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Loi mé dau

Uu diém cua mang may tinh da dugc thé hién kha 1o trong moi linh vuc ctia cugc
séng. D06 chinh 13 sy trao ddi, chia sé, luu trit va bao vé thong tin. Bén canh nén tang
mang mdy tinh hitu tuyén, mang may tinh khong day ngay tir khi ra doi da thé hién
nhiéu wu diém ndi bat vé do linh hoat, tinh gian don, kha ning tién dung. Trudc day,
do chi phi con cao nén mang khong day con chua phd bién, ngay nay khi ma gia thanh
thiét bi phan ctng ngay mot ha, kha ning xtr Iy ngdy cang ting thi mang khong day da
duoc trién khai rong rii, & mot s6 noi da thay thé duoc mang may tinh c6 day kho trién
khai.

Do dic diém trao d6i thong tin trong khong gian truyén séng nén kha nang truyén
dir liéu trong mang khong day phai 13 wu tién hang dau. Vi vay c6 thé néi viéc truyén
dir liéu khong day duoc guri di va dé noi nhan nhan chinh xéac dit liéu da gui la mét yéu
ciu co ban ctia mang may tinh khong ddy. Chinh vi vdy em da quyét dinh chon dé tai
“Tang kha ning thanh cong truyén dir liéu trong mang khong diy bang phuwong
phip ma héa dir liéu” lam dé tai tt nghiép, véi mong mudn cé thé tim hiéu, nghién
ctru, hiéu biét thém dé tai nay.

Em xin chan thanh cdm on PGS.TS. Vuwong Pao Vy da gitip d6 em nhiét tinh
trong sudt qua trinh lam do an ciing nhu xin dugc cam on ban bé da gop ¥, gitp d& em
hoan thanh d6 4n nay. Vi ddy 1a dé tai kha méi, ngudn tai liéu chu yéu 1a Tiéng Anh
nén d6 an nay chic chan s& khong tranh dugc nhiing sai sot, em rat mong nhan dugc

nhirng ¥ kién dong gop cta thdy cb va cac ban.

Hai Phong, thang 07/2010
Nguyén Thi Hong Hanh
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CHUONG 1: TRUYEN DU LIEU

1. TONG QUAN VE MANG KHONG DAY:

1.1 Thé nao la mang mdy tinh khéng day ?

1.1.1 Gidi thiéu:

Thuat ngir “mang may tinh khong diy” néi dén cong nghé cho phép hai hay
nhiéu mdy tinh giao tiép v&i nhau dung nhitng giao thirc mang chuan nhung khong can
day cap mang. N6 1a mot h¢ théng mang dit li¢u linh hoat dugc thuc hién nhu mot sy
mo rong hodc mot sy lya chon méi cho mang may tinh hitu tuyén ( hay con goi la
mang c6 day ). Cac mang may tinh khong day sir dung cac song dién tu khong gian
(song vo tuyén hodc song anh sang) thu, phat dir liéu qua khong khi, giam thiéu nhu
cau vé két ndi bang day. Vi vy, cac mang may tinh khong day két hop lién két dir liéu
v6i tinh di dong cia nguoi st dung.

Cong nghé nay bat ngudn tir mot s6 chuan coéng nghiép nhu 1a IEEE 802.11 da
tao ra mot s6 cac giai phap khong day co tinh kha thi trong kinh doanh, cong nghé ché
tao, cac truong dai hoc... khi ma & d6 mang hiru tuyén l1a khong thé thuc hién duoc.
Ngay nay, cdc mang may tinh khong day cang tré nén quen thudc hon, dugc cong
nhan nhu mot su lua chon két ndi da nang cho mot pham vi 16n cac khach hang kinh
doanh.

1.1.2 Uu diém cda mang mdy tinh khéng day:

Mang may tinh khong day dang nhanh chong tré thanh mot mang cdt 15i trong
cic mang may tinh va dang phat trién vuot trdi. Vi cong nghé nay, nhitng ngudi st
dung c6 thé truy cép thong tin dung chung ma khong phai tim kiém chd dé nbi day
mang, chiing ta c6 thé md rong pham vi mang ma khong can lap dat hodc di chuyén
day. Cac mang may tinh khong day c6 wu diém vé hiéu suét, sy thuan loi, cu thé nhu
Sau:

- Tinh di ddng : nhiing ngudi sir dung mang mdy tinh khong day co thé truy
nhap ngudn thong tin & bat ky noi ndo. Tinh di dong ndy s& ting ning suit va tinh kip

thoi théa mén nhu cu vé thong tin ma cac mang hitu tuyén khong thé c6 duoc.
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- Tinh don gian : lip dat, thiét 1ap, két n6i mot mang may tinh khong day la rat
dé dang, don gian va c6 thé tranh duoc viée kéo cap qua cac birc tuong va tran nha.

- Tinh linh hoat : c6 thé trién khai ¢ nhitng noi ma mang hitu tuyén khong thé
trién khai dugc.

- Tiét kiém chi phi 1du dai : Trong khi dau tu can thiét ban dau ddi v6i phan
cimg ctia mot mang may tinh khong ddy c6 thé cao hon chi phi phan cing ciia mot
mang hitu tuyén nhung toan bo phi ton 1ap dit va cac chi phi vé thoi gian ton tai c6
thé thap hon dang ké. Chi phi dai han c6 loi nhét trong cic moi truong dong can phai
di chuyén va thay d6i thuong xuyén.

- Kha niing vé hwéng : cac mang mdy tinh khong day c6 thé dugc cau hinh theo
cac topo khac nhau dé dap tmg cac nhu cau tng dung va lap dit cu thé. Cac cau hinh
dé dang thay ddi tir cic mang ngang hang thich hop cho mot sé lwong nho ngudi st
dung dén cac mang c6 co so ha tang day du danh cho hang nghin nguoi sir dung ma co
kha ning di chuyén trén mot ving rong.

1.1.3 Hoat déng cua mang may tinh khéng day:

Cac mang mdy tinh khong day st dung cic song dién tir khong gian (v6 tuyén
hodc anh sang) dé truyén thong tin tr mot diém toi diém khac. Cac song vo tuyén
thuong dugce xem nhu cac song mang vo tuyén do chung chi thyc hién chirc ning cung
cip niang luong cho mot may thu & xa. Dit liéu dang dugc phat dugc didu ché trén
song mang vo tuyén (thuong dugc goi 1a diéu ché song mang nho thong tin dang dugc
phat) sao cho c6 thé duoc khoi phuc chinh xac tai may thu.

Nhiéu séng mang vo tuyén co thé ton tai trong cung khong gian, tai cung thoi
diém ma khong can nhiéu 1an nhau néu cac song vo tuyén duoc phat trén cac tan sb vo
tuyén khac nhau. Pé nhan lai dir liéu, may thu vo tuyén s& thu trén tan sd vo tuyén cia
may phat tuong ing.

Trong mdt cau hinh mang mdy tinh khong day tiéu chuan, mot thiét bi thu/phat
(bo thu/phat) dugc goi 1a mot diém truy cap, ndi véi mang hiru tuyén tir mot vi tri cb
dinh st dung cap tiéu chuan. Chirc ning tbi thiéu cua diém truy cap 1a thu, lam dém,
va phat dir liéu giita mang may tinh khong ddy va co sé ha ting mang hiru tuyén. Mot

diém truy cap don cé thé hd tro mot nhom nhod nguoi su dung va co thé thuc hién chirc
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nang trong moét pham vi tr mot tram dén vai trim feet. Piém truy cap (hodc anten
dugc gin vao diém truy cap) thuong duge dit cao nhung vé co ban c6 thé dugc dit &
bat ky chd nao mién 1 dat dugc ving phu song mong mudn.

Nhitng nguoi st dung truy cdp vao mang may tinh khong day thong qua cac bo
thich tng may tinh khong day nhu cic Card mang khong day trong cac vi may tinh,
cac may Palm, PDA. Cac bo thich ing may tinh khong diy cung cip mot giao dién
giita hé thong diéu hanh mang (NOS — Network Operation System) ctia may khach va
cac song khong gian qua mot anten. Ban chat ciia két n6i khong day 1a trong sudt doi
v6i hé diéu hanh mang.

1.1.4 Cac mé hinh cua mang may tinh khéng day co’ ban:

e Kiéu Ad - hoc:

MJbi may tinh trong mang giao tiép truc tiép v6i nhau thong qua céc thiét bi card

mang khong day ma khong dung dén cac thiét bi dinh tuyén hay thu phat khéng day.

< >
Wireless Station Wireless Station
A A
\ 4 \ 4

<
Wireless Station Wireless Station

Hinh I.1: M6 hinh mang Ad — hoc ( hay mang ngang hang )
o Kiéu Infrastructure
Céc may tinh trong h¢ théng mang st dung mot hodc nhiéu cac thiét bi dinh
tuyén hay thiét bi thu phat dé thuc hién cac hoat dong trao doi dit liéu v6i nhau va cac

hoat dong khac.
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1.1.5 Cw ly truyén séng, téc dé truyén dir liéu:

Truyén séng dién tir trong khong gian s& giap hién tuong suy hao. Vi thé d6i véi
két ndi khong day noi chung, khoang cach cang xa thi kha niang thu tin hiéu cang kém,
ty 16 151 s& ting 1én, ddn dén tdc d6 truyén dit liéu s& phai giam xudng.

Céc tbc do cua chuan khong day nhu 11 Mbps hay 54 Mbps khong lién quan dén
tdc do két ndi hay tdc do download, vi nhirng tdc do nay dugc quyét dinh b1 nha cung
cép dich vu Internet.

Véi mot hé thong mang khong day, dir liéu dugc gir qua song radio nén téc do
c6 thé bi anh hudng bdi cac tac nhan giy nhidu hoic cac vat thé 16n. Thiét bi dinh
tuyén khong day s& tu dong diéu chinh xudng cac mirc toc d6 thap hon. (Vi du nhu 1a
tir 11 Mbps s& giam xudng con 5,5 Mbps va 2 Mbps hodc tham chi 13 1 Mbps).

1.2 Ung dung:

Trong nhitng ndm gan déy, cac nghién ctru vé WSN da dat duoc budc phat trién
manh mé, cac budc tién tir cac nghién ctu htra hen tac dong 16n dén cac ung dung
rong rdi trong cac linh vuc an ninh qudc gia, cham soc stc khoe, moi trudng, ning
lugng, an toan thyc phém VA san xuat...

Cac ung dung ciia mang WSN thuc su chi bi gidi han béi su tudng tuong ctia con
ngudi. Sau day 1a cac ing dung phd bién nhit cia WSN:

1.2.1 Ung dung quén sw, an ninh va thién nhién:

Trong phan Uing vd6i dich bénh, tham hoa thién nhién lugng 16n cac cam bién
duoc tha tir trén khong, mang ludi cac cam bién s& cho biét vi tri nguoi séng sot, vung
nguy hiém, gitp cho ngudi giam sat co cac thong tin chinh xac dam bao hiéu qua va an
toan cho cac hoat dong tim kiém.

Str dung mang WSN han ché su c6 mit truc tiép cua con nguoi trong moi truong
nguy hiém . Ung dung an ninh bao gdm phét hién xAm nhap va truy bat tdi pham.

Mang cam bién quan sy phat hién va c6 dugc thong tin vé sy di chuyén cta d6i
phuong, chit n6 va cac thong tin khac.

Phat hién va phan loai cac chit hoa chat, sinh hoa, song vo tuyén, phéng xa hat
nhén, chit nd. ..

Giam sat su thay doi khi hau, rimg, bién. ...
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Giam sat xe ¢ trén duong.
Giam sat an ninh trong céc khu vuc dan cu, thuong mai...

Theo dbi bién gi6i két hop véi vé tinh. ..

Location Tracking Center,

.

-

o | | e
| 5 -
~"c-m

Hinh I1.2: Ung dung WSN trong an ninh quéc gia va ludt phdp
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1.2.2 Ung dung trong gidm sét xe cé va théng tin lién quan:

Muc tiéu cta cac hé thong nay 13 thu thap thong tin thong qua cdc mang cam
bién, xir Iy va luu trit dit liéu tai trung tam, st dung dit liéu d6 cho cac ung dung can
thiét. Hé théng duoc lap dit doc theo cac dudng chinh, mang cam bién sb tap hop dir
liéu vé tdc do luu thong, mat do xe, s6 lugng xe trén duong. D li¢u sau do dugc
truyén dén trung tAm dir liéu dé xur 1y. Mang theo ddi lién tuc, cung cap thong tin cap
nhat thuong xuyén theo thoi gian thuc. Céc thong tin thu dugc dung dé giam sat luu
luong , diéu phdi giao thong hodc cho cac muc dich khac.

1.2.3 Diéu khién céc thiét bj trong nha:

Piéu khién céc thiét bi trong nha:

Hinh I.3: Céc irng dung diéu khién

Céc node cam bién duoc 1ap trén cac thiét bi , vi tri can thiét, sau d6 két ndi thanh
mang truyén dit liéu vé node trung tim. Mot kha ning c6 thé phat trién 1 cac cam bién
theo ddi y té dugc gan truc tiép 1én co thé nguoi bénh dé do dac thuong xuyén céc
thong sb vé huyét 4p, nhip tim,...

1.2.4 Cac toa nha tw déng:

Ung dung cung cép kha nang diéu khién, quan ly, tao su ti¢n loi trong kiém soat,
an ninh...Quan ly nhiéu hé théng cung luc, h¢ théng chiéu sang, nhiét dd, an ninh,
giam sat nhan vién, quan 1y hiéu qua tiéu thu ning luong trong toa nha, gin cac chip

1én hang hoa,giam duoc thoi gian kiém tra...co thé d& dang duoc thuc hién bing
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C2WSNs va cong nghé ZigBee. dic diém nbi bat 1a dung cac cong nghé microsensor
tiéu thu rat it cong suat, thu phat vo tuyén , k§ thuat lién lac va cam bién khong day da
chirc nang.

1.2.5 Quan ly qua trinh tw déng trong céng nghiép:

Céc tng dung trong san xuét cong nghiép gdm diéu khién, quan 1y, hiéu suét va
an toan. Cac cam bién dit trong moi trudng lam viéc gidm sat qua trinh san xuat, chat
luong san pham, kiém soat moi trudng lam viée, quan 1y nhan vién,...dir liéu duoc dwa
vé trung tAm dé ngudi quan 1y c6 thé dua ra cac quyét dinh kip thoi.

1.2.6 Cac wng dung trong y hoc:

Mot s6 bénh vién va trung tim y té dang tmg dung cong nghé¢ WSNs vao tién
chan doan, chim séc stc khoe, d6i pho véi cac dich bénh va phuc hoi chic ning cho
ngudi bénh. WSNs cho phép theo doi tinh trang ctia cac bénh nhan kinh nién ngay tai
nha, 1am cho viéc phan tich va diéu tri thuan tién hon, rat ngan thoi gian diéu tri tai
bénh vién. WSNs con cho phép thu thap thong tin y té qua thoi gian dai thanh céc co
s¢ dir liéu quan trong, cac bién phap can thi¢p hi¢u qua.

2. TRUYEN DU LIEU GIUA CAC NUT MANG, NGUYEN TAC:

Mot nat cam nhan khong day giao tiép voi cac nat cam nhan khac bang viée sir
dung net work - stack.

- O 16p tng dung (Application), dit liéu c6 thé duoc gui ¢ dang goi, do chip radio
& 16p phan ciing c6 thé truyén va nhan dir liéu dang byte nén cac géi tin nay can duoc
phan doan trude khi chiing dugc gui va phai dugc ghép lai sau khi ching dugc nhan.

Lé6p diéu khién da truy cap Media - Access - Control (MAC) chuyén tiép 16p tng
dung véi radio chip:

+ Khi 1 goéi tin duge giri di nho 1 ing dung, gobi tin dugc phan nho thanh cac
byte. 1 chudi lién tiép cac byte dic biét dugc goi 1a Preamble (phan md dau) duoc gui
di trude cac byte dir liéu do d6 phia thu c6 thé dong bd va xac dinh phan bét dau cua 1
goi tin.

+ Sau khi nhan 1 byte, radio chip mi hoéa bit dit liéu va truyén chung. O phia
nhan, radio chip bdo hiéu viéc dén cua cac byte sau khi xac dinh va giai ma cacbit dit

liéu.
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+ Sau d6 16p MAC hop lai goi tin bat dau tir goi dau tién sau gbi preamble. Tiép
theo 16p MAC bao hiéu viéc dén cua géi tin cho 16p trén.

Céc byte dir li¢u co thé dugc ma hoa mét cach tuy y sau khi dugc phan doan cung
v6i ma stra 161 (ECC ). M3 stra 161 ECC duoc dung dé khoi phuc cac bit dit liéu trong
truong hop co $6 lugng nho bit 16i. Khi cac byte dir li¢u do td1 bo thu, tai day nd dugce
giai mé dé tré vé dang céac byte dit liéu ban dau.

3. TIET KIEM VA TIEU THU NANG LUQNG:

Ning luong tiéu thu phu thudc vao nhiéu yéu té st dung khac nhau nhu: Kién
tric giao thirc mang, Giao thirc chon dudng, Hoat dong truyén nhan khong day.

3.1 Kién tric giao thirc mang:

Kién tric giao thirc nay két hop gita nang luong va chon duong, két hop s licu
v6i cac giao thirc mang, st dung ning luong hiéu qua. Kién trac giao thirc bao gom:
16p vat 1y, 16p lién két so liéu, 16p mang, 16p truyén tai, 16p ung dung, phan quan ly
cong sut, phan quan 1y di dong va phan quan 1y nhiém vu.

Lép vat 1y cung cap cac ki thuat didu ché, phat va thu. Vi méi truong cb tap 4m
va cac nut cam bién co thé di dong, giao thirc diéu khién truy cip méi truong (MAC)
phai xét dén van dé cong suit va phai c6 kha nang tbi thiéu hoa viéc va cham véi
thong tin quan ba cua cac nuat lan cén.

L6p mang quan tdm dén viéc chon duong sé lidu duoc cung cip bai 16p truyén
tai.

Lép truyén tai gitp duy tri luong sé liéu néu tng dung mang cam bién yéu cau.
Tuy theo nhiém vu cam bién, cac loai phﬁn mém khac nhau c¢6 thé duoc xay dung va
sir dung & 16p ing dung. Ngoai ra, cac phan quan 1y cong suat, di chuyén va nhiém vu
s€ giam sat viéc sir dung cong suat, su di chuyén va thuc hién nhiém vu gitra cac nit
cam bién. Nhirng phan nay gitp cic nit cam bién phdi hop nhiém vu cam bién va tiéu
thu ning lugng tong thé thap hon.

Phan quan 1y ning luong diéu khién viéc sir dung niang luong ciia nut mang. Vi
dy, nit mang cé thé tit khdi thu cua no sau khi thu duoc mot ban tin tir mot nat 1an
can. Diéu nay giup tranh tao ra cac ban tin gidng nhau. Ciing vay, khi mic ning luong

cua nut mang thap, noé s€ phat quang ba té1 cac nit 1an can dé thong bado ndé c6 muc
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nang lugng thip va khong thé tham gia vao cac ban tin chon dudng. Phan ning luong
con lai s€ danh riéng cho nhiém vu cam bién.

Phan quan 1y di chuyén phat hién va ghi lai sy di chuyén cia cac niit cam bién dé
duy tri tuyén t6i ngudi sir dung va cac nit cam bién c6 thé luu vét cua cac nat cam
bién 1an can. Nho x4c dinh dugc cac nat cam bién 14n can, cic nit cam bién c6 thé can
bang giita can bang giita cong suit ciia nd va nhiém vu thuc hién.

Phan quan ly nhiém vu dung dé 1am can bﬁng va 1én ké hoach cac nhiém vu cam
bién trong mdt ving xac dinh. Khong phai tat ca cic nat cam bién trong ving d6 déu
phai thuc hién nhiém vu cam bién tai cung mot thoi diém. Két qua la mot s6 niit cam
bién thuc hién nhiéu hon cic nut khac tuy theo mirc cong suat ciia noé. Nhitng phan
quan 1y nay 13 can thiét & cac nut cam bién c6 thé lam viéc cing nhau theo mot cach
thire sir dung hiéu qua cong suat, chon duong so liéu trong mang cam bién di dong va
phan chia tai nguyén giita cic nut cam bién.

Kién trac mang nhu trén gép phin quan 1y ning luong ciia cac nit mang dong
thoi duy tri hoat dong cua toan mang trong thoi gian dai hon.

3.2 Giao thirc chon duwoéng:

3.2.1 Kho khan trong giao thirc chon dwong:

Mic du cac ung dung ctia mang WSN 1a rt 16n, tuy nhién nhitng mang ndy c6
mot s6 han ché nhu: giéi han vé ngudn cong suét, kha niang tinh toan va do rong bang
thong. Mot sb giao thirc chon dudng, quan 1y céng sudt va trao doi sb lidu da duoc
thiét ké cho WSN vé&i  yéu cau quan trong nhat 1a tiét kiém duoc ning luong.

Mot trong nhitng myc tiéu thiét ké chinh cia WSN 1a kéo dai thoi gian séng cta
mang va tranh suy giam két ndi nho cac k¥ thuat quan 1y ning luong. Van dé nay can
duogc giai quyét triét dé thi méi dat duoc hiéu qua truyén tin trong WSN. Céc giao thirc
chon duong trong WSN ¢6 thé khac nhau tuy theo tmg dung va cdu trac mang. Tuy
nhién, viéc chon duong gip phai nhitng kho khin nhu:  Phan bd nut, tiéu thu ning
lugng khong dugc lam mat do chinh xac, tinh khong déng nhét cua nat mang, tinh
dong ctia mang, kha nang dinh c&, kha ndng chéng 161, chét lugng dich vu.

Phén b6 nut: Viéc phan bd nut trong WSN phu thudc vao Gng dung va co thé

dugc thyc hién bang tay hodc phan bd ngiu nhién. Khi phan bd bang tay, sé liéu dugc
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chon dudng thong qua cac dudng di dinh trude. Tuy nhién, khi phan bd cac nut ngiu
nhién sé& tao ra mot ciu tric chon dudng dic biét (Ad-hoc).

Tiéu thu ning lwong khéng dwoc lam mdt dp chinh xdc: Céc niit cam bién c6
thé st dung quéa cac giéi han vé cong suit dé thuc hién tinh toan va truyén tin trong
moi trudng vo tuyén. Thoi gian sdng cia nat mang cam bién phy thudc rat nhidu vao
thoi gian st dung cua pin. Trong WSN da budc nhay, mdi nat dong hai vai tro 1a
truyén sb liéu va chon duong. Mot s6 nt cam bién hoat dong sai chtrc nang do 16i
nguodn cong sut co thé gy ra sy thay doi cdu hinh mang nghiém trong va phai chon
duong lai cac goi hodc phai to chire lai mang.

Tinh khong déng nhit ciia niit mang: Nghia 13 cic nut mang c6 kha ning tinh
toan, kha nang truyén tin va c6 cong suat khac nhau. Khi dé s& gay kho khan cho k§
thuat chon duong.

Kha néng chéng 16i: Mot s6 nlit cam bién co thé bi 18i hodc bi ngat do thiéu cong
suat, hong phan ctng hodc bi nhifu méi trudng. Su c¢d cua cic nit cam bién khong
duoc anh huong téi nhiém vu cua toan mang cam bién. Néu c6 nhiéu nut bi 15i, cac
giao thirc chon duong va diéu khién truy cap méi trudng (MAC) phai thanh 1ap céc
tuyén mai t6i nut gde. Viée nay cé thé can thiét phai diéu chinh cong suit phat va tdc
d6 tin hiéu trén cac tuyén hién tai dé giam sy tiéu thu nang lugng hodc 13 cac goi phai
chon dudng lai qua cac cic ving mang c6 cong suat kha dung 16n hon.

Kha ndng dinh c6: S luong niit mang c6 thé 13 hang trim, hang nghin hoic
nhiéu hon. Bat ky phuong phap chon dudng nio ciing phai c6 kha nang lam viéc véi
mot s luong 16n cac nut cam bién nhu vay.

Tinh dgng ciia mang: Trong nhidu nghién ctru, cac nat cam bién dugc coi 1a ¢b
dinh. Tuy nhién, trong mot s6 tng dung, ca nut géc va cac nit cam bién cé thé di
chuyén. Khi d6, cac ban tin chon dudng tir hodc t6i cac nut di chuyén sé gap phai cac
van dé nhu: duong lién lac, cAu hinh mang, nang lugng, d0 rong bang,...

Chit lwong dich vu: Khi ning luong gan hét, cac nat mang c6 thé yéu ciu giam
chat luong cac két qua dé giam muc tiéu thy ning luong ciia nut va kéo dai thoi gian

sOng cua toan mang.
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Maic du viéc chon duong gap nhiéu khoé khin nhung khi c6 mdt giao thirc chon
dudng tdt s& tiét kiém thoi gian truyén nhan thong tin, giam ning lugng tiéu hao lang
phi do tic nghén, 16i duong truyén,..Vi vdy, nguoi ta di dua ra mot sb giao thirc chon
duong ma dudi day sé trinh bay.

3.2.2 Cac giao thurc chon dwong:

Phéan nay sé& trinh bay vé phuong phap chon duong trong WSN. Néi chung, cac
giao thirc chon duong duogc chia lam 3 loai dwa vao cdu tric mang: ngang hang, phan
cap hodc dya vao vi tri.

Trong chon dudng ngang hang, tit ca cic nat thuong c6 vai trd hoic chirc ning
nhu nhau nhu: cdm nhan, truyén,... Chung s€ thuc hién viéc cam nhén thong tin can
thiét va truyén sd liéu vé nat goc.

Trong chon dudng phan cap, cac nit s& dong vai tro khac nhau trong mang, sé co
nut chu dai dién cho ting nhdém cac nit cam bién dé nhan sb lidu tir cac nit cam bién
truyén téi. Céc nut chi ciing tap hop so lidu tir cac nat trong nhoém ciia nd trude khi
guri s6 lidu dén nut gde. Nt chu sé thay doi khi bat dau chu ky 1am viéc méi va s& thay
bang nut khac c6 kha nang dam nhan chitc ning nay.

Trong chon duong dya theo vi tri thi vi tri ciia cdc nit cam bién s& duoc dung dé
chon dudng sb lidu. Giao thirc chon duong con co thé duoc phan loai dwa theo da
duong, yéu cau, hoi/dap, QoS va lién két tuy thudc vao ché do hoat dong. Ngoai ra,
cling c6 thé chia thanh 3 loai: chu dong, twong tac hoic lai ghép tuy thudc vao cach
thirc ma ngudn tim duong toi dich. Mot giao thirc chon dudng duoc coi 14 thich tng
néu cac tham s6 cta hé thong cé thé diéu khién dugc dé phu hop véi cic trang thai
mang hién tai va cdc muc ning luong kha dung. Mot sb giao thic chon duong di phat
huy hi¢u qua tiét  kiém tiéu  thu nang luong nhu: LEACH,
TEEN&APTEEN, MECN&SVECN, PEGASIS thudc chon dudong phan cép; SPIN,
Directed Diffusion, CADR, CUGAR thudc chon duong ngang hang. Trong d6 dang
quan tdm nhét 13 giao thic chon duwong LEACH. LEACH (Low Energy Adaptive
Clustering Hierarchy) - phan cip nhom thich tng cong suit thip, giao thirc nay cho
phép tiét kiém nang luong trong mang WSN. Muc dich ciia LEACH 1a lya chon ngau
nhién cdc nt cam bién 1am cac nut chu, do do, viéc tiéu hao nang luong khi lién lac

voi nat goe duogce trai déu cho tat ca cac nit cam bién trong mang. Qua trinh hoat dong
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ctia LEACH dugc chia thanh 2 buéc: bude thiét 1ap va budc 6n dinh. Thoi gian budc
6n dinh kéo dai hon so véi thoi gian cta bude thiét 1ap dé giam thiéu phan diéu khién.
Tai buée thiét 1ap s€ xac dinh nit mang nao s€ lam chu. Tai budc 6n dinh, cac nit cam
bién bit ddu cam nhén va truyén s6 liéu vé nuat chua, nat chu cling tap hop sb liéu tir cac
nut trong nhém truée khi giri cac sb liéu nay vé nit goc. Theo thir nghiém mé phong
giao thirc LEACH ctia mang WSN ¢6 160 nit, phan bd déu, cong suat ban dau cua nit
1a 3.0. Két qua thu dugc 1a: khi truyén truc tiép toi nit gbe, sau khoang 470 chu ky
thoi gian s& két thuc truyén tin; khi str dung giao thirc LEACH, sau khoang 685 chu ky
thoi gian mdi két thiic truyén tin. Két qua nay cho thay day 1a mot phuong phap chon
duong phan cap co kha niang tiét kiém dugc ning luong va kéo dai thoi gian séng cia
mang.

Tuy nhién, co ché hoat dong cua LEACH la lya chon s6 liéu duoc tap trung va
thuc hién theo chu ky. Do d6, giao thirc nay chi thich hop véi yéu cau giam sat lién tuc
bdi mang cam bién. Vi img dung ma ngudi sit dung khong can tat ca cac sb liéu ngay
lap tic thi viéc truyén sb liéu theo chu ky 1a khong can thiét va c6 thé lam tiéu tén
nang lugng vo ich. Giao thire LEACH can tiép tuc duoc cai tién dé khic phuc han ché.

3.3 Hoat déng truyén nhan khéng day:

Pbi v6i mang cam nhan khong day thi nang lugng trd thanh mot van dé duoc chu
y dé duy tri hoat dong cua hé théng mang vi cac niit mang doc 1ap, chi duoc cung cap
nang luong tir mot ngudn cb dinh (pin). Viéc tidu thu ning lwong thap 1a mot nhu cau
quan trong cho cic hé thong hoat dong bang pin - khong duoc cung cip ning luong
thuong xuyén. Khi c6 mot dong tiéu thu thap thi thoi gian sdng cta chung s& kéo dai
thém. Hé thong tiéu thy ning luong thip 1a muc tiéu cin dat cia mang cam nhan
khong day sir dung CC1010. Céc van dé dua ra trong phan nay 1a co so cho viéc viét

phan mém tiét kiém tiéu thu ning lrong cho nut mang cam nhin khong day.
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CHUONG 2: MA SUA LOI

Mang phai c6 kha ning truyén chinh xac dir liéu tir thiét bi nay toi thiét bi khac.
Mot hé thdng khong bao dam dir liéu nhan giéng nhu dir liéu truyén 1a hé théng khong
st dung duge. Co nhiéu nhén t6, nhu tap nhidu duong day c6 thé 1am hong mot hoic
nhiéu bit cua khoi dir liéu dang truyén. Mot hé théng thuc sy dung dugc phai c6 co ciu
dé phat hién va stra cac 16i do.
Vi¢c phat hi¢n va stra 16i duoc trang bi & 16p lién két dir liéu hodc 16p giao van
twong ung trong mo hinh OSI.
1. CAC CO CHE TRUYEN DU LIEU:
1.1. Truyén di liéu song song:
« MGdi bit dung mdt dudng truyén riéng. Néu co 8 bits dugc truyén dong thoi sé
yéu cau 8 duong truyén doc 1ap.
« Dé truyén dir liéu trén mot dudng truyén song song, mot kénh truyén riéng
dugc ding dé thong bao cho bén nhan biét khi nao dit liéu c¢6 sin (clock signal).
+ Cén thém mot kénh truyén khac dé bén nhan bio cho bén gd1 biét 12 d3 sin
sang dé nhan dir liéu ké tiép.
1.2. Truyén di liéu tuan tu:
« Tét ca cac bit déu duoc truyén trén cing mot duong truyén, bit nay tiép theo
sau bit kia.
« Khéng can cac dudng truyén riéng cho tin hiéu ddng bo va tin hiéu bt tay (cac
tin hiéu nay dugc ma hoa vao dit liéu truyén di).
« Vian dé dinh thoi (timing) doi hoi phai co co ché dong bo giira bén truyén va
bén nhan.
« 2 cach giai quyét:
- Bt ddng bo: mbi ky tu dugc ddng bo boi start va stop bit.
- Bong bo: mdi khéi ky tu duoc déng bo dung co.
1.3. Truyén bat déong bé:
« Dit liéu dugc truyén theo ting ky tu dé tranh viéc mat dong bd khi nhin duoc chudi

bit qua dai:
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- 5 dén 8 bits.

- Chi can giit ddng bo trong mot ky tur

- Tai dong bd cho méi ky tu méi

* Hanh vi:

- Dbi v6i dong dir liéu déu, khoang cach giira cac ky tu 1a ddng nhat (bang chiéu dai
ctia phan tir stop).

- O trang thai rdi, bo thu phat hién su chuyén 1 dén 0.

- Lay mAu 7 khoang ké tiép (chiéu dai ky tw).

- Poi viéc chuyén 1 dén 0 cho ky tu ké tiép.

* Hi¢u suat:

Pon gian
- Ré
Phi ton 2 hodc 3 bit cho mét ky tur (~20%)

Thich hop cho dir lidu voi khoang trong giita cac ky tu 16n (dit liéu nhap tir ban

phim).
Idle flalr odd or even Remain idle or
of line parity or unused next start bit
5 to 8 data bits 1 1o 2 bit times
v _ < >y <—> y
0 - - .
T =" 1 1 | | 1 | P 1 Stop

Start g 1 ] ] 1 1 1

Yot !
| bit 1 1 1 1 1 1 1 bit element
el T T T -
/ (a) Character format

Unpredicatable time interval
between characters

Stop Stop
“‘f" «hm(n \"?rl element
bit bit ¢

o1 0001 O1r1ronrroo0

(b) 8-bit asynchronous character stream

S0 180 250 350 450 550 650 730 850 Transmitter timing (ps)

¢¢¢¢¢¢¢¢¢

0 8
Start Stop
bit element
141 235 329 423 517 611 705 79 Receiver timing (ps)

(¢) Effect of timing error
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« Pong bo khung (frame synchronization): ding cac ky tu diéu khién (STX, ETX,
DLE).

1.4. Truyén doéng bé:

* Truyén khong cin start/stop

* Phai c6 tin hiéu dong bd

« Pong bd bit (bit synchronization): sir dung cac phwong phap sau:

- Tich hop xung clock vao dit liéu truyén di:

+ Tich hop thong tin dong bo (clock) vao trong dir liéu truyén.

+ PAau nhan s& tach thong tin déng bd dua vao dir liéu nhan duoc.

+ Manchester, differential Manchester, tan s song mang (analog).

- Str dung duong clock riéng:

+ Dung mot dudng tin hiéu déng bo riéng biét.

+ MOt bén (phat hodc nhan) tao ra cic xung clock dong bd vdi cac bit truyén di
trén duong clock riéng.

+ Bén con lai dung tin hiéu trén duong clock riéng dé 1am clock.

+ Thich hop khi truyén trong khoang cach ngan.

+ Tin hiéu dong bo d& bi suy giam trén duong truyén.

* Pong bd frame:

- MJdi block dit litu duoc bit dau bing mot cO goi la preamble, két thuc béng
mot cd goi la postamble.

- Preamble va postamble 1a mot mau bit (bit pattern) dugc quy dinh sin:

+ Mot chudi cac ky tu SYN (16h trong bang ma ASCII)

+ Mau bit 11111110

- Frame: dit liéu + preamble + postamble + thong tin diéu khién

- Hiéu qua hon so voi truyén bat déng bo (phi tén thip hon cho cac bit diéu
khién):

+ HDLC: 48 bit diéu khién cho mdi block 1000 ky tur (8000 bit)
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2. VAN DE XU LY LOI

1.1 Céc 16i xay ra trén dwong truyén:

« MObi trwong truyén din bi nhiéu (dién, tir, ...) din dén dir liéu nhan cé 15i
(cac bit bi thay ddi).

* 2 cach khic phuc khi phat hién c6 15i:

- Forward error control: thong tin stra sai dugc thém vao cac ky tu hodc cac
frame truyén di, dé bén nhan c6 thé phat hién khi nao c6 16i va 15i nam ¢ dau dé sira
(c6 kha ning stra 16i).

- Feedback (backward) error control: thong tin stra sai dugc thém vao céac ky tu
hoic cac frame truyén di chi du dé phat hién khi nao c6 16i (khong c6 kha ning stra
16i). Co ché yéu cau truyén lai ky tu/frame sai duoc dung trong trudng hop nay.

* Phan loai 16i

- Loi 1 bit:

+ Chi 1 bit bi 16i, khong anh hudng céac bit xung quanh

+ Thudng xay ra do nhiéu tring

- Li chum (busrt error):

+ Mot chudi lién tuc B bit trong d6 bit dau, bit cudi va cac bit bat ki nam giira
chudi déu bi 15i.

+ Thuong xay ra do nhiéu xung

+ Anh huong cang 16n d6i voi toe do truyén cao

* Bit error rate (BER): xdc suiat mot bit nhan dwoc bi 16i

1.2 Co ché phat hién 16i:
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1.3 Phat hién 16i bang bit parity:

« 1 bit parity dwogc thém vao 1 khdi dir liéu cin truyén di.

* Bit parity

- Parity chin: tong s6 bit 1 c6 trong khdi dit liéu, ké ca bit parity, 1a s6 chan.

- Parity 1é: tong s bit 1 ¢6 trong khdi dir liéu, ké ca bit parity, 1a so 1é.

C6 dic diém:

- Chi do dugc 15 sai mot sd 1¢ bit, khong do dugc 16i sai mot s chan bit

- Khong stra duoc 16i

- It duoc dung trong truyén dit liéu di xa, dic biét & toe d6 cao.

1.4 Bé ma phat hién I6i

Khi truyén tai mot chudi cac bit, cic 18i c6 thé phat sinh ra, bit 1 c¢6 thé bién
thanh bit 0 hay nguoc lai.

Ta dinh nghia ty 1¢ 161 boi ty s6 sau:

©= 86 bit bi 16i / Tong sd bit duoc truyén
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Ty 18 16i nay c6 gia tri tir 10-5 dén 10-8. Tuy thudc vao ting loai tng dung, mot
16i c6 mtrc d6 nghiém trong khac nhau, chinh vi thé can c6 cic co ché cho phép phat
hién 13i ciing nhu sira 16i.

Céc thong ké cho thay rang 88% cac 11 xay ra do sai 1éch mot bit va 10% céac 16i
xay ra do su sai léch 2 bit ké nhau. Chinh vi thé ta uu tién cho van dé phat hién céc 15i
trén mot bit va stra doi ching mdt cach ty dong.

Vé6i ¥ tuong nhu thé, ta st dung cac mé phat hién 16i: bén canh cac thong tin hitu
ich can truyén di, ta thém vao cac thong tin diéu khién. Bén nhan thuc hién viée giai
ma céac thong tin dicu khién nay dé phan tich xem thong tin nhan dugc 1a chinh xac

hay c6 16i.

Théng tin Thong tin

hitu ich B Thong ‘}"“ B hitu ich Thiét bj
% hiru 1c 2 4
ma hoa P guimi nhan
Thong tin

diéu khién
Hinh 2.1: M6 hinh xir Iy 16i trong truyén dit liéu

Thong tin diéu khién dugc dua vao co thé theo 2 chién luge. Chién luge thi nhét
goi 12 bd ma stra 18i (Error-correcting codes) va chién lugc thtr hai goi 13 bd ma phat
hién 13i (Error-detecting codes). B6 ma sira 18i cho phép bén nhéan cé thé tinh toan va
suy ra duoc cac thong tin bi 16i (stra dit liéu bi 16i). Trong khi bo ma phat hién 15i chi
cho phép bén nhan phat hién ra dit liéu co 16i hay khong. Néu c6 16i bén nhan sé& yéu
cau bén gdi goi lai thong tin. Vi toc do ciia dudng truyén ngay cang cao, nguoi ta
thiy rang viéc goi lai mot khung thong tin bi 151 s& it ton kém hon so voi viée tinh toan
dé suy ra gia tri ban dau cta cac dit liéu bi 16i. Chinh vi thé da sd cac hé thong mang
ngay nay déu chon bo mi phat hién 15i.

1.5 Nhitng bé ma phat hién 16i (Error-Detecting Codes)

C6 nhiéu so d6 phat hién 18i, trong d6 c6 cac so d6 thong dung la:

- Kiém tra chin 1¢ (Parity checks)

- Kiém tra thém theo chiéu doc (Longitudinal reduncy check)

- Kiém tra phan du tuan hoan (Cyclic redundancy check)
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

1.2.1 Kiém tra chén 1é (Parity Check):

So dd phat hién bit 16i don gian nhat 1a ndi mot bit chin-1¢ vao cubi cia mdi tir
trong khung. Mot vi du tiéu biéu 1a viéc truyén cac ky tw ASCIL, ma trong d6 mot bit
chin-1é dugc ndi vao mdi ky tu ASCII 7 bit. Gia tri cua bit nay dugc lya chon sao cho
c6 mot sd chin cua bit 1, véi kiém tra chén (even parity) hodc mot s6 1¢ cua bit 1, voi
kiém tra 1¢ (odd parity).

Vi dy, néu bén goi dang truyén mot ky ty ASCII G ( ma ASCII 1a1110001) va
dang dung phuong phap kiém tra 18, n6 s& ndi mot bit 1 va truyén di 11100011. Bén
nhén sé& kiém tra ky tu nhan duoc va néu téng cua cac bit 1 1a 1¢, né xem nhu khong co
16i. Néu mot bit hodc mot sb 1é bat ky cac bit bi 16 dao nguoc thi rd rang bén nhan sé&
phat hién dugc 16i. Tuy nhién, néu hai hay mot s6 chin bat ky cac bit bi 161 ddo nguogc
thi n6 s& khong phat hién duoc 16i. Trén thuc té nhitng xung nhiéu lai thuong du dai dé
c6 thé pha hity hon mot bit, dic biét 1a voi toc do dit liéu cao. Do d6, can phai c6 mot
phuong phap cai thién trudng hop nay.

1.2.2 Kiém tra thém theo chiéu doc (Longitudinal Redundancy Check or
Checksum)

C6 thé cai thién so d6 trén bang cach dung phuong phap LRC. Trong phuong
phap nay, khung duoc xem nhu mot khdi nhiéu ky tu dugce sip xép theo dang hai
chiéu, va viéc kiém tra dugc thuc hién ca chiéu ngang 14n chiéu doc.

Parity bits

l

1011011 1

1101011

e

Data bits 00 ] 1101 0

1111000 0

1000101

|-

0101111

LRChits 0111111 0
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

Theo chiéu ngang, mdi ky tu dugc thém vao mét bit kiém tra chin 1& nhu truong
hop trén, va duoc goi 12 bit Kiém tra chiéu ngang VRC (Vertical Redundancy Check).

Theo chiéu doc, cung cép thém mot ky tu kiém tra, dugc goi la ky tu Kiém tra
chiéu doc LRC (Longitudinal Redundancy Check) hay Checksum. Trong dé, bit tht i
ctia ky tu ndy chinh 1a bit kiém tra cho tat ca cac bit thir i clia tat ca cac ky tu trong
khéi.

Céc phép do chi ra ring viéc dung ca hai VRC va LRC giam di ty 18 161 khong
phat hién dugc hai dén bén bac so véi dung chi VRC. Hay xem trudng hop bit 1 va 3
trong ky tu 1 dang bi 16i. Khi bén nhan tinh toan duoc bit VRC cho ky tu 1, nd s& kiém
tra v6i bit VRC di nhan, va s& khong phat hién duoc 16i. Tuy nhién, khi no tinh toan
duoc ky tuw LRC, bit 1 va 3 cua ky tu nay s€ khac véi nhitng bit d6 trong ky tuw LRC
nhan duoc, va s& phat hién dugc 16i.

Tuy nhién, ngay so d6 nay ciing khong phai 13 that su tét. Bay gio, néu gia sir bit
1 va 3 cta ky tu 5 ciing bi 18i, phuong phap nay s& khong phat hién dugc diém sai.

1.2.3 Kiém tra phan dw tudn hoan (Cyclic Redundancy Check)

D¢ cai tién hon nita cic nha thiét ké da dung k¥ thudt mdi dé dang va hiéu qua
duogc goi 13 kiém tra phan du tudn hoan, trong d6 c6 thé st dung mot s6 phuwong phap
cai dat khac nhau nhu: modulo 2, da thirc, thanh ghi dich va cac cong Exclusive-or.

Céc thi tuc v6i modulo 2 dién ra nhu sau. Véi mot thong diép M c6 k bit can goi
di, bén goi s ndi vao cudi thong di€p mat chudi F ¢o r bit, dugc goi la Chudi kiém tra
khung (FCS: Frame Check Sequence). Chudi kiém tra khung s& tinh toan sao cho
khung két qua T duoc hinh thanh tir viéc ndi M véi F (g0m k + r bit) c6 thé chia hét
boi 6 P ndo d6 duoc dinh trude. Bén gdi1 s€ goi1 T di. Khi bén nhan nhan dugc T, no s€
thuc hién phép chia modulo T cho P. Néu phép chia khong hét, tirc c6 sé du, bén nhan
xéac dinh rang khung T da bi 18i, nguoc lai 1a khong c6 16i. Néu khung khong co 151,
bén nhan sé& tach thong diép M tir T, 14 k bits trong s6 cao cua T.

Phuong phap nay dung phép chia modulo 2 trong viéc chia T cho P, phép toan
modulo 2 dung mot phép cong nhi phan khong nhé va do cling chinh 1a phép toan

Exclusive-or. Vi du sau mé ta phép toan cong va nhan modulo 2:

SVTH: Nguyén Thi Hong Hanh - Lép CT1001 23



Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

1 1

111 1001
1 1

010 1
C 1

101 1001
11001
1
01011

Gia su ta co:

o M: Thong diép k bit can dugc goi sang bén nhén.

o F : Chudi kiém tra khung FCS gom r bit 1a thong tin diéu khién duoc goi theo
M dé gitip bén nhan c6 thé phét hién dugc 15i.

o T =MF 1a khung (k + r) bit, dugc hinh thanh bang cach ndéi M va F lai véi
nhau. T s€ duoc truyén sang bén nhan, véir <k

Véi M (k bit) , P (r+1 bit), F (r bit), T (k+r bit), tha tuc tién hanh dé xac dinh
checksum F va tao khung truyén nhu sau:

o N&i r bit 0 vao cudi M, hay thuc hién phép nhan M véi 2r

o Dung phép chia modulo 2 chia chudi bit M*2r cho P.

o Phan du ctia phép chia s& dugc cong voi M*2r tao thanh khung T truyén di.

o Trong d6 P duoc chon dai hon F mét bit, va ca hai bit cao nhat va thip nhat
phailal.

Ngoai ra ngudi ta con c6 thé sir dung phuwong phap da thire dé biéu dién phuong
phap kiém tra phan du tuan hoan. Trong phuong phap nay ngudi ta biéu dién cac chudi
nhi phan dudi dang nhiing da thirc ciia bién x v6i cac hé s6 nhi phan. Cac hé sé twong
g v6i cac bit trong chudi nhi phéan can biéu dién.

Gia sir ta co M=110011va P = 11001, khi d6 M va P s& dugc biéu dién lai bang 2
da thure sau:

MX)=x"+ x*+x+1

PX)=x*+x3+1
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

Nhitng phép toan trén da thic van 1a modulo 2. Qué trinh tinh CRC dugc mo ta
dué6i dang cac biéu thirc sau:

X" MX) ) 3 R(X)
1 P T PX)

o T(X)=X"M(X)+ R(X)

Céac version thuong dugc st dung cua P 1a :
CRC-12  =X"+ X"+Xx® + X2+X + 1
CRC-16 = X0+ XP+X* + 1
CRC-CCITT=X" + X2+ X> + 1

CRC-32 =X¥ + XB+XB+ X2 +X¥ + X2 + X1 4+ XV

+ XEEXT+ X+ X+ XE X+

Vi du:

Cho: M=1010001101, P=110101

Taco: r=5

M(x)= X +x"+x3+x%+1

XM (X)= by 2By T4

P(x) = x>+x*+x%+1

Thuc hién phép toan:
X"M(x) R(x)
T RRCTEY

=> Q(x)= x+ x%+ x®+x*+x% +x!
F(x)= x*+ x+ x" <> 01110

Khung can truyén di 1a T= 101000110101110
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

CHUONG 3: PHUONG PHAP TAO RA TU MA

Truyén dir liéu trong mang khong diy 1a do mang khong diy nudi bang ngudn
nudi doc l1ap cho nén tiét kiém duoc nang lugng. Khi nghién ctru mdt nut mang ngudi
ta nhan thay khi truyén di 1a ton nhiéu ning lwong nhét it hon ti 1a nhan ning luong, it
hon nita 1a qua trinh xtr 1y va cudi cing nghi 13 ton it ning lwong nhat.

Truyén mang WSN sai sd 16n nhét khi truyén cap quang 1a sai sb it cap dong,
khong day 14 16 truyén dit liéu 1a nhiéu nhat. Van dé dat ra khi bi 13i thi noi giri phai
truyén lai dir liéu nguoi ta da nghi ra néu nhan biét co 16i khi truyén nén phai ty dong
stra 161 thi khong ton nang lugng.

Trong céc 16i c6 16i don bit, da bit, ddo bit... tuy nhién trong truyén khong day thi
da bit va ddo bit xuat hién it, chi xuét hién don bit 1a nhiéu. Trong ndi dung nghién ctru
ctia chuong nay ta tap trung vao sira 16i don bit.

Mudn stra 15i thi noi giri phai tao ra duoc cac tir ma (tr ma gom dit liéu va bit du
thtra).

3.1 Phat hién 16i va truyén lai::

e Phat hién 16i va truyén lai (error detection & retransmission)

e Phat hién 16i va sira 16i FEC (Forward Error correction)
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp

Terminal Terminal
A B
Transmission in only one direction
(a)

Terminal X Terminal
A Or B

Transmission in either direction,
but not simultaneously

(b)
Terminal Terminal
A B
Transmission in both directions simultaneously
(c)

A X N I Y N ) Y ) R

( ) Transmission \\ \ vcf{.‘l ‘f;‘l gf-"‘ 5 Yd" g" y
" Recaiver [ Te] PB4 T3] T« FA s
Error Error
Transmitter 1]2]3[a]s]|e[7]8|a]s[e|[7]8]a]r0]1]7]8]s]w0
(b) Transmission : @*:9*':0*:\*":0* :C#:é':p*:t"lé':g* Si&;&':&*:&“&
Receiver 1|2]|3fas[6|7]|s]4 5|6 \?‘ 8|9 10[n]7]s]
Error Error
Transmitter 1 | 2|3|a|s|e]|7[8]a]s [10]11[12113114]15] [16]17]18
(é)Transmission \: 3 ‘S}- vd" d. *-l*' d- l*' é- + d" v.é- vd.;('* ;dr ;d-
Receiver IBE z| [ Js 5[7 e|4|9]1o[-nj12]13 14|s5]n|1s
Error Error

Figure 6.7 Automatic repeat request (ARQ). (a) Stop-and-wait ARQ (hali-
duplex). (b) Continuous ARQ with pullback (full-duplex). (c) Continuous ARQ with
selective repeal (full-duplex).
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

3.2 Cac phwong phap tao ra toe ma:

Trong bat ky mang nao déu c6 2 phuong phap co ban dé khoi phuc lai cac goi tin
bi 16i: Mot 1a Yéu cau tra 10i ty dong ARQ (Automatic Repeat Request) va mot 13 stra
16i hudng trude FEC (Forward Erro Correction). Trong mang cam bién ngudn ning
luong 1a khan hiém va chu yéu duoc tiéu thu boi cac qua trinh truyén dan va thu nhan
khong day mit khac dic tinh 16i cuia mang WSN 1a cac 16i don bit va 16i 2 bit nén sir
dung stra 161 huéng truéc FEC 1a hiéu qua hon ca.

FEC c6 kha nang stra cac 16i chinh: 1 loai ma c6 kha nang sua 16i don bit, mot co
kha ning stra 16i kép va 1 ma Reed Solomen, tit ca déu thudc loai ma khéi - block
codes. Vi vay ta s& tap trung nghién ciru ma hoa khéi tuyén tinh.

3.1.1. M4 héa khéi tuyén tinh:

Mot ma khéi co chiéu dai n gdm nk tir ma dugc goi 13 mé tuyén tinh C(n,k) néu
va chi néu 2K tir ma hinh thanh mot khong gian vecto con k chiéu cta khong gian
vecto n chiéu gdm tat ca cac vecto n thanh phan trén trudng nhi phan GF (2).

Véi truong GF(2) 1a trudong nhi phan dong thoi phép cong va phép cong modul
2(cong tuyét doi) va phép va (AND).

1+1=0 land1=1
1+0=1 land0=0
0+1=1 0Oand1=0
0+0=0 0and0=0

Mai tuyén tinh C (n,k) c6 muc dich ma héa nhitng khdi tin k bit thanh nhiing tir
ma n bit.
. Céch mé hoa:
Goi u = [ag, a1, 8,...., &.1] 1a thong tin can duoc ma hoa thi tir ma v tuong Ung voi
u s& c6 duge bang cach ldy u nhan voi ma tran G.
Cong thue: v =u.G hodc v=aggo+ a;0:1+...+ ak.10k1
Vi cé4c tr ma tuong g voi cac thong bao dugce sinh ra bdi G theo céach trén nén

G duogc goi la ma tran sinh cua b ma.
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

Xét vi du sau: Ta ¢c6 mot ma tran sinh cia bd ma tuyén tinh C(7,4):

11010
1 107111

b = | g| T]01000
10110

Néu u =[1101] 12 théng tin cin ma hoa thi tir mi twong tng la:
v = 1got 19:+0g,+ 195 =[1100101]

Tém tit nhw sau:

- Bat ky k tir ma doc 1ap tuyén tinh ndo ciing c6 thé dugc dung dé lam ma tran
sinh cho bd ma.

- Mot b ma tuyén tinh c6 thé c6 nhiéu ma tran sinh khac nhau cung biéu dién.

- Mi ma tran sinh twong tng v6i mot cach ma héa khac nhau.

o Cach giai ma:

Ta c6 théng tin u = [ag, ay, a,...., ak.1]-

T ma nhan duogc tai bd thu v = [by, by, by,....,0k1, byy...y Dra]

Gia su qué trinh truyén tin hiéu khong 161 trc 1a v thu dung thong tin u. Tu v ta
tim lai u nhu sau:

ta gidi phuong trinh v = u.G hodc v= agQo+ a;9;+...+ ax.10x.1 d€ tim a; tir do6 tim

duoc u.
Ta c6 mot ma tran sinh cua bd ma tuyén tinh C(7,4):

1
l
Gm - g, 10
]

u= [a01 a, aZ’a3]
V= [b(), bl, b2, b3, b4; b51 b6]

v =ux G = hé phuong trinh:
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

b():ao'l‘al'l‘ag

b, =ay+ a2
b, =a;+ a3
bs;=ay+ a;
b,=a;
bs = a,
bs =a, + a3

véiv=[1100101] ta giai dugc u=[1101]

Thuc té dit liéu khong chi duoc kiém tra 13i theo ting byte ma con dugc kiém tra
16i theo dang khdi; sir dung ma tran sinh trong viéc kiém tra 18i huéng truéc FEC
mang lai hi¢u qua cao.

3.1.2. Ma& Hamming:

M3i Hamming 12 mot ma sira 16i tuyén tinh (linear error-correcting code), dugc
dit tén theo tén cua ngudi phat minh ra nd, Richard Hamming. M4 Hamming c6 thé
phét hién mdt bit hodc hai bit bi 16i (single and double-bit errors). M& Hamming con
c6 thé sira cac 16i do mét bit bi sai gdy ra. Nguoc lai ma chin 1 (parity code) don gian
vira khong co kha ning phat hién cac 16i khi 2 bit ciing mdt lac bi hoan vi (0 thanh 1

va nguoc lai), vira khong thé giup dé stra dugc cac 161 ma n6 phat hién thay.

&

Mo hinh ctia m0t ma 7-bit, bao g6m 4 bit dit liéu (3,5,6,7) va 3 bit chan 1& (1,2.4).

Su lién quan cua cac bit dit li€u voi bit chan 1¢é dugce bi€u hi¢n bang cac phan cua hinh
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

tron gbi 1én nhau. Bit thir 1 kiém tra bit thi (3, 5, 7), trong khi bit 2 kiém tra bit (3, 6,

7). Luu ¥, cac vi trj (1,2,4 v.v.) thuc ra 1a vi tri 2°, 2%, 22 v.v.

&

Céc bit dir liéu va bit chin 1¢ trong mdi quan hé chong gbi v6i nhau. Céc bit chin
1¢ duoc tinh dung quy luat "sé chian". Gié tri ciia nhom dir liéu 1a 1100110 - cac bit
chan 1¢ duoc in dam, va doc tir phai sang trai.

Cang nhiéu bit stra 15i thém vao trong thong diép, va cac bit 4y dugc b tri theo
mot cach 12 mdi bd tri ctia nhom cac bit bi 16i tao nén mat hinh thai 16i riéng biét, thi
chung ta c6 thé xac dinh dugc nhiing bit bi sai. Trong mot thong diép dai 7-bit, ching
ta ¢6 7 kha niang mot bit c6 thé bi 131, nhu vay, chi can 3 bit kiém tra (23 = 8) la chdng
ta c6 thé, khong nhiing chi xac dinh dugc 1a 18i trong truyén thong cé xay ra hay
khong, ma con co thé xac dinh duoc bit nao 1a bit bi 13i.

Hamming nghién ctru cac ké hoach mi hoa hién co, bao gém cd ma hai-trong-
nam, roi tong quat hoa khai niém cua ching. Khoi dau, 6ng xay dung mot danh muc
(nomenclature) dé dién ta hé thong may, bao gdm ca sd lugng bit dung cho dit lidu va
céc bit stra 16i trong mot khéi. Chang han, bit chin 1é phai thém 1 bit vao trong mdi tir
dit liéu (DATA word). Hamming dién ta phuong phép nay 1a ma (8,7). N6 c6 nghia Ia
mot tir dit liéu c6 téng sb bit 1a 8 bit, trong d6 chi ¢ 7 bit 1a cac bit caa dir liéu ma
thoi. Theo phuong phéap suy nghi nay, ma tai dién (nhic lai) ¢ trén phai dugc goi 1a ma

(3,1). Ty 1é thong tin 1a ty 1& duoc tinh bang viéc 14y con sd thir hai chia cho con sb th

. x ‘ 1
nhat. Nhu vay véi ma tai dién (3,1) & trén, ty 1¢ thong tin cua nd 1a 3.
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

Hamming con phat hién ra van dé véi viéc déo gia tri ctia hai hodc hon hai bit
nira, va mi€u ta nd la "khoang cach" (distance) (hién nay n6 dugc goi la khoang cach
Hamming (Hamming distance) - theo cai tén cua 6ng). Ma chin 1¢ c6 khoang cach
bang 2, vi néu c6 2 bit bi ddo nguoc thi 15i trong truyén thong tré nén vo hinh, khong
phat hién duoc. Ma tai dién (3,1) c6 khoang cach 1a 3, vi 3 bit, trong ciing mdt bo ba,
phai bi d6i nguoc trude khi chung ta duge mot tir ma khac. Ma tai dién (4,1) (mdi bit
duoc nhic lai 4 14n) c¢6 khoang cach bang 4, nén néu 2 bit trong ciing mot nhom bi dao
nguoc thi 16i ddo ngugc niy sé& di thoat ma khong bi phat hién.

Cung mot luc, Hamming quan tim dén hai van d¢; ting khoang cach va dong thoi
ting ty 1& thong tin 1én, cang nhiéu cang tét. Trong nhitg nim thudc nién ky 1940,
ong da xay dung mot sd ké hoach ma héa. Nhiing ké hoach nay déu dua trén nhiing
ma hién ton tai song dugc ning cp va tién bd mot cach sau sic. Bi quyét chia khoa
cho tat ca cac hé thong ciia dng 1a viéc cho cac bit chan 1é gdi 1én nhau (overlap), sao
cho chung c6 kha ning tu kiém tra 14n nhau trong khi cung kiém tra dugc dit liéu nia.

Thuat toan cho viéc str dung bit chén 1é trong 'ma Hamming' thong thudng ciing
twong ddi don gian:

1. Tat ca cac bit & vi tri 13 cac s6 mii ciia 2 (powers of two) dugc dung 1am bit
chén €. (cac vi tri nhu 1, 2, 4, 8, 16, 32, 64 v.v. hay néi cach khac 2°, 24, 22, 2%, 2%, 2°,
28 v.v.)

2. TAt ca cac vi tri bit khac duogc dung cho dir li€u sé dugc ma hoa. (cac vi tri
3,56,7,9, 10,11, 12,13, 14, 15, 17, etc.)

3. MGdi bit chén 1¢ tinh gi4 tri chan 1é cho mdt s6 bit trong tir ma (code word).
Vi tri cua bit chin 1¢& quyét dinh chudi cic bit ma né luan phién kiém tra va bé qua
(skips).

o Vit 1 (n=1): bé qua 0 bit(n-1), kiém 1 bit(n), bo qua 1 bit(n), kiém 1
bit(n), bo qua 1 bit(n), v.v.

o Vitri2(n=2): bo qua 1 bit(n-1), kiém 2 bit(n), bo qua 2 bit(n), kiém 2 bit(n),
bo qua 2 bit(n), v.v.

o Vitri 4(n=4): bo qua 3 bit(n-1), kiém 4 bit(n), bo qua 4 bit(n), kiém 4 bit(n),
bo qua 4 bit(n), v.v.
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

o Vitri 8(n=8): bo qua 7 bit(n-1), kiém 8 bit(n), bo qua 8 bit(n), kiém 8 bit(n),
bo qua 8 bit(n), v.v.

o Vitri 16(n=16): bé qua 15 bit(n-1), kiém 16 bit(n), bo qua 16 bit(n), kiém
16 bit(n), bo qua 16 bit(n), v.v.

o Vi tri 32(n=32): bé qua 31 bit(n-1), kiém 32 bit(n), bo qua 32 bit(n), kiém
32 bit(n), bd qua 32 bit(n), v.v.

o vatiép tuc nhu trén.

No6i cach khac, bit chan 18 tai vi tri 2¥ kiém céc bit & c4c bit & vi tri t cO gia tri
logic cua phép toan AND gitra k va t 1a khac 0

a) Vi du dung (11,7) ma Hamming:

Lay vi du chung ta c6 mot tir dir liéu dai 7 bit véi gia tri 12 "0110101". Dé ching
minh phuong phap cac md Hamming duoc tinh toan va duoc sir dung dé kiém tra 151,
xin xem bang liét ké dudi day. Chir d (DU LIEU) dugc dung dé biéu thi cac bit dir liéu
va chit p (parity) dé biéu thi cac bit chan 1¢ (parity bits).

Dau tién, cac bit cua dit liéu duoc dit vao vi tri twong thich ctia chiing, sau d6 cac

bit chin 1¢ cho mdi trudng hop duogc tinh toan dung quy luat bit chin 1¢ s6 chan!.
Thu tu bit 12 3456 7 8 91011

Vi trf bit chin 1¢ va cac bit dit licu pl p2 dl p3 d2 d3 d4 p4 d5 d6 d7

Nhom dir liéu (khong co bit chan 1¢): 0 110 101
P1 1 0 1 0 1 1
P2 00 10 01
P3 01 10
P4 0101

Nhoém dit lidu (v6i bit chin 18): 10001100101

Céch tinh céc bit chén 1¢ trong md Hamming (tir trai sang phai)
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

Nhom dit liéu méi (new DU LIEU word) - bao gém céc bit chin 1é - bay gio 1a
"10001100101". Néu chung ta thir cho rang bit cudi cung bi thodi hoa (gets corrupted)
va bi 10n nguoc tir 1 sang 0. Nhom dir liéu maéi s€ 1a "10001100100"; Duéi day, chiing
ta s& phan tich quy luat kién tao ma Hamming bang cach cho bit chan 1¢ gia tri 1 khi

két qua kiém tra dung quy luét s chin bi sai.

Tht tu bit 12 3 456 7 8 91011
Vi tri bit chan 1é va Kiém Bit
pl p2 d1 p3 d2 d3 d4 p4 d5d6 d7 . j
cac bit dir liéu chan1é | chanlé

Nhém dir liéunhan: 1 0 0 01 1 0 0 1 0 O 1

pl 1 0 1 0 1 0 Sai 1
p2 00 10 00 Sai 1
p3 0110 bung 0
p4 0100 Sai 1

Kiém tra cac bit chin 1& (bit bj dao 16n c¢6 nén thim)

Budc cudi cing 13 dinh gia tri clia cac bit chin 1é (nén nhé bit nam dudi cing
dugc viét vé bén phai - viét nguoc lai tir dudi 1én trén). Gia tri s6 nguyén cua céc bit
chan 1& 1a 11(10), va nhu vay c6 nghia la bit thir 11 trong nhém dir liu (DU LIEU
word) - bao gom cé cac bit chan 1& - 13 bit c6 gia tri khong diing, va bit nay can phai

doi nguoc lai.

p4 p3 p2 pl
Nhiphan 1 0 1 1

Théap phan 8 2|1 |2=11
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

&

Khi hai bit dit liéu (3,7) c6 cung bit chin 1¢ kiém tra tai vi tri 2K vi du (1,2) -
bién doi gia tri (15i trong truyén thong) thi gia tri cia bit chin 1¢ van dang nhu gia tri
gbe (0,1)

Viéc doi nguoc gia tri cia bit thir 11 1am cho nhém

10001100100

trd lai thanh

10001100101.

Bang viéc bo di phin md Hamming, chung ta 14y duoc phan dit liéu gdc véi gia
tri 1a: 0110101.

Luu y, c4c bit chin 1¢ khong kiém tra dugc 1an nhau, néu chi mot bit chin 1 bi
sai thoi, trong khi tat ca cac bit khéac 1a ding, thi chi c6 bit chin 1é néi dén la sai ma
thoi va khong phai 1a cac bit n6 kiém tra (not any bit it checks).

Cubi cliing, gia sir c6 hai bit bién doi, tai vi tri X va y. Néu X va y ¢ cing mot bit
tai vi tri 2k trong dai dién nhi phan cua chiing, thi bit chan 1& twong tng véi vi tri déy
kiém tra ca hai bit, va do d6 s& giit nguyén gia tri, khong thay ddi. Song mdt sb bit
chén 1é ndo ddy nhat dinh phai bi thay doi, vi X #y, va do d6 hai bit twong g nao d6
c6 gid tri x va y khac nhau. Do vdy, m3d Hamming phat hién tit ca cac 15i do hai bit bi

thay d61 — song n6 khong phan biét dugc ching véi cac 16i do 1 bit b thay dbi.
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

b) M& Hamming (7,4):

Vé6i mdi nhom 4 bit dir liéu, md Hamming thém 3 bit kiém tra. Thuét toan (7,4)
ciia Hamming c6 thé stra chita bt cir mot bit 161 nao, va phat hién tat ca 15i cua 1 bit,
va cac 151 cua 2 bit gay ra. Diéu nay co6 nghia 1a dbi véi tat ca cac phuong tién truyén
thong khdng c6 chum 16i dot phat (burst errors) xay ra, ma (7,4) cia Hamming rat c6
hiéu qué (trir phi phuong tién truyén thong c6 d6 nhidu rat cao thi né méi co thé giy
cho 2 bit trong sb 7 bit truyén bi dao 10n).

¢) Vi du vé cach ding cac ma tran thong qua GF(2) [2]

Nguyén 1y cia md Hamming bit ngudn tir viéc khai trién va mé rong quan diém
chin 1¢. Viéc khai trién nay bat dau béng vi€éc nhan cac ma tran, dugc goi la Ma tran
Hamming (Hamming matrices), voi nhau. P6i véi md Hamming (7,4), chung ta st

dung hai ma tran c6 lién quan gan giii, va dat tén cho chdng Ia:

(1000\

010 0
0010

Ho:=|0 0 0 1

011 1

101 1

\1 10 1)

va

0001111
Hi=[01100 11
1010101

Céc ¢t vecto trong H, 1a nén tang hach cuia Hy va phén trén cua H, (4 hang dﬁu)
la mot ma tran don vi (identity matrix). Ma tran don vi cho phép vecto dir liéu di qua
trong khi lam tinh nhén, va nhu vay, cac bit dit liéu s& nam & 4 vi tri trén clung (sau khi
nhan). Sau khi phép nhan hoan thanh, khac véi cach giai thich & phan trudc (cac bit
chin 1¢ nim & vi tri 2%), trat tu cta cac bit trong tor ma (codewords) ¢ day khac vai
cach bd tri da noi (cac bit dir liéu nam & trén, cac bit kiém chin 1& nim & dudi).

Chung ta dung mot nhom 4 bit dit liéu (s 4 trong cai tén cua ma 13 vi vay) chu

chét, va cong thém vao do6 3 bit dir li€u thura (vi 4+3=7 nén moi cod sb6 7 trong cai tén
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

cua ma). Bé truyén gui dit li€u, chung ta hay nhom céc bit dir li¢u ma minh mudn gui

thanh mot vecto. Lay vi dy, néu dir liéu 12 "1011" thi vecto cia no 1a:

o= D

Gia str, chiing ta muén truyén gui dit liéu trén. Chung ta tim tich cua H, va p, véi

cac gia tri modulo 2 [31:

(1000\ (1\
01 00|, 0
00 10|, 1
H€p=00011=1=r
01 11|} 0
10 11 1
\1 1 0 1) \0/

May thu s& nhan Hg voi r, dé kiém tra xem c6 161 xay ra hay khong. Thi hanh tinh

nhan nay, may thu dugc (mot l1an nita, cic gia tri dong du moduld 2):
1)
0

Hdl' =

— o D
= = D
[ N e
o T e B
[T e Y 1
=
— =
[T e QS

\0/

Vi ching ta dugc mot vecto toan sé khong cho nén mdy thu c6 thé két luan 1a
khong c6 16i xay ra

S& di mot vecto toan sb khong cé nghia 1a khong c6 161, boi vi khi H, dugce nhan
v6i vecto dit liéu, mot su thay doi trong nén tang xay ra ddi v6i khong gian bén trong
vecto (vector subspace), tirc 13 hach ctia Hy. Néu khong c6 van dé gi xay ra trong khi
truyén thong, r s& nam nguyén trong hach ciia Hyq va phép nhan s& cho két qua mot

vecto toan sO khong.
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

Trong mét truong hop khac, néu chung ta gia st 13 16i mot bit da xdy ra. Trong
todn hoc, ching ta c6 thé viét:

r 4 e;

modulo 2, trong do e; 1a vecto don vi ding thi i (ith unit vector), c6 nghia la, mot
vecto s6 0 ¢c6 mot gia tri 1 trong vi tri i (tinh tir 1 tinh di). Biéu thirc trén ndi cho chiing
ta biét rang c6 mot bit bi 13i tai vi tri i.

Néu bay gid chung ta nhan Hy véi ca hai vecto nay:

Hy(r +e;) = Har + Hge;

Vi r 1a dir liéu thu nhan duoc khong co 16i, cho nén tich ctia Hq VA r béng 0. Do

doé
Hyr + Hje; =04+ Hiye; = Hye;

Viy, tich ctia Hq v&i vecto nén chuan tai cot thir i (the ith standard basis vector)
1am 16 ra cot & trong Hg, vi thé ma ching ta biét ring 16i di xay ra tai vi tri cot ndy
trong Hgy. Vi ching ta da kién tao Hy dudi mot hinh thire nhat dinh, cho nén ching ta
c6 thé hiéu gia tri cua cOt nay nhu mot sb nhi phan - vi duy, (1,0,1) 1a mdt ¢4t trong Hg,
tuong dong gia tri véi cot thir 5, do d6 chung ta biét 161 xay ra & ddu va c6 thé sta
duoc no.

Lay vi duy, gid st chung ta co:

Néu thi hanh phép nhan:
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp

md hoa dir liéu.
1

0Ooo0o1111 1 0
His=|01 100 11 1 =11
101 0101 0 0

1

Tich cta phép nhan cho ching ta mot két qua twong duwong véi cot thir 2 ("010"
tuong dwong véi gia tri 2 trong s6 thap phan), va do d6, chung ta biét rang 15i da xay
ra ¢ vi tri thtr 2 trong hang dir 1i€u, va vi vay co thé stra duoc 16i.

Chung ta ¢ thé dé dang thiy rang, viéc stra 16i do 1 bit bj dao 10n gay ra, ding
phuong phép trén 1a mét viéc thuc hién dugc. Bén canh d6, ma Hamming con cé thé
phét hién 15i do 1 bit hozic 2 bit bi ddo 16n giy ra, dung tich ctia Hq khi tich nay khong
cho mét vecto s khong. Tuy thé, song md Hamming khong thé hoan thanh ca hai
viéc.

d) Ma Hamming va bit chin 1¢ bb sung:

Néu chung ta bo sung thém mot bit vao ma Hamming, thi ma nay c6 thé dung dé
phat hién nhing 15i gay ra do 2 bit bi 151, va dong thoi nd khong can tré viée sira cac
16i do mot bit gay ra. [1] Néu khong bd sung mot bit vao thém, thi ma nay c6 thé phat
hién cac 16i do mot bit, hai bit, ba bit gay ra, song no sé can trg viéc sura cac 16i do mot
bit bi dao 16n. Bit bd sung la bit dugc ap dung cho tat ca cac bit sau khi tat ca cac bit
kiém cta ma Hamming d3 duoc thém vao.

Khi str dung tinh stra 16i ctia ma, néu 16i & mot bit chin 1é bj phat hién va ma
Hamming béo hiéu 1a c6 16i xay ra thi ching ta c6 thé stra 16i nay, song néu chung ta
khong phat hién dugc 16i trong bit chin 1¢, nhung md Hamming bao hiéu 1a c6 16i xay
ra, thi ching ta c6 thé cho rang 156i nay 1a do 2 bit bi d6i ciing mot lic. Tuy ching ta

phat hién dugc n6, nhung khong thé sira 16i dugc.
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

byte ¢ bit chin 1é
7 bit dit li€u
Quy luét sb chin Quy luét sb 1&
0000000 00000000 00000001
1010001 10100011 10100010
1101001 11010010 11010011
1111111 11111111 11111110

Céch tinh bit chén 1¢ trong nhom cac bit dir liéu, dung quy ludt sé chin nhu sau:
néu sé luong bit ¢ gia tri bang 1 (the bit is set) 1a mot sb 1¢, thi bit chin 1é bang Lo
(va do viéc cong thém mdt bit co gia tri 1(;) nay vao dir liéu, téng s6 bit co gia tri 1y s€
1a mot s6 chin - bao gdm ca bit chin 1é, con khong thi bit chin 1& s& co gia tri 0¢).
Nguoc lai, bit chin 1é dung quy luat s6 1& s& c6 gia tri 1) néu sd luong cac bit co gia
tri bﬁng 12 la mot s6 chan - do viéc thém bit chin 1& co gia tri béng 1(2) vao nhom dir

lidu, téng sb bit co gia tr1 1) la mot $6 16 - va béng 0 néu nguoc lai.
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

3.3 M6t vai vi du vé hinh thanh tir ma va sira 16i:

UART RX RF/SPP witch ACK UART RX

PC CC1010 nofl duol CcC1010 PC
UART TX olt cupex UART TX
38400 baud RF @ 19200 baud 38400 baud

SO DO MINH HOA QUA TRINH TRUYEN TIN GIJA 2 NUT MANG SU DUNG GIAO THUC SPP CO ACK

Nguyén Iy truyén dan giita 2 nat mang duoc mo ta nhu sau:

Véi giao thitc SPP (simple packet protocol) c6 ACK thi dudng truyén giita 2 nit
1a hif duplex, chi c6 mot bén duoc truyén. Qua trinh truyén dugc dién ra ngay sau khi
phia truyén nhan dugc géi ACK tir phia nhan.

Qua trinh truyén:

Néu bo thu phat ¢ trang thai rdi (sin sang truyén) thi thanh phan phat s& duoc
kich hoat. Qua trinh truyén duoc thuc hién trén RF ISR va nut truyén cho nhan ack
(néu duoc yéu cau).

Néu tai bo phat (nit truyén) dugc cdp yéu cau truyén lai véi
sppSetting. TXAttempts=n) thi goi tin s& dugc truyén lai (n-1) 1an cho dén khi nhin
dugc goi tin phan hoi ack.

Qua trinh truyén nhan dién ra lién tuc ngay ca khi UART van dang trong qua
trinh nhan, trong sudt qua truyén ndé duoc dit vao ché d6 TX Mode (ché do dang
truyén) hodc chd nhan ACK (TXACK_MODE). Két thiic hoat dong truyén trang thai
ctia duong truyén sppStatus ( ) sé trd lai trang thai r6i (spp_ IDLE. MODE).

Qua trinh nhan:
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

Néu bo thu phat réi (6 trang thai sin sang truyén va nhan (spp_IDLE_MODE);
khi d6 néu nhan duoc yéu cAu nhan, thi thanh phﬁn nhan trong nit mang s€ dugc kich
hoat. Qua trinh nhan dugc thuc hién nho RF ISR (radio-Frequency Interrupt-Service-
Routine) va thuc hién truyén ACK (néu dugc yéu ciu).

Két thuc mdi 1an nhan. BO nhan s& duogc tét nguén. Nhung chtrc nang nhan sé€
duogc kich hoat trd lai ngay khi tmg dung dugc yéu cau tiép theo d6. Trong sudt qua
trinh nhan bd nhan ludn ¢ trang thai cho nhan goi tin (RX-MODE) hodc dang truyén
ACK (RXACK_MODE).

Két thiic hoat dong truyén, trang thai cia dudng truyén spp Status () s& tro lai
trang thai rdi ban dau (spp_IDLE_MODE).

Giira hai nat mang cam bién thi qué trinh truyén va nhan ludn duoc chuyén ddi
qua lai. Do dudng truyén 1a ban song cong nén trong cung mot thoi diém chi c6 mot
bén dugc phép truyén, két thiic qua trinh truyén nhan thuong bo thu phat s& thiét 1ap
lai cac gia tri: Hé thong truyén din RE, thoi gian time out vv.... Dudi day 1a minh hoa

vé cu truc chuong trinh truyén nhan trén RF duoc thyc hién trong vong 1ap While:

While (TRUE) {

//IReceive a packet - Néu nhén tin

it (sppReceive(&RXI1) ==SPP_RX_STARTED) {

//thwe hién truyén khi bén nhdn da san sang. Nhung can kiém tra néu dwong
truyén RF dang cé goi tin duwoc truyén thi can cho cho né truyén xong réi méi thuc
hién. Vong ldp dwéi day dwoc thiee hién khi SPP_Status () khéng roi.

do {

If (txRequest && (TXl.status == SPP_TX FINISHED) && (RXI.status ==
SPP_RX_WAITING)) {

sppReset ();

}
} while (SPP_STATUS()!=SPP_IDLE_MODE
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

I géi tin sau khi dwoc nhdn hoan chinh sé dwoc dua vao UART
//Check the results (ignore retransmitted messages)

if (RXI.status == SPP_RX_FINISHED) {

if (SPP_SEQUENCE_BIT & (lastRXflags ~“RXI.flags)) {
while (uartRXPos !=rxDatelLen[uartRXBuffer]);

if ((rxDataLen[rfRXBuffer] = RXI.dataLen) !=0 dau
//Switch buffers and initiate UARTO transmission
GLED=~GLED;

SWITCH(uartRXBuffer, rfRXBuffer);

uartRXPos=0;
UARTO_SEND(pRXBuffer[uartRXBuffer][uartRXPos]);

}
}
lastRXflags = RXI.flags;
}
}

/ITransmitpacket, if requested --—- truyén tin néu nhin dwoc yéu ciu
If (txRequest) { //thwe hién khi ¢6 yéu cau
if (sppSend(&TX1) === SPP_TX_STARTED) {

J/kiém tra xem trén dwong truyén c6 roi khong, néu khéng réi thi cho cho dén khi

qud trinh truyén két thiic méi thuce hién,
Wait for the transmission to finish
YLED = LED_ON; //dén vang bat <-> dang truyén
while (SPP_STATUS() '=SPP_IDLE_MODE
//néu dwong truyén roi thi ta thwe hién truyén

YLED=LED_OFF;
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

//Check out the results
if(TX|.status==SPP_TX_FINISHED) {
sppSetting.rxTimeout = NORMAL_TIMEOUT;

RLED = LED_OFF;

txRequest = TX_REQUEST_OFF;

}else {

RLED = LED_ON

sppSetings.rxTimeout = RETRY_TX_TIMEOUT; }

k
k

/IRecalibrate the transceiver if requested to ---xdc Idp lgi tai bé thu phdt néu cé
Iénh yéu ciu
if (recalibRequest) {
sppSetup RF(&RF_SETTINGS, &RF_CALDATA, TRUE);

}
}

H/main
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.

KET LUAN

Pé tai di xem xét cac dic trung cha yéu ciia mang cam nhan khong day. Nghién
clru chuyén sau vé viée: Tang kha ning thanh cong truyén dit liéu trong mang khong
day bang phuong phap ma hoa dit liéu. Trén co so:

- X4y dung tir ma cho viéc tu dong stra 1.

- banh gia khoang cach Hamming qua cac tir ma.

- Panh gia kha niang phat hién 16i va sira 16i qua tinh toan khoang cach Hamming.

- Pua ra phuong phap phat hién va sira 15i tai noi nhan qua tap hop tir ma nhan
duoc.

Dé giai quyét cic van dé trén ta st dung phuong phép sira 16i FEC (Forward
Error Correction) - Sira 16i hudng trude. Vi ma stra 16i FEC, dit liéu mat s& duoc khoi
phuc & phia thu ma khéng can yéu ciu phat lai & phia phat. Uu diém cta no 1a c¢6 thé
tu khoi phuc lai cic goi bi mat nhd vao cac goi di thu dugce va phan goi chin 1¢ du
thira dugc thém vao tai noi phat trong qua trinh truyén nhu vay 18i don bit va cac doan
dit liéu con thiéu tai bo thu s& duoc tu dong sura lai nho vao FEC.

Trén thuc té stra 161 hudng trude FEC cho thiy hiéu qua trong viée giam di cac
bit 16i khi hau hét 13 cac 161 don bit véi sd luong cac bit 161 trong géi tin 1a nho (don
bit, 2 bit hay 3 bit ) con véi trudng hop 18i chim bit hay nhiéu 16i n6 khong phat huy
dugc nhiéu tac dung. Mic du 16i da bit hodc chum bit 1a hiém nhung néu gap phai doi
khi ciing gdy nén nhitng anh huéng 16n va tuy ARQ da duoc dua ra dé giai quyét
nhing truong hop nay nhung dé thiy dé khong phai 1a phuong phap tbi wu, hon nita
cling khong c6 gi thu vi néu trong ciing mot nit mang ma st dung hai thuat toan lién
dé sira 16i. Do vay sé& that su c6 ¥ nghia néu tim dugc phuong phat hiéu qua ma cé thé
sira dugc dong thoi ca 16i don bit, da bit va chium bit ma van dam bao cac yéu cau vé

thuat toan: nhu don gian, tn it dung lugng bd nhg, ti€u thy nang lugng thép VV...
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Pé tai: Tang kha nang thanh cong truyén dir lidu trong mang khéng ddy bdang phwong phdp
ma hoa dir liéu.
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