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MO DAU

1. Tinh khoa hoc va tinh cép thiét ciia luin 4n

Mang cam bién khong day (Wireless Sensor Network) 1a mot két cdu ha tang
bao gdm cac thanh phan cam nhan (do ludng), tinh toan va truyén thong nham cung
cap cho ngudi quan tri kha ning do dac, quan sat va tac dong lai véi cac sy kién, hién
tugng trong mot moi truong xac dinh. Cac ing dung dién hinh ctia mang cam bién
khong diy bao gom cac tmg dung thu thap dit liéu, theo ddi, giam sat, y hoc ...

Mot mang cam bién khong diy c6 thé bao gdm hang trim, hang nghin nut
mang. Cac niit mang thudng 13 céc thiét bi don gian, nho gon, gia thanh thap, sir dung
ngudn ning luong han ché (thudng dung pin), c6 thoi gian hoat dong 1au dai (tir vai
thang dén vai nam) va co thé hoat dong trong moi truong khac nghiét (nhu trong moi
truong doc hai, 6 nhiém, nhiét do cao.. ).

Céc nut cam bién duoc phan bd rai rac trong trudng cam bién. MJi nat cam
bién c6 kha nang thu thap va dinh tuyén dit litu dén mot diém thu thap
(Sink/Gateway) va nguoi dung cudi. Cac nut giao tiép voi nhau qua mang vo tuyén
ad-hoc va truyén dit liéu vé nat géc bang k¥ thuat truyén da ching. Nguoi ding
cudi/ngudi quan 1y co thé truyén thong véi diém thu thap thong qua Internet hay bat
ky mang khong day nao vi du nhu mang di dong, WiFi, WiMAX... hoac nguoi dung
cudi ciing c6 thé truyén thong truc tiép voi diém thu thap.

Trong mang cam bién khong ddy, cac nat cam bién thuc hién dong thoi ca hai
chtrc nang do la:

=  Chirc néng sinh di¥ lidu: Cac nut cam bién thu thap thong tin vé cac su kién
trong trudng cam bién va thuc hién viée truyén thong dé guri dir liéu cua ching
vé diém thu thap.

= Chirc nang dinh tuyén dir ligu: Céc niit cam bién ciing tham gia vao qua trinh
chuyén tiép cac ban tin nhan duoc tir cac nat lan cin trong tuyén dudng da
ching dén diém thu thap.

Hau hét cc ung dung chinh ctia mang cam bién khong day 14 thu thap thong
tin cam nhan dugc trong trudng cam bién nén cac giao thirc thu thap dir liéu nhan

duoc nhidu sy quan tim nghién ctru trong cong dong mang cam bién khong day.
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Giao thuc cay thu thap dir li¢u - CTP (Collection Tree Protocol) thyc thi co
ché thu thap dir liéu tin cdy timg budc nhay (hop-by-hop). Cac nut tu t6 chirc thanh
mot cau tric dang cy va dir liéu ludn duoc giri vé nat cha cho téi khi dén duoc dinh
cta cdy (nat gdc). Nat gde duge gan 1a dinh cua cdy va tit ca cac nut khac duge khoi
tao 1a cac nat 1. Cac nut 14 s& cap nhat vi tri ctia n6 trong cdu tric cy va qua trinh
nay duoc mé rong trong toan mang véi diém xuit phat ban dau 1a tir nat gbe. Dit lidu
dugc giri qua mot ciu trac ciy dé dén duoc nat gdc.

Trong giao thirc CTP, thudc do dinh tuyén duge s dung 1a sé lan truyén ky
vong - ETX (Expected Transmission) [1]. Thudc do chit lwong lién két ciia mot tuyén
duong - rtmetric (route metric) duoc xac dinh bang tong ETX cia tat ca cac lién két
trén toan tuyén dudng d6. Vi tri ctia cic nut trong cdy dugc xac dinh boi thude do
tuyén duong rtmetric. Tuyén dudng c6 gia tri rtmetric cang 16n thi chét luong cac
lién két thudc tuyén duong cang thip. Tuyén dudng tot nhit 13 tuyén dudng co
rtmetric nho nhat. Pay 1a tuyén dudng c6 téng sb lan truyén ky vong ETX dén nut
gbc 12 nho nhat va ciing 13 tuyén duong hiéu qua vé mat nang luong nhat.

Trong thoi gian gan day, giao thirc CTP ciing thu hut dugce nhiéu sy quan tim
nghién ctru trong cong déng mang cam bién [2], [3], [4], [5], [6], [7], [8]. Giao thirc
CTP da dugc chirng minh 1a mgt giao thirc thu thap dir liu dat hi¢u qua cao vé mait
ning luong tiéu thu ciing nhu ty 18 chuyén phat thanh cong ban tin dit liéu trong
mang. Tuy nhién, giao thirc CTP hién tai chi dua vao thudc do dinh tuyén ETX dé lua
chon tuyén duodng t4i wu. Thude do dinh tuyén ETX khong giai quyét duoc van dé
can bang ning luong giita cac nut mang. Cac nit mang thudc nhitng tuyén dudng cé
chat luong lién két t6t phai thuc hién nhiéu viéc truyén dan trong mang. Cac nut
mang nay s& hét nang lugng nhanh hon cic nat mang khac va tao thanh cac 16 hong
trong mang, 1am giam hiéu ning cta toan bd hé théng mang. Pay 1a mot trong nhing
thach thirc quan trong ddi véi cac mang cam bién khong day hoat dong bang pin. Cac
bai bao [9], [10], [11], [12] d4 chi ra rang, thoi gian séng ctia mang s& duoc kéo dai
néu nang luong tiéu thy trén toan mang dong déu.

Mot s6 két qua danh gia giao thirc CTP hién tai dya trén cong cy mo phong
Cooja [13] va thuc nghiém véi phan cting TUmote ciing cho cac két qua tuong ty.
Trong luan 4n nay, tac gia dé xuét, thuc thi va danh gia mot giao thire dinh tuyén méi
EACTP (Energy Aware Collection Tree Protocol) co sy nhan thic vé ning luong

nham giai quyét diém yéu nay cua giao thire CTP. Cac két qua danh gia dya trén mo
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phong va thuc nghiém di cho thiy giao thirc EACTP dam bao dugc su can bang ning
lwong gitra cac nit mang thudc nhitng tuyén dudng cé chit luong lién két t6t va thoi
gian sdng ctia cac nut mang duoc cai thién tot hon so véi giao thirc CTP ban déu.
2. P6i twong va pham vi nghién ciru
Déi twong nghién ciru clia luan an 1a bai toan dinh tuyén c6 sy nhan thic vé
nang luong ap dung cho giao thirc cay thu thap dit liéu (bai toan dinh tuyén EACTP)
trén mang cam bién khong diy nhdm dam bao dugc sy cin bang ning luong giita cic
nat mang thudc nhitng tuyén duong cé chat luong lién két tét va nang cao thoi gian
séng ciia cac nut mang.
Pham vi nghién cuu cia luan an la tac gia tap trung vao cac phuong phap
dinh tuyén dua trén sy nhan thirc vé nang luong trong mang cam bién khong day.
3. Muc tiéu cia luin an
Muc tiéu ciia lugn dn 13: Dé xuat mot giao thic dinh tuyén méi EACTP
(Energy Aware Collection Tree Protocol) c6 sy nhan thic vé nang luong nham dam
bao sy can bang ning luong gitta cdc nut mang thudc nhing tuyén dudng cé chat
luong lién két t6t va nang cao thoi gian sdng cua cic nit mang. Tir d6, thuc thi va
danh gia hi¢u nang cua giao thirc nay dua trén mo6 phong va thuc nghiém.
Muc tiéu cu thé ciia lugn dn 13:
= Nghién ctru vé cic giao thirc dinh tuyén c6 sy nhan thirc vé ning luong cho
mang cam bién khong diy, phan tich danh gia va so sanh céc loai giao thic
dinh tuyén nay.
= Nghién ctru giao thire dinh tuyén cay thu thap dir liéu - CTP (Collection Tree
Protocol) cho mang cam bién khong day.
» P& xuit mot giao thuc dinh tuyén méi ¢6 sy nhan thic vé nang luong EACTP
dua trén giao thirc CTP da co.
* Xay dung md hinh va phan tich mé hinh toan cho giao thirc EACTP dua trén
1y thuyét do thi.
* Thuyec thi va phan tich danh gia hiéu nang ctua giao thirc EACTP dya trén mo
phéng.
=  Xay dung mét hé thong trién khai thye nghiém cho phép tiy bién, tich hop cac
chirc ning dinh tuyén méi va ddnh gia hiéu ning cua cac giao thirc niy trong

diéu kién thyc té.
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4. Phuong phap luan nghién ciru
Phuong phap nghién ctru trong luan an duoc két hop giita nghién ctru 1y thuyét
v6i nghién ciru md phong va thuc nghiém. V& nghién ctu 1y thuyét, tic gia nghién
ctru khao sat cac giao thic dinh tuyén c6 sy nhan thirc vé ning luong cho mang cam
bién khong day dua vao cac kién thirc co ban va cac két qua nghién ctru 1y thuyét da
dugce cong bd. V& nghién ciru mo phong va thuc nghiém, tac gia thuc hién cai dit
giao thirc dinh tuyén méi, chay thir nghiém giao thic dinh tuyén méi dua trén mé
phong va thuc nghiém trén cac nat cam bién that, tir d6 tac gia danh gia cac két qua
mo phong, thuc nghiém va két luan vé tinh vu viét cta giao thuc dinh tuyén moi.
5. Noi dung cia luan an
Luén an dugc trinh bay thanh 03 chuong nhu sau:
= Chuwong I: Bdi todn dinh tuyén trong mang cim bién khéng diy. Chuong
nay trinh bay nhiing két qua nghién ciru khao sat va danh gia vé cac giao thirc
dinh tuyén dua trén sy nhén thic vé nang lugng cho mang cam bién khong
day, phat biéu bai toan dinh tuyén c6 sy nhan thic vé ning luong véi giao
thire cay thu thap dir liéu va lua chon phuong phap tiép can bai toan cia tc
gia trong ludn an.
= Chuwong 2: Giao thirc cdy thu thip dit liéu cé sw nhdn thirc vé ning lwong.
Chuong nay dé xuat mot giao thirc dinh tuyén méi EACTP ¢6 su nhan thirc vé
ning luong. Giao thire EACTP dugc xay dung nhdm dam bao sy can bang
nang lugng giira cic nit mang thudc nhimg tuyén dudng cé chat luong lién két
t6t va nang cao thoi gian sdng cia cac nit mang. Mot sd két qua thuc thi va
danh gid giao thirc EACTP dya trén cong cu md phong Cooja cling dugc trinh
bay trong chuong nay.
= Chwong 3: Trién khai dinh gid thuwe nghiém. Trong chuong ndy, tac gia xay
dyng mot hé thong trién khai thuc nghiém dua trén 10 nut cam bién phan cimg
TUmote (Thainguyen University mote). Hé thong trién khai thyc nghiém nay
cho phép tily bién, tich hop cac chiic ning dinh tuyén mdi va danh gia hiéu
nang clia cac giao thirc nay trong diéu kién thuc té. Mot sb két qua danh gia so
sanh hi¢u nang giita giao thirc EACTP va giao thitc CTP théng qua mdt s6 mo
hinh trién khai thuc nghiém ciing dugc trinh bay trong chuong nay.
Cudi cung, tac gia dua ra mot s6 két luan vé két qua thuc hién ludn 4n va mot

s0 kién nghi d€ xuat cho luén an.
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Ngoai cac ndi dung chinh dugc trinh bay trong cac chuwong ké trén, nhitng noi
dung tham khao m¢ rong duogc trinh bay trong nam phu luc:
= Phu luc 1: Ban thiét ké so dd nguyén 1y va so do mach in phan cimg TUmote.
= Phu lyc 2: Ngin xép truyén thong RIME trong hé diéu hanh Contiki.
*  Phu lyc 3: Giao thitc ContikiMAC trong hé diéu hanh Contiki.
=  Phu luc 4: Banh gia mé phdéng vaoi Cooja.
= Phu luc 5: Banh gia thyc nghiém vé1 TUmote.
6. Pong gop cua ludn an
Trong qua trinh hoat dong cia mang cam bién khong diy doi hoi phai cé cac
giai phap méi dé dam bao sy can bang ning luong gitta cac nit mang thudc nhiing
tuyén duong co chat luong lién két tot va nang cao thoi gian séng clia cac nit mang.
Trong d6, van dé dinh tuyén c6 sy nhan thirc vé ning luong duoc coi 13 giai phap
quan trong. Trén co s& phan tich mo hinh toan hoc dya trén 1y thuyét d6 thi cho giao
thirc cay thu thap dir liéu c6 sy nhén thuic vé nang lugong, tac gid da c6 mot $6 dong
g6p mai trong luan an nhu sau:
= P¢ xuit mot giao thirc dinh tuyén méi d6 1a giao thirc cay thu thap dir lidu co
su nhan thac vé ning luong - EACTP (Energy Aware Collection Tree
Protocol). Trong giao thirc EACTP, tac gia da thuc hi€én mot s6 cai tién: Thu
nhat, tac gia di bo sung thém thanh phan udc luong ning lugng con lai trén
mdi nt cam bién; Tht hai, tic gia da dé xuit mot thuée do dinh tuyén moi do
1a trang thai nang luong con lai ES (Energy State) dé xac dinh tuyén dudng tbi
uu trong mang; Thi ba, tac gia da dé xudt mot thuat toan lwa chon tuyén
duong t6i uu mdi dua trén sy két hop giira hai thude do dinh tuyén 13 chat
luong lién két cua tuyén duong va trang thai ning luong con lai trén nit
chuyén tiép.
= MO phong va danh gia hiéu ning giao thirc EACTP théng qua mdt s6 mo hinh
mang. Tac gia da xac dinh cac thudc do danh gid phu hop cho bai toan dinh
tuyén EACTP va dua ra mot s6 két qua danh gia so sanh hiéu nang giira giao
thirc EACTP va giao thirc CTP. Cac két qua danh gid mo phong cho thay thoi
gian séng cua mang khi hoat dong theo EACTP moi dé xuat dugc cai thién tot

hon so véi giao thirc CTP ban dau.
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=  Xay dung mdt mdi trudng thyc nghiém duwa trén 10 nat cam bién phan cing
TUmote (Thainguyen University mote), cho phép tuy bién, tich hop cac chtrc
ning dinh tuyén moi va danh gid hiéu ning cua cac giao thirc CTP, EACTP
trong diéu kién thyuc té. M6i trudng thuc nghiém nay hoan toan co thé st dung
lai duogc cho céc nghién ctru thuc nghiém khéc trong linh vuc mang cam bién
khong day va co thé rat ngin thoi gian dé dwa cac mé hinh nghién ctu ly
thuyét sang cac mo hinh thuc nghiém c6 tinh tmg dung. Két qua danh gia thuc
nghiém trén 10 nat cam bién phan cimg TUmote d3 kiém chung lai tinh ding
din cua cac két qua mod phong ciing nhu nhitng 14p ludn vé tinh hiéu qua cua
giao thirc EACTP méi dé xuét.

18



Chuwong 1. BAI TOAN PINH TUYEN TRONG
MANG CAM BIEN KHONG DAY

Céc mang cam bién khong day duoc trién khai cho cic ing dung giam sat va
tuong tac véi moi truong vat 1y. Mic di mang cam bién khong diy bao gdm cac nut
cam bién don gian véi tai nguyén han ché nhung mang cam bién co6 thé phai thuc
hién nhiéu nhiém vu phtrc tap, trong do can c6 su tuong tac gitra cac nut mang. Cac
nat cam bién khong diy co ngudn niang luong va pham vi truyén séng han ché. Do
d6, dé truyén dugc dit liéu vé diém thu thap thi cac nat cam bién phai thuc hién viéc
chuyén tiép cac ban tin théng qua cic nut 1an can cta chang. Vi viy, cac giao thirc
dinh tuyén dong mot vai trd hét sttc quan trong trong mang cam bién khong day.
Chuong nay s& mé ta nhiing thach thirc ddi véi van dé dinh tuyén trong mang cam
bién khong day va cac giai phap dinh tuyén dya trén sy nhan thirc vé ning luong da
dugc nghién ctru, dé xuat cho mang cam bién khong day.

1.1. Van d@é niing hrong tiéu thu trong mang cam bién khong day

Vén dé ning luong tiéu thu cua nat cam bién rat quan trong boi vi nhidu nut
cam bién bi han ché vé ngudn ning luong. Cac nit cam bién khong day c6 thé hoat
dong bang pin hoidc ciing co thé tir cac ngudn ning lwong khac dugc tich trir tir moi
truong. Trong ca hai truong hop, ning luong déu 1a mot ngudn tai nguyén han ché.
Pé kéo dai thoi gian sdng ctia mang thi phan mém trén cac nut cam bién can phai
quan ly nang lugng ti€u thu mot cach hi¢u qua.

Han ché vé tai nguyén nang luong da anh hudng nhiéu dén viéc thiét ké phan
cimg, phan mém, giao thirc mang va ca kién trac mang. Cac nha thiét ké phan ctng
bat budc phai lira chon céc linh kién phan cling c6 cong suit thap ciing nhu hd tro ché
d6 ngt hidu qua vé mit ning luong. Phan mém chay trén cac nat cam bién khong day
can phai tit cac thanh phan phan ctng khéng sir dung va dit cac thanh phan phan
cimg & ché do ngu cang nhiéu cang t6t. Nho su hd trg ciia cac nha phat trién phan
mém, cac nit mang cam bién co thé chay hé diéu hanh hd tro cac co ché hoat dong
cong suit thap giup tiét kiém ning luong.

Van dé hiéu qua niang luong anh huong nhiéu dén kién tric mang ciing nhu
viéc thiét ké cac giao thirc mang. Trong mang, qua trinh truyén thong tiéu ton nhiéu

nang luong. Do vay, diéu quan trong 1a cin xdy dung dugc cic giao thirc truyén
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thong sao cho cac nit cam bién c6 thé sir dung hiéu qua ngudn tai nguyén sén co. Do
d6, phan cimg va phan mém can xac dinh dugc sy tiéu hao vé ning luong va cung
cap thong tin nay dén tAng mang dé phuc vu cho viéc dinh tuyén dir liéu.

1.2. Tong quan vé van @ dinh tuyén trong mang cam bién khong day

1.2.1. Khai niém va phén loai cic giao thirc dinh tuyén cho mang cam bién
khong day

Dinh tuyén 1a mot trong nhiing giao thirc quan trong trong mang cam bién
khong ddy. Nhiém vu ciia cac giao thirc dinh tuyén 1a tim ra dugc tuyén duong tot
nhat tir nguén dén dich.

Mot mang cam bién khong ddy c6 thé bao gom hang trim, hang nghin nut
mang. Cac niit mang thudng 1a cac thiét bi don gian, nho gon, gia thanh thap, sir dung
nguodn ning luong han ché (thudng dung pin), c6 thoi gian hoat dong lau dai (tir vai
thang dén vai nim) va c6 thé hoat dong trong moi trudng khic nghiét (nhu trong moi

truong doc hai, 6 nhiém, nhiét do cao...).

Mang Internet

Sink/
Gateway ,*

Nguoi dung 2 !

Nguoi diing 1

Trieomg cdm bién Cdc mit cdm bién
Hinh 1.1: M6 hinh mang cam bién khong day voi cac nat cam bién
phan bd rai rac trong trudong cam bién.

Céc nat cam bién duoc phan bb rai rac trong trudng cam bién nhu dugc minh
hoa & hinh 1.1. Mdi niit cam bién co6 kha nang thu thép va dinh tuyén dit liéu dén mot
diém thu thap (Sink/Gateway) va nguoi dung cudi. Trong mang cam bién khong day,
céc nat cam bién thyc hién ddng thoi ca hai chirc nang d6 1a:

= Chirc néng sinh di¥ liéu: Cac nut cam bién thu thap thong tin vé cac su kién
trong trudng cam bién va thyuc hién viée truyén thong dé gui dir liéu cua ching

vé diém thu thép.
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= Chirc nang dinh tuyén dir ligu: Céc niit cam bién ciing tham gia vao qua trinh
chuyén tiép cac ban tin nhan duoc tir cac nut lan cin trong tuyén dudng da
ching dén diém thu thap.

Trong thoi gian qua, di c6 nhiéu giao thirc dinh tuyén khac nhau dugc dé xut
cho mang cam bién khong ddy. Cac giao thirc dinh tuyén nay c6 thé duoc phan loai
thanh bén nhom sau: Pinh tuyén phang, dinh tuyén phan cap, dinh tuyén dya vao
thong tin vi tri va dinh tuyén dua vao chat lugng dich vu [14]. Hinh 1.2 gi6i thiéu mot
s6 giao thuc dinh tuyén thudc bon nhom nay.

Cic giao thikc dinh tuyén

|

Dinh tuyén phing Dinh tuyén phan cAp Dinh tuyén dwa vao Dinh tuyén dwa vao

. thong tin vi tri lrgng dich vu
Flooding
Gossiping
SPIN LEACH MECN SAR
Directed Diffusion PEGASIS GAF Min-Cost Path
CTP TEEN GEAR SPEED

Hinh 1.2: Phan loai c4c giao thirc dinh tuyén cho mang cam bién khong day.

1.2.2. Thuéc do dinh tuyén
Trong céc giao thirc dinh tuyén, thudc do dinh tuyén 13 thanh phan quan trong
ctia chién luoc dinh tuyén. Giao thic dinh tuyén sé& tinh toan dudng di ngan nhét dua
trén cac thude do dinh tuyén nay. Mot sé thude do dinh tuyén co thé duoc sir dung
trong mang cam bién khong day nhu:
= D) tin ciy cia lién két: Rat nhiéu bai bao nghién ctru da khao sat cac thudce
do danh gia do tin cay cho cac lién két ton hao ciing nhu céc lién két cong suit
thip. Thudc do danh gia do tin cdy duoc st dung phd bién nhit 1 s 1an
truyén ky vong ETX (Expected Transmission). Sb lan truyén ky vong ETX dic
trung cho sd 1an truyén dan ban tin trung binh can thiét dé truyén thanh cong
mot ban tin.
= Pj tré: Pugc sir dung dé thong bao tré tuyén dudng. Do tré co thé dugc st
dung nhu mot thude do hodac moét rang bude. Khi duge str dung nhu mot thude
do thi d6i tuong tré biéu dién tong lugng tré va tré 16n nhat hay nho nhat doc
theo tuyén duong. Khi duoc sir dung nhu mot rang budc thi do tré co thé duoc

su dung dé loai bo cac lién két co dd tré 1on hon mot gia tri ngudng cho trude.
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S6 bwéc nhay: Xac dinh s bude nhay doc theo tuyén dudng tir ntit ngudn dén
nut dich.

Ning lwong ciia nut: Day 1a mot thude do quan trong trong mang cam bién
khong day. Mot vai thong sé dé mo ta nang luong clia mot nit da duge dé xuat
bao gébm: Ché do ngudn ning luong tiéu thy ctia ndt, ning luong con lai cia

mot nut.,

1.2.3. Pic diém ciia mang cam bién khong diy anh hwéng dén vin dé dinh tuyén

Céac mang cam bién khong day phai thyc hién viéc chuyén ti€p céc ban tin dén

nut goc nén cdc mang nay cd nhiéu dac diém gan giong véi nhitng mang khac. Mang

cam bién khong day gan gidng voi mang MANET ¢ mét sé phuong dién nhu mang

tw to chic, da chang, phan tan va két cu ha téng mang thuong xuyén thay doi.

Nhitng dic diém twong dong nay két hop v6i nhitng dic diém riéng ctia mang cam

bién khong day dd anh huong nhidu dén viéc thiét ké cac giao thirc dinh tuyén.

Nhirng anh huéng nay bao gom:

Mot mang cam bién khong day thuong bao gdm mét sé luong 16n cac nit cam
bién dugc phan bd ngiu nhién véi mat do cao trong truong cam bién.

Trong mdt s6 trudng hop tmg dung, cic nat cam bién thuong duoc trién khai
ngau nhién va chung it duoc bao tri. Do d6, cac mang cam bién khong day
phai tu cau hinh, ty phuc hoi va van hanh theo cach phan tan.

Céc nit cam bién bi han ché vé ngudn ning luong, kha ning xir 1y, pham vi
truyén théng va dung luong bo nhd. Ngoai ra, cac mang cam bién khong day
khac han v6i cac mang MANET béi vi ngudn pin cta nat cam bién chi duoc
trién khai mot 1an va khong dugc nap lai.

Maic du kha nang di dong cua cac nit bi han ché nhung cau trac lién két mang
lai ludn thay doi boi vi cac nguyén nhan sau: Cac niit cam bién c6 thé phai lién
tuc tiép xtic voi mot moi truong khac nghiét dan dén viéc hu hong cc nat cam
bién, cac nut cam bién co thé hét nang luong, bd thu phat vo tuyén cia nut
cam bién c6 thé dang & ché d6 ngi, chat luong lién két vo tuyén khong on dinh
do anh hudng bdi cac mang khong day khac sir dung ciing mot dai tan so.

Céac mang cam bién khong day chi yéu duogc thiét ké dé thu thap thong tin voi
cac dong dir li€u chi theo mdt chiéu tir cac nat cam bién dén nat géc. bic diém
nay co6 thé phan biét mang cam bién khong ddy véi cac mang khac (dic biét 1a
mang MANET).
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Nhitng dic diém nay din dén nhiéu thach thirc khi thiét ké giao thic dinh
tuyén cho mang cam bién khong day.
1.2.4. Nhirng thach thirc d6i véi van dé dinh tuyén trong mang cam bién khong
day
Céc dic diém cua mang cam bién khong day (d3 duoc dé cap trong muc 1.2.3)
d3 lam cho viéc phat trién mé hinh dinh tuyén cho cdc mang nay gip nhiéu kho khan.
Sau ddy 1a mot sb thach thic can phai giai quyét khi phat trién cac giao thirc dinh
tuyén cho mang cam bién khong day:
= Thoi gian sdng du Kkién ciia mot mang cam bién khong day c6 thé kéo dai tir
1 dén 10 nam tuy thudc vao timg tmg dung. Ngudn ning lugng dugc tich trir
phu thudc vao dung lugng ciia pin. Cac nat cam bién khong day c6 kich thudce
rat nho nén ngudn ning lwong ciia ching cling bi han ché. Piéu nay din dén
nhirng rang budc khit khe cho moi hoat dong cua cac nat cam bién. Trong cdu
tric phan ctng ctia nat cam bién khong day, bo thu phat vo tuyén 1a mot trong
nhirng thanh phén tiéu thy ning lwong nhiéu nhat. Do d6, giao thirc dinh tuyén
s& c6 anh huéng nhidu dén thoi gian sng cia toan mang. Ngoai ra, mdi nut
cam bién thuc hién dong thoi ca hai chirc ning d6 1a: Chirc ning khoi tao dir
liéu va chirc ning dinh tuyén dir liu. Mot sé nat bi ngimg hoat dong c6 thé
gay ra nhitng thay d6i vé cau tric lién két mang va co thé can phai to chic lai
mang. bé giam nang luong ti€u thu thi cac thuat toan dinh tuyén duogc dé xuat
cho mang cam bién khong day s dung chién thuat dinh tuyén hiéu qua vé
nang luong véi mot sé cach tiép can khac nhau nhu cac phuong thic phan
nhom, phan cong vai tro riéng cho cac nut trong mang, tap hop dir liéu.
= Kha ning mé rong 1a mot vin dé quan trong trong mang cam bién khong
day. Giao thtrc dinh tuyén can phai hoat dong hiéu qua trong cac mang 16n bao
gdm hang ngan cac nat cam bién. Viéc dinh tuyén trong cac trudng hop nay
gip nhiéu kho khin boi vi cac nat cam bién c6 kha nang xtr 1y va bo nhé luu
trir rat han ché.
= Kha ning lvu trir va tinh todn ciia cic niat cam bién da 1am han ché nhiéu
dén cac giao thirc dinh tuyén. Do d0, cac thuat toan dinh tuyén don gian, gon
nhe can phai dugc nghién ciru va phat trién cho cc mang cam bién khong day.
Thach thirc nay cé thé duoc giai quyét véi mot chi phi thap bang cach sir dung
mot s& nut cam bién c6 kha nang luu trit 16n hon va téc do tinh toan nhanh
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hon. Nhitng mang khong ddéng nhat nhu vdy can phai dugc xem xét dén khi
thiét ké giao thirc dinh tuyén.

Cic nat khong dong nhat can phai dugc tinh dén khi thiét ké giao thirc dinh
tuyén cho mang cam bién khong day. C6 hai nguyén nhan chinh din dén viéc
cac nit trong mang khong dong nhat. Thir nhat 13 hoan toan c6 thé ting duoc
hiéu ning ctia mang thong qua viéc trién khai mot sé nit mang c6 niang luong,
c6 kha nang luu trit va tinh toan tot hon cac nut con lai trong mang. Céc nit
nay déng vai tro 1a cac nat cha cum dé chuyén tiép luu luong cua cac nat khéac
dén nat gdc. Th hai 1a su khac biét giita cac nit cam bién co thé phét sinh
trong qua trinh hoat dong cua mang. Mot s6 nht cam bién c6 thé phai thuc hién
nhiéu nhiém vu hon dan dén viéc chiing bi hét ning lwong nhanh hon cac nit
khac. Do d6, giao thirc dinh tuyén can phai tranh viéc chuyén tiép cc ban tin
thong qua cic nut mang cé trang thai ngudn ning luong con lai & mirc thip dé
bu lai s khong dong déu vé niang luong gitta cac nut trong mang.

Sw trién khai cac nit mang trong mang cam bién khong day phu thudc vao
mg dung. Qua trinh trién khai cac nit cam bién c6 thé 1a ngau nhién hoic
cling ¢6 thé dugc xac dinh trude vi tri clia ting nit trong mang. Trong trudng
hop trién khai ngiu nhién, cac nat cam bién bi phan tdn ngdu nhién va cac
tuyén dudng can phai duoc xac dinh theo cach phan tan. Trong trudng hop con
lai, cac nit cam bién duoc trién khai thu cong va cac ban tin co thé dugc
chuyén tiép thong qua cac tuyén duong di duoc xac dinh trude. Trong trudng
hop mang c6 kich thudc 16n thi viée xac dinh tuyén dudng s& dugc phan cap.
Khi ning chiu 18i ciing can phai dugc quan tdm khi dinh tuyén cac ban tin.
Tuy nhién, khi mét nat bi 15i thi n6 s& anh hudng dén toan bo cac hoat dong
chung ciia mang. Cac thuat toan dinh tuyén can phai c6 cac tuyén dudng du
phong hoic xay dung kip thoi mot tuyén duong khac trong truong hop lién két
mang bi 16i.

Pham vi truyén théng c6 anh huéng nhidu dén hoat dong cia mang. Cac nit
cam bién c6 thé thay d6i cong suit phat dé ting pham vi truyén nhung cung
v6i d6 1a sy tiéu hao nhiéu hon vé ngudn ning luong. Viée guri cac ban tin vai
cong suit phat han ché, qua mot khoang cach ngin c6 thé kéo dai thoi gian
séng ctia mot nit mang nhung cling 1am ting tré truyén ban tin. Nguoc lai, khi

pham vi truyén thong duoc md rong thi tong ning luong duoc st dung cho
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viéc xir 1y cac ban tin tai cac nut trung gian s& giam nhung nhiéu trong mang
cling c6 thé xuat hién nhiéu hon.
= Chit hrgng dich vu (QoS) dic trung cho cic yéu cau dich vu can dugc dap
g khi van chuyén mot ludng ban tin tir ngudén dén dich. Tuy nhién, nhiing
yéu ciu rang budc vé chét lugng dich vu trong cac ing dung mang cam bién
khong day c6 thé rat khic so véi cac mang truyén thong. Cac tham s chit
luong dich vu trong cac mang truyén thong c6 thé chwa du dé mé ta ching.
Ngoai cac tham sd co ban nhu d6 tré thi con c6 mot sé tham sé khac nhu: Loi
phan loai sy kién (cac su kién khong chi dugc phat hién ma con dugc phan
loai va xac sut 16i phan loai sy kién can phai thap), tré phat hién su kién (1a
dd tré duoc tinh tir thoi diém phat hién mot sy kién va thoi diém guri thong bao
dén nut gdc), do chinh xac cua viéc bam muc tiéu (trong truong hop tmg dung
bam muc tiéu thi vi tri ciia ddi twong can phai duoc théng bao gan voi vi tri
ctia d6i twong trong thé gidi thuc nhat cé thé).
= Vin dé di dong co thé gip phai trong mot sé tng dung ciia mang cam bién
khong day. Cac nut cam bién c6 thé cb dinh hoac di dong. Do do, viéc dinh
tuyén cac ban tin trd nén phirc tap hon. Ngoai ra, trong mét sb truong hop céac
nat gdc co thé di chuyén va diéu nay ciing can phai tinh dén khi thiét ké cac
mo hinh dinh tuyén.
1.2.5. Mot s6 phwong phap thiét ké giao thirc dinh tuyén cho mang cim bién
khong day
C6 nhiéu phuong phap khac nhau dugc st dung trong viée thiét ké cac giao
thirc dinh tuyén cho mang cam bién khong day. Cac phuong phap nay co thé da duoc
biét dén trong cac mang truyén théng va ciing c6 nhiéu phuong phap méi duoc ap
dung cho cac mang cam bién khong day. Sau day la nhitng ¥ tuong dinh tuyén khac
nhau da duoc st dung.
1.2.5.1. Ky thudt Flooding, Gossiping va wéc lwong tuyén dwong
Céach don gian nhat khi giri mot ban tin tir mot nat cam bién qua nhiéu bude
nhay dé dén duoc nut goc do 1a st dung k¥ thuat Flooding. Ky thuat Flooding thuc
hién guri ban tin dén tat ca cac nut 1an can. Dé han ché viée truyén lip lai mot ban tin
trong mang thi mdi nat s& chi chuyén tiép cac ban tin ma né chua nhan duoc. Ky
thuat Flooding dam bao ring tat ca cac ban tin s& dugc giri toi nat gde néu nit ngudn

guri ban tin va nat gdc khong & trong cac khu vuc bi ngit két ndi. Tuy nhién, k§ thuat
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nay ciing c6 nhiéu nhuoc diém vi du nhu: Sy bung nd vé luu luong trong mang gy
ra béi nhiéu ban tin bi nhan ban duoc gui dén cung mdt nut, su trung 1ap khi nhiéu
nat cam nhan cing mot khu vyuc va gii cac ban tin gidng nhau dén cing mot nat lan
can. K¥ thuat Flooding ciing yéu cau nhiéu ngudn tai nguyén trong mang. Diéu nay
c6 thé khic phuc dugc bang cach chi chuyén tiép ban tin dén mot nut l4n cin bat ky
thay vi giri cho tat ca cac nat 1an cin. K§ thuat dinh tuyén nay duoc goi 1a Gossiping.
K¥ thuat ndy 1am ting tré truyén ban tin va khong c6 gi dam bao rang ban tin s& duoc
giri dén nut gbe. Ca hai k¥ thuit dinh tuyén nay déu don gian nhung hiéu qua vé tré
va thong lugng déu rat han ché. Nguyén nhan chinh 13 do khong c6 su du doan trudce
tuyén dudng va co quéa nhiéu sy truyén dan ban tin trong mang. Do d6, can phai si
dung cac k¥ thuat dé xac dinh nat 1an can tot nhat dé chuyén tiép ban tin. Nut 1an can
t6t nhat duoc xac dinh boi chi phi dé giri mot ban tin dén niit gbe. Ham chi phi nay c6
thé dugc biéu dién bang cac thudc do dinh tuyén khac nhau vi du nhu s6 budc nhay
dén nut goc hodc ning luong can thiét dé giri mot ban tin dén nut gdc. Mdi nut luu trix
cac thude do dinh tuyén nay trong bang dinh tuyén. Sau d6, mdi nit s& thuc hién
chuyén tiép cac ban tin thong qua cac nut 1an can co chi phi 1a nhé nhat.
1.2.5.2. Truyén thong truc tiép, dinh tuyén phang va dinh tuyén phain cip

Chung ta c6 thé phan loai cic giao thitc dinh tuyén theo cdu trac mang thanh
ba loai sau: Truyén thong truc tiép, dinh tuyén phang va dinh tuyén phan cip. Trong
thuat toan truyén thong truc tiép, cic nut giri truc tiép ban tin dén nut gbc. Di véi
cac mang cam bién khong day c6 quy mé 16n thi nhiing giao thirc nay khong phu hop
boi vi ching khong hiéu qua vé ning luong va c6 thé lam ting tré truy nhap kénh v
tuyén. Ngoai ra, sy xung dot cac ban tin ciing lam han ché kha niang cua ky thuat dinh
tuyén nay.

Dbi voi cac giao thirc dinh tuyén phang thi tat ca cic nut ngang hang véi nhau.
Khi mot nat mudn gtri mGt ban tin thi nd guri ban tin do6 td1 mdt trong cac nut 1an can
gan nut goc nhat. Tré truyén ban tin trong cac giao thirc dinh tuyén loai nay ty 1& voi
khoang cach giita nut ngudn giri ban tin va nat gbc. Cac nit gan nat gdc co thé hét
nang lugng nhanh hon cac nit & xa nit gdc boi vi bén canh viée phai giri cac ban tin
ctia chinh cac nit d6 thi chung con phai chuyén tiép cac ban tin dén tir cac nut khac.

Céc giao thirc dinh tuyén phan cip xac dinh vai tro khac nhau cho cac nat. Céc
nit cam bién duge nhom thanh cdc cum véi mot nat chi cum ¢6 trach nhiém chuyén

ti€p cac ban tin tir cum dén nat goc. Hon nira, cdc nat chu cum cé thé phoi hop voi
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nhau tao thanh cac cum 16p cao hon. Céac ban tin dugc gui tir cum 16p thﬁp dén cum
16p cao hon cho dén khi chung dén dugc diém thu thap. Viéc chuyén tiép dir liéu giira
cac 10p s& giam tré truyén ban tin boi vi nd giam sb bude nhay can thiét dé gui ban
tin dén nat gc. Mot s6 nut c6 thé c6 mirc nang lugng va kha ning tinh toan tot hon
cac nut khac trong mang. Cac nit nay s€ dong vai tro 1a cac nat chi cum va chung cé
thé thuc hién cac nhiém vu khac nhu chuyén tiép dir liéu, tap hop dir li¢u va quan ly
cum. Cac nut khac chi chiu trdch nhi€ém cam nhan va gui dir li€u cua chung dén nat
cht cum. M6 hinh dinh tuyén phan cip hiéu qua hon va c6 kha ning mé rong mang
t6t hon hai mé hinh dinh tuyén phéng.
1.2.5.3. Qudng ba, da phdt va don phat

Céc giao thirc dinh tuyén cho mang cam bién khong day co thé duoc phan loai
thanh ba nhom: Quang ba, da phat va don phat. Cac ban tin ¢ thé duoc gui dén mot
nut duy nhat (don phat) hodc dén tit ca cac nut trong mang (quang ba) hoic dén mot
nhoém cac nit (da phat). So véi dinh tuyén don phat thi dinh tuyén quang ba va da
phat c6 thé thyc hién ma khong can cac chi phi bo sung boi vi mot sy truyén dan cé
thé lan truyén ban tin dén nhiéu nat 14n can. Tuy nhién, néu cé su tiép nhén nhiéu ban
tin thi cling s& lam ting su tiéu hao ning lugng cla nit cam bién.
1.2.5.4. Cdc thudt todn tw té chikc va cdc thudt todn tinh

Ciing tuong ty nhu cac mang c6 day khéac, chung ta c6 thé phan chia cac giao
thirc dinh tuyén trong mang cam bién khong day thanh hai loai: Cac thuat toan tu to
chtrc va cac thuat toan tinh. Trong cdc mang c6 kich thudc nho thi cac thudt toan dinh
tuyén tinh d& dang hon trong viéc thiét ké, diéu khién va yéu cdu it bd nhé hon. Tuy
nhién, cic thuit toan dinh tuyén tinh lai khong pht hop véi cic mang cam bién khong
day, dac biét 1a cac mang co kich thudc 16n béi vi: Thu nhat, cac nat cam bién khong
day dé& bi 16i nén cau truc lién két ban ddu ciia mang s& khong phu hop; Thir hai, mot
s6 nut trong mang ciing c6 thé di chuyén nén cac thuat toan tinh khong thé thich tng
duoc voi cAu tric méi cla mang; Thir ba 1a vi¢c tinh toan tat ca céac tuyén dudng va
luu trir cac tuyén duong dé trén cac nit cam bién 1a khong kha thi boi sy han ché vé
kha nang luu trir va sy phtrc tap ctia thuat toan khi hoat dong.
1.2.5.5. Cac giao thirc trung tim div liéu va trung tim nit

Viéc dinh tuyén trong cic mang truyén thdng thudng duwa trén cach tiép can
trung tAm nat. Theo cach tiép can nay thi mot s6 nut nhat dinh dugc xac dinh dia chi

boi cadc nit ngudn va cac ban tin s€ dugc gui dén cac niat ndy. Mot cach tiép can khac
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d6 1a cac giao thuc trung tim dir liéu. Trong cac giao thirc trung tAm dir liéu, nut gbe
giri yéu cau dit liéu dén cac nat khac va nhin su phan hdi tir cac nat nay. Vi du nhu
nut gbe c¢6 thé yéu cau sy phan hoi cua cac nut khac trong mang khi cam nhén duogc
mot su kién nao do.

Dinh tuyén trung tim dit liéu cho phép xay dung mét kién triic mang khac
nhiéu so v6i cac mang truyén thong duwa trén cach tiép cin trung tim nat. Thi nhat,
n6 cho phép thyc hién viéc tong hop dit liéu. Thir hai, né cho phép biéu dién cac mo
hinh truyén thong trong mang mot cach don gian ma khong can phan biét giita cac
md hinh truyén thong nhiéu - nhiéu, nhiéu - mot, mot - nhiéu hodc mot - mot.
1.2.5.6. Nhdn thic vé vi tri

béi véi cac giao thirc dinh tuyén dua trén vi tri thi cac nat cam bién biét duge
thong tin vé vi tri cta chung. Trong hau hét cac tng dung ctia mang cam bién khong
day, cac nat cam bién can biét toa do cua ching. Do do, viéc dinh tuyén 6 thé dua
vao cac thong tin vi tri co san nay. Cac thuat toan dinh tuyén dua trén vi tri ¢ thé
gitip tiét kiém déng ké nang luong tiéu thu trong mang.
1.2.5.7. Toi thiéu ning lwong tiéu thu cho méi béin tin va téi da thoi gian song ciia
mang

Thach thirc chinh trong viéc thiét ké cac mang cam bién khong day do 1a dat
duoc su hiéu qua vé nang luong. C6 mdt sb cach tiép can dé dat duoc su hiéu qua vé
nang luong. Chung ta c6 thé phan biét hai cach tiép can chinh dé xay dung mot thuat
toan dinh tuyén c¢6 su nhan thic vé nang luong d6 la: Giam thiéu nang luong ti€u thu
cho mdi ban tin va t6i da thoi gian sdng ciia mang. Cach tiép can dau tién cé lién
quan dén viéc giam thiéu tong ning luong can thiét dé truyén mot ban tin qua mot
tuyén dudng da ching tir ngudén dén dich. Cach tiép can thir hai 1a kéo dai thoi gian
song ctia mang. Thoi gian séng cia mang c6 thé duoc xac dinh bang mot trong ba
cach sau: D6 1a thoi gian cho dén khi nut dau tién trong mang hét nang luong hoic
thoi gian cho dén khi c6 su phan ving mang (khi c6 hai nat khong thé giao tiép duoc

v6i nhau).
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1.3. Mt sb giao thirc dinh tuyén hiéu qua vé mit ning lweng cho mang
cam bién khong day

1.3.1. Giao thirc dinh tuyén trung tim dir li¢u

1.3.1.1. Giao thirc dinh tuyén déi véi théng tin théng qua dam phdn (SPIN)

SPIN (Sensor Protocols for Information via Negotiation) 1a mdt ho cac giao
thire dinh tuyén dugc thiét ké dé giai quyét cac nhugce diém cua giao thirc Flooding
thong qua su dan xép va thich tng tai nguyén. Dé dat dwgc muc dich ndy, co hai cach
tiép can chinh dugc sir dung nhu sau:

= Thu nhét, thay vi giri tat ca cac ban tin dir liéu thi cac nat cam bién s& dan xép
v61 nhau thong qua cac ban tin mo ta dit li¢u. Béi vay, thong tin quan sat dugc
chi giri dén cac nit cam bién quan tam dén dir liéu do.

= Thir hai, mdi nat cam bién s& giam sat tai nguyén ning luong ciia nd. Tai
nguyén ning luong nay sé& dugc sir dung dé thuc hién cac quyét dinh co su

nhan thirc vé niang luong.

-

O O 0 o
ADV RE DATA
O o-—e O o —e0 O ®-—e
O O o
Q O O
Buoe 1 Buoc 2 Budc 3
.~\ADF .\Rf—’Q '»\UA TA
®-— O O ® O o @ O
° o c/
® O O
Budc 4 Budc 5 Budec 6

A

Hinh 1.3: Giao thic SPIN [14].
Hinh 1.3 1a mot vi du minh hoa giao thirc SPIN. Giao thttc SPIN duogc thuc

hién thong qua ba loai ban tin 1a ban tin thong bao (ADV), ban tin yéu cau (REQ),
ban tin dir li¢u (DATA) nhu dugc minh hoa & hinh 1.3. Trudc khi giri mot ban tin dix
liéu thi mdt nat sé thong bao y dinh ctia né thong qua viéc giri quang ba mot ban tin
ADV (Budc 1). Ban tin ADV chira mot mé ta vé ban tin DATA duogc giri va ban tin
ADV ¢ kich thuéc nhé hon so véi ban tin DATA. Sau d6, néu mdt nat 1an can guan
tam dén ban tin ADV thi n6 s& tra 161 lai bang mot ban tin REQ (budc 2). Cudi cing,
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ban tin DATA s& dugc guri t6i nut yéu ciu né (bude 3). Qua trinh truyén ban tin dix
li¢u trong mang duoc thyc hién theo co ché nay tai modi budc nhay. Ching ta co thé
thiy & cac budc 4, 5 va 6 cta hinh 1.3, nhidu nut c6 thé gui ban tin REQ t6i ciing mot
nat va nat d6 s& giri lai ban tin DATA t6i tirng nit cho dén khi tit ca cac nut giri yéu
cu déu nhan duogc.

Nguyén 1y hoat dong duoc minh hoa trong hinh 1.3 lién quan dén giao thirc
SPIN diém - diém (SPIN-PP). Ngoai giao thirc SPIN-PP con c6 mot sé dang khac da
duoc dé xuét dé khic phuc nhuoc diém cua giao thirc SPIN-PP vi dy nhu giao thirc
SPIN c¢6 sy nhan thirc vé ning luong tiéu thu (SPIN-EC), giao thirc SPIN cho céc
mang quang ba (SPIN-BC) va giao thirc SPIN dam bao d¢ tin cay (SPIN-RL).

Giao thic SPIN-PP chua khic phuc duoc nhugc diém vé kha nang nhan thuc
dugc nang lugng cua céc giao thuc Flooding hay Gossiping. Giao thire SPIN-EC da
khic phuc nhuge diém nay théng qua mot co ché bao ton nang luong don gian. Co
ché nay xac dinh mot ngudng niang luong. Khi ning luong con lai ciia nit thdp hon
ngudng thi nat d6 s€ khong tham gia vao qué trinh hoat dong cia giao thirc. Vi du
nhu nat d6 s& khong giri ban tin REQ néu n6 khong du nang luong dé guri ban tin
REQ va nhan ban tin DATA. Béi vi cac nut tham gia vao hoat dong giao thirc phu
thudc vao nang lugng con lai nén néu mot nit con nhiéu nang luong thi hoat dong
cta giao thire SPIN-EC ciing giéng nhu giao thirc SPIN-PP.

Mot nhuge diém khéac cua giao thitc SPIN-PP d6 1a khi c6 nhiéu nut giri ban
tin REQ thi ban tin DATA sé& duoc gui dén timg nut riéng 1. Cach tiép cin niy s&
gy lang phi niang lugng. Hon nita, giao thitc SPIN-PP khong hd trg bat ky mot co
ché tranh xung d6t nao khi c6 nhiéu ban tin REQ cung duoc gui. Pé khic phuc nhuoc
diém nay, giao thirc SPIN-BC duoc dé xuét cho cac mang quang ba. Trong giao thirc
SPIN-BC, néu mét nut quan tam dén mot ban tin dit liéu nhung no6 lai léng nghe dugc
ban tin REQ ¢6 lién quan dén dir liéu d6 thi ntit d6 s& hay ban tin REQ va cho doi dé
nhan ban tin DATA. Khi nhan dugc mdt ban tin REQ thi nut gui s€ phat quang ba
ban tin DATA va tit ca cac nut 1an can quan tam dén ban tin DATA déu c6 thé nhan
duge. Nhu vay, giao thire SPIN-BC giam duoc chi phi vé ning luong tiéu thu xay ra
khi c6 nhiéu nut 1an can cing quan tam dén di liéu.

SPIN 1a giao thtrc dinh tuyén trung tam dir liéu ma & d6 cac nat cam bién phat
quang ba cac thong bao ddi voi cac dir liéu sin c6 va cho doi yéu cdu tir cac nat gbe

quan tAm dén dit liéu d6. So véi giao thirc Flooding thi giao thirc SPIN-PP giam ning
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luong tiéu thy 18n t6i 70% boi vi da loai bo dugc nhiing truyén dan du thira trong
mang [14]. Tuy nhién khi so sanh véi giao thirc Flooding thi do tré trong giao thirc
SPIN cao hon béi vi can thém chi phi vé thoi gian cho co ché bit tay giira cac nit.
1.3.1.2. Giao thirc dinh tuyén lan truyén trwe tiép (Directed Diffusion)

Giao thire SPIN cung cép cac co ché hidu qua dé cac niit cam bién gui dit licu
ma chiing cam nhan duogc dén cac nut quan tam dén dit liéu do. Vi vay, luu luong dir
lidu trong giao thirc SPIN duoc bat ngudn tir cac nut cam bién va thuong két thic tai
cac nat gbc. Tuy nhién, kiéu luu lugng dit liéu nay c6 thé khong phu hop khi nguoi
ding yéu cau thong tin cu thé tir cac nat cam bién. Giao thic dinh tuyén Directed

Diffusion [15] da duoc dé xuat dé giai quyét yéu cau nay.
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Hinh 1.4: Hoat dong cua giao thirc Directed Diffusion [14].

Dbi v6i giao thuc Directed Diffusion, nat goc yéu cau dir liéu tir cac niit cam
bién bang cach giri quang ba mot ban tin yéu cu (vi du “gui cho t6i nhiét d6 tai mot
khu vic A”) va yéu cu nay dugc lan truyén trong mang tir niit nay dén nut khac theo
mo hinh da ching. Do viy, tit ca moi nut trong truong cam bién sé& biét duoc yéu cau.
Khi yéu cau nay dugc lan truyén trong mang thi méi niit s& duy tri mot huéng lién két
v6i nhau. Sau khi dir liéu duoc cam nhan thi né c6 thé giri nguoc trd lai nat gde. Tuy
nhién, cling c6 thé xay ra truong hop mot nut nhan dugc dir liéu giong nhau tir nhidu
nat 1an cin va nat d6 s& cé nhiéu tuyén dudng khac nhau dé giri dir liéu vé nat gdc.

Trong trudng hop dé, nut c6 thé chon tuyén duong tot nhat dya trén mét sé thude do
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dinh tuyén vi du nhu d6 tré cua tuyén duong. Dé tiét kiém ning luong, cac nit
chuyén tiép c6 thé thuc hién mot vai xir 1y trong mang chang han nhu tap hop dit liéu
dura vao tén va gid tri cac thudc tinh. Tuy nhién dé thuc hién cac xir 1y nay thi cling
doi hoi nang lugng xtt 1y nhiéu hon.
1.3.1.3. Pdanh gia

Céc giao thirc dinh tuyén trung tim dif liéu c6 mot sb vu diém do 1a:

= Thi nhit, cic giao thirc trung tam dir liéu cung cap cac tuyén duong tuy thudc
vao tng dung dua trén su quan tim dén dir lidu cta nguodi dung. Mdi khi bo
cam bién do dugc sy thay doi thi cac tuyén duong trong mang ciing thich tmg
v6i nhimg su thay doi nay dé dap tng duoc cac yéu cau ciia ngudi dung. Giao
thirc dinh tuyén trung tm dir liéu cling khong yéu cau mét co ché danh dia
chi toan cau cho cic nut cam bién. Pidu ndy s& mang lai hiéu qua vé ning
luong bdi vi cac tuyén dudng duge xay dung khi co su quan tam dén dir liéu
cia ngudi dung va ciing khong can thiét phai duy tri mét ciu trac lién két
mang.

* Thu hai, cic giao thuc trung tam dir li€u cling gidm dugc ndng lugng ti€u thu
trong mang thong qua viéc xac dinh rd cac tuyén duong duoc lya chon cho
ting su quan tdm dén dir liéu cu thé ciia ngudi dung. Theo d6, chi nhitng nut
c6 thong tin phu hop méi tham gia vao viée cung cp cac thong tin.

Nhuoc diém chinh cia cac giao thirc trung tam dit liéu do 1a:

= Thir nhét, chung thudng dua trén ciu tric phing. Piéu nay dan dén viéc han
ché kha ning mé rong mang va lam tang hién tugng tic nghén dbi vai cac nut
& gan nut gbe. Vi vay, can thiét phai c6 cac co ché tong hop dir lidu dé giam
Iwu Iwong thong tin tai mdi phan ctia mang.

= Tht hai, cic giao thirc dinh tuyén chang han nhu giao thirc Directed Diffusion
chi c6 thé ap dung cho mdt vai Gng dung ctia mang cam bién khong day.
Trong cac giao thirc ndy, qua trinh truyén thong dugc thiét 1ap béi cac cau truy
van dugc tao ra boi nut gbe. Piéu nay lam cho giao thic Directed Diffusion
khong phai 1a mot su lua chon tét cho cac tng dung doi hoi can phai cung cap
thong tin lién tuc.

= Thi ba, qua trinh xir 1y két hop giira dit liéu va cac cau truy van ciing lam phat

sinh mdt s6 chi phi vé tai nguyén tai cadc nit cam bién.
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1.3.2. Giao thirc dinh tuyén dya trén sy phian cum

Dbi v6i cac giao thic trung tam dir lidu va dya trén kién tric phang, phan 16n
thong tin tao ra duogc tip trung & cac niit cam bién gan voi nit gde. Piéu nay dan dén
viéc qué tai tai cac niit & gan nut gbe khi mat dd mang ting. Cac nut & gan nit goc s&
phai dinh tuyén nhiéu thong tin hon so vdi cac niit khac & trong mang. Cac niit nay
cling s& hét nang lugng nhanh hon cac nit khac va tao thanh 16 hong trong mang. Do
d6, cac giao thire dya trén kién trac phiang c6 mot nhuge diém 16n @6 1a sy mat can
béng nang lugng trong toan mang va han ché kha nang mo rong cua mang.

Nhuoc diém nay cia kién trac phang c6 thé duoc khic phuc bai kién trac
mang phan cdp ma & dé cac niit dwoc nhom thanh cac cum. Sy twong tac giita cac nit
trong cum dugc diéu khién béi mot nit cha cum nhu hinh 1.5. Dya theo kién trtc
phan cap nay, mot s6 giao thirc dinh tuyén phan cap di duoc nghién ciru va phat trién
dé giai quyét nhitng thach thirc vé van dé nang lugng tiéu thu va kha niang mé rong
mang. Mot ) giao thirc duoc thiét ké dua trén cach tiép can phan cum nhu: LEACH
(Low Energy Adaptive Clustering Hierarchy) [16], PEGASIS (Power-Efficient
Gathering in Sensor Information System) [17], TEEN (Threshold sensitive Energy
Efficient sensor Network) [18].
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Hinh 1.5: Kién tric phan cap dua trén cac cum [14].
1.3.2.1. Giao thirc LEACH
Giao thirc LEACH 1a mét trong nhiing giao thirc dinh tuyén phan cum dau
tién. Cac cum dugce hinh thanh theo cach tu té chirc. Nat chu cum thu thap va két hop
dir liéu thu thap dugc tir cac nat trong cym cta nd va gui dir liéu d6 t6i diém thu thap.

Giao thuc LEACH str dung qué trinh ngiu nhién dé Iwa chon cac nut chi cum. Giao
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thirc nay tao su cin bang ning luong giita cac nat va kéo dai thoi gian sdng cua
mang.
1.3.2.2. Giao thirc PEGASIS

Giao thic PEGASIS 1a giao thtrc dya trén chudi gz‘in nhu t5i wu va 12 mot su
cai tién hon so véi giao thirc LEACH. Giao thirc PEGASIS giai quyét van dé chi phi
phat sinh trong qua trinh hinh thanh cum cua giao thirc LEACH thong qua vi¢c xay
dung cac chudi nit nhu duoc minh hoa trong hinh 1.6. Qua trinh xay dyng chudi
dugc thuc hién theo thuét toan tham lam. Mdi nat s& lya chon nat 1an cin gén nhét
1am budc nhay tiép theo trong ciu tric chudi. Sau khi chudi hinh thanh, thay vi phai
duy tri thong tin vé cum va cac thanh vién trong cum thi mdi nut chi can theo ddi cac
nut 1an can tiép theo va phia trudc né trong chudi. Qua trinh truyén thong trong chudi
duoc thuc hién tuan ty. Mdi nat trong chudi s& tap hop dit liéu tir cac nit 1an can cua
n6 cho dén khi tat ca dir liéu dugc tap hop tai nat dau chudi. Nat dau chudi diéu khién

thi tu qua trinh truyén thong giita cac nit trong chudi.
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Hinh 1.6: Cau trtc chudi cia PEGASIS [14].
Mot vi du vé qua trinh truyén thong trong chudi duoc thé hién trong hinh 1.6.
Nut dau chudi trong vi du nay la nat s6 2. Pau tién nat 2 giri thong bao dén nut 0 dé
khoi tao qua trinh truyén thong. Nut 0 giri dit lidu cua no dén nat 1. Nuat 1 s& tong hop
cac dir lidu nay vé6i dir lidu ctia ban than nd dé tao ra mot ban tin dit liéu c6 cing mot
dd dai. Ban tin nay dugc truyén dén nut 2. Sau khi nat 2 nhan dugc ban tin dir lidu tur
nat 1, nat 2 sé giri thong bao dén dau kia ciia chudi (nit 6). Thong tin tr cac nut 6, 5,

4, 3 ciing dugc tong hop va duoc giri dén nat 2. Sau khi nhan dugc thong tin tong hop
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trong chudi thi nat 2 s& gui thong tin tong hop nay dén diém thu thap thong qua mot
budc nhay duy nhét.

Giao thitc PEGASIS dem lai hiéu qua vé mit ning lugng hon so véi giao thic
LEACH. Piéu nay c6 dugc 1a nhd giam chi phi vé ning luong truyén thong trong
chudi. Tuy nhién giao thirc PEGASIS lai c6 d0 tré 16n hon so véi giao thirc LEACH
bai vi ban tin dir liéu phai duoc truyén tudn tu trong chudi va nat dau chudi phai doi
cho dén khi tit ca cac ban tin nhan duoc trude khi truyén thong voi diém thu thap.
Ngoai ra, giao thirc PEGASIS yéu cau tat ca thong tin trong chudi can phai duoc tong
hop vao trong mét ban tin duy nhat. Pidu nay c6 thé gy ra su thiéu chinh xac trong
thong tin dugc giri dén diém thu thap.
1.3.2.3. Giao thirc TEEN

Céc giao thirc LEACH va PEGASIS hd trg cho cac tmg dung ma & d6 thong
tin tr cac nat cam bién dugc giri dinh ky téi diém thu thap. Do dé, ndi dung thong tin
tir nhiéu nat mang duoc giam di ddng ké nhd cic ky thuat tong hop dir lidu. Tuy
nhién, cac giao thirc nay c6 thé khong phu hop véi cac tng dung dua trén su kién.
Trong cac ng dung nay, thong tin chi dugc tao ra khi xuat hién cac su kién. Giao
thire TEEN [18] duoc thiét ké nham muc dich hd tro kha ning chuyén phat dir liéu
dua trén cac su kién ¢ trong mang. Trong giao thitc TEEN, céc tuyén dudng da ching
duoc tao ra phu thudc vao mot ngudng. Ngudng nay co li€n quan voi dir li¢u cam
nhan dugc va duoc thiét 1ap béi tmg dung.

Giao thirc TEEN t6 chire cac niit cam bién thanh nhiéu mirc phan cp nhu hinh
1.7. Trong kién tric phan cap nay, dau tién dir liéu tir cac nat cam bién duoc giri t6i
cac nut chu cym. Céc nut chu cum thu thép, téng hop va truyén nhiing dir li¢u nay téi
nGt chii cum & mitc cao hon cho dén khi t&i duoc diém thu thap. Pé dam bao sy can
bang ning luong trong mang thi cac nat chii cum duoc thay d6i dinh ky trong cum.

Duya theo cdu tric mang phan cap, giao thic TEEN hd trg kha ning truyén
thong dya trén sy kién thong qua hai ngudng: Ngudng cing (HT - Hard Threshold)
va ngudng mém (ST - Soft Threshold). Cac niit cam bién dugc 1ap trinh dé dap ung
lai voi nhiing thay doi cta dir liéu cam nhan duoc (vi du nhu nhiét d6, do ém...)
thong qua viéc so sanh gia tri do duogc véi mot ngudng cing. Néu gia tri moi cam
nhan dugc vuot qua ngudng cimg thi cic niit cam bién s& guri dir lidu ctia né dén nut
chii cum. Néu sy kién c6 thé kéo dai trong mot thoi gian dai thi qua trinh truyén dur

liéu trong mang s& dién ra thuong xuyén hon. Pé giam sy du thira dir liu trong
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truong hop nay, mot ngudng mém sé dugc st dung. Bat cir khi ndo gia tri dit liéu moi
nhan dugc vuot qua gia tri ngudng cung thi cic nut cam bién ciing s& kiém tra
ngudng mém cho cac gia tri dit liéu méi tiép theo. Néu sy sai khac giira cac gia tri dit
liéu méi lién tiép nhau khong vuot qua ngudng mém thi nit cam bién s& khong gui di
thong tin nay. Nt cam bién s& théng bao téi ntit cht cum vé sy gidng nhau giita cac
gia tri dir li€éu mdi cam nhan dugce. Gia tri dit liéu méi cdm nhéan duoc chi dugc gui di

khi vuot qua ngudng mém.
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Hinh 1.7: Kién trac phéan cap trong giao thic TEEN [14].

Boi vi giao thie TEEN dua trén céc gia tri ngudng c¢b dinh nén né khong phu
hop véi cac tmg dung doi hoi dir lidu can phai duoc giri vé diém thu thap mot cach
dinh ky.
1.3.2.4. Danh gia

Céc giao thire dinh tuyén phan cap c6 mot s6 uu diém do la:

= Thir nhét, chiing hd trg tét kha ning mé rong mang thong qua viée phan chia
mang thanh cac cum.

» Thi hai, co ché phan cum dong ciling dat dugc hiéu qua vé mat nang luong tdt
hon so v&i cac giao thirc dya trén kién trac phang. Trong cac mang cam bién

khong day dua trén su kién thi cac ntt cam bién chu yéu & ché do ngu. Mot
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lugng nhé cac nut chu cum thuc hién cac nhiém vu xtr 1y va téng hop dir liéu

phtrc tap hon so v&i cac nuat con lai trong mang.

Tuy nhién, cac giao thirc dinh tuyén dua trén sy phan cum cling tdn tai mot sb
nhugc diém d6 1a:

» Th nhit, chung dya nhiéu vao cac nat chi cum. Khi cdc nit chit cum bj 16i
thi ca cum sé& khong thé thuc hién dugc viée truyén thong v6i diém thu thap.

= Thu hai 1a qua trinh xdy dung cum doi héi bo sung thong tin bao hiéu trong
mang va lam tang chi phi vé nang lugng trong mang.

= Thir ba, cic giao thic dinh tuyén nay duoc thiét ké cho cac mang tinh va

khong thé xur 1y ddi véi van dé di dong trong mang. Trong céc kich ban di

dong, cac nat chii cum ciing s& di chuyén. Do vay, nd can phai thudng xuyén

tinh todn nut chu cum khi chung di chuyén ra ngoai pham vi truyén thong cia
nhom.
= (Cac giao thuc nay cling khong thich hop véi cac tng dung doi hoi @6 chinh
x4c vé thoi gian boi vi can phai mét thoi gian dé tinh todn cac niit chi cum.
1.3.3. Giao thirc dinh tuyén dwa trén vi tri

Trong céc giao thic dinh tuyén dya trén thong tin vi tri, thong tin vé vi tri clia
cac nit cam bién duoc sir dung dé thuc hién qua trinh dinh tuyén. C6 rat nhiéu giao
thirc da duoc dé xuat dua trén cach tiép can nay. Mot sb giao thurc dinh tuyén duoc
biét dén nhiéu nhat theo cach tiép can nay d6 la: MECN (Minimum Energy
Communication Network) [19], GAF (Geographic Adaptive Fidelity) [20], GEAR
(Geographic and Energy Aware Routing) [21]. Mot ing dung mang cam bién khong
day c6 thé quan tam dén viéc biét thong tin tai mot khu vuc X tai thoi diém Y. Cach
thirc hiéu qua nhat 1a dua vao cac thong tin vé vi tri trong cau truy van dé gui truc
tiép cAu truy van dén cac khu vyc can quan tim thay vi giri cAu truy van dén tat ca
cac nut trong mang.

Céc giao thuc dinh tuyén dua trén vi tri st dung thong tin vé vi tri cuc bo dé
xac dinh tuyén duong. Hiu qua cua cac giao thic ndy phu thudc vao do chinh xac
trong vi¢c xac dinh vi tri ciia cac nit mang. Néu viéc xac dinh vi tri khong chinh xac
thi n6 c¢6 thé gay ra 15i trong qua trinh dinh tuyén. Vi du, cac nat cam bién co thé dé
bi hu hong khi duogc trién khai trong cac moi trudng khéc nghigét. Néu thiét bj dinh vi
bi hong thi cac nat cam bién hoat dong dua trén cac thiét bi nay s€ tré nén vo dung.

Ngoai ra, chi phi dau tu cho céc thiét bi dinh vi cling 1a kha cao. Bén canh do, van dé
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ning luong tiéu thu va kich thude cua thiét bi dinh vi c6 thé khong phu hop d6i véi
cac nut cam bién hoat dong bang pin va dugc trién khai véi s6 lwong 16n 1én t6i hang
ngan nut.

1.4. Giao thirc cay thu thap dir liéu CTP

Hau hét cic ing dung chinh ctia mang cam bién khong day 14 thu thap thong
tin cam nhan duoc trong trudng cam bién nén cac giao thirc thu thap dit liéu nhan
duoc nhiéu sy quan tAm nghién ctru trong cong dong mang cam bién khong day.

Mot trong nhitng giao thirc thu thip dir liéu hiéu qua nhit cho mang cam bién
khong day d6 1a giao thiic cay thu thap dir liéu - CTP (Collection Tree Protocol).
Giao thitc CTP duoc xay dung dya trén phuong phap tiép can dinh tuyén phing, tu t6
chtrc. Giao thitc CTP cho phép truyén thong hiéu qua tir cic nat mang trong truong

cam bién dén mat trong cac nut goc.

Hinh 1.8: Ciu trtc lién két mang duoc xay dung theo giao thirc CTP.

Giao thuc cay thu thap dir liéu CTP thuc thi co ché thu thap dir li¢u tin cay
ting budc nhay (hop-by-hop). Cac nit ty t6 chitc thanh mot cu tric dang cay va dir
liéu ludén duoc giri vé nit cha cho t&i khi dén dugc dinh cia cdy (nat gbc). Nat gbe
dugc gan 1a dinh cua cay va tat ca cac nit khac dugc khai tao 1a cac nut 14. Cac nit s&
cap nhat vi tri cia nd trong cdy va qua trinh nay duoc mé rong dan ra véi diém xuat
phat ban dau 1a tir nat gbc. Dit liéu dugc giri qua mot ciu trac cay dén nit gbe. Hinh

1.8 minh hoa mét cu tréc lién két mang dugc xay dung theo giao thirc CTP.
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Trong qua trinh xay dung va duy tri cdu trac cdy dinh tuyén, cac nit can phai
xac dinh thudc do dinh tuyén dé lua chon nat 1an can tdt nhat (nat cha). Hién tai, giao
thire CTP sir dung thuée do dinh tuyén chit luong lién két ETX dé xay dung céu tric
ciy dinh tuyén. Cac nut can phai thu thap thong tin vé chat lugng lién két cua cac nit
1an can va dwa vao thong tin d6 dé tinh toan va lya chon nut cha. Bé thuc hién diéu
nay, cac nat dinh ky trao ddi cac ban tin diéu khién. Ban tin diéu khién mang thong
tin vé chét luong tuyén dudng (rtmetric) tir ntt d6 dén nut gbe.

1.4.1. Thuée do dinh tuyén dwoc sit dung trong giao thirc CTP

Pé xay dung va duy tri cau tric cdy dinh tuyén thi can phai xac dinh mot
thudc do dinh tuyén dé cac nut c6 thé lva chon tuyén duong t61 wu. Mot sb thude do
dinh tuyén c6 thé dugc sir dung nhu sd bude nhay dén nat gdc, thudc tinh nang luong
ctia nut hodc chat luong lién két...

Trong giao thuc CTP hién tai, thuéc do dinh myén dugc str dung la sb6 lan
truyén ky vong ETX (Expected Transmision) [1]. ETX ctia mot lién két 1a s6 lan
truyén can thiét dé giri thanh cong mot ban tin tir ngudn dén dich qua lién két d6 bao

gdm ca viéc truyén lai. Hinh 1.9 minh hoa céach tinh thudc do ETXi ctia mot lién

két.
Df
~ ()
Op ®
Db
Hinh 1.9: ETX;jy ciia mot lién két.
Thudc do ETXjink cia mot lién két duoc xac dinh theo cong thirc sau:
ETX,., = 1 1.1
link Df -Db ( ' )
Trong do:

- D; : Ti 1é chuyén phat ban tin theo chiéu tir niit A dén nut B.

- Dy : Ti 1& chuyén phét ban tin theo chiéu nguoc lai tir nat B dén A.

Thuéc do ETX cia mot tuyén duong rtmetric (route metric) duoc xac dinh
bang tong ETXjin cia tat ca cac lién két trén toan tuyén duong do.

Thuéc do rtmetric ctia mdi nut dugc glri quang ba cho cac nut 1an can thong

qua viéc trao doi cac ban tin dieu khién.
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1.4.2. Ciu tric cac ban tin trong giao thirc CTP

Giao thitc CTP sir dung 3 loai ban tin dé xay dung va duy tri hoat dong cua
cAu trac lién két mang d6 1a: Ban tin diéu khién, ban tin dir liéu va ban tin xac nhan.
1.4.2.1. Bdn tin dii liéu

Céu tric khung ctia ban tin dit liéu (ban tin data) dugc minh hoa & hinh 1.10.

0 8 12 16
Plc| reserved | TTL | HOP
Rtmetric
Origin
SeqNo Collectld
Data...

Hinh 1.10: Ciu tric ban tin dit lidu.

Céc truong trong ban tin di liéu bao gom:

= Trwong P - 1bit (routing Pull): Bit P cho phép cac nat yéu cau thong tin dinh
tuyén tir cac ntt khac. Néu mot nat c6 dja chi unicast trong cau tric khung cta
ban tin dir liéu léng nghe dugc mdt ban tin co6 bit P duogc thiét 12p thi n6 s€ guri
di mot ban tin diéu khién trong khoang thoi gian gan nhét.

= Trwong C - 1bit (Congestion notification): Bit thong bao tac nghén. Néu mot
nat loai bd mot ban tin dir liéu thi nd can phai thiét lap truong C trong cAu tric
khung cuia ban tin dit liéu ké tiép ma n6 gui di.

»  Trwong reserved - 6bit: Dy trir.

= Truwong TTL - 4bit (Time To Live): Trudng nay thé hién sd budc nhay tdi da
ma mot ban tin dit liéu c6 thé di qua. Tai mdi nat chuyén tiép, truong TTL
giam di mot. Néu truong TTL <= 1 thi ban tin dit liéu bi loai bo.

=  Trwong HOP - 4bit: Pay 1a truong bo dém sé bude nhay. Khi mot nut tao ra
mot ban tin dir liéu thi trudng nay dugc thiét 1ap bang 0. Khi ban tin dit liéu
dugce chuyén tiép bdi mot nit trung gian thi truong nay duoc ting 1én mot.
Truong ndy thé hién s budc nhay ma mot ban tin dit liéu di di qua trude khi

dén duoc nut hién tai.
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= Trwong Rtmetric - 16bit (route metric): La thuéc do dinh tuyén rtmetric cua
nut gui don chang. Khi mét nut giri mot ban tin dir li€u thi n6é phai gui kém
theo gia tri rtmetric cua n6 dugc xac dinh thong qua diém dén don chang hién
tai. Néu mot nat nhan duge mdt ban tin co rtmetric nhé hon rtmetric cua né thi
n6 sé& lap lich mét ban tin diéu khién trong mot khoang thoi gian gan nhat. Day
cling chinh 14 co ché tranh vong lidp dinh tuyén trong giao thitc CTP.

= Truwong Origin - 16bit: Truong nay mang dia chi nit khai ngudn cia ban tin
dir liéu. Nt chuyén tiép ban tin dit liéu khéng dugc phép thay doi trudng nay.

= Truwong Seqno - 8bit (sequence number): Pay 1a truong so thi ty ban tin dir
liéu. Nat khoi nguon sé thiét 1ap truong nay va nat thyc hién chuyén tiép ban
tin dit liéu khong duogc phép thay doi truong nay. Sy két hop hai truong
(origin, seqno) s& xac dinh mdt ban tin dit liéu duy nhét trong mang.

» Truwong Collectld - 8bit: Truong nhan dang giao thic 16p cao hon. Nut khéi
ngudn thiét 1ap truong ndy va nuat thuc hién chuyén tiép ban tin dir liéu khong
duogc thay doi truong nay.

= Trwong Data: Day 1a truong tai dit lidu. Cac nat chuyén tiép ban tin dit lidu
khong dugc phép chinh stra truong nay.

1.4.2.2. Ban tin diéu khién
Céu trac khung cta ban tin diéu khién dugc minh hoa ¢ hinh 1.11. Cac trudng
trong ban tin diéu khién bao gdom:

= Trwong P - 1bit: Tuong ty nhu trudng P trong cau trac khung cuia ban tin dir
liéu nhung c6 mot diém khac d6 1a ban tin diéu khién dugc phat quang ba. Do
d6, s& co nhiéu nat 1an can tra 10i lai bit P trong cau trac khung cua ban tin

diéu khién.

0 8 16
Plc| reserved Parent
Parent Rtmetric
Rtmetric

Hinh 1.11: CAu tric ban tin diéu khién.
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= Trwong C - 1 bit (Congestion notification): Thong bao tic ngh&n. Néu mot
nat loai bo mot ban tin dir lidu thi nd s& thiét 1ap truong C trong cAu trac

khung cuia ban tin diéu khién tiép theo ma nut s& giri di.

»  Trwong reserved - 6bit: Dy trit. Cac bit du trir nay s€ dugc sir dung trong giao
thirc EACTP.

» Trwong Parent - 16bit: Dia chi nit cha hién tai.

= Trwong rtmetric - 16bit: Gia tri thudc do dinh tuyén hién tai ctia nut.

Khi mot nat léng nghe dugc mdt ban tin diéu khién thi né s& cap nhat lai bang
dinh tuyén. Néu gia tri rtmetric cia mot nat thay doi thi n6 sé giri quang ba mot ban
tin diéu khién dé thong bao cho cac nut 1an can biét. Truong Parent (niit cha) ciing
chinh 13 truong dich dén don ching cta ban tin dit liéu. Khi nit cha lang nghe dugc
mot ban tin diéu khién tir nlit con c6 gia tri rtmetric nho hon gia trj rtmetric cta no thi
nut cha s& 1ap lich dé gai di mot ban tin diéu khién trong khoang thoi gian gan nhat.
1.4.2.3. Ban tin xdc nhdn

Ban tin x4c nhan ACK duoc st dung dé thong bao su tiép nhan thanh cong
mot ban tin dir liéu. Boi vi giao thiec CTP sur dung co ché xac nhan tai 16p lién két dix
liu nén céac ban tin ACK chi chta cac thong tin 16p vét Iy (PHY) va 16p diéu khién
truy nhap kénh truyén (MAC).

1.4.3. Céc thanh phan chinh cia giao thirc CTP

Hinh 1.12 biéu dién cic thanh phan chinh cia giao thirc CTP. Giao thirc CTP
bao gdm ba thanh phan chinh d6 1a:

Pinh tuyén

Chuyén tiép {Céc giéo dién

Uéc lvong
liéen két

Hinh 1.12: Céc thanh phan chinh ctia giao thirc CTP.
= Phan dinh tuyén: C6 nhiém vy giri va nhan cac ban tin diéu khién ciing nhu

tao va cap nhét bang dinh tuyén. Bang dinh tuyén ctia mdi nut luu cac nut 1an
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can co thé duge lya chon 1am nat cha cia né. Bang nay duoc xdy dung dua

vao cac thong tin 14y tir cac ban tin diéu khién. Bang nay luu thong tin vé dia

chi cua cac nit 1an cén ciing nhu cac théng tin khac nhu thuée do dinh tuyén
ctia moi nut.

= Phdn chuyén tiép: Co nhiém vu chuyén tiép cac ban tin dit liéu dén tir 16p Ung
dung cling nhu cac ban tin dit liéu dén tir cic nat 1an can. Phan chuyén tiép
cling c¢6 nhiém vu phat hién va sira chita cac vong lap dinh tuyén ciing nhu
ngan chan su xung djt cua cac ban tin.

= Phin wéc lwong lién két: Co nhiém vu xac dinh chat luong lién két (ETXjin).

Phan udc luong lién két tinh toan ETX,iy dua vao su théng ké céc ban tin diéu

khién nhan duoc va cac ban tin dit liéu duoc truyén thanh cong. Dua vao su

théng ké nay, phﬁn udc luong lién két s& tinh toan ETX,iy theo chiéu dén dugc
xac dinh bang tong sd ban tin diéu khién duoc giri boi nut 1an can chia cho
téng s6 ban tin diéu khién nhan duoc. Twong tu nhu vay, gia tri ETX;, theo
chiéu di dugc x4c dinh bang tong s6 ban tin dit licu dugc gui di (bao gom ca
viéc truyén lai) chia cho té)ng s6 ban tin dit liéu dugc xac nhan bdi ban tin xac
nhan ACK.

1.4.4. Piém yéu ciia giao thirc CTP

Trong thoi gian gan ddy, giao thirc CTP ciing thu hut dugc nhiéu sy quan tim
nghién ctru trong cong déng mang cam bién [2], [3], [4], [5], [6], [7], [8]. Giao thirc
CTP da dugc chirng minh 1a mdt giao thirc thu thap dir liéu dat hi¢u qua cao vé mat
ning lugng tiéu thu cling nhu ty 1& chuyén phat thanh cong ban tin dir liéu trong
mang & mirc cao. Trong bai bio [5], cac tac gia dd dua ra mot sd két qua danh gia
hiéu ning mang d6i vdi giao thirc CTP. Céc két qua danh gid cho thiy giao thirc CTP
dat dugc bén muc tiéu chinh d6 1a: P9 tin cay cao, kha nang ché)ng 16i tot, hiéu qua
vé nang luong va doc 14p v6i nhibu kién trac phan cimg khac nhau.

Tuy nhién, giao thitc CTP hién tai khong c6 su nhén thic vé mirc nang lugng
con lai trén cac niit mang. Giao thic CTP chi dua vao thudc do dinh tuyén ETX dé
Iira chon tuyén duong t6i wu. Thude do dinh tuyén ETX khong giai quyét duge van dé
can bang ning luong giita cac nut mang. Boi vay, giao thite CTP dé bi mat can bang
nang luong. Cac nat mang thudc tuyén dudng toi wu phai thyc hién nhiéu viée truyén
dan hon cac nit khac. Chung sé& hét nang lwong nhanh hon céc nut khac va tao thanh

céc 16 hong trong mang, 1am giam hiéu nang ciia toan bo hé théng mang. Pay 1a mot
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trong nhitng thach thirc quan trong trong cic mang cam bién khong day hoat dong
bang pin. Cac bai bao [9], [10], [11], [12] d4 chi ra ring thdi gian séng cia mang s&
duoc kéo dai néu nang lwong tiéu thy trén toan mang dong déu.
Mot s6 két qua danh gia giao thirc CTP hién tai dya trén cong cy mod phong
Cooja [13] va thuc nghiém véi phan cing TUmote ciing cho cac két qua tuong tu.
Trong luan 4n nady, tic gia dé xuat mot giao thic dinh tuyén moi EACTP (Energy
Aware Collection Tree Protocol) c6 sy nhan thirc vé ning luong nham dam bao sy
can bang nang luong gitta cic nit mang thudc nhitng tuyén duong co chat luong lién
két t6t va nang cao thoi gian séng cua cic nit mang.
1.5. Bai toan dinh tuyén cay thu thip dir liéu cé sw nhin thirc vé ning
lwgng
Bai toan dinh tuyén cay thu thap dit liéu c6 sy nhan thic vé ning lugng (bai
toan dinh tuyén EACTP) dugc dit trong cac gia thiét sau:
= Céc nat mang khong dong nhat va trong mang c6 hai loai nit d6 1a cac nut
cam bién va cac nut géc. Cac nut cam bién sir dung nguodn ning luong bang
pin va c6 kha nang xir 1y cling nhu ¢6 bo nhd han ché. Cac nat gbc c6 ngudn
nang luong, kha nang luu trit va tinh toan tot hon cac nit cam bién. Cac nut
nay dong vai trd 1a cac nat chi cum dé chuyén tiép luu luong tir cac niit cam
bién dén diém thu thap.
= Céc nat cam bién doc va gii dir liéu vé cac nut gdc bang ky thuat truyén da
ching thong qua cac nat cam bién trung gian khac. Cac nut gbc c6 nhiém vy
thu thap dit liéu va gui truc tiép dir liéu vé diém thu thap. Qua trinh nay duoc
lap di lap lai cho dén khi cac nut hét ning luong, 1am hong cac két ndi mang
va lam cho mang khong thé hoat dong duoc nira.
= Trong sudt toan bo qua trinh hoat dong cua mang, cac nut truyén cing mot
mirc cong sudt khong d6i. Khong c6 su tong hop dit lidu (data aggregation)
nao duoc thyc hién trong mang. Tat ca cac dit liéu thu thap bdi cac nat goc
déu duoc giri toi diém thu thap.
= Mang cam bién khong day bao gém nhiéu nit mang dugc phan bd trén mot
vung trién khai duoc xem 1a phang (mang 2D).

* Mang dugc chia thanh nhiéu cum nhé khéc nhau.
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= Céc nut cam bién phat song dang hudéng. Cac lién két duoc gia thiét 1a d6i
xtng. Trong thue té, cac nat cam bién c6 thé dugc trang bi loai anten dang
huong.

= (Cac nut cam bién la c6 dinh. Mang dugc xem la tinh.

Diém thu thap

Hinh 1.13: Ciu tric lién két mang duoc xét dén trong bai toan dinh tuyén EACTP.
Hinh 1.13 minh hoa mé hinh céu trtc lién két mang duoc tac gia xét dén trong

luan an. Mang duogc chia thanh nhiéu cum nho khac nhau. Do thuét toan dé xay dung
ciu tric ciy trong cac cum nho nay 13 hoan toan gidng nhau nén tac gia chi xét dén
viéc tbi uu hoa thoi gian séng cua mdt cym trong mang.

Bai todn dinh tuyén EACTP duoc phat biéu nhu sau:

Cho mét cau triic mang G = (V, E) 1a mot dd thi, trong d6 V 1a sb dinh, E 1a s6
canh. Bai toan dinh tuyén EACTP dit ra d6 1a tim dugc mot ciu tric cay t6i wu dua
trén hai tham s 1a chat luong lién két giita cic nut mang va trang thai nang lugng
con lai ciia cac nat mang.

Hinh 1.14 13 vi du minh hoa mét cu trac hinh hoc cua bai toan dinh tuyén
EACTP. Mdi dinh thudc cay biéu dién mot nat mang c6 ca chirc ning sinh dit liéu va
chtic nang dinh tuyén. Mobi niit mang xac dinh duoc chi ) nang lugng con lai El

(Energy Indicator) cua no.

45



M&i canh thudc cay 1a mot tuyén (link) két ndi gitta hai nat mang (u,v) bat ky
dugc biéu dién boi chat luong lién két gitra hai nat mang theo tham sb chit luong lién
két (ETXiny).
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Hinh 1.14: Vi du minh hoa c4u trac hinh hoc cua bai toan dinh tuyén EACTP.
Goi d6 dai duong di P ndi tir mot diém bét ky trén G = (V, E) dén nuat goc
dugc xac dinh bang tong ETXiy cla tat ca cac tuyén két ndi thudc tuyén duong do.
Moi niit duoc gan mot nhin (rtmetric) chinh 1a d6 dai dudng di tot nhat tir ntt d6 dén
nut goc duge xac dinh theo thudce do dinh tuyén chat luong lién két ETX. Bai toan
dinh tuyén EACTP duoc phat biéu nhu sau: Tim nat n thudc tap hop céac nut lan can
N ctia ntt nguon s trén cau tric G = (V, E) sao cho nat n thoéa mén cac diéu kién sau:

rtmetric, = arg min(rtmetric, + ETX;, <))

neN (12)
n.El >Threshold

Trong do: - rtmetric, 1a nhan cua nut n.
- rtmetrics 1a nhan cua nat s dugc xac dinh theo nut n.
- ETXjink(s-n) 18 chat lugng lién két gitra nat s va nat n.
- n.El 14 chi s6 nang lugng con lai ciia nit n.

- Threshold 1a ngudng chi s6 nang luong con lai.
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Bai toan dinh tuyén EACTP dugc xuit phat tu dé tai thuc té dang duoc trién
khai tai Vién nghién ctru Dién tir, Tin hoc va Ty dong hoéa do la:

= Nhiém vy khoa hoc cong nghé cip nha nudc vé “Nghién citu thiét ké, ché tao
hé th(fng quan trdc 6 nhiém nude tu dong, luu dong”, ma $6 07.12/CNMT: Tai
Viét Nam tinh trang 6 nhiém méi truong do nude thai cong nghiép gy ra dang
& muc bao dong. Mai truong nudc ¢ nhidu d6 thi, khu céng nghiép va lang
nghé ngiy cang bi 6 nhiém. Tinh trang 6 nhiém nudc co thé thdy rd khong chi
& Ha Noi, thanh phé HO Chi Minh ma & cac thanh phd khéac ciing c6 6 nhiém
nude thai cong nghiép nang né. Khu céng nghiép Thai Nguyén thai nudc bién
Séng Cau thanh mau den, mit nudc sti bot trén chidu dai hang chuc cay sb.
Khu cong nghiép Viét Tri xa mdi ngay hang ngan mét khdi nudc thai cua nha
may hoa chat, thudc trir sau, gidy, dét... xuéng Song Hong 1am nude bi nhidm
ban dang ké. Khao sat mot s6 lang nghé sat thép, dac dong, nhom, chi, gidy,
dét nhudém & Bic Ninh cho thiy c¢6 lwong nude thai hang ngan ms/ngéy khong
qua xt 1y, gdy 6 nhiém ngudn nudc va moi trudong trong khu vuc. Hé thong
quan tric 6 nhiém nudc tu dong cho phép giam sat thudng xuyén tinh trang 6
nhiém nuéc thai tir cdc khu cong nghiép, phat hién va canh bao kip thdi cho
cac co quan chirc ning dé c6 bién phap xir Iy ngin ngira 6 nhiém.

= Nhiém vy khoa hoc cong nghé cip nha nuéc vé “Nghién citu thiét ké, ché tao
hé thong quan trdc luu lwong dong chay va lwong muwa hé tro diéu tiét an toan
hé théng ho chira mede Séng Pa”, ma s DPTDL.2011-G/48: Hé thng hd nudce
Séng Pa 1a noi diéu tiét, chdng i cho lwu vuc song Hong ndi chung va thu do
Ha N§i n6i riéng, hon nita n6 con c6 cac muyc ti€u khac 1a phat dién tai cdc nha
may thiy dién trén Song Pa, cip nudc phuc vu cho néng nghiép va cic nhu
cau khac phuc vu phat trién kinh té xa hoi. Hai chirc ning chéng 1& va phat
dién cta cong trinh thuy dién c6 mdi lién quan mat thiét véi nhau. Dé didu tiét
an toan ho chira nudc cua cac cong trinh thiy dién, ngudi ta can theo dodi/du
bao mot sd thong s6 chinh nhu: Mt nude, luu luong dong chay, lugng mua,
d6 tham thau va do bién dang cta dap... Cac thong sd nay can duoc cung cip
mot cach chinh xéc, kip thoi dé phuc vu cong tac diéu tiét an toan hd chira
nudc Song Da.
Trong hai dé tai nay, cac nit cam bién thudng duoc trién khai ¢ nhimng vi tri xa

nguon dién ludi hodc & nhiing vi tri gap nhiéu kho khan trong vi¢e kéo duong
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day dién tr ngudn dién ludi. Vi vay, cac nat mang cam bién thudng sir dung
nhirng ngudn ning luong tich trir (VD: Pin, Ac quy). Vi viy, mot trong nhitng
nhiém vu cap thiét dit ra trong cac dé tai nay d6 1a: Can phdi dé xudt mét giao
thirc truyén thong thu thdp dir lidu cé sw nhdn thirc vé ndng lirong nham ting
thoi gian song cia cdc mit mang sir dung nhitng dang nguon néing lrong tich
trit nay.
1.6. Hién trang nghién ctru va phwong phap tiép cin bai toan dinh tuyén
¢6 sw nhén thirc vé niing lrong trong cic nghién ctru trueée diy
Tir trude dén nay, ¢ nhiéu giao thirc dinh tuyén dua trén su nhan thirc vé ning
luong da dugc dé xuat. Trong phan nay, tic gia s& gidi thiéu vé mot sb cong trinh
nghién ctru ¢ lién quan.
1.6.1. Pinh tuyén véi tong ning lwong tdi thiéu MTPR (Minimal Total Power
Routing)
Mot trong nhitng dé xuat ban dau cho cac thude do dinh tuyén lién quan dén
nang lugng do 1 toi thiéu nang luong tiéu thu trén mdi ban tin. Singh va cong su [34]
da thyc hién y tuéng nay nhu sau: Goi € biéu thi ning luong tiéu thu dé truyén mot
ban tin tir nat i dén mot nut j 1an can. Néu ban tin phai di qua mot tuyén duong P bao
gom cac nut Ny, .., Ny thi tong nang luong E can thiét dé truyén ban tin la:

k-1

E= Zeni MNig (1-3)

i=1

Trong mdt tip P cac tuyén dudng co thé, tuyén duong duge lwa chon 13 tuyén
duong co tong nang lwong tiéu thu 13 nho nhat.

Mot nhuoc diém cua thuée do dinh tuyén MTPR d6 1a n6 khong cung cip
thong tin vé thoi gian séng con lai cua pin. Tuyén dudng tim dugc c6 ning luong tidu
thu trén moi ban tin 1a nho nhat nhung lai c6 thé dan dén viéc mot sb nat mang s€ hét
nang lugng nhanh hon céc niit mang khac [49].

1.6.2. Pinh tuyén véi chi phi nguon pin nhé nhit (Minimum Battery Cost
Routing)

Dé dam béao sy can bang ning luong tidu thy trén tat ca cac niit trong mang va
giai quyét nhuoc diém cia thude do dinh tuyén MTPR thi dung lwong pin con lai trén
mdi nit cam bién dugc quan tim dén trong thudc do dinh tuyén MBCR [35]. Thudc

do MBCR dya vao dung lugng pin con lai trén mdi nit cam bién. Mdi nat cam bién
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dugce gan mot chi phi. Chi phi nay duoc tinh bang nghich ddo dung luong pin con lai
trén nat cam bién. Trong mot tap P cac tuyén dudng co thé, tuyén duong duoc lua
chon 13 tuyén dudng c6 tong chi phi 14 nhé nhat.

Nhuge diém cua thude do dinh tuyén MBCR d¢ la tuyén duong dugc lya chon
c6 thé bao gdm mot sd nut mang c6 dung lugng pin con lai & mirc thap. Nhitng nit
mang nay s& hét nang luong nhanh hon cac nat mang khac [49].

1.6.3. Giao thirc dinh tuyén nhan thirc vé ning hrong EAR (Energy Aware
Routing)

Giao thtrc dinh tuyén c6 su nhan thic vé niang lugng EAR [36] duoc dé xuit
boi Rahul C. Shah va cac cong su. Giao thirc ndy duy tri mot tap cac tuyén dudng tot
thay vi chi lra chon mét tuyén dudng t6i uu. Giao thirc EAR st dung thudc do ning
luong dé xac dinh cac tuyén duong tot. Thude do ning luong nay duoc xac dinh boi
ca chi phi chuyén phat mot ban tin va ning luong con lai cua cac nit chuyén tiép.
Tuy nhién giao thirc EAR ton tai hai nhuoc diém chinh d6 1a: Thir nhat, giao thuc
EAR dua vao ning luong con lai ciia ca tuyén dudng ma b qua su khac nhau vé
ning luong cua ting nit riéng 1é trén tuyén dudng. Mot tuyén dudng v6i ning luong
con lai nhiéu khong c6 nghia 1a tit ca cac nit trén tuyén dudng d6 con nhiéu ning
luong. Thir hai, giao thirc EAR xac dinh thuée do chi phi ning luong dua trén su hd
tro vé phan ctng trén cac nit cam bién. Tuy nhién, khong phai moi phan cimg déu hd
trg kha nang nay [7].

1.6.4. Giao thirc dinh tuyén E-Span (Energy-Aware Spanning Tree Algorithm)

Trong bai bao [37], cac tac gia da dé xuét giao thirc dinh tuyén E-Span. Trong
d6, ntit ¢6 nang luong con lai & mirc cao nhét s& duoc chon lam nat gde. Cac nat khac
s€ lua chon nut cha trong sb cac nut 1an can dua trén muc nang luong con lai va sb
buéc nhay dén nut gdc.

Nhuoc diém chinh cta giao thic dinh tuyén nay d6 1 tuyén duong tdi vu duoc
luva chon dua vao thudc do dinh tuyén s6 bude nhdy. Thudc do dinh tuyén nay khong
xét dén hiéu sut cua timg lién két trén tuyén dudng tir ngudn dén dich. Mang cam
bién khong day bao gdm nhiéu lién két ton hao (lossy). Vi vy, cac tuyén duong voi
s6 budc nhay ti thiéu hoan toan c6 thé bao gdm nhiing lién két ton hao va diéu nay
lam giam thong luong ciia mang. Ban tin ¢ thé phai truyén lai nhiéu 1an gay lang phi

vé nang luong va lam ting do tré truyén ban tin [49].
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1.6.5. Giao thitc dinh tuyén c6 sw nhan thirc vé ning hrong va cin bang tai

Trong bai bao [38], cac tac gia da dé xuit giao thirc dinh tuyén c6 sy nhan
thirc vé ning luong va dam bao su can bang tai trong mang. Cac tac gia dé xuat co
ché ude luong nang lugng ti€u thu dua vao cac hoat dong (truyén, nhan) cua bo thu
phat vo tuyén. Budc nhay ké tiép dugc lya chon 1a nut c6 ndng luong con lai & mic
cao nhat. Mot nat mang dugc xac dinh 1a qua tai dua trén sb luong céc ban tin truyén,
nhan ctia b thu phat v6 tuyén.

Nhuoc diém cua giao thire dinh tuyén nay do6 1a tuyén dudng tbi vu duoc lua
chon dua vao nang luong con lai trén nit chuyén tiép. Thudc do dinh tuyén nay ciing
¢6 nhugc diém giong nhu thude do dinh tuyén s6 budc nhay khi khong xét dén chét
luong lién két giita cac nit mang. Piéu nay c6 thé din dén viéc truyén lai ban tin
nhiéu 1an, gay ra su lang phi ning luong va sy qua tai cia cac nit trong mang. Ngoai
ra, md hinh ning luong tidu thu ciia nit cam bién dugc st dung trong giao thiic nay
cling chi xét dén ning lugng tidu thu cta bd thu phat vo tuyén ma chua ké dén céac
thanh phan tiéu thu nang lugng khac.

1.6.6. Giao thirc dinh tuyén BRE (Bursty Routing Extensions)

Trong bai bao [23], cac tac gia quan sat thiy rang cac giao thirc dinh tuyén nhu
giao thirc CTP c6 khuynh hudng sir dung 1au dai cac lién két 6n dinh chtr khong phai
1a cac lién két khong 6n dinh. Céc tac gia cho ring cac lién két co chét luong thay dbi
nhanh chong theo thoi gian can phai duoc sir dung trong qué trinh dinh tuyén. Céc tac
gia ciing chi ra rang van dé cin bang tai giita cac nut trong mang rt quan trong. Tat
c4 cac giao thirc dinh tuyén nhu BRE, CTP déu tap trung vao viéc giam s 1an truyén
dan. Su mat can bang tai c6 thé dan dén viéc mot s6 nut ngiing hoat dong nhanh hon
mong mudn va 1am giam hiéu ning cla toan mang.

1.6.7. Giao thirc dinh tuyén BCTP (Balanced Collection Tree Protocol)

Trong bai bao [7], cac tac gia di xac dinh mot diém yéu can khic phuc dbi véi
giao thirc CTP hién tai d6 1a sy mit cin bang tai giita cic nut trong mang. Van dé can
bang tai 12 rit quan trong dbi v6i mang cam bién khong diy boi vi su mét can bing
tai co thé tao ra mot sd nat diém nong. Cac nat nay s& hét nang lugng nhanh hon du
kién.

Céc tac gia da dé xuét giao thirc BCTP (Balanced Collection Tree Protocol)
cai tién. Giao thire BCTP duogc cai tién dua trén giao thirc CTP ¢ hai diém: Thi nhat,

BCTP thém mdt thanh phan ghi lai su truyén dan dé xac dinh mot nat c6 phai 1a quéa
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tai hay khong; Thir hai, BCTP thay dbi tiéu chi dinh tuyén dbi voi cac nat con cia
mot nt dd qua tai nham giam tai cho nut d6. Giao thirc BCTP cho phép giam tai cho
cac nut diém noéng (nut c6 luu lwong dit liéu 16n). Giao thiec BCTP sir dung téc do
truyén dan trung binh nhu 1a mot thudc do dé xac dinh tai luu luong ciia mot nut. Moi
khi mdt nit dugc xac dinh 1a qua tai thi giao thire BCTP str dung mot chién lugc dinh
tuyén ngau nhién dé dam bao su cin bang tai. Giao thirc BCTP di duoc thir nghiém
v6i 9 nut TelosB. Két qua thuc nghiém cho thiy giao thirc BCTP ¢6 thé giam tai cia
nut diém nong to1 61,9% trong mot mang dugc trién khai voi mat do day.

1.6.8. Giao thitc dinh tuyén ICTP (Improved Collection Tree Protocol)

Trong bai bao [8], cac tac gia da chi ra rang giao thic CTP hién tai chi quan
tam dén viéc lua chon tuyén duong t6i uu theo thudc do ETX va diéu nay dan dén ba
nhugc diém chinh d6i voi giao thire CTP hién tai d6 1a: Thir nhat, day la nguyén nhan
dan dén hién twong rung pha (jitter) trong mang. Hién twong nay duoc 1y giai 13 néu
tai mot thoi diém nao d6 tuyén duong bi tac nghén thi mang s€ lya chon mdt tuyén
duong khac dé tiép tuc giri ban tin cho dén khi xdy ra su tiac nghén d6i voi tuyén
duong méi. Pidu nay s& giy ra hién tuong jitter trong mang; Nhuoc diém thi hai d6
1a cac nat mang trong tuyén dudng toi uu s& bi mat nhiéu ning luong hon cac nat
khac trong mang. Diéu nay khong chi dan dén viéc mét can bang ning luong giita cac
nat trong mang ma con dan dén viéc giam thoi gian sdng cua mang; Nhuoc diém thu
ba d6 13 mic du thuée do ETX duoc sir dung trong giao thitc CTP c6 thé phat hién
dugc hién tuong tac nghén trong mang dé tir do lya chon mot tuyén dudng moi
nhung hién tuong tic nghén chic chin s& gip phai trong mang va diéu nay co thé s&
lam giam hiéu ning cua mang. Cac tic gia di dé xuét giao thitc ICTP (Improved
Collection Tree Protocol) cai tién. Trong giao thic ICTP, cic tac gia st dung ham
x4c suit dé xac dinh nat cha.

Giao thtrc ICTP ton tai ba nhuoc diém chinh: Thtr nhit, viéc luya chon tuyén
duong dya trén xac suat c6 thé dan dén viéc luya chon tuyén duong co chat lugng x4u
va diéu nay dan dén viéc gui lai ban tin nhiéu lan va lam cho ning lugng tiéu thu
trong toan mang tang 1én; Thtr hai, giao thirc ICTP lam phat sinh thém chi phi nang
lugng trong viéc gii thong tin vé nang lwong con lai trén cac nat cam bién; Thir ba,
co ché wéc lugng ning luong tiéu thy trong giao thire ICTP con don gian bdi vi cac
tac gia m&i chi xét dén thanh phan tiéu thu nang lugng chinh 13 bg thu phat vo tuyén.

Céc tac gia dd gia dinh rang: Nang lugng ban dau ciia mdi nat cam bién 1a OXFFEF;
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Ning luwong tiéu thu khi giri mot ban tin diéu khién 1a 20; Ning luong tiéu thu khi giri
mot ban tin dir li¢u 1a 30. M6 hinh nang luong nay khong phu hop khi thuc thi trén
cac nut cam bién thue té. Cac két qua danh gia hiéu ning giao thirc ICTP méi chi dira
trén mo phong.

1.6.9. Giao thirc dinh tuyén EQLR (Energy and Link Quality Based Routing
Tree)

Trong bai bao [50], cac tac gia di xac dinh mot nhugc diém cua giao thirc CTP
hién tai d6 1a cAc nat c6 chét luong lién két tot thuong dugc lya chon lam nut cha. Do
vdy, cac nut nay thuong hét nang lugng nhanh hon so véi cac nat mang khéac. Céc tac
gia da dé xuat giao thirc dinh tuyén EQLR. Giao thitc EQLR xay dung cau tric cay
thu thap dir liéu dua trén hai thude do dinh tuyén 1a chét luong lién két va ning luong
pin con lai ctia mdi ndt cam bién. Co ché uéc lugng ning luong tiéu thy trong giao
thire EQLR dura trén dé xuat cia Adam Dunkels [29]. Cac tac gia da so sanh danh gia
giao thirc EQLR va giao thirc CTP dya trén mo phdng va thuc nghiém voi 9 nat cam
bién. Két qua mo phong va thuc nghiém cho thay giao thitc EQLR dat duogc sy can
bang tai va thoi gian séng cia mang tot hon so véi giao thitc CTP.

Tuy nhién, giao thirc EQLR van con ton tai mot s6 nhuoc diém: Thir nhat, ban
tin diéu khién can phai bo sung thém trudng nang lugng con lai dé mang thong tin vé
mirc nang luong con lai cta pin. Pidu nay s& 1am phat sinh thém chi phi vé ning
lugng trong viée giri ban tin diéu khién; Thi hai, ngudng ning luong dé xac dinh mot
nat hét nang luong 1a mot gia tri ¢d dinh. Bé xac dinh mot ngudng nang luong cd
dinh t6i uu 13 rat kho; Thi ba, thuat toan lya chon tuyén dudng dua trén ngudng ETX.
Trong bai bdo, cac tic gia chon ngudng ETX thay doi tir 50 - 500. Ngudng nay dugc
xac dinh dya trén thuc nghiém vdi 9 nut va gia tri 16n nhat do duoc cua ETX 1a 500.
Tuy nhién, trong trién khai thuc té véi sb lugng nut 16n thi viéc xac dinh ngudng ETX
dua trén thuc nghiém s& gap nhiéu kho khan.

1.6.10. Giao thirc dinh tuyén ELR (Energy Aware and Link Quality Based
Routing Protocol)

Trong bai bao [51], cac tic gia da dé xuat giao thirc dinh tuyén ELR. Giao
thire ELR xay dyng cau tric cdy dinh tuyén dua trén thudc do vé chat lugng lién két
va phan trim nang lugng con lai cia cac nit cam bién. Co ché udc lwong ning lugng
tiéu thy trong giao thire EQLR dya trén dé xuat ciia Adam Dunkels [29]. Céc tac gia
da so sanh danh gia giao thirc ELR véi giao thirc CTP. Két qua dénh gid mo phong
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cho thdy, thoi gian séng ctia mang khi hoat dong theo giao thirc ELR t6t hon so véi
thoi gian sdng ctia mang khi hoat dong theo giao thirc CTP ban dau.

Tuy nhién, giao thirc ELR van con ton tai mot sd nhuoe diém: Thir nhét, ban
tin diéu khién dugc mo rong thém 16 bit ¢é mang thong tin vé muc ning lugng con
lai ctia nat cam bién. Piéu nay s& 1am phat sinh thém chi phi vé ning luong trong viée
guri ban tin diéu khién; Thr hai, nguong ning luong duge thiét 1ap 1a mot gia tri cd
dinh 10%. Dé xac dinh mot ngudng ning luong toi vu 13 rat kho. Céc tac gia cling
chua phan tich 16 vé ngudng ning luong nay; Thir ba, ngudng ETXdiffTh 1a mot gia
tri ¢6 dinh va duoc xac dinh bé“tng 10. Céc tac giad cling chua phan tich ro gia tri
ngudng c6 dinh nay. Trong trién khai thuc té, viéc xac dinh ngudng ETXdiffTh 1a mot
kho khin can duoc giai quyét.

1.6.11. Giao thirc dinh tuyén EARBB (Energy Aware Routing Based on
Beaconing)

Trong bai bao [52], cac tac gia da chi ra rang giao thirc CTP hién tai 1a mot
giao thirc thu thap dir liéu hiéu qua vé ning luong va dang tin ciy. Tuy nhién, cac tac
gia cling chi ra nhuoc diém cia giao thirc CTP hién tai d6 1a giao thirc nay khong
quan tim dén sy can bang nang luong cua cic nut trong mang va khong hd tro luu
lugng theo chiéu huéng xudng (downstream). Cac tac gia dd dé xuat mot giao thirc
dinh tuyén EARBB méi. Ngoai co ché dinh tuyén tir cac nat dén nit gc (node-to-
sink) thi giao thtc EARBB con hd trg ca co ché dinh tuyén tir nit dén nat (node-to-
node). Cac két qua mo phong cho thay giao thirc EARBB thiét 1ap dugc cau tric lién
két mang tin cdy va c6 thé nhanh chéng khic phuc 16i. Cac tac gia da dé xuat mot
thude do dinh tuyén ETHER méi. Thudc do dinh tuyén ETHER cho mét budc nhay
duoc xac dinh nhu sau:

ETHER = E“.L (1.4)

Trong d6: E 1a nang luong con lai cua nlt cdm bién; o duoc chon bé“mg 1,5; L
la ty 1¢ mat mat ban tin cta kénh truyén. Thudc do dinh tuyén ETHER cua tuyén
duong bang tong thudce do dinh tuyén ETHER cua cac lién két thudc tuyén duong do.
Thudc do dinh tuyén ETHER c6 tinh dén ca chét lugng lién két va niang lugng con lai
cia nit cam bién. Do vay, tuyén duong véi nang luong con lai s& khong duoc lua
chon lam tuyén duong tdi wu.

Tuy nhién, giao thic EARBB dugc dé xuat trong bai bao nay van con ton tai

mot sO nhugc di€ém can khac phuc: Thir nhat, cac tac gia chua dé cap dén cach xac
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dinh nang lugng con lai cua nit cam bién; Tha hai, m6 hinh nang lugng dugc s
dung trong mé phong con don gian khi cac tac gia sir dung sb luong ban tin gui va
nhan lam thudc do ning luong; Thtr ba, cac tac gia chon hing sé o = 1,5 nhung
khong c6 su giai thich ddy du cho viéc lua chon gia tri ndy; Thir tu, tuyén dudng tbi
uu duoc lua chon dua trén téng thudc do dinh tuyén ETHER cua céc lién két trén
toan tuyén dudng. Nhu vay, giao thitrc nay hoan toan cé thé lya chon phai tuyén
dudng bao gdm mét sd niit mang ¢ dung luong pin con lai & mirc thap.
1.7. Giai phap tiép cin bai toan trong luin an
Trong ludn an nay, tac gia dé xut giai phap dinh tuyén EACTP nham dam bao
su can bang nang lugng gitta cac nut mang thudc nhiing tuyén dudng cé chét lugng
lién két t6t va nang cao thoi gian song cia cac nit mang. Giao thic EACTP dugc cai
tién dua trén giao thic CTP & ba diém:
= Thir nhit, giao thtc EACTP bé sung thém thanh phin wéc lwong ning
Iwong tidu thy cua nat cam bién. Co ché wéc lugng ning luong nay hoan toan
dua trén phadn mém ma khong can sy bd sung thém bat ky mot chi phi nao vé
phan cing. Trong md hinh ning luong dé& xuit, tac gia ¢ xét dén cac thanh
phan tiéu thu ning luong chinh trong cdu tric phin cng ciia mdt nut mang
cam bién khong day.
= Thi hai, giao thitc EACTP bd sung thém mét thudc do dinh tuyén méi dé 1a
trang thdi ning lwong con lgi ES (Energy State) cia mdi nut cam bién. Tac
gia di str dung ngudng niang lugng con lai thich tng va mdi nut s& c6 mot sb
trang thai nang lugng con lai. Cac trang thai nang lugng nay dugc ma hoa baoi
hai bit va dugc phat quang ba cho cac nut lan cén st dung hai bit du trit trong
ban tin diéu khién. Vi vay, giai phap nay khong phat sinh thém céc chi phi méi
vé nang luong trong viée giri cac ban tin diéu khién.
= Thi ba, giao thitc EACTP bé sung tiéu chi dinh tuyén nham dam bao sy cin
bang niang luong tiéu thy giita cic nit mang thudc nhing tuyén duong cé chat
luong lién két tét. Su két hop giira hai thudc do dinh tuyén 1a chét luong lién
két (ETX) va trang thai nang lugng con lai (ES) trén timg niit chuyén tiép cho
phép lua chon tuyén duong t6i wu nham dam bao su can bang nang lugng gitta
cac nut mang thudc nhing tuyén duong cé chat lugng lién két tot va nang cao

thoi gian song cla cac nut mang.
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1.8. Két luén chwong 1

Trong chuong nay, tac gia di trinh bay mot sé dic diém va thach thuc dit ra
d6i v6i van dé dinh tuyén cho mang cam bién khong day. Mot sb phuong phap tiép
can trong viéc thiét ké giao thuc dinh tuyén cho mang cam bién khong déy ciing duoc
trinh bay ¢ chuong nay.

Hau hét cic ing dung chinh cia mang cam bién khong day 14 thu thap thong
tin cam nhan dugc trong trudong cam bién nén cac giao thuac thu thap dir liéu nhan
dugc nhiéu sy quan tdm nghién ctru trong cong dong mang cam bién khong day. Mot
trong nhiing giao thirc thu thap dir liéu hiéu qua cho mang cam bién khong day d6 1a
giao thirc cdy thu thap dir liu.

Thong qua mot sé két qua nghién ctiru khao sat va danh gia thuc nghiém véi
giao thirc CTP, tic gia di xac dinh cac diém yéu can khic phuc ddi véi giao thirc
CTP. Mot trong nhitng diém yéu ma tac gia s& tip trung giai quyét trong ludn an nay
d6 1a sy mat cin bang ning luong giita cic nut mang thudc nhitng tuyén duong co
chat lugng lién két tot. Cac nut thudc tuyén dudng co chit luong lién két tot s& hét
nang lugng nhanh hon cac nat con lai trong mang, lam giam hi¢u ndng cia toan bg hé
théng mang. bé khic phuc nhuoc diém nay, tac gia dé xudt bai toan dinh tuyén co su
nhan thic vé ning luong (bai toan dinh tuyén EACTP). Dya trén nhiing khao sat,
phan tich va danh gid mot s6 cong trinh nghién ciru ¢6 lién quan dén bai toan dinh
tuyén c6 sy nhan thirc vé ning luong, tac gia da dé xuat giai phap dé tiép can bai toan
dinh tuyén EACTP.

Mot phan két qua nghién ctru ciia chuong nay di duoc tic gia cong b trong
bai bao sd [2].
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Chuong 2. GIAO THUC CAY THU THAP DU LIEU
CO SU'NHAN THUC VE NANG LUQNG

Chuong 2 d& xuit mot giao thirc dinh tuyén mdi EACTP (Energy Aware
Collection Tree Protocol) dugc mé rong tur giao thirc CTP (Collection Tree Protocol).
Tac gia cling d& xuat mo hinh toan hoc cho bai toan dinh tuyén EACTP dua trén co
so 1y thuyét do thi. Mot s két qua thuc thi va danh gia giao thitc EACTP dya trén
cong cu mod phong Cooja ciing duoc trinh bay & phan cudi ciia chuong nay.

2.1. Pé xuit md hinh toin hoc cho bai toan dinh tuyén cy thu thap dit liéu
¢6 sw nhan thirc vé niing hrong

2.1.1. M hinh két ndi giira cic nit mang cam bién khong day dwa trén ly thuyét
do thi

Dé phat trién cac thuat toan va dua ra nhitng danh gia vé hiéu ning ctia mang
cam bién khong dy thi can phai xay dung mé hinh todn cho mang cam bién khong
day. Hién tai, nhiéu mé hinh cho mang cam bién khong day c6 ngudn gbc tir Iy thuyét
khoa hoc mdy tinh va todn Ung dung da duoc dé xuat. Mot mo hinh toan duoc st
dung rong rai d6i vi mang cam bién khong day d6 1a mo hinh toan duoc xay dung
dua trén 1y thuyét do thi. Do cau trac lién két ciia mang cam bién khong day c6 thé
duoc coi nhu mot do thi nén cac thuat toan cho mang cam bién khong day thuong st
dung mé hinh toan tir 1y thuyét do thi. Trong mo hinh 1y thuyét do thi, cac nit cam
bién dai dién cho cac dinh va céc lién két vo tuyén dai dién cho cac canh cia do thi,

Mot van dé rat quan trong lién quan dén két ndi giira cac nit cam bién do6 1a:
Cho mét tap hop cac niit cam bién phén tan trong trudng cam bién, chung ta can phai
xac dinh nhiing nlt nao cé thé nhan dugc su truyén dan tr mot nat khac. Trong mo
hinh toan str dung ly thuyét dd thi, néu médt nat u & trong pham vi truyén dan cta nat
v thi chung ta néi rang nat u lién k& v6i nat v hodc nat u 1a ndt 1an can cia nit v.
Trong trudng hop khong cé su can thiép cua nhidu thi mdi quan hé nay thuong 13 d6i
xtng (hodc vo hudng). Piéu ndy c6 nghia 1a néu nit u c6 thé ling nghe duoc nut v thi
nuat v ciing co thé ling nghe duoc nut u.

Céc két ndi cia mot mang cam bién khong day dugc mo ta bang mot do thi G
= (V, E), trong d6 V 1a mét tap hop cac nit cam bién va E mo ta quan hé lién ké giira
cac nit. Vi hai nat (u, v) € V, lién két (u, v) € E néu nit v lién ké voi nat u. Trong
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mot do thi khong dinh huéng, néu (u, v) € E thi (v, u) ciing € E. Do d6, cic canh cta
d6 thi co6 thé duoc biéu dién béi cap {u, v} € E.

Mo hinh két ndi kinh dién duoc sir dung trong mang cam bién khong day 1a
mo hinh d6 thi UDG (Unit Disk Graph). Trong mé hinh nay, cac nut déu st dung céc
anten dang hudng c6 d6 loi nhu nhau theo moi hudng va cac nat duge gia dinh trién
khai trong mot mit phang c6 moi trudng khong bi can tré. Hai nat duoc goi 1a lién ké

v61 nhau khi va chi khi chiing nam trong pham vi truyén dan cta nhau.
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Hinh 2.1: M6 hinh UDG [22].

M hinh UDG (Unit Disk Graph): Cho V < R? 1a tap hop cac nit trong mit phing
Euclide hai chiéu. D6 thi Euclide G = (V, E) dugc goi 1a d6 thi UDG néu nd cé hai
nut lién ké khi va chi khi khoang cach Euclide ctia chting 16n nhat bang 1. Piéu nay
c6 nghia 1a néu u, v e V thi {u, v} e E khi va chi khi |u, v|] < 1. Hinh 2.1 mé ta mét vi
du ctia m6 hinh UDG. Nut u 13 lién ké véi nat v (khoang cach nho hon 1) nhung
khong lién ké v&i nut w (khoang cach 16n hon 1).

2.1.2. Céc vén dé vé nhiéu trong mang cam bién khong diy

Trong cic mang khong ddy, kénh truyén thong vo tuyén duoc chia sé va cac
truyén dan trong mang chiu anh huéng béi nhidu. Mot nit u ¢ thé khéng nhan duoc
chinh x4c mot ban tin dugc gui tor mdt nut lién k& v do c6 mot truyén dan déng thot
khac & gan do.

Mo hinh nhiéu s& dién ta cac truyén din dong thoi trong mang anh huéng dén
nhau nhu thé nao. Nhiu 12 mot hién tuong phuc tap voi nhiéu dic diém kho nim bat.
Vi dy, mét tin hiéu c6 thé anh hudng dén chinh né do c6 hién twong truyén song vo
tuyén da duong. M6 hinh nhiu duoc chip nhan va duoc sit dung rong rai bai cac nha
nghién ctru vé 1y thuyét thong tin 14 mé hinh vat Iy hay mé hinh SINR (Signal-to-
Interference Plus Noise). Trong md hinh nay, ty 1¢ tiép nhan thanh cong mét ban tin
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phu thudc vao cudng do tin hiéu nhan duoc, mic do tap 4m xung quanh va nhiéu gay
ra boi su truyén dan ddng thoi ciia cac nut mang.

Mo hinh SINR: Goi P, 1a cong suét tin hiéu nhan duogc béi nut v, va |, biéu thi nhidu
sinh ra boi cac nut khac, N 1a murc cong sut tap 4m ctia moi trudng xung quanh. Khi

d6, nut v, nhan duge mot truyén dan khi va chi khi:

P

N4:|r =/ (2.1)

Trong d6: A 1a d6 nhay thu (phu thudc vao phan cimg) biéu thi ty 18 tin hiéu trén
nhiéu nho nhét dé phia thu c6 thé nhan thanh cong mot ban tin. Gia tri cong suat tin
hi¢u nhan dugc P, la mdt ham giam theo khoang cach d(vg, V) gilta nut gui Vs va nit
nhén v,. Cu thé hon, cong suét tin hiéu nhan dugc co thé duge mo hinh hoa suy hao
5 r \ 1 r \ M A ~ \
theo khoang cach d(vs, v;) la ﬁ Trong d6, «la hang s6 mii suy hao duong
Vg, V,
truyén c6 gia tri tir 2 dén 6 phy thudc vao diéu kién méi truong truyén song ciing nhur
khoang cach chinh x4c gitta nut giri va nat nhan. Goi P; 1 muc cong suét truyén cia
nut v;. Mot ban tin duoc truyén to nat vs € V s€ duoc tiép nhan thanh cong bdi nut v,

7
A

ncu:

P

S

d(vg,v,)”
=8 (2.2)
N+2, ) W

Trong mé hinh SINR, nat nhan s€ nhan dugc chinh xac mdt truyén dan néu
cong suat tin hiéu nhan dugc (phu thudc vao cong sudt phat va khoang cach giita nut
giri va nat nhan) du 16n so v6i cong suét tin hiéu cta cac truyén dan dong thoi khac
va muc do tap &m xung quanh.

Mic du mo hinh SINR két hop day du nhiéu tinh chét vét Iy quan trong cta
moi truong nhung nd khéng duoc sir dung nhiéu trong cong déng nghién ctru thuat
toan cho mang cam bién khong ddy. Nguyén nhan chinh 13 do mé hinh SINR qua
phtc tap. Vi du nhu c6 rat nhiéu truyén din khac nhau dugc téng hop va cé thé timg
cip nat giri - nhan gan nhau c6 anh hudng dén nhau. Trong thuc té, nhimg truyén dan
khéc nhau nay thuong chi tao thém tap &m trong moéi truong xung quanh va khong

can thiét phai tinh riéng nhu viy.
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Mot mé hinh don gian hon duoc str dung phd bién d6 1a mé hinh UDI (UDG
with Distance Interference). M6 hinh UDI 13 mot dang ciia md hinh UDG c6 xét dén
tac dong ctia nhidu. M6 hinh UDI s& duoc st dung trong mo phong va danh gia hiéu
nang mang ¢ muc 2.4 cua luan an nay.

M6 hinh UDG véi nhiéu khoang cach (UDI): Cac nut dugce phan bd tuy ¥ trong
mat phang. Hai nat c6 thé truyén thong truc tiép v6i nhau khi va chi khi khoang cach
Euclide 16n nhat bang 1 va néu nhu phia thu khong bi anh huéng boi mot nut thir ba

v6i khoang cach Euclide nho hon hodc bang mot hang s6 R >1.
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Hinh 2.2: M6 hinh UDI [22].

Hinh 2.2 mo6 ta mdt vi du mé hinh UDI véi hai ban kinh: M6t ban kinh truyén
dan (bang 1) va mot ban kinh nhiu (R >1). Trong vi du nay, nit v khong thé nhan
duoc mot truyén dan tir nat u néu nat x truyén dir licu déng thoi dén nat w mic du nat
v khong lién ké v6i nat x.

2.1.3. M hinh bai toin dinh tuyén ciy thu thip dir liu cé sw nhin thirc vé ning
lwong dwa trén 1y thuyét do thi

Bai toan dinh tuyén cay thu thap dir liéu c6 sy nhan thiuc vé nang luong (bai
toan dinh tuyén EACTP) duoc md hinh hoa duya trén 1y thuyét d6 thi nhu sau:

Cho mét cau triic mang G = (V, E) 1a mot d thi, trong d6 V 1a s6 dinh, E 14 s6
canh. Bai toan dinh tuyén EACTP dit ra d6 1a tim dugc mot cdu tric cdy toi wu dua
trén hai tham s6 1a chat lwong lién két giita cic nit mang va trang thai nang lugng
con lai cua cac nit mang. Hinh 2.3 1a vi du minh hoa mé hinh bai toan dinh tuyén
EACTP duya trén 1y thuyét do thi.
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Hinh 2.3: M6 hinh bai toan dinh tuyén EACTP duya trén 1y thuyét do thi.

Mbi dinh thudc cay biéu dién mot nat mang c6 ca chirc nang sinh dir liéu va
chtrc ning dinh tuyén. Mdi nat mang xac dinh duoc chi sé ning luong con lai El
(Energy Indicator) cua no.

MJi canh thudc cdy 1a mot tuyén (link) két ndi giita hai nat mang (u,v) bat ky
dugc biéu dién boi chat lwong lién két giira hai nit mang theo tham s6 chét luong lién
ket (ETXjink)-

Goi do dai duong di P ndi tir mot diém bat ky trén G = (V, E) dén nut gdc
duoc xac dinh béng téng ETX,i cla tit ca cac tuyén két ndi thudc tuyén duong do.
M&i nit dugc gan mot nhin (rtmetric) chinh 14 d6 dai duong di t6t nhat tir nut d6 dén
nut géc duoc xac dinh theo thudc do dinh tuyén chat lugng lién két ETX. Bai toan
dinh tuyén EACTP duoc md hinh héa nhu sau: Tim nat n thudc tp hop cac nut 1an
can N cua nit ngudn s trén ciu trac G = (V, E) sao cho nat n théa min cac diéu kién
Sau:

rtmetric, = arg min(rtmetric, + ETX;, _))

neN (23)
n.El >Threshold

Trong do: - rtmetric, 1a nhan cua nt n.
- rtmetric, 1a nhan cua nut s dugce xac dinh theo nut n.

- ETXjink(s-n) 1& chat lugng lién két gitra ntt s va nat n.
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- n.El 1a chi sb ning lugng con lai cua nat n.

- Threshold 14 ngudng chi sé ning luong con lai.
2.2. Dé xuit giao thirc ciy thu thap dit liéu c6 sw nhan thic vé ning lwong
EACTP
2.2.1. Muc tiéu va nhirng thach thirc trong viéc dé xuit giao thirc EACTP

Trong giao thirc CTP hién tai, cdc nut cam bién thude tuyén duong cé chit
luong lién két tét s& duoc chon 1am nut cha trong phan 16n thoi gian va cac nit d6
tham gia nhiéu vao qua trinh truyén thong trong mang. Diéu nay din dén viéc cac nut
thudc nhitng tuyén duong co chit luong lién két t6t s& bi hét niang luong nhanh hon
cac nut khac va lam giam thoi gian séng cua toan mang.

Pé giai quyét van dé nady, tac gia dé xuat mot giao thirc dinh tuyén cay thu
thap dir liéu c6 su nhan thirc vé nang luong (giao thitc EACTP) nham dam bao sy can
bang ning luong giita cac nut mang thudc cac tuyén duong cd chat luong lién két tot
va nang cao thoi gian séng cua cac nat mang. Giao thitc EACTP sir dung két hop
thudc do chat luong lién két ETX va trang thai nang luong con lai trén mdi niit cam
bién dé xac dinh tuyén duong tdi wu. Thong tin vé trang thai ning lugng con lai trén
mdi nut cam bién duoc bod sung trong bang dinh tuyén va duogc trao d6i qua lai giira
cac ndt 1an can nhau thong qua cac ban tin diéu khién. Tuyén duong trong giao thirc
EACTP 1a tuyén duong du trit. Tuyén dudng du trir nay duoc lwa chon dya trén
thong tin vé chit luong lién két cua tuyén duong va thong tin vé trang thai ning
lwong con lai ctia nut chuyén tiép.

Tuy nhién, diéu ndy co6 thé dan dén viéc lya chon tuyén duong khong phai la
t6i uu nhat theo thudc do ETX va c6 thé 1am ting ty 1& mat géi tin va ning luong tiéu
thu trén mdi budc nhay. Dé giai quyét van dé nay, trudc tién giao thirx EACTP quan
tam dén viéc lya chon tuyén dudng t6i wu theo thudc do chat lugng lién két ETX va
khi trang thai nang lugng con lai trén nat cha hién tai théip hon mot ngudng nhét dinh
thi thuat toan s& lya chon mot tuyén duong dy trit d¢ dam bao rang nit cha méi c6
muc nang lugng con lai 16n hon mdt ngudng cho trudce.

Mot sb thach thire dit ra khi xay dung giao thirc EACTP d6 la:

» Tht nhit, cin phai xac dinh dugc ning lugng con lai trén mdi nat cam bién.

Cach x4c dinh ning lugng con lai trén mdi nat cdm bién can thuc hién dugc
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trén nhiéu kién trac phan cting khac nhau va khong 1am phat sinh thém bt ky
mdt chi phi vé phan cimg nao.

= Thu hai, can phai dua ra mot thude do dinh tuyén phi hop dua trén thong tin
vé nang lwong con lai trén mdi nut cam bién. Thudce do dinh tuyén mai dé xut
can phan anh duoc cac trang thai ning lwong con lai trén mdi nit cam bién.

Thude do dinh tuyén nay dugc phat quang ba cho cic nut 1an can thong qua

céc ban tin diéu khién va dugc cap nhat thuong xuyén trong bang dinh tuyén

clia cac nit 1an can. Piéu nay s& lam phat sinh thém chi phi méi vé nang luong
trong viéc guri cac ban tin diéu khién.
= Thi ba, tuyén duong t6i vu duoc lya chon trong giao thirc EACTP phai thoa
min cic tiéu chi ciia viéc dinh tuyén trong mang cam bién khong day do 1a
tuyén duong lua chon phai c6 ty 1¢ chuyén phat ban tin dit liéu thanh cong dén
nut géc & mirc cao va day ciing 1a tuyén dudng hidu qua vé mit nang lugng.
2.2.2. Nhirng dé xuit cai tién trong giao thirc EACTP
2.2.2.1. Uéc lwong nang lieong tiéu thu trén nit cam bién

Ning luong 12 mot van dé rat quan trong ddi v6i cac mang cam bién khong
day. Néu niang luong tiéu thu trén cic nat cam bién c6 thé udc lugng duge thi cac
giao thire dinh tuyén c6 thé lya chon cac tuyén duong t6i vu dua vao thong tin ning
lugng con lai trén mdi nut cam bién nham ting thoi gian sdng cuia mang. Két qua
nghién ctru trong bai béo [26] di chi ra rang viéc lya chon tuyén dudong dua trén
thong tin vé nang luong tiéu thu trén cic nut cam bién c6 thé giup kéo dai thoi gian
song clia mang.

Mot s6 nén tang phan ctng cho cic mang cam bién khong day hién nay nhu
TUmote, IRIS, MicaZ [27]... déu khong hd tro co ché do ning luong tiéu thu cua nit
cam bién dua trén phan cing. Hon nira, cic ing dung ctia mang cam bién khong diy
v6i nhitng dac diém riéng ciing lam cho viéc do ning luong tiéu thu dua trén phan
climg gip nhiéu khé khin [28]. Cac co ché do ning luong dya trén phan cimg thuong
gip nhiéu kho khin khi dugc ap dung vao cac thiét ké phan cing hién tai boi vi cac
co ché nay thudng yéu cau kha nhiéu sy diéu chinh trén cac thiét ké phan cung hién
tai [28]. Chi phi dé do ning lugng dua trén phan cimg c6 thé ting 1én téi 100% [28].
Trong khi d6, co ché u6c luong ning lugng tiéu thu dya trén phdn mém dwoc ap
dung trén céac thiét ké phan cimg va cac thiét ké phan mém hién c6 ma khong yéu cau

thém bt ky mot chi phi bd sung nao.
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Trong ludn 4n nay, tac gia sir dung co ché udc lwong ning luong tiéu thu dua
trén phan mém cho cac nut cam bién khong day. Co ché nay st dung mé hinh ning
lwong tuyén tinh don gian va d& dang thuc thi trén cac hé diéu hanh cho mang cam
bién khong diy hién nay. Trong bai bao [39], cac tac gia di cong b mot sb két qua
danh gia vé do chinh xac cua co ché nay. Cac két qua danh gid so sanh giita co ché
wdc luong ning luong dya trén phan mém va co ché wée lwong ning luong dua trén
phan cimg di cho thiy co ché udc lugng ning lwgng dia trén phan mém cé thé dat do
chinh xac dén 96%.

Co ché wéc luong ning luong dua trén phan mém sir dung mé hinh tiéu thu

nang luong tuyén tinh. Téng nang lwong E duoc tinh toan nhu sau [29]:

E=U(lt, + Lt + 1t + 1t +> 1) (2.4)

Trong do:
- U: La dién 4p ngudn cung cap (dién ap pin).
- I, t3: La dong ti€u thu va thoi gian ma bo vi xtr 1y khi hoat dong & ché o
tich cuc (active mode).
- I}, t;2 La dong ti€u thu va thoi gian ma bd vi xtr 1y khi hoat dong & ché do
cong suit thap (low power mode).
- I, t La dong tiéu thy va thoi gian bo thu phat vo tuyén & ché do truyén
(transmit).
- 1, t;: La dong tiéu thu va thoi gian bd thu phat vo tuyén ¢ ché do6 nhan
(receive).

- g, tei: La dong ti€u thu va thoi gian hoat dong cta cac bo phan khac nhu cam

bién, LED...
Bang 2.1: M6 hinh ndng lugng cua TUmote.
Thanh phan Trang thai Dong tiéu thu
Tich cuc 1,95 mA
MSP430 F1611 Cong suat thap 0,0026 mA
Truyén (0 dBm) 17,4 mA
CC2420 Truyén (-15 dBm) 9,9 mA
Nhan 18,8 mA
SHT11 Tich cuc 0,55 mA
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Bang 2.1 1a mé hinh ning luong cta phin cirng TUmote. Trong mé hinh ning
lrong ctia TUmote, tac gia chi quan tim dén cac thanh phan tiéu thu ning luong
chinh va bo qua cac thanh phan tiéu thy ning luong nhé khac. Cac théng sb vé dong
ti€u thu cua cac linh ki¢n trong TUmote dugc xac dinh tur tai liéu mo ta k¥ thuat cia
nha cung cip. Cu thé nhu sau:

= B diéu khien MSP430 F1611 & ché do tich cuc c6 tan s6 1am viéc cia CPU
dugc thiét 14p trong File platform-config.h: F CPU = 3,9 MHz. Theo cong
thire tinh toan dong tiéu thy cua nha cung cap [30] thi dong tiéu thu dugc tinh
nhu sau:

I(AM) = I(AM) [IMHZz] x F [MHz] =500 x 3,9 = 1,95 mA.

= Bo vi diéu khién MSP430 F1611 & ché do cong suat thap co dong tiéu thy 1a
2,6 uA = 0.0026 mA [30].

= B0 thu phat vo tuyén CC2420 ¢ ché do phat cong suit -15dBm 13 9,9 mA;
0dBm 1a 17,4 mA; nhan 1a 18,8 mA [30].

» SHT 11 c6 dong ti€u thu 1a 0,55 mA [31].

Céac bién thoi gian (t;, 1y, t, t; , t;) trong cong thuc (2.4) dugc xac dinh dya
trén nhan xét sau: Pé tiét kiém ning luong thi cac nut cam bién thudng xuyén bat
hodc tit cac thiét bi caa chung (vi du nhu thiét bi truyén thong, cac cam bién, céac
LED) hoidc chuyén doi qua lai gitta ché do tich cuc va ché d6 cong suat thap (vi du
v6i bo vi diéu khién). Co ché uéc luong niang luong str dung mo hinh tuyén tinh s&
dugc goi dén mdi khi mot thiét bi phan cing bat hodc tit hodc chuyén ché do. Khi
mot thiét bi phan cimg dugc bat thi mé dun ude luong niang lugng sé& luu mot ddu
thoi gian. Khi thiét bi phan cing nay duoc tat thi su sai khac vé thoi gian giita hai
thoi diém s& duoc tinh toan va duge cong vao téng thoi gian bat cua thiét bi.

Thuat toan 2.1 dién giai cach xac dinh cac bién thoi gian ddi v6i phan cing

TUmote & cac ché hoat dong khac nhau.

Thuét toan 2.1: Xac dinh thoi gian cac thiét bi phan cimg & cac ché dd hoat dong
khac nhau

1. Pinh nghia cic ché d hoat dong khac nhau ciia cac thiét bi phan cing
enum energest_type {
ENERGEST TYPE CPU, //Ché d¢ xir Iy ciia bé vi diéu khién
ENERGEST TYPE LPM, //Ché d¢ cong sudt thap ciia bé vi diéu khién
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ENERGEST TYPE TRANSMIT, //Ché dé truyén ciia bé thu phdt Vo tuyén
ENERGEST TYPE LISTEN, //Ché d¢ nhdn ciia bé thu phdt vo tuyén
ENERGEST TYPE SENSOR //Cam bién
} type; , , ‘
2. Khi kich hoat ché dg hoat dong cia thiét bi phan clirng
ENERGEST_ON(type) {
energest_current_time[type] = RTIMER NOW(); //Luu mét ddu thoi gian
}

3. Khi tit ché dd hoat dong ciia thiét bi phin cirng
ENERGEST_OFF(type){
energest_total_time[type].current += (rtimer_clock t)(RTIMER_NOW() -
energest_current_time[type]);
//Tinh tong thoi gian kich hoat ché @ hoat dong ciia thiét bi phan cirng
}
4. Xac dinh thoi gian cac thiét bi phz“m curng & cac ché do hoat dong khac nhau
energest_type_time(type){
return energest_total _time[type].current;
}

2.2.2.2. Thuéc do chi sé ning lwgng con lai thich iing

C6 mot sd giai phap dé tinh toan thudc do chi sd nang lugng con lai El
(Energy Indicator) trén mdi niit cam bién.

Trong tai lidu [32], cac tac gia dd dé xuat cong thire tinh chi s6 ning luong con
lai EI nhu sau:

P
E1(%) = —="2% 100% (2.5)
P _now
Trong d6: - P_now: La cong suat tiéu thy trung binh hién tai.

- P_max: La cong suat tiéu thy 16n nhat mong mudn.

P_max co thé dugc xac dinh theo cong thire sau:

E
P_max=—= 2.6
_ = (2.6)
Trong d6: - Eg: La nang lugng ban dau ciia nat cam bién.

- T: La thoi gian song du kién cia mQt nt cam bién.

Chi s6 nang luong con lai El dugc ma hoa boi 8 bit. Khi lya chon giai phap

nay, ban tin diéu khién can phai dugc mé rong thém 8 bit dé mang thong tin vé chi sd
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ning lugng con lai EI. Do d6, giai phap nay s& phat sinh thém céac chi phi méi vé
ning luong trong viéc giri cac ban tin diéu khién.

Mot giai phap khac don gian hon va ciing dat duoc hiéu qua mong mudn ma
khong 1am phat sinh thém cac chi phi méi vé nang luong di duoc tic gia sir dung
trong giao thuc EACTP.

Giao thitc EACTP d& xuét ¥ tudng ngudng chi sd ning luong con lai thich
mg. Mdi nat c¢6 bdn trang thai ning lugng con lai khac nhau. Céc trang thai ning
lwong nay khac nhau tuong tng véi cac muirc chi sé ning lwong con lai khac nhau.
Gia tri cia ngudng nang luong duoc diéu chinh thich ing theo bon trang thai ning
luong con lai cia nat cam bién. Cac thuat toan thu thap dir li€u hién tai lya chon nut
chuyén tiép chi dua vao mot ngudng cu thé va 1a mot gia tri ¢6 dinh. Diéu nay dan
dén viéc lam giam hiéu ning ctia mang. Bang 2.2 minh hoa bén trang thai ning luong
ctia nit. Bén trang thai nang lugng con lai trén nit cam bién c6 thé duoc ma hoa boi
2 bit du trit trong ban tin diéu khién. Vi vay, giai phap nay khong lam phat sinh cac
chi phi méi vé ning luong trong viéc glri cac ban tin dicu khién.

Bang 2.2: Cac trang thai nang lugng ctia nat cam bién.

Trang thai | Chi so ning lugng A e Nguwéng chi s6
< \ A Mo ta b
nang lugng con lai El nang lwgng El
0 30%-100% Nhiéu ning luong 30%
1 10%-30% Thiéu hut ning luong 10%
2 5%-10% Thiéu nhiéu ning lugng 5%
3 0-5% Hét nang luong 0

Giad su rang cac nut ban dau dugc tich trir day nang lugng va chi so6 nang lugng
con lai El cia mdi nat déu bang 100%. Chi s6 ning luong con lai trén mdi nut cam

bién tai mot thoi diém t bat ky co thé duoc xac dinh theo cong thirc sau:

residual _energy 100%

El (%) = (2.7)

0
Trong do:
= residual_energy: La ning luong con lai trén nit cam bién. Ning luong con lai
tai thoi diém t bat ky ctia nat cam bién duoc x4c dinh theo cong thirc:

residual _ energy = E, — consumption _ energy (2.8)
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Trong d6: consumption_energy 13 ning lwong tiéu thu trén nit cam bién tai

thoi diém t. Nang luong ti€u thy trén nat cam bién duoc xac dinh theo mé hinh

nang lugng tuyén tinh (muc 2.2.2.1).

= Ey: La ning lugng ban dau cua nat cam bién.

Néu TUmote dugc cung cap ning luong bing 2 pin tiéu AA c6 dung luong

2200mAh. Mdi pin tiéu AA c6 dién ap bang 1,5V. Nhu viy, ning luong ban

dau ciia TUmote c6 thé duge xac dinh theo cong thic:

Ep=2x15x2,2x3600=23760J

2.2.2.3. Bé sung thong tin vé trang thdi ning lwong con lai ciia niit cim bién trong
céu triic ban tin diéu khién

Giao thirc EACTP dé xuat ngudng ning luong con lai thich Gmg. M&i niit cam
bién c6 bdn trang thai ning luong khac nhau tuong tng véi cdc mirc ngudng ning
luong khac nhau. Bén trang thai ning luong nay c6 thé dugc ma hoa boi hai bit du
trit trong ban tin diéu khién. Vi vay, giao thitc EACTP khong lam phat sinh thém vé
chi phi nang luwong trong viéc giri cac ban tin diéu khién. Bang 2.3 1a bang ma hoa
bdn trang thai nang lwong con lai trén mdi nut cam bién.

Bang 2.3: Bang ma héa cac trang thai ning lugng con lai ciia niit cam bién.

Tvrz.mg thai ES
nang lugng
0 00
1 01
2 10
3 11

Trong giao thitc EACTP, chat luong lién két ETX va trang thai nang luong con
lai ES (Energy States) duoc sir dung 1am thudc do dinh tuyén. Nut cha dugc Iya chon
dé chuyén tiép ban tin dir liéu phai co trang thai nang luong con lai & mirc cao (chi s6
nang luong con lai El 16n hon hodc bang mot ngudng cho trudc). Trang thai ning
luong con lai ES ciia mdi nut can phai dugc gui cho céc nut lan can dé cac nit 1an can
biét va cap nhat lai trang thai nang luong ES trong bang dinh tuyén. Giao thirc CTP
hién tai str dung ban tin diéu khién (muc 1.4.2.2 chuwong 1) dé gui quang b thude do
dinh tuyén rtmetric ctia mdi niit cho cac nit 1an can. Cau tric khung cua ban tin diéu

khién da duoc trinh bay chi tiét trong muc 1.4.2.2 thudc chuong 1 cia luan an.
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Hinh 2.4 minh hoa ciu triic khung cta ban tin diéu khién trong giao thurc
EACTP. Ban tin ndy duoc bd sung thém trudng trang thai nang luong con lai ES gdm
hai bit ES[1] va ES[0] dé ma hoa bdn trang thai ning luong khac nhau ciia nit cam
bién (theo bang 2.2).

0O 2 4 8 16
P|C|ES|reserved Parent
Parent Rtmetric
Rtmetric

Hinh 2.4: Céu tric khung ban tin diéu khién trong giao thirc EACTP.

2.2.2.4. Thudt todn lwa chon tuyén dwong duwa trén sw két hop giiva chit lwong lién
két ciia tuyén dwong va trang thdi nang lwong con lgi cua nut chuyén tiép

Giao thirc CTP hién tai str dung thudc do dinh tuyén ETX dé xay dung ciu triic
ciy dinh tuyén. Vi tri cta cac nut trong cay dugc xac dinh bdi thuée do tuyén dudng
rtmetric (route metric). Thuéc do rtmetric cia mot nut duoc xac dinh bang tong
thude do ETX trén céc lién két thude tuyén duong tir nat d6 dén nat gde. Nut gbe ¢
dinh cay co6 gia tri rtmetric = 0. Cac nut 1a s€ c6 gia tri rtmetric cang 16n khi cang xa
nut goc. Tuyén duong co rtmetric cang 16n thi chéat luong cac lién két thudc tuyén
duong cang thap. Tuyén dudng tét nhit 13 tuyén duong c6 rtmetric 1a nho nhat. Pay
1a tuyén duong c6 téng sb 1an truyén dén nut gdc 1a it nhat va cling 1 tuyén duong
hiéu qua vé mit nang lugng nhét. Thuét toan 2.2 minh hoa qué trinh lya chon tuyén

duong cua giao thuc CTP.

Thuét toan 2.2: Thuit toan lra chon tuyén dwong véi giao thirc CTP

1. Piu vao:
RoutingTable; //Bdang dinh tuyén ciia niit nguon s
2. Lwa chon niit 14n cén tot nhat
best = NULL; // nit ldn cdn tot nhdt trong bang dinh tuyén
rtmetric = RTMETRIC_MAX;
/IRTMETRIC_MAX = COLLECT_MAX_DEPTH =511
for n = RoutingTable[i]
if (n.rtmetric + ETXjin(s-n) < rtmetric) then
rtmetric = n.rtmetric + ETXjink(s-n);
best = n;
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end
return best;
3. Cap nhat nut cha
if best = NULL then

parent = best;
else

s.rtmetric = RTMETRIC_MAX;

broadcast(s.rtmetric);

//Yéu cdu thong tin dinh tuyén tw cac nut ldn can
end

Tuy nhién, giao thirc CTP hién tai chi dwa vao thudc do dinh tuyén ETX dé lya
chon tuyén dudng t6i wu. Thudc do dinh tuyén ETX khong giai quyét duge van dé
can bang ning luong giita cac nut mang. Cac nit mang thudc nhitng tuyén dudng co
chat luong lién két tot phai thuc hién nhiéu viéc truyén din trong mang. Cac nut
mang nay s& hét nang lugng nhanh hon cac nut mang khéac va tao thanh cac 16 hong
trong mang, lam giam hiéu ning ciia toan bo hé thong mang. Pé giai quyét van dé
nay, tic gia dé xuat mot thuat toan lua chon tuyén duong mai cho giao thirc EACTP.
Thuat toan lya chon tuyén duong méi dua trén thong tin vé chat lugng lién két

ETX va trang thai nang lugng con lai ES. Hinh 2.5 minh hoa mot cAu tric cay dinh
tuyén EACTP. Céc nat tu to chtre thanh mét ciu tric dang cay va dir liéu luén duogc

guri vé nit cha cho dén khi téi duoc dinh cua cay (nut gde).

Mut goc

Nt 4 Mut 5 Mut & Nt 7
El = 90% El = 6% El = §3% El = 80%

Hinh 2.5: Céu tric cay dinh tuyén EACTP.
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Thuat toan 2.3 minh hoa quéd trinh lua chon tuyén dudng cua giao thuc
EACTP.

Thuét toan 2.3: Thuit toan lwa chon tuyén dwdng véi giao thirce EACTP

1. Piu vao:
RoutingTable; //Bdang dinh tuyén ciia nit nguon s
2. Lwa chon nit 1an cin tot nhét
best = NULL; // nit ldn cdn tot nhat trong bang dinh tuyén
rtmetric = RTMETRIC AVERAGE; //gia tri RTMETRIC trung binh cua cac
/ftuyén dwong cé thé, di qua cdc mit lan cdn trong bang dinh tuyén
for n = RoutingTable[i]
if (n.ES == 00) && (n.rtmetric + ETXinsn) <= rtmetric) then
rtmetric = n.rtmetric + ETXjink(s-n);
best = n;
end
if best == NULL
for n = RoutingTable[i]
if (n.ES == 01) && (n.rtmetric + ETXjinksn) <= rtmetric) then
rtmetric = n.rtmetric + ETXjink(s-n);
best = n;
end
end
if best == NULL
for n = RoutingTable[i]
if (n.ES == 10) && (n.rtmetric + ETXinks-n) <= rtmetric) then
rtmetric = n.rtmetric + ETXjink(s-n);
best = n;
end
end
return best;
3. Cap nhat nut cha
if best 1= NULL then
parent = best;
else
s.rtmetric = RTMETRIC_MAX;
broadcast(s.rtmetric);
//Yéu cau théng tin dinh tuyén tir cdc nit lan cdn
end

Qua trinh lya chon tuyén duong dugc thuc hién lan luot qua tung trang thai
nang lugng con lai trén cc nut cam bién. Thuat toan Iya chon tuyén dudng nay dam
bao lua chon dugc tuyén duong co chat luong lién két tot (nho hon hodc bang mic

RTMETRIC trung binh) va vira dam bao nit chuyén tiép c6 trang thai ning luong con
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lai & mirc cao. Vi vay, giao thitc EACTP tranh duoc viéc Iya chon nut 1an can cé mure
nang lugng con lai & muc thap lam nuat cha.

Véi viée lya chon ngudng nang luong thich g, giao thitc EACTP da phan
loai cac niit cam bién theo mot s6 trang thai nang luong khac nhau. Piéu nay tot hon
so voi viée lya chon mdt ngudng nang luong ¢ dinh béi vi qua trinh lgya chon tuyén
duong dy trir dugc diéu chinh trong nhiéu khoang ngudng ning lugng khac nhau.
Céc nut c¢6 chi sd nang lugng con lai & mirc thap sé& khong duoc lira chon 1am nit cha
ngay trong giai doan ddu cua qua trinh suy giam ning luong.

Trong trudong hop khong tim dugc mot nit 1an cdn ndo thoa man thi mot ban
tin diéu khién c6 truong rtmetric = RTMETRIC_MAX sé& dugc gui di cho cac nit lan
can. Cac nut 1an cén sau khi nhan duoc ban tin diéu khién co truong rtmetric =
RTMETRIC_MAX s& 1ap lich dé gui quang ba trang thai ning lugng con lai ES va
thude do rtmetric ciia né trong khoang thoi gian gan nhat. Muyc dich cta viéc giri ban
tin diéu khién c6 trudng rtmetric = RTMETRIC_MAX la dé do tim cac nat 1an can
ng vién khac & trong ving lan c4n. Ban tin diéu khién nay thong bao cho cac nut lan
can biét r::ing nat d6 hién tai chua xac dinh duoc nat cha dé chuyén tiép dir 1iéu. Cac
nit 1an can sau khi nhan dugc ban tin diéu khién cé truong rtmetric =
RTMETRIC_MAX s& 1ap lich dé gtri quang ba thong tin dinh tuyén cta nd trong
khoang thoi gian gan nhat.

2.3. Thuec thi giao thirc EACTP
2.3.1. Lwa chon méi truong phat trién phin mém
2.3.1.1. Hé diéu hanh cho mang cim bién khéng diy

Chtrc ning co ban ciia hé diéu hanh bao gdm viéc triru twong hoa tai nguyén
cho cac thiét bi phén cung khac nhau, quan ly ngét va 1ap lich cho cac nhiém vy, diéu
khién déng thoi va hd tro mang. Dua trén cac dich vu dugc cung cép boi hé diéu
hanh, nguoi 13p trinh ing dung c6 thé thuan tién str dung cac giao dién 1dp trinh Uing
dung mtc cao (APIs) doc lap voi phan cing 16p dudi.

Hé diéu hanh cho cac nit cam bién dugc thiét ké véi cac yéu cau dic trung
riéng ctia nit cam bién vi du nhu nhitng han ché vé tai nguyén bo nhé va stitc manh
xir 1y ciia phan cimg. Hé diéu hanh cho nat cam bién khong c6 mét giao dién ngudi
dung nhu cac hé diéu hanh cho mdy tinh boi vi nguoi ding khong twong tac truc tiép

v6i hé dieu hanh trén nit cdm bién. Do do6, h¢ diéu hanh an sau bén trong bd vi diéu
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khién va chi nhirng ngudi 1ap trinh cho nit cam bién méi tiép xtc truc tiép v6i hé
diéu hanh.

Trong thoi gian qua di c6 nhidu hé diéu hanh khac nhau duoc nghién ciru va
phat trién cho mang cam bién khong day vi du nhu TinyOS, Contiki, LiteOS, RTOS,
Mantis... Trong d6, TinyOS 1a h¢ diéu hanh ra doi sém nhat, con LiteOS 1a hé diéu
hanh méi dugce nghién ciru va phat trién trong thoi gian gin day. Hién nay, TinyOS
va Contiki 1a hai hé diéu hanh pho bién nhét trong cong dong nghién ciu vé mang
cam bién khong day. Trong bai béo cong bd s 4, tic gia di trinh bay mot nghién ctru
so sanh vé ba hé diéu hanh nay. Bang 2.4 so sanh giita ba hé diéu hanh nay dua trén
mot s6 dic diém chinh.

Bang 2.4: So sanh gitta cac hé diéu hanh TinyOS, Contiki, LiteOS.

Dic diém TinyOS ContikiOS LiteOS
Nim cong bd ASPLOS (2000) EmNets (2004) IPSN (2008)
Website www.tinyos.net http://yg:v(\)/\;éc/ontlkl www.liteos.net
Hé thong Tinh, nguyén khoi bong, M6 dun bong, M6 dun
Ho tro mang Active Message | ulP. ulPv6, Rime File-Assisted
Ngon ngir 1ap trinh nesC C LiteC++
Lap trinh dua Co Co Co
trén su Kién
HG tro da ludng Co Co Co
Lap trinh lai , . ,
khong ddy Co Co Co
File hé thong ELF, Matchbox Coffee H|erarc:1illfsl Unix-
Mica, Mica2,
x , MicaZ, TelosB, Tmote, TelosB, .
NG rﬁ trth*icca | Tmote,XYZ, | ESB, AVRMCU, M'Caz’lv'lz'j’ AVR
ang phancung |\ pis Tinynode, | MSP430 MCU
Eyes, Shimmer
Con mé bhon TOSSIM, Power | Cooja, MSPSim, Through
ong cu mo phong Tossim Netsim AVRORA

2.3.1.2. H¢ diéu hanh Contiki

Contiki 1a mot hé diéu hanh ma nguén mé duoc thiét ké cho cac hé théng
mang nhung ndi chung va mang cam bién khong day noi riéng. Hé diéu hanh Contiki
dugc phat trién béi Adam Dunkels va phién ban dau tién duogc phat hanh vao nim
2003. Nhom phat trién Contiki gém nhiéu thanh vién dén tir SICS, CISCO, cing
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nhiéu td chuc va céc truong dai hoc khéc trén thé gidi. Hé diéu hanh Contiki duoc
thiét ké cho cac vi diéu khién c6 bd nhd nhd, véi théng sé6 2KB RAM va 40KB
ROM. Nho d6, Contiki c6 thé dugc sir dung cho cac hé thong nhung va cac tmg dung
trong mang cam bién khong ddy. Trong thuc té, Contiki dd dugc Gmg dung trong
nhiéu dv 4n nhu giam sat duong ham xe lira, theo ddi nudc trong bién Baltic...

Hé diéu hanh Contiki cung di kém véi cong cu mo phong Cooja/MSPSim.
Cong cu md phong nay cho phép cac doan mi chwong trinh viét trén nén hé diéu
hanh Contiki c6 thé dwgc mé phéng, thir nghiém trudce khi trién khai.

Trong ludn an nay, tac gia lya chon h¢ diéu hanh Contiki dé phuc vu cho viée
nghién ctru voi mang cam bién khong day. Tac gia lua chon hé diéu hanh Contiki bai
vi ¢6 ba 1y do chinh sau: Thr nhét, hé diéu hanh Contiki 12 mét trong nhiing hé diéu
hanh pho bién nhat trong cong dong nghién ctru vé mang cam bién khong day hién
nay; Thir hai, hé diéu hanh Contiki dugc danh gia 1a rat phu hop voi cic mang cam
bién khong day noi riéng va mang cac thiét bi nhung noi chung. Vi vay, hé diéu hanh
nay di duoc trién khai nhiéu trong thuc té; Thir ba 1a ngdn ngit lap trinh duoc st
dung trong hé diéu hanh Contiki 12 ngon ngit 1ap trinh C. Pay 13 ngdn ngit 1ap trinh
rat phd bién va tac gia ciing da c6 mot s6 kinh nghiém véi ngdn ngit 14p trinh nay.
2.3.2. Thue thi giao thirc EACTP trén hé diéu hanh Contiki
2.3.2.1. Cic thanh phan ciia giao thirc EACTP

Tac gia thuc thi giao thitc EACTP trén hé diéu hanh Contiki. Giao thiic
EACTP duoc xdy dung trén ngin xép truyén thong RIME trong hé diéu hanh Contiki.
Hinh 2.6 minh hoa cac thanh phan chinh cua giao thitc EACTP.

= Khéi woc lwong chit lwong lién két (Collect-link-estimate.c, Collect-link-
estimate.h): Khdi udc lugng chit luong lién két thyc hién viée tinh toan cht
luong lién két gitta hai nat 1an can. Khdi nay tinh toan chat luong lién két giira
hai nit mang dya trén su théng ké cac ban tin diéu khién nhan dugc va sb ban
tin dir liéu dugc truyén thanh cong giita hai nat mang. Khéi nay 1a sy ké thira
ctia khéi udc luong chit luong lién két ciia giao thie CTP ban dau.

= Khéi quan Iy cdc bén tin diéu khién (Announcement.h, Announcement.c):

Khdi quan 1y cac ban tin diéu khién c6 nhiém vy phat quang ba thong tin vé

thude do dinh tuyén cta mdi nat. Bé thuc hién nhiém vy nay, mot bo dinh thoi

dugc s dung dé dinh ky phat quang ba cac ban tin diéu khién. Ban tin diéu

khién mang thong tin vé dia chi va cac thudc do dinh tuyén ctua nat guri.

73



Lé&p trng dung

Lé&p mang (Giao thirc EACTP) A J

Quan ly Quan ly
cac ban tin diéu khién cac nut lan can

Thu thap

Uéc lwong Uébclwong
nang lwong tiéu thu chat lwerng lién ket

A
4

L&p diéu khién truy nhap kénh truyén

A
Y

Lép vat ly

Hinh 2.6: Céc thanh phan chinh cta giao thirc EACTP.

Khéi nay c6 sy mé rong so véi khdi quan 1y cac ban tin diéu khién cua giao
thire CTP ban dau d6 1a: Bb sung thém 2 bit mang thong tin vé trang thai ning
luong ES trong truong dy trit cia cau trac ban tin diéu khién.

= Khéi quén Iy cdc nit ldn cdgn (Collect-neighbor.h, Collect-neighbor.c): Khéi
quan ly cac nit 1an cén luu trir thong tin ctia cac nut 1an can trong bang dinh
tuyén. Cac thong tin nay bao gom dia chi ctia nit l1an can, thudc do dinh tuyén
chat luong lién két ETX va trang thai niang luong con lai ES cta cac nit 1an
can. Khéi nay chira mot bo dinh thoi dé dinh ky x6a cac nut 1an can trong bang
dinh tuyén khi céc sb liéu vé thudc do dinh tuyén ciia nit d6 khong duoc cap
nhat trong mot khoang thoi gian dai. Ngoai ra, mot thuat toan Iya chon tuyén
duong t6i uu cling duogc thyc thi trong khdi nay.
Khéi nay co sy mé rong so v6i giao thire CTP ban dau d6 1a: B sung thém
truong luu thong tin vé trang thai ning lugng ciia cac nut 1an can trong bang
dinh tuyén; Thay ddi thuat toan lya chon tuyén duong méi c6 sy két hop gitra
chat luong lién két ciia tuyén dudng va trang thai nang luong cia nit chuyén
tiép.

»  Khéi wéc lwong ning lwong tiéu thu (Energest.h, Energest.c): Khéi nay co

nhiém vu udc luong nang lugng ti€u thy trén nit cam bién.
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Khéi nay dugc bd sung thém mdi so voi giao thire CTP ban dau.

= Khéi thu thap (Collect.h, Collect.c): Pay 1a khéi trung tdm cua giao thuc
EACTP. Khéi nay cung cap cac giao tiép cho cac 1p trén va 16p dudi. Khdi
nay cling thuc hién viéc khéi tao cho cac khdi con lai. N6 thue hién viée gui
va nhén céc ban tin dit li€u cling nhu cac ban tin xac nhan. Néu ¢6 su thay doi
vé vi tri ctia nut hién tai trong cdu triic cay dinh tuyén thi khdi nay sé tic dong
dén khdi quan 1y cac ban tin diéu khién dé phat quang ba cac ban tin diéu
khién nhiam thong bao cho cac nit 1an can biét vé nhimg thay doi nay. Pé
tranh xay ra hién tuong trung lip cac ban tin dir liéu thi mdi nat s& kiém tra
ban tin dir liéu can dugc chuyén ti€p voi cac ban tin dir liéu vira méi duoc
chuyén tiép gan nhit. Néu ban tin nay da dugc chuyén tiép thi no s& bi loai bo.
Khéi ndy c6 su stra d6i so voi khoi thu thap cua giao thire CTP ban dau dé goi
cac ham xur 1y trong cac khoéi quan 1y ban tin diéu khién, quan 1y nat 1an cén va
khéi u6c lwong nang luong tiéu thy.

2.3.2.2. Hoat dpng ciia giao thirc EACTP

= Khdéi tgo: Khi giao thirc cay thu thip dwoc khoi tao thi nut goc (Sink) co
rtmetric = 0, cac nat con lai co gia tri rtmetric bing RTMETRIC_MAX = 511,
ning luong ban dau Eq bang dung luong ban dau cua pin, chi sé ning luong
ban dau El = 100% (ES = 00), chat luong lién két giira cac nat ban dau duoc
khoi tao bang INITIAL LINK ESTIMATE = 16. Viéc kham pha cac nat 1an
can duogc bat dau (bang viéc dang ky voi md dun phat ban tin diéu khién) trén
mot kénh riéng. Nat gbe s& phat quang ba thudc do dinh tuyén (rtmetric, ES)
clia n6 cho cac nut xung quanh. Cac nut trong ving pha song cta nut gdc s&
lwu nat gbe vao trong bang dinh tuyén va chon nut gdc 1am nut cha dé giri ban
tin dit li¢u. Sau khi cép nhat lai thuéc do dinh tuyén rtmetric va trang thai
ning luong ES thi cac nut trong ving phu song cua nat goc lai phat quang ba
ban tin diéu khién dé guri thude do dinh tuyén (rtmetric, ES) cua ching cho cac
nat 1an can. Qua trinh cr thé tiép dién cho dén khi mdi nat déu nhan biét dugc
thong tin vé dia chi va thude do dinh tuyén cua cac nut 1an can. Mdi nut sé lua
chon mot nit 1an cén tt nhat trong bang dinh tuyén 1am nat cha theo thuat
toan 2.3.

= Giii cdc bdn tin: Hinh 2.7 13 Iuu do thuat toan xir 1y sy kién 16p Gmg dung giri

mot ban tin dir liu.
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Thuét toan giri mdt ban tin dén nat géc duogc hoat dong nhu sau:

v Pau tién tat ca cac thudc tinh cia giao thirc cdy thu thap duoc thiét lap.

v Sau d6, mdi nut giri ban tin dit liéu dén nut cha sir dung mé dun reliable
unicast trong ngin xép truyén thong RIME. Nhitng mo ta chi tiét vé
ngin xép truyén thong RIME duoc trinh bay & phu luc 2. M6 dun
reliable unicast s€ giri mgt ban tin dir li¢u dén nat 1an can. M6 dun nay
s€ thuc hién giri mot ban tin dén nat 1an can thong qua viéc truyén lai
mot sd 1an 16n nhét co thé cho dén khi nhan duge ban tin x4c nhan
ACK tir nat nhan. Néu truyén ban tin thanh cong thi n6 s& thong bao
cho 16p trén (trong trudong hop nay la giao thuc thu thip). Nguoc lai,
néu khong thanh cong (khi ban tin khong nhan duge ACK sau mot sd
lan truyén) tic 1a ban tin dir liéu bi qua han (Timeout) va su quéa han
nay duoc thong bao cho 16p trén.

Thiét lap cac thudc tinh
cho ban tin

A

Guri ban tin dén nut cha

'

Hinh 2.7: Qua4 trinh xt 1y su kién 16p ing dung gtri mot ban tin dir liéu.

v Khi ban tin giri di dugc xac nhan béi mdt ban tin ACK tir nut cha hodc
nat giri nhan dugc mot thong bao qua han thi gia tri rtmetric ctia nat g
cung véi chit luong lién két ETX giira niit giri va nat nhan s& duoc cip
nhat lai.
» Nhdn bdn tin dit liégu: Hinh 2.8 1a luu dd thuét toan xur Iy su kién nat nhan
duoc mot ban tin dir liéu. Khi mot nat nhan duge mot ban tin dit liéu, dau tién

nat nhan sé thuc hién tha tuc kiém tra xem ban tin dit 1iéu nhan duoc co bi
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tring 1dp hay khong. Ban tin dit liéu s& duoc kiém tra véi cac ban tin dit liéu
vira m6i duge chuyén tiép. Néu nhan dang ban tin va dia chi nut khdi ngudn
gidng v6i mot ban tin dir liéu vira méi duoc chuyén tiép gan day thi ban tin dit
liéu d6 s& duoc loai bo. Néu ban tin khong bi trung 1ap thi cac thudc tinh cua
ban tin nay s& duoc thém vao bang kiém tra sy trung ldp ban tin. Bang nay luu

mot sO thudc tinh cta céc ban tin vira moi dugce chuyén ti€p gan nhat.

Bat dau

Nhan ban tin div liéu

l

Y

Ban tin trung lap? Loai bo ban tin

Théng bao
téi eng dung

A

Loai bo ban tin

A/

Cap nhat trwéng
HOP&TTL

A

GUri ban tin dén nut cha

-l
-t}

A

Két thac

Hinh 2.8: Qua4 trinh xt 1y sy kién ntit nhan magt ban tin dir li¢u.
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v/ Néu nat nhan dugc ban tin 14 nat gbe thi tng dung sir dung giao thirc
cay thu thap s€ duoc thong bao vé su tiép nhan mot ban tin.

v/ Néu nut nhan ban tin khong phai 1a nit gdc thi ban tin s& duoc chuyén
tiép.
- Néu truong TTL nho hon hoac béng 1 thi ban tin duogc loai bo.
- Truong HOP duogc tdng 1én mdt va truong TTL gidm di mot.
- Ban tin duoc chuyén tiép dén nit cha cia né sir dung mé dun truyén
thong reliable unicast trong ngin xép truyén théng RIME.

Nhdn bdn tin ACK/Timeout: Hinh 2.9 1a luu dd thuét toan xu 1y su kién nut
nhan dugc mot ban tin ACK hoac Timeout.

Nhan ban tin
ACK/Timeout

\

] Cap nhat '
chat lwong lién ket

\J

Cap nhat rtmetric
cua nut

l

Xac dinh trang thai
nang lwong ES

\J

Phat quang ba
(rtmetric, ES)

l

Hinh 2.9: Qua trinh xtr 1y sy kién nat nhan mot ban tin ACK/Timeout.
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Khi nat nhan duoc ban tin ACK/Timeout thi chat lugng lién két giita niit giri
va nat nhan s€ dugc cap nhat. Nut nhan cip nhat lai thudce do chat luong tuyén
duong (rtmetric) va xac dinh lai trang thai nang lugng con lai (ES). Sau d9,
nat nhan str dung ban tin diéu khién dé phat quang ba gia tri hai thudc do dinh
tuyén (rtmetric, ES) méi cho cac nit 1an can.

Nhén ban tin diéu khién: Hinh 2.10 13 luu dd thuat toan xir 1y su kién mot nit

nhan duoc mot ban tin di€u khién tir mot nut lan can.

Nhan ban tin diéu khién

l

Thém/Cap nhat
(rtmetric, ES)
cua nut lan can

l

Cap nhat rtmetric
cua nut

l

Xac dinh trang thai
nang lwong ES

l

Phat quang ba
(rtmetric, ES)

i

Hinh 2.10: Qua trinh xir 1y su kién nit nhan mot ban tin diéu khién.

- Nt nhén sé& kiém tra thong tin cia nut 1an cn trong bang dinh tuyén. Hinh
2.11 1a luu dd thuat toan Thém/Cép nhat thuée do dinh tuyén (rtmetric, ES)
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ctia nht 1an can. Néu nut 1an cin chua c6 trong bang dinh tuyén thi no6 s€ duoc
thém vao bang dinh tuyén. Néu nut 14n can di c6 trong bang dinh tuyén thi hai
thuée do dinh tuyén (rtmetric, ES) ctia n6 s& duoc cip nhit trong bang dinh
tuyén. Néu bang dinh tuyén day thi nat lan cin “xdu nhat” trong bang dinh
tuyén bi loai bd va thay thé vao d6 12 mot nat lan cin méi. Nat 1an can “x4u
nhat” duoc xac dinh 1a nat c¢6 thude do dinh tuyén (rtmetric) dén nut goc 1a
16n nhét va 1én hon rtmetric cua nat méi duoc thém vao.

- Nt nhan ban tin diéu khién ciing s& cap nhat lai thuéc do dinh tuyén rtmetric
va xac dinh lai trang thai nang lugng con lai (ES). Sau d6, nut nhan st dung
ban tin diéu khién dé phat quang ba gi tri hai thuéc do dinh tuyén (rtmetric,

ES) mai ciia n6 cho cac nut 1an can.

Nhan ban tin diéu khién

im dwore nat lan
can “xau nhat”

Bang dinh tuyén
con trong?

ut lan can trong
bang dinh tuyen?

Cap nhat (rtmetric, ES) Thém nat 1an can méi | X6a nut “x4u nhét” ra
cua nut lan can vao bang dinh tuyén | khéi bang dinh tuyéen
A4
Time=0

-l
-

v

Két thac

Hinh 2.11: Luu d6 thuat toan Thém/Cap nhat (rtmetric, ES) cua ntt lan can.

- Trong truong hop cd sy cap nhat (rtmetric, ES) ctia nat lan can trong bang
dinh tuyén hodc c6 mdt nat 1an cdn méi duge thém vao thi bién Time ung voi

nat duge cap nhap/mnat méi duoc thém vao dugc thiét 1ap lai bang 0. Bién
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Time duoc su dung dé xac dinh mot nit ton tai qué lau trong bang dinh tuyén
va khong duge dung dén (khong co6 sy cip nhit thude do dinh tuyén rtmetric,
ES). Sau mdt khoang thoi gian Time = 3600s, nhirng nat khong dugc stir dung
dén s& duoc tr dong loai bo ra khoi bang dinh tuyén.

= Gi#i bén tin diéu khién: Ciing gidng nhu giao thic CTP ban dau, cac ban tin
diéu khién duoc cap nhat va dugc giri di trong cac truong hop sau:

v C6 su cap nhat (rtmetric, ES) cta nut.

v Khi mét nat khong xac dinh dugce nut cha (parent = NULL) thi nut d6
s& guri di mot ban tin diéu khién c6 rtmetric = RTMETRIC_MAX dé¢
yéu cau thong tin dinh tuyén cua cic nat 1an can.

v/ Ban tin diéu khién dugc giri dinh ky trong khoang thoi gian tir ty, =
60s dén tma = 3600s. Khoang thoi gian giita hai 1an gtri dugc thiét lap
ban dau tierva = 8s. Sau mdi 1an guri ban tin diéu khién, khoang thoi
gian nay s& duoc ting 1én gip doi cho dén gia tri gidi han 13 tyay. Nhu
vay, trong khoang thoi gian diu méi tham gia vao mang, ban tin diéu
khién dugc guri véi tan suat cao dé cac nut trong mang c6 thé nhan biét
dugc nhau. Sau khi mang on dinh thi tan suit gtri ban tin diéu khién s&

duogc giam di dé tiét kiém ning luong. Hinh 2.12 minh hoa co ché nay.

tmin tmax
| | H | |

| | H | |
-~ .

tinterval 2 tinterval
Hinh 2.12: Khoang thoi gian giri ban tin diéu khién dinh ky.
*  Quad trinh dinh tuyén lgi: Qua trinh dinh tuyén lai tirc 1a qua trinh thuc hién
lai thuat toan 2.3. Ciing gidng nhu giao thitc CTP ban dau, qua trinh dinh
tuyén lai dugc thuc hién khi co su cap nhat lai (rtmetric, ES) ctia mot nut trong
bang dinh tuyén.
2.4. Danh gia giao thirc EACTP dua trén mé phéng

Phan ndy cta luan 4n sé trinh bay vé mot s két qua mo phong danh gia va so
sanh hiéu nang giita giao thic EACTP méi dé xuét va giao thic CTP ban dau. Bé mo
phong va danh gia giao thuc EACTP, tic gid sir dung cong cu md phong Cooja.
Cooja 12 mot cong cu mod phong dugc viét bang ngon ngit Java. Pay 1a cong cu duoc

phat trién dé mo phong cac nit cam bién hoat dong véi hé diéu hanh Contiki. Cooja
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cling 12 mot céng cu md phong rat gan véi cac nit cam bién duoc trién khai trong
thue té. M6i nut cam bién trong mang mé phong khong chi khac nhau vé phan mém
ma con khac nhau vé ca phan cing. Cong cu Cooja c6 thé mé phong duge nhidu cip
do khac nhau nhu cép do mang, cép dd hé diéu hanh va cép do tap Iénh ma may.
2.4.1. Céc tham s danh gia

Tac gid danh gia va so sanh hi¢u nang gitta giao thrc EACTP va giao thuc
CTP thong qua mot sb thude do danh gia sau.
2.4.1.1. Ty I¢ cdc niit con song trong mang

Ty 18 cac nut con song trong mang ANR (Alive Node Ratio) duoc xac dinh

bang ty so gifra sO nlt con song trong mang va tong s6 nlt ban dau trong mang.

N .
ANR (%) = %.100% 2.9)

Trong do:
Naiive nodes: La téng s6 nat con séng trong mang.
= N:La téng s6 nat ban dau trong mang.
2.4.1.2. Ty 1é chuyén phdt ban tin dit ligu
Ty 1é chuyén phat ban tin dit liéu DDR (Data Delivery Ratio) dugc xac dinh
bang ty s gitra s6 ban tin dit liéu nhan duoc tai nit géc va tong sd ban tin dit lidu
dugc giri di boi tat ca cac nut trong mang.

DDR(%) = MJOO% (2.10)

data
Trong do:
" Nieceived: La téng s6 ban tin dit liéu nhan duoc tai nat géc.
®  Ngata: La téng s6 ban tin dit liéu duge gui boi tat ca cac nut trong mang.
Ty 18 chuyén phét ban tin dir liéu (DDR) cang cao phan anh hiéu qua truyén
thong trong mang cang tot va ty 1é cc niit con séng trong mang cang cao.
2.4.1.3. Sw cén bing ning lwong giiva cdc niit trong mang
Dé danh gia su can bang ning luong gita cac nit mang, tac gia dua vao chi sb
nang luong con lai El trén cac nut mang. Thude do danh gia sy can bang ning luong
EIB (Energy Indicator Balance) giira cac nat trong mang dugc xac dinh theo cong

thire sau:
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EIB(%) = \/i(ﬁ— EL)? (%) (2.11)

Trong d6: El 1a chi sé ning luong con lai trung binh trén cac nit mang.
2.4.1.4. Thoi gian song ciia mang

Thoi gian sdng ctua mang c6 thé duoc dinh nghia 1a khoang thdi gian bat dau
mot truyén dan dau tién & trong mang va két thiic khi ty 16 phan trim cac nat hét ning
lwong dudi mot ngudng cho trude. Gia tri ngudng dugce thiét 1ap tuy thude vao ting
g dung (c6 thé 1a 100% hodc thap hon).

Dinh nghia nay c6 lién quan dén thoi gian séng ciia mot nit mang va khong
xét dén vai tro cu thé cia cac nat mang bi hét niang luong. Néu ty 18 phan trim duoc
thiét 1ap 1a 100% thi thoi diém nat dau tién trong mang hét nang lugng ciing 13 thoi
diém két thiic thoi gian sdng ctia mang [33].

2.4.2. M6 hinh danh gia m6 phéng 1
2.4.2.1. Kich ban danh gia

Véi cac gia thiét da duoc dit ra trong muc 1.5 cta luan an, mét mo hinh cum
gém 30 nut cam bién dugc phan bd ngau nhién trong mit phang ¢ kich thudc 100m
x 100m. Cac nat mang dinh ky giri ban tin dir liéu vé nat gdc 1a nat s6 30. Hinh 2.13
minh hoa mé hinh cum nay.

Céc tham s6 duoc st dung trong sudt thoi gian danh gia mé phong duoc tom
tat & bang 2.5. Mo hinh truyén théng vo tuyén duoc st dung trong mo phong 1a mod
hinh truyén thong UDI, trong d6 pham vi truyén thong hiéu qua 1a 30m va pham vi
anh huong ciia nhidu 12 50m. Céac nut s6 2, 5, 8, 10, 19, 24, 27, 28, 29 c6 thé truyén
thong truc tiép dén nit gbe (nut sé 30). Cac nat con lai phai thue hién truyén thong
theo md hinh da chang dén niit gbc. Giao thirc 16p MAC dugc str dung trong kich ban
mo phong 1a giao thirc ContikiMAC. Phy luc 3 gidi thidu vé co ché hoat dong cia
giao thirc nay. Cac budc thuc hién danh gia mé phong dugc tic gia trinh bay chi tiét

o Phu luc 4 cua luan an.
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Hinh 2.13: M6 hinh mé phong mot cum gdm 30 nit.

Bang 2.5: Kich ban danh gia mo phong 1.

Cic tham sb Gia tri
Mo hinh truyén thong v tuyén UDI (muc 2.1.2)
S6 nat mang (nit) 30
Kich thudéc mang (m x m) 100 x 100
Ning luong ban du ctia mdi nit 10J
Cong suit phat (dBm) 0

Pham vi truyén hiéu qua: 30
Pham vi anh hudéng cuia nhiéu: 50
Chu ky gtri ban tin dir li¢u (gidy) 20
Tat ca cac nat trong mang

(ngoai nut gdc)
Giao thuc lop MAC CSMA/ContikiMAC

Pham vi phu soéng cua nuat (m)

Ngudn giri ban tin dit liéu

2.4.2.2. Két qud ddnh gid

Hinh 2.14, 2.15, 2.16 1an luot 13 két qua mé phong danh gia so sanh ty 18 cac
nat con sdng trong mang, ty 1& chuyén phat ban tin dit liéu va sy can bang ning lugng
gilta cac nat mang ddi véi giao thire CTP va giao thirc EACTP trong kich ban mo
phong 1.
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B CTP CEACTP

100 - 99 100 gg 100 o6 100 o 100 N 98 ) o6 )
a0 83
80 -
70 4
g o]
é 50
< 40 1
30 1
20 A
10 1
0 - T T T T T T 1
29 30 31 32 33 34 35
Thai gian (phat)

Hinh 2.14: So sanh ty 1¢ cac nat con song trong mang.

B CTP OEACTP

100 99.9005 99999 4 997992 99.508.7 993979 98.9,, 5-339”
90 -
80
70
g 60
= 50+
2 40
30
20
10 -
0 1 . . . . . . |
29 30 31 32 33 XL 35

Théri gian (phiit)

Hinh 2.15: So sanh ty 1¢ chuyén phat ban tin dit lidu.

m CTP OEACTP |

100 ~
90 1
80 4

4 64.8 65.4 65.2 64.4
70 1 623 o 64 . 0.6 03 60.9 s0 633

60 -
50 A

EIB (%)

30 A
20 4
10 +

20 30 31 32 33 34 35
Thai gian (phat)

Hinh 2.16: So sanh su can bang ning luong gitta cac nut mang.
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2.4.3. Mo hinh danh gia mé phéng 2
2.4.3.1. Kich badn ddanh gia

Trong kich ban danh gia mé phong 2, mot cum thu nho gom 10 nit mang dugc
xét dén (gan giéng voi kich ban danh gia thuc nghiém). Hinh 2.17 1a mé hinh mo
phong mang gdm 10 nut. Cac nit mang dinh ky giri ban tin dit liéu vé nat gdc 1a nit
sd 10. Cac nut sd 1, 4, 7 ¢6 thé truyén thong truc tiép véi nat gbe. Cac nit con lai

phai thyc hién truyén thong theo mé hinh da ching dén nit gc.

-

Hinh 2.17: M6 hinh mé phong mot cum nho gdm 10 nt.
Céc tham sb duoc str dung trong sudt thoi gian danh gia moé phong duoc tom
tit & bang 2.6. Cac budc thuc hién danh gida mo phong duogc tac gia trinh bay chi tiét
O Phu luc 4 cua luan an.

Bang 2.6: Kich ban danh gid mo6 phdng 2.

Cic tham s6 Gia tri
Mo hinh truyén thong vo tuyén UDI (myc 2.1.2)
S6 nat mang (nit) 10
Kich thudc mang (m x m) 60 x 80
Ning luong ban dau ciia mdi nit 50J
Cong suat phat (dBm) 0

Pham vi truyén hiéu qua: 30
Pham vi 4nh hudéng cia nhiéu: 50
Chu ky gtri ban tin dir li¢u (gidy) 10
Tat ca cac nut trong mang

(ngoai niit gbc)
Giao thuc 16p MAC CSMA/ContikiMAC

Pham vi phu s6ng cua nuat (m)

Ngudn giri ban tin dit liéu
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2.4.3.2. Két qud dinh gid

Hinh 2.18, 2.19, 2.20 lan luot 1a két qua mo phong danh gia so sanh ty 18 cac
nat con séng trong mang, ty 1 chuyén phat ban tin dir liéu va su can bang niang luong
giita cac nit mang ddi véi giao thire CTP va giao thirc EACTP trong kich ban mo

phong 2.

100 100 100 100
100 9 g 90 9p 920 920
90 + 20
80 N 70
70 + 60
60
50 A

ANR (%)
8

30 A
20 A
10 +
O_ T T T T T 1

80 85 90 95 100 105
Théi gian (phiit)

Hinh 2.18: So sanh ty 1¢ cAc nat con song trong mang.

E CTP O EACTP

100 28938 901g59 985943 98 g7 975969 95095

90
80 A
70 A
60
50 A

DDR (%)

30
20

10 4

80 8 90 95 100 105
Thévi gian (phiit)

Hinh 2.19: So sanh ty 1& chuyén phat ban tin dit liéu.
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B CTP O EACTP

100 -
90 1
80 A
70 1
60 1

50 ~
A0 A 3 34

29 . 31
304 ¥ 24 2 23 - 2 23
¥ -
10 +
O .

50 60 70 80 90 100 110
Théi gian (phiit)

EIB (%)

Hinh 2.20: So sanh su can bang ning luong gitta cac nut mang.
2.4.4. Nhan xét

Tir cac két qua danh gia mo phong:

= Hinh 2.14, 2.15, 2.18, 2.19 cho thiy ty 1¢ cac nat con song trong mang cia
giao thuuc EACTP cao hon so véi giao thitc CTP. Tuy nhién, giao thiuc EACTP
van dam bao duoc ty 1¢ chuyén phat ban tin dir liéu & mic chdp nhan dugc so
v6i giao thire CTP ban dau.

= Néu gia tri ngudng dugc thiét 1ap dé xac dinh thoi gian séng cia mang la
100% thi hinh 2.14, 2.18 ciing cho thay thoi gian song ciia mang hoat dong
theo giao thirc EACTP dugc cai thién dang ké so véi giao thirc CTP: Trong
kich ban mé phong 1, thoi diém nat hét ning lwong dau tién ddi voi giao thirc
CTP 1a phut thir 29 va ddi véi giao thirc EACTP 1a phut thtr 33 (nhu vay, thoi
gian sdng clia mang ting 14%); Trong kich ban mo phong 2, thoi diém nat hét
nang luong dau tién d6i voi giao thirc CTP 1a phut thir 80 va di voi giao thire
EACTP 1a phut thtr 100 (thoi gian song clia mang tang 25%).

= Hinh 2.16, 2.10 1 két qua md phong so sanh sy can bang ning lugng giita cac
nat mang. Két qua mo phong cho thiy giao thic EACTP dam bao duogc sy can
bang niang luong giita cac nit mang tét hon so véi giao thirc CTP ban dau.
Diéu nay duoc thé hién boi chi s6 EIB cua giao thitc EACTP thap hon so véi
chi s6 EIB cuia giao thirc CTP.
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Két qua m6 phong ciing cho thy: Khi ty 1& cac nat con sdng trong mang giam
thi ty 1& chuyén phat thanh céng ban tin dit liéu (DDR) va chi s6 danh gia su
can bang ning luong (EIB) cua ca hai giao thuc CTP va giao thitc EACTP
cling giam theo. Két qua mé phong hoan toan phu hop véi nhitng 1ap luén,

phan tich 1y thuyét.

2.5. Panh gia giao thirc EACTP dua trén co sé phéin tich ly thuyét

Khi so sanh giao thitc EACTP vdi céc giao thirc dinh tuyén c6 sy nhén thirc vé

nang lugng khéc (da duoc trinh bay ¢ muc 1.6 cua ludn an) thi giao thitc EACTP c6

mot sO uu diém sau:

Thir nhat, giao thirc EACTP khong lam phat sinh thém chi phi vé ning luong
trong viéc giri cac ban tin diéu khién béi vi giao thirc nay chi sir dung 2 bit du
trit trong cau trac ban tin diéu khién.

Thi hai, md hinh ning luong duoc xét dén trong giao thirc EACTP day du hon
khi xét dén cac thanh phan tiéu thu nang lugng chinh trong cau trac phan cting
TUmote.

Thi ba, co ché udc luong ning lugng tidu thu dua trén phan mém cho phép
thue thi giao thitc EACTP trén moi nén tang phan cimg ma khong lam phat
sinh thém bat ky mot chi phi méi nao vé phan cimg.

Tht tu, tuyén dudng toi wu dugc lya chon dya trén su két hop giira hai thude
do dinh tuyén 1a chat luong lién két va trang thai nang luong con lai ciia nut
chuyén tiép. Tuyén duong tdi vu vira dam bao duoc sb 1an truyén can thiét 13 it
nhat gitip giam nhiéu phat sinh trong mang, tiét kiém duoc ning luong cua cac
nat mang va ciing vira dam bao su cin bang nang luong giita cac niat chuyén
tiép thudc nhitng tuyén duong cé chat luong lién két tot giup ting thoi gian
séng ctia mang.

Céc két qua phan tich, danh gia so sanh giita giao thirc EACTP véi mét sb

giao thie dinh tuyén c6 sy nhan thirc vé ning luong khac duoc tém tit & bang 2.7.
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Bang 2.7: Két qua phan tich, danh gia so sanh gitra giao thac EACTP v6i mot s6 giao
thirc dinh tuyén c6 sy nhan thirc vé niang luong khac.

Giao
thire

Pic diém

Chi phi nang lwgong
giri ban tin diéu khién

M6 hinh ning luwgng

Thuéc do dinh tuyén

EACTP

Chi str dung 2 bit du trir
trong ban tin diéu
khién.

Uu diém:

- Khong lam phat sinh
thém chi phi nang
luong.

Co ché udc luong ning
lugng duya trén phan
mém va co xét dén cac
thanh phan tiéu thy
nang luong cua: B thu
phat vo tuyén, bd vi
diéu khién, cam bién.
Uu diém:

- Co thé thuc thi giao
thirc trén moi nén tang
phan ctng [29].

- C6 thé dat do chinh
xéc cao dén 96% [39].

Dua trén chdt lwgng
liéen két toan tuyén
duong va trang thdi
nang lwong con lai cua
nut chuyén tiép.

Uu diém:

- Tuyén duong t6i uu
dam bao c6 chat luong
lien két tot, tiet kiém
duoc nang luong khi gui
ban tin dir liéu [49] va
dam bdo dugc sy can
bang ning lugng gitra
cac nit chuyén tlep
thugc  nhitng  tuyén
duong co chat luwong
lién két tot.

Nhuwoc diém:

- Ty 18 chuyén phat ban
tin dit liéu thap hon so
voi giao thuc CTP ban
dau.

MTPR
[34]

Nhuwoc diém:

- Phat sinh chi phi vé
nang luong khi gui
thong tin vé nang luong
tiéu thy dé truyén mot
ban tin gitra hai nat lan
can.

Dua trén nang luong
tiu thu dé truyén mot
ban tin gitra hai nut lan
can. Tuyén duong t6i uu
1a tuyén duong co tong
nang lwong tiéu thu
trén toan tuyén dwong
dé truyén ban tin tu
ngudn dén dich 1a nho
nhat.

Uu diém:

- Téi thiéu ning luong
tiéu thy trén moi ban tin.
Nhuwoc diém:

- Khéng cung cép thong
tin vé& dung luong con
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Giao
thire

Pic di€ém

Chi phi nang lugng
giri ban tin diéu Khién

Mo hinh ning lugng

Thuéc do dinh tuyén

lai cua pin [49].

- Mot s6 nat mang hét
nang lugng nhanh hon
cac nat mang khac [49].

MBCR
[35]

Nhwoc diém:
- Phat sinh chi phi vé
ning luong dé gui
thong tin vé dung luong
con lai ctia pin trén mdi
nat cam bién.

Chi phi duoc xac dinh la
nghich dao dung lugng
con lai ciia pin trén moi
nat cam bién. Tuyén
duong t6i uwu 1a tuyén
duong c6 tong chi phi
clia cac nut chuyén tiép
trén toan tuyén duong 1a
nho nht.

Uu diém:

- Dung lugng con lai
cia pin trén mdi nut
cam bién duoc tinh dén
[49].

Nhuwoe diém:

- Tuyén duong dugc lya
chon c6 thé bao gbém
mot s6 nut mang voi
dung luong pin con lai ¢
murc thap [49]. Dleu nay
dan dén viéc mot s6 nit
mang s& hét niang luong
nhanh hon céc nit mang
khéc.

EAR
[36]

Nhwoe diém:

- Phat sinh chi phi vé
ning luong dé gii
thong tin vé niang luong
con lai cua cac nit cam
bién.

Thuéc do vé chi phi
nang luong dya trén
gia thiét rang nang
lugng con lai va chi
s|phi vé nang luong dé
ltruyén ban tin co thé
xac dinh dugc chinh
Xéc dua trén sy hd trg
vé phan cung [7].

Uu diém:

- Khoéng phat sinh chi
phi vé ning luong dé
xu 1y va tinh toan nang

Dua trén chi phi chuyén
tiép mét ban tin va tong
nang lwgng con lgi cua
cac nGt chuyén tiép
thudc tuyén dudng.
Nhuwoc diém:

- Khong xét dén sy khéac
nhau vé ning luong cua
tung nat riéng 1¢ trén
tuyén duong [7].
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Giao
thire

Pic di€ém

Chi phi nang lugng
giri ban tin diéu Khién

Mo hinh ning lugng

Thuéc do dinh tuyén

lugng con lai trén moi
nat cam bién.

Nhwoc diém:

- Khong phai moi nén
tang phan ctmg déu hd
trg kha nang nay.

- Phat sinh thém chi
phi vé& gia thanh phan
cting thiét bi.

E-Span
[37]

Nhuwoe diém:
- Phat sinh chi phi vé
ning luong dé gui
thong tin vé mirc ning
lugng con lai cua cac
nat cam bién.

M6 hinh nang luong
chi xét dén nang luong

tiéu thu cua bd thu phat|_

v tuyén [37].

Nhuwoe diém:

- M6 hinh nang lugng
don gian, khong gan
voi thue té.

Dva trén muc ndang
luwgng con lai cua cac
nit 1an can va sé budc
nhdy dén nut goc.

Uu diém:

- Thuéc do sb budc
nhay don gian, dugc st
dung rdng rai trong céc
mang c6 day [49].
Nhuwoe diém:

Thuéc do sd budc
nhay khong phu hop véi
cac mang khong day baoi
vi trong moi truong vo
tuyén, tuyén duong co
s6 budc nhay téi thiéu
hoan toan cé thé bao
gom céc lién két co chat
luong kém. Piéu nay
gdy lang phi vé& ning
luong dé truyén lai ban
tin va lam ting do tré
truyén ban tin [49].

LBEAC
[38]

Nhwoc diém:

- Phat sinh chi phi vé
ning luong dé gui
thong tin vé nang luong
con lai cua cac nut cam
bién.

Co ché udc luong ning
lugng ti€u thu dya trén
cac hoat dong (truyén,
nhén) cia bd thu phat
v tuyén [38].

Nhuwoc diém:

- M6 hinh nang lugng
don gian, khong gin

vo1 thuc te.

Dva trén ndng luwong
con lgi cua cac nut lan
can va tragng thdi qud
tai cua cac nut lan can
[38].

Uu diém:

- C6 xét dén ning luong
con lai cua cac nut
mang.
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Thuéc do dinh tuyén

Nhuwoc diém:

- Khéng xét dén chat
lwong lién két cua tuyén
duong. Tuyen duong cé
thé bao gdm cac lién két
c6 chat luong kém, ban
tin c6 thé phai truyén lai
nhiéu 1an. Piéu nay giy
ling phi vé nang luong
va ting do tré truyén
ban tin.

ICTP
[8]

Nhuwoe diém:

- Phat sinh chi phi vé
ning luong dé gui
thong tin vé nang luong
con lai cua cac nit cam
bién.

Mo hinh nang lugng
tieu thu don gian khi
gia thiét ning luong
ban dau ctia mdi nat
cam bién la OxFFFF,
nang lugng ti€u thu khi

.|gui mdt ban tin dir li€u

la 30, ndng luong tiéu
thu khi gtiri mot ban tin
diéu khién 1a 20 [8].
Uu diém:

- M6 hinh nadng lugng
don gian, dé thuc thi
trong mo phong.
Nhuwgc diém:

- M6 hinh nang lugng
khong gan voi thuc té.

Dva trén ndang lwong
con lgi cua cac nut lan
can va chdt lwong lién
két toan tuyén dudng.

EQLR
[50]

B6 sung thém truong
ning luong con lai dé
mang thong tin vé mirc
nang lugng con lai cua
pin.

Nhuwoc diém:

- Phat sinh thém chi phi
nang luong trong viéc
giri ban tin diéu khién.

Co ché udc luong nang
lugng dya trén phan
mém duoc dé xuit boi
Adam Dunkels.

Uu diém:

- C6 thé thyc thi giao|_

thirc trén moi nén tang
phan cimg [29].

- Co thé dat do chinh
xac cao dén 96% [39].

Duya trén chdt lwgng
lien két toan tuyén
dudong va mirc ndng
lwgng con lgi cua nit
chuyén tiép.

Uu diém:

Tuyén dudng téi wu
dam bao c6 chat luong
lien két tot va dam bao
dugc sy cin bang ning
lugng gilta cac nat
chuyén tiép thudc nhiing
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tuyén dudng co chat
luong lién két tot.
Nhuwoc diém:

- Ngudng nang luong la
mot gia tri cd dinh va
khong c6 gi dam bao
rang d6 12 mot gia tri tbi
uu.

- Nguong ETX duogc xac
dinh duwa trén thuc
nghiém véi 9 nut. Trong
trién khai thue té vai sb
lugng nut 16n thi viée
xac dinh ngudong ETX
dua trén thuc nghiém sé
gip nhiéu kho khan.

ELR[51]

BO sung thém truong
16bit d¢ mang thong tin
vé muc nang luong co
lai.

Nhwoe diém:

- Phat sinh thém chi phi
nang lugng trong viéc
guri ban tin diéu khién.

Co ché udc luong ning
luong dua trén phﬁn
mém duge dé xuat bai
Adam Dunkels.

Uu diém:

- C6 thé thyc thi giao
thirc trén moi nén tang
phan cimg [29].

- C6 thé dat do chinh
xéc cao dén 96% [39].

Dua trén chdt lwong
lien két toan tuyén
duong va mirc ndng
lwong con lai (tinh theo
%) cta nat chuyén tiép.
Uu diém:

- Tuyén duong t6i uu
dam bao c6 chat luong
lién két tot va dam bao
dugc su can bang ning
luong gilta cac nut
chuyén tiép thudc nhiing
tuyén dudng co chit
luong lién két tot.
Nhuwoc diém:

- Ngudng nang lugng la
mot gia tri cb dinh
(10%) va khong c6 gi
dam bao rang d6 1a mot
gia tri tdi uu.

- Ngudng ETXdiffTh la
mot gia tri ¢b dinh (bang
10). Trong trién khai
thuc té, viéc xac dinh

nguong ETXdiffTh 1la
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Pic di€ém

Giao

thiic Chi phi nang lugng

oiri ban tin dicu khién M6 hinh nang lwgng | Thwéce do dinh tuyén

mot kho khan can giai
quyeét.

2.6. Két luan chwong 2
Trong chuong nay, tac gia da co 2 dé xuit méi do 1a:
=  P¢é xuit mo hinh toan hoc cho bai toan dinh tuyén cdy thu thap dit lidu c6 su
nhan thirc vé ning luong dua trén 1y thuyét do thi.
= P¢ xuét va thyc thi mot giao thirc dinh tuyén méi d6 1a giao thirc cdy thu thap
dir liéu c¢6 sy nhan thirc vé ning luong EACTP.

Céc két qua danh gia so sanh duwa trén phan tich va mé phong giira giao thiic
EACTP moi dé xuit va giao thirc CTP ban dau cho thiy giao thirc EACTP dat dugc
mot sb tidu chi quan trong d6 1a: Tang duoc thoi gian séng cia cac nit trong mang
nhung vin dam bao dugc ty 1& chuyén phat ban tin dir liéu trong mang & mic cao,
dam bao dugc su cin bing ning luong giita cac nit mang thudc nhitng tuyén duong
c6 chat lugng lién két tt, khong lam phét sinh thém chi phi méi vé niang luong trong
viéc glri cac ban tin diéu khién. Mot phan két qua ctia chuong nay da duoc tac gia

cong bd trong cac bai bao [1], [4].
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Chuwong 3. TRIEN KHAI PANH GIA THU'C NGHIEM

Trong chuong nay, tac gia xay dung mot hé thong trién khai thyc nghiém dya
trén 10 nat cam bién phan cimg TUmote (Thainguyen University mote). Hé thong
trién khai thuc nghiém nay cho phép tuy bién, tich hop cac chirc nang dinh tuyén méi
va danh gia hiéu ning cua cic giao thirc nay trong diu kién thuc té. Mot sb két qua
danh gia so sdnh hi€u nang gitrta giao thuuc EACTP va giao thirc CTP thong qua mot
s6 md hinh trién khai thuc nghiém ciing dugc trinh bay trong chuong nay.

3.1. Phan cirng cho mang cam bién khong day
3.1.1. Ciu triic phan cirng ciia mdt niit mang cam bién khong day

Hién nay, trén thi truong c6 rat nhiéu kién trac phan cing khac nhau da duoc
nghién ctru va phat trién cho mang cam bién khong day. Trong bai bao cong bd s6 5,
tac gia da trinh bay vé mot nghién ctru so sanh vé céac kién tric phan cing nay. Cac
thanh phan chinh trong kién triic phan cing cia mot nat mang cam bién khong day
dugc minh hoa & hinh 3.1. Céac thanh phan chinh bao gom:

_.-"

- - A
B vi dieu

B& thu phat o S
| khidn + Cam bien

= i
vo tuyen

1 1 i

Mgudn cung cap

Hinh 3.1: Céc thanh phan chinh trong kién trac phan cing
ctia mot nit cam bién khong day.
3.1.1.1. Thiét bi truyén thong

Thiét bi truyén thong cho phép cac nit cam bién co thé truyén thong véi nhau.
Thiét bi truyén thong thuong 1a mot bo thu phat vo tuyén. Mot bo thu phat vo tuyén
c6 ca hai chirc nang d6 1a vira giri va vira nhan ban tin vo tuyén.

Céc loai bd thu phat vo tuyén khac nhau thi ¢6 kha ning xtu Iy khac nhau. Mot
s6 bo thu phat vo tuyén don gian chi 1am nhiém vu gii va nhan cac bit thong tin,
trong khi nhiéu bo thu phét vo tuyén c6 thé dong géi thong tin thanh cac géi tin, dinh
dang phan tiéu dé& va tham chi cd m3 hoa va giai ma dir liéu bang cach sir dung

phuong phap ma héa bao mat.
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Trong s cac thanh phan phan cimg cia mot niit cam bién khong day thi bo thu
phat vo tuyén 12 mét trong nhitng thanh phan tiéu tén ning lugng nhiéu nhit. So sanh
v6i muc tiéu thy ning lugng cia bd vi diéu khién thi bo thu phat vo tuyén thudng sir
dung ning luong 16n hon nhiéu 1an. Nguyén nhén 13 do yéu cau vé xur 1y diéu ché va
giai diéu ché tin hiéu v tuyén. Vi vay, bo thu phat vo tuyén can phai duoc tat dé tiét
kiém ning luong. Tuy nhién, khi bo thu phat vo tuyén duoc tit thi né khong thé nhan
duoc bat ky dir li€u nao tir cac nut lan can. Pé hinh thanh mang da chang thi cac bd
thu phat vo tuyén cua tit ca cdc nit trong mang phai c¢6 cach dong bd nao dé dé
chung c6 thé nhan dugc dit liéu trong khi van bao tdn duoc ning luong.
3.1.1.2. Bj vi diéu khién

Bo vi diéu khién chay cac chuong trinh phdn mém ciia niit cam bién. Vi diéu
khién 1a mot bo vi xir Iy c6 bd nhd trong, bd dinh thdi va phan cing dé két ndi véi
cac thiét bi bén ngoai nhu cac cam bién va bo thu phét vo tuyén.

Do han ché vé gia thanh va ning luong nén cac vi diéu khién duoc st dung
trong cac niit cam bién don gian hon nhiéu so véi cac bd vi xur Iy duoc sir dung trong
cac may tinh ca nhan. Thong thudng, mot bo vi diéu khién dugc st dung trong nut
cam bién c6 vai chuc KB bo nhé trong va hoat dong & tbc do xung nhip mot vai
MHz. Trong khi d6, may tinh hién dai c6 dén hang Gbytes bd nhé va chay & xung
nhip mot vai Ghz.
3.1.1.3. Cim bién

Céc nit cam bién khong day twong tic voi mdi trudng vat Iy nho cac cam
bién. Cac cam bién duoc gan trén nut cam bién khong day co thé tir rat don gian dén
rat phtc tap. Vi du: Cac cam bién nhiét do co thé 1a mot bién tré co tro khang thay
ddi theo nhiét d6 moi truong la mét loai cam bién don gian; Trong khi do, cam bién
nhiét d, do &m SHT11 c6 dit liéu dau ra so lai 1a mot vi du khac vé loai cam bién
phirc tap v6i nhiéu tinh nang hon.
3.1.1.4. Nguén cung cip

Mot nat cam bién khong ddy bao gom nhiéu thiét bi dién tir va cac thiét bi dién
tr cAn niang luong. Vi vdy, mdi nit cam bién cin mot ngudn cung cap ning lugng.
Ngay nay, ngudn nang lugng phd bién nhét 1a pin nhung trong mét sd trudng hop sir
dung cic té bao nang luong mit trdi, ap dién va cac hinh thic tich trit ning lugng
khéc.
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Pin 14 ngudn ning lugng phd bién nhat cho cic nat cam bién khong day. Pin
c¢6 nhiéu hinh dang va kiéu dang khac nhau. Khi lira chon pin cho cac nut cam bién,
chung ta cAn quan tim dén dén kich thudc ciing nhu kha ning tich trit ning luong cua
pin. Cac pin Lithium hién nay 14 phé bién nhét.

Béng viéc sir dung céc thiét bi dién tu tiéu thu it nang lugng va phén mém tiét
kiém nang lugng, mot nit cam bién c6 thé c6 thoi gian ton tai nhiéu nam trén mot pin
kich thudc tiéu chuan AA.

Anten

B§ vi didu khién

B§ thu phat
vo0 tuyéen

e Kl Ngudn cung ci in
Két nbi mé rong g g cap (pin)

Hinh 3.2: Bo mach MicaZ cua hang Crossbow Technology [27].

Hinh 3.2 minh hoa c4c thanh phan co ban ctia mot nén tang phan cing dién
hinh, d6 1a bo mach mau thir nghiém MicaZ ctia hang Crossbow Technology. N6 bao
g6m b vi diéu khién, ngudn dién, bo thu phat vo tuyén va cac két ndi mé rong dé két
nbi v6i cac cam bién. Ngudn niang lugng 1a mot bo pin gom hai té bao pin AA. Bo
thu phat vo tuyén duoc gin o phia bén trong ciia bo mach. Hé thong st dung mot
Anten bén ngoai gan lién véi bo mach. Bo mach khong chira bat ky mot cam bién
nao. Cac cam bién c6 thé dugc gin voi bo mach thong qua khdi két ndi mo rong. Vi
vay, chung ta c6 thé st dung bo mach nhu mdt hé théng tao mau cho nhiéu ung dung
khéc nhau.

Phan ctirng MicaZ 1a mot bo mach mau duge sir dung khi thir nghiém véi mang
cam bién khong day. Dbi voi nhitng san pham tmg dung cudi ciing thi cac thanh phan
phan cing ciia nit cam bién thuong dugc tich hop trén cling mot san pham co kich

thudc nho gon hon.
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3.1.2. Khio sat mdt s6 nén tang phan cirng cho mang cam bién khong day

Trong thdi gian qua, dd c6 nhiéu nén tang phan cting khic nhau duoc nghién
clru va phét trién cho mang cam bién khong day. Cac méc thoi gian ra doi cua cac
nén tang phan cimg nay c6 thé duoc thiy rd ¢ hinh 3.3.

IMote TelosB
Mica Tmote Sky IMote2

TEHU-1121
oy s s
WecC Rene SHIMMER ‘ A
) i :
D g. micazpoT| Mic3Z X -
oo | &=
i ! | |
[1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 !ﬂ»

B = Taalge.

i Stargate
Mica2 Cricket Ne!Bndge V-Link
Sun SPOT (NB-10 NI WSN-3202

Hinh 3.3: Mdc thoi gian ra doi cac nén tang phan ctng [14].

Céc nén tang phan cimg c6 thé dugc chia thanh hai loai co ban sau:

= Cic nén tang phan cirng mirc thap: Cac nén tang phan cing nay duoc dic
trung boi sy han ché vé kha nang xir 1y, bo nhd va kha nang truyén thong. Céc
nén tang phan cing nay thudng dugc trién khai voi s6 lugng 16n dé thyc hién
nhiém vy cam nhén ciing nhu tao sy két néi gita cac nit mang.

= Cic nén tang phan cling mirc cao: Ngoai nhiém vu cam nhén thi cic nén
tang phan ctng nay con thuc hién nhiém vu tong hop, xtr 1y dir liéu, két ndi
mang cam bién khong diy vdi cac mang khac bén ngoai. Cac nén tang phan
cung nay doi hoi bo vi xur 1y ¢6 kha nang xtr Iy manh hon, dung luong bd nhd
nhiéu hon.
Béng 3.1, 3.2 tong hop céac dic diém chinh ctia mot sd nén tang phan clng.

Bang 3.1: So sanh mot sd nén tang phan cimg mirc thap.

X A ek R Bo thu phat Tén sb Hé
Phan ciing B vi dieu khién v tuyén trung tam diéu hanh
ATMega 128L, 8bit, : 315/433/ :
Mica2 128KB program ((::r(]:lf(():gg 868/916 S(;rSImI(/(I)aSr;tis
memory, 4KB RAM MHz '
ATMega 128L, 8bit, : 315/433/ :
Mica2 Dot | 128KB program gg‘fggg‘ 868/916 SC-)rSm}I</(I)aSn,tis
memory, 4KB RAM MHz '
i TinyOS
ATMega 128L, 8hit, . .
Micaz 128KB program Chipcon 24GHz | SO Mantis,
memorv. 4KB RAM CC2420 LiteOS,
Y RETOS
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A A s oA .2 Bo thu phat Tan so Hé
Phan ciing B vi dieu khién vo tuy%n trung tam diéu hanh
ATmega 1281, 8bit, Atmel Tinyos
IRIS 128KB program 2.4 GHz . ’
memory, eI;KBg oAy | ATBBRF230 LiteOS
ATmega 128L, 8bit, Chipcon
Cricket 128KB program CC1000 433MHz TinyOS
memory, 4KB RAM
MSP430F149, 16bit, :
Eyes 60KB program T';',iggl 868 MHz Jérl‘zyggé
memory, 2KB RAM
EyesIFX MSPA30F149, 16bit, Infineon .
vl 60KB program TDA5250 868 MHz TinyOS
memory, 2KB RAM
EyesIFX MSP430F1611' Infineon )
V2 16bit, 48KB program TDAE250 868 MHz TinyOS
memory, 10KB RAM
ATmega 128L, 8bit, | ocon | 433-915
Btnode 128KB program Bluetooth MHz, TinyOS
memory, 4KB RAM radio 2.4GHz
MSP430F1612, Contiki,
PowWow | 16bit, 55KB program CC2420 2.4 GHz TinyOS,
memory, 5SKB RAM LiteOS
MSP430F5X, 16bit,
WiSMote 128/192/256KB CC2520 2.4 GHz TinyOS
program memory,
16KB RAM
MSP430F1611,
Epic Mote | 16bit, 48KB program CC2420 2.4 GHz TinyOS
memory, 10KB RAM
MSP430F1611, TinyOS
CM5000 | 16hit, 48KB program CC2420 2.4 GHz Contiki1
memory, 10KB RAM
Bang 3.2: So sanh mot s6 nén tang phan cimg mirc cao.
X At A Cic két noi Heé
Phan ciing Bo xirly Bg nhé trén bo mach diéu hanh
Intel SAME 1I;—;CI\éICIA anfl coglpapt
ash connector, 51-pin
Stargate PF;;(QSOE; SDRAM, expansipn Connector ET?ESSECI
4OOMHz' 32MB Flash for Mica2 Motes;_
Ethernet, RS232 Serial,
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Cic két noi Hé

Phan ciing Bo xir ly B§ nhé trén bo mach diéu hanh
JTAG, USB Connector
via 51-pin Daughter
Card Interface
Intel IXP420 | 32MB RAM, | Mica2, MicaZ, IRIS,
Netbridge Xscale 8MB Flash, Telos Connector Debian
NB-100 Processor, 2GB USB Ethernet, USB Linux
266MHz Flash Disk connector
ARM7 64KB
Imote processor, SRAM, I?‘?ALCJ;A(\:SrTnech:ﬁ)? TinyOS
12MHz 512KB Flash
Integrated 802.15.4
Marvell g;i\Kl\;Bl tradiol, sucﬁ)_potrrt] for )
: external radio throug :
| et 32MB SDIO, and UART; | /7Y%,
Processor SDRAM, USB client and host, SOS’
13 - 416M|—’|z 32MB Flash 2xSPI, 3XUART,
Memory Camera, 12C, 125,
GPI10O, AC97 connector

3.2. P& xuit cau tric phan citng TUmote

Dua trén nhitng nghién ctru khao sat vé cac ciu tric phan cimg cho mang cam
bién khong day, tac gia dd dé xuit mot cau tric phan ctng riéng dé phuc vu cho viée
nghién ctru va danh gia thuc nghiém véi giao thue EACTP.

Phan cung nay hoan toan co thé st dung lai dugc cho cac nghién ctru thyc
nghiém khac trong linh vuc mang cam bién khong day va co thé rit ngan thoi gian dé
dwa cac mo hinh nghién ctu 1y thuyét sang ciac mo hinh thyc nghiém c6 tinh tng
dung. Hinh 3.4 13 so d6 khéi cua ciu trac phan cimg TUmote.

3.2.1. B9 vi diéu khién MSP430

Trong céu tric phan cimg TUmote, tic gia lya chon bd vi diéu khién 16 bit
MSP430 F1611. Pay 1a bo vi diéu khién rat tiét kiém ning luong cta hing Texas
Instruments. B vi diéu khién MSP430 F1611 c6 10KB bo nhé RAM, 48KB bo nhé
Flash. B6 vi diéu khién MSP430 F1611 duoc thiét ké cho nhitng tng dung tiéu thu
nang lugng thép va ¢6 thé hoat dong dugc & nhiéu ché do tiét kiém nang lugng khac
nhau.
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Médun
CC2420EM

Cam bién nhigt

. dd, dé dm
. L1 Bo vi diéu
Giao tiép USB Py
LR —1| khién MSP430
— | B0 nho ngoai
L] Két ndi mor

i rong

1

‘ Nguon cung cap

Hinh 3.4: So d6 khéi céu tric phan cing TUmote.

Trong ciu tric phan cting dé xuét, tac gia lwa chon bo vi diéu khién MSP430
F1611 boi vi day 1a dong vi diéu khién rat tiét kiém nang lugng va nhiéu hé diéu hanh
cho mang cam bién khong day da hd tro dong vi diéu khién nay. Do vdy, TUmote
hoan toan tuong thich v&i cac hé diéu hanh phd bién hién nay nhu TinyOS, Contiki.
Viéc cai dat hé diéu hanh trén phan ciing TUmote s& cho phép tac gia 1ap trinh phan
mém tng dung dugc thudn tién va cac tai nguyén phan ctng trén nut cam bién ciing
duogc quan 1y mot cach hi¢u qua dé tiét kiém nang lugng.
3.2.2. B thu phat vé tuyén CC2420EM

Trong ciu trac phan cing TUmote, tac gia sit dung chip CC2420 cta hing
Texas Instruments. Chip CC2420 13 mot chip thu phat vo tuyén cong sudt thip theo
chuan IEEE 802.15.4. Chip nay hoat dong & bang tan 2,4 GHz phu hop véi quy
hoach tan s6 ¢ Viét Nam. Tuy nhién, viéc ché tao mach in & tan sb 2,4 GHz 1a mot
thach thirc d6i voi cong nghé ché tao mach in trong nudc. Bé giai quyét van dé nay,
tac gia lya chon module thu phéat vo tuyén CC2424EM cua hing Texas Instruments.
Trén module nay da dugc tich hop san chip CC2420.
3.2.3. Cam bién SHT11

Tuy theo ting tmg dung, phan cimg TUmote hoan toan c6 thé két ndi duoc véi
nhiéu loai cam bién khac & bén ngoai thong qua khdi két ndi mo rong. Tuy nhién, dé
phuc vu cho viéc do dac thyc nghiém thi mot cam bién nhiét d6 va do am (SHT11) da

dugc tich hop sin trén cau trac phan cing TUmote.
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Cam bién SHT11 dugc san xuit boi hing Sensirion AG. Cam bién nay cung
cap dir liéu dau ra sb. Cam bién duoc ché tao theo quy trinh CMOS va duogc két hop
v6i bo chuyén ddi A/D 14-bit. Day 1a loai cam bién tiéu thu ning luong thip va co
kich thuéc nhé gon. Cam bién nay co thé duoc st dung cho nhiéu tng dung giam sat
moi truong.

3.2.4. B6 nhé ngoai

B6 nhd ngoai cho phép TUmote ting kha nang luu trir ngoai bd nhd ROM va
RAM trén vi diéu khién MSP430 F1611. TUmote sir dung bd nhé ST M25P80. Bo
nhé nay chtra 1024kB cho dit lidu va duoc chia thanh 16 segments, mdi segment co
kich thudc 1a 64kB.

3.2.5. Nguon cung cip

TUmote sir dung hai pin AA c6 dién 4p mot chiéu nam trong dai tir 2,7V dén
3,6V. Ngudn nudi ciing co thé 1ay truc tiép tir may tinh khi TUmote dugc két nbi véi
may tinh.
3.3. Céc thong s6 ky thuit chinh ciia phin cirng TUmote

Hinh 3.5 1a hinh anh minh hoa ciu tric phan cing TUmote. M6t vai thong s6

k¥ thuat chinh ciia phan ctrng TUmote duoc tom tit trong bang 3.3.

Hinh 3.5: Hinh 4nh san pham phan ctirng TUmote.
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Bang 3.1 va bang 3.3 cho ching ta thiy c6 su khac biét vé& bo vi diéu khién
dugc sir dung trong giai phap thiét ké phan ctirng TUmote vé6i cac bd vi diéu khién
duge sir dung trong cic phan cting MicaZ, Mica2 va IRIS. TUmote st dung bd vi
diéu khién MSP430 F1611 16 bit cua hing Texas Instruments. Day 1a bd vi diéu
khién rét tiét kiém nang luong ca trong ché do tich cuc va ché do ngu. Pac diém nay
cho phép TUmote dat duoc hiéu qua vé ning luong ciing nhu hiéu quéa xu Iy cao hon
s0 v6i cac phan cimg khac chi sir dung b vi diéu khién 8 bit. Ngoai ra, TUmote sir
dung bo thu phat vo tuyén CC2420 cua Texas Instruments. Day 1a bo thu phat vo
tuyén hoat dong & tan sé 2,4 GHz phu hop vé6i bang tan khong cip phép ¢ Viét Nam.
So voi cac bo thu phat vo tuyén khac nhu CC1000 thi bd thu phat vo tuyén CC2420
¢6 tc do dir liéu cao hon 1én dén 250 kbps.

Biang 3.3: Cac thong s k¥ thuat ciia TUmote.

MSP430 F1611, 8MHz, 16bit,
10KB RAM, 48KB Flash
CC2420, 250kbps, 2.4GHz, tuong thich voi
cac thiét bj theo chuan IEEE 802.15.4

B0 vi dieéu khién

B0 thu phat v6 tuyén

Pham vi phu song & ‘ o
cong suét phat 0 dBm 30m trong nha, 100m ngoai troi

SHT 11 (nhiét do, d6 am)

Cam bién C6 kha ning md rong thém cac cam bién khac
Giao dién lap trinh USB, JTAG
Hé diéu hanh tuong thich Contiki, TinyOS

Céac phan ctmg PowWow, WiSMote, Epic Mote, CM5000 duoc thiét ké dé
phuc vu cho muc dich nghién ctru va thir nghiém véi mang cam bién khong day. Khi
so sanh voi cac phan ctmg nay, chung ta thiy TUmote str dung bd vi diéu khién va bo
thu phat v6 tuyén co tinh ning twong duong vé kha ning xir 1y, tinh toan ciing nhu
kha ning tiét kiém niang lugng. Tuy nhién, trong ban thiét ké phan cing TUmote
danh cho cac nit cam bién khéng can két ndi véi may tinh, khdi giao tiép may tinh da
duoc loai bo. Pidu nay gitp giam gid thanh san pham, dong thoi cho phép TUmote c6
thé két ndi thém duoc v6i nhiéu cam bién va cac thiét bj ngoai vi khac. Do vay,
chung ta c6 thé sir dung phan cimg TUmote cho nhiéu tng dung khac nhau trong
thuc té. Hién tai, phan cimg TUmote dang dugc ung dung trong san pham Green
Meter ctia dé tai khoa hoc cong nghé Cap Bo Cong thuong “Nghién ciru phdt trién

thiét bi do va chdp hanh théng minh néi mang Smart Metter dwa trén céng nghé
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mang cam bién khéng ddy phuc vu cho viéc quan Iy va tiét kiém ning heong dién”
dang duoc thuc hién tai Vién nghién ctru Pién tir, Tin hoc, Tu dong hoa.
3.4. Trién khai mé hinh danh gia thuc nghiém véi giao thirc EACTP sir
dung phin cirng TUmote

Pé danh gia hiéu ning giao thirc EACTP bang phuong phéap thuc nghiém, tac
gia s dung hé théng nghién ctru thuc nghiém voi mang cam bién khong day. Hé
thong nay bao gdm phan ciimg TUmote va céng cu phan mém TU2C. Trong bai bao
cong bd s 3, tac gia c6 trinh bay vé hé thong nghién ciru thyc nghiém nay.

Hinh 3.6 1a mé hinh trién khai mang gém 10 nut. Cac nat mang dinh ky giri
ban tin dir liéu vé nat géc 1a nut s6 10. Cac nat cam bién c6 nhiém vu thu thap dir liéu
nhiét 46 va d6 am ctia moi truong va gui vé mot nut géc duoc két ndi vai may tinh.

Céc tham s dénh gia duoc st dung gidng nhu mé phong (muc 2.4.1).

©
O @ @
@ ®
) ® ®

Hinh 3.6: Mo hinh trién khai thyc nghiém mot cum gém 10 nut.

3.4.1. M6 hinh danh gia thuc nghiém 1
3.4.1.1. Kich bdn danh gia

Céc nat cam bién duoc bd tri cach déu nhau 1,5m trong tim nhin thang. Hinh
3.7 minh hoa so dd bd tri cac nat cam bién TUmote.

Céc tham s6 dugc st dung trong kich ban danh gia dugc tom tit & bang 3.4.
Trong kich ban danh gi4 nay, tac gia giam cong suat phat ctia cic nut cam bién xubng
con -15dBm. Céc budc thuc hi¢n danh gid thuc nghiém dugc tac gia trinh bay chi tiét

6 Phu luc 5 cua luan an.
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Hinh 3.7: So dd bd tri cac nut cam bién TUmote.

Bang 3.4: Kich ban danh gia thuyc nghi¢ém 1.

Cac tham sb Gia tri
Moi trudng truyen song Trong tam nhin thang
SO nit mang (nut) 10

Khoang céch gitta cac niit mang

15x1,5
mang (m X m)
Ning luong ban du ctia mdi niit 10J
Cong suét phat (dBm) -15
Chu ky gui ban tin dir li¢u (gidy) 60

Tt ca cac nit trong mang
(ngoai nlt goc)
Giao thuc lop MAC CSMA/ContikiMAC
3.4.1.2. Két qud dinh gid
Hinh 3.8, 3.9, 3.10 lan luot 1a két qua thuc nghiém danh gia so sanh ty 1& cac

nut con sdng trong mang, ty 18 chuyén phat ban tin dir liéu va sy cin bang ning lugng

Nguon gui ban tin dir liéu

giita cac niit mang ddi voi giao thirc CTP va giao thie EACTP.
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B CTP O EACTP

100 100
1009 49 90 90 90
90 1 30 80 80
80 A 70
70 A 60
60 m
50 1

ANR (%)
3

30 A

N -
il

10 A

65 70 75 &0 85 %0
Théi gian (phiit)

Hinh 3.8: So sanh ty 1& cic nut con séng trong mang.

‘ICTP DFACTP‘

997997 98,9997 982988 96,9985 915
100 - o5 9218

90 -
80 A

60 -
50 4

DDR (%)

30 4
20 4
10 -
O_ T T T T T 1

65 70 75 80 &5 %0
Thévi gian (phiit)

Hinh 3.9: So sanh ty 1& chuyén phat ban tin dit li¢u.

B CTP EIEACTP‘

100 -
90
80 ~
70 4
60
50 4

14 43 43
35 36 3T 33 36 a7
401 28
30 A
2 4
10 1
O I T T T T T
65 70 75 80 85

Théi gian (phiit)

EIB (%)

90
Hinh 3.10: So sanh su can bang niang luong gitta cac nut mang.

107



3.4.2. M6 hinh danh gia thuec nghi¢m 2
3.4.2.1. Kich ban ddanh gia

Céc nat cam bién duge bd tri cach déu nhau 20m trong khuén vién khu ky tuc
x4 truong Dai hoc Cong nghé thong tin va truyén thong. Hinh 3.11 minh hoa khudn

vién khu vuc tién hanh do dac thuc nghiém.

Hinh 3.12: Trién khai cac niit cam bién tai khu vuc thuc nghiém.
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Céc tham s6 dugc st dung trong kich ban danh gia thuc nghiém 2 dugc tom
tit & bang 3.5. Trong kich ban danh gia ndy, tac gia cdu hinh cong suat phat cua cac
nit cam bién bﬁng 0 dBm. Cac budc thuc hién danh gia thuc nghiém duogc tac gia
trinh bay chi tiét & Phu luc 5 cua luan an.

Bang 3.5: Kich ban danh gia thyc nghiém 2.

Cic tham sb Gia tri
Khong trong tam nhin thang, bi che
chan boi cay codi, vat can tam thap

MBoi trudng truyén song

S6 nut mang (nit) 10
Khoang cach gitra cac nit mang 20 X 20
mang (m X m)

Ning luong ban dau cia moi nit 10J
Cong suat phat (dBm) 0
Chu ky gtri ban tin dit liéu (gidy) 60

Tat ca cac nit trong mang
(ngoai nut goc)
Giao thie lop MAC CSMA/ContikiMAC

Ngudn giri ban tin dir liéu

3.4.2.2. Két qua danh gid
Hinh 3.13, 3.14, 3.15 lan luot 14 két qua thyc nghiém danh gia ty 1& cac nut
con sdng trong mang, ty 18 chuyén phat ban tin dir liéu va so sanh su can bang ning

luong gitra cac nut mang d6i véi giao thie CTP va giao thirc EACTP.

B CTP OEACTP
100 100 100 100 100
100 7 90 90
90 4 80 80 80
80 1 70 70
70
60
50
40
30 A
20 1
10 A
0 T T T T T 1

55 60 65 70 75 80
Théi gian (phit)

ANR (%)

Hinh 3.13: So sanh ty 18 cac nut con sdng trong mang.
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E CTP OEACTP

100 100 7
i 99 99.1 98.8 99 96.5 987 05578 96.1
100 89.9

90 -
80 -
70
60
50 -
40
30 -
20
10
55 60 65 70 75 80
Théi gian (phit)

DDR (%)

Hinh 3.14: So sanh ty 1& chuyén phat ban tin dir liéu.

B CTP DIEACTP‘

100 A
20 +
80 A
70 1
60
50 1

i 45 49
30

40 A 35 135 12 a3 34 12

30 1 M on
20 4

10 A

O N T T T T T

55 60 65 70 75 80

Thoi gian (phut)

EIB (%)

Hinh 3.15: So sanh su can bang ning luong gitta cac nut mang.

3.4.3. Nhan xét

Két qua danh gia thuc nghiém cho thay:

= Néu gia trj ngudng duogc thiét 14p dé xac dinh thoi gian séng cia mang 1a
100% thi hinh 3.8, 3.13 cho thiy thoi gian sdng ctia mang khi hoat dong theo
giao thirc EACTP dugc cai thién hon so voi giao thie CTP: Tang 10 phut
(twong tng véi 15,4% & hinh 3.8) va tang 5 phut (twong ung véi 7,7% ¢ hinh
3.13). Nhu vay, ca mo phong va thuc nghiém déu cho két qua gibng nhau do
1a giao thirc EACTP c¢6 thoi gian sdng ctia mang t6t hon so véi giao thic CTP

ban dau.
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= Hinh 3.8, 3.9, 3.13, 3.14 ciing cho thay khi sé luong cic nut trong mang hét
ning luong tang 1én thi sé lwong ban tin dit liéu dugc giri vé nit gbe giam. Do
viy, ty 16 chuyén phat ban tin dit liéu trong mang ciing giam theo. Qua do,
chung ta nhan thiy ring két qua danh gia bang thuc nghiém hoan toan phu hop
v6i phén tich 1y thuyét.
= Khi so sanh ty 1¢ chuyén phat ban tin dit liéu ¢ hinh 2.19, hinh 3.9 va hinh
3.14, chung ta thdy két qua danh gia thuc nghiém khac so véi két qua danh gia
mo phong. Cac két qua mo phong cho thiy: O giai doan cudi, ty 1& chuyén
phat ban tin dit liéu (DDR) cua giao thic EACTP thap hon so voi giao thirc
CTP. Tuy nhién, cac két qua danh gia thuc nghiém lai trai nguoc so voi cac
két qua danh gia mo phong. Nguyén nhan cia su khac biét nay 1a do trong
kich ban mé phong, pham vi truyén séng ctia nat goc da bi thu hep lai sao cho
chi co ba nait 1, 4, 7 1a ¢6 thé truyén thong truc tiép duoc voi nat goe. Khi cac
nat 1, 4, 7 hét nang luong thi cic nut con lai trong mang khong con tuyén
duong nao khac dé gui dir liéu vé nat gdc. Trong khi d6, ¢ kich ban danh gia
thue nghiém, nat gdc co thé truyén thong truc tiép véi cac nut khac trong
mang. Khi cacnut 1, 4, 7 hét nang luong thi cac nut con lai trong mang van co6
thé tim duoc mot tuyén duong khac dé dén duoc nut goc. Vi vay, & giai doan
cudi cua qua trinh danh gia thuc nghiém, lugng ban tin dir liéu dugc gui vé nut
gbc va ty 16 chuyén phat ban tin dit liéu cua giao thitc EACTP cao hon so voi
giao thitc CTP ban dau.
= Giao thc EACTP dam bao dugc su cin bang ning luong giita cac nit mang
t6t hon so véi giao thirc CTP. Piéu nay duogc thé hién béi chi sé EIB cua giao
thire EACTP thép hon so véi chi sé EIB cua giao thitc CTP. Nhu vay, cac két
qua danh gia thyc nghiém ciing twong dong voi cac két qua danh gia mé
phéng.
3.5. Két luan chwong 3
Trong chwong 3, tac gia di xay dung mot hé thdng trién khai thuc nghiém dua
trén 10 nit cam bién phan ciing TUmote. Dua trén hé thong nay, tic gia di tién hanh
trién khai va danh gia hiéu ning giao thirct EACTP m&i dé xuit va giao thirc CTP ban
dau. Cac két qua danh gia thuc nghiém tuong ddng v6i nhitng phén tich 1y thuyét va
cac két qua danh gia mo phong. Két qua danh gia thuc nghiém trén 10 nit cam bién

phan ctng TUmote d3 kiém chimng lai tinh dung ddn cua nhitng 1ap ludn vé tinh hiéu
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qua cua giao thirc truyén thong EACTP d6 1a: Thoi gian sdng cua mang khi hoat
dong theo EACTP duoc cai thién tdt hon so véi giao thuc CTP ban dau. Mot phz‘in két

qua ctia chuong nay da duoc tac gia cong bd trong cac bai bao [3], [5], [6].

112



KET LUAN

Trong luan an nay, tac gia tp trung giai quyét bai toan dinh tuyén c6 su nhan
thirc vé ning luong 4p dung cho giao thic ciy thu thap dir liéu (bai toan dinh tuyén
EACTP) trén mang cam bién khong diy. Muc tiéu chinh cta luan an 1a: Dé xuat mot
giao thirc dinh tuyén méi EACTP (Energy Aware Collection Tree Protocol) co su
nhan thirc vé& ning lrong nham dam bao su can bang ning luong giira cac nit mang
thudc nhitng tuyén dudng cé chat luong lién két tét va nang cao thoi gian song cia
cac nit mang. Tir d6, thyc thi va danh gia hiéu ning cua giao thirc ndy bang phuong
phép mo phong, thuc nghiém.

Trén co sé phan tich mo hinh toan hoc dua trén 1y thuyét d6 thi cho bai toan
dinh tuyén cay thu thap dir 1iéu c6 sy nhan thirc vé nang luong EACTP, tac gia da co
mot s6 dong gop méi trong ludn an nhur sau:

= P¢ xuit mot giao thirc dinh tuyén méi dé 1a giao thirc cay thu thap dir lidu co
su nhan thuc vé ning luong - EACTP (Energy Aware Collection Tree

Protocol). Trong giao thitc EACTP, tac gia di thuc hién mot s6 cai tién: Thir

nhat, tac gia di bo sung thém thanh phan udc luong ning lugng con lai trén

mdi nt cam bién; Thi hai, tac gia da dé xuat mot thude do dinh tuyén moi do

1a trang thai nang luong con lai ES (Energy State) dé xac dinh tuyén dudng tbi

uu trong mang; Thi ba, tac gia da dé xudt mot thuat toan lwa chon tuyén
duong t6i vu méi dua trén sy két hop giita hai thude do dinh tuyén 1a chat
luong lién két cua tuyén dudng va trang thai ning luong con lai trén nut
chuyén tiép.

= Mo phong va danh gia hiéu nang giao thic EACTP thong qua mdt sé6 mo hinh
mang. Tac gia da xac dinh cac thude do danh gid phu hop cho bai toan dinh
tuyén EACTP va dua ra mot s6 két qua danh gia so sanh hiéu ning giira giao
thirc EACTP va giao thitc CTP. Céac két qua dénh gia so sanh dya trén mo
phong cho thay giao thirc EACTP dat duge mot s tiéu chi quan trong d6 1a:

Tang dugc thoi gian séng clia cac niit mang, dat duoc ty 1& chuyén phat ban tin

dir liéu trong mang & muc cao, dam bao dugc sy cin bang ning lugng gitta cac

nat mang thudc nhiing tuyén dudng c6 chat luong lién két tot, khong lam phat

sinh thém céc chi phi m&i vé nang lugng trong viéc guri cac ban tin diéu khién.
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= Xay dung modt mdi trudng thuc nghiém dya trén 10 nat cam bién phan cimg

TUmote (Thainguyen University mote), cho phép tuy bién, tich hop cac chtrc
ning dinh tuyén méi va danh gia hiéu ning cua cac giao thirc CTP, EACTP
trong diéu kién thuc té. Moi trudng thuc nghiém nay hoan toan co thé st dung
lai dugc cho céc nghién ctru thuc nghiém khéc trong linh vuc mang cam bién
khong day va co thé rat ngin thoi gian dé dwa cdc mé hinh nghién ciu 1y
thuyét sang cac mo hinh thuc nghiém c6 tinh tmg dung. Két qua danh gia thuc
nghiém trén 10 nat cam bién phan cimg TUmote d3 kiém chung lai tinh ding
din cua cac két qua mod phong ciing nhu nhitng 14p ludn vé tinh hiéu qua cua
giao thic EACTP méi dé xuat d6 la: Thoi gian song cia mang khi hoat dong
theo EACTP duoc cai thién tot hon so véi giao thuc CTP ban dau.

Hwéng phat trién cia dé tai: Ung dung phan cing TUmote va giao thiic
EACTP cho hé thong quan tric nhanh méi trudng dang dugc nghién ctru va trién khai
tai Vién nghién ctru DPién tu, Tin hoc, Tu dong hoa. Hién tai, phén cung TUmote
cling dang duoc nghién ctru phat trién cho ing dung giam sat ning luong tiéu thu
thiét bi dién. Pay 13 mot trong nhitng tmg dung thudc dé tai cip Bo Cong thuong
“Nghién ciru phat trién thiét bi do va chdp hanh théng minh néi mang Smart Metter
dua trén céng nghé mang cam bién khéng day phuc vu cho viéc quan 1y va tiét kiém
nang luong dién” dang duogc thuc hién tai Vién nghién ctu Dién tr, Tin hoc, Tu
dong hoa.
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PHU LUC

Phu luc 1. Ban thiét ké so' do nguyén 1y va so dd mach in phan cing
TUmote
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Hinh 1: So d6 nguyén ly khéi diéu khién ctia san pham phan ctirg TUmote.

121



HUM_PWR
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0.1u ;
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RADIO_GIOO 5 5 RADIO_CS
RADIO_SI 7 8 RADIO_SO
RADIO_SCLK o 10 RADIO_GIO1
RADIO_SFD 11 12 PKT_INT

Hinh 2: So d6 nguyén 1y khoi cdm bién va khoi giao tiép voi mod dun vo tuyén
cua san pham phan cung TUmote.

CWCC 1 2 ADCO
ADCH 3 4 UARTITX
5 g UARTIRX
J UserlNT 7 a UseriNT1
- CON8A
JTAG
., TDO 1 2 .
o TDI 3| us [4 [l RESET
TOIS—Ts = I EE—
Th TCK 7 8 Oves
TC
Bpin Headar
EXPANSION
4
Ex1 . 5 EX2
Ex3 3 3 EX4
CON4 A
RESET SWITCH
sSwW1
10_,/02 RESET
= SW KEY-SPST

Hinh 3: So d6 nguyén Iy khdi giao tiép nguoi dung, khéi két ndi méd rong
ctia san pham phan cimg TUmote.
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Hinh 4: So @6 mach in san pham phan ctng TUmote.
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Phu luc 2. Ngiin xép truyén thong RIME trong hé diéu hanh Contiki
Giao thuc EACTP duoc xay dung trén ngin xép truyén thong RIME trong hé
diéu hanh Contiki.

I
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. I
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I I
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Hinh 5: Giao thirc CTP dugc xay dung trén
ngin xép truyén thong RIME trong Contiki.

RIME 1a mot ngan xép truyén thong trong hé diéu hanh Contiki dugc thiét ké
cho cac mang khong day cong suat thap. RIME cung cap nhiéu co ché truyén thong
co ban nhu phat quang ba cuc bo, truyén thong unicast don ching, truyén thong
unicast da ching. Ngin xép truyén thong RIME ciing duoc thiét ké dé phu hop véi
nhiéu giao thirc pho bién trong mang cam bién khong ddy nhu giao thirc dinh tuyén
mang 1udi (mesh), giao thirc cay thu thap dit liéu. Cac md dun truyén thoéng trong
RIME dugc sir dung trong giao thitc CTP bao gom:

= Mo dun runicast (reliable unicast): La m6 dun truyén thong unicast tin cay
gifra 2 nut. Runicast thyc hi¢n viéc truyén lai va sir dung cac ban tin xac nhan

ACK dé dam bao rr?mg nut 1an can nhan thanh céng madt ban tin. M6 dun

runicast st dung mo dun stubborn unicast dé thyc hién vi¢c truyén lai. Do vay
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mo dun runicast khong phai quan 1y chi tiét viéc thiét 1ap cac bd dinh thoi va
thue hién viée truyén lai ma no chi tip trung vao viéc giai quyét van dé xéac
nhan ban tin.

Mé dun runicast thém vao ban tin hai thudc tinh 1a: Kiéu ban tin don chang va
nhan dang (ID) ban tin don chdng. M6 dun runicast sit dung thudc tinh nhan
dang ban tin nhu 1a sb tht ty dé két hop cac ban tin xac nhan véi cac ban tin
dir li€u tuong Uig.

Ung dung hodc giao thic st dung mé dun runicast c¢6 thé xac dinh s lan
truyén t6i da ma moé dun runicast s& thir trude khi thong bao ban tin bi qua han
(timeout).

Mo dun stunicast (stubborn unicast): M6 dun stunicast gui ldp lai cac ban
tin dén mot nat 1an can su dung m6 dun unicast. M6 dun stunicast thyc hién
viéc giri va guri lai cac ban tin cho dén khi 16p trén hodc giao thirc 10p trén hiy
b6 viéc truyén dan.

Trudc khi mé dun stunicast giri mot ban tin thi né khoi tao mot b dém hang
doi dé sao chép cac thudc tinh ban tin va dit lidu 16p tng dung dong thoi bd
dinh thoi duoc thiét 1ap. Khi bo dinh thoi hét han thi mé dun stunicast sao
chép bo dém hang doi vao by dém ngan Xép truyén thong RIME dé guri ban tin
di str dung mo dun unicast. M6 dun stunicast thiét 1ap sb 1an truyén lai cho ban
tin nhu 1a mgt thude tinh cta cac ban tin gui di.

M6 dun unicast: M6 dun unicast guri mot ban tin don chang dén mot nut lan
can cho trudc. M6 dun unicast st dung mé dun broadcast va thém vao thudc
tinh dia chi ctia nt nhan cho céc ban tin gui di. Vi cac ban tin dén, mé dun
unicast kiém tra thudc tinh dia chi nat nhan va loai bo ban tin d&én néu dia chi
nat nhan khong khép véi dia chi cua né.

M6 dun broadcast: M6 dun nay gui cic ban tin dén tit ca cac nat lan can
trong pham vi phu séong. M6 dun nay thém dia chi nat gui nhu 1a mot thude
tinh ctia cic ban tin giri di. T4t ca cac mo dun trong RIME can xac dinh nut
guri trong cac ban tin dugc guri di thong qua md dun broadcast hodc 1a truc tiép
hoic 1a gian tiép thong qua bat ky mot mé dun truyén thong nao khac dua trén
mo dun broadcast.

Mb dun anonymous broadcast (abc): M6 dun nay giri cac ban tin dén tat ca

cac nut lan can. M6 dun abc thém tiéu dé cho céac ban tin dugc gui di.
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Phu luc 3. Giao thirc ContikiMAC trong hé diéu hanh Contiki

Mot trong nhirng muc tiéu can quan tdm khi thiét ké giao thuc 16p MAC cho
mang cam bién khong ddy 1a chia sé hiéu qua tai nguyén truyén thong giita cac nut
cam bién. Cac tai nguyén nay bao gdm thdi gian, ning luong va tan sb. Véi bat ky
mot giao thirc 16p MAC nao thi vAn dé hiéu qua ning luong 1a v cing quan trong.
Giao thtc 16p MAC can phai hd tro cac ché d6 hoat dong tiét kiém nang luong cho
nat cam bién. Viéc bao toan ning luong hiéu qua nhat 13 tit bo vo tuyén khi khong
can thiét. Hién tai, d c6 mot sb giao thic 16p MAC nhu giao thirc LPL, XMAC va
ContikiMAC d3 duogc thuc thi trong hé diéu hanh Contiki. Trong bai bao cong b sb
2, tac gia trinh bay mot s6 két qua mo phong danh gia hiéu ning cua giao thire CTP
khi str dung cac giao thirc 16p MAC khac nhau. Hi€u ndng cua mang dugc danh gia
qua hai tham s6 chinh d6 1a: Ty 1é chuyén phat ban tin dit liéu va cong suét tiéu thu
trung binh trong toan mang. Cac két qua mo phong cho thdy, giao thire CTP dat duogc
hiéu ning cao nhat khi s dung két hop giita giao thitx CSMA va giao thirc
ContikiMAC ¢ 16p MAC.

Gt cac ban tin dit liéu cho dén khi
nhan dige ban tin xac nhin ACK

Phia giti M—) Cta 50 tiép nhan
¥ l T m Bén tin dit liéu

Phia nhén ' 3
3 / DJA Ban tin xac nhin

Phat hién viéc giti ban tin dit liéu

Hinh 6: Co ché hoat dong cuia giao thirc ContikiMAC.

Co ché hoat dong ciia giao thirc ContikiMAC nhu sau: Dé giri mot ban tin dir
liéu, phia gui s€ gui lap di lap lai cung mét ban tin cho dén khi nhan dugc mot ban tin
xac nhan. C4c nut trong mang tat b vo tuyén trong phan 16n thoi gian va dinh ky bat
bo vo tuyén dé kiém tra kénh truyén. Néu phat hién mot ban tin dit liéu dang dugc
truyén trén kénh truyén thi phia thu s& ludn bat b vo tuyén dé nhan ban tin dir liéu.
Nt nhan s& kiém tra ban tin dix liéu, néu ban tin dir liéu gui cho no thi n6 s€ xac nhan
lai phia giri bang mot ban tin xac nhan ACK. Nhu vay, giao thitc ContikiMAC dugc
thiét ké don gian, dé thuc thi va khong can phai sir dung cac ban tin bao hiéu giri

cling nhu cac tiéu dé bo sung.
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Phu luc 4. Panh gia mo phong véi Cooja.
Bwéc 1: Chudn bi ma ngudn chuong trinh cho giao thitxc EACTP (EACTP.c), giao
thiee CTP (CTP.c).

Bwéc 2: Chay cong cu mé phong Cooja.

COOJA Simulator
Eile|§imu|ation Mote Types Motes Plugins Settings Help

New simulation Ctrl-m
Reload simulation »
Close simulation

Open simulation »

Save simulation

Close all plugins
Export simulation as executable JAR

Exit

Hinh 7: Tao m6 phong méi vai Cooja.
Bwéc 3: Sir dung nut cam bién gia 1ap c6 sin trong Cooja va nap ma ngudn chwong
trinh EACTP cho nat cam bién gia 1ap (trong truong hop mé phong véi giao thirc
CTP thi chon dudng din dén mi ngudén CTP.c).

My simulation - COOJA Simulator
File Simulation | Mote Types | Motes Plugins Settings Help

Control Pane| Create motetype pisturber Mote Type tion Visualize
Information Imported App Mote Type

— elect visualizer skins
Start | Pause | Step millisecd contiki Mote Type

Sky Mote Type
Stop at: |O

ESB Mote Type Emuiated laval
Simulation time: 0 ms MicaZ Mote Type mulated leve

Relative speed: ---
No simulation delay

v

Hinh 8: Str dung nat cam bién gia 1ap trong Cooja.

Create Mote Type: Compile Contiki

Description: Sky Mote Type #skyl |

Contiki process [/ Firm... |(home/user/Desktop/EACTR/EACTP/contiki-2.5 rcl/examples/EACTR/EACTP.c || Browse |

Next:l Compile |

f Compile commands rMote interfaces |
make EACTP.sky TARGET=sky

Hinh 9: Nap mi ngudn chuong trinh cho nat cam bién gia 1ap trong Cooja.
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Budéc 4: Tao 30 nat cam bién gia 1ap vao chuong trinh mé phong.

Add motes (Sky Mote Type #skyl)

Bd

Number of new motes |30 |

Positioning |Randnmpnsitiuning |v|
Position interval X [0 <-> |100

vy o] <> [too ]
20 J<> ]

‘ Cancel || Create and Add |

Hinh 10: Cura s6 giao dién tao cac nlit cam bién gia 1ap.

Bwdic 5: Di chuyén nat Sink (nit s6 30) vé vi tri trung tim.

®©

Hinh 11: Phan bo cua cac nit cam bién.

Buéc 6: Mg giao dién Collect View cuia niit s6 30 va thiét 1ap cac tham sé mo phong.

Select action:
Mote Information

y Mote Interface Viewer | Move Sky 30
Variable Watcher Click button on Sky 30
Serial Socket (CLIENT) Show LEDs on Sky 30 =
Serial Socket (SERVER) | Show serial port on Sky 30
Delete Sky 30 L

3 Msp CLI Reset viewport
Msp Code Watcher Hide window decorations
Msp Stack Watcher Change transmission ranges |
Msp Cycle Watcher Change TX/RX success ratio
T T e — T T r T

Hinh 12: M¢ giao dién Collect View cua nut 30.
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Sensor Data Collect with Contiki’{connected to =stdin=])

File Tools

Nodes Fl\letwnrk |/ Power ande Info rSeriaI Console |
<All>

Node Control | SensorMap | Network Graph | Sensors

Program Connected Nodes | Program Nodes... |

Serial Connection | Disconnect from serial |

Base Station Control | Start Collect || Stop Collect |

Collect Settings

Report interval ,207 seconds
Report randomness ’r seconds
Hop-by-hop retransmissions ’317 retransmissions (0 - 31)
Mumber of reports ,Oi (0 = report forever)

| Send command to nodes || Send stop to nodes |

Hinh 13: Cira s6 giao dién Collect View cua niit 30.

Bwéc 7: Thiét 1ap thoi gian dimg mé phong tai cac thoi diém mong mudn dé thu thap
dir liéu va v& d6 thi. Hinh 14 minh hoa thiét lap thoi gian chay mé phong 1a 30 phut.

Contiki Test Editor

o' @

TIMEOUT(1800000);
while (true) {

}

log.log("first simulation message at time : " + time + "\n");

YIELD(); /* wait for another mote output #/

<]

e

Il [ 1+

| Example scripts | Activate | Run without GUI I

Hinh 14: Ctra s6 giao dién Contiki Test Editor.

Bwéc 8: Chay mé phdng: Kich chon Start

Control Panel :

g @ M

‘ Start | Pause | Step millisecond |

Stop at: [0 |

Simulation time: 0 ms
Relative speed: ---
No simulation delay

v

Hinh 15: Cira sb giao dién Control Panel.
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Bwde 9: Tur giao dién Collect View ctia nat 30 (Hinh 13):

- Giri cac tham sd cdu hinh (chu ky gui ban tin dir liéu, sé 1an truyén lai) t6i tit ca cac
nut trong mang: Kich chon Send command to nodes.

- Thiét 1ap nat 30 1a nat Sink dé bat dau thu thap dit liéu, dong thoi giri thong béao téi
tat ca cac nut trong mang: Kich chon Start Collect.

Bwée 10: Thu thap dir liéu tai cac thoi diém duogc xac dinh trude dé vé do thi.

- Thu thap dit liéu vé su thay ddi chi s6 ning luong EI clia cac nit trong mang tai cira
s6 Log Listener. Hinh 16 minh hoa su thay doi chi sé niang lwong EI ctia nut 28 theo

thoi gian.

Log Listener (listening on 60 log interfaces) i o° @ [

Time ms| Mote Message
A0usd S |10 28 f3

energy indicator:

FY

417873

ID:

28

energy

indicator:

72

439582

ID:

28

energy

indicator:

71

450108

ID:

28

energy

indicator:

71

477490

ID:

28

energy

indicator:

70

499561

ID:

28

energy

indicator:

G9

515178

ID:

28

energy

indicator:

53]

537054

ID:

28

energy

indicator:

67

547248

IDh:

28

energy

indicator:

&7

1

Filter: ID:25

Hinh 16: Ctra so giao dién Log Listener.

Sensor Data Collect with Contiki'(connected to'=stdin=)

Eile Tools

Nodes

[ Node Control [ Sensor Map | Network Graph | Sensors | Network | Power | Node Info | Serial Console |

Received (Over Time) | Lost (Over Time) | Received (Per Node) | Received (5 min) |

Routing Metric (Over Time) r ETX (Over Time) r Next Hop (Over Time) r Latency |

Neighbors | BeaconInterval | Network Hops (Over Time) I Network Hops (Per Node) |

Received 105 packets from 30 nodes. Estimated 0 lost packets.

Estimated Lost Packets
o

05:16:00 05:1&:10  05:16:20 05:16:30 05:1&:40 05:16:50 05:17:00

Time

05:17:10  05:17:20 05:17:20 05:17:40 05:17:50 05:12:00

Hinh 17: Giao dién Lost (Over Time).
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- Thu thap dir liéu vé s ban tin nhan duoc, sb ban tin mét trong Tab Network > Lost
(Over time) tai giao dién Collect View cua ntt Sink.

- Sao chép toan bo dir liéu tong hop dugc vao mot File Excel dé xir 1y.

Buwéc 11: Quay lai budc 6 dé thu thap dir liéu tai cac thoi diém tiép theo. Qua trinh
nay duoc lap lai cho dén thoi diém cudi cung dugc ve trén dd thi.

Buwdc 12: Tir bang dir liéu tong hop duoc trong File Excel:

- Xac dinh cac tham s6 ANR, EIB, sb ban tin nhan duoc, sd ban tin mat theo thoi gian
dua vao cac cong thirc trong muc 2.4.1.

- V& d0 thi bién thién cac tham s6 nay theo thoi gian.
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Phu luc 5. Panh gia thwe nghiém véi TUmote.
Bwéc 1: Chudn bi ma ngudn chuong trinh cho giao thitc EACTP (EACTP.c), giao
thirc CTP (CTP.c).

- Bién dich ma ngudén chuong trinh EACTP va CTP thanh File EACTP.hex va
CTP.hex.

Bwéc 2: Nap chuong trinh cho cc nat cam bién qua mach nap.

- Nap mé ngudn chuong trinh EACTP.hex cho cc nit cam bién thong qua mach nap
khi danh gia giao thuc EACTP.

- Nap ma ngudn chuong trinh CTP.hex cho cac niit cam bién thong qua mach nap khi
danh gia giao thuc CTP.

Hinh 18: Két ndi TUmote v&i mach nap.
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FlashPro430

Fast USB-MSP430 Flash Programmer

- Elprotronic Inc.

|3

Interface: JTAG (4 kbig]

Interface
i 5 EACTP.hex path: | C:4Documents and Settingsiadminis
[ Open Code File > ] | | | 0 | OITAG OBSL @ Auta
[ Open Password File - ] | | path: | | ) Spy-Biwire
Microcontroller Type Statuz Power Device from Adapter Blows Security Fuze
MSPAIF 1611 v | | 1000 Doyice [ Enable
Enable Walage |:| BLOW FLSE
Target: - 3
Open |
BsL: _ [ Reload Code File
Selected De Look in: | 123 Ma nguan
B -1 AUTO PROG.
picoo Werify Security Fuse
Feading Code
Feading Code ERASE FLASH
ELA&NE CHECK
WRITE FLASH
Flename:  [EACTP | [oeen ] | wmite sM 7 Model
Files of type: | Intel format [ hex) » | [ Cancel ] WERIFY FLASH
Open as read-only READ 7 COPY
1
Adapter:  MultFPA-Chain Eraze /\Write memary option:

= Al W emory *

NEXT [F5]

(

Hinh 19: Chon File ma ngudn cin nap.

£ FlashPre430 ( Fast LUSB-M5P430 Flash Programmer) - Elprotronic Inc.

File “iew Setup Serislization AboutiHelp
- — Interface

[ Open Code File ] |EACTF‘. hex | path: |C:\Documents and Settlngs\Admlnls| OJTaG OBSL G huto
[ Open Password File -» ] | | path: | | ) Spy-Biwire

Microcontraller Type Statuz Fower Device from ddapter Blow Security Fuze

MSPAIOF 1511 v | Pass | W g [ Ensble

Enable Voltage |:| ELOW FLISE
arget:| MSP430F1611 Tatal POWER OMAOFF D Device Action
BSL: Bialance: 0 RESET 327 [ Reload Code File
Selected Device Informnation Flheah &
Rishd - 10240 bytes;  FLASH - 48 kB; BCH AU [ AUT0 PROG.
Freport Source: | Ox16CED4DA
Werify Security Fuse

Reading Code File ... done tdemary: | w1 ECEDADA @ E
JTAG communication initialization..... 0k, ) o E ERASE FLASH
Wernfying Secunty Fusze QK. Device Senalization
Erasing memony . done @ BLAME CHELCE,
JTAG communication initislization. .. QK | |
All memory Blank checking, QK. WRITE FLASH
Flash programming ...... daone I:I Fead S E
Yernfying check sum ... QK.

DOME -~ [mntme= 49sec)

| |
[ooooooo0____|

Adapter.  MuliFPA-Chain
Interface: JTAG [4 Mb/s)

Eraze / \write memory option:
* All Memory *

B [ wRITE SN/ Model

&2 (vemrrussn ]
0 (oo

AUTO PROGRARM

NEXT [F5)

(Wmnnn

Hinh 20: Chon AUTO PROG. dé nap chuong trinh cho TUmote .
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Buwée 3: Lip pin va trién khai cic nit cam bién theo kich ban danh gia. Nut Sink
duge két ndi voi may tinh qua cong USB.

Hinh 21: Trién khai cac niit cam bién TUmote.

Buwdc 4: Mé chuong trinh thu thap dit liéu trén may tinh dé Két ndi téi nit Sink.

File

Nodes (" pigukhién | Do thi cambién | Cac dothimang | Péthicong sust | SENSOR | Pdthimang | Nodelnfo | Serial Console |

=<All>
Nap chwong trinh cho node |  Nap chweng trinh...
Két ndi téi node | K&t ndi téi nit SINK

Trung tam diéu khién | Bat dau nhan dik liéu | | Ngirng nhan dik liéu

Cai diit thu thap dik liéu

Théi gian gi¥i c6 dinh [50 | giay
Théi gian gi¥i ngau nhién [60 | giay
S6 1an truyén lai [31 | tie (0-31)
S lan givivé [0 | (0= gi¥i mai mai)
‘ Gi¥i Iénh bt dau | | Gi¥i 1énh dirng két ndi ‘
Huéng din sit dung

# K&t nii node SINK TUmode dén cing USB cda PC. MNhin mit Nap chueng trinh...
# Chuong trinh s tw déng hiy keét néi Bim mit Két néi.

# Bém nit Bt dAu thu thip dé thu thip dit g,

# Bém nit Giti 16nh dén nit dé cdu hinh ki cdc mit

Hinh 22: Giao dién chuong trinh thu thap dir li¢u trén may tinh.
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Buwée 5: Thuc hién Reset cac thiét bi phan cirng TUmote bang cach nhan nut Reset
trén thiét bj phan cing. Khi d6, cc thiét bj phan cing TUmote bt dau khoi tao lai
giao thirc dinh tuyén.

Buwéc 6: Tir giao dién chuong trinh phan mém thu thap dir liéu trén may tinh (Hinh
22).

- Giri cac tham sb cu hinh (chu ky gui ban tin dir liéu, sé 1an truyén lai) t6i tit ca cac
nut trong mang: Kich chon Giri 1énh bt dau.

- Thiét 1ap nut dang két ndi voi mdy tinh 13 nat Sink dé bat dau thu thap dit liéu, dong
thoi giri thong bao t6i tit ca cac nit trong mang: Kich chon Bét diu nhan dir liéu.
Bwdc 7: Thu thap dir li¢u trén may tinh.

- Céc nut phan cimg TUmote dinh ky gtri cac ban tin dir liéu vé nut Sink cho dén khi
chung hét nang luong (EI = 0).

- Chi s6 nang luong EI cia cac nut dugce cho vao mdt truong trong phan tai tin cua
ban tin dit liéu dé guri vé chuong trinh thu thap dir liéu trén may tinh.

- Chuong trinh thu thap trén mdy tinh dya vao (trudong dia chi nat ngudn va truong sd
thtr tu cuia ban tin) dé xac dinh sb ban tin nhan dugc va sb ban tin mét cta tung nut.

- Dit liéu vé sy thay doi chi s ning luong EI cta cac nut trong mang, sd ban tin nhan
duoc, sb ban tin mat duoc cap nhat ty dong vao co s¢ dir liéu Access trén may tinh.
Budic 8: Sao chép toan bo dit liéu sang File Excel dé xir 1y. Tir bang dir liéu tong hop
duoc trong File Excel:

- X4c dinh cac tham sb ANR, EIB, s ban tin nhan duoc, sd ban tin mat theo thoi gian
dya vao cac cong thirc trong myc 2.4.1.

- V& @6 thi bién thién cac tham sb nay theo thoi gian.
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