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*k%k
A
ACCH Associated Control Channel Kénh diéu khién lién két
AGCH Access Grant Channel Kénh cho phép truy nhap
AuC " Authentication Center Trung tAm nhén thyc
AAF Amplify and Forward Khuéch dai va chuyén tiép
AWGN Additive White Gaussian Noise  Nhiéu tring Gauss

B

BCCH Broadcast Control Channel Keénh diéu khién quang ba
BER Bit Error Rate Ty 1& 151 bit

BS Base Station Tram gbc

BSC Base Station Controller B6 diéu khién tram gbe
BSIC Base Station Identity Code M4 nhén dang tram gdc
BSS Base Station Subsystem Phén hé tram géc

BTS Base Transceiver Station Tram thu phat gbe

BPSK Binary Phase Shift Keying Pidu ché pha nhi phan

C

CCCH Common Control Channel Kénh didu khién chung
CDMA Code Division Multiple Access  Da truy nhép phdn chia theo
mi
CSPDN  Citcuit Switch Public © ~  Mang sé-liu cong cong -
Data Network chuyén mach g6i
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DCCH
DAF
DAAF

EIR

ERC

FRC

GMSC
GSM

HLR

D

Dedicated Control Channel

Decode and Forward

Decode Amplify and Forward

E

Equipment Identification
Register
Equal Ratio Combining

F

Fixed Ratio Combining

G

Gateway MSC
Global System for Mobile

Communication

H

Home Location Register

Hopping Sequence Number
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IMSI

ISDN

ICI
IMEI

ISE

LA
LAC
LAI
LAPD

MCC

MIMO
MRC

MNC

Ms

MSC

I

International Mobile
Subscriber Identity
Integrated Service Digital
Network

Interchannel Interference
International Mobile
Equipment Identity

Inter Symbol Interference

L

Location Area

Location Area Code
Location Area Identifier
Link Access Procedures

on D channel

M

Mobile Country Code

Muilti Input Multi Output

Maximum Ratio Combining

Mobile Network Code

" Mobile station

Mobile Service

Cong tac chuyén tiép théng minh trong hé
théng thong tin di dong

S6 nhan dang thué bao di
dong qudc té

Mang s6 da dich vu

Nhiéu lién kénh
SH nhin dién di dong quéc
té

Nhiéu lién ky ty

Viung dinh vi

Mi ving dinh vi

S8 nhan dang ving dinh vi
Céc thi tuc truy clp dudng

truyén trén kénh D

M2 quoc gia ctia mang di

dong

Phuong phap két hop ti sb
cuc dai

M3 mang thong tin di dong

Tramdidong

Téng dai di dong
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MSIN

MSISDN
MAIO

ME

0SS

OMS

PLMN

PSPDN

PSTN

RACH

Switching Center

Mobile station Identification

Number

Mobile station ISDN Number

Mobile Allocation Index Offset

Mobile Equiment

O

QOperation and Support
Subsystem
Operation & Maintenace

Subsystem

P

Public Land Mobile Network

Packet Switch Public

Data Network

Public Switched Telephone
Network

R

Random Access Channel

Receiver

Cbng tac chuyén tiép thong minh trong hé
thong thong tin di dong

S6 nhén dang tram di dong

S4 ISDN ctia tram di dong
Chénh 1&ch chi s6 phan bd di
dong

 Thiét bi di dong

Phan hé khai thac va hd trg

Phén hé khai thac va bao

dudng

Mang di dong mit dat cong
cong

Mang sb liéu cong cong
chuyén mach goi

Mang chuyén mach dién

thoai cdng cdng

Kénh truy cip ngau nhién
May thu
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SACCH Slow Associated Kénh didu khién lién két
Control Channel chim
SNR Signal Noise Ratio Ti sb tin hiéu trén nhiéu
SDCCH Stand Alone Dedicated Keénh diéu khién danh riéng
Control Channel dimg mdt minh (doc 14p)
SIM Subscriber Identity Modul M06 dun nhén dang thué bao
SN Subscriber Number S thué bao
T
TACH Traffic and Associated Channel Kénh Iuu lwgng va lién két
TCH Traffic Channel Kénh Iuu lugng
TDMA Time Division Multiple Access Da truy nhdp phan chia theo
thoi gian
TRAU Transcoder/Rate Adapter Unit B0 thich tng tbc d6 va
. chuyén ma
TRX Tranceiver B6 thu — phat
TS Time Slot Khe thoi gian

\Y%

VLR Visitor Location Register B6 dinh vj dang ki tam trd

W

WSSUS Wide-Sense Stationary

Uncorrelated Scattering
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GVHD: ThS Lé Ngoc Phiic Cong tac chuyén tiép théng minh trong hé
théng thong tin di dong

Chuwong 1: Giéi thidu

1.1 T(?ing quan:

Do sy phat trién ctia nghién cru va cdng nghé mdi va nhiing tiéu chudn méi,
sy thue thi cia mang khong ddy thudng anh huong xAu kénh fading trong truyén da |
dudng. Vi viy ki thudt phan tap két hop 1a dé gidm tac dong cta fading trong kénh
truyén vo tuyén bing truyén dit liéu thong qua nhitng kénh fading doc 1ap da duong
va nhitng kénh fading nay sé€ dugc két hop tai bd phén thu.

Phan tép truyén phdt, mdt cach téng quét thi yéu ciu nhidu hon 1 anten tai
thiét bi phat. Tuy nhién, nhiing thiét bi khong day bi gidi:han boi kich thudt.va sy
phirc tap vé phin cling dén 1 anten. Hién tai, 1 phwong phdp mdi ra doi do6 1a giao
tiép cong tac st dung mot anten trong hé théng nhiéu user dé chia s& anten va vén
hanh bo phat anten 4o hé théng nay cho phép hé théng dat dugc phan tép phat.

Do su thuin lgi cua hé théng MIMO (Multiple-input Multiple-output) da
duoc thira nhin rdng rai vé kha niing phan tip phat.

Trong sir phat trién ctia hé théng giao tiép cong tac, nhitng vAn d& cin duge
chi ¥, bao gdbm nhu sau: suy gidm téc @ cua di dong két hop, khé khan chung
trong mang, sy cong bing cia hé théng va yéu cdu phdt va nhan cia thiét bi di
dong.

~ Hon thé nita hién tai thi c6 ngay cang nhiéu tram thu phdt séng (BTS) trong
mang GSM tai Viét Nam va ciing nhu trén toan thé gidi, chiing ta khong thé nao
phat trién va xay dyng céc tram thu phat séng lién tuc diéu nay din dén anh hudng
m$ quan do thi cling nhur lam anh hudng dén cudc séng cia con ngudi vi vay ching
ta dang nghién clru mdt cong ngh¢ mdi d6 la giao tiép cong tic chuyén tiép thong
minh..

Nhitng khoé khan trong mang GSM khi ting tram thu phat song BTS la:

v Phai cung chp thém céc duong truyén din (thudng 1a cac ludng E1) tir

cic tram BTS méi dén trung tam didu khién gbc BSC. Nhung trén

SVTH: Nguyén Quang Hai 1
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thue té khong phai ltc ndo cac ludng truyén din E1 cling sén c6 dbi
v6i tht ca cac nha khai thac mang di dong.

v’ Chn phai tb chirc lai mang lu6i nhur: 4n dinh lai c4c tAn sb vé tuyén
cho ting tram thu phat gdc va dich chuyén cac diém dit tram thu phat
gbe.

v" Cung cip thém cac thn sb vo tuyén vi nhiéu tram thu phat gbc méi da
duge dua vao. Diéu ndy c6 thé chua khé khan véi nhitng nha méi di
vao khai thic mang chua phat trién. Nhung dbi v6i nhitng nha khai
thédc mang d& st dung gin hét céc tan sb chp phép thi viéc thém tan s6
v6 tuyén mai 1a rit khé khan.

Phai thué va xdy dung cic tram thu phat méi cling gdy nén nhing tbn kém nhét dinh
trong viéc trién khai hé théng vi trong mot khu vue vige chon duge mot diém t6i wu
dé dit tram gbe 1A rat kho khin. Pic biét 1a trong tinh trang nhiéu nha khai théc hoat
dong.

Véi nhitng 1i do trén thi em di chon @2 tai cong tac chuyén tiép théng minh
trong hé théng thong tin di dong . dé gidi quyét nhitng kho khin hién tai dang ton
dong trong thuc té. |

Péi tuong nghién ctru trong d& tai 1 hé théng cong tac véi nhimg giao thire chuyén
tiép va phuong phép két hop khac nhau dugc 14y lam vi du dé chimg t6 duoc nhitng anh
hudng clia ching trong myc dich nghién ctru cua em. Trong dd 4n nay nhitng giao thirc
truyén phat nhu 12 Amplify and Forward va Decode and Forward s& dugc sit dung. Va
nhitng phuong phap két hop tai dich nhu 12 FRC (Fixed Ratio Combining), ERC (Equal
Ratio Combining) and MRC (Maximum Ratio Combining) cfing s& duge thue hién dé

chitng minh dugc chét lwong kénh s& duoc cai thién hon so véi kénh trie tiép.

1.2 Chu triic dé tai:
Chuong 2: Hé théng théng tin di dong GSM

Chuong nay sé’ néu Ién tdng quan vé hé théng théng tin di dong mang GSM
& ching ta c6 cai nhin tdng quan vé& mang khorig day dang sir dung.

Chuong 3: Kénh truyén v tuyén
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GVHD: ThS Lé Ngoc Phiic Cong tac chuyén ti€p thong minh trong hé
théng thong tin di déng

Chuong nay s& néu lén dugc nhiing yéu t§ anh hudng dén kénh truyén vo
tuyén trong mang khéng dy va nhiing huéng khéc phuc duge nhitng tinh trang ndy.
Chwong 4: Hé théng cong tac chuyén tiép théng minh trong hé thdng thong tin di
ddng (cooperative communication)

Trong chuong nay s& di siu vao hudng nghin clru cia dé tai va nhiing
phuong phap dugce thyc thi trong dd 4n nay.
Chuong 5: Két qua mé phong

Chuong 6: Téng két va huéng nghién ciru xa hon

SVTH: Nguyén Quang Hai 3
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GSM

2.1 Gioi thiéu:

Trong cudc sdng hing ngay thong tin lién lac déng vai trd rit quan trong va
khong thé thiéu duge. Né quyét dinh nhiéu m3t hoat dong ciia x4 hdi, giap con
nguoi ndm bit nhanh chéng cac thdng tin ¢6 gia tri vin héa, kinh té, khoa hoc k¥

thut rat da dang va phong'phﬁ.

Ngay nay voi nhitng nhu cau ca vé-s6 lugng cuia khich hang, sir cac dich-vy vién

thong ngay cang cao, doi hdi phai c6 nhitng phuong tién théng tin hién dai nhim
dap tng cac nhu cau da dang.

Théng tin di ¢6ng ngdy nay da trd thanh mot dich vu kinh doanh khéng thé thidu
duroc cha tht ca cdc nha khai thac vién thong trén thé giéi. Doi véi cac khach hang
vi&n théng, nhét 1 cdc nha doanh nghiép thi thong tin di ddng tré thanh phuong tién
lién lac quen thudc va khdng thé thiéu duge. Dich vu thong tiﬁ di ddng ngay nay
khong chi han ché cho céc khach hang gidu ¢6 nita ma n6 dang dan tr& thanh dich
vu phd cép cho moi déi tugng vién thong.

GSM (Global system for mobile communication) 13 hé théng thong tin di dong
toan ciu, hé théng GSM c6 tinh lvu ddng va hoa‘m toadn ty ddng. Hon thé nita, mang
GSM con cung cép mot s6 tinh nang nhir théng tin toc d§ cao, faxcimile va dich vu
thong béo ngén. Tiéu chudn GSM duge thiét ké két hop ISDN va tich hop véi moi
trudng di dong. Nho vy tidu chudn nay cling duge dam béo.

G Viét Nam, mang GSM ngay cang phat trién vi c6 nhiéu cong ty vién thong
dang cung cdp dich vu ndy nhu 1a: Mobile Fone, Vinaphone, Viettel, Beeline...

Céc thong sb k¥ thuit cia mang GSM:

e GSM900: .

o Téan s0:

SVTH: Nguyén Quang Hai 4
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GVHD: ThS L& Ngoc Phiic Cong tac chuyén tiép théng minh trong hg
thong thong tin di dong

* Uplink : 890MHz — 915MHz
»" Downlink :935MHz - 960MHz

o Khoang cach duplex: 45MHz (duplex la khoang cach giira mét
tin s6 uplink va tan sé downlink twong tmg).

o Khoéng céach gifta hai kénh ké cin: 200KHz, 14 khoang tin sb
an toan cin thiét gitta hai kénh k& cén dé dam bao cho viéc
truyén gidm nhiéu xuyén kénh

o Phuong phép truy cdp: TDMA

o 86 kénh cho mét tn sé: 8 kénh

e GSM 1800

o Tén sb:

* Uplink : 1710MHz — 1785MHz
= Downlink :1805MHz - 1880MHz

o Khoang cich duplex: 95MHz

o Khoang cach gitta hai kénh ké can: 200KHz

o Phuong phap truy cp: TDMA

o S6ékénh cho mdt tén sé: 8 kénh
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théng thong tin di dong

2.2 M6 hinh hé théng thong tin di ddng GSM:

I\iSC.!f\lR::: GMSC
(SM /GPRS BSS U .

HLR/AUC

MS
&
MS

& 7

| Hinh 2.1: M hinh hé théng théng tin di dong GSM
M5 hinh hé théng duge chia thanh 3 thanh phin:

e Phén hé chuyén mach SS
e Phin hé tram gbc BSS
e Phén hé khai thac bao dudng OSS

2.3 Céc thanh phén trong h¢ théng GSM:

2.3.1 Tram di dong MS:
Bao gdm thiét bj tram di dong ME (Mobile Equipment) va mot khéi
nhé goi 1a modun nhan dang thué bao (SIM — Subscriber Identity
~ Module).Tram di dong thye hién 2 chirc néing chinh nhu sau:
e Thiét bi vat Iy dé giao tiép gitra thué bao di ddng v6i mang

théng qua dudng vo tuyén
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thong thong tin di dong

o Ding ki thué bao thi phai lip dit SIM card.Trir trudong hop goi
cép ciru.Thué bao chi cé thé truy cap vao thé thdng khi cim thé

nay vao.

2.3.2 Phan hé tram géc (BSS — Base Station Subsystem):

- BASE STATION

Hinh 2.2: Phén hé tram géc

% Khbi BTS (Base Tranceiver Station):

Mot BTS bao gbm cée thiét bj thu phat tin hiu séng vd tuyén, anten va bd
phan mi hoa va giai mi giao tiép véi BSC. BTS 1a thiét bj trung gian gitta mang
GSM va thiét bi thué bao MS, trao dbi théng tin véi MS qua giao dién vo tuyén.
Mdi BTS tao ra mot hay mot s6 khu vuc ving phii séng nhét dinh goi 12 té bao.
Giao dién gitta BTS va MS 1a A_bis.

< Khbi TRAU (Transcode/Rate Adapter Unit):

Khéi thich trng va chuyén dbi mi thyc hién chuyén dbi ma théng tin tir cac
kénh vo tuyén (16Kb/s) theo tiéu chufn GSM thanh cdc kénh thoai chuén
(64Kb/s) trade khi chuyén dén tdng dai. TRAU I thiét bi ma ¢ d6 qué trinh mi hoa
va giai ma tiéng ddc thd riéng cho GSM dugc tién hanh, tai day cling thyc hién
thich tmg tdc db trong trudng hop truyén sb liéu. TRAU la mdt bd phén cia BTS,
nhung cling c6 thé duge dit cach xa BTS va thim chi con dit trong BSC va MSC.
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Hinh 2.3: Khéi TRAU
Kb BSC (' Base Station: Controller) :

BSC ¢é nhiém vy quan ly giao dién vo tuyén théng qua céc 1énh diéu
khidn tir xa. CAc 1énh ndy chii yéu 1a 1énh 4n dinh, gidi phéng kénh vé tuyén va
chuyén giao. Mét phia BSC dugc két ndi dén BTS con phia kia néi véi MSC clia
phan hé chuyén mach SS. Giao dién gitta BSC va MSC la giao dién A, con giiia
BTS va BSC Ia A bis. Chitc ndng ciia BSC:

e Quan li mang vd tuyén: quéan Hi cdc cell va cac kénh logic. Céc s6 lidu
quan li déu duge dua v& BSC dé do dac va xtr li, ching han nhu luu
thong thong tin & 1 cell, moi trudng vo tuyén, sb lugng cude goi mét,
c4c 1an chuyén thanh céng va thét bai.

e Quan li tram vd tuyén gbe BTS: trudc khi dua vao khai thac, BSC 1ap
chu hinh ctia BTS. Nho @6 ma BSC ¢6 sén mdi tip cac kénh vo tuyén
danh cho diéu khién va nbi thong cude goi.

o Didu khién ndi thong céac cude goi va didu chinh chét lugng ciia nd

e Quan li mang truyén din: quan li cAu hinh cac dudng truyén dén t6i

MSC va BTS dé dam béo chit lugng théng tin.

2.3.3 Phén hé chuyén mach (SS — Switching Subsystem):

~ A A A r A /- o
Phén hé chuyén mach bao gom céc khoi chirc ndng sau:
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e Trung tdm chuyén mach nghiép vu di dong MSC.

e Thanh ghi dinh vi thuong tra HLR.

e Thanh ghi dinh vi tam tru VLR.

e Trung tdm nhén thuc AuC.,

e Thanh ghi nhan dang thiét bj EIR.
Phan hé chuyén mach (SS) bao gbm céc chirc ning chuyén mach chinh ciia
mang GSM ciling nhu céc co s& dit lidu cn thiét cho s6 liéu thué bao va quan
li di dong cia thué bao. Chirc niing chinh ciia SS 13 quéan If thong tin gitta

nhitng nguoi sit dung mang GSM véi nhau va véi mang khéc.

< Trung tim chuyén mach MSC

Hinh 2.4: Trung tdm chuyén mach MSC
Chirc néng chinh: |
e Diéu phdi va thiét Iap cude goi.
» Giao tiép v6i mang ngoai: dé dam bao thong tin clia ngudi sk
dung trong mang GSM.
e Quan li di dong.
++ B dinh vi thwong tri (HLR — Home Location Register):

HLR 13 co s& dir lidu tham chiéu luu gitr 1au dai cac théng tin vé thué bao,
céc thong tin lién quan tdi viéc cung chp céc dich vu vién thong. HLR khong phu
thudc vao vi tri hién thoi cla thué bao va chira céc thong tin vé vi tri hién thoi cla
thué bao.

HLR bao gdm:
e Céc sb nhin dang: IMSI, MSIDN.

SVTH: Nguyén Quang Hai 9
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e Céc thong tin vé thué bao
e Danh sach cac dich vu ma MS dugc st dung va bj han ché
e Sbhiéu VLR dang phyc vu MS
<+ B0 ghi dinh vi tam tria (VLR — Visitor Location Register):
VLR 13 co s dit liéu thir 2 trong mang GSM. N6 duge ndi mot hay nhiéu
MSC va cé nhiém vu huu trit tam thoi sb liéu thué bao ciia cac thué bao dang
ndm trong ving phuc vu ctia MSC twong tmg mirc d6 chinh x4c hon HLR.
Céc chirc ning VLR thudng dugce lién két vai cac chire ning ctia MSC
s+ AuC (Authentication Center):
Nhim béo vé mang chdng bi st dung trai phép béng cach st dung bd ba
RAND, SRES, Kc.
Nhitng tht tuc ma AuC thyce hién tao 3 bd bao gém:
¢ Tao sb ngiu nhién RAND.
e RAND va Ki ciing v6i thudt todn A3 tao ra sé SRES (Signed
Respone) va tao ra khoa mét m3 Ke thong qua thudt toan A8,

e RAND, SRES va Kc duge phan phéi téi HLR.

Hinh 2.5: B§ AuC
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thong théng tin di dong

< Thanh ghi nhin dang thiét bj (EIR — Equipment Identity
Register):

EIR ¢6 chirc ning kiém tra tinh hop 1é cia ME thong qua s6 liéu nhan dang

di dong qudc & (IMEI — International Mobile Equipment Identity) va chira

céc s liéu v& phén cimg cla thiét bj. Mot ME s& ¢6 s6 IMEI thudc mot trong

ba danh sach sau:

e Néu ME thudc danh sach triing (White list) thi n6 duge quyén
truy nhdp va sit dung dich vu ding ki.

e Néu ME thudc danh sach xdm (Gray list) tirc 13 ¢ nghi vén
cAn kiém tra. Danh sach xam bao gdm nhitng ME c6 16i nhung
khong nghiém trong téi mirc phai logi trir khoi hé théng.

e Néu ME thudc danh sach den (Black list) tirc 1a bi cAm khéng
cho truy cép vao hé thdng, nhitng ME da théng bdo mit.

2.3.4 Phin hé khai thic va bao dudng (OSS):
OSS (Operation and Support System) thyc hién 3 chirc néng chinh:
e Khai thic va bdo dudng mang.
e Quan li thué bao va tinh cude.
o Quan li thiét bi di dong.
% Khai thac: .

e L3 hoat dong cho phép nha khai thdc mang theo ddi hanh vi
ctia mang nhu tai ctia hé thong, mitc d6 chin, sb lugng chuyén
giao gitta hai cell... Nho vy nha khai thic c6 thé gidm sat
duge toan bd chit lugng dich vy ma ho cung c¢lp cho khéach
hang va kip thoi néng cép. Khai théc cé bao gdm viéc thay dbi
ciu hinh d& giam nhitng vin @& xuft hién & thoi diém hién thoi,

d chudn bj tang luu lwong trong twong lai va m& rng ving

phu song. (-hé théng vién théng hién dai; khai thac duge thue -

hién bing mdy tinh va dugc tip trung & mdt tram.

SVTH: Nguyén Quang Hai 11
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théng thong tin di dong

% Bao dudng:

e (6 nhiém vu phat hién, dinh vi va sffa chia céic su ¢b hong
héc, nd c6 mdt sb quan hé véi khai thac. Bao dudng bao gdm
céc hoat ddng tai hién trudng nhdm thay thé céc thiét b c6 sy
cb, cling nhu viée stt dung céc phﬁ‘m mém diéu khién tir xa.

o H¢ théng khai thic va bao duéng dugce nbi dén cac phan tit cia
mang vién thong (MSC, HLR, VLR, BSC va cic phin tir mang
khac trir BTS). Mit khéc hé thdng khai thac va bao dudng

duoc ndi t¢i may tinh chi dong vai trd giao ti€p ngudi — may.

9

Ciac giao dién-trong-mang GSM:

Trong RSS:
Abis: gu”ra BTS va BSC

Trong SSS:
E: gitta MSC va MSC

SVTH: Nguyén Quang Hai 12
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GVHD: ThS L& Ngoc Phiic Cong tac chuyén tiép thong minh trong hé
thong théng tin di dong

PLMN — PSTN

2.3.6 Chirc ning ciia SIM card:

Do tinh chét di dong cho cac thué bao, khac véi hé théng thoai ¢b dinh, 1 thud
‘bao gin lién mot dudng day kéo dén tdng dai, trong hé théng GSM, mot thué
bao twrong ng mdt thé STM ( Subcriber Identification Modul).

SIM card 13 mét chip card bao gém Microprocessor va Memory va duge thué
bao diing dé dugc nhin dién trong mang GSM/DCS.

SIM ¢6 thé Iru thong tin ¢b dinh (permanent) va thong tin tam thoi (temporary)
trong qud trinh xir Iy cudc goi.

Khi dua SIM vao thiét bj di dong, thué bao khdi tao mot s6 hoat dong béo hiéu
v6i mang. Qué trinh nay duogc goi 1a Dang ky vi tri (Location Registration) hodc
Cap nhéan vi tri ( Location Update) Khi qud trinh trén két thic thi MSC s& biét

duge vi tri hién tai (current location) cia thué bao.
Thong tin vi tri hién tai s€ duge Juu trén SIM.

Va chi sau qua trinh ndy, thué bao méi co thé dwgc theo doi va giam sét
(reached) va thué bao co thé sir ding céc dich vu vién théng. (Ngoai trir viée
thuc hién cudc goi khén cip, Emergency calls, khong cin qua trinh cdp nhét vi

- tri).

Cubicing: ME+SIM=>MS. . .
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thong thong tin di ddng

2.4 Cac loai kénh trong mang GSM:

2.4.1 Kénh vat ly:
Tuong tu nhu kénh trong hé théng PCM30 (1 két ndi, 32 kénh), mot RFC c6 kénh.
Nén mét vai thué bao c6 thé ddng thoi truy cap mot RFC. Co ché nay duoc goi 12

TDMA.

Mot kénh vét 1y c6 thé duge dinh nghia bang mét cip RFC va mit khe théi gian
trong khung TDMA.

Nhur thé, trong GSM baing thong 35MHz, ¢6 1392 kénh vt 1y.

2.4.2 Kénh luén ly:
Kénh vat 1y c6 thé thuc hién cac chirc néng sau:
v Lam kénh luu lugng dé truyén thoai va dit lidu.
v’ Lam kénh diéu khién @8 truyén théng tin bao hi¢u va diu khién

Kénh [uu lugng hay kénh didu khién chi 13 tén goi, ca hai déu c6 duge tir kénh vét

1y nén goi 14 kénh lun Iy

< Kénh hru lugng traffic channel:
TCH: Traffic Channel dugc phan biét véi nhau theo:
v Loai théng tin truyén di: thoai hay dit li¢u.
v Dung lugng hay téc d6 cho phép cta kénh.
v' Téc do dit lidu thye hién trén kénh.

half rate speech

11.4 khit/s
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thong thong tin di dong

Channel ' Functions

BCCH Broadcast control CH BCCH 1a kénh diéu khién huéng xubng,
mang thong tin v& cell, ddng b, sira 13i.

DCCH Dedicated control CH DCCH dugc gan cho mdi thué bao dé
x4c nhin sy chuyén dich véi didu kién
khéng ¢6 kénh lvu hrgng duogc cung
cép.

ACCH Assosiate Comon CH ACCH lIudn ludén duoc gin voi mot
kénh hru hrgng. Muc dich 1a trao ddi
théng tin dé diéu khidn kénh traffic hién
hiru.

CCCH Commom control CH La kénh diéu khién dugc tit ca MS va
BS st dung. Vi du nhu ding CCCH dé
yéu cAu hodc cung cip kénh DCCH

Vi du v& y nghia ciia cc kénh trén:

BCCH: theo kénh nay, BTS truyén théng tin phat mdt céch lién tuc, vi du nhu thong
tin vé& cell, qua d6 MS biét duge vi tri hién tai cia minh.

DCCH, ACCH va CCCH:

Khi muén thuc hién cudc goi, thué bao gdi yéu cdu cin c6 kénh DCCH dén BSC
thong qua kénh CCCH, lic d6 c6 tén la RACCH

BSC gan mot DCCH cho MS theo CCCH, ltic d6 ¢6 tén la AGCH.

Theo DCCH, tit ca cdc thong tin bao hiéu, didu khién nhdm gitp thyuc hién két néi
duge truyén di. Céc thong tin d6 1a théng tin vé& sir ching thue, céc digits duge quay

s6, vi tri kénh traffic.

SVTH: Nguyén Quang Hai 16
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GVHD: ThS 1.& Ngoc Phiic Cong tc chuyén tiép thong minh trong hé
thong thong tin di dong

1. CCCH (RACH), DCCH request

BTS MS

2. CCCH (AGCH), DCCH provided

A\ 4

3. DCCH, Control information (Authen)

»

v

4. DCCH, digits

5. DCCH, assignment TCH

A4

Hinh 2.6: Qué trinh thiét 13p cudc goi gitta BTS va MS

2.5 K§ thuit nhiy tin trong GSM:
<% Nhay tdn (Hopping): Mot tip hop cic tAn duoc st dung trong mdi té bao va
MS ¢6 thé thay dbi cac tén sb d6 ngay trong mbi khung TDMA. Téc do nhay
thn trong hé théng GSM 1a 217 lan/s.
% Mot sb dinh nghia trong k¥ thuit nhay tin:

o Khe thoi gian s6 0 mang kénh BCCH ciia séng mang BCCH (song
mang fy ) khong dwge phép nhay tan vi dé cho phép cic thué bao &
céc té bao 1an cén thue hién do lwdng trong ché d6 r8i (diéu nay
ding v6i moi loai nhay tin trong GSM hién nay). MS trong qua
trinh lién lac con phéi lién tuc do gidm sat cudng dd trudng cia
cac neighbour cells dé phuc vy qué trinh chuyén giao, nén néu tit
ca cac tAn sé khong thé dimg d& nhay tan.

e Vi ly do trén nén ngudi ta nghi ra cach phén chia ra thanh ting
nhém kénh, nhém nhay tin... dé d& dang diu khién dén ting
nhém kénh (timeslot) véi tin sb ndo d6 (tdp tdn sb nhay tin) c6

nhay tin hay khéng bing thi lién quan dén théng sb HOP.

. Vﬁy thi néu da xac dinh tip tdn s nhay tan thi qud trinh nhay tin

s& duge didu khién nhu thé nio? Ngudi ta dinh nghia thém thong
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s6 HSN ( Hopping Sequence Number) 13 thong s6 ding dé xac
dinh trat tu cc tin 56 nhay thn s& str dung cho mdt nhém kénh khi
thyc hién nhay tin. Vi du: khi ¢6 mét tip tin sé ), £, 3, £, f5, &,
f; thi trat ty nhay tin c6 thé 1a f, £, £, f; trit ty nhay tin do HSN
quyét dinh.

o Dé ngan chin nhifu c4n kénh bén trong mot té bao cling nhu gitra
cdc té bao thude cung mot tram khi thyc hién nhay tan thi cin st
dung thém thong s niia d6 13 do léch chi s 4n dinh di dong
(MAIO: Mobile Allocation Index Offset) 1a thong s6 x4c dinh d6
léch trong chudi nhay tan.

& Céc k¥ thuat nhay tan:

e (6 2 k¢ thuat nhay tin trong GSM 4 nhay tdn bing goc (Base
Band Hopping) va nhay tan tdng hop (Sythersizer Hopping), trong
d6 k¥ thuat nhay tin téng hop 1a k¥ thudt tién tién trén thé gidi
hién nay. Nhung di k§ thut nhiy tin nao thi cfing ¢6 dic diém
chung d6 1&: chi s6 kénh SDCCH/8, TCH va kénh dit liéu goi dugc

~ pheép nhay tAn, va khe thoi gian s6 0 mang kénh BCCH ctia séng
mang BCCH (s6ng mang fy) khong duoc phép nhay tAn

e Nhay tin bang gbc ¢6 dic diém 12 mdi bd thu phat v tuyén (TRX)
duoc 4n dinh mot tin sé ¢b dinh, s6 thn sb ding dé nhay tdn bﬁng
v6i 6 b6 thu phat v6 tuyén, thn s6 BCCH duoc nhdy tAn ngoai trir
kénh BCCH n&m trén TSO0. Khi phét, cdc cum duge dinh tuyén dén
céc bd phat thich hop véi tAn sb riéng biét. |

e Nhay tAn tdng hop c¢6 dic diém 13 mdi t& bio duge chia thanh 2
hoiic nhidu nhém kénh (it nhét 13 2 nhom kénh), sé tin sé nhay tan
khong phy thudc vao sd bd thu phat vo tuyén, tn s6 BCCH khéng

dugc phép nhay tan ké cac kénh TCH con lai nim trén céc khe

" thdi gian khéc tir TS1 — TS7. Didu ndy c6 nghia 14 tit cd c4c TS

nam trén tin $6 séng mang BCCH du ¢6 bi nhicu cling khoéng dugc
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phép nhay tn, chi ¢é cac TS khong thude song mang BCCH mdi
dugc phép nhay tin. '
e Trong thyc t& nhay tin bing gbc it dwgc sit dung hon so véi nhiy
tan tdng hop. Nhay tin bing gbc ¢6 tAn sb nhay tan bi gidi han
bing v6i s6 bd thu phéat nén do lgi nhay thn thip v6i nhiing céu
hinh nhé hon 4 b thu phat. Con nhay tin téng hop c6 s6 nhay tin
khong phu thudc vao s6 bo thu phat nhung can phai s6 nhay tan
16n hon 4 dé dat dugce hidu qua st dung trung binh nhiéu. Nhay tan
bang tin gbc dugc dung phidu & nhimg khu vuc cin ving pht
séng rong nhu durdng quéc 1§ con nhay tAn tbng hop lai duge st
dung & khu vuc thanh phd c6 mat @6 tram BTS day vi nhay tén
tdng hop sir dung bd hybrid combiner.

% Uu diém coa ky thuft nhay tin: 13 lam giam anh huéng cta fading da

duong, ciia nhiéu nén chit lugng thoai durge cai thién. Lam qu4 trinh sir dyung
lai tAn s8 chit ch& va hiéu qua hon. Ly do 13 vi k¥ thuit nhay tdn ¢6 2 wu
diém chinh 12 do loi phan tip tAn s6 va d¢ loi trung binh héa nhidu. DY loi
phan tap tin sb ¢6 y nghia trong viée cai thién ving phu, vi cic thn sb khac
nhau ¢6 @ du trit khéc nhau. D9 lgi trung binh héa nhi€u c6 y nghia trong

viée cai thién chét hurgng, vi MS chi bj nhifu & mdt tin sO nhét dinh trong

chudi tn sé nhay tin, mot tin sé bi nhidu s& dugc trung binh héa véi céc tan
6 khong bi nhidu khdc nhau. Cang nhidu tin sb trong chudi tAn s8 nhay tin
s& cho két qua do loi 16n hon. Pé dat duoc dd loi trung binh hoéa nhiéu cao
thi hé¢ sb tai tin (fractional loading) dugc céc hing vién thong khuyén nghi

nén nhé hon 30%. Hé sb tai tn 13 ty sb cua s6 bd thu phit (TRX:

Transceiver) trén tn s ding d€ nhay tén.
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Chwong 3: Kénh tuyén v tuyén

3.1 Hé thong thong tin:

3.1.1 D¢ suy giam va héap thu:

Cic hé théng thong tin dung d& truyén tin. Tin d6 6 thé 12 lién tyc (tiéng noi,
am nhac) hoic rdi rac (van ban, di liéu s8). Trong hé théng théng tin, tin higu dwgc,
bién dbi thanh tin hiéu phlt hgp véi kénh thong tin. Theo loai tin truyén di, co thé
chia thanh hé théng rdi rac hoic lién tuc. Céc hé théng dién thoai v tuyén va truyén
hinh véi didu tin hogic didu bién c6 thé qui vé loai hé théng thong tin lién lac (twong
tr). D6i khi cde tin hidu lién tuc dwgc bién déi thanh tin rdi rac (lugng tir hoa) i
truyén di bing phwong phap dic trung cho cdc hé théng roi rac (ching han truyén
tiéng néi bing PCM). Hé théng lién lac dién bdo 1a vi dy ciia hé théng 10i rac.

Ngudi ta qui wde goi tp hop cac phuong tién k§ thuat dung dé tru&én tin tr
ngudn dén ngudi nhan 13 dudng thong tin. Cac phuong tién ndy bao gdm thiét bi thu
phét, kénh théng tin va thiét bj thu (hinh 3.1). Dudng thong tin clng véi ngudn va
ngudi nhén tao thanh hé théng théng tin. Chitc ning ctia thiét b phat 1a bién dbi tin
thanh tin hiéu thudn tién nhét cho 'viéc truyén trén duong thong tin di cho. Téng
quét qua trinh truyén tin gdm 3 giai doan: bién déi, ma héa va didu ché.

Kénh théng tin 12 moi truong dung dé truyén céc tin hiéu tir may phat dén
may thu. N6 ¢6 thé cap, dng din song hogic khi quyén.

Trong c4c hé théng thong tin thyc t& khong thé tranh khéi cdc nhidu loan 1am
méo tin hidu. Cac nhiu ¢6 thé 1a cong tinh (nhidu khi quyén va nhiéu cong nghiép,
nhidu tir cdc méy 14n cén). Nhifu nay tac dong vao mdy thu khéng phu thuce vao tin
hiéu vdo va xay ra ngay cé khi 161 vao méy thu khong c6 tin hiéu. Dang nhiéu loan
phd bién khéc trong céc hé théng thong tin 13 nhidu logn gy boi thay doi nglu

nhién cic tham sé cia kénh (lién quan truc tiép dén qua trinh tin hiéu di qua kénh,

i thé chi xuAt hién khi 66 tin hisu). Vi dy clia Toai nay 14 hién tuong fading.
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thong thong tin di dong

Tnput Transmitted Received Output
signal signal signal signal

S , Transmission ) Destinafi
ource —  Tyansmitter — channel ——  Receiver —pp Lesunation

!

Noise, inteference, and
distortion

Hinh 3.1: So db chiic ning hé thong thong tin
Trong tredng hop lan truyén 1 tia ¢6 nhiéu cong va nhiéu nhan trong

kénh, tin-hiu & 161 vao-may thu cd-the-viet &-dang:

X(O=O A1), (0),u(D]+N®)
& day: p(7) - hé sb truyén dat ciia kénh; A(z,u)- tin hiu phét di;  (¢) - thoi gian
tr& tin hiéu, ©(7)- pha clia tin hidu; «(2)- tin phat di; M(¢) - nhi€u cong. Kénh
thong tin ¢6 p va T ¢d dinh theo thdi gian duge goi 1a kénh c6 tham sb khong

dbi. Trudong hop nguoc lai dwoc goi 1a kénh c6 tham s8 bién dbi.

3.1.2 Cic tinh chét kénh thong tin vé tuyén

< Kénh théng tin vb tuyén c6 dd suy hao rit 16m, thwong dat téi 140
~160 dB

Cﬁﬁg suét tin hiéu & 161 vao phin thu cta kénh thudng c6 gia tri nim trong
khoéng 1071 - 10"W, trong khi d6 cin cong sudt hang W hodc 16n hon & 16i ra dé
thiét bi dAu cudi 1am vige tin cfy. Nghia 1a thiét b thu cla kénh phai c6 h¢ s6
khuéch dai theo cong sudt it nhat 1a 10" — 10" hay 10° — 107 theo dién ap. Vin dé
khuéch dai tin hiéu khong chi kho & chd hé s6 khuéch dai phai cao ma con khé &
chd mire tin hiéu & 16i vao thiét bi thu so sanh dugc voi tap 4m thing gidng. Tap 4m

thang giang 13n vao tin hiéu va khong thé tach riéng duge
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¢ DO suy hao ciia kénh vo tuyén thay dbi trong pham vi réng.

Cuong d6 truong dién tir tai diém thu € 1¢ nghich voi binh phuong ciia quing
dudng ma séng di qua, vi vdy su thay d6i mitc tin hiéu & 161 vao phan thu ctia kénh
trong dai cu ly théng tin cin thiét dat t6i 100 — 120 dB. C6 nghia 13 viéc bao dam
mirc tin hiéu ra khong ddi (48 thiét bi cudi hoat dong binh thudng) gip nhiéu khé
khan.

b6 suy hao thay di ctia kénh con gy khé khan cho viée thanh lap cic hé
théng théng tin duplex (song cong), twong ty nhu hé théng thong tin diy dan véi 161
ra hai day, néu tham sé mang tin cia tin hiéu cao tin 12 bién o (vi kho tranh khoi
su mét dn dinh tte 1a ting khé ning tu kich).

P suy hao kénh thay dbilén khi tién hanh théng tin gitta cac d6i tuong co
dong néu sir dung cic séng SCN (SCN lan truyén phu thudc Va0 dia hinh). Pidu
kién tién hanh thong tin tré nén khong thuén loi khi trén dudng hanh tién gip phai
céc dbi tugng phan xa séng vo tuyén, vi s& gy nén hién tuong fading giao thoa.

% Dé suy giam ciia kénh théng tin v tuyén bién d6i con do sur thay
ddi ciia ¢4 tham sb khi quyén qua dit. |

Su thay ddi nay thdy rd hon & dai séng ngén, khi tién hanh théng tin béng
céc séng phan xa tir ting ion. Trude hét do nhitng thay dbi chim theo ngay &ém cla
mttc d§ ion hod céc mién khéc nhau cia ting khi quyén ma xuét hién cac dao dong
theo ngay dém clia mirc tin hiu. Ngoai ra viéc thu cac séng phan xa tir tAng ion
kém theo nhitng fading thuwdmg xuyén va kha nhanh cua tin hiu do sy giao thoa cla
c4c tia dén duge diém thu bing nhitng con duong khéc nhau.

< Kénh théng tin, néu han ché chi 13 méi trudng truyén song, thi vé
miit vit 1y 1a chung cho tit ca cic phwong tién vd tuyén dang ton
tai, cic dai phat thanh, din dwong vo tuyén...

Kha ning phat ddng thoi mot s& lwgng 16n céc tin trén vd tuyén dya trén co

s& phan tach tin hiéu theo tan s6. Tuy nhién, vi viéc sir dung mdt cach cd to chic

- dai tn ma-cy ly truyén song khong bi gidi han (SN), 1a cye-ky-khé khin, trong khi -

nhu cu & mdt sé doan tan lai vugt qué dung lugng vit Iy cla ching thi d& dang rit .
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ra két luan vé kha ning va sy khong tranh khéi ctia viée gay nhifu 1dn nhau khi phat
tin, d3n t6i sy mat mat nao d6 cia tin tire. |

Tinh hinh lai cang tdi té hon do sw khéng hoan thién vé mit k¥ thudt cla
thiét bi, thé hién & chd viéc phat tin hiéu thudong kém theo céc blrc xa phu, con viée
thu thi lai tiép nhén ca céc nhidu tir mién tAn sé I6n hon nhidu dai tén chiém béi tin
hiéu can nhéan, nhit 12 khi ngudn nhiéu & gin ngay noi thu.

Ngoai ra céc nguén nhiéu con 1a céc qua trinh tr nhién, nhu sy phéng dién
con gidng trong khi quyén, birc xa vo tuyén ctia mit trdi va thién ha. Ngudn nhiéu
con 12 céc thiét bj dién trong cong nghiép va sinh hoat. Da s& cac nhidu c6 ngudn
gbe ty nhién va cong nghiép 12 cac nhidu dai rdng, bao triim hiu hét toan b dai tan.

< Kénh vé tuyén gy méo tin hidu phat di do sy han ché phé tin
cuia no.

Ngudi ta han ché phé rdng v6 han cia tin hiéu c6 do rong hitu han trong t4t
ca cac hé théng thong tin, vi niing lugng co ban cla céc tin hidu chi tip trung trong
dai tuong dbi hep. Trong cic hé thdng thong tin vo tuyén, su cin thiét phai han ché
phd con do dung lugng khong du cta di tAn va gidm x4c suit nhifu la lot vao di
thong cﬁé kénh.

To6m lai: Khac vai kénh dudng day, kénh vo tuyén duge dic trung béi dai rong clia
nhiing thay déi nhanh va cham clia dd suy hao va bai su tac dong sb lugng 16n cac

nhiéu tir ngudn ngoai.

3.1.3 Nhiéu:
% Nhiéu tring:
Nhidu tring 13 qué trinh x4c xudt c6 mat do phd cong suit phing ( khong
d61) trén toan b dai tan.
Nhidu tring 1a mot loai nhiu ¢6 ham m4t do xdc sudt tudn theo phan bd

Gauss
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FRragy)
M2

0 't
Hinh 3.2: Nhiéu tréng
Nhidu tréng c6 thé do nhiéu ngudn khic nhau gy ra nhu thoi tiét, do bd

khuéch dai & may thu, do nhiét do, hay do con ngudi. Tin hiéu thu do vay duge viét

lai nhu sau:

y(O=x0*h(")+n(H)

n(t)
X(t) ' h( 7) y(H
Hjw )
Tin hiéu phat Tin hiéu thu
M6 hinh kénh

Hinh 3.3: Mbi truong truyén din voi sy c6 mat ctia nhidu tring
« Nhiéu lién ki ty ISI (Inter Symbol Interference)
Trong mdi trudng truyén dén da dudng, nhifu xuyén ky tu (ISI) géy bai tin
hiéu phan xa co thoi gian tr& khac nhau tir cac hudng khac nhau tir phét dén thu 1a

didu khong thé tranh khoi. Anh huéng nay s& 1am bién dang hoan todn méu tin hiéu

- khién bén thu khong thé khéi phue lai duge tin-hiéu gbc ban ddu. Cac k§ thudt st

dung trai phd truc tiép DS-CDMA nhur trong chudn 802.11b rét d& bj 4nh hudng béi
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nhiéu da dudng vi thoi gian trd c6 thé vugt qua khoang thdi gian cia mot ky .
OFDM st dung k§ thuat truyén song sbng nhiéu bing tAn con nén kéo dai thoi gian
truyén mot ky tyr 1én nhiéu 1in. Ngoai ra, OFDM cén chén thém mét khodng bao vé
(guard interval - GI), thuong 16n hon thoi gian trd t6i da ctia kénh truyén, gitra hai
ky tu nén nhiu ISI c6 thé bi loai bd hoan toan. Pic diém: Dai théng tuyét ddi cia
céc xung nhidu mirc dinh phing 13 v6 han. Néu céc xung nay duge loc khéng dung
khi chiing truyén qua mot hé théng thong tin thi chiing s& trai ra trén mién thoi gian
va xung cho mdi ki hiéu s& chén vao cic khe thoi gian bén canh gdy ra nhiéu gifta
cac ki hiéu (ISI). ISI 13 hién tugng nhifu lién ki hiéu. ISI xdy ra do hi¢u tng da
duodng, trong d6 mdt tin hiu t&i sau s& gy anh hardng 1én ki higu trude do.

% Nhiéu lién kénh ICI (Interchannel Interference)

Nhiéu xuyén kénh gay ra do cic thiét bi phét trén cac kénh lién nhau

2y
| I /”l___a Overlap Width
e
I i
i 1

. I . i

f,-Bo/2 f, £, B2 foif,

< 5 >

Hlustration of interchanrel interference.

Hinh 3.4: Sy 4nh hudng ctia nhiéu xuyén kénh
Nhidu 1ién kénh thudmg xay ra do tin hiéu truyén trén kénh vé tuyén bi dich
tAn gay can nhifu sang cac kénh ké né. Pé loai bé nhiu xuyén kénh ngudi ta phai
¢6 khoadng bao vé (guard band) gitta cac dai tAn.
- Trong phuong phap da truy nhip phén chia theo thn sb truc giao (OFDM),
béng théngtruyen dtr.c_ﬁ.:“é.hia. the‘.l.n.h.nhiéu kéﬁh n.h.(), vaduac .trﬁ.y.ét.i. song songvm N

nhau. Do d6, gidi han cta ky tu ting 1én va nhiéu lién ky ty (ISI) gdy ra moi trudng

e e R B B T 3 e e e e e
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fading theo thoi
xiryén kénh (ICI) gy ra bdi Doppler & kénh thong tin di dong lai ting [én. Hifu tng
Doppler ¢ anh hudéng dén hé théng OFDM. O ddy, ching ta nhin dwgc gisi han
chia ICI, tinh toan dé dang hon va hitu ich hon. Gigi han bao gbm ca gidi han chung
va riéng. Gi6i han chung chi phu thude vao tin s6 Doppler 16n nhat ( df) va thoi
gian ky tu ( s7'). Gioi han riéng cling phu thudc vao bién cha phé Doppler.

< Nhiéu déng kénh (Co-Channel Interference) '

Nhidu ddng kénh xay ra khi ca hai may phét trén cling mot tin sb hodc trén
cing mot kénh. M4y thu didu chinh & kénh nay s& thu duoc ca hai tin hiéu véi
cudng do phu thude vao vi tri cia may thu so véi hai may phat.

Nhiéu ddng kénh thuong gip trong hé théng théng tin sé cellular, trong d6
dé tang hiéu suit sir dung phd bing céch sir dung lai tin s6. Nhu vy c6 thé coi
nhifu ddng kénh trong hé thong cellular la nhidu gy nén do cac cell st dung ciing 1
kénh tin sb.

Nhiu ddng kénh lién quan t6i vie sir dung tin sb. C6 thé vi dy trong mang
GSM: Trong mang GSM, mdi tram BTS dugc chp phat mdt nhém tan s6 vo tuyén.
Céc tram thu phat gbc BTS 1an cén dugc cAp phat céé nhém kénh vo tuyén khong
tring voi céc kénh ciia BTS lién ké.
Pic trung cho loai nhidu ny 12 ti s6 song mang trén nhidu (C/T). Ti sb nay duge
dinh nghia l1a cedong dd tin hiu mong mudn trén cudng do tin hidu nhiéu sau loc
cao tin va no thé hién mdi quan hé‘:- gifta cuong d tin hiéu mong mubn so v6i nhifu
dbng kénh tir cic BTS khéc.

C/1=10log (Pc/P1)

Yéu ciu 1a C/1 <=12dB.
Trong d6 :
— Pc 1a cdng suét tin hiéu thu mong muén.
~ Pi 14 cdng sudt nhidu thu duge.
- Mot sb giai phép dé han ché loai nhidu ddng kénh trong cc hé théng cellular nhu

sau.
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— Khong thé ding b loc dé loai bd giao thoa nay do cic mdy phét sir dung cliing
mdt tin sb.

— Chi ¢6 thé ti thidu hoéa nhifu ddng kénh bing cach thiét ké mang cellular pha
hop.

— Téc 14 thiét ké sao cho cic cell trong mang c6 st dung cing nhom tn s6 khong

anh huéng t6i nhau => khoang c4ch céc cell ciing tin sé phai du 16n.

3.1.4 Mot s6 loai nhidu dién hinh:

<% Nhidu khi quyén: do phéng dién con giéng xudt hién & ngay gin noi
thu cling nhu & cdc vung xa. Mit d§ phd cta cac khi quyén cyc dai &
mién tin sb am thanh va giam dén véi sy ting tn sd.

«» Tap 4m vii tru: tao ra nén tap 4m chung, ching xuét hién do bic xa
ciia thién ha va ngoai thién ha. M4t d¢ phd 16n 16n nhét cia cic tap
4m ndy nam trong dai decimet (dm) va centimet (cm) va can luu vy i
trong théng tin vii try.

« Nhifu cong nghiép: xudt phat tir cac thiét bi dién khac nhau. Mic
nhifu thudng gidm theo tin sb.

« Nhilu tap trung: gdm céc tin hiéu tir céc dai la, cac blc xa cta cac bd
dao ddng cao tin co6 nhiém vu khéac nhau (céng nghiép, y hoc)...
Trong trudmg hop tbng quat, ddy 1a cic dao dong cé diu ché (dao
dong hinh sin ¢é tham s thay dbi). Cac dao dong nay c6 thé lién tuc
(vi du tin hidu cia cdc dai phat thanh va truyén hinh), hogc ¢6 tinh
chét xung (tin hidu cdc dai phat tin va cdc dai didu ché xung). Nhitng
thay déi tham sé dao dong ctia nhidu tai diém thu khong chi phy thude
vao tinh chét cac tin hiéu ctia ngudn phidu ma con vao didu kién

truyén séng cuia céc tin hidu nay.
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3.2 Hién twgng fading:

3.2.1 Truyén séng da dwong:

Trong mdi truedng thong tin di dong té bao, cac vt xung quanh nhur 13 nha
ctra, cdy cbi, ddi ndi...déng vai trd 14 céc v4t phan xa séng v tuyén. Nhitng vat can
nay tao ra cac séng phan xa vdi pha bién dong va bién d¢ bi suy hao. Khi mét tin
hiéu dugc phét di, nhidu séng phan xa cia tin hiéu phat s& dén tai anten thu theo
nhiéu huéng khéc nhau véi cac do tré khac nhau, nhitng séng phan xa ndy goi la
song da duong (multipath waves). Do sy khéc nhau v& g6c va thoi gian dén, céc
song da duong tai may thu c¢6 pha khac nhau. Khi thiét bi di dong di chuyén qua
ving da dudng, n6 s€ thu duge tin higu-ma co6 pha va bién do thay dbi trong pham
vi 16n. Ngay ca khi cac thiét bi di déng dang ding yén, bién do cling thay ddi do sur
chuyén déng cua céc vit can xung quanh.

Hién tuong bién do thing gidng mdt cach ngiu nhién nay dugc goi [a hién

tugng fading.

Transmitter

* Hinh 3.5 : Fading da dudng
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3.2.2 Hiéu rng doppler:

Do sy di chuyén tuong tmg giita may phét va méy thu, mdi séng mang da
dudmg s& tuong Ung vai mdt do dich tAn sb. Hién twong dich tin s tin hidu thu giy
ra do chuyén déng twong déi dugc goi 1a hiéu ung dich doppler. N6 ti 1€ vai téc dd
chuyén dong cira thiét bi di dong.

Xét tinh hudng khi mét tin hiéu don tin fc duge phét di va tin hi¢u thu chi
gbm mét séng t6i véi gée pha tdi 0 theo huéng chuyén déng. Po dich doppler ciia
tin hiéu thu dugc ky hiéu [a fd, dugce xéc dinh boi:

F&=vf.cosb/c
Trong d6: v 1a van téc chuyén dong.

¢ 13 vén toc anh séng.

L R Donsstivi - B, Lavuyer.
Hinh 3.6 : Hiéu tng doppler

3.2.3 Mé hinh kénh truyén bi anh hwéng béi hién twong fading
Qua4 trinh truyén séng trong méi trudng di dong thuong chiu anh hudng clia

nhidu yéu t§ khéc nhau. M6 hinh kénh thdng tin bj anh huéng béi fading véi nhiéu
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md hinh x4p xi 12 WSSUS (Wide-Sense Stationary Uncorrelated Scattering). Trong
hinh ndy céc qua trinh fading thay déi theo thdi gian dugc gia sir 12 cdc qué trinh
ngau nhién dimg theo nghia réng va cdc ban sao cha tin hi¢u phan xa tir moi trudng
xung quanh gia st 12 ddc 14p nhau. C4c tham s6 ctia kénh WSSUS bao gbm: do tré

cuc dai, bang thong két hop, thi gian két hop va do dich doppler cuc dai.

Kénh truyén
fading
I
v v
Fadingmic 16n do Fading mc
chuyén dong trén nhé do vi tri
ving rong thay dbi nho
j [
¢ } — —*
= o Trai tin hi¢u theo Bién doi kénh
Suy hao gia Bien dong thoi gian do da theo thdi gian do
tri trung lzmh gia tri trupg duong chuyén dong
theo khoang binh tin higu
cach
Y. h h J
M0 ta trong M0 ta trong M5 ta trong MO ta trong
mién tr& thoi mién tén sb mién thoi mién dich
gian gian Doppler
|
v v v !
Fading Fading Fading Fading
chon loc phéng CITATH nhanh
tdn sb
* h 4 h 4 h 4
Fading Fading Fading chém Fading nhanh
chon loc phing
tan sb

‘Hinh 3.7: Biéu di&n céc kénh truyén fading- -~ o
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Hinh nay mé ta téng quan v& cic géc dd tiép cén khi tim hiéu vé kénh
fading, bat ddu bing hai loai fading ma dic trung cho thong tin di dong 12 fading
mirc nho va fading muc 16n.

% Fading mikc 16m:
Fading mirc 1én dic trung cho su suy hao cdng sudt tin hiéu trung binh hay tdn hao
dudmg truyén do di chuyén trong mot pham vi 16n. Hién tugng ndy do anh huéng
béi yéu tédia hinh (ddi nii,rimg cdy, cao dc...)gitta may phéat va mdy thu. Nhin

chung, c4c mé hinh lan truyén trong kénh vo tuyén thudng bidu dién ton hao dudmg

truyén Z(d)a(wgw]

)
Trong d6: dy 1a khodng cach tham chiéu, twong (g véi diém & vi tri xa anten phat

n 12 hé sb mii phu thude vao tn s6, chiéu cao anten va mdi trudng lan
truyén. Trong khong gian tw do, n c6 gia tri bang 2, con trong moi trudng d6 thi n
¢o gid tri 16n hon.

¢ Fading mire nho:

Fading mirc nhé dic trung cho sy thay dbi lién tyc va dot ngdt vé bién

d¢ va pha cla tin hi¢u. N6 1a két qué cua sy thay dbi vi tri nho, khoang nira chidu

dai bude séng, gitta may phat va mdy thu.

A L Fading dién hep
Céng Yiu ,1
sudt/dBm AREEF. . //
i ) M 1 __ s Fading dién vrOng
U 1|
=2 s Bhodngcich

Hinh 3.8: Cac loai fading trong cAu triic tin higu thu
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Fading mirc nho duoc goi 13 fading Rayleigh hay fading Rician tuy thugc vao chu

tric tin hidu thu dugc.
» Fading Rayleigh

Xét trudng hop tin hidu truyén di 1a don tAn v6i bién do khong dbi. Trong
mdot kénh v6 tuyén di dong tidu biéu, ching ta gia st séng truc tiép bi ngin can va
mady thu di dong chi thu cic séng phan xa 13 16n, theo dinh ly gidi han trung tam,
hai thanh phin vuéng goc tin higu thu 1a céc qud trinh Gausian ngiu nhién khéng
tuong quan véi gid tri trung binh bing zero va twong quan 12 8% Két qua 13, duong
bao chia tin hiéu thu tai bt ky thoi didm nao ciing c6 phan b Rayleigh va pha ctia
n6 phan bd déng nhét trong khoang [-r, x].

» Fading Rician

Trong mét s6 hé théng truyén theo kiéu nhin thing LoS, nhu théng tin vé
tinh, tin hiéu thu dugc bao gdm mot séng trirc tiép va cac séng phan xa. Séng tryc
tiép ¢6 bién d6 khong ddi trong khi cdc song phan xa thi mang tinh ngdu nhién.

Khi sb lwgng cdc séng phan xa 1a 1on, cac thanh phin vudng géc clia chiing
duge dic trung bing qua trinh Gaussian ngiu nhién c6 tri trung binh bang zero va
phuong sai 13 8% va dudng bao ¢6 phan bd Rayleigh. Tong cac tin higu tryc tiép c6
bién do 12 hing s véi cac tin hidu phan xa c6 phén b Rayleigh tao nén tin hidu c6
phan bd dudng bao Rician. Ham phan bd xéc sudt cia phan bd Rician duge xdc
dinh nhur sau:
| (a*+D%)

%e“ 2T 0 (Z—?] a>0, a=0)
s 5

pla)=

p(a)=0 a<0

Trong d6 D? 1 cdng suit tin hidu theo dudng truc tiép va Io(.) 12 ham Bessel sira d6i

loai 1, bac zero.
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The Rician PDF for different values of the Rician factor K
i [=— K=0 (Rayleigh)
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Hinh 3.9: Fading Rayleigh
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3.2.4 Anh hwdng cita kénh truyén fading trong truyén théng vo tuyén:

101 ._::::::::_.

0%k

Avarags Bit Ermor Fate

o] TETIPP TTIETIE SIS STTIES, IR T rr

I (-
-5 3] 5 L1 15 20 25 s
Averaga SNH per Bit [dB)

Hinh 3.10: Anh huéng cla fading

Quan sdt d6 thi nay, chiing ta c6 nhan xét sau:
> Dudng cong phia trai biéu dién chit lugng cla hé thng trong kénh
AWGN. R& rang, tmg véi gié tri Ey/No hop 1y, ching ta c6 thé thu duge
chét luong t6t.
3 Puong cong & gifta, goi1a gidi han Rayleigh, bidu dién sy suy giam chit

lvgng do suy hao gia trj Ey/Np ma dic trung cho kénh fading phéng hay

SVTH: Nguyén Quang Hai 34




GVHD: ThS L& Ngoc Phuc Cong tac chuyén tiép thong minh trong hé
thong thong tin di ddng

fading cham khi khéng c6 sy hién dién ctia thanh phén tin hidu tuyén truc
tiép.

> Dudng cong trén c6 xac sudt 131 bit gén bing 0.5. Pay 14 sy suy giam chit

lwong ¢6 thé xay ra dbi voi kénh fading chon loc tan s6 va fadinh nhanh
Nhu véy, khi tin hiéu truyén qua kénh fading chét lugng cha hé théng bi anh
hudng nghiém trong. Dic biét, trong mét sb trudmg hop, tin hiéu thu cé thé bi
gian doan do fading. Do d6, ivié_‘:c nghién cru va di tim cac gidi phap han ché anh
huéng cia fading 1a hét stre cAn thiét, dic bigt 1a dbi véi cae hé thdng thong tin
di dong.

% Phén loai cic kénh truyén bi 4nh hwéng béi fading
Duya trén tham sb kénh truyén va cac dic tinh cta tin hiéu truyén di, kénh truyén
fading c6 thé duge phan chia nhu sau:

> Fading chon loc tin s6 va fading phing:

Trong hé théng bing théng hep, tin hiéu phat thudng chi chiém mét bing
théng nhé hon bing théng két hop cua kénh truyén (coherencce bandwidth),
duoc dinh nghta 1a khoang tdn s6 ma trong d6 qua trinh 13 tvong quan. Nghia la
tht c& chc thénh phén phd cia tin hi¢u phat c6 mirc suy hao fading nhw nhau.
Loai fading nay dugc nay dugc goi la fading phing hay fading khéng chon loc
tan sb (frequency flat fading or frequency non-selective fading).

Nguoe lai, néu tin hiéu dugc truyén cé bing thong 16n hon bing thong két hop

ciia kénh, nhu trong cac hé théng bing réng, cic thanh phin phd cta tin higu

phat s& bi fading véi cac hé s6 khac nhau. Lic nay, phd ctia tin hiéu thu tr& nén

méo dang vi twong quan giita cic thanh phin phé 14 khéc so voi mdi trong quan

& tin hidu phat. Hién tugng ndy goi la fading chon loc tdn sd (frequency
selective fading).

» Fading nhanh va fading chim:
Néu khoang thdi gian symbol da nhé, & mitic ¢6 thé so sanh duge voi thoi
- gian két hop cta kénh truyén thi kénh duge xem la fading cham (slow-fading). -

Kénh fading chdm thudng duge mé hinh hoéa la cac kénh bét bién theo thoi gian
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trong khoang vai symbol. Véi cac loai kénh nay, cac tham sé cua kénh thay dbi
chim nén ching c6 thé uéc luong bing nhiu k¥ thuit khac nhau.

Nguoc lai, néu thoi gian két hop ctia kénh nhé hon khoang thdi gian symbol
thi kénh dugc xem la kénh fading nhanh hay fading chon loc thoi gian (fast
fading or time selective fading). N6i chung 13 rét khé d¢é thuc hién viée uéc
lwgng céc tham s6 kénh fading nhanh.

Ching ta cha ¥ 13 viéc phén loai kénh fading phu thudc vao céc dic tinh cia
tin hiéu truyén di. T d6 ma ching ta ¢ bbn loai kénh fading sau:

v’ Kénh fading chdm, phing.
v’ Kénh fading chdm, chon lgc tin sb.
v Kénh fading nhanh; phing.
v’ Kénh fading nhanh, chon loc tin s.

Ts.

.
]
Fading chim }  Fading nhanh
phtng | phing
]
_____________________ A ———
Fading chdm i Fadingnhanh
“hy'a chon tn's8 { lwachon tin 39
5 an 89
)
i
i >
Te Ty
{ay Chu ky symibol dwee truyén
: Bs
; 1
Fading nbank | Fading chiim _
Tira chon tin 38 1 lyachon tin 56
]
Bg =oe-- e A
‘phing i: phing
g
i
"By B,

(b) Béng thidng cia tin high ddi nén droc trayén

Hinh 3.11: Céc loai kénh fading
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3.2.5 Phuwong phap han ché dnh hwéng ciia kénh fading:

Qua qué trinh phan tich v& kénh truyén bi anh huéng béi fading,
chiing ta thdy réng, chét luong cia hé théng bi 4nh hudng nghiém trong khi
truyén qua kénh fading. Dé han ché nhiing anh hudng nay, ching ta cAn thye
hién hai buédc co ban sau:

" v Thi nhét, lya chon phuong phap d& han ché méo dang fading.
Phuong phép duge chon lya chon 12 tiy thude vao méo dang
gdy bdi fading chon lgc tin sb hay fading nhanh.

v’ Ké tiép, chon phuong phap phén tip dé thu duge chét lugng
tiém cln v6i truong hop kénh AWGN.
< Han ché dang méo tin hi¢u trong kénh truyén fading
> Kénh fading chon lgc tin sb:

Péi véi kénh fading chon loc tin sb, vi tbe d6 symbol 16n hon tbc db
fading nén khong ¢6 méo dang fading nhanh. Tuy nhién, vi€c han ché nhimng
anh hudng cta fading chon loc tan sb lﬁ rit cln thiét. Cac k¥ thuat sau
thudng dugc xem xét: 7

e Sir dung cac bd cn bing thich nghi (adaptive equalizer). Muc
dich ctia viéc két hop bd loc can bing véi kénh truyén 1a dé tao
ra dap tmg tin s tin higu thu phing va pha tuyén tinh. Ngoai
ra, do céc dic tinh cla kénh truyén lubn thay dbi theo thoi gian
nén bd cén bﬁng cén phai c6 tinh thich nghi dé thich ung Vi
didu kién méi. Cac bd can bing thich nghi thudng duge si
dung 12 bd cln bing hdi tiép quyét dinh DFE (Decision
Feedback Equalizer), b§ cén bing MLSE (Maximum-
Likelihood Sequence Estimation). Y tudng chinh cia bd can
bing hdi tiép quyét dinh DFE 1a khi mdt symbol duoc xéc
dinh, ISI do n6 giy ra trong céc symbol tuong lai s€ co thé

U duge wdce lrong va teu di khi thue hién vige xdc dinh nfidung

ciia cac symbol d6. Con ddi v6i b cin bing MLSE né s€
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kiém tra tAt c4 cdc chudi bit dir liéu va chon chudi cé kha niing
nhét. Bo can bing nay 1a ti wu theo nghia né cyc tiéu hoéa xéc
xuét sai nhm chudi dir liéu. N6 duwoc thuc hién bang cach sir
dung thudt giai md Viterbi nén con duoc goi 1a bd cén bing
Viterbi.

e K7 thuit trai phé: ¢ hao k¥ thuft thuong duge sir dung [a trai
phd chudi tryc tiép DS-SS va trai phd kiéu nhdy tan FH. V6i hé
thdng DS-SS, bing thong trai phd phai 16n hon rit nhidu so véi
bang thong két hop kénh truyén. Ti s& ndy cang 16n thi hiéu
qua cang cao.

o Ky thuit ghép kénh phén chia theo tdn s6 tryc giao OFDM
(Orthogonal Frequency Division Multiplexing). Muc dich cua
phuong phép nay 1a gidm tdc do symbol trén mdi séng mang
sao cho nhé hon bang théng két hgp kénh.

e Sir dung tin hiéu pilot: céc tin hi¢u pilot cd thé duge thuc hién
trong mién tan s 13 céc tin s6 trong cung bang tdn hay trong
mién thoi gian Ja cdc chudi sb ma cung cp céc théng tin vé
trang thai kénh truyén. Vi vy, né gitip ning cao chét Tuong
trong diéu kién fading,

» Kénh fading nhanh

Déi véi kénh fading nhanh, dé han ché méo dang tin hi¢u, ngudi ta thuong
st dung céc phuong phép sau:

e Lua chon so dd didu ché phu hop nhu cic kiéu diéu ché khong
nhit quén vi sai hay diéu ché nhit quan vi sai.

o Ting téc d6 symbol dé chiing 16n hon nhidu so v6i tbe dd fading
bang céch thém bit du thira.

e Sir dung cac phuong phap ma héa didu khién 13 va c6 thé két hop

 thém cdc bd xdo tron.
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“ K¢ thuat phin tap:

Sau khi thue hién mot sé k¥ thuét ¢é han ché sy méo dang tin hiéu do fading
chon loc tin s6 hay fading nhanh, buéc ké tiép 13 sir dung cic phuong phép phén
tdp (diversity methods) dé thu dugc chit lugng tiém cén véi chét lugng trong
truong hop kénh AWGN.

Trong truyén thong di dong, k¥ thuat phan tip duoc sir dung rong réi dé giam
anh hudng cta fading da dudng va ting d tin cfy ma khong cin phai ting cong
sudt phat hay yéu ciu bing thong. K§ thuat phan tp yéu cdu can phai ¢6 nhiéu ban
sao cua tin hi¢u phét tai may thu. T4t ca chiing ddu cling mdt ndi dung thong tin
nhung ¢6 mirc tirong quan rét nhd. Y tudng co ban clia phan tép 1a néu nhan duge 2
hay nhidu mu ddc 14p ciia ciing mdt tin hiéu thi cdc méu s& bi thing gidng theo cdc
céch khong giéng nhau, c6 nghia 12 mét s6 mau s& bi suy hao hon céc miu khic.
Piéu nay dua dén két qua 1a xac sudt tAt ca cac miu ddng thoi nhé hon mot ngudng
nao dé s& nhé hon nhidu so véi xdc sudt timg méu nhé hon ngudng do6. Do do, bing
cach st dung céc phuong phap két hop hop li cic miu ndy s& giam déng ké anh
huéng cia fading va nhu viy s& tang d0 tin cdy cla qua trinh truyén thong.

Tay theo mién phan tip dugc tao ra ma céc k¥ thudt phén tip duc_ré phén
thanh cdc loai khac nhau: phan tip theo thoi gian, phén tip theo khong gian, phén
tap tAn sb va phan tép két hop.

e Phin tap theo thoi gian (time diversity):

Phan tip theo khong gian dugce thuc hién bing cééh phat céc ban tin giéng
nhau trong cdc khe thoi gian khdc nhau ma tao ra céc tin hi¢u fading khong tuong
quan tai mdy thu. D phan céch thoi gian yéu cdu phai 16n hon thdi gian két hop
kénh.

Trong thong tin di dong, ma hoa didu khién 13i duoc st dung két hop véi cdc
bd xdo tron dé thu phén tip theo thdi gian. Trong truong hep ndy, cic ban sao cla

tin hiéu phat thudng duge cung cip & may thu dudi dang thong tin du thira trong

“'mién thdi gian dugc tao ra bdi qué trinh mé hoéa di¢u khién 16i. P6 phan cach vé - -

thoi gian gilta cac ban sao tin hi¢u phat dugc tao boi thoi gian xdo tron. Ky thudt
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ndy mang lai hidu qua cao trong mdi trudng fading nhanh. Nhung ddi v&i kénh
fading cham, viéc st dung bd x40 tron cé thoi gian tré 16n 1am ting thoi gian tri
hoén, do d6 khong dap g yéu ciu thoi gian thyc. Ngoai ra, do ¢6 @6 du thira trong
mién thoi gian nén k§ thut ndy 1am giam hiéu suat bing thong,

frequency

!

time

Hinh 3.12: Phén tap theo thoi gian
e Phan tip theo tn s (Frequency Diversity):

Trong kiéu phan tap theo tan s, mot s6 cac tin sb khac nhau dugc sir dung
dé phat cing mot ban tin. Cac tin sb ndy phai ¢6 du phan cach cin thiét dé dam bao
su doc 1ap fading theo tan s6.

Trong thong tin di ddng, ban sao cua tin hi¢u phat thuong dugc cung cip & may thu
bing cac phuong phap nhu trai phd tryc tiép, trai phd nhay tin hay diéu ché da song
mang. Céc k§ thuat trai phd chi c6 hidu qua khi bing théng két hop 13 nhé. Gidng
nhu kidu phén tap theo thdi gian, phén tap theo tin sé ciing c6 nhuoc diém 13 1am

giam hiéu suét bang thong do d6 du thira trong mién tan sb.
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frequency

»time

Hinh 3.13: Phén tép theo tin s
e Phén tdp theo khong gian (Space Diversity):

Phén tdp theo khong gian di trd thanh mot phuwong phap phd bién trong
thong tin viba v6 tuyén va n6 con dugc goi 12 phan tap anten.

Céch thirc thyc hién phwong phép ndy 13 sir dung nhidu anten hay cic mang
anten dugc sép xép ciing nhau trong khong gian dé thyc hién viée phét hay thu. Céc
anten ndy dugc phén tich vé mit vét 1y bdi khoang cach phi hgp vi vy ma céc tin
hiéu khéng tuong quan véi nhau. Khoang phan cach nay thay ddi theo do cao cua
anten, tan s6 hoat dong va tinh chét ciia méi trudng truyén théng. Nhin chung, véi
khoang phan cach c& vai lin chidu dai bu6c song 13 di dé thu cac tin hiéu khong
tuong quan. Khong giéng nhu phan tap theo thoi gian va theo tin sd, kiéu phan tap
theo khong gian khong 1am giam hiéu sudt sir dung bing thong. Pic diém niy rét
hép din cho cac hé thong thong tin vo tuyén d6 cao trong tiwrong lai. Ty thude vao
vi tri ma nhidu anten dugc sir dung 13 & phia phat hay phia thu, k§ thuit phan tap
theo khong gian dugc chia thanh hai loai: phan tp phat (transmit diversity) va phan

tap thu (receive diversity).
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Phin tip cuc tinh (Polarizaion diversity) va phan tdp theo goc (angle
diversity) 1a hai vi du cda phén tip theo khong gian. Trong kiéu phan tap theo cuc
tinh, cAc tin hiéu phin cuc doc va phén cyc ngang dugce phat boi 2 anten cling duge
phan cyc khac nhau. Viéc phin cuc khac nhdm dam bao hai tin hidu dugc phat
khong twong quan véi nhau ma khéng cén ddi héi hai anten cach xa nhau. Kiéu
phén tap theo goc thuong duge sir dung trong céc hé théng c6 tAn s6 séng mang 16n
hon 10Ghz. Trong trudng hop nay, céc tin duge phat bi phan tan manh trong khong
gian nén cac tin hiéu thu duge tir cc hudng khac nhau s& dgc 14p véi nhau. Do do,
hai hay nhiéu anten dinh huéng (directional antennas) c6 thé dwoge sit dung & phia
thu dé cung cép céc ban sao khéng twong quan ctia tin hiéu phat,

Phan tép theo khéng gian ¢6 thé dugc st dung dé chéng lai anh hudng ciia
fading chon loc tin s va fading chon loc thoi gian. Tuy nhién, nhitng gidi han vé
vat 1y c6 thé han ché kha ning 4p dung chung. |
Trong cac hé théng théng tin thuc té, dé dép (g céc yéu cdu v& chét luogng, hai hay
nhiéu so dd phan tip thong thudng duge sit dung két hop véi nhau dé tao ra kiéu

phén tip da chiéu (multi-dimensional diversity).

SVTH: Nguyén Quang Hai 42




GVHD: ThS L& Ngoc Phic Cong tac chuyén tiép thong minh trong hé
thong thong tin di ddng

Chuwong 4: Hé thong cong tic chuyén
tiép thong minh trong hé thong thong
tin di dong (Cooperative

Communnication)

4.1 Gidi thiéu: |

Trong thé k¥ 21 nhitng mang khéng ddy da tré nén phé bién trén khip toan thé gisi.
Nhitng thiét bi di dong khac nhau nhwr 13 dién thoai di dong va laptop, chung duge
két ndi dén nhitng thiét bj khac trong hé théng mang khong day.

Su truyén phat vuot qua kénh khong diy thuong phéi bi anh hudng cia viée thang
giang ngiu nhién trong cdc mirc tin hiéu dugc biét nhur 13 fading. Mdt trong nhitng
k¥ thudt @é 1dm gidm anh hudng cia fading d6 14 xi 1y phén tép. Chang ta sir dyng
k¢ thuat phén tp d6 chinh ding bd phat s& gt nhidu hon 1 ban tin dwge phat ¢én
bd nhén, va b nhén ¢6 thé lya chon nhitng bit théng tin chuin x4c trong nhing ban
tin dugc giri d6. Nhung c6 1 viée v cing kho khan véi chiing ta d6 chinh Ja thiét bj
di dong do bdi nhimg kich thuét ctia nhimg thiét bi ddu cudi nhd va thém nhiéu
nhén t6 khéc nira 1lam cho viéc dp dung nhitng k¥ thuét phén tdp nay la vo cung kho
khin nhung ching ta d4 c¢6 1 cach mdi va cich ndy dugc thong qua sy nhén thue
phén tip d4 dugc gidi thiéu do6 chinh 1a sir dung phén tap cong tac chuyén tiép théng
minh.

Phan tap cong tac chuyén tiép thong minh cho phép nhiing tin higu don cla thiét bi
khong diy sé& duge chia s& dén nhimg anten cta thiét bi khong day khéc trong cing
mang va qud trinh chuyén phat dit liéu nhu vay ching ta co thé hidu so bd chung

nhu 13 méi trudng phan tap khéng gian va hé théng MIMO do.
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Su phén tap giao tiép cong tac chuyén tiép thong minh c6 thé tang do tin cy cia
ban tin thu duge trong mang khéng diy dé 1am giam hiéu (mg cua fading.

4.2 Nén tang ciia giao tiép cong tic chyén tiép thong minh:

Trong 1y thuyét thoéng tin giao tiép da diém ( multi-hop communications) trong hé
théng nay thi dd quay tr& lai véi mot khai niém d6 1a ché d kénh chuyén tiép. Ché
d6 kénh chuyén tiép bao gdm ngudn (Source), dich (destination) va chuyén tiép
(relay). Chung s€ dugc st dung d& dang dé van chuyén théng tin tir nguf’in dén dich.
Trong hé théng giao tiép két hop duge xdy dung dua trén kénh quang ba cia hé
théng khéng diy va nhitng kénh quang ba nay s& dugc st dung tai nhitng node ké
cAn ndm giita ngudn va dich dé chia s& truyén phét théng tin. V& nhitng node ké cén
ndy s& tao nén phin tip khong gian thong qua qua trinh x1 ly théng tin va phat lai
ban tin ciia ngudn do vay thi ban tin thu s& dat duge do tin cdy cao.

Thoéng qua nhiing ¥ twdng co ban trén ctia giao tiép cong tac két hop 1a ché d6 kénh
chuyén tip. giao tiép cbng tac chuyén tiép két hop 13 khac nhau théng qua nhiing
kénh chuyén tiép khac nhau. Trong hiu hét nhitng hé théng da diém, dich chi xt I
tin hiéu dén tir kénh chuyén tiép va myc dich ciia kénh chuyén tiép 13 gitp do kénh
chinh @ tang thém d6 tin ciy cho ban tin thu dugc so véi ban tin gbc duoge phat.
Trong giao tiép cong tac két hgin nhimg ngudn hé théng hoat dong nhu 13 nhing
ngudn thong tin nhu [a chuyén tiép va dich xir i hiu hét nhing tin higu tir ngudn va
dich. Do d6 nhitng cong viéc hién tai clia hé théng cong téc chuyén tiép thong minh
phai c6 nhitng diém nhAn manh khéc biét so v&i nhitng hé théng cii.

4.3 Hé thong cong tac chuyén tiép thong minh:

Trong mang khéng ddy cong tac chuyén tiép thong minh, ching ta cAn quan tAm t6i
mang khong day t& bao hodc la mang ad-hoc. G day cac diém thu phat s& lién lac
v&i nhau trong mang ad-hoc va cdc thué bao sé& thuc hién cudc goi cho nhau khi dé
chiing ta do ludng chét lwgng ciia nhitng ban tin thu dwgc tai dAu thu khi d6 chét
lwong ctia nhitng ban tin thu duge s€ duge ting (chung ta do ludng tai 16p vat 1}'/' bé&i
tée d6-15i bit; tde do-151 khéi, hodc cong sudt tiéu hao) théng qua cdng tac chuyén -

tiép théng minh. Trong hé théng cong tac chuyén tiép théng minh, mdi user duge
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gi4 str ring truyén dir liéu t6t cling nhu 13 user cdng tac khac. Su cong téc chuyén
tiép théng minh din dén sy quan tdm v& tbc dd ma va viéc phat cong sudt. Trong
trudmg hop cbng sudt phat, mét vin @ tranh cdi d6 chinh 1a cong suét phét cho mdi
user, chiing ta khong thé niao phat cong sudt v6i nhitng mirc tiy ¥ vi vdy ching ta
can phai tuén theo mét sy tinh todn nao d6 @& dam bao cong sudt phat tai mdi user
va kha ning s dung ngudn ciia cAc user.

Nhitng céu hoi twong ty duge dua ra do la tbc d cia hé théng. Trong giao
tiép cong tac chuyén tiép théng minh, mdi user phat nhitng bit riéng cia ching t6t
nhu 13 mot vai thong tin cho partner ciia chung, mét diéu c6 18 suy nghi d6 1 su suy
giam tbc d6 trong hé théng. Nhung khong phai thé ma tdc 4o kénh ciling s& dugc
tdng 1én.

Bén dudi 12 nhitng md hinh cho hé théng giao tiép cong tc chuyén tiép

thong minh.

~ Hinh 4.1: H¢ thong cOng tac chuyén tiép théng minh
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Hinh 4.2: Giao tiép cdng tdc chuyén tiép thong minh cho moi user va relay

4.4 Cac giao thire truyén trong h¢ thong céng tac chuyén tiéi) théng minh:

Trong nhitng giao thirc cdng thc sir dung tai tram chuyén tiép 1a Amplify and
Forward, Decode and Forward hodc 1a Coded Cooperation
4.4.1 Amplify and Forward:

Trong phuong phap nay mdi user nhan 1 phién ban nhiéu phat tin higu boi
partner cua n6. Nhung ngu y nhir sau, user khuéch dai va phét lai phién ban nhidu
ndy. Tram gbe két hop thong tin d&qc giri béi ngudn phat chinh va ngudn chuyén
tiép thong tin ctia ngudn phét chinh, va lam tai dich quyét dinh cudi ciing trén bit

dugc phat.
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Hinh 4.3: Phuong phap Amplify and Forward

Mic dit nhifu duoc khuéch dai béi két hop, tram gbe nhan dugc hai phién ban

* fading mot cach doc 18p va c6 thé lam nhfing quyét dinh tSt hon trén sy do tim clia
thong tin.
Y tudng cta giao thirc ndy la don gian. Tin hiéu nhén boi chuyén tiép bi suy giam
va cin duge khuéch dai trede khi nd duge gii mot l4n nita. Gia st nhitng ddc tinh
kénh ¢6 thé duoc wéc lugng mdt cich hoan hio, do khuéch dai cho sy khuéch dai c6
thé dugc tinh toan nhwr sau:
Céng suit ctia tin hiéu dén dugc cho nhu sau:

Elly [IFElhs LIEL] + Ellzgl'T= By € + 207,

Khi d¢6 S 1a ngudn va r 1a chuyén tiép. D¢ ghi dit liéu véi cong suat nhu 1a cia

ngudn thi tram chuyén tiép phai su dung hé s6 khuéch dai sau:

po [ E
hw (’:+20'S,,,

& Cong suft cla tin hiéu phat
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hi;: 46 suy gidm clia kénh i, j
o;, j: phuong sai

S: XJKk] k=1,2,3...n
R: Y, [k] k=1,2,3...n
D: Y4ik] k=1,2,3...n
4.4.2 Decode and Forward:
Phuong phap nay co 1& g__?m ké& nhét y kién ctia mdt kénh chuyén tiép truyén théng.
Trong phuong phap ndy mét tram chuyén tiép thir do tim bit cia ngudn phat chinh

va rdi truyén phat lai bit do tim phat dugc.

Hinh 44 Phuong phap Decode and %SfWard |
Qua4 trinh thue hién trong phuong phdp nay:

Decode and Forward

Hinh 4.5: Thyc thi qué trinh Decode and Forward
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Déu tién, tir ngudn truyén dix liéu mubn phét dén dich va tram chuyén tiép, tai tram
chuyén tiép cb géng giai ma ban tin va ma hoa lai. Vi vdy khéng khuéch dai tin hidu
nhiéu tin hidu duge truyén, didu ndy din dén sy khéc biét so véi AAF (Ampify and
Forward).

Tram chuyén tiép c6 thé giai ma ban tin gbc 1 céch hoan toan. Nhitng yéu cAu nay
tén nhidu thoi gian tinh toén, nhung ¢6 nhitng thuén loi 1én. Nhitng nhitng ban tin
ngudn 6 chira mé stra 13i sai, nhitng lﬁi bit nhin c6 1& s& lam chinh xéc tai tram
chuyén tiép. Hoiic néu & d6 khong cé nhitng mi dugce thyc thi 1 sy tdng kiém tra
cho phép tram chuyén tiép do tim néu tin tin hiéu nhan 6 chira 15i.

Nhung n6 khong thé luon lubn c6 thé giai ma ban tin ngudn mot céch ddy di. Su ré
thém vao 1a nguyén nhan giai ma 1 cach ddy d va qué trinh xir 1y ban tin khong
dugce chép nhan, tram chuyén tiép ¢6 18 khong d dung lugng tinh toan hofc 1a ban
tin ¢6 ngudn cb thé duge mi bao vé. Trong trudng hgp nay, tin hiéu dén duge giai
mé va ma hoa lai ky ty. Vi vdy xac sudt 16 ciing khong duoc thuc thi va cling
khong téng kiém tra 15i.

4.4.3 Coded Cooperation: .

| Niusefz bil!

Hinh 4.6: Giao thirc Coded Cooperation
Coded Coooeration 14 mét phuong phdp két hgp tich hop bén trong md hoa kénh.

Coded Cooperation lam viéc bang gt phan chia khac nhau cia tor mé mdi ngudn

uang Hai 49
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du

phét thong qua 2 dudng fading doc 1ap. Pé hiéu duge phuong phép ndy thye thi nhur

thé nao thi chung ta cdn tim hiéu qua trinh thy thi nhu sau :

@ Source node
o ; e
N, symbols | | _Destinationnode . '
o ] o
| |

;
E
A Iy symbols :
™ | {Combine
@ FEC enc. | P symbols ———»{ FEC des. |

4
|
o N, symbols |
____________ -
I @ Extract new | | [
i rectundlancy : {
1 Y @ N symbols bl @
N [ S e N l
; @| FEC 1 N, symbols
I
| ‘ (
! |
I 1
| I
S S ]

Partner node

Hinh 4.7 : Qua trinh xit i trong phuong phéap coded cooperation
Trong phuong phap coded cooperative 1 tir md duoc phat trong 2 phan, mbi phan s
dung nhitng dudng hodc kénh khic nhalj. Trong hinh 4.7 1a 1 chu trinh cia sy
truyén phét thong tin trong code cooperation. Nhitng budc chinh ciia chu trinh duge
d4nh sb trong hinh tron cta hinh 4.7. Chu trinh bit diu véi 1 khéi ctia nhitng Iy tw
théng tin Ny di vao bén trong qua trinh mé héa CRC (Cylic Redundancy Check) tai
ngudn phat (bude 1) két qué cua bude 1 duge cho vao bd ma héa mi FEC (Forward
Error Correcting) (budc 2) két qua tao ra 1a tir ma N1 ky tw nghia 1a véi toc dd
R;=N1/N;. Tir ma nay dugc phat dén dich va ciing dén tram chuyén tiép. Va tram
chuyén tiép nhén chudi tin hidu ndy va tram chuyén tiép s& gidi ma FRC va CRC,
néu qué trinh CRC hoan thanh t6t khéng c6 18i nao trong ban tin duge ma hoa
(budc 5) sau khi két thic budc thir 5 thi ta ¢6 duge Ny ky tu va dwgc mi héa CRC
va FEC mdt 14n nira tao ra duge N bit 16n hon N1 ¢6 nghia 13 tbc d6 méd hoa kénh

R=N/N; >R1.-Sau d6 thi tram chuyén tiép s& thém N2 ky tr.chdn I& vio trong chudi. .
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vira mi héa xong va phét tir mi nay dén dich va tai dich s& két hop tir ma nay véi tir
mi N1 va ciing thong qua 2 qué trinh FEC va CRC dé khéi phuc lai ban tin gbe.
Chiing ta ciing cdn chi y 1 trudng hop néu tai ngudn phéat ma héa kénh dat duge tbe
d6 R thi khong cdn phai thue hién nhitng bude xir Iy bén trén va phét tir ma véi N1
k¥ tu trong N ky tur. Bat chip ma hoa kénh duge thue thi phirc tap dén mirc nao, 1
tAm quan trong dé nhan ra d6 1a tir ma phat béi ngudn phu thudc vio md ma ma ndy
yéu hon mé st dung tai b6 nhdn. Khi d6 thi tai bd nhdn s& nhin du’qc N2 ky tu ti
tram chuyén tiép.
Mot chil ¥ quan trong nira 13 tram chuyén tiép va ngudn van hanh théng qua
nhimg kénh trie giao voi nhau vi vdy trong cling thoi gian thi ngudn phat tir mi, va
tram chuyén tiép ciing cling vin hanh v6i dir liéu cla tram chuyén tiép. Hon thé
niia, trong khi tram chuyén tiép cb géng gip ngudn bang viéc giri nhiing ky ty chin
18 N2, ngudn ciing phai gitp d& tram chuyén tiép nhitng diéu nhu vay. |
Sy van hanh coded cooperation dwgc miéu t4 xa hon véi viée gia sir thye
hién ma hoa thanh céng. Trong trudng hop khong thanh cong thi sao ? khi do6 tram
chuyén tiép khong thé phédt duge nhiing ky tu chiin 1& N2 cho ngudn thay viy thi n6
s& vAn hanh va phét nhiing ky tu chén 1& N2 tir chinh dit liéu cda tram chuyén tiép.
Nhung chinh vi didu nay, tir ma yéu hon duge phat boi ngudn phai 13 tir ma c6 gia
tri, tir ma nay phai duoc gidi mé khi tram chuyén tiép khéng giri ky tu chiin 1& N2.
Trong phuong phap nay thi ching ta ¢6 dugc 3 trudng hop cd thé xay ra :

v Ca tram chuyén tiép va tram chuyén tiép giai ma thanh céng trong mdi kénh
khéac nhau.

v’ Ca tram chuyén tiép va ngudn déu thét bai.

v’ Mdt trong tram chuyén tiép hoic 1a ngudn thét bai trong viéc giai ma thi khi
d6 ca tram chuyén tiép va ngudn déu giri thém chin 1& cho ca 2 va dugc két

hop tai dich.
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4.5 Nhirng phwong phap két hop tai dich:

4.5.1 Phwong phap két hop cin bing (ERC: Equal Ratio Combining):

Néu tinh toan thdi gian 13 quan diém co6 tdm quan trong trong hé théng ma ching ta

mong mubn va ching ta khdng quan tAm dén sy ude luong chit lugng cla kénh

truyén thi khi dé trong giao tiép cong tac chuyén tiép thong minh tai dich thi ching

ta chi cén tdng hop lai nhitng tin hiéu thu duge ti ngudn phét va tir tram chuyén

tiép. Vi véy day 1 cach t6t nhét d& két hop nhiing tin hiéu nay, nhung sy thyc thi

ndy s& khong 6t so véi nhitng phuong phép duge d& cap bén dudi

k
yalnl=Ly., ]
Chi v6i 1 tram chuyén tiép:
Yaln]=ysaln] + yraln]
O dy ysg duge chi dinh 13 tin hiéu nhan cla ngudi gi.
yr4: 1a tin hiu tir tram chuyén tiép.
4.5.2 Phwong phap két hop ti s6 ¢b dinh (FRC: Fixed Ratio Combining):
Mot sy thue thi t6t hon cé thé dat duge khi FRC duge st dung so véi phuong phép
ERC. Nhitng tin hiéu vdo tai dich thi ching ta s& gén 1 cip hé s6 ¢ dmh khong
thay dbi trong subt qua trinh xit 1y tai dich trong hé théng giao tiép cong tac chuyén
tiép théng minh. Ty sé nay dugc trinh bay chit lugng kénh trung binh va do dé
khong nén iy nhing sy tinh toan cia nhitng anh hudng tam thoi trén kénh do boi
fading va nhitng dnh hudng khéc dé dua vao thong sb thu tai dich. Nhung nhiing
anh hudng trén kénh véi nod thay dbi anh hudng ciia chét lugng kénh trung binh nhu
12 khodng céch gifta cac tram khac nhau nén dugce cén nhic. Su cdn nhic nay chinh
14 viéc thye hién phuong phap MRC (Maximum Ratio Combining) dugc miéu ta
trong phan dudi |

FRC dugce biéu dién nhu sau:

k.
Yd[n]'—: E d,-,dyf,d [n]

d; ¢: 12 trong s6 clia tin higu vao yi4

V6i chi mot kénh giao tiép thi:
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yaln]=ds s a[n]+ds s ayralnl dgq: la trong sb kénh tryc tiép
dsrat 12 trong sb kénh chuyén tiép

va chiing ta ¢6 thé ky hiéu phuong phap ndy nhu sau : FRC (a : b) trong dé a h¢ sb
cia kénh chinh va b 13 hé s ciia kénh chuyén tiép.
4.5.3 Phwong phap két hop ti s6 cue dai (MRC: Maximum Ratio Combining):
Trong phuong phép nay thi ching cin phai tinh todn duge chét lugng cla kénh
truyén viéc tinh todn ci}e“it lugng ciia kénh truyén khong phai 1a mot chuyén don gian
khi d6 ching ta cAn phai biét dugc théng tin chinh x4c ctia kénh truyén d6 khi do thi
tai dich thi ching ta khi sy dyng phirong phdp nay thi ching ta phai cin bang duoe
ti s6 nhiéu cia nhitng kénh truyén tai dich trong hé thong
Pay 1a phuong phép ¢6 sur thie thi ¢6 kha niing nhét bing nhan mdi tin hiéu vao véi
d6 1oi kénh két hop twong tmeg. Piéu nay gia str ring sy dich pha ctia kénh va su suy

hao phai dugce biét tai bo nhén:

k

Ya [n] = ?—‘1 hr’td [”]J’f,d ["]

Véi 1 kénh chuyén tiép thi:

valnl= Byl ln]+ 1y, 1]
Tém tit: Trong chuong nay 3 giao thirc di dugc miéu t& d6 1A Amplify and
Forward, Decode and Forward, va Coded Communication. Khi dich nhén nhiing
mau tin hiéu khac nhau tir nhfing di liéu gidng nhau, thi chiing can dugce két hop tai
dich. ERC chi cdng thém nhiing tin hiéu nhin khéac nhau trong khi d6 FRC dya trén
trong s6 cia tin hiéu voi mot ti s6 ¢d dinh. Khi chét lugng kénh duge udc lugng
mot cach hop li, nhitng phuong phép két hop tén nhidu cong sudt hon dé chinh 13
MRC duge str dung. |
4.6 Ung dung ciia h¢ thing giao tiép cong tac chuyén tiép thong minh:
Trong hé théng 4G: hé thdng 4G 13 hé théng “hoi tu” va “phirc tap”. Nén tang cia
" nhitng van d& ciing d3 dugc thao ludn tai dién dan cla Samsung 4G. Chung ta cin
. cht v dén nhitng khuynh huéng danh.cho.thué bao.nhu 13 thiét bi di d6ng .13 mot

ngudn thong tin nhu vay thiét bj di dong cling xir ly thong tin, chia s& hinh anh,
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video...vi vy cin hd trg nhimg thiét bi diu cudi phirc tap khi d6 né s& dan dén
nhitng hinh dang va kich thuét khac nhau va chang thi ching s& din dén nhitng
dung lugng giao tiép khac nhau va thém nhidu chirc ning khéc. Hon thé nita, k¥
thuét da anten cling duge thira nhdn [a mdt chia khoa céng nghé c6 kha ning cho
viéc ndng cao thyc thi mang trong 4G nhung néu ching ta 4p dung nhing diéu nay
din dén kich thuét cta thiét bj di dong 16n khi d6 thi ching ta cling 44 c6 giai phap
md&i cho k§ thudt nay d6 chinh 1a giao Fiép cong tac chuyén tiép thong minh trong hé
théng théng tin di dong.

Trong mang ad-hoc: vin dé ching ta cin tap trung trong phén nay 13 nhém trong
mang ad-hoc, va 1am thé nao dé phén tap két hop c6 thé dugc tich hop trong kién
triic cia mang ad-hoc. Phén chia thuét toan nhém I mang ad-hoc 16n bén trong vigc
cai dit nhom, va ching ta dinh nghia thanh cluster va clusterhead. Trong truong
hop ndy thi chiing ta phén cluster thanh cell va clusterhead thanh tram thu phat gbe.
Tuy nhién, trong mang cai dit ad-hoc thi cluster va clusterhead cin duge c6 nhitng
dit tinh khac nhau trong vin hanh mang, clusterhcad cé thong tin dé phat di, va
mang clusterhead phai duoc chia s& dit li¢u. nhu vay thi ¢6 rét nhiéu vin dé trong
thiét ké va ¢6 qué nhidu dia chi tai do. Bay giv thay vi quan tam vén d& nay thi
chiing ta chuyén sang mdt huéng ap dung khic cho mang ad-hoc d6 la tim céch 4p
dung giao tip cdng tac chuyén tiép thong minh trong mang ad-hoc. Pé két thic vin
ndy, chiing ta can nhéc dén 3 cluster nhu trong hinh sau: hinh 4.7a ching t6 nhu thé
nao s{r truyén phat tryc tiép c6 thé dat tbi wu théng tin giao tiép gitra nhimng thiét b
ddu cudi trong nhitng cluster khic nhau. 1 thiét bi dau cudi phat dén nhimg cluster
ctia chinh né, clusterhead dinh tuyén sy truyén dén dén nhitng nhung cluster dich,
va nhitng clusterhead dich phat dén nhimg thiét bj diu cudi dich. Trong hinh 4.7b
chimg t6 nhitng cluster phy nhitng sy truyén phat truc tiép c6 thé s& dugce bién dbi
trong su truyén phét théng tin trong giao tiép cong tac chuyén tiép théng minh khi
d6 thi tai cac clusterhead s& phét ban tin dén céc cluster va sau d6 thi ca clusterhead
va cluster s& truyén dén clusterhead trong cluster khdc qué trinh ndy. cir thuc hién

nhu vy cho dén thiét bi thu phat dich mong mudn va chiing ta s& dugc sy thuc thi
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t6t hon. Nhu vay, ching ta ¢6 thé dua dén 1 két ludn [ nhu vay thi chung ta nén
tang kich thuét cia cac cluster va nhu vy sb lugng cluster trong mang s& giém nhu
viy thi viéc nhay tuyén s& giam. Khi d6 thi ching ta c6 nhiéu kénh chuyén tiép tién

ning hon d8 khai théc thi ching ta s& c6 duge do tin cdy ciia ban tin hon.

N 1;.1\%'
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(b)
Hinh 4.8: ttng dung trong mang ad-hoc
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5.1 Su thye thi trong giao tiép cong tic chuyén tiép théng minh:
5.1.1 Sw sdp xép cn bing:
Trong phén nay, chiing ta gia st 3 tram dugc sfp xép cin bing tai 3 diém ciia 1 tam
giac déu . Diu nay c6 y nghia 1a tit ca cac kénh déu c6 suy hao nhu nhau do d6 ti
sb SNR trung binh la nhu nhau. ‘

% AAF (Amplify and Forward) khéng c6 ma héa kénh:

Dé 50 sénh nhitng thuan loi ciia nhitng phirong phép két hop khac nhau, i s6
tbi wu cln cho FRC cén duge danh gia trude tién. Hinh 5.2 chimng t6 nhitng hiéu
ing cha nhitng trong lwgng khac nhau. Nhur duge thdy, mot sy thué thi t8t hon dat
dugce sit dung FRC thay vi ERC. Piéu nay rd rang trong su sip xép can bang, & diy
tin hidu vugt qua nhidu didm phai san sinh vugt qua hai 14n khodng cach hon kénh
trure tiép. Két qua ctia sy md phong trong hinh 10 thé hién cach thuc thi tbt khi FRC
duogc sir dung ti s62.5:1.

Két qué hai long dAu tién 13 bit k¥ phuong phdp gi duoc sir dung, thi giao
thirc phén tdp AAF tbt hon so véi kénh triyc tiép. Chb di ti s6 két hop can bing
duge thé hién nhitng thudn loi. Nhung so sanh véi phuong phap FRC thi ERC thé
hién khong bing. Nguoc lai ching ta nén biét duge didu nay 13 phuong phip ERC
khong can bat ky thong tin nao ctia kénh, trong mot khia canh khéc thi phuong phép

FRC cin mdt vai théng tin clia kénh d& tinh toan trong lugng x4p xi.
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_______________________________

Bit Error Rate
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______________________________

______________________________
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Hinh 5.1: Sy thyc thi ERC va FRC trong phuong phap AAF khong c6 mé hoa kénh
Trong phuong phap AAF chiing ta cling so sanh dugc nhitng hé sb khuéch dai khac
nhau ciing cho ching ta nhiing két qua thyc thi khic nhau. Hé sb6 khuéch dai cang
t6t thi cang chimg to dugc su két hop cang tdt trong phuong phép AAF. Hinh 5.2

két qua mé phong dugc chimg to dwgce két qua nay.

Bit error probability curve for BPSK maodulation
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Hinh 5.2: Cac hé sb khuéch dai khac nhau v6i khéng c6 ma héa kénh

e |
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% DAF (Decode and Forward):

Trong 2 phuong phip ERC va FRC thi tai giao thirc két hop nay thi phuong phép
két hop FRC vin thyc thi véi chit lugng tét hon so v6i phuong phéap ERC hai hinh

bén dudi s& chirng minh dugc diéu nay.

Bit error probability curve for BPSK modulation

.............

Bit Error Rate

L] #  simulation
-} =6 DAF-ERC
| —4— DAF-FRC 151
|| —%—DAF-FRC 21
| =B direct

. —+—DAF-FRC 25:1
? |

0 5

10

Eb/No, dB

Hinh 5.3: Phuong phap két hop ERC va FRC trong DAF ¢6 mi héa kénh
Hinh 5.3 13 két qua thu dugc khi ching ta thuc hién phuong phap DAF c¢6 ding ma
ho6a kénh truyén thi ta thiy viéc thuc hién cho két qua t6t hon so véi viée khi ching

ta ding DAF ma khong ding mi héa kénh va didu ndy duoc thé hién trong hinh 5.4.

e |
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Bit error probability curve for BPSK modulation
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Hinh 5.4: Phuong phap DAF khong c¢6 ma héa kénh

5.1.2 Sw so sanh 2 phwong phap AAF va DAF:

Trong ca phuong phap déu c6 mat lgi ciia ching, két qua mé phéng cho thy ring
phuong phép DAF van t6t hon AAF va do déc cia duong BER van t6t hon khi
chiing ta str dung phuong phép DAF véi mi héa kénh truyén. Diéu ndy ching t6 khi
str dung DAF khi thyc hién mé héa kénh va giai ma kénh thi 1am cho x4c suét 18i
nhd di 1am cho viéc thuc thi DAF mang lai cho chiing ta tinh kha thi hon va d¢ tin
cdy cao nhung bi lai chiing ta ton mat nhidu thdi gian hon cho trong viéc gidi ma va
ma hoa kénh.

“
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e e e
Véi két qua duge md phong trong hinh 5.6 thi ta thiy ring khi sir dung ti s6 tin higu
trén nhidu cao khi d6 thi chét luong tin hiéu s& t6t din dén it 15i bit va khi sir dung
phuong phap AAF thi ta thiy su thi tbt hon so v6i ti s6 tin higu trén nhiéu thap cia
hinh 5.5.
% AAF va DAF khong c6 ma hoa kénh :

Khi khong c¢6 ma hoa kénh truyén thi phuong phap DAF c¢6 sy thyc thi khong t6t
bing phuong phap AAF va diéu ndy duge chi ra trong hinh bén duéi.

Bit error probability curve for BPSK modulation
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Hinh 5.7: So sanh 2 phuong phap DAF va AAF khi khong c6 ma héa kénh
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% AAF va DAF st dung ma héa kénh :

Bit error probability curve for BPSK modulation

............................................................

Bit Error Rate
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Hinh 5.8 : So sanh AAF va DAF st dung ma hoa kénh
5.2 Sy thay d6i khoang cich trong giao tiép két hop:
Nhing vin dé xa hon, 3 tram dugc dit & nhiing vi tri ¢é nhitng khoang cach nhu
nhau thi 3 kénh s& co ti s6 SNR trung binh 14 nhu nhau. Trong phin ndy chiing xét
dén sy anh hudng cua viée di chuyén tram chuyén tiép.
Nhitng vi tri cAn bing trong sy dich chuyén khoang c4ch ctia tram chuyén tiép:
Dé thiy dugc sy anh hudng ciia chidu dai trong kénh chuyén tiép ching ta s& thiy
anh hudng cta su thay ddi ndy trong cc phuong phép két hop trong hinh 5.9.

Bit error probability curve for BPSK modulation
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Cong tac chuyén tiép thong minh trong hé
thong thong tin di dong

Trong phén nay tir két qua moé phong chiing ta thiy dugc nhitng anh hudng cua thay

ddi khoang cach rd rang trong giao tiép két hop néu tram chuyén tiép qua xa hon so

véi ngudn thi viéc két hgp khé co thé tét hon kénh tryc tiép. Hinh 5.10 ciing thé

hién sy thye thi rét t6t cia phuwong phap MRC trong giao thirc két hop trong nhing

truomg hop thay d6i khoang cach.

Bit error probability curve for BPSK maodulation

____________________

______________

_________________________________

Bit Error Rate

____________________________________________________________

______________________________

_______________________________

___________________________________

[ R T P PP PP PP
.| —— DAF--ERC--distance 1:1.6:1 :
“| =& DAF--MRC--distance 1:1.6:1.6 e et it
* DAF--FRC(2:1)--distance 1:1.B:1.B8 |------7--------mmmmmmmmqa S mm oo oo -
—&— DAF--MRC--distance 1:1.6:1.6 H
-4
o 1 I |
1 u] 5 10 15 20 25
Eb/MNo, dB

Hinh 5.10: Phuong phiap MRC véi DAF khong diing mé hoa kénh

Trong trudng hop ti s6 SNR thip tir ngudn dén tram chuyén tiép khi ding phuong
phap DAF c6 ma hoa kénh va AAF khong sir dung ma hoa kénh ta nhén thdy ring

khi dung DAF thi tai tram chuyén tiép c6 géng giai mi nhung lai mang dén 15 16n

clia ban tin thu ngay tai tram chuyén tiép nhung nguoc lai thi AAF chi can khuéch

dai tin hidu 1én. Va tai dich chung ta ding phuong phap MRC dé két hop 2 tin hi¢

lai v6i nhau thi ta nhan thy phuong phép AAF thyc thi tot hon so véi phuong phap

DAF.
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Cong tac chuyén tiép thong minh trong h¢
thong thong tin di dong

Bit error probability curve for BPSK modulation
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Hinh 5.12 : Dung FRC d4nh gié sy thay d6i khoang c4ch
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Chiing ta xét thém trudng hop khi sir dung phuong phap FRC nhung vé6i kénh
truyén tir ngudn dén tram chuyén tiép 1a x4u (SNR=15dB) va sau d6 chﬂng ta do tai
tram chuyén tiép chiing ta ¢6 géng giai ma va khuéch dai nhung ta nhan xét thiy 1a
khi cang ting hé s6 khuéch dai cang cao thi 1am cho tin hi¢u két hop so v6i phuong

phép DAF thi c6 sy thuc thi khong bing va né dugc chi ra bén trong hinh 5.12.
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Chuong 6: Tong két va hwéng nghién

ciru xa hon

6.1 Tong két:

Trong dd 4n nay dd thé hién dugce nhitng thuan lgi cia truyén phét khong day sir
dung phén tip két hop dé ting tinh thye thi trong mang giao tiép khong day, gitip
cai thién xdc sudt 13i cho kénh truyén vé tuyén. Dir lidu dugc gii thiét bi di dong
dén tram gbc thong qua kénh két hop cho két qua tdt hon nhitng giao thirc phén tip
khéc.

Khi khong ¢6 ma héa kénh truyén thi giao thirc AAF thé hién sy thyc thi tét hon
phuong phap DAF & trong moi phuong thirc két hop khi céc kénh truyén cé ti sb
SNR nhu nhau. Nhung khi ching st dung phuong phap ma héa kénh tuyén tai
trong DAF thi DAF s& thye thi t6t hon so v6i phuong phap AAF. Hon thé nita, khi
kénh truyén tir ngudn dén tram chuyén tiép véi chit lugng kénh x4u thi viée thuc thi
phuong phép AAF cho két qua khong tt bing phuong phap DAF. Nhung né ciing
¢6 uu va khuyét didm khi ching ta thuc hién mi hoéa kénh truyén va gidi ma kénh |
thi tai tram chuyén tiép s& tbn nhidu ning lugng hon va dd tr& kénh truyén l6n hon.
Sy lya chon phuong thitc két hop ¢6 nhitng dnh huéng 1on dén toe do 15i tai bd
nhan, Khi sit dung phuong phap AAF tai tram chuyén tiép thi d& dang thyc hién
phuong phép két hop ERC (Equal Ration Combining) thé hi¢n nhitng loi ich hon so

v6i kénh truyén truc tiép. Néu FRC (Fixed Ratio Combining) dwoc sir dung thi
phuong phap nay cin biét dugc thong tin trung binh v& chit lugng kénh, va thé hién
mét sy thue thi t6t hon ERC. Str dung phuong phap MRC thi cln phai tinh todn

nhiu hon d& ¢6 duge nhiing thong sb tdi uru nhat.
Vi tri clia tram chuyén tiép ciing mang lai cho chiing ta nhiéu nhin xét, khi tram
chuyén tiép thue thi nhiém vy tét nhit tai vi tri khoang cach déu nhau va tram

- chuyén tiép-di chuyén gin vé vi trf clia ngudn ¢6 nghia 13 vi tri ctia né gin ngudn -

hon so véi dich.
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Vi viy tuy theo trudmg hop thi chiing ta 4p dyng tirng phuong phap cu thé dé mang
lai két qua tét nhit sy giao tiép cong tac chuyén tiép théng minh.

6.2 Hwéng nghién ciru xa hon:

Néng cao giao thirc phan tip véi mot vai phan hdi trong két hop véi ma héa stra 15i
sai. Diém dich cb ging gidi ma dit liéu nhén tai tram dang ghi va giri mot ban tin
ngin téi tram chuyén tiép va tram ngudn dé cho chiing biét néu su truyén phét thanh
cdng. Diéu nay khéng phai 13 trudng hop trong ldc tram chuyén tiép giri dit liéu nhur
binh thuong. Nhung ngugce lai thi né khdng lang phi bing thong néu gui thdng tin
14n nita thay vi giri ban tin ké tiép.

Mot hudng nghién ctru khéc d6 14 sir dung nhiéu hon mét tram chuyén tiép. thuc
'Vé,iy'hé"'.théng s& thé hién nhitng mtrc cao hon ciia phin tip va ¢6 1& s& rit ¢6 tiém
nang.

Lam cach nao dé gan dugc partner va quan li chiing nhu thé nao trong mang da
ngudi sir dung, hay lam cach nao dé xac dinh dugc nhitng thué bao nao duge sir
dung dé két hop.

Hon nita 1a ching ta ciing cin phai nghién ctru vé huéng phét trién trong viée didu
khién céng sudt phat dé can bing cong suat phat.

Hudng md fc_“mg nita d6 1a sy phdt trién cta nhitng chudn thiét ké riéng biét cho
nhitng ma v&i nhimg ma ndy t6i wu sy thyc thi clia giao tiép cong tic chuyén tiép
thong minh.

Cubi cing 13 hudng phét trién vé béd hidu trong giao tiép cbng tic chuyén ti.é'p

théng minh.
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R R

> Kénh trye tiép:
function nErr=direct(n,ip,Eb_NO_dB);
s = 2*ip-1;
y =s+ 10°"(-Eb_NO_dB/20)*n; % additive white gaussian noise
% receiver - hard decision decoding
ipHat = real(y)>0;
ipHatr=[1]*ipHat;
Ycounting the errors
nErr= size(find([ip- ipHat]),2);
> Khuéch Pai:
function nErrd=AAF(n,N,ip,Eb N0 dB _r,b,g.j)
s =2%ip-1;
Eb _NO_dB = [0:40];
for ii = 1:length(Eb NO_ dB)
% Noise addition
y =5+ 10°-Eb_NO_dB(ii)/20)*n; % additive white gaussian noise
% receiver - hard decision decoding
ipHat = real(y)>0;
ipHatr=[ 1]*ipHat;
end
%6%%%%%%% %% %% %% %% %% % %% %%
%%%%%kenh relay%%%%%%%%
%%%% %% %% %% %% %% % %% %%%% %%
m = 10/sqrt(2)*[randn(1,N)];
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amp=b*y;
% Noise addition
ydr =amp+10°-Eb_NO dB_r/20)*m; % additive white gaussian noise
yd=g*ydr+j*y;
% receiver - hard decision decoding
ipHatd = real(yd)>0;
% counting the errors
nErrd = size(find([ip- ipHatd}),2);
> Chuong trinh goi ham khuéch dai AAF:
rand('state',100); % initializing the rand() function
randn('state',200); % initializing the randn() function
ip = rand(1,N)>0.5; % generating 0,1 with equal probability
n = 10/sqrt(2)*[randn(1,N)];
Eb NO dB =[0:40];
for ii = I:length(Eb_NO dB)
o(ii)=direct(n,ip,Eb_NO_dB(ii));
end
simBer=c¢/N;
semilogy(Eb NO dB,simBer,'r--");
hold on
Eb NO_dB_r=[0:40];
for i=1:length(Eb NO dB 1)
a(iy=AAF(n,N,ip,Eb_NO dB r(i),b,g.j);
end |
simBerd=a/N;
semilogy(Eb_NO_dB_r,simBerd,'m--")
%hold on
- axis([025-10"4 0.5])
%axis([0 25 1074 0.5])
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grid on
legend('direct','coop AAF")
xlabel("Eb/No, dB")
ylabel('Bit Error Rate')
hold on ,
> Ham DAF (Decode and Forward) khong ¢6 ma hoa kénh:
' function nErrdd=DAF(ip,n,N,Eb_NO0_dB_d,u,0)
s = 2*ip-1; % BPSK modulation 6 -> -1; 1 -> 1
Eb NO dB = [0:40]; % multiple Eb/NO values
for ii = 1:length(Eb_NO_dB)
% Noise addition
y DAF = s+ 10°(-Eb_NO_dB(ii)/20)*n; % additive white gaussian noise
% receiver - hard decision decoding
ipHat DAF = real(y_DAF)>0;
ipHatr DAF=[1]*ipHat DAF;
end
m= 10/sqrt(2)*[randn(1,N)];
dec=2*ipHatr DAF-1;
ydr DAF =dec+10~(-Eb_NO_dB_d/20)*m; % additive white gaussian noise
yd DAF=u*ydr DAF+o*y_ DAF;
ipHatd DAF = real(yd_DAF)>0;
nErrdd = size(find([ip- ipHatd DAF]),2);
» Ham goi phwong phép DAF khéng c6 mi héa kénh:
rand('state',100); % initializing the rand() function
randn('state’,200); % initializing the randn() function
ip = rand(1,N)>0.5; % generating 0,1 with equal probability
n = 10/sqrt(2)*[randn(1,N)];
_.Eb._ NO_dB = [0:40];
for ii = 1:length(Eb_NO_dB)
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c(ii)=direct(n,ip,Eb_NO dB(ii));
end
simBer=c/N;
semilogy(Eb_NO_dB,simBer,'r--');
hold on
Eb NO _dB_d=[0:40};
for iii=1:length(Eb_NO_dB_d)
q(ii)=DAF(ip,n,N,Eb_NO_dB_d(iii),u,0);
end
simBerdd=q/N;
semilogy(Eb_NO dB_d,simBerdd,'b--")
hold on
axis([0 25 10"-4 0.5]);
grid on
legend('direct','Coop DAF')
xlabel('"Eb/No,dB")
yiabei(’Bit Error Rate')
hold on
» Ham AAF c6 mi héa kénh
function nErrd=AAF1(amp,Eb NO dB AAF,m,u,0,y,trellis,tx1)
ydr =amp+10~(-Eb_NO_dB_AAF/20)*m; % additive white gaussian noise
yd=u*ydr+o*y;
% receiver - hard decision decoding
ipHatd = real(yd)>0;
ipHatdr={1]*ipHatd;
opmode="trunc';%che do van hanh
dectype='hard’;
thlen=12;
- rr=vitdec(ipHatdr,trellis,tblen,opmode,dectype);
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% counting the errors
nErrd = size(find([tx1- rr]),2);
» Ham goi AAF c6 ma héa kénh
rand('state’,100); % initializing the rand() function
randn('state’,200); % initializing the randn() function
% Transmitter
tx=randint(N,1);
xI=tx";
Y%ip = rand(1,N)>0.5;
conlen=4;
codegen—={15 75 2];
%trellis=poly2trellis([3 31,[4 5 7;7 4 2]);
trellis=poly2trellis(conlen,codegen);
x=convenc(tx,trellis)';%ma hoa chuoi bit thanh cong
M=4*N;
%ip = rand(1,N)>0.5; % generating 0,1 with equal probability
s =2%x-1; % BPSK modulation 0 -> -1; 1 -> 1
n = 10/sqrt(2)*[randn(1,M)]; % white gaussian noise, 0dB variance
Eb NO_dB = [0:40]; % multiple Eb/NO values
for ii = 1:length(Eb_NO_dB)
% Noise addition
y =s+ 10°-Eb_NO_dB(ii)/20)*n; % additive white gaussian noise
% receiver - hard decision decoding
ipHat = real(y)>0;
ipHatr=| 1]*ipHat
opmode='trunc';%che do van hanh
dectype="hard';
~tblen=12; o
r=vitdec(ipHatr,trellis,tblen,opmode,dectype);
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%[nErrors, BER(n)[=biterr(tx(2:end),r(2:end));
%counting the errors
YonErr(ii) = size(find([tx1- r]),2);
end
Eb NO dB 2 =[0:40]; % multiple Eb/NO values
for ii = 1:length(Eb NO_dB_2)
% Noise addition "
y 2=s+10"(-Eb_NO_dB_2(ii)/20)*n; % additive white gaussian noise
% receiver - hard decision decoding '
ipHat_2 =real(y 2)>0;
ipHatr 2=[1]*ipHat 2;
opmode='trunc';%che do van hanh
dectype="hard';
tblen=12;
r_2=vitdec(ipHatr 2,trellis,tblen,opmode,dectype);
r2=r 2';
%[nErrors, BER(n)]=biterr(tx(2:end),r(2:end));
%counting the errors
nErr(ii) = size(find([tx1- r_2]),2);
end
m = 10/sqrt(2)* [randn(1,M)];
Eb N0 dB AAF =[0:40];
- %s1=2%r-1; % multiple Eb/NO values
amp=b*y 2;
for iii = 1:length(Eb_NO_dB_AAF)
b(iii)=AAF1(amp,Eb N0 dB_AAF(iii),m,u,0,y,trellis,tx1);

%figure(2)
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simBerd = b/N; % simulated ber
semilogy(Eb_NO_dB_AAF, simBerd,'r*'");
hold on
axis([0 25 10”4 0.5])
grid on
legend('direct','simulation');
xlabel('Eb/No, dB');
ylabel('Bit Error Rate');
title('Bit error probability curve for BPSK modulation');
hold on
» Ham DAF ¢6 ma hoa kénh
function nErrdd=DAF1(s1,Eb NO dB_d,m,u,o0,y,trellis,tx1)
% Noise addition
ydr =s1+10"(-Eb_NO_dB_d/20)*m; % additive white gaussian noise
yd=u*ydr+o*y;
% receiver - hard decision decoding
ipHatd = real(yd)>0;
ipHatdr=[1]*ipHatd;
opmode="trunc';%che do van hanh
dectype="hard';
thlen=12;
rr=vitdec(ipHatdr,trellis,tblen,opmode,dectype);
% counting the errors
nErrdd= size(find([tx1- 1r]),2);
» Ham goi DAF ¢6 mi héa kénh:
rand('state',100); % initializing the rand() function
randn('state',200}); % initializing the randn() function
%ip = rand(1,N)>0.5; % generating 0,1 with equal probability
%n = 10/sqrt(2)*[randn(1,N)];
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% Transmitter
tx=randint(N,1);
tx1=tx";
conlen=4;
codegen=[157 52 0];
trellis=poly2trellis(conlen,codegen);
xmconvenc(tx,trellis)';%ma hoa chuoi bit thanh cong
M=5*N;
s = 2*x-1; % BPSK modulation 0 -> -1; 1 > 1
m = 10/sqrt(2)*[randn(1,M)]; % white gaussian noise, 0dB variance
Eb NO dB = [-10:40]; % multiple Eb/NO values
for ii = I:length(Eb_NO_dB)
% Noise addition
y =35+ 10"(-Eb_NO_dB(ii)/20)*m; % additive white gaussian noise
% receiver - hard decision decoding
ipHat = real(y)>0;

ipHatr=[1]*ipHat,

opmode="trunc';%che do van hanh

dectype="hard';

thlen=12;

r=vitdec(ipHatr,trellis,tblen,opmode,dectype);

rl=r';

%[nErrors, BER(n)=biterr(tx(2:end),r(2:end));

%counting the errors

nErr(ii) = size(find([tx1- r]},2);

end
simBer=nErt/N;
- m = 10/sqrt(2)*[randn(1,M)]; .

%Eb NO dB_AAT = [-10:40];
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%s1= (2*r-1)'; % multiple Eb/NO values
Y%amp=2*y; '
conlen=4;

codegen=[157520];
Yotrellis=poly2trellis([3 3],14 5 7;7 4 2]);
trellis=poly2trellis(conlen,codegen);
xlmconvenc(rl,treHis)’;%_ma hoa chuoi bit thanh cong
s1=2%x1-1;
Eb NO_dB_d=[-10:40];
for iii=1:length(Eb_NO_dB_d)
q(iii)=DAF1(s1,Eb_NO_dB_d(iii),m,u,0,y,trellis,tx1);
end
simBerdd=g/N;
semilogy(Eb_NO dB_d,simBerdd,'b--")
hold on
axis({-5 25 1074 0.5]);
grid on
legend('Coop DAF")
xlabel('Eb/No,dB')
ylabel('Bit Error Rate’)
hold on
» GUI chwong trinh mé phéng
function varargout = mophong(varargin)
% MOPHONG M-file for mophong.fig
%  MOPHONG, by itself, creates a new MOPHONG or raises the existing
%  singleton*. |
% _
9% H=MOPHONG returns the handle to a new MOPHONG or the handle to

%  the existing singleton™.
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%
%  MOPHONG{'CALLBACK"hObject,eventData,handles,...) calls the local
% function named CALLBACK in MOPHONG.M with the given input
arguments,
%
%  MOPHONG(Property','Value',...) creates a new MOPHONG or raises the
%  existing singleton*. Starting from the left, property value pairs are
%  applied to the GUI before mophong_OpeningFunction gets called. An
%  unrecognized property name or invalid value makes property application
% stop. All inputs are passed to mophong_OpeningFcn via varargin.
-0
% *See GUI Options on GUIDE's Tools menu. Choose "GUI allows only
one
% instance to run (singleton)".
%
% See also: GUIDE, GUIDATA, GUIHANDLES
% Copyright 2002-2003 The MathWorks, Inc.
%‘Edit the above text to modify the response to help mophong
% Last Modified by GUIDE v2.5 18-Jun-2009 01:06:13
% Begin initialization code - DO NOT EDIT
gui_Singleton = 1; |
gui_State = struct('gui_Name',  mfilename, ...
'eui_Singleton', gui_Singleton, ...
'gui_OpeningFen', @mophong_OpeningFen, ...
'‘eui_ OutputFen', @mophong_Outputlen, ...
'eui_LayoutFen', [], ..
'gui_Callback', []);
_if nargin && ischar(varargin{1})

gui_State.gui_Callback = str2func(varargin{1});
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end
if nargout

[varargout{1l:nargout}] = gui_mainfen{gui_State, varargin{:});
else

gui mainfen(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT
% --- Executes just before mophong is made visible.
function mophong_OpeningFcen(hObject, eventdata, handles, varargin)
% This function has no output args, see OutputFcn.
% hObject- handle to figure
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
% varargin command line arguments to mophong (see VARARGIN)
% Choose default command line output for mophong
handles.output = hObject;
% Update handles structure
guidata(hObject, handles);
% UIWAIT makes mophong wait for user response (see UIRESUME)
% uiwait(handles.figurel);
% --- Outputs from this function are returned to the command line.
function varargout = mophong_OutputFcn(hObject, eventdata, handles)
% varargout cell array for returning output args (see VARARGOUT);
% hObject handle to figure
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
% Get default command line output from handles structure
varargout{1} =handles.output; -~ e

% --- Executes on button press in pushbuttonl.
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function pushbuttonl Callback(hObject, eventdata, handles)
% hObject handle to pushbuttonl (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
DAFlgui
» GUI goi chwong trinh chinh hoat dong:
function varargout = DAF 1gui(varargin)
% DAF1GUI M-file for DAF1gui.fig
%  DAF1GUI, by itself, creates a new DAF1GUI or raises the existing
%  singleton*.
%
%  H=DAFIGUI returns the handle to a new DAF1GUI or the handle to

% the existing singleton*.

%

%  DAF1GUI('CALLBACK!'hObject,eventData,handles,...) calls the local

% function named CALLBACK in DAFIGULM with the given input
arguments.

%

%  DAF1GUI(Property','Value',...) creates a new DAF1GUI or raises the
%  existing singleton*. Starting from the left, property value pairs are
%  applied to the GUI before DAF1gui_OpeningFunction gets called. An
%  unrecognized property name or invalid value makes property application
%  stop. All inputs arc passed to DAF1gui_OpeningFen via varargin.
%
% *See GUI Options on GUIDE's Tools menu. Choose "GUI allows only
one
%  instance to run (singleton)".
%
% See also: GUIDE, GUIDATA, GUIHANDLES
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% Copyright 2002-2003 The MathWorks, Inc.
% Edit the above text to modify the response to help DAF1gui
% Last Modified by GUIDE v2.5 21-Jun-2009 21:15:12
% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;
gui State = struct('gui Name',  mfilename, ...
'gui_Singleton', gui_Singleton, ...
'gui_OpeningFen', @DAFIgui OpeningFen, ...
'‘gui_ OutputFen', @DAF1gui_OutputFen, ...
'gui_LayoutFen', [], ...
'gui_Callback', []);
if nargin && ischar(varargin{1})
gui_State.gui_Callback = str2func(varargin{1});
end
if nargout
[varargout{l:nargout}] = guimmainfcn(gui_State, varargin{:});"
else
gui_mainfen(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT
% --- Executes j'ust before DAF1gui is made visible.
function DAF1gui_OpeningFen(hObject, eventdata, handles, varargin)
% This function has no output args, see OutputFen.
% hObject handle to figure
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
% varargin command line arguments to DAF1gui (see VARARGIN)
% Choose default command line output for DAFigui -~ oo
handles.output = hObject;
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% Update handles structure
guidata(hObject, handles);
% UIWAIT makes DAF1gui wait for user response (see UIRESUME)
% uiwait(handles.figurel);
% --- Outputs from this function are returned to the command line.
function varargout = DAF1gui_OutputFen(hObject, eventdata, handles)
% varargout cell array for returning output args (see VARARGOUT);
% hObject handle to figure
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
% Get default command line output from handles structure
varargout{ 1} = handles.output;
function editl _Callback(hObject, eventdata, handles)
% hObject handle to editl (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
% Hints: get(hObject,'String") returns contents of editl as text
% str2double(get(hObject,'String")) returns contents of ediﬁ as a double
u = str2double(get(hObject, 'String'));
if isnan(u)
errordlg('parametter must be a positive number','Error');

handles.metricdata.edit] =-1;

else
if (u<=0)
errordlg('parametter must be a positive number','Error’);
handles.metricdata.editl =-1;
else

- % Save the new density value

handles.metricdata.edit] = u;
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end
end
guidata(hObject,handles)
% --- Executes during object creation, after setting all properties.
function editl CreateFen(hObject, eventdata, handles)
% hObject handle to editl (see GCBO)
% eventcf@ata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns called
% Hint: edit controls usually have a white background on Windows.
%  See ISPC and COMPUTER.
if ispe
set(hObject,'BackgroundColor’,'white');
else
set(hObject, BackgroundColor',get(0,'defaultUicontrolBackgroundColor'));
end
function edit2 Callback(hObject, eventdata, handles)
% hObject handle to edit2 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
% Hints: get(hObject,'String") returns contents of edit2 as text
% str2double(get(hObject,'String")) returns contents of edit2 as a double
o = str2double(get(hObject, 'String));
if isnan(o)
errordlg(‘parametter must be a positive numbef‘,‘Error') ;
handles.metricdata.editl = -1;
else
if (0<=0)
- errordlg(‘'parametter must-be a positive number','Error’); - -

handles.metricdata.edit2 = -1;
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else
% Save the new density value
handles.metricdata.edit2 = o;

end
end
guidata(hObject,handles)
% --- Executes during olgject creation, after setting all properties.
function edit2  CreateFcn(hObject, eventdata, handles)
% hObject handle to edit2 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns called
% Hint: edit controls usually have a white background on Windows.
%  See ISPC and COMPUTER.
if ispc

set(hObject,' BackgroundColor','white');
else

set(hObj éct,'BackgroundColor',get(O,‘defaultUicontrolBackgroundColor'));
end
% --- Executes on button press in pushbuttonl.
function pushbuttonl Callback(hObject, eventdata, handles) -
% hObject  handle to pushbutton] (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
o=handles.metricdata.edit2; |
u=handles.metricdata.editl;
N=handles.metricdata.edit3;
figure(1)

PP_DAF BT _ N o _

function edit3_Callback(hObject, eventdata, handles)
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% hObject handle to edit3 (see GCBO)

% eventdata reserved - to be defined in a fiture version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of edit3 as text

% str2double(get(hObject,'String')) returns contents of edit3 as a double
N = str2double(get(hObject, 'String'));
if isnan(N) ‘

errordlg('parametter must be a positive number','Error');

handles.metricdata.edit3 = -1;

else
if (N<=0)
errordlg(‘parametter must be a positive number','Error");
handles.metricdata.edit3 = -1;
else
% Save the new density value
handles.metricdata.edit3 = N;
end |
end

guidata(hObject,handles)
% --- Executes during object creation, after setting all properties.
function edit7_Callback(hObject, eventdata, handles)
% hObject handle to edit7 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
% Hints: get(hObject,'String') returns contents of edit7 as text
% str2double(get(hObject,'String")) returns contents of edit7 as a double
b = str2double(get(hObject, 'String"));
-if isnan(b) -

errordlg(‘parametter must be a positive number', Error');
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handles.metricdata.edit7 = -1;

else
if (b<=0)
errordlg(‘parametter must be a positive number','Error’);
handles.metricdata.edit7 = -1;
else
% Save the new density value
handles.metricdata.edit7 = b;
end
end

‘guidata(hObject,handles)

% --- Executes during object creation, after setting all properties.
function edit7 CreateFcen(hObject, eventdata, handles)

% hObject handle to edit7 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%  See ISPC and COMPUTER.
if ispc
set(hObject, BackgroundColor','white'):
else
set(hObject,' BackgroundColor',get(0,'defaultUicontrolBackgroundColor'));
end
function edit5_Callback(hObject, eventdata, handles)
% hObject handle to edit5 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles - - structure with handles and user data (see GUIDATA)
% Hints: get(hObject,'String") returns contents of edit5 as text
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% str2double(get(hObject,'String")) returns contents of edit5 as a double
g = str2double(get(hObject, 'String'));
if isnan(g)

errordlg('parametter must be a positive number','Error');

handles.metricdata.edit = -1;

else
if (g<=0)
errordlg('parametter must be a positive number','Error');
handles.metricdata.edit5 = -1;
else
% Save the new density value
handles.metricdata.edit5 = g;
end
end

guidata(hObject,handles)

% --- Executes during object creation, after setting all properties.

function edit5 CreateFen(hObject, eventdata, handles)

% hObject handle to edit5 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFens called

% Hint: edit controls usually have a white background on Windows.

%  See ISPC and COMPUTER.

if ispc
set(hObject,'BackgroundColor','white');

else
set(hObject,'BackgroundColor',get(0,'defaultUicontrolBackgroundColor"));

end |

- function edit6_Callback(hObject, eventdata, handles) . .. ..
% hObject handle to edit6 (see GCBO)
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% eventdata reserved to bc deﬁned ina future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
% Hints: get(hObject,'String’) returns contents of edit6 as text
% str2double(get(hObject,'String")) returns contents of edit6 as a double
j = str2double(get(hObject, 'String'));
if isnan(j)
errordlg('parametter must be a positive number','Error’);

handles.metricdata.edit6 = -1;

else
it (j<=0)
errordlg('parametter must be a positive number','Error');
handles.metricdata.edit6 = -1;
else
% Save the new density value
handles.metricdata.edit6 = j;
end
end

guidata(hObject,handles)
function edit10_CreateFen(hObject, eventdata, handles)
% hObject handle to edit10 (see GCBO)
% cventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFens called
% Hint: edit controls usually have a white background on Windows.
%  See ISPC and COMPUTER.
if ispe

set(hObject,'BackgroundColor',' white');
else | |

-set(hObject, BackgroundColor',get(0,'defaultUicontrolBackgroundColor));

end
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% --- Executes on button press in pushbuttons5.

function pushbutton5_Callback(hObject, eventdata, handles)

% hObject handle to pushbutton5 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
N=handi¢s.metricdata.edit3;

b=handles.metricdata.edit7;

u=handles.metricdata.editl;

o=handles.metricdata.edit2;

%bﬁhandles.met_ricdata.edit7;

%g=handles.metricdata.edit5;

%j=handles.metricdata.edit6;

figure(1);
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