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THUAT TOAN KET HgfP PHAN CUM VA LAY MAU NEN LAM GIAM 
NANG LlTOfNG TIEU THU TRONG MANG CAM BIEN KHONG DAY 
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TOM T A T 
Trong nghiln eihi nay, cdng ngh| l^y mlu nen (Compressive Sensing - CS) dupc gidi thieu va ap 
dyng cho mang cam biln khong d§y (Wireless sensor networks - WSNs) Cong nghe CS va mang 
cam bien khong dSy dlu c6 rat nhieu iing dyng trong nhilu ITnh vuc khac nhau, dan sir cung nhu 
quSn su Dya trSn d^c tinh ciia dtT lieu cim biln co dp tuong quan cao, mpt thuat toan mdi ve 
truyen di! lipu trong mgng WSN dupc de xuat nham giam dang kl n5ng lupng tieu thu cho toan 
mang Ben canh do, n3ng luong tieu cho truyen dii lifiu trong mang duoc lap cdng thiic, sau do 
chay mo phdng de xac dinh dnh chinh xac ciia edng thirc da lap. Ngoai ra, eac Uudng hpp hoat 
dpng khac nhau ciia mang dupc xem xet ciing vdi nhQng de xuAt dua ra cae tnrdng hop toi uu 
nang luong tieu thu tuong img 
Tir khoa: Mgng cdm bien khdng day: cdng nghe lay mdu nen: phdn cgm nhom; bg cdm biin; 
nang lirgng lieu thu; die lieu rong. 

GICJI THIEU CHUNG 

Mgng cam biln khong day (vilt tit la WSN) 
dang mang lgi rat nhieu iing dung khdng chi 
trong ky thugt quan sy ma cdn trong cii dan 
dy [1], Mang lil su lien kit cac bp cam bien 
bang cac dudng truyen dii hpu khong day nhu 
WiFi, Bluetootii, RF (radio frequency). 
Nhung bp cam biln nay thudng liun viec d 
nhung nai thudng la khd xam nhap hogc con 
ngudi khdng muon vao vi cac dieu kien khac 
nghipt nhir d cac mdi tnrdng hda chat, phdng 
xa. Do vay van dl ve viec sii dyng nang 
lugng du trir d cac bg cam bien, hay d mgng 
cam biln khdng day ludn la chd de rat dugc 
quan tam. Dilu nay tryc tilp anh hydng tdi 
thdi gian hogt dong ciia toan mgng tren. 
Cdng nghp lay mau nen (Compressive sensing 
- CS) [2] da dugc iing dung trong mgng cam 
biln de linn giam nang lugng tieu thy [3], 
Trong cac phuang phap nay, chi mgt so lugng 
mau cam biln nhat dinh dugc gui ve trung 
tam xu Iy dir lieu de khdi phuc toan bp dii lipu 
thu dugc tir mgng cam biln. 
Cac thual toiin phan cym nhdm trong mang 
cam biln khdng day (WSN) duoc coi la 
nhirng thugt loan tilt kiem nang lugng trong 
Vlpc can bing nang Iuang tieu thu trong mgng 
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cam biln [4], Moi mpt cum cd mpt tmdng 
nhdm (CHi, dong thdi ciing la mot bo cam biln 
trong nhdm. Mpt so ciic toan dien hinh nhu K-
mean [5], LEACH [4], HEED [6], EEUC [7] 
dugc biet den vdi vai trd lam giam nang luong 
tieu thy trong toim mgng cd phan cum. 
Cac mgng cam biln ket hpp cac phuang phap 
thu Jihgn dii lipu khac nhau iing dung cdng 
nghe nen cam biln. [10] da dua ra phugng 
Ihiic kit hgp (lai) giiia cac cau tnic ragng 
truyin thong de lam giam dii lipu truyen tir 
moi bo cam biln. Trong [II], mot mang WSN 
duac chia nhd ra thiinh cac cum nhdm, Cac 
dir Iipu cam biln dupc giii tdi nhiing nhdm 
trudng va nhiing bd cam bien nay se lgi 
chuyen tilp dir lieu tdi trgm goc BS. 
Trong nghien ciiu nay, mpt thugt loan mdi va 
mdt so kit qua mdi dugc cdng bo. Khac vdi 
nhirng kit quii nghien ciiu trudc, lac gia da de 
xuat de nhung nhdm trudng CH se tgo ra cac 
ma tran con roi nhan vdi dir lieu trong nhdm 
de tgo ra ciic mau cam bien. Toim bp mau nay 
se dugc chuyen tdi trgm goc BS. Theo do, 
thuat toan mdi ciia nghien ciiu nay (CCS) da 
giam dang kl so lan truyen du lieu khdng chi 
d moi bp cam bien mii con d cac nhom 
Irudng. Nhiing kit qua niiy khdng chi cho 
thay tilm nang ciia viec iing dyng cdng nghp 
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CS vao WSNs ma cdn cho tiiay khii nang ap 
dyng cho cac mgng cam bien luu dpng, mgng 
robot, mang phuang tipn vdi myc dich thu 
Ihap thdng tin. Nhiing ddng gdp chinh ciia 
nghien ciiu nay dugc liet ke nhu sau: 

1. Thugt toan truyen dii lieu trong mgng cam 
biln khdng dity dugc thilt Igp, 

2. Cong thirc tinh nang lugng tieu thy trong 
mang dugc trinh biiy vii md phdng. 

3. So lygng nhdm can thilt cho vipc toi uu 
nang iugng tieu thy dugc dl xuat. 

Phan cdn lai ciia bai bao se dugc trinh bay 
nhu sau: Cdng nghe nen cam bien va thugt 
toan CCS se dugc trinh bay d phan II va III. 
Phan V vil VI se phan tich nang lugng tieu 
thu va dua ra ciic kit qua mo phdng. Phan 
cuoi cimg (VII) se Iii kit lugn vii nhiing ggi y 
cho nhiing nghien ciiu trong tuong lai. 
CONG NGHE L A Y MAU NEN 
Xay dung he thing mang cam bien 
Gia sii ed trong mpt mgng cam bien bao gom 
N bp cam bien dugc bo tri mdt each nglu 
nhien trong vimg can dugc thu thap du lieu. 
Nc trong JV bd cam biln dugc chpn ngau 
nhien dl trd thanh nhiing nhdm trudng vdi 
xac suat dupc chpn laNc/N\hso LEACH [4]. 
Moi nhdm se cd so lugng cam bien trung binh 
la (N/Nf; - 1) Moi nhdm irudng dugc gia 
dinh la cd dii kha nang luu tru va tgo ra cac 
mau cam bien dua tren nhung dii lipu thu 
dugc tir ciic bp cam biln cdn lai khdng phai 
nhdm tnrdng. 
Cdng nghS nen cam biln 
Cdng nghe 'lay mau nen (CS - Compressive 
sensing) cho phep khoi phyc loan bp dii lieu 
dya lren mdt so luang mau nhd hon rat nhieu 
so vdi cap phudng phap nen va lay may thdng 
thudng nhu Shannon /Nyquist Dilu kipn tien 
quyet de sii dyng cdng nghp niiy Iii tin hipu 
phai "thua - rong" trong mien tiiich hgp 
Bieu dien cua tin hiiu: 
Mpi tin hipu, vi du J'f = [xiXj.. -Xfl,]'" e R" , 
duac dinh nghTa la rong miic k neu nd cd bieu 

dien tin hipn d mpt miln niio do thich hpp,vi 
du V = [V'iJ] e R^'^ vaX=il}B va 5 coi 
thanh phan khac 0 vii cac thanh phan nh6 con 
lai cd the coi nhu bang khong. 
Ldy mdu tin hieu vd ma trdn lay mau 
Cac mau cam bien dugc tgo ra dya tren coiî  
tinic Y = <i>X, where « = [^,j] G R""^ 
bao gom cac thanh phan la cac he so Gauss^ 
dugc tao ra mpt ciich ngau nhien. Vector cS^ 
mau cam bien con cd the dugc viet nhu sau: 

Khdiphifc tin hieu 

Vdi so Iugng mau cam bien nhat dinh 
Af = OiklogN/lc) cd thi khdi phuc dupc 
toan bp dii lieu cam bien nhu da dugc de c^ 
d[2], 

0 = argtnin] | 0 | | ̂ .sbt toY = ^'PS (I) 

Tren thyc te, nhung mau cam bien khi thu 
thap dugc se thugng gan vdi nhieu nhu sau: 
Y = ^X + e.trongd6\\e\\^ = e.Na Au\\hi 
se dugc khdi phuc theo thugt toan sau' 

0 = aramin\\&\\^,sbtto \\Y- ^TOIJ^ < e (2) 

THUAT T O A N CCS 

Gia sir rang tram goc BS can M mau cam bien 
de cd thi khdi phyc N gia tri cam bien tir JV 
bp cam biln da biet. Moi mpt cym/nhdm se 
phai tao ra trung binh lii MfN^ mau cam bien. 
Nhiing mau nay se dugc chuyin tiep tdi tram 
goc BS dl khdi phyc dii lieu. 
Tram goc BS nhgn dugc hat tgo he so ngau 
nhien se tao ra ma Iran khoi duang cheo chinii 
(BDM) Theo [13], so lugng mau cam bien 
can thu thgp dl thda man dieu kien khoi phgc 
dii lieu vdi cdng nghe CS Iii: 
M = 0(kp2 log2(/£) log* N) (4) 

Trong dd, fi = min{,/A?^,u) va 1 < M V^ 
Sau do, dua tren tong sd mau cam bien nhan 
duac (long cpng lii Af mau) se khdi phuc loan 
bp dii Iipu tir N diem trong mgng dya tren 
cong nghp CS 

Thugt toan CCS bao gom 3 pha nhu sau-
Pha thir nhat-Phdn cum nhdm trong mang 
Trong pha nay, N^ ti-ong so N bp cam bien 
duac chpn ngau nhien de trd thanh nhom 
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trudng, dieu nay se giiip vipc tieu thy nang 
Iugng dugc can bang. Xiic suat lya chgn nay 
lap = N^/N. 

Moi mdt bg cam bien se ty tim nhdm trudng 
gan nhat de tgo nhdm vii chi thupe vl mpt 
nhdm duy nhat, 

Pha thd hai - Tpo ra cdc mdu cdm biin 
Tat cii ciic bg cam bien se giii dii lieu cam 
biln ciia minh tdi nhdm tnrdng cua nhdm 
minh. Toan bd du lieu d moi nhdm se dugc 
luu lai d bd cam bien nhdm trugng, bao gom 
ca dii lieu ciia chinh nd. 
Moi nhdm trudng se tgo ra mot ma tran 
Gaussian nhd r6i dem nhan vdi toan bo dii 
lipu mil nd luu Iru dl tao ra dugc mot so 
lypng mau cam biln. 

Pha thir ba — Thu thap mdu cdm bien vd 
khoiph^c dii- H$u 

So lucmg mau cam biln tgo ra tir moi nhdm se 
dugc giri ve trgm goc Dua tren thuat toan 
khdi phuc dii lipu ciia CS theo cdng thiic (I) 
vii (2), toim bg dii lieu tii iV bp cam bien se 
dugc khdi phyc. 

PHAN TICH N A N G L U O N G TIlIU IHU 

Chi phi truyen thdng dugc xem xet d day bao 
gom phi phi truyen du lieu giira cac bd cam 
bien va nhdm trudng (dugc ky hieu lii 
Ptnrra-ciusEffr ) va chi phi tmyin giua cac 
nhdm trudng vii tram goc (dugc ky hipu lit 
^toBS ) Tong nang luang tieu thy (dugc ky 
hipu lil Ptatai) dugc tinh nhu sau: 

--(.Pi intra—cluster "• -5). (9) 

Phdn tich Puura-duster 

Phan bo ciia mgng cam biln dugc gia sii lii 
phan bo dlu. Mgng nay dugc phan chia lam 
Wfl cum/nhdm bang nhau cd so bo cam bien 
dlu bing N/N^ Moi nhdm se cd ciic bd cam 
biln khdng phai nhdm trudng lii (/V/Wc - 1), 
Tir diiy, ta cd nang lugng tieu thy trong cac 
nhdm la: 

Pmtr.-oi^^ = Nc {NfNc " D E[r--[ (10) 

Trong do r la biln ngau nhien dai dipn cho 
khoang ciich thyc giiia ciic bg cam biln 

thudng va nhdm trudng ciia chiing K Iii hp so 
mil suy giam ciia tin hi^u tmyin dugc chpn 
bang 2 trong nghien ciiu nay. Ta cd the tie 
dang tinh E[r*] nhu sau: 
f t r ' ' ] = lRx^+ y^)p(.x.y)dxdy (11) 
E [ r " ] = fir'^p[r',e)r'dr'd9 (12) 

Trong do p\T ,6) la phan bo ciia ciic bp cam 
bien. Ta cd thi gia dinh moi cymAihdm la mpt 
hinh trdn cd dudng kinh lii R = L/yjnNg va. 
ham mgt dp phan bo ciia ciic bp cam bien la dlu 
dcacnhdm, dodd, p(,T,&) = l/(—).Tacd: 

^[r^]=^;.=rj;=o^wd.=£^(i3) 
VaP™^.-.au..«r = ( ^ - l ) £ (14) 

Phdn tich Pf^BS 

• Sfiuor •ClibtT-lKHd -^ Flow afdiilii 

Hinh I. Mgng cdm bien duac phdn nhdmvd mdu 
cdm bieh dugc truyin true tiep tdi trgm gdc BS 

De xac dinh dugc PtoBS . ta can xac dinh 
dugc nang lugng liSu thy dl tmyen M mau 
cam bien tryc tilp tir cac nhdm trudng tdi 
tram goc BS nhu Hinh 1. Ciic nhdm trudng 
niiy cung nam trong phan bo ngau nhien deu 
trong toan mgng Tong nang Iugng tieu thu 
trung binh dugc tinh bSng: 
Pt^BS = ME[d^] (15) 

Trong do d la mot bien ngau nhien the hipn 
khoang each bat ky giiia cac nhdm tnrdng vii 
tram goc BS. Dua tren phan bo xac suat dit 
cho, ta cd the tinh P[d^] de diing nhu sau-

Eld'U /,'/i'[Cx-t.)H {y-'^]nx,y)dxdy (16) 

Em^ll^^-^hf^ (17) 
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Trong dd /(x,y) = ^ la pha" bo dlu ciia cac 
nhdm trudng cam biln. Tir cac cdng thiic (15) 
va (17), ta cd tiie kit lugn ring Pt^ss 'a dgc 
lap vdi so Iugng nhdm trong mgng. Sir dung 
cac cdng tinic (9), (14), (15) va (17), tong 
nang lugng tieu thy dugc tinh nhu sau: 

KET QUA M 6 P H 6 N G 

Trong phan nay, tin hipu thua ngau nhien 
dugc dua vao md phdng vii xem xet. Mang 
cam biln bao gom 2000 bg cam bien lien he 
khdng day vdi nhau theo khoang each thuc vii 
dugc bo tri tren vimg cam biln cd kich co 
100 X100 dan vi do dai. Hai thugt toan phan 
cym phd biln K-means va LEACH dugc ^ 
dyng dl so sanh vdi thygt toan CCS trong 
nghien ciiu nay. 

cd dugc tong nang lugng tieu thu nhd nhat la 
N^ = 9. 

,,„• Tram go o @ua vung cam bien ^ 

So cum/nhom 

H i n h 2. So lirgng mdu edm bien tdng khi so cym tdng 

Hinh 2 cho thay, so lugng mau cam bien yeu 
cau phiu tang khi so lugng cym/nhdm tang 
len de dap img dugc dg chinh xac cua du lieu 
khdi phyc (Enor-targe = 0.1). Dieu nay cd the 
gidi thich nhu sau. Khi so cym lang, ma trgn 
lay mau trd nen thua han dan tdi so may lay 
duoc khdng mang day dii ngi dung can lay 
mau. Do dd, so lugng mau yeu cau phai tang 
de dap ling cho vipc khdi phyc tin hipu. 
Tiep sau lii tong nang lugng tieu thy ciia toan 
mgng vdi nhimg vi tri khac nhau cua tram goc. 
Hinh 3 cho chiing ta thay khi trgm goc BS d 
giua vimg cam biln, gia tri toi uu cho so 
cum/nhdm de cd dugc tong nang lugng tieu 
thy nhd nhat Iii Ng = 14. 
Vdl VI tri ciia trgm goc tgi IL (L^ = t ) nhu 
Hinh 4 thi gia tri toi uu cho so cum/nhdm de 

So cum/nhom 

H i n h 3 . Tong ndng lirgng lieu thu kht trgm goc a 

giira -viing cdm bien 

, ,„« Tram goc o vi tri {L, L/2) 

«i » ™ « " i& 
So cum/nhom VW 

Hinh 4 Tong nang lugng tieu thg cua loan mgnf^ 
khi trgm goc dvftriL r 

KET LUAN vA H U 6 N G NGHIEN ClAJ 
TRONG TUONG LAI 
Cong nghp lay mau nen ap dyng trong mgng 
cam biln khdng day cd phan cym da chiing 
rainh duac hieu qua. Thugt toan CCS khong 
nhirng lam giam so lygng dir lieu truyra 
trong mgng mii cdn giiip tdi uu so lupng 
cum trong mang. 

Trong nhung nghien ciiu tdi, tac gia se lam 
tang hieu qua vipc ap dyng cdng nghp nen 
cam biln khdng chi trong mang ciim bien 
khong day vdi cac bp cam biln finh ma cdn se 
trien khai vai ciic bp cam bien dpng. Nhiing 
bd cam biln dugc gan len phuang ti?n di 
chuyen dugc hoac robot de tang hieu qua ho?! 
dpng ciia mang khdng day. 
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ABSTRACT 
ENERGY-EFFICIENT DATA COLLECTION METHOD 
IN CLUSTERED WIRELESS SENSOR NETWORKS 

Nguyen Tuan Minh 
University ofTechnology - TNU 

In this paper, Compressive sensing (CS) is introduced and applied to Wireless sensors networs 
(WSNs) for energy-efficienet data collection methods. CS and WSNs support a lot of 
applicationsboth militaiy and civilian areas Based on the fact that sensing data is often highly 
eorrelated, new algorithm is proposed to reduce significantly energy consumption for data 
collection in WSNs. Energy consumption for data transmitting m the networks is analyzed, 
formulated and simulated Some optimal cases are suggested for the networks to consume to least 
energy 
Keywords: wireless sensor networks; compressived sensing; clustering, sensors, energy 
consumption; sparse signals 
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