v3 Output +3.3V output (from FTDI)
18 AREF Input ADC reference
19-26 A7-A0 Input Analog input channel 0 to 7
27 +5V ‘Output or | +5V output (from on-board regulator) or
Input +5V (input from external power supply)
30 VIN PWR Supply voltage

Hinh 4.6: So' do cau trac Arduino Nano (http://arduino.vn/)
4.2.3. Cai dat hé théng co ban

Xbee dugc thiét ké véi chan cam dung chuan 2.0mm cho nén dé thuan

tién két néi véi Arduino Nano ta can phai c6 dé cim riéng véi chuan 2.5mm cho

Xbee. Khi d6 ta c6 thé dung day cap théng thudong dé tién hanh két ndi Xbee va

Arduino Nano.

Hinh 4.7 : Bé chuyén doi tir 2.0 sang 2.5 (http://arduino.vn/)
Sau khi cim Xbee vao dé chuyén doi chan ta cd thé ding day két néi hoac

dung Bread board dé tién loi va gon hang hon nhu sau.
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Hinh 4.8 : Xbee va Arduino Nano trén Bread Board

Budc dau tién phai 1am 1a dung Xbee va Arduino dé tao ra mot mang cam
bién sir dung mang ZigBee co ban. Hé théng mang phai hoat dong binh thudng
va c6 thé truyén tai khéi lugng thong tin trén duong truyén. C6 rat nhiéu tai lidu
huéng dan cach cai dat va két ndi mot mang cam bién Xbee nhu trén. Dudi day
la mot huéng dan co ban:

Muén c6 mot mang Xbee don thuan thi ban dau phai cai dat cau hinh cho
c4c thiét bi Xbee. Thiét bi Xbee dugc két nbi dén may tinh qua phan mém
XCTU va mot bo mach két ndi duoc thiét ké riéng cho Xbee. Trong dé tai nay
t6i sir dung mot Xbee 1am ndt chu va bén Xbee khac duoc cau hinh 1a ZED(
Zigbee End Device).

Hinh 4.9 : B4 cdu hinh cho Xbee
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Tién hanh cim Xbee vao bo cau hinh va két ndi ciing may tinh qua cong
USB. Viéc két ndi qua cap USB nhung khi chuong trinh XCTU sé& nhan d6 1a
mot cong COM 4o. Sau d6 bat chuwong trinh XCTU 1én va dua vao nhung thong
sb co ban cho cong két ndi nhu : S6 hiéu cong, baudrate, data bits, stop bits vao
thi chuong trinh s& tu dong tim kiém thiét bi. Mot thiét bi Xbee méi s& phai nap

lai firmware. Chuong trinh XCTU da hd tro sin nén viéc nap rat dé dang.

PC Settings | Range Test| Tesminal | Modem Configuration |

Com Port Setup

Sedect Com Port
BT Pouy
AT Com test / Query Modem
BT Por
BT Pof  Commurscation vath modem. OK

IL_

BT Po§ Modem type » XB24-B L}
BT Porl§ Modem femware version = 2047

BT Pox o

BT Por§  Senial Number = 134200408C1470 3
BT Por

87 PO( v
BT Por —J
- Ry | ok |

Haost S et O wer o P T TR TR S |

Hinh 4.10 : Nhdn dién Xbee

Thiét bi da duoc cai dat 1a Modem type = XB24-B va c6 phién ban phan
ctng 1a 20A7. Sb Serial 1a 13A200408C1470. Ba s6 liéu trén cuc ky quan trong
véi Xbee. Véi hai thdng sé trude xac dinh doi cua Xbee va binh thuong trong
mot mang cam bién co sb lugng 16n Xbee thi viéc cai dit cung firmware 13 cén
thiét va hop Iy. Con sé Serial 1a dai dién cho Xbee d6, nha san xuat lay d6 lam
dia chi cho Xbee ludn. Cho nén mdi mét Xbee déu cé dia chi chinh thirc. Binh
thuong mdi mot goi tin trong Xbee duoc chuyén di déu co dia chi di va dén. Mot
mang ZigBee thudng c6 rat rat nhiéu thiét bi nén viéc luu trit dia chi nay c6 thé
khdng hop ly. Cho nén nha san xuit cho phép géi tin duoc phét tan xung quanh
theo cach BroadCast. Mot goi tin dugc gui khong can phai co dich dén, va
nhitng nut xung quanh c6 thé nhan dugc day du géi tin d6. Tuy thudc vao ting
truong hop dé xa ly goi tin. Mot géi tin BroadCast thuong dwoc gui voi muc

dich nao day, cho nén trong goi tin s& c6 nhiing tham sé can thiét. Nhitng ndt
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xung quanh c6 thé dua theo tham sé dé dé gitr goi tin hodc bo qua goi tin do.
Viéc gui goi tin BroadCast s& rat ¢ ich trong nhiéu truong hop. O day khi xay
dung hé théng c6 ap dung thuat toan LEACH thi goi tin broadcast s& dugc ap
dung trong viéc xac dinh ndt cha nhdm (cluster head) hoic truyén thong béo cua
nat SINK dén tat ca cac nit trong mang.

Déi v6i nhitng Xbee da dugc sir dung thi chwong trinh s& liét ké nhitng sb
liéu ma nguoi dung trude da thiét 1ap. Nhu da néu trén hé thdng ching ta can
mot nat chu (Sink) va sau nat 1a.

Modem Parameter Profile Remote Configuration... Versions...
PC Settings | Range Test | Teminal Modem Configuration I
Modem Parameter and Femware Parameter View - - Profile Versions

Read | Wite | Restore [ Clear Screen I Save | Download new
‘ IV Abways Update Flmwalel Show Delauﬂsl Load I YAONS. .
Modem: XBEE Foretom et - Vession
[x82428 | lZIGBEE COORDINATOR AT J | |2087 ]
= 73 Netgad =

234)

1D - PAN ID

Nox me
B (1234) OP - Operating PAN ID
B (7505) 01 - Opesating 16-bit PAN ID
[ (19)CH - Opesating Charnel
[ (&) NC - Number of Remaining Children
= 3 Addiessing

{134200] SH - Setial Number High|

408C1470) SL - Sesial Number Low
B OTRY- 165

(0) DH - Destinat s High

e e e T
Read high 32 bits of modems urique IEEE 64-bit Extended Address.

COM10 | S6008N-1 FLOW.NONE XB24-ZB Ver2047

Hinh 4.11 : C4u hinh Xbee

Hinh trén hién thi viéc cai dat mot nat SINK ( Ciing co6 thé goi 1a nat

Codinator). O day cau hinh khung truyén AT. Dé gilp viéc dinh dang goi tin

dugc nhanh va tién dung hon ta c6 thé ding khung truyén API. Chuong trinh

XCTU hd trg viéc cap nhat firmware cho mdi Xbee khi ciu hinh. Mot Xbee

thuong 6 rat nhiéu thong sé, trong dé tai nay cd nhiing théng sé quan trong nhu
sau:

- PAN ID : 12 ID cia mang cam bién, tat ca cac nat trong mang néu

muén truyén thong tin dugce cho nhau thi dau tién phai ciing mang.

Cho nén khi cai dat nat chu ( SINK) ching ta phai ghi nhé PAN 1D

cua no.
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- Scan Channels : 12 kénh truyén. Trén mdi mang déu c6 thé phan ra
nhiéu kénh truyén khéac nhau.
- Node ID : LA tén cua Xbee ta dang cau hinh
- SH, SL : Chinh 1a dia chi ctia Xbee dang cau hinh
- DH, DL : La dia chi dich ma Xbee cau hinh mubn gui théng tin,
viéc giri goi tin broadcast thi chi && mic dinh ¢ hai théng sé nay.
Con ¢6 nhiéu thdng s quan trong s& dugc noéi dén & phan sau. O phan tiy
chon function set I lya chon chirc nang cuia Xbee. Hé thong chung ta dang can
gom cd mét ndt cha ( SINK) thi lva chon sé& 1a Coordinator API va sau n(t trong
hai nhom chdng ta sé chon ZigBee End Decive (ZED). Sau khi cai dat chuc
nang va cac thong sb can thiét xong hdy an nut write dé phan mém bat dau cau
hinh cho Xbee theo mong muén.
Tiép theo can phai két ndi Xbee va Arduino, so d6 mach két néi duoc thé

hién nhu hinh sau:

l O ¥oomh O
pimx (1) D240 0 O 50| 30 vin
Do/Rx (2)|OFF wene 20| (29) GND —
RESET (3) Oz 20| (28) RESET
GND (1) [OF 20| (27) +5V
D2 (5) |O% +0| (26) A7
D3 (8) (O3 20| (25) A6
D4 (7) |O= 20| (24) AS
D5 (8) |08 e, :O|(23) A4
o6 (@ (02 V%, 20|23 A3
D7 (10) ;'\? ’-2:0 (21) A2
oA {11) |0z 20 (20) A1
Da12) |Oz %\\\'& 20| (19) AQ
D10(13) |Q3 bO)| (18) AREF
D11{14) |03 Lo (17) 3va
Di2{15) oz 0 (16) D13
(2 | use %)

Hinh 4.12 : Sor @6 mach két néi Xbee va Arduino Nano (http://arduino.vn/)
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#Finclude <XBee.h>
XBee xbee = XBeel():
¥BeeReszsponse response = XBeeBesponse () !
ZBRxResponse rx = ZBExResponse():
ModemStatusResponse msr = ModemStatusResponse ()
void setup() {

Serial .begin (9600) ;

id loop () {
xbee.readPacket ()
if (xbee.get sponse () .isAvailable()) {
if (xbee.g ponse () .getApild() == ZB RX RESPCNSE)
xbee.getBesponse () .getZBExResponse (rx) ;
// ¥ 1y goi tin dén rx
} else if (=bee.getResponse () .isError{)) {

Hinh 4.13 : Code cho nut SINK ( Coordinator )

Nhu chung ta da biét Arduino sir dung ngdn ngit C nén muén thao tac voi
Xbee ban dau phai c6 thu vién Xbee.h dugc cung cap trén trang chi.
XBee xbee = XBee();
XBeeResponse response = XBeeResponse();
ZBRxResponse rx = ZBRxResponse();
ModemStatusResponse msr = ModemStatusResponse();

Nhitng cau lénh nay dung dé khai bao mot thiét bi Xbee trong hé thong.
void setup() {

Serial.begin(9600);
xbee.begin(Serial);

¥

Ham setup() sé duoc khoi chay khi Arduino Nano dugc bat 1én. Lic nay
Xbee sé hoat dong vai hai chan Rx,Tx cua Arduino Nano. Serial.begin(9600) la
khoi dong cong tuyén thong ndi tiép caa Arduino Nano va may tinh véi Data
bits 12 9600. Tiép dén ham loop() 1a mot vong lap tuan hoan caa arduino nano.
Trong suét khoang thoi gian hoat dong caa arduino nano néu khéng gap phai 15i
trong vong lip nay thi vong lap s& dugc thuc thi mai méi. Cho nén mdi vong lap
thi Xbee déu duoc kiém tra xem c6 goi tin méi nao dén khdng. Mai vong lap
duoc thuc thi rat nhanh nén nhimg géi tin duoc truyén lién tuc tir nhitng nit

kh&c vé gan nhu khong that thoét.
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Tiép dén s& nap code cho cac nat 14 trong cum da duogc thiét lap trudc.
Cum nay gém c6 bén nat, mdi nit s& dam nhan gui nhitng goi tin vé nit chu (
Coordinator ). Trong g6i tin ta c6 thé thiép lap dé co6 thé phan biét goi tin dén tur
dau va ndi dung goi tin la gi.

Nhu vay bude dau toi da xay dung duoc mot mang ZigBee don thuan sir
dung thiét bi truyén thong Xbee. Budc tiép theo ciing 1a budc quan trong nhat
cia dé tai. T6i tién hanh phan tich giao thuc LEACH va 4p dung thuat toan
LEACH vao trong ZigBee. Hé thdng chiing ta gom c6 mot nat chu (SINK) va
s&u nut thanh phan. Sau nat thanh phan s& xay dung thanh hai cum, va sau mot
chu ky s& tién hanh Iya chon chu cum ( Cluster Head). Phan sau sé& trinh bay chi
tét vé viéc xay dung hé thong.

4.3. Xay dwng nat SINK:

Ciing giébng moi mang cam bién thi nit SINK nham muc dich thu thap
thong tin cua cac nat thanh phan trong mang. La trung tam cia mot mang nén
nut SINK thuong duoc thiét ké véi bo mach manh, c6 thé hoat dong thuong
xuyén, lién tuc. Nguon cung cap cho nit SINK thuong la ngudn dién cd dinh,
trong nat SINK s& st dung mot phuong phap nao day dé van chuyén thdng tin
thu thap dén véi nguoi ding.

Nhu di gi6i thiéu vé giao thirc LEACH 6 trén, sau mdi chu ky sé& lya chon
ra mot nat cluster head. Viéc chon ra mot nat chi nhém ( Cluster Head ) phai
duoc thyc thi khi chu ky méi bat dau va duoc tit ca cac nhom trong cum tham
gia ddy du. Nhu vay viéc dinh chu ky caa hé théng s& duoc nit SINK quyét
dinh. M&i ndt thanh phan chi viéc lang nghe va khi nhan duoc tin hiéu tir nit
SINK thi xac dinh mot chu ky méi hinh thanh. Xay dung nat SINK qua ngdn
ngit C duoc nap vao Arduino Nano gan trén nit SINK. M&i mét vong lap (loop)
trong nat SINK s& kiém tra xem c6 dix liéu duoc gui vé khdng va kiém tra xem

da phai thdng bao vai tat ca n(t thanh phan 1a chu ky méi bat dau hay chua.
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&9 nodeSink | Arduino 1.85 - O x
File Edit Sketch Tools Help

00 BaH m‘
nodeSink ﬂ

#include <XBee.h>
¥Bee xbee = XBee():
¥BeeResponse response = XBeeResponse():
ZBRxResponse rx = ZBRxResponss();
uintdé_t Vsetup = 0;
int totalNode = 5;
int roadNow = 1;
void setup() {
Serial.begin (9600);
xbee.begin (Serial);

nse () .isAvailable()) {
bee.getResponse () .getApild()) s
se().gethpild() == ZB_R¥ RESPONSE) {

et 122 () .getiBRxResponse (IX) 7
Vsetup = etData (0) ;
f/Serial.println(Vsetup)

if((Vsetup) = 5){
int nodeS = rx.getData(l):
int type = rx.getData(l);

Hinh 4.15 : Giao dién Arduino IDE

Dung bién Vsetup dé phan biét goi tin dugc phét tir nit SINK va goi tin
duogc phat tir cac nit khéc, bién info 1a noi dung gui di va broadcast 1a s6 lan gui
broadcast ciia nit SINK. Nat SINK théng bao chu ky bat dau. Vi moi chu ky tat
ca cac nut thanh phan déu phai tham gia cho nén nat SINK s& phai gui mot goi
tin quang ba ( Broadcast ) dén tat ca gdi tin trong mang. G6i tin thong bao phai
c6 ti 1& nhan duoc cao cho nén nat SINK phai giri géi tin lién tuc va nhiéu lan
trong mot khoang thoi gian nhat dinh.Nat SINK phat goi tin broadcast di bon
lan, mdi lan s& tam dung trong 0,3 gidy. Vay sau bén lan thoi gian sé vuot qua
ngudng 1 gidy va vong if s& khong Iap lai mot 1an nixa trong chu ky nay. Ldc
nay ta tang bién roundNow Ién mot don vi. Cau tric goi tin gom co Vsetup dé
danh dau goi tin broadcast tir nit SINK, totalNode 1a s6 lwong node trong hé
théng, roadNow la vong hién tai. Mudn phét géi tin dang broadcast thi ta dem
théng so vao trong dia chi 1a 0x0000 va Oxffff.

Nhu vay ta da xay dung duoc mot nit SINK Iudn lang nghe théng tin tir
cac nut trong hé théng mang. Va ddong thoi sau 20 phit s& phat di goi tin
broadcast dé théng béo cho tat ca cac ndt thanh vién 1a vong tiép theo s& bat dau.
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4.4. Xay dung nut Cluster Head:

Tiép theo ching ta s& xay dung cac nut thanh phan. NGt thanh phan c6
chtrc ning dam nhan cdng viéc chinh 1 truyén thong tin trong mang. Nhu giao
thie LEACH d4 nodi trén, mot chire nang nita caa ndt thanh phan 1a chuyén tiép
c4c goi tin trong cum cac nat dén cho ndt SINK. O mang Zigbee don thuan thi
nut dam nhan cdng viéc chuyén tiép gdi tin chinh 1a nit ZR ( Zigbee Router ).
Nhu vay ching ta thay khi 4p dung LEACH vao trong Zigbee thi s& khdng can
dén nat ZR nita ma thay vao d6 cac nat thanh phan s& thay phién nhau lam cong
viéc chuyén tiép céc goi tin trong mang.

Cau lénh if(roundNow != roundOld) dung dé kiém tra vong lap mai. Khi
c6 vong lap mai ta sé dat hai bién checkRoad va getCluster vé gia tri mac dinh.

Chtre nang chinh cua nut khong phai ClusterHead 1a dong goi dir liéu thu
thap duoc tir cac cam bién xung quanh va thém vao mot truong dir ligu dé xac
dinh gai tin thir bao nhiéu da duoc gui di.

Bién hieusuatX dung d& luu trir hiéu suat truyén ning luong tir nat dang
xét dén nit gui dir liéu. Nhu da trinh bay ¢ phan truéc nit thanh phan s& chon
ndt c6 gia tri hiéu suat tot nhat thanh nat Cluster Head quan ly minh.

4.5. Lap dit chay thir hé thong:

Nhu d3 trinh bay & trén vé cac buéc xay dung ndt SINK va ndat thanh
phan. Ching ta tién hanh lap dat Xbee vao cac Arduino Nano vira mai dugc nap
code. Phai phan bién ro dau la Xbee danh cho nit SINK va Xbee danh cho nut
thanh phan. Sau d6 chung ta tién hanh cip ngudn cho hé thdng bang cach cam
cap USB hoic thiét ké b ngudn riéng cho ting nat. Khoi dong nat SINK dau
tién dé Xbee & nit SINK xay dung mang Zigbee. Nhu vay khi cac ndt thanh
phan khoi dong sé tu dong tham gia (join ) vao mang Zigbee vira roi.

4.6. Lap dit hé thong do mic tiéu thu dién:
Do chua du diéu kién dé xay dung mot hé théng do murc tiéu thu dién nang riéng
cho thiét bi nén tdi sir dung pin sac du phong c6 man hinh LCD theo di dung

luong pin.
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PISEN

LCD Power

Hinh 4.19: Pin sac diu phong

Man hinh LCD cua pin sé& hién thi phan trim ning lugng cua pin, qua do
khi mét thiét bi sir dung pin mot thoi gian ta s& xac dinh dugc trong khoang thoi
gian d6 thiét bi tiéu thu bao nhiéu pin. Pin cia t6i c6 dung luong 10000 mAh va
duoc sac day trugc mdi lan do.

Noi dung ctia phan nay 13 do mirc ning luong cua thiét bi va so sanh uu
diém phuong phap moéi toi dé xuat. Cho nén tdi so sanh gitra mang cam bién
khong day ZigBee thuan, giao thic LEACH va mang cam bién ZigBee duoc cai
tién theo phuong phap cua t6i, ca ba mang cam bién déu su dung thiét bi truyén
thong khong day Xbee.

Khi thuc hién viéc do dac va so sanh toi tap trung vao ba chi sb chinh:
thoi gian hoat dong, dung lugng thong tin, mac nang luong tiéu thu. Mang cam
bién khéng day trén thuc té thuong duoc thiét 1ap hoat dong ¢ mac do thap va
thoi gian hoat dong cua hé théng dai. Cho nén muén danh gia duoc mot mang
cam bién khdng day cu thé phai can cé thoi gian. Do thoi gian khong nhiéu nén
t6i ting cudng do hoat dong va dung luong théng tin truyén tai trong hé théng

nham r(t ngan thoi gian thi nghiém, do dac cua toi.

2 bvte 100 bvtes
IDNode Content

< 102 bvtes ——>

Hinh 4.19. Goi tin trong ZigBee thuan
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1 bvte 2 bvte 5 bvtes 100 bvtes
Vsetup IDNode NumSen Content

108 bvtes

Hinh 4.20. Géi tin trong phuwong phap maoi cua toi

Nhu d3 gi6i thiéu & phan trudc, thiét ké cau tric goi tin cua ZigBee thuan
khac vai cau tric goi tin cia phuong phap méi cho nén dé so sanh dung lwong
thong tin truyén tai trong mang tdi s& tinh dung lwong caa ndi dung goi tin. Noi
dung goi tin trong thi nghiém cua toi la :

“anhsang:205;nhietdokhongkhi:25;nhietdogiathe:30;doamkhongkhi:70;no
ngdoco2:4.84;nongdoph:6.54”

Tong dung luong noi dung goi tin 12 108 Byte. Chu ky giri goi tin cua cac
nat thanh phan 13 2s.

Hé thong cua tdi gom cd 7 node (mdi node gom thiét bi truyén thong
Xbee va bo mach arduino), nhu vay khi lip dit mang truyén théng khong day

ZigBee thuan ta ¢c6 md hinh mang nhu sau :

Hinh 4.21. M6 hinh 7 node ZigBee thuan
M6 hinh gém c6 mét ndt chu C (codinator), 1 nit router R va 5 ndt thanh

phan. Khi tinh toan va do ludng ta s& do cho hai thiét bi R va E nhu vy s& danh
gia duoc phan nao mirc do tiéu thu nang lugng cua toan mang. Dudi day 1a mo

hinh mang cam bién theo phuong phap t6i dat ra voi 7 node co ban.
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Cluster H}.

Cum1l
\

/

Cum 2
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/ \ Nt thanh phan
T . Cluster Head .

/

Hinh 4.22. M6 hinh mang cua phwong phap maoi véi 7 node

M6 hinh gom 1 ndt chi (SINK) va 6 nuat thanh phan. G md hinh mang

phuong phap méi ta chi can do bat ky mot nit thanh phan nao trong mang la co

thé d4nh gia muc tiéu thu dién ning cho mang.

M6 hinh cho giao thic LEACH ti ciing thiét ké twong tu véi phuong

phap méi cua toi.

T6i da thuc nghiém rat nhiéu lan trén ca ba hé thong va cé nhiing két qua

cu thé nhu thong ké phia dudi:

e Thei gian h¢ théng hoat dgng 1 tiéng:

Véi hé théng ZigBee co ban:

L . . . Dung lugng
Thietbisir | Tong so6 goi Tong so goi Thoi gian hé Dung luong o
) ) ) ) , o Pin tiéu thu
dung Pin tin guri di tin nhan dwoc | thong hoat dong | pin con lai(%) o)
0
NUt Router 7841 1 Gio 91 9
Nut ZED 1800 1 Gio 98 2

Hé thong bao gom I niit Coordinator, 1 mit router va 5 mit ZED nhw vy

co thé tinh dwroc cac chi sé sau:

Tong dién nang tiéu thy cua hé thong khong tinh nat Coordinator 1a

9 + 2*5 =19 % (Pin sac)
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Ty I¢ gbi tin nhan duoc la :

((7841/5)*100)/1800 = 87%

Vi giao thac LEACH:

, ) ) . o Chu ky Dung

L Tong so Tong s6 goi | Thoi gian Dung lugng ]

Thiét bi sur . ) ) ] chon o luong Pin
) goi tin guri tin nhan hé thong pin con .
dung Pin Cluster ] tiéu thu
di duoc hoat déng lai(%)
Head (%)
NGt SINK 9381
Nut thanh . .
. 1800 1 Gio 20 Phut 97 3
phan

Hé thong bao gom mét nat SINK va 6 ndt thanh phdan nhw vay c6 thé tinh

dwoc nhiing chi sé sau:

Tong dién nang tiéu thy cua hé thong khéng tinh nat SINK 13 :
3*6 = 18 % (Pin sac)

Ty lé goi tin nhan duoc la :

((9381/6)*100)/1800 = 86.8%

Vi hé thong ZigBee ap dung phuong phap méi:

) ) , . o Chu ky Dung
L Tong so Tong s6 goi | Thoi gian Dung lugng ]
Thiét bi str o ) ) ) chon o luong Pin
) goi tin guri tin nhan hé thong pin con .
dung Pin ) Cluster ) tiéu thu
di duoc hoat déng lai(%)
Head (%)
NUt thanh )
. 1800 1593 1 Gio 10 Phat 96 4
phan
Nut thanh . .
. 1800 1585 1 Gio 20 Phat 97 3
phan

Hé thong bao gom mét nat SINK va 6 nat thanh phan nhu vdy co thé tinh

dwoc nhiing chi sé sau:

Tong dién nang tiéu thy cua hé thong khéng tinh nat SINK 13 :

(4*6 + 3*6)/2 = 21 % (Pin sac)

Ty l¢ gbi tin nhan dwoc la :
1590*100/1800 = 88.3%

45




e Thei gian hé théng hogt dgng 2 tiéng:
Véi hé théng ZigBee co ban:

o , .. , . Thoi gianhé | Dunglugong | Dung lugng
Thiét bi s Tong so goi Tong so goi tin , N o
) ) ) thong hoat pin con Pin tiéu thu
dung Pin tin gui di nhan duoc )
dong l2i (%) (%)
Nut Router 15640 2 Gio 76 24
Nut ZED 3600 2 Gio 95 5

Hé thong bao gom 1 niit Coordinator, 1 mit router va 5 niit ZED nhu vy
co thé tinh diwroc cac chi sé sau:
Tong dién nang tiéu thu cia hé thong khong tinh nat Coordinator 1 :
24 + 5*5 = 49 % (Pin sac)
Ty lé goi tin nhgn duoc la :
((15640/5)*100)/3600 = 86.8%
Vi giao thuc LEACH:

, ) , .. o Chu ky Dung
o Tong so Tong so goi Thaoi gian Dung luong ]
Thiét bi su . ) ] ;i chon o luong Pin
) goi tin gui tin nhan h¢ thong pin con N
dung Pin ) Cluster ) tiéu thu
di duoc hoat déng lai(%)
Head (%)
Nut SINK 18760
Nt thanh ) ]
. 3600 2 Gio 20 Phut 93 8
phan

Hé thong bao gom mét nut SINK va 6 ndt thanh phan nhuw vay c6 thé tinh
dwoc nhiing chi sé sau:
Tong dién nang tiéu thy cua hé thong khéng tinh nat SINK 13 :
8*6 = 48 % (Pin sac)
Ty Ié gbi tin nhdn duoc la :
((18760/6)*100)/3600 = 86.8%
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Véi hé théng ZigBee ap dung phuong phap moi:

, ) ) . o Chu ky Dung
L Tong so Tong s6 goi | Thoi gian Dung lugng ]
Thiét bi su o ) . chon o lugng Pin
. goi tin gui tin nhan h¢ thong pin con N
dung Pin Cluster ) tiéu thu
di duoc hoat dong lai(%)
Head (%)
Nut thanh . .
. 3600 3241 2 Gio 10 Phat 91 9
phan
Ndt thanh .
. 3600 3199 2 Gio 20 Phat 92 8
phan

Hé thong bao gom mét nat SINK va 6 ndt thanh phan nhuw vdy cé thé tinh
dwoc nhiing chi sé sau:
Téng dién nang tiéu thu cua hé théng khong tinh nat SINK |a :
(9*6 + 8*6)/2 = 51 % (Pin sac)
Ty Ié gbi tin nhan duoc la :
3199*100/3600 = 88.8%
e Thoi gian h¢ théng hoat déng 4 tiéng:
Véi hé théng ZigBee co ban:

o , . , . Thoi gian hé | Dungluong | Dung lugng
Thiét bi str Tong so6 goi Tong so goi tin , o L
) ) o thong hoat pin con Pin tiéu thu
dung Pin tin guri di nhan duoc )
dong l2i (%) (%)
Nt Router 30931 4 Gio 53 47
Nat ZED 7200 4 Gio 89 11

Hé thong bao gom 1 it Coordinator, 1 mit router va 5 nit ZED nhw vay
c6 thé tinh dwot cac chi so sau:
Téng dién nang tiéu thu cua hé théng khong tinh nat Coordinator la :
47 + 11*5 = 102 % (Pin sac)
Ty Ié gbi tin nhdn duoc la :
((30931/5)*100)/7200 = 85.9%
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Vi giao thuc LEACH:

, ) ) . o Chu ky Dung
L Tong so Tong s6 goi | Thoi gian Dung lugng ]
Thiét bi sur . ) ) i chon o luong Pin
. goi tin gui tin nhan hé thong pin con N
dung Pin Cluster ) tiéu thu
di duoc hoat dong lai(%)
Head (%)
NGt SINK 37149
Nut thanh . )
. 7200 4 Gio 20 Phat 83 17
phan

Hé thong bao gom mét nat SINK va 6 ndt thanh phan nhuw vdy cé thé tinh

dwoc nhiing chi sé sau:

Tong dién nang tiéu thy cua hé thong khéng tinh nat SINK 13 :
17*6 = 102 % (Pin sac)

Ty Ié gbi tin nhan duoc la :

((37149/6)*100)/7200 = 86%

Vi hé thong ZigBee ap dung phuong phap méi:

. . . .. o Chu ky Dung
L Tong so Tong s6 goi | Thoi gian Dung lugng ]
Thiét bi su o . . chon o lwong Pin
) goi tin gui tin nhan h¢ thong pin con »
dung Pin ) Cluster ) tiéu thu
di duoc hoat dong lai(%)
Head (%)
NUt thanh )
. 7200 6539 4 Gio 10 Phat 82 18
phan
Nut thanh . .
. 7200 6544 4 Gio 20 Phat 83 17
phan

Hé thong bao gom mét nut SINK va 6 nat thanh phan nhuw vay c6 thé tinh

dwoc nhiing chi sé sau:

Tong dién nang tiéu thy cua hé thong khéng tinh nat SINK 13 :

Ty lé gbi tin nhdn duoc la -
6502*100/7200 = 90.3%
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e Thei gian hé théng hogt dgng 7 tiéng:
Véi hé théng ZigBee co ban:

o ) . ) . Thoi gianhé | Dunglugong | Dung lugng
Thiét bi s Tong so goi Tong so goi tin , N o
) ) ) thong hoat pin con Pin tiéu thu
dung Pin tin gui di nhan duoc )
dong l2i(%) (%)
Nut Router 52359 7 Gio 28 72
Nat ZED 12600 7 Gio 79 21

Hé thong bao gom 1 nat Coordinator, 1 mit router va 5 nit ZED nhw vy
co thé tinh diwroc cac chi sé sau:
Toéng dién nang tiéu thu cia hé thong khong tinh nat Codinator 12 :
72 + 21*5 = 177 % (Pin sac)
Ty lé goi tin nhgn duoc la :
((52359/5)*100)/12600 = 83.1%
Vi giao thuc LEACH:

, ) , .. o Chu ky Dung
o Tong so Tong so goi Thaoi gian Dung lugng ]
Thiét bi su o ) ] ;i chon o luong Pin
) goi tin gui tin nhan h¢ thong pin con .
dung Pin ) Cluster ] tiéu thu
di duoc hoat déng lai(%)
Head (%)
Nut SINK 62975
Nt thanh ) ]
. 12600 7 Gio 20 Phut 71 29
phan

Hé thong bao gom mét nut SINK va 6 ndt thanh phan nhuw vay cé thé tinh
dwoc nhiing chi sé sau:
Tong dién nang tiéu thy cua hé thong khéng tinh nat SINK 13 :
29*6 = 174 % (Pin sac)
Ty Ié gbi tin nhdn duoc la :
((62975/6)*100)/12600 = 83.3%
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Véi hé thong ZigBee ap dung phuong phap méi:

, i , . o Chu ky Dung
L Tong so Tong so goi | Thoi gian Dung luong )
Thiét bi su . ) ) ] chon o luong Pin
. goi tin gui tin nhan h¢ thong pin con .
dung Pin Cluster ) tiéu thu
di duoc hoat déng lai(%)
Head (%)
Ndt thanh ) )
. 12600 11619 7 Gio 10 Phut 70 30
phan
Ndt thanh . )
b 12600 11621 kB 7 Gio 20 Phut 72 28
phan

Hé thong bao gom mét nat SINK va 6 ndt thanh phan nhuw vdy cé thé tinh
dwoc nhiing chi so sau:
Tong dién nang tiéu thy cua hé thang khéng tinh nat SINK 13 :
(30%6 + 28*6)/2 = 174 % (Pin sac)
Ty Ié gbi tin nhan duoc la :
11621*100/12600= 92.2%
V6i dung lugng pin 10000 mhA cho mdi nit thanh phan ta c6 thé uéce tinh

thoi gian séng cua mang nhu biéu d6 sau:

30
25
20
B Xbee Thuin
15
H LEACH
m Phwong phap méi
10
5
0

Dung lwong pin 10000 mhA

Hinh 4.23. Biéu do so sanh thoi gian séng cia mang
Nhu thyc nghiém ¢ trén nit Router cia mang ZigBee thuan hoat dong

trong 7 gid tiéu ton hét 72% pin sac vay udc tinh 8 gio nit Router s& nging hoat
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dong. Tuong tu véi cac nat thanh phan cua LEACH va ZigBee 4p dung phuong
phap mai thoi gian séng cua nat thanh phan 1a 23 va 24 gio.

Téng hop nhitng két qua trén ta cd biéu d so sanh téng muc tiéu thy dién nang:

200

180

160

140

120

W ZigBee
100

B LEACH

80 mPhuong phap méi

60

40

" _i
0 -

1 gioy 2 givr 41 Gie 7 givy

Hinh 4.24. Biéu do so sanh muc tiéu thy dién nang
Gia trj tbng muc tiéu thu dién ning dugc tong hop tir cac thuc nghiém cu
thé da thuc hién. Tong muc tiéu thy dién ning cua phuong phap méi duoc ti wu
dan theo thoi gian. Phuong phap mdi can mot thoi gian cai dat va thu thap dir
lieu vé hiéu suat truyén dir liéu nén trong khoang thoi gian dau tiéu thy nhiéu
dién nang hon. Nhung khi buéc vao giai doan 6n dinh thi phuong phap méi s&
tiéu thu it nang lwvong hon. Néu hé théng hoat dong thoi gian dai hon thi phuong

phap mai s€ chirng minh dugc hiéu qua caa minh.
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Biéu d6 dud6i day thé hién viéc mat mét goi tin cua ba hé théng:

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

ZigBee LEACH Phuong phap mai

B Goi tin that thoat

m Gai tin nhén duoc

Hinh 4.25. Biéu do so sanh ty 1é mat mat gai tin trong hé thong

Biéu dd trén thé hién do6 mat mét goi tin cua ba hé thdng khi hoat dong

trong 7 gio. Véi diéu kién dia ly giéng nhau khi thuc nghiém trén ba hé théng

thi phuong phap méi c6 ty 16 mat mét gai tin thip hon han.
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Chuwong V. KET LUAN

Khoa hoc va cong nghé di mang lai cho nhan loai nhitng budc tién vuot
bac vé cong nghé. Mdi mot cong nghé ra doi déu duge ngudi ding cam nhan va
kiém chang khat khe. Cong nghé nao tiép can dugc véi nguoi ding nhiéu nhat
ching to wu diém cua cong nghé dé véi cac cong nghé khac cung linh vuc.
Mang cam bién khong diy da ra doi 12 sy két hop thanh cong cua mot loat
nhitng thanh tuu khoa hoc vé cdng nghé mang may tinh. Hién nay mang cam
bién khong day di di vao nhiéu linh vuc trong cudc séng va nghién ctu nhiam
phuc vu con ngudi. Vi rat nhiéu vu diém mang lai nén mang cam bién khong

day dang khang dinh vi thé caa minh trong cong nghé mang truyén thong.

Pé mang lai loi ich t6i wu cho ngudi st dung thi tét nhat 12 tan dung céc
diém manh riéng biét caa mang cam ung, d6 1a cac sensor gia thanh thap, tiéu
thu it nang luong va co thé thuc hién da chtic nang. Tuy nhién, WSN van con rat
nhiéu van dé can hoan thién dic biét 1a van dé nang luong va duy tri nguén ning
lugng cho cac nut cam bién. Pa rat nhiéu nha nghién ctru dem ra rat nhiéu giai
phap va hé théng véi mong muén khic phuc dan diém yéu caa mang cam bién

khong day.

Sau khi nghién cau va xay dung duoc mot mang cam bién khong day st
dung phuong thiee LEACH va ZigBee t6i di rut ra dugc nhitng vu diém va
nhitng van dé gap phai nhu sau:

- Uudiém:
o Thoi gian hoat dong cta mang dugc kéo dai
o Tiét kiém nang luong
o Tiét kiém tai nguyén trong mang
o Hiéu suat truyén tin tét hon
- Van dé gap phai :
o Theo ddi, ddi sanh can thuc hién trong thoi gian dai mai dam bao
do chinh xac cao

o Luong cdng viéc cua khéi diéu khién nhiéu hon
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oS4 lugng va chat luong thiét bi con bi han ché
Trong thoi gian nghién ciu va hoc tap toi da ¢ gang khac phuc nhiing
van dé gap phai dén muc thap nhat. Khi hoan thanh nghién ctu toi da thu duoc
nhitng kién thic va kinh nghiém ma dé tai mang lai. T6i nhan thdy nhimg wu
diém trén kha tt dé cai thién mang cam bién khéng day ZigBee. T6i hi vong
nghién ctru nay dong gdp mot phan nao d6 vao trong coéng cudc phat trién mang

cam bién khong day trén thé gidi.
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