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DANH MUC TU VIET TAT

Tir viét tit | Nghia tiéng anh Nghia tiéng viét

ARQ Automatic Repeat Request Ty dong phat lai.

ADC Analog-to-Digital Converter Bo chuyén doi trong tu sang sb.
BER Bit Error Rate Ty 1¢ 15i bit.

DC Drection Current Dong dién mot chiéu.

DSP Digital Signal Processing Xir 1y tin hiéu sd.

ECC Error Correct Code M3 sira 16i.

FEC Forward Error Correction Stra 16i trudce khi truyén.
HARQ Hybrid Automatic Repeat Request | Tu dong phat lai lai ghép FEC.
PLL Phase Locked Loop Vong khoa pha.

PER Packet Error Rate Ty 18 16i goi tin.

SNR Signal to Noise Ratio Ty 1& nhiéu tin hiéu.

VCO Voltage Controlled Oscillator Bo diéu khién dién ap dao dong
WSN Wireless sensor networks Mang cam bién khong day.
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LOI CAM ON

Cam on céac thay cd gido truong Dai hoc Dan lap Hai Phong, di day do
chung em trong nhiéu nim qua. Cam on thay Tran Hiru Nghi di cho em mot mai
truong dé cho chung em ¢ co hoi hoc duge nhitng kién thirc bo ich dé co thé tre
thanh mot cong dan c6 ich cho xa hoi. Xin chan thanh cdm on thay c6 bo mén Tin
hoc da truyén dat kién thuc vé cong nghé thong tin, mét mon hoc bo ich, 1a hanh
trang vitng chac dé em ty tin trong cong viéc sau nay.

Cam on thidy Vuong Pao Vy, truong dai hoc cong nghé, Pai hoc Qudc gia
Ha Noi da gitp d& em trong qua trinh viét do an cling nhu qua trinh hoc tap trén ghé
nha truong. Dé em co thé dem kién thirc minh da hoc duoc trén ghé nha trudng ap
dung vao thuc tién dé em c6 thé nhan thdy minh d3 trang bi dugc nhiing gi con
thiéu nhitng gi trong hanh trang ctia minh.

Cam on gia dinh va nguoi than, di tan tinh gitp d&, chu cip tai chinh, dong
vién em trong sudt thoi gian hoc tap tai trudng.

Xin cadm on cac ban be trong 16p va céc ban trong khoa cling nhu sinh vién
ca truong da giup do toi trong thoi gian hoc tap cling nhu trong thoi gian lam thuce
tap t6t nghiép.

Hai Phong, thang 7 nam 2011.

Sinh vién

Hd Anh Tuin
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MO DAU

Wireless Sensor Networks (WSN) hay mang cam bién khong day, mot xu
hudng phat trién cia thoi dai ngay nay. Véi kha nang cam nhén, cung cap céc thong
tin thuc té va trién khai, mo rong pham vi dé dang nho trién khai trén mé hinh mang
truyén thong khong day.

WSN gém tap hop cac nat cam bién rat nho, hoat dong doc lap ngué)n nuoi
va thdng qua hang loat cac nut cam bién dé ndm bat thong tin dit liéu.Véi bo xu 1y
riéng, cac nit cam bién c6 thé duoc lap trinh dé hoan thanh nhiém vu phtrc tap hon
ngoai viéc xir Iy don gian nhu thu, phat, chuyén tiép dir lidu. Tuy nhién, Mot thach
thire séng con cia WSN 1a van dé niang luong, nd tao nén mot thach thire 16n véi
WSN chinh 14 giam thiéu t6i da tiéu thy ning lwong nham giir hoat dong 1au dai cho

cac nit mang.

Muc dich ciia d6 4n nay la cung cidp mot cai nhin tong quan vé WSN.
Chuong 1 1a sy gidi thiéu toan dién vé WSN, bao gdm céac nit cam bién va kién tric
mang, cung cip cai nhin toan dién vé cac dic diém, cac yéu t6 thiét ké quan trong,
va kho khan ciia WSN, dong thoi dua ra mot sd tng dung hién c6 cua WSN trong
quan su, y té, cong nghiép va tng dung tai nha. Chuong 2 tip trung di sdu vao cac
k¥ thuat kiém soat 18i trong WSN ciing nhu tac dong cua no 1én truyén thong, tiét
kiém nang luong. Cudi cung, chuong 3 giai quyét van dé cu thé trong mot bai toan

dé tir d6 thay duoc tAm quan trong cia sira 1 truyén dit liéu trong WSN.

SV- Ho6 Anh Tuén - CT1101 WSN — Dic diém sira 18i truyén dit liéu



CHUONG 1: TONG QUAN MANG CAM BIEN KHONG DAY

1.1 C4i nhin ban dau vé WSN.

Hién nay, cong ngh¢ vi mach, truyén thong khong day va dién tu ki thudt s6
phat trién ngay cang manh mé&. Nho d6 nhiing thiét ké va qua trinh trién khai véi gia
ca ngay cang thap, ning luong tiéu thy dugc giam thiéu da tao diéu kién cho nhiing
nat cam bién da chirc ning co kich thudc nhé va giao tiép trong khoang cach ngan
tré nén kha thi. Kha ning cua cac nit cam bién ngay cang ting trong d6 bao gom:
cam bién, xtr Iy dit liéu va giao tiép voi mot lwgng 10n cac nat cam bién.

WSN ciu thanh tir mot luong 16n cac nit cam bién, truyén thong multi-hop
1a cha yéu. Do d6, n6 c¢6 kha nang trién khai v6i quy mé 16n, twong tac nhanh chong
va dang tin cdy nho sy tong hop théng tin hiéu qua giira cic nat. Hon nita, khong
chi truyén thong tin thd, cac nat cam bién con ¢ kha nang ty xtr 1y tinh toan trudc
khi truyén di. V& trién khai, mang nay cho phép trién khai mot cach ngau nhién do
dé thich hop véi ca nhitng vung thién tai va nhitng dia hinh phtrc tap.

Tuy nhién, WSN van con gip mot sb thach thirc nhat dinh dé tré thanh mot
mang hoan thién. Thong thudng cac giao thirc truyén thong yéu cau cung cap ning
lugng v6i hiéu suit cao do d6 chi tap trung vao thong lugng va do tré con véi WSN
v6i ngudn cung cap niang lugng han ché ma thach thirc chinh caa no 1a tim cach dé
giam nang luong tiéu thy. Qua d6 ma viéc phat trién WSN phai tap trung vao giam
thiéu tdi da ning luong ngudn cap. Trong chuong 2 sau nay, yéu tb sira 1i trong
mang dugc nghién ctru kha ki nham giai quyét van dé nay.

Nhitng phan tiép sau, ching ta di siu vao nhiing yéu td quan trong tao 1én
WSN. D6 14, niit cam bién khong day: gop phan tao nén co so ha tang vat Iy cho
WSN, kién tric va giao thirc: yéu té khong thé thiéu trong bat ki mot mang ludi
nao. tmg dung cia WSN trong thuc té tir d6 rit ra mot s6 yéu td anh huéng va cach

giai quyét trong qua trinh thiét ké va trién khai WSN.
1.2 NGt cam bién khong day.

WSN bao gdém cac hé thdng nhing c6 kha ning: twong tic véi moi trudng
thong qua cac cam bién khac nhau, xir 1y thong tin tai chd, giao tiép khong day gitra

cac nat. Mot nit cam bién 1a tdp hop cua phan cting, phan mém va chuan.

SV- Ho6 Anh Tuén - CT1101 WSN — Dic diém sira 18i truyén dit liéu



-9 -

1.2.1 Phén ctng ciia nGt cam bién khong day.

M@&-dun khdng day: (hay con goi 1a motes) Motes la thanh phan chinh cua
nat cam bién. C6 kha ning thu phét vo tuyén.

Mot motes bao gom:
v Mot vi diéu khién,
v B0 phéan thu phat.
v' Ngudn dién (thuong 1a PIN).
v" Pon vi bd nho.
v Pau do cam bién.
Ngoai ra con mot s6 thanh phan nhu:

Bang mach cam bién (sensor board): duoc gan trén motes, chira mot ving
thir cho khach hang néi céc loai dau do cam bién khéac nhau ctia ho vao motes.

Bdng mach Idp trinh (programming board): con duoc goi 1a bang cong, cung
cap giao tiép Ethernet, Wi-Fi, USB.V¢i muyc dich thu thap thong tin, nhiing chuong

trinh va tai cac rng dung cho motes.

So do cau tao nut cam bién: Cu thé hon, nit cdm bién khong day gom bon

thanh phan chinh: don vi cam bién, don vi xu 1y, don vi thu phat va don vi ning
luong. thé hién trong so dd (hinh 1.1).

! H¢ thong dinh vi vi tri [ ! Bo6 phan chuyen dong i
| o e e e e e e e e e e e e e e e e o | | |
Pon vi cam bién ¢ Pon ViXuw ly T
Bo xu I Bo thu phat vo
Cam bien ADC - Potiu lf rat vo Antenna
L tuyen
Bo nho .
. . ) | ______ T ST
Pon vi nang lwong | B¢ phat dién !

Hinh 1.1. So d6 ciu tao chung ctia mot nit cam bién khong day.

Pon vi cam bién: thanh phﬁn chinh trong nut, gém mot sb cam bién, mot bo
truyén ddi tin hiéu tuong ty sang tin hi¢u ) (ADC). Nhiém vy, thu thdp thong tin

moi truong, chuyén thanh tin hiéu so6 roi giri vé don vi xu 1y.
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Pon vi xir Iy: gdbm vi xir Iy va mot bo nhé trén bo mach. Nhiém vu, quan 1y
hoat dong cua nut, chay cac thuét toan lién quan, phdi hop voi cac nit khéac théng
qua mang tuyén thong khong day.

Bé thu phdt vé tuyén: chuyén doi cac bit thong tin dé truyén thong qua mot

tan sb vo tuyén (RF) va phuc hoi ¢ dau kia.

Pon vi ndng leong: thanh phan quan trong nhit quyét dinh tudi tho cua
WSN, gdm pin hodc c6 thé thém bo phat dién (tuy tng dung). Nhiém vu, diéu phbi
nang lugng tiéu thy ciia cac thanh phan khac kéo dai.

He th(fng dinh vi vi tri: gém mot mo-dun tinh toan phan tan gitip xac dinh vi
tri hodc mot GPS (nut cao céip). Nhiém vy, xac dinh vi tri hién tai cta nat nham
cung cip cac thong tin chinh xac cho mang.

Bé phdn chuyén déng: Giup nut di chuyén dudi sy chi dao cta bo vi xtr 1.

May phat dién: gdm mot thanh phan thu ning lwong mit troi hodc thu ning
luong nho rung dong. Nhiém vy, cung cip phu trg cho pin trong cic ing dung doi
hoi thoi gian hoat dong lau.

Bic diém: kich cd bang mot bao diém hodc rit nho tiy vao ting Gng dung cu
the, trong luong nhe dén rat nhe (co thé bay lo limg trong khong khi). Do d6 Tiéu
thu rat it nang luong, hoat dong & mat dd cao, chi phi san Xuét thép, tu tri, hoat dong
khong can giam sat va thich nghi véi méi trudng tot.

1.2.2 Chuén cho nit cam bién khong day.

Muc dich: do su khong dong nhit cia cac loai nit cam dan dén khong twong

thich gilra cac mang va cac ung dung khac nhau.

Phan loai chuan:

IEEE 802.15.4: Truyén thong véi 3 bang tan: toan cau (2.4GHz), Chau My
(915MHz) va Chau Au (868MHz). Tang Vit Iy, sir dung phuong an diéu ché binary
phase shift keying (BPSK) trong dai tin 868/915MHz va offset quadrature phase
shift keying (O-QPSK) trong bang tan 2.4GHz. Tang MAC cung cip ciu trac lién
két dang sao, luéi hodc cdy. Pham vi truyén cia cac nat trong 10 dén100m véi toc
do dir liéu la 20-250 kbps.

ZigBee: noi bat ¢ viéc gan dia chi cho thiét bi khi n6 tham gia mang (dia chi
nay ngin hon ID cua thiét bi) do vAy ma nang cao hiéu suét truyén thong. Str dung

kién trac dang cay cho dinh tuyén.

SV- Ho6 Anh Tuén - CT1101 WSN — Dic diém sira 18i truyén dit liéu



- 11 -

WirelessHART: ndi bat véi viée tao va xac minh lién tuc nhidu duong du
phong trong qua trinh thiét 14p mang dan dén khi mot dudng truyén tir thiét bi dén
cong bi hong thi s& duoc thay thé ngay, hd tro quan 1y bang théng dong cho thiét bi
bang cach chi dinh con s thich hop cua cic khe dén cac thiét bi.Kién tric mang:

gdm 5 phan nhu trong hinh 1.2.

Quan 1y mang

Gateway

Bo diéu khifn tu ding | (Ja.
L __a
Xt Iy o~ ~
. -~ |
0 "---%
d . TP T
.l Truimg thiétbi « ~ ~
Khéng day(WFDs) % -
. ~ \\
May cha ing dung A

L==a 8 Thiét bi HART
@ Gateway Bo chuyeén doi

Hinh 1.2. Thanh phan kién trac dang chuan WirelessHART

6LOWPAN: nham tich hop WSN véi Internet thong qua IPv6, khi tich hop
IPv6 v6i WSN, do kich thudc cia Ipv6 kha 16n (40byte). Mot s6 giai phap dua ra
d6 1a thay vi mot tiéu dé don khdi duy nhat, bdn loai tiéu dé dugc sir dung theo timg
kiéu goi tin dugc giri di két hop sir dung ki thuat nén stateless dé giam kich thudc.

1.2.3 Phan mém cho nit cim bién khong day.

Ngoai phan ctng va chuan, phan mém ciing duoc phat trién riéng cho WSN.
Trong sd ndy tiéu biéu nhat 1 TinyOS.

Pic diém: 1a hé diéu hanh ma nguon md cho WSN. C6 kich ¢& ma nho, linh
hoat trong giao thirc truyén thong. Hoat dong dua trén xir Iy huéng su kién.

Tién ich: TinyOS mote simulator don gian hda viéc phat trién cac giao thirc
mang cam bién va cac ung dung, tao mdi trudng mod phong rong va bién dich truc
tiép tir ma TinyOS. Cung cap mot cong cu giao dién d6 hoa ngudi dung (TinyViz)
gilp hinh dung va tuong tac vdi cac hoat dong moé phong.
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Ngoai ra, con c6 mot sb hé diéu hanh khac nhu:
- LiteOS: 12 mot hé diéu hanh da luéng nhu Unix.
- Contiki: 1a hé diéu hanh da nhiém (ngudn mo)
- Squawk: str dung mot may ao JAVA, thuc hién truc tiép 0 bo nho flash.
1.2.4 M@t s6 loai nat cam bién khong day.

Hién nay, WSN dang phat trién rit manh mé trong cac linh vuc tir quan trong
nhu quén su, céng nghiép hay y té cho dén sir dung tai gia dinh. Do d6 c6 rat nhiéu
loai nut cam bién khong day khac nhau ra doi va cé thé chia 1am hai loai: loai nit
thé hé thap va loai niit cao cép.

Nt cam bién thé hé thap: dic trung boi kha nang xtr 1y, bd nhé va kha nang
truyén thong thap. Tuy nhién, duoc sir dung pho bién trong cic ung dung WSN.
Mot s6 loai nit nhu: Ho MICA (Mica, Mica2, Micaz), IRIS, Telos / Tmote, EYES.

Pic diém chung: sir dung bing tan (ISM). Ngoai ra gan day dugc bo sung
cac may thu phat CC2420 trong bang tan 2.4 GHz va tuong thich IEEE 802.15.4.

Nt cam bién cao cp: dic trung boi kha ning xir Iy cuc bd cao hon, bd nhé
nhiéu hon. Ap dung cho nhitng nit trung tam xtr 1y - luyu trir. Mot s6 loai nat nhu:
Stargate, Stargate NetBridge, Imote, Imote2. Bang 1.1, tong hop c4u hinh mot sb

loai nut cdm bién hién nay.

Bang 1.1. Ciu hinh mét s loai ntt cam bién khong ddy.

Loai nut Tac &6 CPU  Bé nhe RAM Tan so  Toc d6 truyen
iMHz) (kB) (kB) iMHz) ikbps)

Berkeley

WeC 8 8 (.5 916 L0

rene 8 8 (.5 Q16 1

rene? 8 16 l 0lé 1

dot B 16 I ol6 Lo

mica & 128 4 BAE 10440

mica? 16 128 4 433/R6RO16 38.4kbaud

micaz 16 128 4 24GHz 250
Cricket 16 128 4 433 38.4kbaud
EyesIFX B &l 2 B6E 15
TelosB/ Tmuote 6 48 ] 24GHz 250
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SHIMMER 8 48 10 BT/ 24 GH:* 250
Sun SPOT [ 6=611 IMB 256 24GHz 250
BTnode 8 128 64 BT/433-0]5¢ Varies
IRIS 16 |28 8 24 GHz 250
VaLink NA MNIA NIA 24GHz= 250
TEHU-1121 NiA NiA NIiA 092 4GHz NIA
N WEN-3202 NiA NIA NIA 24GH= 250
Imote 12 512 64 24GH=z (BT) 100
Imote2 [3=416 I2MEB 256 24 GHz 250
Stargate 400 I2MB 64 MB S0 24GHz Varies”
Netbridge NB-1010 266 &MB I2MB Varies? Varies”

() Trang bi hai bo thu phat: Bluetooth va mét radio ning luong thap.
(b) Phy thudc vao cac thiét bi truyén thong duoc két ndi.
1.3 Kién triic va giao thic.

WSN hinh thanh boi tap hop rat 16n cdc nt cam bién, va hoat dong trén sy
két hop cua nhirng nut nay. Do dic diém cia tng dung ma cc nit trong mang phin
tan trong mot ving twong d6i rong. Trong muc ndy, 1am rd kién tric va giao thic st
dung trong WSN.

1.3.1 Kién triic mang ciia WSN.

Céc nut cam bién dugc phan tan trong mot ving cam bién nhu hinh 1.3, mdi
nat déu c6 kha ning thu thap va truyén dir liéu vé nut co so (hay con goi 1a sink) va
dén ngudi dung cudi. Dir liéu duge truyén théng qua kién tric multi-hop.

Sink c6 thé giao tiép vdi tac vu quan ly/ngudi dung cudi thong qua Internet,
vé tinh hodc bat ki loai mang Wifi, mesh networks, cellular systems, WiMAX. C6
thé ¢ nhiéu sink/cong va nguoi dung cubi.

Cac nut thanh vién: (véi 2 chirc nang)

v chtrc nang ngudn dit liéu: nat thuc hién truyén tai goi dir liéu vé sink.

v chtrc ning dinh tuyén: tham gia vao chuyén tiép géi tin nhan duoc tir
cac nut khac dén nut tiép theo trong duong dan multi-hop dé toi sink.
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Quan If tac v
it

Mo dimg cudi

Ving cam bifn Mt cam bign
Hinh 1.3. Kién tric mang WSN.
1.3.2 Giao thwe Stack.

Puoc sir dung & sink va tit ca cdc nat cam bién nham két hop: ning luong
v6i dinh tuyén, tich hop dir liéu voi giao thirc mang, truyén thong hiéu qua véi
phuong tién khong day va giao tiép giira cac nit.

Thanh phan cua giao thirc: (thé hién trong hinh 1.4)

_~TL céu tric lidn két
_~~  Binghd
-~ Bihvi

Tang ing dung

2 T
{1 B

Tang @iao van

Swang 2w )
g i

Ting mang

Tang hien keét dii Lien

L~

Tang vat 1y d

e

Hinh 1.4. Giao thurc Stack cua WSN.

v’ Tang vdt Iy: giai quyét nhu cau vé ki thuat diéu ché, truyén va nhan.
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v’ Tang lién két dir liéu: bao dam thong tin lién lac dang tin cdy, st dung
k¥ thuat kiém soat 18i s& duoc néu ra trong chwong 2 va quan 1y truy
cap kénh giam thiéu va cham.

v’ Tang mang: quan tdm dén viéc dinh tuyén géi dit liéu.

v’ Tang vdn chuyén: duy tri luu thong dit liéu trong mang véi UDP.

v’ Tang vmg dung: quan 1y cac ung dung, quan Iy mang, xt 1y truy vén,
chtra cdc ma ung dung.

Céc chue nang quan 1y, dinh vi, déng b déu nham muc tiéu: gén két cac nuit
cam bién trong mang lai v6i nhau, sir dung ning luong hiéu qua, chia sé tai nguyén
mang va gitp md rong mang cam bién.

Giai phap 16p chéo trong WSN: nham tich hop chit ch& cac giao thirc trong
16p stack. Bang cach loai bo gi6i han gitra cac 16p ciing nhu cac giao dién lién quan
giita ching, nham ting hiéu qua trong khong gian va diéu khién. N6 néu 1én:

- Méi ndt dugc trang bi mot thiét bi do xung nhip cuc bg.
- Cam bién ,xir 1y, truyén thong duogc lién két, kiém soét béi xung nhip cuc bo.
- Thoi gian truyén thdng dir liéu ¢ timg ndt duoc nhét quan.
- Théng tin thu phat phai két hop vai vi tri ctia nut tao ra.
- Giao thuc truyén théng phai c6 thong tin vi tri.
1.4 Ung dung ciia WSN.

Céc tng dung cia WSN ngay cang phat trién boi nhimg kha ning dic biét
ctia nd, kich thude cac nit mang rat nho cé thé trién khai trong bat ki méi trudng
hay dia hinh phtrc tap nao, hoat dong tu do khong can nguén cép ¢ dinh do duoc
tich hop sdn ngudn nudi, tw xtr 1y cuc bd giup cung cap théng tin va thao tdc nhanh
chinh x4c véi cac hién twong ma nd theo ddi, dap tng duoc nhitng yéu ciu phic tap
cua cac ung dung nho kha nang tich hgp duoc rat nhiéu loai cam bién nhu nhiét do,
anh sang, gia tbc, am thanh,v.v. M6t sb linh vuc d3 trién khai Gng dung ctia mang
cam bién khong day: quan su, y té, cong nghiép, moi trudng va tai nha. Mot sb tmg

dung duoc thé hién trong hinh 1.5.
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Mang cam bien khong day

. l l |

Quan Su Moi trwéng Y te Tainha Céng nehiép

Smart Dust Great Duck Island  Artificial retina Water monitoring  Preventive maintenance
Sniper detection CORIE Patient monitoring Structucal health monitoring
VigilNet ZebralMet Emergency Response VigilMet

Voleano monitoring
Flood detection

Hinh 1.5. M6 hinh mét sé dy 4n Gng dung ctia WSN.

Trong qudn sw: nhim muc tiéu tiép can chién truong tdt hon giam thi¢t hai

cho con nguoi va trang thiét bi. Mot s6 ing dung ciia n6 nhu: theo ddi cac luc luong
than thién, thiét bi va dan duoc, giam sat chién truong, trinh sat dia hinh cua luc
lugng thu dich, phat hién va tan cdng trinh sat, myc tiéu, danh gia thiét hai tran
chién do vii khi sinh hoc, hoa chat, hat nhan.

Trong y té: nham muc dich hd trg nguoi bénh, bénh vién hay nghién clru y
sinh nhu cung cp giao dién cho ngudi tan tat, theo ddi tong hop bénh nhan, chin
doéan, quan ly thudc tai cac bénh vién, giam sat cac dit liéu sinh ly con nguoi, theo

ddi chuyén dong ctia con tring hay vi sinh vat.

Trong céng nghiép: nhim ting kha ning ty dong hoa trong cong viéc nhu

quan 1y hang t6n kho, gidm sat chit luong san pham, gidm sat giao thdng van tai,
kiém soat quy trinh san xuit va ty dong hoa, phat hién va theo ddi hanh vi trém cép
xe; theo ddi va phat hién xe, van phong thong minh, diéu khién robot, hudng din

trong cac moi truong san xuat tr dong, bao tang tuong tac.

Trong méi truong: theo ddi chuyén dong cua cac loai chim, dong vat nho,

con tring, theo ddi moi truong anh huong dén cay trong, chin nudi, thuy loi, theo
ddi tinh trang trai dat, thim do cac hanh tinh, gidm sat moi truong dat, bién, va khi
quyén, phat hién chay rimg, khi tuong hodc nghién ciru dia vat 1y, phat hién 1, 1ap
ban dd moi trudng va nghién cru 6 nhiém.

Tai nha: Cac nit cam bién khong day théng minh cé thé gin bén trong cac
thiét bi nhu may huat bui, 10 vi song, ta lanh, va dau DVD cling nhu h¢ théng nuoc
két ndi véi mang bén ngoai thong qua Internet hodc vé tinh. Cho phép ngudi dung

dé dang hon trong quan 1y céc thiét bi trong nha tir xa.
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1.5 Cac yéu to6 anh huéng dén thiét ké.

Nhu phan trude di dé cap, WSN hién nay dang phat trién kha manh mé trén
moi linh vuc. Nhung chinh vi thé ma nhitng nha phat trién tng dung ctia mang nay
lai phai déi mat voi nhitng thach thire khong hé nho. Phan ndy, di siu vao nhiing
yéu t6 anh huong tao nén nhimng thach thirc trong thiét ké WSN. Cac yéu t6 do la:
han ché phan ctng, kha ning chiu 151, kha ning mé rong, chi phi san xut, cau tric
lién két bo cam bién mang, truyén thong va tiéu thu dién ning. Trong dé, yéu té tiéu

thu ning luong quyét dinh dén sy séng con cua WSN.
1.5.1 Han ché phén cing.

Thach thuc:
- Kich ¢& qua nho ma yéu cau tng dung cao.
- Nguén ning luong pin qua it.
- Dién nang nudi dng-ten va bo thu phat 1a rat 16n.
- Tuyén thong qua tan sb v6 tuyén kha nang mat mat, hong thong tin.
- Bo nhé va bo xir 1y cau hinh van con thap.

Gidi phdp: b6 sung may phat dién cho mdi nut trong mang, thiét ké bo thu
phat véi kha nang bat tat lac can thiét, sir dung thiét bi truyén thong cao cp hon, st

dung phan mém dung luong thap va thuat toan xir 1y t6i wu nhat.
1.5.2 Kha niing chiu 16i.

Yéu t6 18i mang sinh ra do nhirng han ché cta phan cting va méi trudng tng
dung. Mot sb 1y do: thiéu dién, hong hoc do tac dong cua moi truong va 16i phan
mém. Quan trong nhat 1a do cac nat duwoc cung cp ngudn nudi chu yéu 1a pin din
dén nang luong khong du lam cac nit ngung hoat dong. Kha ning chiu 18i hiéu 1a
kha ning mang van hoat dong binh thudng ngay khi c6 mét vai 18i nao d6 xay ra.

Thdch thirc: do pin v6i nang luong it, vi xtr Iy véi kha nang chua cao, by nho
thap dan dén 13i khi chay phan mém va lam cho nat ngung hoat dong. Ngoai con tac
dong clia nhicu loai moi truong.

Giai phap: xay dung mang véi mat d§ cac nat cao. Tuc la nhiéu nut trong
mot pham vi phat song. Mot nut bi hong thi ¢6 nat khac phat thay thé ngay.
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1.5.3 Kha nang mé rong.

Do nang cao kha ning chiu 16i cua mang, giai phap ting kha niang chiu 15i
duoc dua ra & trén lai tao ra mot thach thirc khac cho thiét ké WSN 1a véi mat do
nit cao trong mot pham vi dan dén khi m& rong mang cin mot luong rat 16n céac nut
cam bién (hang trim dén hang nghin nat). chinh van d& nay da tao ra mot thach thirc
nan giai cho nhitng nha thiét ké, d6 1a 1am sao dé kiém so4t va diéu khién mot luong

16n cac nut nay hoat dong cach hiéu qua.
1.5.4 Chi phi san xuét.

WSN 14 tap hop ctia mot luong 16n cac nut cam bién, do vay chi phi dé tao ra
mot niit mang 1 rat quan trong dé dua ra gia ca tong thé cho toan mang. néu chi phi
nay dat hon chi phi cho nhitng thiét bi cam bién truyén thong thi n6 s& khong duoc
sir dung. Hién nay gia ca ciia mot nat cam bién van kha cao (hon 10$) trong khi yéu
cAu mang sé& chi trién khai thuc t& dugc v6i gia mot nat 1a 1$. Do dé day ciing 1a
mot thach thirc khé khan cho nhitng nha thiét ké WSN.

1.5.5 CAu truc lién két.

S6 lugng 16n cac nlt cam bién khong thé truy cap, giam sat va thuong xuyén
bi 16i lam viéc duy tri cdu tric lién két 13 mot cong viée ddy thir thach. Qua trinh
nghién ciru cdu tric lién két cia WSN thong qua ba giai doan: giai doan trudc va

trong trién khai, giai doan hau trién khai va giai doan tai trién khai.

Truedc va trong trién khai: phan bd hang loat bang may bay, tén lira, hodc dit

tirng nit mot bang nguoi hodc robot. Can mot ké hoach thiét ké can than nham :

giam chi phi lép dat ban dau, tang su linh hoat, tu t6 chire va chiu 16 cua mang.

Giai doan hdu trién khai: céu trac lién két mang thay doi do nhiéu nguyén

nhan, do d6 can nhung giao thirc mang linh dong c6 kha ning thay d6i ngan han,
dinh ky, va dai han trong cac ciu trac lién két.

Giai doan tdi trién khai: b6 sung, thay thé cac nit hong, thay doi hoat dong

theo yéu cau tmg dung.
1.5.6 Phwong tién truyén thong.
Hoat dong thanh cong cia WSN phu thudce vao sy truyén thong tin cdy gitta
cac nat mang. Chung co thé truyén thong véi nhau thong qua: radio, hong ngoai,
quang hoc, &m thanh hodc cam mg tir. Nhung dé thanh mot mang luéi rong khip

né can mot phuong tién c6 sin cho ca thé giéi va bing tan ISM duoc chon.
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Dic diém: ISM dugc cap gidy phép mién phi, c6 sin & khip thé gisi, khong

rang budc tiéu chudn cu thé, tr do sir dung céc giao thirc. Theo d6 bing tan hién nay
st dung 1a ISM 2.4GHz trén toan thé gi6i, ngoai ra bing tan 1SM 433MHz & chau
Au va bang tan ISM 915MHz & Bic My. Tan ISM trong bang 1.2.

Bang 1.2. Tan s6 ISM.

E]mfmg tan so

Tin 56 tung tam

67636795 kHz
13553-13567 kHz
26957-27 283 kHz
40.6640.70 MHz
433.05-434.79 MHz

6780 kHz
13560 kHz
27 120kHz
40.68 MHz
433.92 MHz

902928 MHz 915 MHz
2400-2500 MHz 2450 MHz
3725-5875 MHz 3800 MHz
24-24.25 GHz 24.125GHz
6bl-61.5 GHz 61.25GHz
122-123 GHz 122.5GHz
244246 GHz 245 GHz

Han ché: c6 thé nhidu tin hiéu tr cac tng dung khac, do khong duge quy
dinh dung riéng cho WSN nén cdc mang khong day khac ciling c6 can thi€p vao nd.

Ngoai ra, Hong ngoai ciing dugc sir dung do dugc cip mién phi, chi phi ré va
xay dung dé dang. Tuy nhién khoang cach truyén thong ngin thich hop véi cac tng
dung trong moi truong khac nhiét. Am thanh, str dung trong g dung hang hai.

1.5.7 Nang lwgng tiéu thu.

Trong WSN, ning luong tiéu thu quyét dinh dén su séng con ctia mang.
Trong muc nay, gidi thiéu cong thirc tinh todn dé xac dinh mic nang lugng tiéu thu
trong mang WSN. Mot nat cam bién khong day thong thuong chi duoc trang bi
nguén nudi la Pin (0.5Ah <, 1.2V), mat khac véi hau hét cac ung dung ctia WSN thi
viéc bd sung ngudn nudi 1a khong thé thuc hién duoc. Vi vy, can phan tich hoat
dong tiéu thu nang luong cua cac nit trong WSN dé sir dung hiéu qua nd hiéu qua.
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Cac hoat dong cua mot nut cam biéen:

- Khéi tao dir liéu: n0t thu thap thong tin, xtr 1y chung tao dit liéu khoi dau.

- Dinh tuyén dir liéu: cac nit chuyén dit liéu khoi dau dén cac nut 1an can dé

dua dén sink (theo quy dinh dinh tuyén).

Cong viéc tiéu thu nang lwong: (rit ra tir hai hoat dong trén)

v Cam bién.
v’ Truyén thong. (tiéu ton ning lwong nhat thé hién trong hinh 1.6)
v Xt 1y dir liéu.

Y-
=
=
=
S

!

2k,
=

4
Ly

e
po=]

L

Nang leong tieu thu (W)

| Y | :
Cambien MCU Truyén  Nhin Ron Neu -

Hinh 1.6. Muc do tiéu thu nang luong cta nat cam bién MicaZ.

1.5.7.1 Ning lwong tiéu thu cho cam bién.

Mt d6 tiéu thu ning luong cho cam bién tuy thudc tng dung cu thé nhu:
mot Gng dung thu thap thong tin timg dot mat it ning luong hon thu thap thudng
xuyén, su kién cam bién phirc tap s& ton ning luong nhiéu hon su kién don gian hay
nhiéu nhiéu s& lam nut tiéu thy ning lwong nhiéu hon. Nhung nhin chung, trong mdi
don vi cam bién c6 mot hé thdng con gdm: mot thiét bi khuéch dai tap 4m thap, mot
b loc khir ring cua, mot ADC va mot bo xir 1y tin hiéu s6 (DSP).

C6 thé tinh dugc ning lugng tiéu thu do cam bién thong qua cong thire 1.1,

':-.
P o Fg . 2ENOE

(1.1)

Trong d6, F 12 ty 18 14y mau, ENOB 1a s6 bit hiéu qua (hay do phan giai).
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Tinh chinh xéc cua dir liéu quyét dinh béi ty 16 iy mau. Tang ty 1& iy mau

cling s& cung cp d6 phan giai tot hon.
Vi du: v61 mot ing dung cam bién nhiét do:

Ty 1& iy mau = 1ms khong phu hop khi nhiét do thay doi theo phat hay gio.
Do phan giai tang 1én 8bit - 10bit, ADC phai tinh vi hon va gia tang hoat dong cho

mot don cam bién. Theo d6, ning luong tiéu thy ting 1én.
1.5.7.2 Nang lwong tiéu thu cho xir ly.

Theo tinh toén, chi phi ning luong cua truyén mot goi 1 (KB) trong khoang
cach 100 (m) 1a xp xi bang thuc hién 3.000.000 (chi thi) bdi mét vi xir 1. Do do,
viéc xir 1y tai chd duge ap dung trong WSN. Vi vi xir 1y véi cong nghé ban dan
(CMOS) rat thich hop véi cac nlit cam bién yéu cau nho va ré cia WSN. Cong thirc

1.2 (x4c dinh mirc nang luong tiéu thu cho xtr 1y Ej).

Ep=N-C- Vjy+ Vaqllpe" /" VT )(N /f)
1.2)

LC- V2

Trong d6, ™ dd : nang lugng tiéu hao ciia thiét bi chuyén mach ban dan.

(N: s6 xung nhip dong hd, C: tong dién dung chuyén doi, Vyq: dién ap cung cap),

Vaa(lpe YN/ nang luong tiéu hao do ro ri voi mat dat ( lo: su ro ri

hién thoi, n: 12 hang s6 lién quan t6i phan cing vi xur 1y, V1: ngudng dién ap, f: tan
s6 xung nhip). Tir d0, ta c6 thé kiém soat dugc Vyq va f.

Thanh phan f ¢ thé dugc tinh toan qua do tré cong Ty (gate delay) trong
cong thirc 1.3. Do tré cong, phu thudc vao dién ap cung cip, giam dién 4p cung cap
lam tang do tré cong co thé giam thoi gian nhan rdi cho bo vi xir 1y.

Vid

Iy = ———
T K (Vg — Ve (1.3)

(K va a: bién phu thudc vao bd vi xir 1y (a ~ 2), Vin: dién ap tdi thiéu)

Néu bo vi xtr Iy hoat dong & mot ( ) twong Gmg véi thoi gian chuyén tiép
cong To=1/f trong d6 bd vi xir Iy c6 nhiém vu duy nhat 1a xir Iy. Khi Ty < To, bo xr
1y dugc nhan rdi khi hoan tat mot cong viéc cho dén khi cong viée tiép theo. T do,
f duoc dugc tinh bang cong thic 1.4.
= _krTFJE-i-:-i — V)@

;ll-
i Vid (1.4)
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Gidi phdp tiét kiém nang heong: tir nhitng cong thirc trén.

- Giam Vy, ¢6 thé giam dugce Vg ma khong anh huong dén xir 1y.

-Giam f trong sudt thoi gian hoat dong, chi ton that dién ning do dong ro ri.

- Giam Vg4 lam gidm sy 10 ri tdi da.

- Tim méc nang lugng tiéu thu cao nhét dé kiém soat dién ap hoat dong.
1.5.7.2 Ning lwong tiéu thu cho truyén thong.

Mot nut cam bién khong day bo ra phan 16n ning luong cho truyén thong.
Theo phén tich, ning lwong mat di nhiéu nhit cho qua trinh thu, phat va ro ri, mit
khac & trang thai ngu no lai tiét kiém dén 99.99%. Thanh phan tiéu thu ning luong

chinh trong truyén thong 13 bo thu phat vo tuyén do d6 can xem xét thanh phan nay.

B4 thu phét: gom bo tron, bd tong hop tan sb, bo diéu khién dién ap dao
dong (VCO), vong khoa pha (PLL), bo giai diéu ché va bo khuéch dai ning luong.

M@ hinh don gidn: nang luong tiéu thu trong truyén thong (Pe), 1 cung cap

cho truyén va nhan thong tin, dit liéu. thé hién trong cong thirc 1.5 dudi day.
Pe =Py + Pix+ Prx (1.5)
(Po: nang lugng dau ra bo khuéch dai, P, va Py nang lugng cho thu va phat).
Theo cong thirc thi:
- PytPy :1a nang luong ti€u thu cua nut phat.
- P : 1a nang luong ti€u thy cia nut thu.

M@ hinh téng thé: ngoai viéc thu va phat, nlit cam bién con tiéu thu ning

lugng trong chuyén trang thai thire—ngtl va khai dong phan cung. dong thoi cung
mét nang lugng cho thiét bi chuyén mach thuc hién. Thé hién & cong thuc 1.6.

Ee = Egt + Epx+ Esw + Eix (1.6)

Trong do, Ec: nang lugng ti€u thy téng thé; Eg: nang luong ti€u thu cho khoi
dong; Eg,: nang luong ti€u thu cho thiét bi chuyén mach; E,, va Ey: nang luong tiéu
thu cho thu va phat.

Nang lwong tiéu thy cho khoi dong: Est=Pro-ts (1.7)

Trong do, P, o: nang lugng tiéu thu cua bd téng hop tan sd va VCO; ty: thoi

gian can dé khoi dong nit.
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Nang lwong tiéu thu cho thiét bi chuyén mach: Esw=Pro 1sw (1.8)
Trong d0, (tgy): thoi gian chuyén doi.

Ndang lwong tiéu thu cho thu nhdn thong tin: Erne=(Pro + PR (1.9)

Trong d6, Prx: nang luong tiéu thu cua bd khuéch dai, bd tron, va bod giai

diéu ché; (t): thoi gian thu mot goi tin.
Néng liwong tiéu thu cho phat théng tin. Erx=Fro+ Praic (1.10)

Trong d06, Ppa: ning luong tiéu thu cho bd khuéch dai (khong dang ké) va bo
khuéch dai dién ning; (ty): thoi gian phat mot goi tin.

1 1 )
Ppp==Poy == -ypa-r-d"
’ i n

Nang lwong tiéu thu cho bé khuéch dai: (1.11)

Trong d6, n: nang lugng hiéu qua cua Cac bo khuéch dai; Py nang luong
tao ra tir bo khuéch dai; Yea: 12 mot yéu tb phu thudc vao ang ten; d: khoang cach
truyén thong; r: tdc @6 dir lidu; n: s6 mil trong cong thirc thé hién sy mat mat.

Yéu té phy thudc dng ten: 12 Budc song, nhiét d6 1am nay sinh tap nhiéu cho
thiét bi, ty 1& nhiéu tin hiéu (SNR).

Chu trinh giao tiép: khi ma mot nat truyén mot goi tin dén mot nut 1an can va
nhan mot phan tng trd lai, bao gdm khoi dong ciia bo thu phat vo tuyén, truyén tai
g6i dit liéu, chuyén doi tir ché do phat sang ché do thu, va tiép nhan géi tin. Két qua
13, muc tiéu thy nang lugng tong thé theo cong thire 1.12.

Thay cac cong thue 1.7, 1.8, 1.9, 1.10, 1.11, vao 1.6 ta duoc:

Ec=Eg+ Exx+ Eqw+ Erx
= Prg-ta+ (Prg + Prx)iee + Pro - tsw + (Pro + Ppaltn. (1.12)
Gia str try = trx = lpit / 1, VO lpkr 12 @0 dai goi tin, ta dugc mic ti€u thu nang
luong tong thé 1a:
lprr | |
Ec = Pro(ts +tay) — QPLo + Prx)——+ — - vpa - d" trx - IPKT
r y (1.13)

Tir cong thire 1.13, thiy rang viéc tiéu thu ning lugng cho truyén thong co ba

thanh phan chinh: Pro(ts + tsw). khong d6i va phu thudc vao cac mach thu phat.

R NJe
(2Pro + Prx) N A o
I 1 doc lap voi khoang cach truyén thong (d) nhung c6 theé dugc
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diéu khién thdng qua cac kich thudc géi hodc téc do truyén. (Hai thanh phan nay l1a
cac thanh phan doc 14p v6i nang luong tiéu thu)

|
— - ypa - d 't IPRT \ ‘
L : phu thudc vao khoang cach truyén thong ciing nhu

chiéu dai goi va c6 thé dugc diéu khién théng qua giao thirc 16p cao hon nhu 12
MAC va cac giao thirc dinh tuyén.

Tinh todn don gidn cho tiéu thu nang lrong trong truyén théng:

Puoc don gian hoa cho mét cip nat thu-phat v6i khoang cach truyén thong
d. thé hién trong hinh 1.7.

nut phat

I

1

i

J

1

J e_giee | R re_amp | Kd)
i

U k=hir pasker . -

T M Transmit TX

i

I Electronics Amplifier
1

i

J

1

E_-'!":"_' *k ﬂ,-_:,»g::-* k¥

,-.'"’1
[}
=
g
I
=
=

Electronics

1 1
i [}
] 1
1 I
] 7 |
i E-fu;_:-':':—'-.' [} I
] 1
1 e hir mackar . |
j oL e Receive |
] - 1
1 ]
] |
i ]
] I
i ]

Hinh 1.7. Bon gian hda nang lugng tiéu thu cho moét cap nut.

Theo mo hinh, nang lugng ti€u thu do phat phu thudc vao thiét bi truyén dién
tr va bo khuéch dai truyén. Nang luong tiéu thu do thu chi phu thudc vao thiét bi
thu dién tir. Ttr d6 ta ¢ thé mo hinh hoéa né dudi dang cong thuc 1.14.

Eqo= Eplk. d)+ Epe(k) (1.14)

Trong do, Ey(k, d) va E(k): nang lugng tiéu thu cta nat phat va nut thu.
Ep(k.d) =Epgjec " kK + €amp - k- d" va Erx(k) = Epyelec - k. Vi Etx-clec VA
Erx-clec 1a ning luong tiéu thu trén mdi bit cho nut phat va thu; €amp: NANg luong tiéu

thu trén mdi bit trén bo khuéch dai dién ning (phu thudc d).
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Théng qua nhitng phén tich va cong thirc tinh toan, c6 thé thiy ning luong
danh cho truyén thong trong WSN 14 rat 16n, trén thyuc té viée truyén nhan dir lidu
khoéng phai lac nao ciing thanh cong. Hon nita, do dic diém phan cimg caa WSN
cling gy ra 16i dir liéu truyén. Do d6 mot phuong an kiém soat 16i trong mang

WSN 13 v6 cing quan trong n6é sé& duoc trinh biy trong chwong 2 cta d6 an.
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CHUONG 2: KIEM SOAT LOI TRONG WSN

2.1 Téng quan vé van dé kiém soat 15i trong WSN.

WSN dya vao su két hop va phan hoi cua nhiéu cam bién twong tac voi moi
truong. Do do, 16p lién két dix lidu trong mang thuc su rat quan trong, v&i nhiém vy
ghép kénh / giai ma kénh dir liéu, phat khung dit liéu, truy cdp moi trudng va kiém
soat 16i. Theo d6, dé co do tin cay va hi¢u qua dir liéu trong mang cong viéc kiém
soat 16i 1a khong thé thiéu. Trai nguoc véi nhitng mang truyén théng, WSN duge
dic trung boi ning lwong thip va sy hop tac chit tré cta cac nut cam bién. Do vay,
cac giai phap truyén thong thuong duoc dua ra déu nhim muc dich dé lam giam sy
du thira trong luu thong bang cach loc dir liéu lién quan hoic tit cac nit du thira.

Muc dich chinh ciia kiém soat 15i 1a cung cap thdng tin dang tin ciy trong
cac kénh khong day bai 1& nhitng kénh nay rat hay gip su ¢d nhu: nhidu, yéu hay
mat bit dong bd. Piéu nay din dén 16i kénh va tac dong dén su toan ven clia C4c goi
tin duoc gui di boi cac nut cam bién. Cac 156i nay con gia ting hon véi WSN vi
truyén thong dién ning thap. Két qua 13, ngoai céc k¥ thuat & 16p vat Iy cung cap su
tin cay & cdp do bit, cac phuong an kiém soat 18i duogc sir dung tai cac 16p lién két
cung cip do tin cdy & mic géi dir licu.

Nhin chung, cac co ché kiém soat 16i trong WSN c¢6 thé duoc phan thanh bén
phuong phap chinh: kiém soat ning luong, tu dong phat lai (ARQ), sira 13i trudc
truyén (FEC), vd ARQ lai ghép (HARQ). Bon phuong 4n nay s& duoc 1a rd tai
chuong nay, dong thoi trong chuong phan tich cac phuong an kiém soat 16i bang
cach sir dung k¥ thuat phan tich qua 16p chéo dé dé xem xét nhiing tac dong trén
kénh khong day, truy cap moéi truong, va dinh tuyén multi-hop. Duéi day, tong quan
vé C&c thanh phan ciia 16p lién két dit liéu thdng qua hinh 2.1,
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Hinh 2.1. Tong quan 16p lién két dit liéu.

2.2 Céac phwong an kiém soat Li trong WSN.

WSN dic trung boi ngudn nang lugng thip va kha ning lién két chit tré giita
cic nut cam bién trong mang. Do do, van dé dat ra 1a 1am sao dé gilt cho mang hoat
dong on dinh va hiéu qua véi ngudn ning luong thap dé. Cac phuong an di duoc

dua ra: kiém soat nang lugng va kiém soat 18i trong truyén thong dit lidu.
2.2.1 Kiém soat ning luong.

Trong nghién ctru va trién khai nhung nha nghién ciru rat ra, khi kiém soat
nguodn ning luong tot thi 16i mang s& dugc giam thiéu. Co 2 phuong an kiém soat

nguodn ning lugng dé giam ti 18 16i.

Thir nhdt, Kiém soat nang luong tiéu thy tir dng-ten ¢ thé gitp kiém soat

pham vi truyén thong hiéu qua ctia mot nut.

Thir hai, Kiém soat ning luong truyén tai. Truyén tai ning luong cao 1am
giam ty 18 18i gobi tin bdi vi no cai thién duoc ty 1é nhiéu tin hiéu. Tuy nhién, ning
lugng tidu thy vi thé ma ting dong thoi c6 thé gia ting nhidu véi cac nut 1an can.

Kiém soat nang lugng yéu cu cic giao thic phirc tap, do vay doi hoi bd nhé
cao dé thyc hién lam cho phuong 4n nay dudng nhu khong phii hop véi tat ca cac
du 4n ciia WSN. Mic du vay, né rat phi hop khi sir dung trong cac du an hoat dong
trong khoang thoi gian gian dai.

Ning luong truyén tai cia mdi géi tin chiém chi phi dang ké trong ngudn
nang lugng ciia WSN. Do vdy can mot phuong an hiéu qua hon va do 1a kiém soat
16i trong truyén thong. Sau ddy 1a mot sé phuong 4n kiém soat 16i trong truyén
thong duoc dua ra dé xem xét ddi véi WSN.
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2.1.2 Tw dong phat lai (ARQ).

Mot phuong an kiém so4t 15i kha phd bién trong cic mang truyén thong. Sau

day l1a noi dung va co ché hoat dong ctia no6 trong qua trinh kiém soat 101.

Néi dung: ARQ dua chu yéu dwa vao viéc phat lai cac géi dir liéu bi mat
hozc bi hong dé duy tri su tin cay.

Co ché hoat déng:

Bén giri, str dung mot phwong an phat hién 161 tao cac bit du thira roi gin vao
g61 dir liéu truyén di roi doi phan hdi tir bén nhan. Bén gui duoc trang bi mét bo
dinh thoi gian, néu sau khoang thoi gian quy dinh (time out) ma khong nhan duoc

phan hoi ctia bén nhén thi coi nhu da co6 161 xay ra va s€ truyeén lai dir li¢u.

Bén nhan, sau khi nhan duogc goéi dit liéu, s& sir dung phuong an phat hién 16i
tuong (mg kiém tra g6i dir liéu. Néu khong c6 13i s& phan hoi lai bén gii mot ACK

cho moi goéi toan ven.

Cac loai ARO:

- Go-back-N ARQ 1a cho phép bén gui giri N goi tin. Néu c6 mot goi tin
khong dugc ACK, thi tAt ca cac g61 tin bi truyén lai.

- Selective-repeat ARQ la gtri lai cac goi tin chua duge ACK.

- Stop-and-wait ARQ la cho phép moét goéi tin don chua hoan thanh qua va

truyén cac goi tin sau sau khi cac goi tin nay da hoan thanh nghia 1a ACK.

Trong cac chién lugc trén stop-and-wait ARQ duoc str dung phd bién véi
WSN. ARQ dua trén co ché kiém soat 18i phai chiu chi phi ddng ké dé bo sung va
phat lai. Tuy nhién, ARQ thich hop véi tmg dung bi han ché vé kha nang xur 1y cua
céc nat cam bién.

2.1.3 Sira 16i truwée khi truyén (FEC).

Trong WSN ning luong tiéu thu 13 yéu t6 vo cung quan trong, do vdy ma
phuong an kiém soat 1561 ARQ thuc su khong phu hop véi da sé tmg dung ctia mang
nay. Mot phuong an kiém soat 16i khac duoc dua ra, dé tranh viéc truyén lai khi goi
dir liéu bi 15i thi viéc stra 16i ngay tai nat nhan 1a giai phap hop 1y nhat. Hon nira,
cac nit cam bién v6i kha nang tir xir Iy 1am phuong an nay trd 18n kha thi hon. Sau
day 1a nhitng luan diém va chimg minh phuong an méi nay thuc sy kha thi voi

WSN. Phuong an ndy mang tén “Sira 18i trude khi truyén”.
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2.1.3.1 Cé sé 1y thuyét ciia FEC.

So b6 hoat déng: (theo hinh 2.2) Theo do, tai 16p Application dit liéu ton tai

& dang go6i va khi téi 16p radio chip né ton tai dang ting bit va dugc truyén di. Lop
radio chip c6 thé 1a chipcon radio ( loai mé&i nhat hién nay) hoic RFM radio.

Bén giri, cac gbi dir liéu dugc phan manh thanh timg byte dugc ma héa roi
guri di. Trude d6 mot chudi byte dic biét goi 1a “preamble” hay phan mé dau dugc
gri di nham dong phat hién va dong bo hoa goi dir licu.

Bén nhdn, sau khi nhan dugc goi mé dau, nd bat dau giai ma cac goi sau do,
va MAC thyc hién lap rap cac goi d6 lai va théng bao su ton tai goi tin.

Ung dung
Gheép kenh

Kiem tra CRC
Gt | Siva 1oL
Phin manh
Lap rap

Radio Chip

Hinh 2.2. M6 hinh xtr 1y trong WSN.

Trong qua trinh phan manh (hinh 2.3), cac bit dit liéu dugc ma hoa véi ma
stra 16 (ECC) va duoc 4nh xa vao trong cac byte dit lidu gdc. Néu c6 16i x4y ra, cac

bit nay s& duoc bén nhan sir dung dé sua 16i phuc hoi dir liéu goc.

Byte data
Code word
Byte 3 Byte 2 Byte 1

D Bit chin lé j Bit thém cho can bing DC
Hinh 2.3. So ¢6 mi hoa byte dit liéu.

Ddc diém 16i trong WSN:

Mot thyc nghiém duge thyc hién, nit cam bién véi chipcon radio gt lién tuc
10000 goi tin khdng ma hoa dén mot may PC. Két qua nhan dugc cho boi hinh 2.4.
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Hinh 2.4. Biéu d6 tan suét 1i bit cia mot nit cam bién khi phat 10000 goi va ty 18
16i goi tin m¢ dau theo khoang céach.

Tir biéu d6 hinh 2.4 ta thay da so [6i bit trong thwc nghiém 1 16i don bit va
16i 2 bit, 16i da bit va 16i géi khoi dau c6 nhwng rat it. Vi vy, d6i voi dic diém nay
ma phuong an FEC tap trung vao sitra 16i don bit va hai bit chit khong tip trung sta
16i da bit. Sau ddy, trinh bay kha ning stra 16i trong ma khéi tuyén tinh vi n6 don

gian va hiéu qua trong WSN.
2.1.3.2 M4 sira 16i sir dung trong FEC.

Ma khéi tuyén tinh:

Phat biéu: || Mot ma khéi ¢6 chiéu dai n gom 2* tir ma dwoc goi la ma tuyén
tinh C(n,k) néu va chi néu 2Xtir ma hinh thanh mét khéng gian vecto con k chiéu
ciia khéng gian vecto n chiéu gom tdt cd cdc vecto n thanh phan trén truong GF(2).

Truong GF(2) (Galois Field 2) la trwong nhi phan dong thoi phép céng la
phép cong modul 2 (cong tuyét doi), va phép va (AND). ||

Cu thé: Ma tuyén tinh C(n, k) ¢6 muc dich mi hoa nhiing khéi tin k bit thanh

nhiing tr ma n bit. Hay n6i cach khac trong n bit cua tir ma c6 chira k bit thong tin.
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Cach ma hoéa: u = [ag, a; , &, .... , ax1] 13 thong tin can dwge ma hoa thi tur

mA v twong tng véi u s& co dugce bang cach 14y u nhan véi ma tran sinh G.
tacd: v=u.G hayv=aggo+ aig; + ... ta,10x1

Cdch gidi ma. cé u=[ay, a; , @y, .... , ax1], tr ma nhan duogc tai bo thu
v=[bg by, by, ...,bk1,0x, ... ,bn-1], gid st qua trinh truyén khong 13i (trc 1a v thu dugc

la dang), tir v ta tim lai u nhu sau:

Tu phuong trinh : v =u.G hay Vv =agQo + a;0; + ... +ax 10k
ta giai hé phuong trinh trén dé tim c&c a; => ta tim dugc u.

vi du u= [a01 ap, dg, ... ak-l]’ V:[bo,bll b2) "')bk-llbk) 9bn-1]1 C(714)

9o 1101000
g, 1011100
G4><7 — —

g, 0100011

g, 1010001
Twr: v=uG => h¢ phuong trinh dudi
bo:ao+a1+ag b1=ao+a2 b2=a1+a3 b3:a()+a1
b4:al b5:a2 b6:a2+33

v61 v=[1100101] thay vao h¢ trén => u=[1101]

Ma hod khéi tuyén tinh hé thong: Mot ma tuyén tinh C(n,k) duoc goi 1a ma

tuyén tinh hé théng néu mdi tir ma c6 mot trong hai dang sau:

K bit thong tin | n — k bit kiém tra

Hoac

n-k bit kiém tra | k bit thong tin

Khi d6 ta s& x4c dinh duoc ma tran sinh G hé théng twong tng.

Véidang 1 thi: G =[ly, P]
Véi dang 2 thi: G =[P, 1]
Trong d6, P 1a ma tran nhi phan, Iy 14 ma tran don vi kich thudc k x k.

khi d6, thong tin gdc c6 thé 1ay duoc tir k-bit dau hodc k-bit cudi ciia tir ma.
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Cdch xdc dinh ma trén sinh hé théng (G):

Xét cdu trac ma khéi hé thong : 11,1y, I3, ... Foi,D1,b2,03,...by.

Trong d6, r; 1a cac bit kiém tra duoc thém vao; b; 1a bit thdng tin. Ma trin

sinh cua hé théng c6 dang: G = [Tkxk:Prx(n-ko] vO111a ma tran don vi kxk ; P la ma
tran nhi phan.

Xdc dinh ma trdn nhi phdn P: Ta c6 td hop tuyén tinh cua k bit thdng tin
theo cong thuec:

(*)
ok = p(n—k)lbl + p(n—k)Zbl +.o.t p(n—k)kbk

hay ta c6 hé phuong trinh twrong duong: ri = p;ib; + p,ib, + psibs + ... pkbk

Thé k tir ma doc 1ap tuyén tinh vao hé phuong trinh (*) dé tim cac p;; cho
ma tran G, khi do ta cling co6 thé tim P véi:

1 nén 1, phu thude vio m,
ZiTY0 néu r; khing phu thuoc vio m, (%)
Qua trinh chung: qua trinh hoat dong chung ciia ma hoa, truyén va giai ma
mot thong diép thé hién trong hinh 2.5.

Message: u Decoded message: u’

| Encoding | Decoding

-
Encoded Received

message. v = uiG message r

| Maodulation | m Demaodulation
> Channel

Hinh 2.5. So d6 quy trinh giai ma - truyén - ma hoa.

Phdt hién va sira 16 (nguyén Iy khodng cach Hamming toi thiéu):

- Nguyén Iy phat hién sai : Kiém tra xem t6 hop nhan c6 phai 1a tir ma hay
khong, néu khong thi to hop nhan 14 sai.

- Nguyén Iy sira sai : Kiém tra xem t6 hop nhan c6 khoang cach Hamming
gan voi tir md nao nhat, thi d6 chinh 13 tir md dung da dugc phat di.
(quyét dinh theo nguyén tic gan van dung).
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Cdch phat hién [6i: mOt ma tran kiém tra (H) cua bd ma c¢6 ma tran sinh Gyx,
¢6 kich thude (n-k)xn sao cho : GxH' = 0; Nhu vdy: Néu ma tran sinh hé théng
cua mot ma tuyén tinh hé théng c6 dang : (H" va P" 1 2 ma tran chuyén vi)

G=[lk:P]=>H=[P": I, ]hoacG=[P: Il]=>H=[l,:P"]

Taco: GxH' = [l : P][PT: 1] = P + P =0 (xét trong trudng GF(2)). Néu goi

vector 15i 1a e thi ching ta c6 s - syndrome:
s=rH =(v+e)H =uGH" +eH " =eH"

s # 0 nghia la c6 16i; sau d6 tuy thudc vao kha ndng ctia ma stra 16i, s dugc so
sanh voi tirng hang hay téng cua cac hang trong H' d& x4c dinh 15i dwa vao tap hop
cac mau 16i (T):

- Ton tai duy nhat mét t; e T sao cho t; = s thi xac dinh dwoc vi tri 15i.

- Tdn tai hon mot t; =s (giasus=t;=t; €T) thi chi xac dinh duoc 16i ma
khong sura duogc.

- Khong xac dinh duoc t; =s hay s ¢T thi 16i khong x4c dinh duoc hoic
g61 tin bi méat mot doan nao do.

Tt d6, ta tim duoc vi tri 16i

- L&i don bit: ¢6 s trung véi 1 cot trong ma tran H, vi tri ¢t 1a vi tri cua 10i
- Ldi 2 bit: ¢d s trung v&i phép hoic tuyét dbi cuia 2 cot trong ma tran H, vi
tri clia cac cot trung voi vi tri cia 16i.

Cdch sira 16i: Phia thu sau d6 c6 thé giai ma cac tir ma da dugc sira 16i bang
viéc giai phuong trinh v=u.G (nhu d3 trinh bay & trén). Mot cach dac biét, néu G 1a
mot ma tran sinh hé thong thi théng tin gbc c6 thé l1ay dugc tir k-bit dau hodc k-bit
cudi cua tir ma nhan dugc.

Phwong phdp md cét trong sé 16 (Odd-weight-column): kha nang sta dugc
16i don bit va phat hién 16i 2bit.

Véi dau vao 1a k bit dir liéu thi H véi s6 cot > r+k (r s6 lugng bit chin 18). Vi
du, r = 5 bit chin 1& 13 can thiét dé phuc hoi k = 8 bit dit liéu, va r = 6 bit chin 1 1a
can thiét dé phuc hdi k = 24 bit dir liéu.

Xac dinh cac cot cia H nhu sau:

- 1 cdt cudi cua H 1a mot ma tran don vi |,.
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-k coOt dau cua H duoc léy tor r hang vector cot trong s6 16 ngoai trur

nhirng cai st dung trong .

Vi dy: cho u = [0100 0010], k=8, r=5

[ 1000000000111 ]
0100000001011

0010000010101 0011111110000
1006 1011¢ 0100111101000
G=[ls:C]= gg::ﬁ“{::ggi?éﬁ& H=[C":T;)=| 1011001100100
0000010011010 1101010100010
DO00D001011100 1110100100001

| 0000000111111 |

Turuva G tacéd: v=uG =[0100 0010 10111]

Gia st rang cac bit tht hai cua thong diép ma hoa bi ddo nguoc do nhidu.
Bén nhan, nhan dugc thong diép v’ = [0000 0010 10111]. Sau d6 ta tinh duogc:
. J11T n ‘ N Lz .
s=vH =[01011]g day ta thiy rang s giéng véi hang thir 2 cua ma tran H'.
Do do, béng cach dao gia tri tai bit thir 2 cua v’ thi ta s€ dugc v.

Sau khi nhan duogc v’ khong 16i hodc da sira 16i, véi ma tran sinh G theo mot

ma c6 hé thong thi, u s& 13 k bit dau tién cta v’. tirc 1a : u=[0100 0010].

Phuwong &n “Double error correction codes”: kha ning sira 16i hai bit va phat

hién 16i 3 bit. Phuong an nay chi stra dugc 16i don bit va 2 bit, 16i 3 bit chi dugc
phat hién va théng bao cho cac 16p trén.
M6t ma Double-Error-Correcting va Triple-Error-Detecting (DEC-TED)

(16,8) duoc dé xuat bai Gulliver va Bhargave voi ma tran nhi phéan C.

rl L4 B4 B A 8T
o 10 31@a
1 80 131810
HEREE T FRE B
G=l1i g2 B o110
FI®1Leaaa
i1 81 B3I 801
L1 & 63l 00l

Ma tran sinh G dugc tao ra v6i dang G=[lg  C] va ma tran chin 1é H c6 dang
H = [CT, Ig]. Néu 1 hay 2 bit 15i xuét hién, syndrome s s& hodc 1a gidng véi 1 cot
trong H hoic 1 bing phép cong tuyét ddi cua 2 cot trong H; chi sd cua cac cot ndy
chinh 1a vi trf cta bit 16i.

Vi du: cho u=[0100 0010],

Luu y: rang khoang cach Hamming tdi thiéu giita hai hang bat ki 1 5.
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[ 1000000001101010 ] [ 0010101110000000

Dl1o0000000110101 lo01010101000000
0010000010011 010 11001010001 00000
, - 0001000001001 101 ~T . 011001010001 0000
G=[:C]= D000100010100110 H=[C":Is]= 1011001000001000
000001000101 0011 0101100100000100
0000001010101 001 1010110000000010

_||||||||||()()111||1||1()()_ IIlIIl()llIIIIIIIIII()()()lJ

T d6, v=uG = [0100 0010 1001 1100]

Gia su, bit tht 2 va 3 bi dao nguoc do nhiéu. Bén nhan, nhan duoc thong
diep v’= [0010 0010 1001 1100]. Tir d6, tinh duge: 5= V'H" = [1010 1111]
d6 ta dem ting cap hang trong H' XOR véi nhau, thi thiy hang thtr 2 va 3 XOR v&i

nhau bang s. Vay 16i ndm & bit thir 2 va 3 cta v’. Tur d6, dao gia tri bit ta s& duoc v.

Sau khi nhan duogc v’ khong 16i hodc da sira 16i, véi ma tran sinh G theo mot
ma c6 hé thong thi, u s& 1a 8 bit dau tién cta v’, tirc 13, u = [0100 0010].

Trén day, 1 nhimng 1y thuyét co ban ciia phuong an FEC va cach stra 16i don
bit va 2 bit ctia né. Pbi véi mang WSN, FEC thuc su thich hop dwoc chon lam

phirong dn kiém sodt 16i hiéu qua nhat.
2.1.4 ARQ lai ghép (HARQ).

Phuong 4&n ARQ va FEC duy tri do tin cdy trong cac kénh thong qua cac k¥
thuat khac nhau. ARQ thudng c6 hiéu qua v6i kénh truyén tét vi khong co bit du
thtra dugc giri di. Tuy nhién, ARQ trd nén khong hiéu qua khi gip 16i do phai gtri
lai toan bo goi tin, mac du chi c6 mot s6 bit 1a bi hong. FEC thi nguoc lai, véi hiéu
qua kénh truyén khong tot vi phai truyén thém nhung bit du thira nhung lai tét trong
diéu kién gap 18i vi nd c¢6 kha nang phuc hoi 16i. mot phuong an méi duoc tinh dén
do 1a Hybrid ARQ hay ARQ lai ghép.

Néi dung: ARQ lai ghép (HARQ) két hop phuong an FEC va ARQ bang
céch nang cao kha nang phuc hoi 16i trong mot géi tin thong qua truyén lai.

Co ché hoat dong: mdt goi uncoded hoic mi hoa thap dugc giri 1an dau tién.

Trong trudng hop 161 kénh, HARQ thyc hién phat lai bang cach sir dung kha ning
cua FEC. Vi 2 cach xtr Iy khac nhau trong 2 loai HARQ.

Cac loai HARQ:

- K7 thudt HARQ-1: Néu goi tin nhan bi 151, bén nhan s& giri mét NACK cho
bén guri. Sau do, bén guri, s€ gui mot goéi voi dir liéu va ma FEC.

- K7 thudt HARO-1I: néu gap 16, chi c6 cac bit ma FEC duoc giri di.
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Trong khi loai Il giam st dung bang thong, thi loai | khong yéu cau cac goi
dir liéu da guri trude do duogc luu trir & phia bén nhan.,

2.2 Loi ich caia ting kha ning phuc hoi 13i.

Dbi véi hai phuong an FEC va HARQ véi kha nang phuc hoi 16i da lam nang
luong tiéu thy trong truyén thong di duoc kiém soat rat tot, ting pham vi truyén
hiéu qua & ti 1& 16i goi tin (PER) giam. Nhin chung l¢i ich ndy dugc tao ra boi hai
kha nang chinh ma FEC va HARQ cung cap d6 13, mé rong d6 dai budc nhay va
kiém soat nang luong truyén tai.

Khd ning 1: Mé réng do dai budc nhay.

Trong cac mang multi-hop, kha ning phuc hoi 16i cia FEC va HARQ da
nang cao pham vi truyén thong hiéu qua cua mot ndt (hinh 2.6). Trong hinh nhiing
duong nét thé hién PER xung quanh mot nat phat. Cac duong nét hién thi cac vi tri
c6 PER tuong tng véi gia tri cy thé.

So sanh Hinh 2.6 (a) va Hinh 2.6 (b) ddi véi ty 18 muyc tiéu nhan goi tin 1a
90%, pham vi truyén tai trung binh ctia mot nat 12 29m véi ARQ va 42m véi FEC &
dién nang truyén tai 1a -5 dBm. NG ting 45% pham vi hiéu qua, rd rang ma FEC c6
thé ting pham vi truyén dan hiéu qua ciia mot nat so véi ARQ. Tir d6, c6 thé thay,
viéc ting do dai budc nhay trong WSN 1am ting pham vi truyén dan hiéu qua.

Avg. PRR (500 samples) — ARQ (7 retx) + DSSS + OQPSK Avg. PRR (500 samples) — BCH(128, 78, 7) + DSSS + OQPSK

100

100
T

eof 4 ol — T

o,

8o 4 sofF

40 4 aot

20 4 -zof

—40- 4 -0

S

-0 4 -sof

—so- 4 —sof

_qop 2= L L L L L L L 100 L L ' L L L L L L
—100 -a0 —&0 —40 —20 0 20 a0 &0 80 100 —100 —80 ] —40 —20 o 20 40 &0 80 100

Hinh 2.6. Trung binh ti 1¢ muc tiéu nhan goi tin, do thi (a) ARQ (N = 7) va (b) FEC
(BCH (128, 78, 7)) cho nut MicaZ.

Phuong dn 2: Kiém sodt ning lwong truyén tdi.

Thong qua kha niang phuc hdi 16i cia ma FEC ciing c6 thé giam ning luong

truyén tai ma van dam bao chat luong mang. Ky thuat ndy duoc goi 1a kiém soat
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ning luong truyén tai va cai thién hiéu qua mang bang cich giam nhidu, giam mot
phan ning lugng tiéu thy.

Dén chitng cho viéc nang cao hiéu qud mang véi FEC: xem xét FEC dé so
sanh vai ARQ théng qua PER trong mang (Hinh 2.7).

SNR g
Parg
A darg B

a) Kifm so4t 15i ARD

v
&) ki#m sodt ndng eong trayén vii FEC

SNR pee

A dpge C

. -
b W& rdng A8 dad hop w4 FEC

Hinh 2.7. So sanh hiéu qua cua FEC véi ARQ.

Trong Hinh2.7(a), truyén thong giita nat A va B véi ARQ. NGt A st dung

truyén tai dién ning la Ptaro dé giri mot goi tin dén nat B, cach xa mot khoang
darg. Thu duge SNRarg tai nit B. Theo dé, xéc dinh mot TER4ro.
Bay gid thay ARQ bang FEC: ¢6 2 trudng hop xay ra.

Truong hop mé réng do dai budc nhay: Hinh 2.7 (b), nut A lya chon ntt C la

bude nhay tiép theo xa hon B. Do d6, darg > drec va van 13 Ptarg, SNRrgc nhéd hon
SNRaro. Do d6, van dat duoc gid tri PER tuong ty ARQ.

Truong hop kiém sodt nang luong truyén: Hinh 2.7 (c), nit A van sir dung

nit B 1a budc nhay tiép theo tic 1a drec=daro. TUy nhién, st dung ning lugng
truyén tai nho hon, tic 13, Pteec < Ptarg, SNR van nhd hon. Do d6, ciing c6 dugc
PER tuong tu véi ARQ.

Ngoai nhiing loi thé, phuong 4n FEC va HARQ phai bo chi phi ning luong
va d6 tré cho ma hoa/giai ma, ma 1am truyén thong 1au hon. Do d6, cac phuong an
kiém so4t 16i doi hoi phan tich ki ludng. Phén tiép theo, trinh bay mot hudng phan

tich “mé hinh 16p chéo” dé thay uu diém va nhuoc diém cta cac phuong an nay.
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2.3 Phéan tich mé hinh 1ép chéo.

Cung cip mot cai nhin cu thé vé cac phuong an ARQ, FEC, va HARQ. Muc
tiéu ctia mo hinh nay 1a dé phan tich va xac dinh cac yéu té sau day: Khoang cach
budc nhay du kién, ning luong tiéu thu, do tré va PER tong thé. Sau d6 giai thich

mo hinh va mé ta cach tinh toan cac sd liéu nay.
2.3.1 M6 hinh tham chiéu caa WSN.

M té mé hinh: (hinh 2.8)

- Céc n(t cam bién phan phdi hai chiéu véi mat do (p).
- Mt nut hoat dong trong khoang thoi gian (8) va nhirng nat khac thi ngu.

- LA tng dung theo ddi véi ty 1& bao cdo cua cam bién 1a thap, nhung cac

thong diép dugc truyén dang tin cdy voi PER tong thé.

- Budc nhay tiép theo dugc xac dinh theo SNR nhan cia goi tin duoc giri tir
mot nut i cach sink mot khoang D.

- Trong s6 nhitng nut 14n can cia i, ¢6 N0t j gan sink hon va c6 SNR cao hon

SNR ngudng (wn), tic 1a (> yrn), duoc chon la bude nhay tiép theo.
- Truy cap moi truong duoc thuc hién thong qua trao doi bat tay:
- FECIaRTS-CTS-DATA.
- ARQ la RTS-CTS-DATA-ACK.
- HARQ la RTS-CTS-DATA-NACK.

- Khi mot nat giri (n;) truyén mot goi tin dén sink thong qua mot dudng ma nit
(n;) 1a budce nhéy ké tiép. V61 pham vi truyén cua mot nut (Rjn), 1a khodng

cach ma tai d6 goi tin c6 thé nhan thanh cong.

Sink

Hinh 2.8. M6 hinh tham chiéu cia WSN.
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Luu y: Viée dit khoang cach bude nhdy va cac thong sb lién quan tai mdi
budc nhay 1a chu ki nhiém vu hoat dong doc 1ap. Két qua 13, trang thai ciia mang s&
thay d6i tai mdi budc nhiy do cac nit s& thire day vao thoi diém khac nhau. M6
hinh phan tich chi phi cho qué trinh truyén mot géi dir liéu tir nat ngudn dir liéu

cach sink mot khoang D. Pugc tinh toan bang nhitng cong thirc cu thé dudi day.
Téng ning luong tiéu thu cua mot ludng tir ndt ngudn cach sink 1 khoang D.

Ao (D) =E[ER] E[nx(D)] (2.1)

Trong d6, E[E,] 12 ning luong tiéu thu du kién tai mdi budc nhiy va
E[nn(D)] 14 s6 luong budce nhay du kién tir nGt ngudn cach sink mot khoang D.

Tuong tu, do tré téng thé cia nd duge cho bai cong thirc 2.2.

T (D) =E[T,] E[n;(D)] (2.2)

Trong d6, E[Ty,] 1 do tré du kién tai mdi budc nhay. S6 luong budc nhay du
kién tinh bang cong thirc 2.3.

an‘f

. D —
E[1p ()] 2 — L]
E[dy] (23)
Trong d6, D 1a khoang cach tong thé, Riy 12 pham vi truyén cua nat, E[d,] 12
khoang cach budc nhay du kién. Trong cac muc 2.3.2, 2.3.3, va 2.3.4 tiép theo, s&
lam rd véi khoang cach bude nhay dy kién E[d,], mic tiéu thu ning lugng du kién

tai mdi budc nhay E[Ep], va d6 tré du kién tai mdi budc nhay E[T].
2.3.2 Khoang cach buédc nhay duw kién.

Trong hinh 2.8, noi ma mdt ndt j nam trong khu vuc rat nho dA = dy da tai
toa do (y, o) di voi sink. Khoang cach tir nat i dén nat j 1a:

:f.;,-_.l.w_, =d(D, v, )= \-'yl + D2 2v D cos o (2.4)

Trong d6, D 1a khoang cach tir n(it ngudn i dén sink, (y) 1a khoang céach giita
sink va nat ké tiép tiép j, va goc o nhu trong hinh 2.8. Theo d6, khoang cach budc
nhay du kién E[dy], dugc tinh bang cong thirc 2.5.

Iy e
Eldy] = [ [ di; jy dPING = j)
_‘&'z -

< ¥min

(2.5)

Trong d6, ymin=D-Rins 1a khoang cach ti thiéu gifra mQt nat budc nhéy tiem

niing tiép theo j dén sink. Hon nita, d;; j 1a khoang cach giita nit i va j dugc cho boi
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cong thire (2.4) va dP{Ni =j} 1a x4c suit cho rang budc ké tiép N; duoc chon 1a nut

j. Cubi cung, OLY=a.cos[(y2 + D? - R%y) / (2yD)] 14 gi6i han cua khoang cach.

Diéu kién j dugc chon 1a bude nhay tiép theo:

- N0t j ton tai trong khu vuc dA.

- Cac SNR nhén cua nut j phai dap ung (y> wm).

- Céc SNR nhan ciia mbi nit k, gan véi sink hon so voi nat j, phai thap hon

ngudng SNR, tirc 1a (wy < w).
Do d6, xac suat ma nit j dugc chon nhu 13 budce nhay ké tiép dugc tinh:
dPiN; = jl = PN pdy) = l:-F'[i.f-‘)-' = i.f-",",';:'F[tf.:J.-__;j. = v} (26)

Trong d6, Na(dy) 13 sé luong nut trong ving dA tai khoang cach y tir sink;
PINady) = 1113 x4c subt co mot nut trong khu vuc A(dy); Plvrj = ¥rnl 13 x4c sudt ma
SNR nhén cua nit j trén SNR ngudng (wr); Fléi.s) = ¥1 14 xdc sudt c6 nhitng nit
gan sink hon j c6 SNR dudi ngudng c6 thé tim thay tai khoang cach y tir sink.

Thanh phan thit nhat, P{NA (dy) = 1}, trong (2.6) c6 thé duoc xap xi bang:

PINgyy =1} =1 —e P drde aggy 50
~péy dy da (2.7)
Trong d6, p la mat d6 nat trong mang va & la tham s6 chu ky nhiém wvu.
Thanh phan ¢™* ~ 1 — x dugc dung khi (pdy dy da)—0 ciing nhu dy —0,da—0.
Dé tinh toan P{y;> wr} va P{d(j, s) > v} trong (2.6). Can xac dinh ning
luong thu nhan & mot khoang cach d tir nut phat P,(d) duoc cho boi cong thire 2.8.

g
FPeld)= P — PL{dy) — 10n 1 — |+ X
pld) ' dp) i ﬁ%m(ﬂ-”) 5 (2.8)

Trong d6, P; 1a cong sut truyén tai tinh bang (dBm), P_(d0) I ton hao ning
luong & khoang cach 1y thuyét dy tinh bang (dBm), 1 14 s6 mil ton hao va Xo 1a
thanh phan bong mo, véi Xo~N(0, o).

Cac SNR nhan cho béi: w(d) = Pr(d)-Pn tinh bang (dBm), trong d6 Pn la

ning luong nhiéu (dBm).

Thanh phan thir hai, P{y;> yn}, trong (2.6) tinh bang cong thire 2.9.

P{y; > Urn} =P[Xo > Bld(i,j). ¥rn)]
_ (ﬁf:f,:f-_}.-f.-_ E‘r..ll.rlf-]l‘)
o (2.9)
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-'-t-ll-."' 7k k
.Brtl'-.:,i_J.-f'e W) = Wy + Py — B+ PLf:mJ + 10n ]DU] 0 (‘f_” )
g/ (2.10)
Trong d6, @) =1/ Vanif;~ e—(312), dt

Thanh phan thir ba, P{d (j, s) > v}, trong (2.6). Khu vuc bao gém cac niit gan
véi sink hon so vai nut j 1a A(y). Thi:

'x .
Pldijoy = vh=) PINag=ilpp(y)
i=

%, MY p(y)
= E —;;hfg]
= i

- |E1__1,;1' (M= (¥ (211)

—

—

Trong d6 A(y) la vung giao nhau caa hai vong tron véi tdm phéan cach boi D
va véi ban kinh Rjs va y twong tng.

Do d6, Nagy la sd nat trong A(y) va M(y) = pSA (y) 1a sb luong trung binh
cta cac nut trong khu vue nay. Py(y) = P{wx < w, K € A(y)} 1a kha nang ma mét
ndt k trong A(y), vi SNR nhan thap hon SNR ngudng tirc 13 wy < wrh. Diéu nay c6
thé tim thay trong cong thirc 2.12.

" oy [ ‘B 1 o
(3 =/‘ [ | — (— ]—f iy
il W W ) A 2.12)

(Trong do6 Ymin = D-Rixr)
St dung (2.6), (2.7), (2.9), (2.11), va (2.12) trong (2.5), khoang cach budc
nhay dy kién c6 thé duoc tim ra boi cong thirc 2.13.

D ¢
Eldy] = pd [ [ v, iy (_) e~ MY =pey)) go dy,

Fmin * 4 (213)
2.3.3 Phan tich ning lwong tiéu thu du kién.

Ning luong tiéu thu dy kién dugc tinh todn bang cach xem xét mot ndt j nhu
trong hinh 2.8. Viéc tiéu thu niang luong du kién giita i nat va nat j dugc ky hiéu 1a
E[Ej], 14 mdt ham cta y va o. Dya vao muc 2.3.2 va thay thé dg, j) boi E[Ej] trong
(2.13), muc tiéu thu ning lugng du kién mdi budc nhay duge tinh bang cong thirc:

D
Em—m[ [ HEEIQ(’%)‘”" “":r‘mfr(zm)
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Mot nat c6 thé tré thanh mot bude nhéy tiép theo néu c6 gia tri SNR nhan
16n hon ngudng, mirc ning lugng tiéu thy du kién E[Ej], tinh bang cong thirc 2.15.

oo
E: E_,"] = [ EL‘r}:Hnlrlf-;.i__ln"_.a i.'-'ﬂr,"_i'rw rﬂ'-.;,i__ln"_.a i) d
Sy (2.15)

Trong d6, Ecomm (d ¢, j), ¥) 1a nang lugng tiéu thyu cho truyén mot goi tin gitra
cac nut i va j & khoang cach d;; j v w |& gia tri SNR tai nit j. Thanh phan th{r hai,
f, (dgijw) 1a ham mat d¢ xac suat caa SNR, 1a m¢t ham ciia cc dg, j) hiu qua.

Vi P(\V < l//) = P(XG < B(d(i’j),l//)), f\II (d(i,j))\ll) dll'()'C tinh;

|_ Fas g ] '.'.:_ 2
Foldg jy. ) = fx, (Bldg_jy, ) = —=e~ Fldin V)22

o~/ 2m (2.16)
Trong do6 B(dj),y) da co trong cong thirc 2.10.

Ndng lwong tiéu thu cho mét giao tiép trong WSN: g@)m ba thanh phén

v' Ning lugng tiéu thu ctia nat truyén
v" Nang luong tiéu thu cta nit nhan
v' Nang luong tiéu thu cho nut 1an can.
Theo do, ta c6 cong thuc:
Ecomm = Erx + Epx + Eneigh  (2.17)
Trong d6 Etx 1a nang lugng ti€u thu boi nat giri (Ut i), Erx 1a nang lugng
tiéu thy boi nit nhan (nut j), va Epeign 12 ndng lugng tiéu thy bdi cac nat 1an can.

Ba gia tri tiéu thu ning luong phu thudc vao MAC va so d6 diéu khién 16i
dugc trién khai trén moi nat. Theo d6, dé truyén tai cac goi dir liéu thanh cong, nat
mot can hoan thanh bon budc bat tay: RTS-CTS-DATA-ACK ciia ARQ, ba budc
bat tay: RTS-CTS-DATA ciia FEC, va RTS-CTS-DATA-NACK ciia HARQ.

Trudce khi truyén mot goi tin RTS, cua truy cip méi trudng, mot nut thuc
hién co ché cam nhan séng mang dé danh gia su san sang cua mot kénh truyén va
truyén tai mot goi tin sau do.

Mot cép phat thanh cong ciia kénh phu thudc vao ca cam nhan séng mang
thanh cong va truyén tai khong c6 va cham. Xac suat cam nhan séng mang thanh

cong (Pcs), co thé duoc tinh nhu sau:

pes=1-1(1- F}L;fjﬁ:_] (2'18)
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Trong d6 K 14 s6 1an “cam nhan lai” cho phép dbi v6i mot truyén tai va (Pcf)
1a x4c suit cam nhan duge kénh ty do, duoc tinh nhu sau

5 4 - 9
."..-..'r"_f- "_]I'. o !

Pof = e e (2.19)

Trong d6 T 12 thoi gian truyén cam nhan VA Teomm 13 thoi gian truyén goi tin.
Sau mdt cam nhan truyén thanh cong, mot va cham chi co thé Xay ra néu mot nat
truyén trong khoang thoi gian d& bi dung do cia . két qua 13, xc suit khong co

va cham PnoColl tinh boi cong thirc:

—AnerTey

.Ir'}rr!'.:'{:!'.:'llll =¢ (220)

Ki hiéu Anet trong (2.19) va (2.20) 1a luu luong téng thé duoc tao ra boi tat
ca cac nut trong pham vi truyén dan ctia mot nat, dugc cho boi cong thtrc 2.21.
. e o
fher = I-F—L” - (1= PmﬂmlJL ]J
Peomm (2.21)

Trong do6 A la téng luu lvgng dugc tao trong pham vi truyén dan ctia mot nat
va Pcomm 13 x4c suét truyén thanh cdng. Theo d0, xac sudt mot nut cé thé nhan
thanh céng trén kénh duoc cho boi Pcs va PnoColl, c6 thé dugc tim thiy bang céch
giai hé phuong trinh (2.18) va (2.21).

Gia tri (A) phu thudc vao ty Ié luu lwong dwoc tao va Kich thudc cua goi. Gia
dinh ring cac nit cam bién co ty 1¢ iy mau trung binh 1a (b) bit/s . Biéu dién chiéu
dai tai trong goi tin la (Ip), ty 1€ trung binh tao goi cua mét nat i la (A=b/1p) pkts/s.

Trong WSN, tir mot nit ciing c6 thé chuyén tiép céc goi tin thdng qua cac
nat khéc dén sink, ti 1& truyén goi tin cia mot nat cao hon gia tri truyén kiéu nay.
Néu mot phuong an dinh tuyén bang cach chia sé tai nguyén mang giita cac nat thi
ti 18 trung binh truyén tai goi tin cta nit 1a (& = ¢;A; ) véi ci>1. Do dé, A tai (2.21)

. My
duge cho béi cong thire: Li=1H ; Khi d6 sb luong cac ndt cé trong pham vi
truyén din cia mot nut 1a (M,—1).

Khi truy cap kénh truyén, muc tiéu thu nang lugong phu thudc vao xac suét
nhan thanh cong goéi dir ligu / () va g6i kiém soat Py (V) & khoang cach d;; j voi
gid tri SNR . Cach tinh P (¥) va P§ () g3 duoge gidi thich trong muc 2.3.5.

Ngoai ra, mot goi tin truyén (RTS) chi thanh cdng néu mot nat c¢d thé nhan
thanh cong trén kénh (cho bai Pcs va PnoColl).
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Néng lwong tiéu thu cia nit truyén: Theo d06, ning lugng tiéu thy cho nat

truyén E1x duoc cho béi cong thire twong tmg voi ARQ, FEC va HARQ.

E foQ = gy Q[E sense + Pes(E E T F‘:rrJCrJ.'.'P_FE E T ProColl rI?_FJI Erif ProColll ;} J P o EE
+ (1 = ProcottPE)ES, + Procoti(pE)?(1 = pPHER 1) (2.22)
E.‘;ﬁff_”&, ClEsense + pes(ES + peonipE (ES, + .;E._»J + (1 = peotips JL‘ B
+ PesPeoll P ) ER (2.23)
Ept™ = 0 " E onse + pes(ER + ES + ES, + ERY)
+ (pE* = pPYyEN + S+ EP? (2.24)

Véi nee cia ARQ, FEC, va HARQ, tuong ting khi dé la:

AR
Mg © = (1 = pes + PesProcon(pS ) pP) ™! (225)
”::EC- ”g RO =l — pes + Pf.ipt'.r:'l'l'rp.i J_J_] (226)

CAC gia tri Ny 13 s6 lwong du kién truyén lai véi ARQ, FEC va HARQ, trong
d6 lai duge gidi han béi sb luong tdi da cho phép cua truyén lai; Eix va Erx 1a ning
lugng truyén va nhan goi tin, trong d6: R, C, D va A tuong tng véi RTS, CTS,
DATA, va ACK; Egnse la murc tiéu thu nang luong cho cam nhan khu vuc. Hai
thanh phan cubi cung trong diu ngodc don ctia 3 cong thirc thé hién nang luong tiéu
thu v&i do tré cho CTS va ACK trong truomg hop 16i gai tin.

Ngoai ra, Féec 1a ning luong giai ma, D1 va D2 trong (2.24) tuong tng véi
61 dir liéu truyén cho 1an dau tién va lan tht hai trong HARQ.

Hoat déng truyén mot géi tin: Néu cac kénh cam bién & trang thai tot, nat
truyén mot goi tin RTS va nhan dugc mot goi tin CTS néu khong c6 su va cham va
cac goi tin RTS duogc nhan thanh cong tai dich dén. Tuong tu, mot goi dit lidu duoc
giri néu céc goi tin CTS dugc nhan thanh cong, tiép d6 la tiép nhan goi tin ACK.

Nang luong tiéu thu cua nut nhdn: St dung phuong phap tuong tu, muc

nang lugng ti€u thu cua nat nhan, Egy tai (2.17), dugc tinh nhu sau:

Emnl=nitCER + ES + ER + EX) (2.27)
ELEC = nfEC(ER Ej'i,l_, +ES+ER+ED ) (2.28)

H’LHQ H’L.‘{Q C i3] ~i31 .2 Dy p N D2 | D2
Ep (ER + ER + ESY+ ED' + ER) + (p)2(1 — pPYWEN + ED? + ED?)
(2.29)

SV- Ho6 Anh Tuén - CT1101 WSN — Dic diém sira 18i truyén dit liéu



- 45 -

Nang lwong tiéu thu cho nut ldn cdn: Trong cac mang khéng day, nhirng nut

lan can ctia ndt truyén va ndt nhan ciing bi anh hudng bai cac thong tin lién lac do
tinh chat quang ba cua kénh khong day. Do d6, ki hiéu cubi cung trong (2.17),
Eneigh, 12 ndng luong tiéu thu boi nhitng nut lang giéng cuia cac nit truyén va nhan.

Puoc tinh bang nhiing cong thirc sau:

ARG AR [rpmeM 2)ER +1p8(T R2; — A(D, Riyy, D)) — 2]ES} (2.30)

Felgri

EFEC = pHARC -, *‘ﬁfrpmeﬂ DER +[p8(x Ry — A(D, Riyg, D)) = 2]ES (231

nefgh nefgh
2.3.4 Phan tich d9 tré dw kién.
CAc biéu thirc x4c dinh do tré tong thé cua ludng phat st dung phwong phap
tuong tu nhu trén. Do tré mdi bude nhay duoc cho bdi cong thire 2.32.

Ly [ 3% ¢ ) )
E[Th]=pd [ [ - vEIT;1Q (E)E_H”_-"’*-" da dy
o )

of =¥,

'

(2.32)

< Fmin

oC
E:T)-'] = [ Teomm (i, If{.‘_;'}:'fw (1, If{.‘.;‘}] d
Dy (2.33)
Trong d6, Teomm la do tré dé truyén théng véi ARQ, FEC va HARQ, duoc
tinh boi cong thue:
Te !Ifr%:l = ”r!:fg[ Tsense + 2 Pes ProColl rP'-fJ: T

+ Pes(l = Procalt @I TS, + Pesprocon(pE) pP (TP + TEM,

+ PesProcalt(p ) (1 = pEp2) T ) (2.34)
TR = nfEC Type + 27 £ 21C 1+ TP L TR ) (2.35)
rHARD _ ng[ﬂeme 2 Crrl "iﬁ TPl TP

+ (62 - pPyaerl L 1E 4+ TP? 4 D2 (2.36)

Trong d0, Teense & thoi gian danh cho cam bién, T va TD la thoi gian
g Cirl
truyén goi kiém soat va goi dit liéu, Ty, 12 thoi gian cho, Tiec va dfc' la do tré giai
ma cho cac g6i kiém soat va goi dir licu.

D6 tré gidi ma va nang lwong: Mot trong nhimg chi phi quan trong ciia ma

FEC ngoai cAc truyén va nhan céc bit du thira 12 tiéu thy ning luong dé mi héa va
gidi ma cac goi dit liéu cling nhu do tré lién quan dén n6. Nhu da biét rang ndng

liwong ma hoa cho ma khéi 1a khong déng ké. Do 6, ndng lwong gidi ma va dé tré
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giai ma nén dugc xem xét trong phan tich nay. Cac do tré cta giai ma cho mot ma
khéi (n, k, t) duge cho boi cong thire:

.
I_{ﬁ'i_ = rzur T~ EI_J[-]'_{II{Ii{Ii L 1'_.I‘H I.-I'IIT-] (2.37)

Trong d06, Tagg VA& Tmuie 12 @6 tré do cong va nhan tuong ung, trong trudng
GF(2™), v6i m=[log,n + 1]. Ca hai nat Mica2 va MicaZ duoc thuc hién véi vi diéu
khién 8-bit, n6 c6 thé thuc hién cong va nhan cua 8 bit trong chu ky mét va hai,
tuong tng. Két qua 1a:

"
Tadd + Toudr = 3 E}L‘;m‘u
(2.38)
Trong do, teycle 1a mot chu ky thoi gian, thuong bang 250 ns. Do dé, viéc tiéu

.. o EBL —p  yBL . N A 1
thu nang lugng cho giai ma la Edec = TprocV T jec trong do6 I, la cuong do dong cho

bo xtr 1y, V 1a dién 4p cung cap va T do tré cho gia ma.
2.3.5 Phén tich BER va PER.

Viéc tiéu thu ning lwong va do tré nay phu thudc vao PER trong truyén
thdng. Trong phan niy, cung cip cac biéu thie cho BER va PER cho cac nit Mica2
va MicaZ. Boi nhimg phuong an diéu ché dugc str dung trong mdi ndt ndy rat khac
nhau, do d6 nd 1a can thiét dé nghién ctru tac dong ciia FEC va HARQ vao cac nut
nay mot cach riéng biét.

Tinh BER:

Véi nat Mica2: duoc thuc hién véi mot phuong an diéu ché khong nhét quan

FSK. Cac BER cua phuong an an nay dugc cho boi cong thirc:
¢ T TR . By
F’:‘: 3K = -y (Ep/No)/ 1. E.I)..-'.""-'” = “_',r—\'

R (2.39)

(|

Trong d6 w 12 SNR nhan, By 12 bang thong nhidu va R 1a toc do di lidu.

Véi nt MicaZ: duge diéu ché boi phuong an khéa dich pha can phuong léch
(O-QPSK) v6i trai phd tuan tu truc tiép (DSSS). Cac BER cua phuong an nay duoc
cho béi cong thirc:

OOPSK TEni N e
Py = Q(/(Ep/Np)ps)

1,“'-" = E b I-'I.d'.‘":”
N L 4(Ep/Ng)(K = 1)/3 (2.40)

(Ep/Np)ps =

Trong do, N la 5O luong chip/bit, va K 1a sd N0t sir dung dong thoi truyén tai.
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Tinh PER:

Cin ctt vao BER (Py,) da tinh & trén, cac PER cho cac phuong an kiém soat
16i c6 thé dugce tinh nhu sau. D6i véi ARQ, co ché phat hién 16i CRC-16 duoc trién
khai & ca hai loai nit Mica trén. Gia st tt ca cac 161 trong mot goi c6 thé dugc phét

hién, cac PER cua don truyén mot goi tin véi trong tai | bit duge cho boi cong thire:
PERRC(y=1— (1= pp) (2.41)

Déi voi cac md BCH, gia sir su dan xen hoan thién ¢ bo thu phat, ty 1& 15i
khéi (BLER) dugc cho boi cong thuc:

H " . i
BLER(n. k,1)= ) (E);}F)Fl—pb] ;
i=r=1 (2.42)
Qua thuét toan Berlekamp-Massey duoc thuc hién va moé phong dé tim cac
mdi quan hé giita cac BLER va BER. Khi gdi tin 16n hon d6 dai khéi n, dic biét 1a
trong d6 do dai khdi nho duoc st dung, cac PER cho FEC duoc cho bdi cong thuc:

PERFEC (I, n, k, 1) =1 — (1 — BLER(n, k, 1)1/ ¥] (2.43)

Trong d6 [I/k] 1a s6 khéi can thiét dé gui | bit va [.] 1a Ham mac tran. Sir
dung (2.41), (2.42), va (2.43), c&c PER vdi cac phuong an HARQ ciing dugc tim
thiy. Xac suét thanh cong cua goi tin, ps varP duogc str dung trong muc 2.3.3, muc
2.3.4 voi céc goi kiém soat va goi dir lidu sau d6 co thé duoc tim thay bang cach sir
dung I=lc va | = Ip, twong tmg.

2.4 So sanh cac phuong 4n kiém soat Ldi trong WSN.

Trong phan nay, minh hoa tic dong cta cac phuong an FEC va HARQ véi
PER, ning luong tiéu thy va do tré tong thé trong mot mang multi-hop théng qua
céc danh gia bang sb liéu trong MATLAB va md phong. Dé thuc hién so sanh nay,
hai loai nat cam bién dugc st dung 1a Mica2 va MicaZ ngoai ra ¢6 mot s truong

khac, cac thong s trong Bang 2.1, duoc st dung cho cac sb liéu két qua.

Bang 2.1. Cac tham sb.

Mica2 MicaZ

€y 2l mJ 59. 1 mJ
D 300m Ie 8 bytes e (Pr=10) 24 mJ 52.2ml]
Py 0,-5,—-15dBm Ip IBbyvtes  en (P =-=3) 21.3mJ 42 m]
PLy 35dB tevele  230ns e (Pr=—15) 16.2m] 25.7ml
P, —105dBm Iproc  8mA thir=1/R 62.4 us 4pus
1 3 W v N N/A 16 chips
o 3.8 K N/A 2
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Cac ki hiéu str dung, khoang cach budc nhdy dy kién 1a hop, duoc xac dinh
tai (2.5), SNR nhan (1), ning luong truyén (Pt).

Kha nang tang khoang cach buoc nhay o FEC va HARQ:
120 T T I
—e—F =0 cEm th)
» P =0dBm (sim)
_g._F'I =-5 dBm ith} H
s P, =-5dBm (sim)

q
100F
X

Expacted Hop Distance (m)

0 I I I
-5 0 & 10 15

Wy (B

Hinh 2.9. Trung binh khoang cach buéc nhay (MicaZ).
Tir hinh 2.9, nhan thiy & wr, nho d6 dai budc nhay 16n 12 sé luong bude
nhay tir mot ndt toi sink giam. Hon nita, khi truyén tai dién ning cua nit giam,

khoang cach budc nhay duy kién s& giam.

35 I T T
—= - AR (M=T) (th)
o ARCQ(M=T)isim)
al{ —#-BCH (128,78,7) ith)
+ BCH (128,78,7) (zim)
—=— A5 (15,9,3) {th)
sgll ¥ RS (15,9,3) {zim)
= 2+
=
=
E - .
w 1.5 . o
B'\.
g o
1 - =t a -, .
= ‘u E’ "
b + =
0.5r “‘ -
D 1 1 1
-5 0 10 15

h
Wy, (B

Hinh 2.10. Nang lugng tiéu thu ctia mét luu lugng voi wr, (MicaZ).
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Trong hinh 2.10, ning luong tiéu thu cua ludng giam khi gia tri wr, giam tir
15dB. Diéu nay do khoang céch budc nhay duy kién ting trong hinh 2.9.

Tuy nhién, mic tiéu thu ning luong cho ARQ ting dang ké khi wr, giam

nhé hon mot gia tri cu thé, vi dy, 5 dB. Vi chét luong kénh thép dan dén truyén lai
x4y ra, lam ting tiéu thu ning luong trén mdi bude nhay.

Luu y: dbi voi ARQ, cac dudng cong tiéu thu ning luong dat dén mot dinh
cao va giam khi wr, giam. Diém ndy twong tng véi trudng hop truyén lai véi sb
lwong t6i da, khong con du dé truyén thong tin cay.

Trong hinh 2.10, v&i cac mi ciia FEC, khi chat lwong kénh truyén tot thi
nang luong tiéu thu nhiéu hon véi ARQ bdi phai truyén thém bit du thira va chi phi
giai ma, nhung hiéu qua ning lugng hon véi wr,~2dB vi kha nang phuc hoi 15i.

Theo hinh 2.11, nhén thdy PER cta cac md FEC di giam khi gia tri SNR
nhan van con thap, tir d6 c6 thé thay kha niang phuc hoi 16i cuia FEC c6 thé gitp
mang hoat dong tdt trén mot kénh truyén 6 chét luong kénh khong tdt, ma van dam
bao do tin cay cho goi tin. Trong hinh 2.12, lai thay vi SNR thép, cac ma FEC hoat
dong voi do tré tét hom ARQ tuy nhién & nhitng SNR cao hon thi d6 tré cta né ting

rat nhanh cao hon ca ARQ. Nguyén nhan, chinh 1a do viéc giai ma va cac bit du

thira tao ra. Tuy nhién, xét vé tong thé né van tot hon v6i ARQ vi & SNR thap, do
tré cua FEC it hon rat nhiéu so vdi ARQ.

i T, "‘C':\ ' ' ——ARQ (M=d)
] " ———ARQ (N=T)
. = ARG (M=)
u Ly ——BCH (128,78,7)
\, . LY * RS (16,93
- \ RN ——HARCHI (0,7
o'k SIRY
X‘ "". " . A
[ kY
L \
L Y
T \
o T Y 4
1 1 \ \ 3
. ) \
P R \
& o
1
i 1
1 %.' \ lIl
k1 I|I y
T | \
(Y '\,
- + \
"|'1| I'ul
i IlI
+
il \
+ \
1 | ! V|
i [ 3 10
Recelved SHR (dB)

Hinh 2.11. PER Téng thé v6i wrh (MicaZ).
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4r 3
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a.5F
B 4l
T 250 / \
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% D x -~ _G-HH‘-.I."\
S : ‘\
|
= __.-"""
5 1 .Ec;__@' __.--""'---A__I__--
-t
1 - —+— ARQ (N=4)
1 P —a—ARQ (N=7)
e —— ARCQ (N=10)
L - \ ! H
0.5 e —BCH (128,78,7)
T ——HS |: 1 59.3|
0 1 1 T
5 0 5 10 15
Wy, (dB)

Hinh 2.12. D6 tré trung binh tong thé v4i wTh (MicaZ).

Vi du, néu PER muc tiéu cia mot ing dung 14 10% gi trj tbi thiéu cho
twong ung véi 6.1dB cho ARQ, 3dB cho BCH(128, 78, 7), 4.8dB cho RS(15, 9, 3),
va 2.5dB cho HARQ-I. Két qua I3, trong hinh 2.10 c6 BCH(128, 78, 7) la tiét kiém
nang luong hon chut it so voi ARQ. Mat khac, ma RS(15,9,3) két qua ning lugng
tiéu thu cao hon so voi ARQ. R& rang rang nang luong duoc tiéu thu trén budc
nhay véi md FEC gdm ca truyén bit du thira va giai ma. Tuy nhién, vi kha ning
phuc hoi 16i dugc cai thién voi ma FEC, cac gia tri SNR thap co thé dugc hd tro.
Két qua 1a khodng cdach buée nhdy dai hon con cé thé dat dén ndng lwong tiéu thu

téng thé thap hon.

Khd nang kiém sodt nang lwong truvén tdi ¢ FEC va HARQ:

Dé kiém chung anh hudng cia ning luong truyén (Pt) dén phuong an kiém
soat 161 FEC hay xem xét ba cap dién ap: 0,-5 va -15 dBm. Khi giam ning luong
tryén c6 thé nang cao hiéu qua niang lugng cho phuong an FEC (hinh 2.13 a) vi:

- Tiéu thy it nang lugng hon cho viéc truyén goi dir liéu ma hoa dai hon.

- Pham vi giao thoa ctia mot ndt giam, sd lwong cac nut lang giéng co thé tidu

thu ning lugng nhan rdi cling giam.
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- Lam ting s6 luong budc nhay.

Thé hién trong hinh 2.13(b), noi ma d6 tré téng thé duoc thé hién. Trai
nguoc voi mo rong khoang cach budce nhay, do kiém soat ning lugng truyén khong
anh huong dén thoi gian can thiét dé truyén mot goi tin, do tré tong thé phu thudce
vao sb luong bude nhay. Nhu néu & trén khi giam ning luong truyén s& 1am ting sb
lwong bude nhiy, dan dén ting dang ké trong do tré, dic biét anh hudng rat 16m voi
méa BCH cua FEC.

22

faj
zal —e BCH (P,

(i)

]

E

—+— ARQ [P, = 3 dBm) ' I =3
| o BCH (P= 0dBm)

—e—ECH [P.= —5 dBm)
| BcH (P = —15 dBm)
e AS [P.= O dBm)

N | Y
_g._FIEI:F"__=—‘5-:|Ei'_}

EncHo-end Latency (3)

W (DB}

Hinh 2.13. (a) Nang lugng tiéu thy trung binh ciia mdt ludng. (b) Do tré tong thé
trung binh v6i ngudng (ywrh) cho nhitng Pt khac nhau.

Két ludn tir viéc so sdnh: cac phuong an kiém soat 16i duoc st dung trong

WSN c6 nhirng uu nhuge diém khac nhau. Tuy nhién, trong WSN phuong an kiém
soat 16i FEC van dugc coi trong hon ca. Ngoai ra, phuong an HARQ ciing duoc

xem x¢ét ki cang trong tung tng dung khéc nhau.
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CHUONG 3: BAI TOAN KIEM SOAT LOI TRONG WSN

3.1 Van dé va giai phap trong WSN.

Trong chuong 1 cua do 4n dd dé cap dén rat nhidu ndi dung xung quanh
WSN, tir cAu tao ctia mot nut cam bién khong day cho dén nhimng Gng dung, nhimng
yéu t6 anh huong dén thiét ké. Nhung c6 mot diém chung d6 1a xoay xung quanh
van dé ning luong tiéu thu. Co thé néi, vé phan ctng véi kha ning hoat dong doc
1ap ctia cac nat cam bién khong day lam WSN hau nhu thich hop v6i moi tng dung,
moi dia hinh. Tuy nhién, chinh do sy ddc 1ap do6 da tao ra mot yéu tb séng con cua
WSN, d6 12 v6i mot ngudn nudi vo cung han ché tir Pin khién n6 c¢6 thé ngung hoat

dong bat ctr khi ndo mot nat mang bi “hét dién”.

Céc giai phap da dugc dua ra, dé sao cho mot nut tiéu thy ning luong 14 thap
nhat ma van phai dam bao do tin cy vé dit liéu cho mang. Cudi cung, phuong 4n
giam thiéu truyén thong giita cac nit mang duoc lya chon hon ca, béi theo nhiing
thuc nghiém, cac nha nghién ctru rit ra mot két luan d6 13 ndng leong tiéu thy cho
truyén théng ton hon rdt nhiéu so véi xir Iy, (duge ndi cu thé trong myc 1.5.7). Khi
d6, hudng tap trung da ddy vao van dé kiém soat 16i, vi kiém soat 13i t6t s& gitip
mang hoat dong hi¢u qua hon dan dén su dung ndng lugng tiét kiém hon.

Trong kiém soat 13i lai chia hai huong chinh, d6 1a ARQ va FEC da duoc
trinh bay chi tiét trong muc 2.1.2 va 2.1.3. Cu thé c6 thé rit gon ndi dung 13, véi
phuong an ARQ, khi gip 16i tai noi nhan thi s& thyc hién phat lai, con véi FEC thi
Khi gdp 16i s& phuc hoi 161 ngay tai noi nhan va truyén tiép. Chinh vi dac diém nay
ma trong WSN, FEC 1a mét lya chon hang dau vi khong ton chi phi cho phat di phat
lai nhiéu 14n rat thich hop v6i WSN. Mot van dé duoc nghi t6i, vy cac thuat toan
stra 101 rat phte tap, dac biét voi 16i da bit. Do d6, mot s6 nghién ctru da duoc thyc
hién va két ludn, trong WSN 16i thuwong gdp la 16i don bit va hai bit 16i da bit ciing
c6 nhung rdt it, trinh bay trong muc 2.1.3. Vay 13, FEC hoan toan c6 thé duoc sir

dung mdt cach hiéu qua trong WSN.

Sau day, 12 mot bai toan cu thé nhim cing cb nhitng nhan dinh vé 1y thuyét
giira hai phuong an kiém soat 16i ARQ va FEC trong WSN.
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3.2 Bai toan so sanh giira sira 18i va phat lai trong WSN.

3.2.1 Phat biéu bai toan.
Bai toan (a):

Dbi v6i mot kénh truyén dan co trung binh 1a 1 131 trong 4000 bit. Nhiing 15i
bit don 1¢ nay duoc thdng ké doc lap. Mot gbi co s& bao gdm 128 byte. N6 ¢ thé
duoc truyén: dﬁy du, chinh x4c hodc khong. Nut nhéan co thé phat hién dugc 16i mot
6i tin truyén ma khong mét chi phi bd sung. Néu mét 15i xuat hién nat nhin yéu
cau nat giri phat lai duy nhat mét 1an. Cac yéu cau phét lai duogc coi nhu mot goi
thong thuong 1a 128 byte. Néu 15i xay ra trong mdt yéu cau né thi coi nhu khdng co
yéu cau dugc giri di.

Lam thé ndo c6 dugc ty 1é dit lidu tong thé cao trong truong hop nay (theo

phan tram ty 1& dit liéu vé mat 1y thuyét c6 thé dat dugc, néu khong co 16i)?
Bai toan (b):

Pé cho dé dang hon chung ta gia dinh rang mot bit 18i xay ra mot 1an trén
mdi goi. Thay vi yéu cau nat giri phat lai chung ta chon phuong phép sira 18i truoc
khi truyén (FEC) véi ma Hamming (ma nay 1a khong quan trong trong bai tap nay).

Lam thé nao c6 dugc ty 1& dir liéu thuc té cao trong trudng hop niy (theo
phan trdm) so véi tinh toan theo mat Iy thuyét khong stra 18i trudce va khong c6 16i?

3.2.2 Nhan dinh tir bai toan.

Bai toan duoc chia hai phan, véi hai phuong an kiém soét 16i thong dung

trong WSN. Muc tiéu chinh ctia hai phan 14 huéng vao tc do dir licu.

Trong trudng hop (a), tuy khong néi truc tiép nhung dé& dang nhan thdy
phuong an kiém soat 161 dugc sira dung 14 ARQ do néu c6 15i xuat hién trén mot goi
thi s& thuc hién truyén lai goi. Con trong trudng hop (b), da néu truc tiép phuong an
stra 16i 1a FEC.

Trong trudng hop (b), thuc chat 1a viéc so sanh toc do dir liéu dat duoc khi
stra dung phuong 4n FEC véi ARQ. Pé qua do, c6 mot cai nhin chinh xac vé hai
phuong an ndy. Bo sung thém khang dinh vé mit Iy thuyét néu ¢ chuong 2.
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3.2.3 Giai quyét bai toan.

Gidi quyét bai toan (a):

Dé giai quyét bai toan nay, ta phai tap trung vao mot s dir kién ma dé bai cho
dudi day.
(1) Dit kién thir nhdt. “Péi véi mot kénh truyén dan c6 trung binh la 1 16i
trong 4000 bit”. Tir d6 ta c6 thé suy ra:
- Ty 1& 16i bit (BER) la: p, =1/ 4000.

- Tuong tng Mot bit duge truyén chinh xac véi mot xac suat = 3999/4000.

(2) Di kién thir hai: “Mot goi co sé bao gom 128 byte”.
Ta c6 thé chuyén sang tai trong bit mot 1an truyén 1 (1): | = 128x8=1024 bit.
Nhir d3 biét & chuong 2, ARQ chu yéu sir dung phuong an CRC-16 dé phat
hién 16i két hop vai hai dit kién 1 va dit kién 2 ta c6 thé xac dinh ty 18 18i g6i (PER).
Theo do, c6 2 truong hop dat ra:
- Trong méi trudng 1y thuyét, tirc 1a khong c6 15i nao xay ra thi:
PERRC 1y =(1 — pp)!
Tir d6, c6 thé tinh ra ty 18 131 gbi Iy thuyét = (1 — 1/4000)%% = 77,4 %
- Khi c6 16i xay ra do bat ki trudng hop nao. Thi st dung cong thirc 2.41.
PERRC(y =1 — (1 — pp)f

Ta c6 thé tinh ra ty 18 18i goi = 1 - (1 — 1/4000)'%%* = 22,6 %

(3) Dir kién thir 3: “GOi c6 thé dwoc truyén day di, chinh xdc hodc khéng.
Néu mot 16i xudt hién nit nhdn yéu cau nit giri phat lai duy nhat mét lan. Céc yéu
cau phdt lai dwoc coi nhw mét g6i thong thwong la 128 byte. Néu 16i xdy ra trong

mot yéu cau no thi coi nhw khong co yéu cau dwoc gui di”

Tir dir kién 3 nay, ta c6 thé lap mot so d6 trudng hop xay ra khi thuc hién
mot chu ki giri g6i tin va kiém soat géi tin véi phuong 4an ARQ nhu sau:
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0,774 (0,774 x 128) . 0,774 (0,135 x 128) 1 géi hitu ich
i)
5 1 géihlruich <0,135 x 2 x 128> Mét 2 gai
o <
b= el
. O 2. Gitilai
I. Gan tin o
— C10,774
o q
z':‘Su' e
™ 0,226  <0,04 x 3 x 128> 1Mkt 3 gt
Y/C gid lai '
0,226
]
—1
0,226 <0,05 x 2 x 128> N2 goi

Qua trinh thuc hién nhu sau:

Ban dau giri mot gbi tin, s& co 2 trudng hop x4y ra 1a c6 16i va khong co 15i.
Néu khong c6 13i coi nhu truyén thanh cong. Néu c6 161 xay ra, thi mot yéu cau phat
lai dwoc truyén di. Doi v6i yéu cau phat lai, néu 16i xay ra v6i yéu cau phat lai thi s&
dirng khong phat nira, nguoc lai néu yéu cau nay thanh cong thi bén gui sé thuc hién
phat lai mot 1an duy nhat (theo dé bai). Vi goi tin phat lai tuong ung xdy ra hai

truong hop nhu 1an dau giri. tuy nhién néu lai c6 18i xay ra thi nglmg phat.

Ttr qua trinh hoat dong, giri mot gbi tin va nhimng truong hop xay ra véi mot
gbi trong qua trinh gti d6. Véi ty 18 16i goi tin trong hai truong hop khong 16i
(0.774) va c6 18i (0.226). Két qua, ta tim dugc dit liéu hitu ich trong dau “()” va sb

luong byte mat di do truyén thong trong diu “< >
T s& d6 hoat dong va két qua nhan dugc ta xac dinh duogc:
- S6 luong byte hiéu qua (payload) dy kién la:
0,774 x 128 + 0,135 x 128 = 116 (byte).
- S6 luong byte mat mat du kién 1a:

0,135x 2 x 128 + 0,04 x 3 x 128 + 0,05 x 2 x 128 = 63 (byte).

Khi d6, tan dung kha ning tdi da ctia kénh ta c¢6 duogc ty 1& dit liéu tong thé:

Ty 1¢ dit liéu tong thé = 116 / (116 + 63) = 64,8%
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Gidi quyét bai toan (b):

Nhu d3 biét FEC 1a mot phuong phap chén thém céc bit du thira vao goi dix
liéu dé sau nay khi co6 151 x4y ra bén nhan s& sir dung céc bit du thira ndy dé phuc
hdi dit liéu nguyén gbc. Cu thé vé cach phuc héi 16i trong FEC di dugc trinh bay
trong muc 2.1.3. O day chi di vao nhitng yéu t6 cia FEC anh huong dén ty 1¢ dit
liéu tong thé.

Véi dit kién ¢ bai toan (b) “gid dinh rang mét bit 16i xdy ra mét lan trén moi
goi”, tirc 1a ¢ bai toan nay chi c¢6 161 don bit x4y ra. Boi vAy nam trong kha ning stra
16i ctia FEC trinh bay trong muyc 2.1.3. Do viéc truyén lai cia FEC 1a khong c6 do
vay dit liéu chi c6 duy nhat mot truong hop 13 goi luén dén nut nhan. Tuy nhién,
nhu d noi & trén, FEC cin chén thém cac bit du thira vao dit liéu, vi vay ty 1€ dir
liéu huu ich phai loai bo thanh phan nay.

Dé tinh toan ra sd luong bit du thira, bang cach: tir dit kién 2 ¢ bai toan (a), ta
cO tai trong gbi tin 1a: 1024 bit. Qua d6, dé bao vé 1024 bit dit liéu chdng lai 1 13i
bit thi phai thém s6 luong bit du thira (r) theo bat dang thirc sau day:

1024 +r+1<=2"
Tir d6, c6 thé thay r=11 14 théa man voi bat dang thuc trén. Vi :
1024 + 11 + 1 <= 2" = 2048.
Qua d6 c6 thé xac dinh ty 18 dit liéu tong thé = 1024 / (1024 + 11) == 98,9%
M0t hudmg gidi quyét khdc cia bai todn (b):

Néu nhu, trong goi tin (128 byte ) da c6 chia san cac bit du thira roi thi: ty 16
dir liéu tong thé = (1024 - 11) / 1024 *= 98,9%.

Néu cac bit kiém 18i duogc sap xép theo byte, thi tinh toan sé& 1a
(1024-16)/1024=98.4% , & ddy con s6 16 1a do 11 bit xép theo byte 1a 2 byte.

Két ludn tir bai todn:

Bing nhitng s liéu chinh xac tir bai toan néu trén, ta thdy phuong an kiém
soat 161 FEC va ARQ véi cting mot tai trong goi tin, cing diéu kién truyén tuy nhién
v6i FEC véi kha nang phuc hoi 16i truc tiép tai noi nhan hiéu qua hon rat nhiéu so
v6i ARQ. Bing ching 14 thong qua ty 18 dir liéu tong thé dbi voi ARQ chi 13 64,8%
con v6i FEC 14 98,9%. Qua d6 c6 thé khang dinh, trong WSN phuong an FEC hoan

toan chiém uu thé so v&i phuong an ARQ v€ mat hi¢u qua dir liu.
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KET LUAN

Nhirng vin dé di nghién ciru dworc:

Nim duoc tong quan vé mang cam bién khong diy (WSN), vé thanh phan
clia mot nit cam bién khong day (phan ctng, phan mém va chuin nat), dong thoi
cung cap thong tin phan loai mot sd loai nut cam bién khong dy hién nay dang
dugc st dung phé bién.

Gi6i thiéu mot sb ung dung ciia mang cam bién khong day trong cac linh vuc
nhu: quan sy, y té, cong nghiép, moi truong va s dung tai nha. Tir do, dua ra cac
yéu t6 anh huong dén thiét ké mang va chi ra yéu t6 séng con trong thiét ké mang
cam bién khong day.

Nhu mét giai phap, ciing ¢d kha ning hoat dong hiéu qua cua mang truyén
thong néi chung, va dic biét quan trong véi mang cam bién khong day néi riéng, d6
1a van dé kiém soat 16i trong truyén thong. Tim hiéu duoc ddc diém 16i chinh ciia
WSN gép phdi la 16i don bit va hai bit, Lan lugt dua ra cac phuong an kiém soat 16i
tir don gian dén phuc tap, bang nhimng s6 lidu chinh xéc tir thuc nghiém hay mé hinh

16p chéo, dua ra nhitng so sanh cong bing giita cac phuong 4n kiém soat 16i.

bé cung cd vé mat ly thuyét néu ra, mot bai toan cu thé da duoc giai quyét
v6i muc dich ting tinh thuyét phuc cho viéc so sanh hai phuong an kiém soat 15i
chinh trong mang cam bién khong day ARQ va FEC. Pé cubi cung dua ra khiang
dinh Phirong dn FEC hodn toan chiém wu thé so véi phwong dn ARQ trong mang
cam bién khéng day.

Nhitng vin dé ton tai can dwoc giai quyét:

Trong cac phuong an kiém soat 18i trong mang cam bién khong day, HARQ
hay ARQ lai ghép thuc su hiéu qua hon FEC trén mét sb thi nghiém. Piéu nay cho
thay, phuong 4an HARQ c6 thé 1a mot phuong an rat t6t khi a4p dung trong WSN.
Tuy nhién, n6 chua duoc nghién ctru ki cang trong d an.

D3 cung cd 1y thuyét vé van dé kiém soat 18i. Tuy nhién, chi véi mot bai toan
so sanh ARQ va FEC thong qua ti 1¢ dir liéu tong thé, chua thé ching minh hoan
toan viéc chiém wu thé ciia FEC trong WSN.
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