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GIAI PHAP PINH TUYEN THiCH NGHI NANG LUQNG
TRONG MANG CAM BIEN KHONG DAY

PO XUAN THIEU, Truong Pai hoc Giao théng Van tdi Ha Ngi

Tém tat: Mang cam bién khéng ddy c6 ddc thii la c6 thé giri va nhdn théng tin trong cdc diéu
kién dia hinh khdc nhau. Nguon cung cép cho cdc niit cam bién o cdc diéu kién khdc nhau, cé
thé duogc thyc hién bang cdc dang nguon khac nhau, nhw nguon dc quy, pin, pin mat troi,

nguon chinh luu dong dién xoay chiéu, ... Vin de dinh tuyen trong mang, két noi thong tin giira
cdc nut va trung tam trong cac mgng nhir vy can phoz hop dong bé giita cdc nguon, dam bdo
do tin cdy va keo dai thoi gian song cua mang la rat can thiét. ‘Bai bao nay dwa ra mot giai
phadp dinh tuyén, tinh dén ddc tinh ndng lirong nguon cung cdp trong cdc nut mang. Bang
cach tinh toan ham gia phu thuoc khoang cach giita cac nut, do doc nang luong va cong sudt
phat tai nit goc giao thirc dinh tuyén sé lwa chon dwoc con duong toi uu theo ham gid thap
nhdt dé truyen dir liéu. Két hop viéc xdc dinh nang luong con lai trén moz nut va ham gia, giai
phdp dinh tuyén nay sé dam bdo dinh tuyén toz uu theo sy nhan thirc vé nang lwong, dong thoi

thich hop véi mang ¢6 cdc mit mang dwoc cdp véi cde loai nguén khdc nhau.

1. Pit van dé

Mang cam bién khong day duogc tGng dung
rong rdi trong nhiéu linh vuc nhu: giam sat két
cau cua cong trinh (cAu, toa nha...), theo ddi cudc
song cua cac loai thu hoang da, theo doi diéu
khién méi trudng chudng trai; canh bao chay
rimg, phat hién ro ri hoa chét trong cac nha may,
giam sat cac toa nha thong minh...Mot nat cam
bién thong thuong bao gdm cac thanh phan sau:
bo vi xtr Iy nho va stir dung nang luong it (low
power processor), bo nhé (Memory), Radio dé
truyén dir liéu khong day, nguon dién (power
source) va cac bo cam bién (sensors) [1].

Thiét ké cac giao thic dinh tuyen clia mang
cam bién khong day phai xem x¢ét dén cong suét
va tai nguyén han ché cua cac nit mang, dac tinh
thay d6i theo thoi gian cia kénh truyen vo tuyén
va kha ning tré hay mit goi. Nhidu giao thic
dinh tuyén da duoc dua ra. Dang thir nhat 1a gia0
thirc danh cho kién tric mang phang trong d6 tét
ca cac nit xem nhu cung cap. Kién tric phang co
nhiéu lgi ich nhu téi thiéu phan dau khung
(overhead) dé xay dung ha ting mang va c6 kha
nang tim ra nhidu duong lién lac gitra cac nit voi
sai s0 cho phép. Dang thir hai dung trong mang
c6 chu tric tiét kiém nang lwong, 6n dinh va kha

nang mo rong. Trong dang nay, cac nit mang
duoc sip xép vao cac cum (cluster), trong d6 mot
ndt c6 ning lurong 16n nhat dong vai tro nat chu
(cluster head). Nut cha ¢6 trach nhiém phdi hop
cac hoat dong gitra cac nit trong cum Va Chuyén
thong tin gilra cac cum. Viéc phan hoach nay
giam duogc nang luong ti€u thu va kéo dai thoi
gian séng ctia mang. Dang tht ba dung phuong
phap hudng dit liéu (data-centric) dé phan bd yéu
cau trong mang. Phuong phép nay dua trén thude
tinh, & d6 mot nut ngué)n truy van dén mot thude
tinh cta hién tuong nao do hon la mdt nat cam
bién riéng bi€t. Viéc phan tan yéu cau thyuc hién
béng cach phan nhi€ém vu cho cac nit cam bién
va dinh rd mot thudc tinh riéng biét cho cac nut.
Dang tht tu dung vi tri dé chi ra mot nat cam
bién. Pinh tuyén dya trén vi tri rat hitu ich cho
cac ung dung ma vi tri cua nit trong mot Vung
dia 1y c6 thé duoc hoi boi nit ngudn. Yéu ciu
nhu thé ¢6 thé dinh 16 ving nao d6 ma cac hién
tugng quan tim cé thé xay ra hay lan can véi
diém dic biét nao do trong ving hoat dong cua
mang.

Giao thtc cdy thu thap d ligu CTP
(Collection Tree Protocol) duoc xdy dung dua
trén phuong phap tiép can dinh tuyén phang, tu
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t6 chtrc. Giao thirc CTP cho phép truyén thong
hiéu qua tir cac nit mang trong trudng cam bién
dén mot trong cac nat goc [3].

Giao thic CTP thuc thi co ché thu thap dir
lidu tin cdy ting budc nhay [2]. Cac nit ty to
chire thanh mot cau truc dang cay va dit liéu luén
duoc guri vé nit cha (parent) cho t6ikhi dén duoc
dinh cta cay (nat gbc). Nat gbe duge gan 1a dinh
clia cAy va tit ca cac nut khac duoc khdi tao 1a
cac nit 1a. Cac nut s€ cap nhat vi tri cia nd trong
cdy va qua trinh ndy duoc mo rong dan ra véi
diém xuét phat ban dau 1a tir nat gbc. Dit lidu
dugc giri qua mot cau tric cdy dén nat gdc.
Trong giao thirc CTP, thudc do dinh tuyén dugc
str dung 1a s6 1an truyén ky vong-ETX (Expected
Transmission). Thudc do chat lugng lién két cia
mdt tuyén dudng — rtmetric (route metric) duoc
xac dinh bang tong ETX ca tat ca cac lién két
trén toan tuyén duong d6. Vi tri cia cac nit trong
cdy dugc xac dinh boi thude do tuyén dudng
rtmetric. Nut goc ¢ dinh cay cé gia tri rtmetric =
0. Cac nut 14 s€ co gia tri rtmetric cang 16n khi
cang xa nut gbc. Tuyén dudng cé gia tri rtmetric
cang 16n thi chat lugng cac lién két thude tuyén
duong cang thap. Tuyén duong t6t nhat 14 tuyén
duong c6 rtmetric nho nhit. Pay la tuyen duong
c6 tong sb 1an truyén ky vong ETX dén nut gbc
1a nh6 nhat va ciing 14 tuyén duong hiéu qua vé
mit ning lrong nhat.

Giao thic CTP da duoc coi 1a mét giao
thirc thu thap dir li¢u dat hi¢u qua cao vé mit
ning luong tiéu thu cling nhu ty 1& chuyén phat
thanh cong ban tin dir liéu trong mang. Cac két
qué dénh gia cho thiy giao thire CTP dat dugc 4
muc ti€u chinh do la: dJ tin cdy cao, kha nang
chéng 161 tot, hiéu qua vé nang luong va ddc lap
v6i nhiéu kién trac phan cing khéac nhau.

Tuy nhién giao thirc CTP hién tai khong c6
su nhan thirc vé mirc nang lugng con lai trén cac
nut mang. Giao thirc CTP chi dua vao thudc do
dinh tuyén ETX dé Iya chon tuyén duong t5i wu.
Thudce do dinh tuyén ETX khong giai quyét duoc
van dé nang luong gilra cac nit mang. Boi véy,
giao thirc dé bi mat can bang nang lugng. Céc nat
mang thugc tuyen duong t6i wu phai thye hién
nhiéu viéc truyen dan hon cac nit khac. Vay nén
ching s& hét ning lwong nhanh hon céac nut khac
Vi tao ra cac 16 hong trong mang, lam giam hi¢u
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ning cua toan bo hé théng mang. Pay 1a mot
trong nhiing thach thuc quan trong trong cac
mang cam bién khong diy hoat dong bang pin.

Vin dé dit ra khi thiét ké t6i wu cho ¢iao
thite dinh tuyén:

Thit nhdt, can phai xac dinh duoc ning
luong con lai trén mdi nat cam bién. Cach xac
dinh ning lugng con lai trén mdi nit cam bién
can thyc hién bang phan mém tinh toan va dugc
trién khai trén nhiéu kién trac phan cing khac
nhau.

Thit hai, cAn phai dua ra mot thude do ning
luong dua trén thong tin vé ning lugng con lai
trén, moi nat cam bién va dic trung cua tung loai
nguon cap thong qua nhirng tinh toan thong keé
v€ thoi gian song cua ngudn. Thude do dinh
tuyén phan 4nh ding cac trang thai niang luong
con lai trén mdi nat cam bién, thich nghi vai cac
loai ngudn cp khac nhau. Thudc do dinh tuyén
nay dugc phat quang ba cho cac nat lan can
thong qua cac ban tin diéu khién va duoc cap
nhat thuong xuyén trong bang dinh tuyén cua cac
nut 1an can.

Thit ba, tuyén dudng t6i vu duoc lya chon
trong giao thirc phai thoa man cac tiéu chi cua
vi¢c dinh tuyen trong mang cam bién khong
day d6 1a tuyén dudng lwa chon phai co ty 1&
chuyen phat ban tin dir li¢u thanh cong dén nat
goc ¢ mirc cao va day ciing la tuyén duong hiéu
qua nhit vé mit ning luong.

Pinh tuyén ¢ su nhan thac vé nang luong
[1], [4] tai cac nit mang da la giai phap khong
moi, nhung thong thuong chi &p dung cho cac
nut ¢o cung mot loai ngudn cung cip. Cac loai
ngudn khac nhau s€ co dung luong nguon khéc
nhau, tu01 tho khac nhau nén nhén thirc vé nang
luong can phai biét thém vé chu trinh séng cia
ngudn.

Nhu vy giai phap dinh tuyén dé xuat trong
bai bao nay s€ hudng tdi xac dinh nang lugng
con lai va do ddc nang lugng clia ngudn cung cap
dam bao df tin cay, kéo dai thoi gian song va
thich nghi véi cac loai ngudn cung cap khac nhau
cho céc niit mang.

2. Pinh tuyén thich nghi trén co' sé nhan thirc
vé ning lwong tai cac mit mang

Ning lwong 1a van d& quan trong trong cac
mang cam bién khong ddy. Néu ning luong tiéu



thu trén cac n(t cam bién c6 thé udce luong dugc
thi céc giao thirc dinh tuyén c6 thé lwa chon cac
tuyén duong t6i wu dua vao thong tin ning lwong
con lai trén mdi nat cam bién nham ting do tin cay
truyén tin va thoi gian séng ctia toan mang 1én.
2.1. Thuwéc do chi sé ning lwong con lai EI

Gia st rang cac nat ban dau duoc tich trix day
ning luong va chi s6 nang lugng con lai (EI-
Energy Indicator) cua mdi nat déu 1a 100%. Chi
s6 ning lugng con lai trén moi nut cam bién tai
mot thoi diém bat ky t c6 thé duoc tinh bang céng
thac sau [4]:

El (%) = residual

—SNT9Y 100% )
0
trong do:

residual_energy: la nang luwong con lai trén
nat cam bién. Ning luong con lai tai thoi diém t
bat ky cua nit cam bién duge xac dinh bai cong
thuc:
residual_energy=Eo — consumption_ energy (2)
trong do6: consumption_ energy la nang luong
tiéu thu trén ndt cam bién tai thoi diém t. Ning
luong tiéu thu trén nat cam bién duoc xac dinh
theo md hinh ning luong tuyén tinh.

Eo: La nang lugng ban dau caa ndt cam bién.

Bang 1.1. cac trang thdi nang luong cua nut

cam bien
Trang N
thaining| Chis6 EI | Mota | Neuone
lrong chi so EI
0 |30%-10006 NhiCundng | 350,
lugng
1 |100%-300 | Lheuwhut | a0,
nang lugng
5 506-10% Tlvneu nhiéu 50
nang lugng
3 0-5% Hét nang 0
luong

Bang 1.1 minh hoa cac trang thai nang lugng
cua nat. Bon trang thai thude do niang luong va
trang thai nang lugng con lai ES (Energy States)
duoc st dung lam thude do dinh tuyén. Nat cha
duoc lya chon dé chuyén tiép ban tin dit liéu phai
¢ trang thai nang hrong con lai & mirc cao (chi
s6 niang lugng con lai El lén hon hodc bang mot

ngudng cho trudc). Trang thai nang lugng con lai
ES ctia méi ndt can phai duoc gui thuong xuyén
cho céc nat lan can dé cac ndt 1an can biét va cap
nhat lai trang thai nang lugng ES trong bang dinh
tuyén.

2.2. Thuwéc do nang lwong thich nghi

Suon ddc ning luong thich nghi duge danh
gia bang ham gia trong ma tran ning luong
giita cac nat [1]. Ham gia cua mdi lién két giira
hai nut ty 1¢ thuan véi khoang cach Dij, ty 1€
nghich voi do dbc _nang luong trong mot chu
trinh séng ciia ngudn:

1
C.=D,+a—+p— 3
1 =Dyrog B P ©)
trong do, Pin 1a cong sudt phat tin hiéu tai
ngudn (nat goc) va:

S, =22 @

t
V6i: Eo 1a nang lugng nguon ban dau (nang luong
day) va tm 14 thoi gian song cua nguon. Cac gia
tri  vd 8 dugc chon dé co thé thuc hién duoc
giao thire. Ham gia ngoai phu thudc vao cong
sut phat tai nat goc, khoang cach gitra hai nut
dinh tuyen con phu thudc vao do dbc nang luong
ctia mdt chu trinh séng ctia ngudn cung cap. Véi
cac ngudn cip khac nhau, sudon dbc ning lugng
khac nhau s& c6 ham gia khac nhau. Nhu vay,
dinh tuyén trén co s& ham gid s& thich nghi véi
tirng loai ngudn trong mang.

Dinh tuyén thich nghi ning luong, trén co s&
dinh tuyén theo cay thu thap s6 liéu CTP, c6 su
nhan thire vé ning lwong va bd sung thém tham
s thich nghi nang luong, mang thong tin vé dang
ngudn cung cip khac nhau.

3. M6 phéng dinh tuyén

M6 phong dinh tuyén nhan thirc theo ning
luong dugc thuc hién bang phan mém Prowler
trong moi truong Matlab. Trong mo phong, 16p
MAC duoc tach ra bang cach truyén truc tlep cac
goi tir 16p truyén cua mot ndt téi 1op truyén cua
cac ndt lan can. T d6 co thé danh gia duoc
nhitng thuan lgi cia mot phuong phéap dinh tuyén
mot cach doc lap trong lop MAC. Tuy nhién,
danh gia ddy du giao thuc ciing can phai c¢é thuc
hién thuc té cua lop MAC. Md phong thuc hién
VGi cac nat sir dung mot s loai ngudn cé dung
lwong va tudi tho khac nhau.

m
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Thong tin dugc phat di tir mot nat, ndt nao
nhan dugc dau tién s& 1a cac nat cha chuyén tiép
céc goi tin téi tit ca cac nat con lai. Mi nat con
hién thi chi s6 cua nit cha va ching hop (ndt cha
/hop): cac LED mau do cho cac hop 1,..2, mau
xanh 3,..5 (hinh 1). Theo két qua md phong véi
s6 nit mang 5x5 dat theo ma tran, Xuat phét tir
ndt goc, ndt cha nit s6 1. Cac nat cha tiép theo
c¢6 ning luong con lai 16n nhat va ham giéa thap
nhat nat s6 7 ¢6 toa do (4,2),.. dinh tuyén theo
cac nhanh tiép tao thanh dang cay.

382 72 ol a2 1413

1202
[ ]

Hinh 1. Két qua mé phéng dinh tuyén cdu tric
cdy thich nghi nang lwong

Mb hinh truyén radio xac dinh do I6n cua
tin hiéu tr mot nat toi tit ca cac diém thu cua
hé théng. Do I6n cuaa tin hiéu cing véi do nhay
cua diém thu s& quyét dinh diéu kién nhan cac
g6i tin hiéu. Do 16n tin hiéu phét theo cong suat
P: va c6ng suét noi nhan Py, xac dinh theo ham
truyén danh gia sy suy giam tin hiéu theo
khoang céach D va nhiéu ngau nhién (theo cong
thirc Pister-Hack) [2].

1
P, = P, —— +rand[0..—-40]dBm (5)
1+D
Signal poweer (P_trans=1)
2
Pnec_lcl
15} Prc (5= |
PI‘@C
=TT limit
1
0s
----- TJ'n“‘l;.:_L.-“-.““““““““
] L e e g
0 2 g g 10

4
distance (x)
Hinh 2. Cac tham so kénh radio
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D6 thi hinh 2 hién thi cac tham sb kénh radio
(radio chanel) vai cong suat phat tin hiéu (Signal
power) chuan héa (P-wans=1), cho biét cac mirc
cong suat nhan theo khoang céach truyén trong
moi truong 1y tudng P_rec id [1], [2]:

P_rec_id=Puans*f(X) V6i f(X)=1/(1+x."2  (6)
va khi cé Fadinh P_rec:

P_rec= P_rec_ia*(1+alpha(x))*(1+beta(t)) (7)
trong d6 alpha, beta la cac bién ngau nhién phan
b chuan N(0,5s).

Céc cong suat tin hiéu nay duoc chuan hoa
va tinh toan mac dinh trong phan mém Prowler.

e’ Energy Reserve vs. Time
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Hinh 3. Nang lwong con lai theo thoi gian
cua hai nut A va B

Chi s6 niang luong con lai va muc tiéu thu
ning luong s& quyét dinh tuyén duong riéng cho
giao thwc. Trong giao thuc dinh tuyén, ning
lugng con lai (energy reserve) cua cac nut sé xac
dinh tuyén théng thuong va tuyén t6i wu phu cho
cac nut, ca hai sé dugc lua chon trong cac duong
dan tét trong I6p dinh tuyén [1]. Hinh 3 biéu dién
nang luong con lai theo thoi gian cua hai nat A
va B duoc lya chon, trong d6 nat A trong duong
dan thong thuong va nit B 1a nat trong duong
dan tbi wu phu.

Qua trinh dinh tuyén ciing s& loai bo ngay
lap tirc cac nit don lé co ti€u hao nang huegng Ion
[1]. Trén hinh 4, nat D tiéu hao nang lugng
nhanh s& bi loai bo. M6 hinh dinh tuyén s& dugc
cap nhat théng tin lién tuc 10s mot.

C4c d6 thi hién thi trén hinh 3 va hinh 4 biéu
dién ning lwgng con lai theo thoi gian ctia cac
nat cam bién v6i muc dich lwa chon duong dan
t61 wu phu (hinh 3) va loai bé cic nit co ning
luong suy gidm nhanh (hinh 4) 13 giai phap
chung cho tat ca cac giao thirc dinh tuyén c6 nhin
thirc vé nang lwong [1].



g’ Energy Reserve vs. Time
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Hinh 4. Nut co tiéu hao nang luong IO’n
bi loai bo

Bang cach xac dinh nang luong ngudn cap &
cac thoi diém dinh tuyén trén cic nlit mang thong
qua chi s6 ning lugng con lai va ham gi4 thich
nghi ngudn ning luong, giai phap dinh tuyén méi
da Iya chon dugc so dd dinh tuyén toi vu dang
cdy qua két qua mo phong hinh 1.
4. Két luan

Giao thtre dinh tuyén thich nghi ning lwong
¢6 nhan thuc vé ning lugng, trong do c6 lya chon
tuyen duong theo suon doc ning luong nguon
cap dam bao sy can bang ning lwrong, dong bod
gitra céc loai nguon khac nhau. Nhu vay, véi viéc
két hop nhan thuc vé niang lugng con lai trén moi
nat va do déc nang lugng caa ngudn Cap, mang
cam khong day sé& Iya chon dugc tuyén dudng
dan t6i vu vé ning luong, ning cao duoc do tin
cay va kéo dai duoc thoi gian séng caa mang.
Giao thtrc dinh tuyén thich nghi ning lugng cé
thé duoc wng dung cho cac mang dién rong, trong

d6 co thé két hop nhiéu loai ngudn cung cép.
Giao thic nay duoc trién khai phét trién tng
dung cho mang cam bién khéng day trong hé
théng giam sat diéu khién moi trudng chin nudi
[5] cho dé tai ma sb 01C-07/04-2013-2, trang trai
ctia Hop tac x& véi nhiéu ho c6 diéu kién kinh té
khéc nhau, sir dung thiét bi mang vai mot sé loai
ngudn c6 dung luong va tudi tho khac nhau.
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ABSTRACT
Adaptive Energy Routing Solution in Wireless Sensor Network
Do Xuan Thieu, University of Transport and Communications

Wireless sensor networks have characteristics that can send and receive information in
different terrain conditions. Power supply for sensor nodes in different conditions, can be performed
by different types of sources, such as battery power, batteries, solar cells, power alternating current
rectifiers,... The issue of network routing, connection information between nodes and hub for such
networks need coordination between resources, ensuring reliability and extending the lifetime of the
network is essential. This paper gives a routing solution, taking into account the characteristics of the
energy supply network nodes. By calculating the cost function depends gap between the nodes,
energy supply-slope and energy generation capacity at the root node, routing protocol selects the
optimal path according to the lowest cost function for data transmission. Combining the determination
of the energy reserve on each node and cost function, routing solution will ensure optimal routing
according to energy awareness, and appropriate to the network with network nodes are provided with
the different energy supply types of sources.
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