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EACTP: Giao thwc cay thu thap dir liéu véi thong
lwong cao vadam bao sr can bang nang hreng

EACTP: A Collection Tree Protocol with High Throughput
and Balanced Energy
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Abstract A Wireless Sensor Network consists o Biém thu thap
many tiny nodes with the constraints of processin
capability, memory, communication range and powel
The communication algorithms for wireless sensc
networks are designed to operate in these cong&ain
In this paper, we propose and design an Energ
Aware Collection Tree Protocol (EACTP) with high
throughput and balanced energy in order to balanc
sensor nodes’ energy of the routes that have goéd |
guality and improve the lifetime of sensor nodes
EACTP uses the link quality metric (ETX - Expected
Transmission) and the Energy State (ES) of sensor

nodes to select the optimal route. The experimental Hien ti, giao thic CTP & dung throc do dinh

results with TUmote (Thainguyen University motet)uyérn A $ lin trun ky vong ETX (Expected
show that EACTP guarantees the energy balancreransmission) [1]dé lea chon 'tuyén dwong i wu.

between the sensor nodes and the sensor nod?a;/én duong co ETX nio nht 1a tuyén duong co é

lifetime is improved better than the original CTP. lin truyén dén ndt ghc it nhit va ding 13 tugn duong
hiéu qua vé mat nang hrong nkit. Tuy nhién, giao tic
CTP hén tai khdng dam bao duoc van & can ting
nang hrong gita cac nat rng. Mot b NGt mang thube
tuyén duong i wu $ hét nang lrong nhanh bn cac
ndt con hi va € tao thanh cacd hong trong nang,
lam giam hiéu ning aia toan b hé thdng mang. Mot
sb cong trinh nghiéntw gin day [2, 3] dingda cH ra
nhuoc diém nay @a giao tiic CTP.

Hinh 1. Ciu trc lién Kt mang.

l. GIOI THI EU

Hién nay, caarng ding chinh éa mang Gim bién
khdng day la thu #p thdng tin trong trong aim bién.
Vi vay, céc giao thic thu thip di liéu nhin duoc nhidu
sr quan tam nghiénua trong ©ng ddng mang ém
bién khdng day. Mt trong nliing giao tic thu thip
dir liéu higu qua nhit cho mang ém bién khéng day
d6 la giao tirc cay thu thp dix liéu - CTP (Collection
Tree Protocol). Giao ttt CTP dugc xay drng dra
trén phrong phap #p cn dinh tuyén phing, tr to
chirc. Giao thirc CTP cho phép trign théng héu qua
tir cAC NGt mng trong tedng am bién dén mot trong
cac nat gc.

Trong bai bdo nay, ching téé xuat va thiét ké
giao thrc EACTP (Energy Aware Collection Tree
Protocol) i théng krong cao vatam bio sr can king
nang lrong. Giao tiic EACTP & dung thrdc do dinh
tuyén ETX va tang thai ring hrong con 4i ES dia nat
chuyén tiép dé lra chon tuyén duong i vu. Giao thirc
EACTP duoc thiét ké dwa trén giao thc CTP niim
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dam bao sr can lng ning lrgng gita cac nat rng
thuoc tuyén duong Hi wu va nang cao th gian $ng
ciia cac nat nng. Giao tikc EACTP i tién giao thirc
CTP & ba khia enh chinh: Tk nhit, giao thic
EACTP W sung thanh gm wéc lugng ring hrong
con hi trén mdi nGt am bién; Thi hai, giao tkc
EACTP b sung nét thuéc do dinh tuyn msi do la
trang thai ring rong con 4i ES (Energy Statejé xac
dinh tuyén duong ©i wu trong mng; Thr ba, giao
thirc EACTP thaydoi thuat toan lra chon tuyén duong
t6i wu dra trén g két hop cia hai thréc do dinh tuyén
la ETX va ES.

Il. CAC NGHIEN CUU CO LIEN QUAN
I.1. Pinh tuyén véi téng ning lweng téi thiéu
MTPR (Minimal Total Power Routing)

Mot trong nlitng dé xuat bandau cho céac thsc
do dinh tuyén lién quandén ning hrong d6 1a Bi thiéu
ning hrong tiéu thu trén ndi ban tin. Singh va éng sr
[7] da thrc hign y trong nay nir sau: Gi e biéu thi
nang leong tiéu th d& truyén mot ban tin tr nat i dén
mot nat j 1an @n. Néu mot ban tin phii di qua not
tuyén duong p bao §m cac nat g.., n thi ©ng ning
lwong E dn thiét dé truyén ban tin 1a:

k-1
E = ; % N (1)

Trong not tip P cac tugn duong co ti, tuyén
duong duoc lya chon 1a tuyén duong cé dng ning
lwong tiéu thi 1& nk nhat. Nheoc diém aia thrc do
dinh tuyén MTPRd06 la né khéng cungép théng tin
vé thoi gian $ng con 4i cua pin. Tugn duong tim
duoc c6 ring lrong tiéu thr trén mdi ban tin la nke
nhat nhung lai c6 thé dan dén viéc mot s nat mang €
hét nang krgng nhanh bin cac nat mng khéc.

1.2. Pinh tuyén véi chi phi nguon pin nhé nhat
(Minimum Battery Cost Routing)

Pé dam bio ar can king ning lrong tiéu th trén
tat ca cac nit trong mng va ghi quyét nhroc diém
cua throc do dinh tuy¥n MTPR thi dunguong pin
con hi trén mdi nGt aim bién duoc quan tandén trong
thuéc do dinh tuyén MBCR [8]. Thréc do MBCR dra
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vao dungikgng pin con 4i trén mdi ndt cam bién. Mdi
nat aém bién duogc gan ndt chi phi. Chi phi naguoc
tinh hing ngtich dao dung trong pin con 4i trén nit
cam bién. Trong nét tap P cac tu§n duong co tie,
tuyén duong duoc lya chon 1a tuyén duong c6 dng chi
phi ning krong & nkd nhat. Nhuoc diém aia thrée do
dinh tuyén MBCR d6 la tuyn duong duoc hra chon
c6 thé bao gm mot s ndt mang c6 dungtong pin
con ki & mirc thap. Nhirng nat mng nay § hét ning
lwgng nhanh bn cac nat rang khac.

11.3. Giao thic dinh tuyén nhan thirc vé nang lugng
EAR (Energy Aware Routing)

Giao thic dinh tuyn c6 s nhan thrc V& ning
lwong EAR [9]duoc dé xuit boi Rahul C. Shah va céac
cong ar duy tri mdt tap cac tugn duong Ht thay vi ch
lya cton mot tuyén duong Hi vu. Giao thic EAR st
dung thréc do ning lrong dé xac dinh cac tugn
duong Ht. Theéc do ning hrong nayduoc xacdinh
boi ca chi phi chugn phat nét ban tin va ring hrong
con hi caa cac nat chudn tiép.

Giao thic EAR ©n tai hai nhrgc diém chinhdé Ia:
Thi nht, giao thrc EAR dra vao fing lwong con i
cia @ tuyén duong ma b qua s khac nhau & ning
lwong aia ting nut riéng ¢ trén tuygn duong. Mot
tuyén duong con nhdu ning lwong khéng cé ngia la
tat ca cAc nut trén tudn duong dé con nhiu ning
lwgng. Thr hai, giao tifc EAR xacdinh thréc do chi
phi ring lwong dra trén & h trg vé phan aing trén
cac nat ém bién. Tuy nhién, khéng pih moi phin
cirng déu hd tro kha ning nay.

I.4. Giao thic dinh tuyén E-Span (Energy-Aware
Spanning Tree Algorithm)

Trong bai bao [10], cac tAcagid d& xuét giao thic
dinh tuyén E-Span. Trongd, nat c6 #&ng lrong con
lai & mirc cao nlt 8 duoc chpn lam nat ge. Cac nat
khac § lya chon nit cha (Gt 1anan tt nhat) trong $
cac nut 1an n dya trén nicc ning rong con 4i va $
budc nhiy dén nat dic.

Nhugc diém chinh @a giao thirc dinh tuyén naydo
la tuyén duong i vu dugc lya chon dya vao thréc do
dinh tuyén & buéc nhiy. Thuéc do dinh tuyén nay
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khdng xétdén hi¢u suiit cia ting lién Kt trén tuyn

duong tir ngwdn dén dich. Mang am bién khéng day
bao @m nhiu lién Kt ton hao. Vi gy, cac tugn

duong Wi s6 buge nhiy toi thiéu hoan toan co6 thbao
gom nhing lién Kt ton hao vadiéu nay lam gim

thdng lrong aia mang. Ban tin c6 thé phai viéc truyén

lai nhiéu lan gay lang phi & nang hrong.

11.5. Giao thirc dinh tuyén c6 ar nhan thic Vé ning

lwgng va can king tai

Trong bai bao [11], cac tacagia dé xuat giao thirc
dinh tuyén c6 s nhan thirc V@ nang lrong vadam bao
s can ling i trong mang. CAc tac gidé xuat co ché
udc lwgng ning legng tiéu thi dea vao cac ha dong
(truyén, nkin) cia bH thu phéat vé tugn. Budc nhay ké
tiép duoc hra chon & nat c6 ang rong con 4i & mac
cao nlit. Mot ndt mang duoc xacdinh & quadi dua
trén $ luong cac Bn tin truyén, nkin cia b thu phét
v tuyén.

Nhuoc diém aia giao thrc dinh tuyén naydo la
tuyén duong ©i vu duoc lya chon dra vao @ng lrong
con hi trén nat chugn tiép. Thréc do dinh tuyén nay
ciing c6 nlroc diém gibng nhr thudc do dinh tuyén &
buéc nhiy khi khong xétdén chit lugng lién Kt gitra
cac nat mng. Piéu nay co th din dén viéc truyén lai
ban tin nhéu lan, gay ra s lang phi #ng leong va &

gua #i cua cac nut trong amg. Ngoai ra, mé hinh

nang lrong tiéu thi cia ndt @m bién dwoc sr dung

trong giao trc nay ding ch xét dén ning lrong tiéu

thu caa b thu phat vo tugn ma chra ké dén cac thanh
phan tiéu thr nang leong khac.

ll. THIET KE GIAO TH UC EACTP
l11.1. M uc tiéu thiét ké va nhirng thach thirc

Muc tiéu chinh khi thit ké giao thrc EACTPA6 la
dé xuit mot giao thrc cay thu thp di liéu voi théng
lwong cao va céwsnhan thic V& ning hrong nhim
dam bao sr can lng ning krgng gita cac nat rng
thudc nhirng tuyén duong cé clat luong lién Kt tt va
nang cao thi gian $ng aia cac ndt mng. Mot sd
thach thirc dat ra khi thét ké giao thrc EACTPA6 la:
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Thir nhat, cin phai xac dinh duoc ning hrong con
lai trén mdi nat cim bién. Cach xactinh ning hrong
con hi trén mdi NGt cim bién cin thyc hién dugc trén
nhiéu kién trac pn arng khac nhau va khéng lam
phét sinh thémt ky mot chi phi nao & phin arng.

Thi hai, én phai dua ra ndt thuéc do dinh tuyén
phu hyp dya trén thdng tin & nang lrong con 4i trén
mdi ndt cim bién. Thréc do dinh tuyén msi dé xut
can phin anhduoc céc tang thai ring lrong con hi
trén ndi ndt cam bién. Thrée do dinh tuyén nayduoc
phét qing ba cho céc nut larie thdng qua cacdn
tin diéu khién vaduoc cip nhit thuong xuyén trong
bang dinh tuyén aia cac nat lanan. Pidu nay § lam
phéat sinh thém chi phi éhvé ning krong trong véc
giri cac kin tin diéu khién.

Tht ba, tugn duong i vu duoc hra cton trong
giao thrc EACTP plii thoa mén cac tiéu chiva viec
dinh tuyén trong mng am bién khéng daydé la
tuyén duong hra chon phii c6 ty 1& chuyén phat an
tin dir liéu thanh céngién nat dc & mic cao vaday
ciing 1a tuyn duong higu qua vé mit nang hrong.

[11.2. Uéc lwgng niang lweng con hi trén ndt cam
bién

Ning hrong la \in d& quan tong trong cac mng
cam bién khong day. Mu ning hrong tiéu thi trén cac
nat am bién co th uéc hrong duoc thi cac giao tinc
dinh tuyén c6 tté Iya chon cac tugn duong Hi vu dra
vao théng tin ang hrong con 4i trén mdi nat cim
bién nhim ting thyi gian $Ng aia toan mang 1én bi
529 [12].

Ning hrong con 4i trén ndi nat cim bién dugc xac
dinh theo cdng tirc:

Eresidual = EO_ Econsumptior (2)

Trong do: Eresiquar Eos Econs.umptionlé\ln ot |a nang
lwong con 4i, nang rong bandau va ring hrgng tiéu
thu trén nat ém bién.

Mot sb nén tang phin aing cho cac mmg aim bién
khéng day hén nay nlwr TUmote [13], IRIS, MicaZz,
TelosB [14]...déu khong B tro co ché do ning lwong
tiéu thy cia nGt @m bién dra trén phn orng. Cac o
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ché do ning lrong dra trén phn aing throng gip
nhiéu khé khin khi duoc 4p ding vao cac tht ké
phan arng hién tai boi vi cAc © ché nay throng yéu
cau kha nhéu sr diéu chinh trén cac tkt ké phin
cing. Chi phidé do ning hrong dra trén pan omng c
thé ting 1&n 6i 100% [15]. Trong khidd, a ché woc
lwong ring leong tiéu thy dua trén pAn mém co th
dugc 4p ding trén cac tit ké phin aing va cac thit
ké phin mém hién tai ma khéng én b sung thém 4t
ky mot chi phi \& phén aing nao.

Co ché uéc lwong ning lrong dra trén pAn mém
s dung mé hinh tiéu th ning krgng tuyén tinh. Tong
nang hrong tiéu thu dugc tinh toan nh sau [12]:

Econsumption: U(I la. a+ I 1:1 I+I tt t+| tr r+ZI Ei c) (3)

Trong d6: U la dién &p ngén cung ép; I, t, 1a
dong tiéu th va thyi gian ma 1B vi xir ly hoat dong &
ché d¢ tich arc (active mode)t;, t la dong tiéu th va
thoi gian ma 16 vi xar ly hoat dong & ché d6 coéng sat
thip (low power mode)l;, t 1a dong tiéu th va thi
gian b thu phat v tugn & ché do truyén (transmit);
l,, t la dong tiéu th va thyi gian b thu phat vo tugn
& ché d6 nhan (receive)], ti 1a dong tiéu th va thoi
gian hat dong aia cac B phan khac nix cam bién,
LED...

Trong bai bao nay, chdng td@anh gia giao tirc
EACTP sr dung phin aing TUmote [13]. Bng 1
trinh bay md hinh ang krong cho TUmote. Céacds
lidu V& dong tiéu th duoc ldy tir cac tai lBu ky thuat
cia cac nhaa xuit linh kién.

Bang 1. M6 hinh ring lrong aia TUmote.

Thanh phén Trang thai Dong tiéu thy
Tich arc 1,95 mA

MSP430 F1611 [16] C6ng sit thip 0,0026 mA
Truyén (0 dBm) 17,4 mA
CC2420 [16] Truyén (-15dBm) 9,9 mA
Nhan 19.7 mA
SHT11 [17] Tich gc 0,55 mA

Trong m6 hinh &ng lrgng aia TUmote, chung toi
chi quan tamién cac thanh pin tiéu thr nang hrgng
chinh va b qua cac thanh gh tiéu thi ning keong
nho khac.
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[11.3. Th woc do trang théi niang lwgng con hi

Chi s5 nang hrgng con 4i El (Energy Indicator)
trén ndi ndt cim bién co6 thé dugc xécdinh theo céng
thirc sau:

=
El(%) = % 100% 4
0

Trong bai bao nay, ching t@é xuit y tuong
ngudng ch b ning lwong thichweng va ndi nat aim
bién £ c6 Mt b trang thai ring lrong khac nhau.
Gia tii cia ngrong ch sd niang hrong dugc diéu chinh
thich ang theo bn trang thai ring hrong con 4i cia
nat am bién. CAc that toan thu thp di liéu hién tai
lya cton nat chugn tiép chi dwa vao nét ngdng ax
thé va la not gia ti cd dinh. Biéu nay § lam giam
hiéu ning aia mang. Bang 2 mo 4 bdn trang thai ring
lwvong aia nat.

Bang 2. Trang thai ring hrgng con &i.

Trang thai | El (%) ES Mo ta
0 30-100 00 NRiu ning hrong
1 10-30 01 Thiu hyt nang hrong
2 5-10 10 Thdu nhidu ning lrong
3 0-5 11 Ht nang hrong

Hinh 2 1a du trdc kn tin didu khién duoc sr dung
trong giao titc EACTP. Céc trong trong ln tin diéu
khién bao gm: Bit P cho phép céac nit yééwcthdng
tin dinh tuyén tr cac nat khac; Bit C théng badyra
hién trong tic ngken; Truong reserved (6 bit)wdtri;
Truong Parent (16 bit) mandia ch caa nat cha Kin
tai; Truong Rtmetric (16 bit) mang tidc do dinh
tuyén hién tai cia nat.

BN trang thai ring hrgng con hi trén ndt ém bién
co thé dugc ma hoda bi 2 bit dr trir (ES - Energy
State) trong #n tin didu khién. Vi vay, giai phap nay
khéng lam phét sinh thém cac chi phéimvé ning
lwong trong véc giri cac kin tin diéu khién.

0 2 4 8 16

P|C|ES|reserved

Parent

Parent Rtmetric

Rtmetric

Hinh 2. Cu tric kin tin didu khién.
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lIl.4. Thu 4t toan lwa chon tuyén dwong

Thuat toan lra chpn tuyén duong dra trén thong tin
vé chit luong lién Kt ETX va tmng thai ring hrong
con ki ES. Hinh 3 minh &a mt ciu tric caydinh
tuyén EACTP.

Nt gbc
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Hinh 3. Ciu triic cAydinh tuyén EACTP.

!

Céc nuat i to chic thanh mt ciu trdc ding cay va
dit liéu lubnduoc giri vé& nat cha chaén khi d¢én duoc
dinh aia cay (nat §c). Vi tri cia cac nit trong cay
dugc xAac dinh i thuéc do tuyén dwuong rtmetric
(route metric). Théc do rtmetric dia Mt nut duoc
xac dinh king ©ng thréc do ETX trén céc lién &
thuoc tuyén duong tir ndt dé dén nat dc. Nat de ¢
dinh céay cé gia frrtmetric = 0. C4c nut l&<06 gia ti
rtmetric cangdn khi cang xa nat&e. Thut toan lra
chon tuyén duong dugc trinh bay @6i dang ma gh
trong Hinh 4.

IV. THUC THI GIAO TH UC EACTP

Chung toi thrc thi giao thirc EACTP trén B diéu
hanh Contiki. Contiki la @t trong nhing ke diéu hanh
cho ming céim bién khong day pé bién nhit thé gisi
hién nay [18]. Giao thc EACTPdugc xay drng trén
ngin xép truyén théng RIME trong & diéu hanh
Contiki. Hinh 5 minh ha cac thanh gim chinh éa
giao thrc EACTP.

IV.1. Khéi wéc lwgng chét lwong lién két
Khéi woc legng chit luong lién Kt thuc hién viec
tinh toan cht luong lién Kt giira hai nat 1an an. Khoi
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nay tinh toan cit luong lién Kt gita hai nat rang
dua trén g thong ké cac bn tin didu khién nhin duoc
va 9 ban tin di lidu duoc truyén thanh cong gia hai
nat mang.

Thuat toan 1: Thuit todn lya chon tuyén duting
Diiu vao: Bang dinh tuyén cia niit s
best = NULL;
rtmetric = RTMETRIC_MAX:
for n = RoutingTableli]
if (n.rtmetric + ET Xjiupe—n < rtmetric)iede(n. ES == 00)then
rtmetric = nortmetrvie + ET X jppe_nt
best = n;
end
if hest == NULL
for n = RoutingTable[i]
if (nortmetric + ET Xiings—n < rtmetric)&&(n. £S5 == 01)then
rtmetric = nortmetric + ET X s n:
best = n;
end

end
if best == NULL
for n = RoutingTable[i]
if (n.rtmetriec + ET X gps—n < rtmetric)le&(n. ES == 10)then
rtmetric = n.rtmetric + ET Xtinks—n;
best = n;
end
end
if best! = NULL then
return best:
else
rtmetric= RTMETRIC_MAX
broadeast(rtmetric);

end
Hinh 4. Thuat toan {ra clpn tuyen duong.
Lép teng dung
3
Lép mang (Giao thire EACTP) v
Quan ly Quan ly
céc ban tin diéu khién cac nat lan can
Thu thap

Uéc lvong

néng lwong tiéu thu

[}

Ubclwong
chét lwong lién két

Lé&p diéu khién truy nhap kénh truyén

A

Y

Lép vat ly

Hinh 5. Cac thanh pin chinh @a giao tikc EACTP.

IV.2. Kh i wéc lwgng ning lwong tiéu thu

Khéi nay c6 nhém wu wdc lwong ning heong tiéu
thy trén ndt @m bién, tinh toan chsb nang hrong con
lai El va xacdinh trang thai raing lrgng con &i ES aia
mbi NGt cam bién.
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IV.3. Khdi quan ly cac ban tin diéu khién

Khéi quan ly cac Bn tin diéu khién c6 nhém wu
phéat qung ba thdng tin & thudc do dinh tuyn cia
mdi nat. Bé thuc hién nhiém wu nay, ndt bo dinh thi
dugc ar dung dé dinh ky phat qung ba cac 4n tin
diéu khién. Ban tin diéu khién mang théng tin & dia
chi va céc tiréc do dinh tuyén caa nat gji.
IV.4. Khéi quan ly cac nat 1an dn

Khéi quan ly cac nat 1an an heu trir thong tin @a
cac nat 1an én trong lang dinh tuyén. CAc thong tin
nay bao gm dia ch cia nit 1an én va thrée do dinh
tuyén chit lugng lién Kt ETX va tang thai ring
lwong con 4i ES aia cac nat lanan. Khbi nay chra
mot bo dinh thyi dé dinh ky x6a cac nit 1anan trong
bang dinh tuyén khi cac 8 li¢u vé thuge do dinh tuyén
cua nutdo khbéngduoc cip nhit trong ndt khoang thoi
gian dai. Ngoai ra, i thuit toan lra chon tuyén
duong i vu ding duoc thee thi trong kidi nay.
IV.5. Kh i thu thap

bay la kibi trung tam éa giao tiic EACTP. Ki
nay cung ép cac giao tip cho cacdp trén va dp
dudi. Khéi nay ding thrc hién viéc khoi tao cho cac
khdi con ki. N6 thuc hién viéc giri va nHin cac lan tin
dit liu ding nhr c&c n tin xac nin. Néu co s thay
dbi vé vi tri caa nat hén tai trong du trac caydinh
tuyén thi khdi nay € tac dong dén khbi quan ly cac
ban tin diéu khién dé phat qung ba céac 4n tin diéu
khién nhim théng bao cho cac nat lamncbiét vé
nhitng thaydoi nay. Bé tranh »y ra hén trong tring
lap cac kn tin di liéu thi mdi nat < kiém tra kin tin
dir liu cin dugc chuyn tiép voi cac kin tin di ligu
vira moi duoc chuyén tiép gin nhit. Néu ban tin nay
da dugc chuyén tiép thi né § bi loai bo.
V. PANH GIA GIAO TH UC EACTP

D¢ danh gia htu ning giao tirc EACTP, ching t6i
s dung ke thong nghién Gu thyc nghém voi mang
cam bién khong day [13].
V.1. Kich ban danh gia

Bang 3 tom #t kich kin danh gia hai giao ttc
CTP va EACTP.

Hinh 6 1a md hinh tén khai mang gom 10 nat. Cac
nat mang dinh ky gai ban tin di liéu vé nat Sink la nat
s0 10.
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Bang 3.Kich kan danh gia.

Céac tham & Kich ban 1 Kich ban 2
N L Trong &m Cay oi
Mai truong truyén séng Ahin thing thm thip
S6 niat mang (nat) 10
Khoang cach gia cac nat 15x15 20 x 20
mang neng (M x m) _
N'flng lrong bandau aia noi 10 J
nut
Cong st phat -15 dBm 0 dBm
Chu ky gui ban tin dx ligu 60 s
Ngudn gui ban tin di liéu Tét ca cAc nut trong ang
Giao thrc I6p MAC [3] CSMA/ContikiMAC
Dit liéu cim bién 20 bytes
)
O @ @
@ ®
©) ® ©®

Hinh 6. M6 hinh trén khai ming ¢gdm 10 nat.

V.2. Céc tham $ danh gia

Chung tdéidanh gia va so sanhéu ning gita giao
thic EACTP va giao tic CTP thdng qua 6t S5
thuoc do danh gia sau.

a. Ty lé cac nat con éng trong meng

Ty I& cAc nat con &g trong nang ANR (Alive
Node Ratio)uoc xacdinh hing t sd giira $ nat con
song trong mang va tng $ nat bandau trong mang.

ANR%) = (5)

Trong d6: Najve nodesl@ ©Ng $ ndt con éng trong
mang; N 1a ting $ nat bandau trong mng.

b. Ty | chuyén phat hin tin di li¢u

Ty 1& chuy¥n phat ln tin dr liéu DDR (Data
Delivery Ratio)dugc xacdinh king 1y b gitta $ ban
tin dir liéu nhin duoc tai nat Sink va éng $ ban tin
dit liéu dwoc giri di boi tat ca cac ndt trong ang.

N._.
alive_nodes 100)/0
N
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DDR(%) = Noeceved 1009 (6)
data

Trong do: Nreceivea 12 NG $ ban tin dr liéu nhan
duoc tai Nt Sink; Ngaw 1& ©ONg $ ban tin di liéu duoc
giri boi tit ca cac nat trong mng.

Ty 18 chuyén phét ln tin dr liéu (DDR) cang cao
thi hiéu qua truyén théng trong mng cang &t va ¥ 18
c&c nat condng trong mang cang cao.

c. Swcan hing ning lweng giFa cac nit neng

Pé danh gia g can kng ning lrong gira cac nut
mang, ching toi da vao ch sb nang hrong con i El
trén cac ndt mng. Thréc do danh gia s can ling
nang hrong EIB (Energy Indicator Balance)igi cac
nut trong mng dugc xacdinh theo cdng tirc sau:

EIB= /_ZN:(E— El)?

Trong d6: Ella ch sb nang hrong con 4i trung
binh trén cac nat amg.

()

d. Théi gian sing gia mgng

Thoi gian $ng aia mang c6 tkk dugc dinh ngha la
khoang thyi gian kit diu mot truyén din du tién ¢
trong mang va Kt thic khi § 1é phn tram cac nat Bt
nang hrong drgi mot nguedng cho twoe. Gia ti
ngudng dugc thiét 1ap thy thwe vao tngang ding.

binh ngha nay cd lién quadén thoi gian $ng aia
mot NGt mang va khdng xédén vai tro @ thé cua cac
nat mang ki hét nang rong. Néu ty 18 phén tram duoc
thiét 1ap la 100% thi thi diém nGtdau tién trong mang
hét ning hrong ding la thyi diém két thic thi gian
song aia mang.
V.3. Két qua danh gia thwe nghiém

Hinh 7, 8, 9 la & qua danh gia tiec nghém voi
giao thrc EACTP va giao tirc CTP trong kch kin 1.
Hinh 10, 11, 12 la & qua danh gia tlre nghém i
giao thrc EACTP va giao tirc CTP trong kch hin 2.

Két qua danh gia tiee nghém o Hinh 7, 8, 10, 11
cho thiy thoi gian $ng aia cac niat rng khi mang
hoat dong theo giao tic EACTP duoc cii thién tht
hon so i giao thrc CTP bandiu. Tuy nhién, giao
thirc EACTP \in dam bao duoc ty 1¢ chuyén phét tn
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tin dir liéu & mac cao (> 90%). Trong kiag thoi
gian cwi, ty 18 cac nat condng trong nang khi mang
hoat dong theo giao tic EACTP cao bn so \bi giao
thirc CTP nén giao trc EACTP c6 ¢ I¢ chuyén phat
ban tin dr liéu cao lon so i giao thic CTP bantau.

Két qua danh gia tlre nghém & Hinh 9, 12 cho
thiy giao thric EACTP dam hio dwoc ar can ling
nang hrong gita cac nat rng ©t hon so i giao thrc
CTP bandau. Biéu nayduoc thé hién bai duong cong
EIB ciua giao ttic EACTP thp hon so i duong
cong EIB a@ia giao thirc CTP.

Hinh 9, 12 @ng cho thy trong khang thyi gian
cudi, ty 1& cac nat con &g trong mng gém, ning
lwong con hi trén cac nat &m bién giam nénduong
cong DDR vaduong cong EIB éa & hai giao tlic
CTP va EACTP @ng gam theo. Nir vy, két qua
danh gia Bng thrc nghém hoan toan phidp Voi
phan tich ly thugt.

Néu gia ti ngrdng duogc thiét 1ap d& xacdinh thi
gian $ng aia mang & 100% thi Hinh 7 va Hinh 10
cho thiy thoi gian $ng aia mang khi hait dong theo
giao thic EACTP dugc cii thién tt hon so Wi giao
thiec CTP: Tang 10 phat (tong ing Wi 15,4%¢ Hinh
7) va ting 5 phut @@ongung Wi 7,7%¢ Hinh 10).

VI. KET LUAN

Trong bai bao nay, chang tda trinh bay ¢ giai
phap thét ké giao thic EACTP. Giao thc EACTP
dugc thiét ké nhim dam bao sr két hop gitra théng
lwong cao va canimg ning hrong gita cac nit rng
thuoc tuyén duong i wu. Ching t6ida thrc thi va
danh gia tiee nghém voi giao thrc EACTP & dung
phan arng TUmote. Cac & qua danh gia so sanhud
trén thrc nghém gitra giao tlirc EACTP va giao tinc
CTP cho thy giao thrc EACTPdat duoc mot sb tiéu
chi quan tongdo la: Tang dugc thoi gian $iNg aia cac
ndt trong mang; Pam bio dwoc sr can hing ning
lwong giita cac nat rng the nhitng tuyén duong co
chit luong lién Kt tét; Pat duoc ty 16 chuyén phat fn
tin dir liéu trong mng & mic cao; Khéng lam phat
sinh thém céac chi phi éhvé ning lrong trong vic
giri cac kan tin diéu khién.
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[—+—crp - EaCTP | [——ar - = -eacip]
100 S 100 ~
80 — 80 SRS
—_ T -\\‘
¢ \\ g 60
o [
Z 2 Z 4
20 20
0 0
65 70 75 80 85 90 55 60 65 70 75 80
Thei gian (phat) Thé&i gian (phut)
Hinh 7. So sanhst & cac nat conéng trong nang. Hinh 10. So sanhst1é cac nat condng trong nang.
‘+qp—+—EAcrp‘ ‘—o—CTP —+—EACTP‘
100 = 4 MEREEEES e 100 —
80 80
& 60 T 60
§ 40 § 40
20 20
0 ‘ ‘ ‘ ' ‘ 0 .
65 70 75 80 & 50 55 60 65 70 75 80
Thoi gian (phit) Thei gian (phit)
Hinh 8. So sanhyté chuyen phat fan tin dx licu. Hinh 11. So sanhst & chuyén phat tan tin di li¢u.
[—+—cTP - = —EACTP] [—s—ctp -=-AcTP |
100 100
80 g0
£ 60 T 60
g a2 ’l‘\ﬁw—f’“*\‘“«x\ 2 40 e S
o TTET TR __-.-__\“iAH w {_7‘—~_~4-\L“+7‘__ =
20 —om 20 \'\*n
0 0 ; . ; ; ;
65 70 75 80 85 %0 55 60 65 70 75 20
Thei gian (phut) Thei gian (phat)
Hinh 9. So sanhs can lang ning hrong Hinh 12. So sanhscan ting ning lrong
gilra cac nut nng. gitra cac nut nng.
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