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nghién ctitu vé vo tuyén cé ¥ thiic. Su can than, nhan nai va chi tiét trong huéng
dan ctia thay chinh 13 dong luc thic day toi thém dam mé nghién citu va cé
duge két qua nhu ngay hom nay. Cam on thay da luon tan tam véi hoc tro cho
dén tan giay phut cudi cung.

Ngudi thay thit hai toi mudn giii 16i cdm on 13 PGS.TS. Nguyén Qudc Tuan.
Thay da cho to6i nhitng dinh huéng mang tinh thai sy trong linh vic ma minh
dang theo dudi. Thay ciing 1a ngudi da luon tan tinh gitp dé toi, tao didu kien
t6t nhat cho toi dé duge hoc tap, lam viéc va nghién citu tai Bo mon Hé théng
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khic dang nhé khi lam viéc cuing hai em.

Toi cling xin chan thanh cdm on sau sic dén cac thay co va cac anh chi em
dong nghiép trong Khoa Dién tit -Vién thong da luon chia sé, dong vien va gitp
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Loi cAm on cudi cling, toi xin gt dén gia dinh, nguoi than luon thong cam,
va khich 1é toi trong nhitng giai doan khé khan nhat. Dic biét toi mudn gii 16
cam on dén bo me ciia toi da luon 6 bén canh, cham séc gia dinh nhé clia toi
dé toi dugce yen tam hoan thanh luan an ctia minh.

Luan an 13 mén qua ma toi mudn danh tang rieng cho chong va con toi!

Ha Noi, ngay ...thang ...nam 2016
Dinh Thi Thai Mai
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MG DAU

Dat van de

Téng quan vé nghién ctu mang ciam nhan phd vo tuyén nhan
thiic trén thé gisi

Su phat trién manh mé trong truyén thong vo tuyén da tao ra mot nhu
cau to lén déi véi viee st dung cac dich vu vo tuyén méi & cd pho bang tan
duge cap phép va khong duge cap phép [33]. Tuy nhién, nhiing nghién cttu gan
day cho thay chinh sach gan phd c6 dinh da dan dén hién tugng viéc tan dung
ngudn pho kém hiéu qua. Nham gidi quyét van dé nay, vo tuyén nhan thic (CR
- Cognitive Radio) [40, 65] da ndi lén va trd thanh mot cong nghé hita hen cho
phép truy cap vao cac dai tan trong, dude goi 1a khong gian trang hay cac hd
pho, va do dé lam tang hiéu suat st dung pho. Nhiém vu chinh ctia mdi nguoi
dung CR trong mang CR d6 14 phat hién ra cac ngudi dung duge cap phép, hay
con goi la ngudi dung so cap (PU - Primary User), ¢6 ton tai hay khong va xac
dinh pho tan tréng néu cac PU nay ving mat. Diéu nay c6 thé duge thyc hien
bang cach cAm nhan moi truong vo tuyén RF (Radio Frequency), qué trinh nay
dugc goi 1 cAm nhan phd [32, 39, 71]. Muc tiéu ctia cdm nhan phd gom hai
phan: thi nhat, ngusi dung CR khong dugc gay ra nhiéu xau déi véi cac PU
bing cach hoic chuyén dén mot bang tan sdn cé khac hodc giéi han nhiéu cia
minh déi véi cic PU 6 mitc do chap nhan dugc; thi hai, nguoi ding CR phai

xac dinh va tan dung mot cach cé hieu qua céc hé pho théa man chat luong dich



vu (QoS - Quality of Service) va thong lugng yéu cau. Do d6, hieu nang phat
hién (Detection Performance) trong cdm nhan phd 1 cuc ky quan trong ddi véi
hiéu nang ctia cd mang CR va mang so cap.

D61 v6i van dé cam nhan pho, bai toan dat ra dé 1a: thuc hién cdm nhan

phé nhu thé nao? Hién nay, ¢ rat nhicu thuat toan da duge dé xuat nhu:

Cdm nhan dua trén phat hién nang luong [13, 69, 80]. Day la phuong phap
phd théng nhat clia cdm nhan phd vi tinh toan don gian va do phic tap

thap. Phuong phap nay khong yéu cau phai thu thap dit lieu ciia tin hieu.

Cdm nhan pho dua vao dang séng mang con [8, 29, 67]. Phuong phap nay
chi dugc ap dung cho hé théng véi cac mau tin hieu duge biét truée. Nen
con duge goi 1a cdm nhan két hop (coherent).

Cdm nhan phoé dua trén ddc tinh ding ldp [13, 56, 61, 69]. Phuong phéap
nay phat hién tin hiéu ctia PU dua trén dac tinh dung lap ctua tin hiéu thu
ducce. Dac tinh ding lip xuat phat ti tinh tuan hoan ctia tin hiéu hodc
tinh thong ké nhu gia tri trung binh hay tinh ty tuong quan.

Phép loc hoa hop - Matched Filtering: Phuong phap nay dude xem 1 toi

uu cho viéc phat hién cac nguoi dung so cap PU khi tin hiéu phat da duoge
biét trude [38]. Uu diém clia phuong phap nay la mat it thoi gian dé dat
dugc mot xac suat phat hién sai hoac xac suat phat hien s6t nhat dinh khi
so sanh v6i cac phuong phap khac [62]. Tuy nhién, phuong phap nay yéu
cau CR phai giai dieu ché tin hiéu. Do d6, né yéu cau thong tin hoan héo
ve dac tinh bao hiéu ctia PU nhu do rong bang tan, tan s6 hoat dong, bac
va loai diéu ché, dang xung, va khuon dang khung. Mot nhuge diém nita
clia phuong phap nay dé 1a cong suat tieu thu 16n hon cac phuong phap
khéc khi & bo thu st dung nhiéu thuat toan khac nhau dé thuc thi viec

phat hién tin hiéu.

Hiéu nang phat hién c6 thé dudce xac dinh dua trén hai thong s6 co ban:
zdc suat phdt hién sai (false-alarm probability) 1a xac suat ctia mot ngudi dung
CR cho rang PU ton tai khi phd trong thuc té lai 18i, v& zdc sudt phdt hién
(detection probability) 1a xac suat ctia mot nguoi duing CR cho réang PU ton tai



Hinh 1: Céc yéu t6 anh huéng dén hiéu nang cam nhan phd: pha dinh da duong, che
khuat va khong xac dinh bo thu.

khi pho trong thuc té dang bi PU chiém dung. Vi viéc bd sét trong phat hien
c6 thé gay ra nhiéu déi véi PU va mot phat hién sai sé lam giam hieu suat pho,
nén ngudi ta thuong yéu cau hiéu niang phat hién t6i wu nghia 13 xac suat phat
hién 1a 16n nhat trong diéu kién rang buoc clia xac suat phat hién sai. Rat nhieu
nhan t6 trong thiuc té nhu pha dinh da duong, pha dinh che khuat, va hién
tugng khong xac dinh bo thu [31] ¢6 thé &nh hudng dang ke dén hiéu nang phat
hién trong cdm nhan pho. Hinh 1 minh hoa pha dinh da dudng, pha dinh che
khuat va khong xac dinh bo thu. Nhu trong Hinh 1, CR; va CRy duge dit trong
dai phat ctia bo phat so cap (PU Tx) trong khi C'R3 lai ndm bén ngoai dai. Do
nhiéu ban sao bi suy hao ctia tin hiéu PU va sit can tré clia ngoi nha, C Ry bi anh
hudng ctia pha dinh da duong va pha dinh che khuat khién tin hieu PU khong
thé dugc phét hien ding. Hon nita, CRs chiu anh huéng clia van dé khong xac
dinh bo thu vi n6é khong biét dude viéc truyen tin hicu ctia PU va sur ton tai
ctia bo thu so cap (PU Rx). Két qua 1, viéc truyén tin hiéu tit CR3 c6 the gay
nhiéu véi viéc thu tai PU Rx. Tuy nhién, do phan tap khong gian, nén khong
phai tat cad ngusi dung CR phan b6 theo khong gian trong mot mang CR deu
bi anh hudng pha dinh hay van dé khong xac dinh bo thu. Néu cac ngudi ding



CR, hau hét déu quan sat dude tin hieu PU manh nhu CR; trong hinh vé, thi
c6 thé hop tac va chia sé cac két qua cam nhan véi cac ngudi dung khac. Quyét
dinh hop tac két hop tit cic quan sat duge Iua chon theo phan b6 khong gian c6
thé khic phuc yéu diém ctia cac quan sat rieng 1é tai méi mot nguoi ding CR.
Do d6, hiéu nang phat hién tong c¢é thé dugce cai thien mot cach dang ké. Day
chinh 1a Iy do cAm nhan pho hgp téc (goi tit 1a cdAm nhan hop tac) [3, 13, 66] 1a
mot huéng tiép can hieu qua va hap dan dé han ché pha dinh da dudng va pha
dinh che khuat cling nhu lam giam nhe van dé khong xac dinh bo thu.

Y tuéng chinh ctia cAm nhan hop tac la ting cudng hiéu ning cdm nhan
bang cach tan dung phan tap khong gian trong cac quan sat clia cac ngudi diing
CR phan bé trong khong gian. Bing cach hop tac, cac ngusi dung CR c6 thé
chia sé thong tin cd&m nhan ctia minh dé dua ra quyét dinh cudi cung chinh xac
hon céc quyét dinh rieng 1& [13]. Mot s6 cac ky thuat hop tdc cAm nhan dugce

dé xuat, do la:

- Hgp tdc cdm nhan tap trung: C6 mot bo tong hgp trung tam (Fusion Center
- FC) thu thap thong tin cAm nhan tit cac thiét bi vo tuyén nhan thic,
xac dinh pho tan sin c¢6 va quang ba thong tin nay dén cac ngudi ding vo
tuyén nhan thic hosic truc tiép diéu khién luu lugng vo tuyén nhan thiec
63, 72)

- Hop tdac cam nhan phan tdan: Trong truong hgp hop tac cdm nhan phan
tan, cdc CR chia sé thong tin v6i nhau va ty minh dua ra quyét dinh phan
phod nao minh c6 thé st dung duge [49, 50, 77]. Hop tac cAm nhan phan
tan c6 wu diém hon hop tac cdm nhan tap trung khi khong can co sé ha

tang xuong song (backbone infrastructure) va lam gidm chi phi.

- Hop tac cam nhan ngoai: Trong phuong phap nay, c6 mot thiét bi ben
ngoai thiyc hién viéc cAm nhan va giii quang ba thong tin chiém kénh dén
cac CR [69]. Uu diém ctia phuong phap cAm nhan ngoai 14 khic phuc duge
hién tugng an PU va tinh khong xac dinh do pha dinh che khuit va da
duong. Hon nita khi CR khong mat thoi gian cho viéc cAm nhan thi hiéu

suat stt dung pho sé tang len.
Viéc gti thong tin cdm nhan ctia cdc CR dén FC ho#c chia sé cac két qui cam
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nhan dén cdc niat lan can duge thye hién trén kénh dicu khién chung [9, 31].
Keénh diéu khién nay c6 thé 1a kenh danh rieng trong bang tan cap phép hoac
khong duge cap phép, hodc c6 thé 1a kénh bang rong mat dat [13]. Xét vé phuong
dien vat 1y, mot lien két vat 1y diém - diém tit mot CR tham gia hop téc cam
nhan dén FC dugc goi 1a kénh thong bdo (reporting channel). Dé thong bao dit
licu cAm nhan, mot trong nhitng yéu cau ma kénh thong bao can phai dap tng
do 1a do tin cay (reliability).

Gidng nhu kénh cdm nhan, kénh diéu khién bi &nh huéng ctia hién tuong
pha dinh. Do d6, hién tugng suy giam kénh can dugc xem xét trong van dé
do tin cay ctia kénh diéu khién. Cac nghién citu trude day [3, 20] st dung gid
thiét kenh diéu khién hoan hao khong bi 16i trong cam nhan hgp tac, cac nghién
citu gan day nghién cttu anh hudng ctia tap am Gauss [82], pha dinh da dudng
[78, 35] va pha dinh tuong quan [48].

Tinh hinh nghién ctu vé V6 tuyén nhan thic trong nuéc

O Viet Nam hien nay cac van dé& vé nghién cttu Vo tuyén nhan thic chit
yéu tap trung vao van dé chia sé pho trong truyen tin (spectrum sharing) trong
khi cac van dé lien quan dén cadm nhan phd thi lai chua duge quan tam nhiéu.

Nhém tac gid thuoc Hoc vien Cong Nghé Buu chinh vién thong da c6 rat
nhiéu bai viét chuyen sau vé danh gié hiéu nang ctia mang chuyén tiép vo tuyén
nhan thitc khi thic hién chia sé pho dudi nén hay chong lan [44, 70, 73].

Nhoém téc gid thuoe Dai hoc Bach Khoa Ha Noi tap trung gidi quyét bai
toan phan bé cong suat dé tranh nhiéu khi thuc hien chia sé pho va da thuc thi
mot s6 Testbed trén nén ting SDR (Sofware Defined Radio) [58].

Mot nghién citu sinh ciia truong Dai hoc Cong nghe, Dai hoc Qubc gia
Ha Noi tap trung nghién ctu “Nang cao dung luong ciia hé théng thong tin Vo
tuyén c6 nhan thic dua tréen OFDM” dua trén cac giai phap phan b6 cong suat
cho cac séng mang con, dam bdo duge dicéu kién bao vé vé nhiéu cho cac PU
159, 60].



Nhitng han ché nghién citu vé cadm nhan phé trong vo tuyén

nhan thic

Nhu da trinh bay & trén, pha dinh 13 mot trong nhitng nhan t6 gay anh
huéng manh mé d6i v6i he thong vo tuyén nhan thiic trén ca hai kénh cAm nhan

va kénh thong bao. C6 hai bai toan dat ra do la:

- D6i v6i kénh cam nhan: Danh gia hiéu nang cdm nhan pho cuc bo clia cac
CR duéi anh hudng ctia pha dinh. Viéc tinh todn cic xac suat phat hién,
x4c suat phat hién sai da duge tong quat hoéa trong [3]. Dic biet ddi véi
xac suat phat hién cuc bo P, trong timg kénh pha dinh cu thé, muc tiéu
sé 1a dua cong thitc tong quat vé dang déng (closed - form) hodc xap xi

nham gidm do phic tap trong viéc tinh toan s6 hoc.

- Déi v6i kénh thong bao: nang cao do tin cay ctia kénh thong bao dudi anh

huéng ctia pha dinh.

RAt nhiéu nha khoa hoc da di vao nghién citu hai bai toan néu trén, tuy
nhién phan 16n chi tap trung vao hai mo hinh kénh pha dinh phd bién la pha
dinh da duong Rayleigh va pha dinh che khuat (shadowing). Trong [3, 21], cac
tac gia da dé xuat phuong phéap tinh toan dé dua xac suat phat hieén trong kenh
pha dinh Rayleigh vé dang déng. Riéng d6i v6i trudng hop pha dinh lognormal,
hién nay van chua dé xuat duge cong thitc tinh dang déng cho xac suat phat
hién.

Anh huéng cua pha dinh trong kénh thong bao cing da duge xem xét trong
pha dinh da dudng [35, 78] va pha dinh tuong quan [48]. Trong [35], tac gia da
dé xuat phuong phap lua chon nit chuyén tiép dua trén xac suat 16i ctia kénh
truyen dé nang cao do tin cay trong truyén tin trén keénh pha dinh da dudng.

Trong khi d6, mot mo hinh pha dinh rat phu hgp vé6i thuyc té trong moi
truong truyen lan do thi do Suzuki dé xuat [28] lai chua thyc syt duge quan tam
nhi¢u. Mo hinh nay dude dit tén 1a mo hinh pha dinh Suzuki. M6 hinh pha
dinh Suzuki dac biet hitu dung trong viéc danh gia hiéu nang duong lien két
clia cac tram di dong tinh hoiic di chuyén cham khi bo thu gap kho khin trong
viéc trung binh héa cac dnh huéng ctia pha dinh [43]. Day la mot mo hinh pha
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dinh két hop ctia mo hinh pha dinh che khuat lognormal va pha dinh Rayleigh,
mo hinh nay tuong doi phiic tap trong viéc tinh toan toan hoc dé danh gia hieu
nang. Hién nay méi chi c6 bai bdo ctia Atapattu [64] 14 xem xét dén bai toan
danh gia hiéu nang cdm nhan phd trén kénh pha dinh Suzuki. Trong bai bao
nay, tac gid cting da dé xuat mot phuong phap tinh toan hiéu ning phat hién
P; dua trén phuong phap thang du da thic hitu ty. Riéng anh huéng ctia pha
dinh Suzuki déi v6i kénh thong bao trong hop tac cdm nhan thi cho dén nay
theo nhu hiéu biét ctia Nghién ctu sinh chua hé duge dé cap dén.

Muc dich nghién ctu

Trude xu huéng nghién citu clia thé gisi ciing nhu trong nuée vé vo tuyén

nhan thic hién nay, luan an duge giéi han trong pham vi nhu sau:

- Tap trung di vao giai quyét cac bai toan trong cam nhan pho st dung k¥

thuat phat hién nang lugng.

- Nghién cttu van dé cdm nhan pho hgp téc st dung k¥ thuat hop tac cam

nhan tap trung.

- (Cai thién hiéu ning ctia mang hgp tac cdm nhan cting nhw do tin cay trong

truyen tin trén kénh thong bao dudi 4nh huéng ctia pha dinh.

Cac két qua nghién ctu ctia luan an nham muc dich ndng cao hiéu nang cam
nhan pho cta mang vo tuyén nhan thic cim nhan pho hop tdc dudi dnh hudng
cta pha dinh Suzuki.

T day, muc tiéu ciia luan 4n gom:
- Nghién cttu m6 hinh pha dinh Suzuki.

- Dé xuat phuong phap tinh toan hiéu nang cdm nhan pho trén kénh cam

nhan dudi anh hudéng ctia pha dinh Suzuki.

- Deé xuat phuong phap nang cao hiéu nang ciing nhu do tin cay ciia hop téc
cam nhan dudi anh hudéng cia pha dinh Suzuki trén kénh thong béo.



Phuong phap nghién citu

Hudng tiép can

Thit nhat, d6i v6i mo hinh kénh pha dinh Suzuki sé xem xét theo hai
khia canh: pha dinh Suzuki doc lap va pha dinh Suzuki tuong quan. Dya trén
dic tinh ctia keénh truyén dé xay dung cong thic tinh cho ham mat do xéac
suat (probability density function - PDF) ctia tin hi¢u tong thu dugc tai bo thu
MRC trén hai mo hinh kénh nay dya vao ham sinh Moment (Moment Generating
Function - MGF).

Thit hai, d6i v6i viec tinh todn hi¢u nang cAm nhan pho dudi anh hudng
clia pha dinh Suzuki, huéng tiép can sé dya vao nhitng mo hinh toan hoc cta
kénh dé dua ra cong thiic tinh & dang déng sit dung xap xi Gauss - Hermite.

Thit ba, déi v6i van dé nang cao hiéu ning ciing nhu do tin cay ciia hop
tac cam nhan pho dudi anh hudéng ctia pha dinh Suzuki trén kénh thong bao, sé
huéng vao viéc sit dung cac nut chuyen tiép hé trg truyen tin cho cac CR tham

gia hgp tac dé gii thong tin cAm nhan dén FC.

Phuong phap

Trong luan an, nghién cttu sinh da st dung cac phuong phap nghién ctu

sau:
e Khdo sat cac huéng dang nghién ciu trén thé gidi
e Xac dinh bai toan nang cao hiéu nang cam nhan
e Xay dung mo hinh va tinh toan giai tich

e St dung Matlab tién hanh mo6 phéng dé thu thap sb lieu, xit li, xem xét
déc tinh, minh ching

Chi tiét cac bude gom co:

- St dung MGF dé tinh toan PDF ciia tin hiéu tong tai bo thu MRC duéi
anh hudéng ctia pha dinh Suzuki tuong quan va khong tuong quan.
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- Stt dung xap xi ctia da thiic Gauss - Hermite dé dua cong thiic tinh toan
tong quat clia xac suat phat hien trong kénh pha dinh Suzuki vé dang
déng. Diing moé phéng dé danh gia két qua tinh toan va so sanh véi dé

xuat trude do.

- St dung mang chuyén tiép phan tap hgp téac trong viec hd trg truyén thong

tin cAm nhan ctia cac CR dén FC.

- Danh gid tham s6 xac suat ding (outage probability) trén cac keénh thong
bao duéi anh hudng cia pha dinh Suzuki tuwong quan va khong tuong quan,

dé Iua chon céc cip CR - nit trung gian dua trén tham sb6 xac suat dimg.

- Thuc hiéen mé phéng dé so sanh vé6i trusng hop khong cé su hd trg clia cac

nit chuyéen tiép.

NoOi dung nghién citu
Noi dung nghién cttu ctia luan an bao gom:

- Nghién cttu vé mo6 hinh phan tap thu MRC trong mo6 hinh kénh pha dinh
Suzuki tuong quan va khong tuong quan. Muc tiéu la xay dung phuong
trinh toan hoc cho PDF clia cong suat tin hiéu tong tai dau ra ctia bo thu
MRC stt dung MGF v& phuong phap gan diém dé tinh todn dugdc céc tham

s6 diic trung cho cong suat tin hieu tong.

- Tinh toan hiéu niang cadm nhan pho cuc bo ciia CR duéi anh hudéng cta
kénh pha dinh Suzuki.

- Danh gia hiéu nang hop tac cdm nhan cia mang vo tuyén nhan thitc véi
diéu kien 1y tudng ciia kénh thong bao. Tu do6, xem xét van dé lya chon
s6 luong ngudi tham gia hop tdc cdm nhan ddm bio dugc hiéu nang phat
hién & ngudng tot.

- M6 hinh mang chuyén tiép phan tap AF vi tng dung trong viec hd trg
truyen tin trén mang thong bao clia mang vo tuyén nhan thiic trong hai

moi truong pha dinh Suzuki tuong quan va khong tuwong quan.



- Lua chon nit chuyén tiép phit hgp cho CR dua trén tham s6 danh gia la

xac suat dimg ctia dudng lien két.

- Danh gi4 v& so sanh hiéu nang phat hién cAm nhan phd hop téac khi st

dung nit chuyeén tiép va khi khong st dung nit chuyén tiép.

Cac déng goép

Nhitng két qua nghién ctu trong luan an da dat dugc muc dich nghién ctu
dé ra. Nhitng két qud nay nam trong chuong 2 va chuong 3 clia luan an, bao

gom:

1. Dé xuat mot s6 giadi phap nham cai thieén hiéu ning cdm nhan phd trong

moi truong pha dinh, cu thé gom cé:

- Nghién cttu d&nh huéng ctia pha dinh tuong quan lognormal déi véi
hiéu nang cam nhan pho hgp téc tai phia kénh cdm nhan va dé xuat phuong
phap phat hién cac CR bi anh huéng cia pha dinh tuwong quan lognormal
dyra trén ma tran tuong quan chéo. T do6 loai bo cac CR nay ra khoi qua

trinh tham gia cdm nhan hgp tac (Cong trinh s6 1).

- Dé xuat tai st dung cdc CR bi tuong quan chéo hoic bi anh hudng
ciia pha dinh sau thanh céc nit chuyén tiép cho cac CR tham gia hop tac
cam nhan, hé trg cac CR nay chuyen tiép thong tin cdm nhan dén FC.
Viéc danh giad duge thuc hién trén kénh pha dinh Rayleigh (Cong trinh )
2).

- Dé xuat gidi han s6 lugng nguoi ding CR tham gia hop tac cdm nhan
dé lam gidm hién tugng overhead trén keénh thong bao va tiét kiem tai

nguyén kénh vo tuyén (Cong trinh s6 6 va s6 9).

2. Nang cao hiéu nang cdm nhan phé hop téc trong moi truong kenh pha
dinh Suzuki bang cach tai stt dung céc vo tuyén nhan thic bi pha dinh sau
thanh céc bo chuyen tiép phan tap AF, cu thé nhu sau:

- Dé xuat phuong phap moé hinh héa PDF ciia tin hiéu tong tai dau
ra clia bo thu phan tap MRC st dung MGF va gan diém khong mat méat
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ciing nhu st dung phuong phéap bién doi Laplace ngude trén moé hinh kénh
Suzuki tuong quan va khong tuong quan (Cong trinh s6 5 va s6 8).

- Dé xuat phuong phap tinh toan xac suat phat hién cuc bo dudi anh
hudng ctia kénh pha dinh Suzuki (Cong trinh s6 4 va s6 8).

- Dé xuat phuong phéap lua chon nit chuyén tiép dua trén tham sb xac
suat ding ctia duong lien két (Cong trinh s6 8 va s6 9).

B6 cuc cua luan an

Luan 4n bao gom phan md dau, 3 chuong, phan két luan va kién nghi.

Chuong 1 véi tieu dé “ Co sd cdm nhan phé st dung vé6 tuyén nhan
thatc” trinh bay co sé clia vo tuyén nhan thic, gidi thieu cac kién thitc co ban
lien quan dén cam nhan phd, cdm nhan phd hgp tac v cac tham sé danh gia
hiéu nang cadm nhan pho cuc bo ciing nhu cam nhan phdé hop téc sit dung quy
tac quyét dinh ciing k-out-of-n duéi anh hudng ciia kénh truyén pha dinh. Mot
phan ctia noi dung chuong 1 da dé xuat phuong phap tinh hiéu ning cdm nhan
phd cuc bo trong moi truong pha dinh Suzuki da dude trinh bay tai Hoi nghi
Quéc té IEEE Region 10 TENCON 2012 (Cong trinh s6 4) va 01 bai bao dang
trén tap chi ISI - IEICE Transactions on Communications, Vol. E98-B, no. 1,
pp. 55-68, January 2015 (Cong trinh s6 8).

Chuong 2 véi tieu dé “Mot sé6 phuong phdp cdi thién hiéu ndng
cdm nhan phoé trong moi truong pha dinh” 13 mot sb cac dé xuét cla
luan an trong viéc phat hién cac CR bi anh huéng ctia pha dinh lognormal tuong
quan, tai sit dung cac CR bi loai bé lam nit chuyén tiép cho cac CR tham gia
hop tac cdm nhan va gidi han s6 lugng nguoi CR tham gia hop tac cdm nhan.
Noi dung ctia chuong 2 da duge cong bo trong 02 bao cao tai cadc Hoi nghi Quoc
té: CyberC 2010 (Cong trinh s6 1) va TENCON 2011 IEEE Region 10 (Cong
trinh s6 2); 01 bao céo tai hoi nghi Quoc Gia REV 2013 (Cong trinh s6 6) va 01
bai bao da dugc chap nhan dang trén tap chi Khoa hoc va Cong nghé clia Dai
hoc Quoc Gia Ha Noi, chuyén san Cong nghé thong tin va Truyén thong 2015
(Cong trinh s6 9).

Chuong 3 véi tieu dé “ Tdi s& dung cdc vo tuyén nhan thic bi pha
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dinh sdu thanh cdc bo chuyén tiép phan tap AF trong hop tic cdm
nhan phé dudi dnh hudng cia kénh pha dinh Suzuki’ 1a cic nghien
citu clia luan an vé danh gia hiéu nang cam nhan pho hgp tac trong moi trusng
kénh pha dinh Suzuki khi s dung mang chuyén tiép phan tap AF trén kénh
thong bao. Trong do6, luan an da xem xét mo hinh phan tap thu MRC duéi anh
huéng ctia pha dinh Suzuki va dé xuat phuong phéap tinh PDF ctia cong suat tin
hiéu tong tai dau ra ctia bo thu phan tap MRC. Dua trén céc két qua nay, luan
an tap trung di vao phan cai thién hiéu ning cAm nhan pho hop téc trong mang
vo tuyén nhan thic khi kénh thong béo bi &nh hudng ctia pha dinh Suzuki. Cac
déng gép clia luan an trinh bay trong chuong nay da dude cong bo trong 02 bai
bao: 01 bai bdo dang trén tap chi Scopus - Australian Journal of Electrical &
Electronics Engineering, vol. 10, No. 4, July 2013 (Cong trinh s6 5), 01 bai bao
dang trén tap chi ISI - IEICE Transactions on Communications, Vol. E98-B,
no. 1, pp. 55-68, January 2015 (Cong trinh s6 8). Bén canh d6, noi dung trong
chuong nay cting duge cong bo tai 02 Hoi nghi Qudc té: ISCIT 2012 (Cong trinh
s6 3) va TENCON 2012 IEEE Region 10 Conference (Cong trinh sb 4).

KET LUAN VA KIEN NGHI t6m tit lai cdc déng gop chinh ciia luan
an, thao luan xung quanh cac két qua dat dugc dé dua ra nhing huéng nghién
citu tiép theo trong tuong lai.
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Chuong 1

CO SG CAM NHAN PHO SU DUNG VO TUYEN NHAN
THUC

Chuong nay sé hé théng mot sb kién thic co s6 lien quan dén cAm nhan
ph6é nham lam nén tang cho céc noi dung nghién citu ciia luan an trong céc
chuong tiép theo. Trong chuong, luan an sé tim hic¢u vé vo tuyén nhan thitc va
cac k¥ thuat caAm nhan pho, trong dé tap trung vao ki thuat cdm nhan pho st
dung bo phat hién nang lugng duéi anh hudng keénh truyén pha dinh. T d6,
cac cong thiic tinh toan danh gia hiéu ning cdm nhan clia mang vo tuyén nhan
thiic ciing dude trinh bay. Trong chuong nay, luan an ciing sé dé xuat phuong
phap tinh xap xi hiéu ndng cAm nhan pho cuc bo trong kénh pha dinh Suzuki sit
dung da thitc Gauss - Hermite dugde dé cap trong bao cao tai Hoi nghi Quoc té
TENCON 2012 IEEE Region 10 (Cong trinh s6 4) va bai bao tai Tap chi quoc

té ISI IEICE Transactions on Communications (Cong trinh s6 8).

1.1. Téng quan vé vé tuyén nhan thiic

Vo tuyén nhan thic lan dau tién duge nhic dén bdi Mitola va Gerald
Maguire [40], trong d6 vo tuyén nhan thitc duge dinh nghia 13 mot bo vo tuyén
trén nén tang phan mém (Software Defined Radio) thiic day su linh hoat cac
dich vu vo tuyén ca nhan. Khai niém vé vo tuyén nhan thic van dang duge phat
trién trong cong nghiép, nghién citu han lam va cac t6 chiic chuan héa. Vo tuyén
nhan thic duge gid thiét 1a mot thiét bi vo tuyén c6 kha nang tai cau hinh va

tuong thich mot cach c6 v thiic véi cac yéu cau truyen thong clia nguoi st dung
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ciing nhu véi cac chinh séch va cac mang khac nhau [53].

N6i cach khac, vo tuyén nhan thitc 13 mot dang ciia truyén thong vo tuyén
trong d6 bo thu phat c¢6 thé phat hieén trang thai ctia cac kénh truyen thong cé
dang bi chiém dung hay khong dé tit d6 lia chon st dung cac kenh réi va tranh
cac kenh dang bi chiém dung [25]. Diéu nay lam t6i wu hoéa viéc sit dung phd tan
s6 vo tuyén sin co trong khi t6i thiéu hoa nhidu gay ra cho ngudi diing khac.
Day 1a mot luge do truyén thong vo tuyén khi cac tham so thu va phat cla
mang dudc thay doi dé tranh gay ra nhiéu véi cac nguoi dung dude cap phép
hoac khong cap phép.

H6 phd (Spectrum hole) [65] nhut minh hoa trong Hinh 1.1 1a mot dai tan
s6 duge cap phép cho ngudi dung so cap (Primary User), nhung tai mot thoi
diém cu thé va mot vi trf dia 1y cu thé, dai tan nay chua dugde st dung béi nguoi
nay. Khai niem hé pho c6 thé duge tong quat héa la co hoi truyén dan trong
khong gian pho vo tuyén. Khong gian pho vo tuyén la mot khong gian c6 nhiéu
hon ba chiéu (hyperspace) bi chiém dung bdi cac tin hiéu vo tuyén gom c6 toa
do ctia vi tri, géc dén, tan so, thoi gian, nang luong v mot s6 cac tham s6 khac
[7]. Mot bo vo tuyén dya trén khai niém vo tuyén nhan thic c¢6 kha nang cam
nhan va hiéu moi truong vo tuyén xung quanh minh dé xac dinh céc hd phd
trong khong gian pho, va tu dua ra quyét dinh vé cach ma né truy cap pho va

theo d6 tuong thich truyén dan ctia minh.

1.1.1. Phan loai CR
Vo tuyén nhan thitc dude chia lam hai loai:

e V6 tuyén nhan thic day da: Mot vo tuyén nhan thic day di xem xét tat
cd cac tham s6. Mot nit mang vo tuyén hoiic mang vo tuyén c6 thé nhan

biét duge tat ca cac tham s6 quan sat duge [84].

e V6 tuyén nhan thiic cAm nhan pho: phat hién céc kénh trong pho tan sé
vo tuyén. Yéu cau cian ban nhat clia mang vo tuyén nhan thitc d6 1a cam
nhan pho. Dé tang xac suat phat hién [65], rat nhiéu ky thuat phéat hien
tin hieu dugc st dung trong cAm nhan pho ma ta sé di tim hiéu trong phan

tol.
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Hi¢u nang clia vo tuyén nhan thic yéu cau: i) nhan thuc cac hd pho va phat
hién ngudi dung so cap; ii) ude tinh dudng lien két chinh x4c gitta cdc ntit mang;;
iii) diéu khién tan s6 chinh xac va nhanh va iv) phuong phép diéu khién cong

suat can dam bao truyen thong tin cay gitta cac dau cudi vo tuyén nhan thic

Cong suét

4

Tén sb Phé dang sir dung

:TTuyc@pphé
dong

o—> : :“. @

R y ¥ A

Hb phd

Hinh 1.1: H6 phd

va khong gay nhiéu déi véi cac nguoi dung so cap [84].

1.1.2. Cac dac tinh cia CR

~

la:

C6 hai diic tinh chinh clia vo tuyén nhan thic [31] can duge xac dinh do

e Kha niang nhan thitc: Kha ning nhan thic xac dinh kha nang nim bat va
cam nhan thong tin tit moi truong vo tuyén. Nhu Mitola da gidi thich kha
ning nhan thic trong [40] d6 1a “mot vo tuyén nhan thic thuong xuyén
quan sat moi truong, tu dinh huéng, tao ké hoach, quyét dinh va sau dé 1a
hanh dong”.

e Kha ning tai cau hinh: Kha ning nhan thic cung cap su nhan biét pho,

15



MBbi trudng vo tuyén

Song vo

Tin hi¢u phat tuyén dén

Di chuyén phd Phat hi¢n nguoi

ding so cip

Yéu cau quyét dinh

" Dic trung héa phd
Chia sé pho .

Dung lugng kénh

Hinh 1.2: Chu trinh nhan thitc

kha nang tai cAu hinh dinh nghia kha ning thay doi cac chiic ning, cho
phép vo tuyén nhan thic c6 thé duge lap trinh mot cach linh dong tuong
thich v6i moi truong vo tuyén (tan s6, cong suat phét, luge do dicu ché,

giao thiic truyén thong)

1.1.3. Cac chitc nang cua CR

Vo tuyén nhan thitc ¢c6 bon chitc nang chinh. Hinh 1.2 minh hoa mot chu

trinh nhan thic clia vo tuyén nhan thiec.

e Cdm nhan pho (Spectrum Sensing): Buéc dau tién ctia cam nhan pho dé la
xac dinh sy xuét hien ctia PU trén bang tan quan tam. CR c6 thé chia sé
két qua phat hién ctia minh vé6i cac CR khéc sau khi thuc hién cdm nhan
phd. Muc tiéu ctia cdm nhan pho la tim ra hoat dong va trang thai pho
bing cach cam nhan theo chu k¥ bang tan muc tieu. Cu thé, mot bo thu
phat CR phét hien phd tan khong dude st dung hoac hé pho va dong thoi
cling xac dinh phuong phap truy cap khong gay nhiéu len truyén dan duoge
cap phép.

e Quyét dinh pho (Spectrum Decision): Khi cac phd sin c6 duge xac dinh,
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diéu quan trong dé 1a ngusi dung CR lya chon dugce bang tan phiu hop
nhat theo cac yéu cau vé QoS. Mot diém quan trong khéac do la dac trung
héa bang tan phd theo phuong dién moi trudng vo tuyén va cac hanh vi
thong ké ctia PU. Dé thiét ké mot thuat toan quyét dinh két hop véi dic
tinh phd dong, ching ta can c6 mot thong tin wu tién lien quan dén hoat
dong ctia PU. Hon nita, quyét dinh phd con lien quan dén viéc lya chon

phd va thiét lap duong di.

e Chia sé pho (Spectrum Sharing): Vi c6 mot s6 lugng ngusi ding thit cap
cting tham gia vao viéc sit dung cac hé phd sin ¢6, nén vo tuyén nhan thic
phai dat dude sut can bang gitta muc tiéu ca nhan trong viéc truyen thong
tin hiéu qua v6i muc tieu tong thé 1a chia sé nguon tai nguyen sin co véi
cic CR khac va cac ngudi dung khong phai CR. Diéu nay dugde thyc hién
bdi cac quy dinh chinh sach xac dinh hanh vi nhan thic trong moéi truong

vo tuyén. C6 hai loai chia sé pho:

— Chia sé phd dang nén (underlay spectrum sharing): Chia sé pho dang
nén la truy cap phoé vo tuyén san cé véi cong suat truyén dan nhé nhat
sao cho miic nhiéu trén cac ngudng duge gan truée dé6 khong tang lén.
Dé trai pho ciia tin hieu khong duge cap phép trén mot dai pho tan
rong trong chia sé phd dang nén, thiét bi vo tuyén dude cap phép phai
xac dinh dugc tin hiéu khong mong mudén nam duéi mic tap am nén
va nhiéu nén.

— Chia sé pho chong lan (overlay spectrum sharing): Cac ngusi dimg
khong duge cap phép cé thé sit dung pho trong mot khoang thoi gian
khi pho nay dang dugc sit dung béi cac ngusi dung dudge cap phép
trong k¥ thuat chia sé pho khong chdng lan.

e Di chuyén pho (Spectrum Mobility): néu tin hieu ctia mot PU dugce phét
hién trong pho dang dung, ngusi ding CR phai roi khéi pho d6 ngay lap
tic va tiép tuc phién truyén thong ctia minh trong moét pho trong khac.
Trong trudng hgp nay, hodc phai lwa chon mét phd tan mdi hodc tranh
toan bo cac duong lien két c6 anh huéng. Do dé, tinh di chuyén pho can
mot luge do chuyén giao pho (spectrum handoff) dé phat hien ra cac lien
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két that bai va chuyén truyén dan hién tai sang mot tuyén truyen dan méi
hoiic mot bang tan pho méi sao cho chat lugng bi giam 1a thap nhat. Diéu
nay doi hoi su hop tac véi cam nhan phd, phat hién ndt hang xém trong
16p lién két, va cac giao thitc dinh tuyén. Hon nita, tinh ning nay can mot
luge do quan tri két néi dé duy tri hieu ning clia cac giao thic 16p trén

bing cach gidm anh hudng ctia chuyén pho.

Nhu vy, vo tuyén nhan thic 14 mot khai niém vo tuyén dya trén nén tang clia
bo vo tuyén dinh nghia phan meém, xi Iy tin hiéu s6 va tri tué nhan tao. Muc
tieu clia vo tuyén nhan thic 1a st dung cdc nguon tai nguyeén sin c6 mot cach
hiéu qua gom c6 khong gian, tan s6, thoi gian va nang luong phat bang cach
cAm nhan moi trudng va truyén dan tuong thich ma khong gay ra nhiéu déi véi
cac nguoi dung duge cap phép so cap. Yeu cau hiéu nang doi véi mot hé thong
vo tuyén nhan thic d6 la: phat hien PU va cac hd phd mot cach tin cay, uée
tinh duong lien két chinh xéc gitta cdc nut mang, didu khién tan s6 chinh xac va
nhanh, phuong phap diéu khién cong suat dam bao truyén thong tin cay giita
cac dau cudi CR va khong gay nhiéu doi véi cac PU.

0 day, luan an chi tap trung nghien ctu chiic nang cdm nhdan pho cla vo
tuyén nhan thic va cac van dé lien quan dén viéc cai thien hiéu nang ctia cdm

nhan pho.

1.2. Cac k¥ thuat caAm nhan phd

Muc tiéu ctia cdm nhan pho la xac dinh mot dai tan dude cAp phép hién
c6 dang dugc stt dung béi PU hay khong. Diéu nay da hinh thanh bai toan thi
gia thiét nhi phan.

n(t), Hy
hs(t) + n(t), Hy

trong do x(¢) 1a tin hiéu thu dugc tai CR, s(t) 1a tin hiéu phat tu PU, n(t) la
tap am Gauss cong trang (AWGN) va h la do 1¢i kenh ctia kénh cdm nhan gitia
PU va CR. Hp la gid thiét rong (null hypothesis) cho rang khong c6 tin hiéu
clia ngudi diing duge cap phép trén mot dai pho nhat dinh, c6 nghia la phd tan
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[
I I
Phat hién Cam nhéan

séng con nén

Hinh 1.3: Phan loai cac ky thuat cam nhan

roi. Hyp la gid thiét thay thé (alternative hypothesis) cho rang c6 ton tai mot tin
hieu PU nao d6 trén dai tan can quan tam hay néi cach khac la phd tan dang
bi chiém dung béi PU.

Tt quan diém phat hién tin hieu, cac ki thuat cdm nhan c6 thé duge phan
loai thanh hai loai chinh: phat hién két hgp (coherent) va phat hién khong két
hgp (noncoherent). Trong phat hién két hop, tin hiéu so cap c¢6 thé dugce phét
hién bang cach so sanh tin hieéu nhan dudc hodc cac diac tinh ctia tin hieu véi
mot dit lieu biét trude clia cac tin hiéu so cap. Trong phat hién khong két hop,
dit lieu biét truée khong duge ding dé phat hieén tin hieu. Mot cach khac dé
phan loai céc k¥ thuat cam nhan la dua trén do rong bang tan phd can cam
nhan: bang hep va bang rong. Phan loai cac ky thuat cdm nhan dugc mo ta
trong Hinh 1.3.

Trong phan nay chi yéu tap trung vao cac ki thuat cAm nhan pho bién
nhét trong cam nhan hgp tac hon la tim hiéu ki ludng tat cd cac phuong phéap
phét hién so cap. Do d6, & day luan an chi trinh bay ba ki thuat pho bién nhat
trong cam nhan hgp tac: phat hién nang lugng, phat hién dac tinh dung lip va
phat hién bo loc hoa hgp.



B¢ binh phuong B¢ tich phan B¢ xac dinh ngudng

r Y X s
z(t) ——» ()2 > [d[ S — P Qp?/et dinh
(1) a 2 gia thiét Hy hay H;
: f;r (t)dt:

o

Hinh 1.4: So d6 khdi bo phat hieén nang lugng [32]

1.2.1. Phat hién nang lugng

Phat hién nang lugng 1a mot phuong phap phat hien khong két hop [30, 22]
phat hién tin hieu s cap dua trén nang luong cdm nhan dude. Do tinh don gidn
va khong yéu cau dit lieu biét truée ciia cac tin hieu PU, phat hién nang luong
la k¥ thuat cdm nhan pho bién nhat hién nay trong cdm nhan hop tac. Tuy
nhién, phat hién ning lugng cling c6 mot s6 nhuge diém [33]: (i) Thoi gian cam
nhan dé dat dugc mot xac suat phat hién cho trude c6 thé lau; (i) Hieu suat
phat hién bi anh hudng clia tinh khong xac dinh cong suat nhiéu; (74) Phat
hién nang luong c6 thé khong duge ding dé phan biét céc tin hiéu so cap tit
cac tin hieu nguoi dung CR. Két qua 1a, cac nguoi dung CR can duge dong bo
héa chat ché va diung phat tin hiéu trong khoang thoi gian duge goi 1a khodng
ling (silent interval) trong cAm nhan hop tac; (iv) Phat hién nang luong c6 thé
khong dudc stt dung dé phat hién cac tin hiéu trai pho. Ngoai nhitng van dé vita
néu, bo phat hién nang luong van giit nguyen co ché phat hien pho thong nhat
trong cAm nhan hop tac. D6 14 vi mot s6 cac van dé nhu gidm hiéu ning do
khong xac dinh tap am c6 thé duge khic phuc bing do loi phan tap tit viec hop
tac.

Hinh 1.4 mo6 ta so do khdi ctia bo phat hién nang luwong. Tin hiéu thu dude
tai CR z(t) dugc binh phuong va tich phan trén khoang thoi gian quan sat T.
Cudi cuing, dau ra ctia bo tich phan, Y, dudc so sanh v6i mot ngudng quyét dinh
A dé quyét dinh tin hiéu c6 ton tai hay khong.

1.2.2. Phat hién dac tinh dung lap

Phat hién dac tinh diung lip [75] stt dung tinh tuan hoan ctia tin hig¢u so
cap nhan dugc dé xac dinh su ton tai ctia cac PU. Tinh tuan hoan thudng xuat

hién trong cac séng mang dang sin, chudi xung, ma trai, dai nhay, hay cac tien
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B§ tuong quan Liy trung Y Quyét dinh gia

— > » m gt ) b
X(® X(f+a)X (f-a) binh trén T ¥ Su, A thiét Ho hay Hs

X(f): Bién dbi Fourier cta x(t)
o: Tan so lap

Hinh 1.5: So do khéi bo phét hién dic tinh ding lap [32]

td vong ciia cic tin hiéu so cap. Do tinh tuan hoan, cac tin hiéu ding lap mang
cac dac tinh cia théng ké tuan hoan va tuong quan phd, cac dac tinh nay khong
c6 & tap am va nhiéu ding. Do d6, phat hién diic tinh ding lip khic phuc duge
tinh khong x4c dinh tap am va cho két qua tot hon phét hién ning luong & ving
SNR thap. Mac du phuong phap nay yéu cau dit lieu biét trude vé cac dac tinh
clia tin hiéu, nhung né c6 kha nang phan biét cic truyén dan CR tit cac loai
tin hieu PU khéac nhau [2, 13]. Diéu nay loai b yeu cau dong bo héa nhu trong
phat hién nang lugng trong cam nhan hgp tac. Hon nita, cac ngusi dung CR
c6 thé khong phai giit im lang trong sudt qua trinh cAm nhan hop téc va do
d6 cai thien thong luong CR tong thé. Phuong phap nay cé nhuge diem do la
do phtic tap tinh toan cao va thoi gian cdm nhan dai. Do nhing 1y do vira néu
trén, phuong phap cam nhan nay it duge dung hon so v6i phuong phap phéat
hién nang lugng trong cdm nhan hgp tac.

Hinh 1.5 mo6 t4 so do khdi ctia phat hién dic tinh dung lap st dung phan
tich ham tuong quan phd ctia tin hieu. 0 day, do tuong quan pho ciia tin hieu
thu duge z(t) duge 1ay trung binh trén khodng thoi gian quan sat 7' va dem so
sanh v6i s6 lieu thit nghiem dé xac dinh sy ton tai ctia tin hieu PU, tuong tu
nhu trong phat hién nang lugng.

1.2.3. Phat hién phé s dung bd loc hoa hgp

B0 loc hoa hop 14 mot bo loc t6i wu tuyén tinh trong viéc phat hién tin hieu
két hop dé t6i da hoa SNR khi c6 tap am ngau nhién cong (additive stochastic
noise). Nhu minh hoa trong Hinh 1.6, bo loc hoa hgp tinh do tuong quan ctia
mot tin hieu PU ban dau biét trude s(t) véi tin hieu thu duge z(t) trong d6 T
13 do dai ky tu clia cac tin hieu PU. Khi d6, dau ra ciia bo loc hoa hgp dudc lay
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B0 loc hoa hop B0 so sanh ngudng

Tin hiéu thu ! y(t) Y
X(t) = s(t) + n(t) ———» f:(_t_)s(_T, —t+4T1)dr ——| ¥Y=EA —»
’ Liy miu tai t = T,

Hinh 1.6: So do khéi bo phét hien st dung bo loc hoa hop [32]

mau tai thoi diém da duge dong bo hoa. Néu gia tri lay mau Y 16n hon ngudng
A thi pho dugce xac dinh 1a dang bi chiém bdi PU. Phuong phap phét hién nay
duoc goi 1a phat hién t6i wu trong mai truong tap am Gauss ditng. Phuong phap
nay c6 vu diém la thoi gian cAm nhan nhanh, chi can O(1/SNR) mau dé dat
duge mot xac suat phéat hién cho trude [13]. Tuy nhién, bo loc hoa hgp khong
chi can cac thong tin vé dic tinh ctia tin hieu PU ma con can phai c6 sy dong
bo hoa gitta bo phat PU va ngudsi dung CR. Néu cac thong tin nay khong chinh
xac thi bo loc hoa hop hoat dong kém hiéu qua. Hon ntta cac ngusi dung CR
can phai c¢6 nhiéu bo loc hoa hgp khac nhau danh riéng cho mdi loai tin hieu
PU, diéu nay lam ting do phtic tap va chi phi thyc thi.

Nhu vay, trong ba k¥ thuat cdm nhan pho vita trinh bay, ching ta cé thé
thay rang ki thuat phat hién nang lugng don gidn trong tinh toan va do phiic
tap thap, c6 thé ap dung trong c bang rong ciing nhu bang hep. Vi vay, luan
an da lya chon st dung phuong phap cam nhan phd theo nang lugng trong cac
két qua nghién citu sé dude trinh bay trong cac phan tiép theo.

1.3. Mo hinh kénh truyén vo tuyén

1.3.1. Mo hinh tong cic tich

Phuong trinh hé théng tong quat mo td mdi quan hé giita tin hiéu phat

s(t), tin hieu thu r(¢) thong qua kénh h(t) véi tap am Gauss trang cong n(t) dugc
biéu dién nhu sau:

r(t) = h(t)s(t) + n(t) (1.1)

M5 hinh kénh vo tuyén dude mo hinh héa nhu mot bo loc tuyén tinh véi dap
ing xung bang thap phitc, phu hop vé6i truyeén lan da duong khodng cach xa
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trong vung do thi, nhu sau:
K .
ht) =) aped Wit (1.2)
k=1

trong d6, K 1& so6 duong truyen trong mai trudng vo tuyén va moi trudng truyen
dan dugce dic trung hoa bdi tap cac bién ay, ty, 0 tuong ting 1a do 16n (do 1gi
ho#ic mat mat), thoi gian tré va do dich pha séng mang ciia duong truyen thi
k. 6, thuong duge mo hinh héa duéi dang phan bd déu trong khoang [0, 27]. Do
trai tré ¢, — to, trong do to la do tré duong truyen thing, dugc gid thiét 1a tao
thanh mot chudi Poisson [27]. Dédc tinh théng ké ctia do 16n dudng truyéen ag
van dang 1a mot chtt dé nghien citu duge nhiéu nha khoa hoc quan tam [6, 42],
nhung tit cac bang ching thit nghiém trén khap thé gidi, ngudi ta chap nhan
rang trong mot ving dia 1y cuc bo vdéi hang chuc hosic hang tram budc séng
thi do 16n duong truyén c6 phan bo Rayleigh hodc phan b Rice trong khi trén
nhiing ving 16n hon thi ching c¢6 phan b6 lognormal [36, 54]. Tin hiéu nhan

dugc khi do sé la:
K

r(t) =Y ags(t — ty)el® + n(t) (1.3)

k=1
Tuy nhién, trong mot kich ban truyén lan vo tuyén tong quat trén mot
ving do6 thi 16n, trong mdéi duong truyen, tin hiéu phai trdi qua mot chudi cac
vat tan xa ho#dc chiu anh huéng ctia hién tugng phan xa ho#c khic xa (xem
Hinh 1.7).
Mot mo hinh tong cac tich cho do lgi hay méat mét kénh duge dé xuét phit
hop hon nhu sau [6, 42]:

K Ly Ly, Ly,
h(t) = Z(H alk) exp [j (wztlk +Zelk>] (14)
k=1 I=1 =1 =1

Do dé mé hinh da duong trong (1.2) duge diéu chinh dé phit hop vé6i anh
hudng tinh chat nhan lén bién do va anh hudng tinh chat cong lén thoi gian va
pha tit mo6 hinh phan cap trong méi dudng truyen, tic la:

ar = Halk, tp = Ztlk and 6= Zelk (15)
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Hinh 1.7: M6 hinh truyén lan vo tuyén di dong dién hinh

Tinh chat théng ké clia ay; rat kho dé phan tich do né phu thuoc vao rat
nhiéu yéu t6 vat 1y. Tuy nhién, do phép nhan ctia cic bién do tin hieu dan dén
phan bo lognormal giéng véi cach ma mot phép cong sé cho ra phan bé chuan
béi tinh chat ctia dinh 1y giéi han trung tam (Central Limit Theorem - CLT)
khi ma s6 luong cadc mau du 16n, do do, rat hop ly khi gid thiét rang tap bién
ngau nhién a;; c6 phan bo Rayleigh gidng nhau v6i tat ci cic gia tri k va [ khi
cd K va L, du 16n. Tuong ti, khi L;, du 16n, tap bién ngau nhién a;, c6 phan bo
lognormal do anh hudng nhan ciia cAc mat méat trong phuong trinh (1.5). Trong
truong hop nay, CLT duge ap dung va khong can phai biét cac dac tinh phan
b6 tong the.

1.3.2. M6 hinh pha dinh Rayleigh

Hién tuong da dudng trong truyen lan vo tuyén la nguyén nhan gay ra pha
dinh Rayleigh khi ton tai nhiéu vat can trong moi truong lam tan xa tin hiéu
truée khi dén bo thu. Theo dinh 1y gi6i han trung tam, néu c6 da nhicu vat tan
xa, thi dap ng xung kénh c6 thé duge mo hinh héa thanh mot tién trinh Gauss
theo phan b6 clia cac thanh phan riéng 16. Néu khong ton tai thanh phan chinh

ctia bo thu, thi tién trinh nay sé c6 trung binh 14 0 v pha phan b déu trong
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khoang [0,2n]. Dudng bao ciia dap ting xung kénh khi dé c6 phan bo Rayleigh
va PDF c6 dang nhu sau:

fr(r) = Ze />0 (1.6)

voi Q = F(R?). Do lgi cong suat ciia pha dinh da dudng duge mo hinh hoa thanh
bién ngau nhién c¢6 phan b6 mi, tic 1a, p = |h|> vA c6 ham mat do xac suat la:

1
fRayleigh (p) = ]:76

RSIlS]

(1.7)

v6i do 10i cong suat keénh trung binh p = E(|h|?).

1.3.3. M6 hinh pha dinh Lognormal

Mo hinh tich cho rang mat mat duong truyen ty 1é ham mi véi khoang
cach theo hé s6 mil a nim trong khoang gia tri tit 3 - 7 v& do léch chuan ctia mat
mat pha dinh che khuat 1a doc lap v6i khoang cach va nam trong khodng gia tri
tit 5 - 12 dB [51]. Do l¢i cong suét ctia kenh pha dinh che khuat thudng duge mo
hinh héa thanh bién ngau nhién c6 phan bo log - normal, tiic 1a, p = |h|? = 10%12
v6i Z 1a bién ngdu nhién c6 phan bd chuan, Z ~ N(u.,02). Ham mat do xac suat

cua p sé la:

1 <€ (10logyop — p2)?
flognormal (p) poy /_27T CXp < 203 ( 8)

trong d6 ¢ = 10/In(10) 1 hang s6 chuyén ddi gitta don vi dB va net, p dude tinh
theo don vi tuyén tinh.

Gia tri trung binh ctia do 1¢i cong suat kénh sé 1a:

Blp] = explZ + 302/ (1.9)

1.3.4. M6 hinh pha dinh Suzuki

Mo hinh tong céc tich rat hitu dung trong viéc nghién citu su tron 1an théng
ké giita cAc tién trinh lognormal va tién trinh Rayleigh trong hau hét cac kenh
vat ly. Stt dung mo hinh trén cho cac ving do thi, dudng truyén tit bo phat dén

nhom cac toa nha trong vung lan can bo thu chii yéu c6 phan bd lognormal.
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Trong nhicu tinh hudng thuyc té, bo thu di dong bi bao quanh bdi mot tap céc
bo tén xa (nhu minh hoa trong Hinh 1.7) 1a céc toa nha trong vung do thi, tin
hiéu dén bi tan xa thanh nhiéu nhanh dudng truyén khac nhau va két hop véi
nhau tai bo thu. Cac nhanh duong truyen cuc bo nay dén tai bo thu véi cling
mot do 16n nhung khac pha nhau [28] gay ra hién tugng pha dinh nhanh véi
duong bien do c6 phan boé Rayleigh hay cong suat c6 phan bé mil.

Thoi gian két hgp clia pha dinh nhanh Rayleigh trong truyén dan vo tuyén
di dong kéo dai khoang vai chuc mili giay phu thuoc vao téc do di chuyen, trong
khi thoi gian két hop clia pha dinh cham thi kéo dai khoang vai chuc giay phu
thuoc vao toc do di chuyén trén khoang cach két hop, thuong 1a 100 - 200m
trong cac cell ngoai 6 va vai chuc mét trong céc cell do thi [51]. Dya trén dic
diém khéc biét rat 16n ctia hai thoi gian két hop, ham mat do xac suat can bien
ctia kénh phitc hop Rayleigh - lognormal dude tinh bang cach can bang cong
suat trung binh cuc bo ciia tin hiéu pha dinh nhanh Rayleigh v6i cong suat tiic
thoi ctia tin hiéu lognormal. Diéu nay c6 nghia la: thit nhat, khong c6 sy mat
méat cong suat tir cac tin hiéu lognormal dén déi v6i kenh da duong cuc bo; thi
hai, khong c6 su mat mat cong suat dang ké trong kénh da duong cuc bo, tic
1a do 10i cong suat trung binh ciia kénh Rayleigh nhanh duge gid thiét 14 bang
1. Phan bd phtic hgp trong mdi kénh phan tap trong Hinh 1.8 14 ham phan bd

xac suat ctia do 1oi cong suat ctia kénh:
p = |hp—rnl® = |hg[*|hal (1.10)

la tich ctia hai kenh thanh phan hg, va hp,, trong Hinh 1.8. Vi fg(|hg|?) 6
phan b6 mii v6i pp = E[|hg|?] = 1 1a thanh phan ndm trong mo hinh Suzuki, va

frn(|hr—rn|?) c6 thé tinh dugce thong qua bién dbi Jacobi:

fR—Ln=/0 ifR(i—))an(fB)de

[T/ D § _ (10logyg(x) — pz)?
_/0 ” (ﬁkx exp( ﬁ]ﬁ)) oo exp{ 203 dx (1.11)

v6i By = E|hgl?] = 1.

Phan b phiic hop trong phuong trinh (1.11) ciing c6 thé duge tao ra theo
mot cach khéac duge dé xuat bdi Conti va cac dong nghiép [1] khi st dung hudng

tiép can xac suat can bién thay cho viéc sit dung mo hinh kénh tich nhu trong
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Hinh 1.8: M6 hinh thu phan tap trong kénh pha dinh phtic hgp Rayleigh - lognormal.

bai bdo clia luan an dé xuat. Trong cach ciia chung t6i, phuong trinh (1.11) cho
thay tinh chat vat 1y quan trong nhat pp = 1 trong mo hinh kénh Suzuki va day
1a mot diém rat quan trong cho viéc thiét lap mé phéong Monte - Carlo. Do do,
PDF phitic hop cho mai truong truyen lan vo tuyén di dong gifta tram goc va
bo thu di dong trong ving dé thi, c6 thé dugc biéu dién hoic duéi dang do 1oi

cong suat tin hiéu phitc hop mil - lognormal p :

(o) = — <1 p.1 [_(1010g10(x)—uz)2] v (1.12a)

—_— —exp(—=)—exp
oz+/(2m) Jo @ ( x)x 20%

hoac tuong duong véi do 16n cta tin higu ~ nhu trong [28]

¢ > h R2\ 1 101ogyo(z) — p2)?
JfrR—Ln(h) = 0-2—\/%/0 3 &XP (—2—:#) —exp {—( Ogl{;:; ) ]dx (1.12b)

Dic diém ndi bat trong viec mo hinh héa kénh pha dinh phitc hgp Rayleigh
- lognormal d6 1a mo6 hinh nay cho phép ching ta chi xac dinh cac tham s6 clia
thanh phan lognormal (u.,0?). Khi d6, phan b6 pha dinh Rayleigh phu thudc
vao cac tham s6 nay. Dé thuyét phuc hon, ¢ day luan an da biéu dién phan bd
pha dinh Suzuki theo ca hai phuong trinh (1.12a) va (1.12b).
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Luan an thuyc hién viéc doi bién:

2 =(¢n(z) — uz)/(02V2)
tic la @ =g(z) = exp {(zaz\/?—i— uz)/f} >0 (1.13)

Khi d6 phuong trinh (1.12a) dugce rat gon nhu sau :

JR—Ln = % /_Z ﬁexp (—ﬁ) exp(—22)dz (1.14)

Gi4 tri trung binh ctia do 1¢i cong suat ciia kénh phitc hop Suzuki 1a:

PR-Ln = /Ooopr_Ln(p)dp = % /_Z ﬁ /OoopeXp (—ﬁ) dp} e 'dz (1.15)

Tich phan trong ngodc vuong ctia phuong trinh (1.15) duge chitng minh 1

bang véi ¢%(z) [25, p. 340]. Béng cach st dung g(z) tit phuong trinh (1.13), c6
thé chitng minh ring [25, p. 337]:

_ exp(uzg/9) /°° exp [~ + 202v/2/¢]

PR—Ln = ﬁ B
2
g
- exp<% +5¢8) = P (1.16)

voi E||h%|| = 1 da dugc gia thiét doi v6i mo hinh pha dinh Suzuki.

1.4. Panh gia hiéu niang cAm nhan pho trong kénh

pha dinh st dung bo phat hién nang luong

1.4.1. Hiéu nang cam nhan phd cuc bd

C6 hai tham s6 duge diing dé danh gia hiéu nang clia cdm nhan pho: xéc
suat phat hien sai Py va xdc suat phéat hién P;. Ngoai ra con ¢6 tham sd xac suat
phét hién s6t P, (miss detection probabilty) ciing duge xem xét trong luan &n
nay. Xac suat phat hién sai 1a xac suat mot CR phat hién nham sy c6 mit cla
PU trén dai tan ma ta quan tam, tic 1a, né quyét dinh rang c6 mot tin hieu PU
dang chiém dai tan s6 d6 nhung trong thic té thi khong phai nhu vay. N6i cach
khac, trong trusng hgp sit dung phat hién nang lugng, nang lugng tin hiéu phat
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hién duge Y 16n hon nguéng A, do d6, SU khong duge phép truy cap vao kénh.
Tuy nhién, thuc té 1a kénh lai tréng. Xac suat phat hién sai duge dinh nghia
nhu sau [3]:

Py = Py > A|Hy) = (1.17)

trong do w 1a tich do rong bang tan véi thoi gian, titc 1a, u = TW, T'(.) va I'(,,.)

tuong tng 14 ham Gamma di vd Gamma thiéu.

X4c suat phat hién 1a xac suat ma mot CR phat hién chinh xéac si ton tai
cua tin hiéu tit PU trén kénh cam nhan, va do d6, SU khong duge phép st dung
kénh nay. Diéu nay c6 nghia, ning lugng nhan duge Y tai CR 16n hon ngudng
A. Thue té 14, c6 mot tin hieu ciia PU dang chiém bang tan ma ching ta quan
tam. Xac suat phat hién trong moi truong kenh AWGN (khong bi 4nh hudng
ctia pha dinh) duge tinh nhw sau [4]:

Py=P(Y > NH)) = Qu(\/2uy, V) (1.18)

trong dé Qu(.,.) 1a ham Q Marcum tdng quéat duge xac dinh béi:

Quah) = [ e (e
b a

v6i I,—1(.) 1a ham Bessel loai 1 bac (u —1).
Duéi anh hudng ctia kénh pha dinh, xac suat phat hién dudi 4nh hudng ciia kénh
pha dinh dugc dinh nghia la [3]:

Py = /Qu(v2ux, V) £y (2)da (1.19)
v
trong do f,(z) la PDF ctia SNR v trong kénh pha dinh.
X4c suat phat hién sot 1a xac suat mad mot CR cho rang khong ton tai tin

hiéu PU trén kénh cAm nhan, nhung trong thic té thi ngudc lai. Do d6, xac suat
phat hién s6t dugc dinh nghia la:

Pp=PY <AH)=1-F, (1.20)

Tit cac phuong trinh (1.17) va (1.19), chiing ta c6 thé thay, véi cac tham sb cb
dinh khac, P; va Py ¢6 moi lien hé véi nhau thong qua A. N6i chung, ngudng
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phét hién A c6 thé duge tinh theo Py néu Py duge xac dinh la diéu kien rang
budc clia bai toan phat hién. Bang cach dua A vao trong phuong trinh ciia Py,
ching ta sé tinh duge P; hodc P, tuong tng. Su can bang gitta P, va Py c6
nhiing ¥ nghia khac nhau trong truong hop truy cap phd luwa chon. Véi mot gia
tri Py, cao (tuong duong v6i Py thap) sé dan dén viec phat hien sot sy ton tai
ctia PU trén kénh cdm nhan c6 xic suat cao, diéu nay c6 nghia sé lam gia tang
nhiéu lén céc ngudi dung duge cap phép. Mat khéc gia tri Py cao sé dan dén
hieu suat st dung pho thap do viéc phat hién sét lam giam cac co hoi truy cap
vao pho dang rdi.

Hiéu nang ctia bo phat hién nang lugng véi cac gia tri SNR trung binh va
u khac nhau c6 thé duge dac trung héa bdi duong dac tinh hoat déng bo thu
(Receiver Operating Characteristics - ROC) 1a do thi vé P, theo Py hodc Py
theo Py. Muc tieu 6 day la v6i mot gia tri Py cho trudc, ta phai dat duge mot
gia tri P; cao nhat hay P, thap nhat. Day ciing chinh 1a trong tam ma luan an
tap trung gidi quyét.

Trong kénh pha dinh Rayleigh v6i SNR trung binh 7, xac suat phat
hién ctia mot CR dugce tinh nhu sau [4]:

_ F(U - 17 %)
P, Rayleigh (V) = Tw-1) + GXP(—m)
Ay 1.21
x (1+ i)u—l 1— b (u —b 2(1+Zﬁ)) 2
wy I(u—1)

Hinh 1.9 biéu dién hiéu nang phét hién ctia mot CR trong méi trudng pha dinh
Rayleigh ¢c6 SNR = 5 dB va v = 5. Hinh vé& cho ta thay, khi kénh cAm nhan bi
anh huéng cia pha dinh Rayleigh (duong dé), hiéu nang cam nhéan ctia CR bi
gidm 16 rét so véi truong hop kénh truyén chi bi &nh hudng cia AWGN (dudng
xanh duong dut nét ).

Trong kénh pha dinh che khudt lognormal, xac sudt phat hién ciia
CR chua c¢6 dang déng, nén st dung cong thic (1.19) véi

fy(x) = L exp {—M}

xoN/ 2 202

trong d6 x 1 bién ngau nhién c6 phan bo lognormal, 1 va o tuong tng 1a tri

trung binh va do lech chuan clia bién ngau nhién Z théa man X = ¢Z. Khi do,
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o Hiéu nang phat hién phé cuc bd dudi anh hwéng clia pha dinh Rayleigh
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Xac suét phat hién sai, P,

Hinh 1.9: ROC (P, vs. Py) dudi &nh huéng pha dinh Rayleigh c¢6 7 = 5dB,u = 5 [4]

ta c6 xac suat phat hien ctia CR sé la:

Pd Lognormal /Qu v ZUJ? \/_)

exp{—W} dx (1.22)

:ca\/_

Hinh 1.10 biéu dién hiéu ning phét hién trong moi trudng pha dinh che khuét
c6 SNR trung binh 7 = 5dB, u = 5 v6i cac gia tri do lech chuan theo don vi dB
o4p 1a khac nhau (trong d6 ta c6 o = 0,1In(10)o4p). Nhut c6 thé thiy trén hinh
vé, khi cAm nhan phd duge thuc hien trong moi truong pha dinh che khuat, hieu
nang cam nhan pho bi gidm ré rét khi so sanh v6i moi truong khong pha dinh
AWGN. Va khi hién tugng pha dinh tré nén manh (o4p tang ) thi hiéu nang
phat hién ciing gidm mot cach ro rét.

Trong kénh pha dinh Suzuki, ta c6 xac suat phat hién trong kénh

Suzuki 1a:

Py, suzuki :/ / Qu(v2uz, \/_)_exp <_E (Inz — 0)?

—e ——— | dxd
> xazx/ﬁ Xp( 202 ) o

(1.23)
Day la mot phuong trinh tinh tich phan hai 16p phiic tap. Viéc dua phuong

trinh nay vé dang dong 1a rat can thiét nham rat gon thoi gian tinh toan. Tinh
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Hiéu nang cam nhan phd cuc bd dwéi anh huéng ctia pha dinh Lognormal véi cac gia tri khac
nhau cla Ous (o= 0.1In106dB)

T T

m

Xac suét phat hién sét, P

4 1 1

107 107 10" 10°

Xac suét phat hign sai, P,

Hinh 1.10: ROC (P,, vs. P;) du6i anh hudng ctia pha dinh che khuat c6 phan bo

lognormal véi cac gid tri khac nhau cia ogp va 5 = 5dB,u =5 [4]

dén thoi diém hién nay, theo nhitng hiéu biét vé linh vic vo tuyén nhan thiic ma
luan an c6 duge thi mdéi chi c6 Attapatu dé xuat mot phuong phap tinh toan
xac suat phat hién trong moi truong pha dinh Suzuki [64]. Tuy nhién, phuong
phap nay dua trén viéc tinh thing du cia cac da thic hitu ty. Do d6, doi véi
truong hop nhitng da thiic bac cao (tuong ting véi he s6 tich thoi gian - bang
thong), phuong phap nay sé mat kha nhiéu thai gian tinh toan. Trong muc nay,
luan 4n dé xuat mot phuong phap tinh xac suat phat hién méi sit dung phuong
phap xap xi Gauss - Hermite cho ta két qua gon gang hon, gidam do phic tap
tinh toan. Cu the, phuong trinh (1.23) sé duge viét lai nhu sau:

P e (Inz — p)?
d, Suzuki = /0 5y P (_T>
X UO lexp(——>Qm (\/_,,/ L(Py) >dp] dz

Biéu thiic trong ngodc vuong trong phuong trinh (1.24) 1a x4c suat phat

(1.24)

hién ctia CR trong moi trudng pha dinh Rayleigh (v6i 7 = z) duge dinh nghia

Py, Ray(7 /Qm (\/_ G (P) )—eXp (—%) dy (1.25)
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trong d6 f,(z) la PDF ctia SNR, v du6i anh hudng cta kénh pha dinh Rayleigh.
Biéu thitc (1.25) c¢6 dang déng theo phuong trinh (1.21). Do d6, (1.24) dugc

viét lai nhu sau:

Vi _ 1 (Inz — p)?
Pd,Suzuki = /Pd,Ray(’Y = $) eXp|\ ——=—5— dx (126)
0

xo\/ 2w 202

_Inz—p

1
t= = dt = ——dx

\/§U \/§0$
va ta cling co:

x = exp(V20t + 1)

Khi d6, phuong trinh (1.26) dugce viét lai theo bién ¢t nhu sau:
1 o0
Py suzuki = —F= / Pi Rayteigh(V = exp(v20t + 1)) exp(—t?)dt (1.27)
VT Jo

Phuong trinh (1.27) c6 dang tich phan Gauss - Hermite, do d6 né c¢6 thé dugc
xap xi thanh:
1
Pd,Suzuki = ﬁ Zwipd,Rayleigh(ﬁ/ = e(ﬂaai—i—u)) (128)
i=1

trong d6 a; va w; 14 cac hoanh do va trong sb ciia tich phan Gauss - Hermite,
N, la sO luong mau. a; va w; c6 cac gia tri khac nhau phu thuoc vao gia tri N,
[46]. N, cang 16n thi do chinh xéc xap xi cing cao. O day, luan an xét thiy véi
N, = 6 thi da cho két qua tuong ddi chinh x4c.

Hinh 1.11 cho ta thay duong vé ly thuyét st dung phuong phap xap xi
Gauss - Hermite v6i N, = 6 tuong thich rat t6t véi dudng mo phéng Monter -

Carlo. Két qua nay sé dugc st dung dé tinh toan tit nay vé sau trong luan an.

1.4.2. Hgp tac cam nhan trong kénh pha dinh

Do moi truong truyeén dan trong mang vo tuyén nhan thitc 14 moi truong
khong day, nén anh huéng pha dinh hay suy hao dudng truyén la khong thé
tranh khoi. Dac biét, trong cac moi truong c6 dia hinh phitc tap va dong dan
cu (khu do thi) thi tin hiéu truyén di bi &nh hudng sau sic clia nhiéu loai pha
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Hiéu nang cam nhan phd cuc by duéi anh hwdng clia pha dinh Suzuki
—

0
10’ ¢ T

X&p xi Gauss - Hermite voi N,=6

M6 phéng
107 *  Dé& xuét cla Atapattu [64]
10‘4 I il |
107 107° 107 107 10°

Hinh 1.11: ROC duéi anh hudng ctia pha dinh Suzuki sit dung phuong phap xap xi
Gauss - Hermite vs phuong phap ctia Atapattu [64]

dinh nhu pha dinh Rayleigh, pha dinh log-normal.v.v... Do d6, viéc cam nhan
phd ctia mot CR sé khong thuce su hieu qua dudi anh hudng ctia pha dinh, dac
biét 1a cac pha dinh sau. Dé khic phuc nhude diém nay, hop tac caAm nhan pho
da duge dé xuat [3, 4, 21]. Trong phuong phap cdm nhan nay, nhicu CR sé cling
cdm nhan mot phd tan va dua trén tong hop cac két qua cdm nhan cuc bo ciia
timg CR dé dua ra quyét dinh vé sy ton tai ctia tin hieu PU. O day, luan 4n
chi xem xét hop tac caAm nhan pho tap trung st dung quyét dinh cting do tinh
don gidn va it phiic tap trong xit 1y tinh toan. Cho u; 14 quyét dinh cuc bo clia
ngudi ding CR i va ug 1a quyét dinh hop tac ctia FC, ug,u; € {0,1}, bit “1” va
bit “0” tuong tng chi ra viéc ton tai (Hy) va ving mat (Hp) cia PU. Quy téc
AND x4ac dinh u = 1 néu u; = 1,Vi. Tuong tu, quy tic OR xac dinh u = 1 néu
u; = 1, v6i bat cit gia tri 4 nao. Quy tac da sd yéu cau it nhat mot nita nguoi
ding CR gtii bit “1”. Cac quy téac tong hgp don gian dude tong quat héa thanh
quy tac k-out-of-n. Theo quy téc nay, FC tuyén bé H; néu c6 nhiéu hon k trong
s6 N nguoi dung CR gt bit “1”.

Trong hop tédc cam nhan, dé dat dugce quyét dinh cudi cling vé su ton tai

ctia PU trén kénh cam nhan, cic CRs gtii cac quyét dinh cuc bo ctia minh t6i
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Tin hi¢u tir PU véi
gia thiét nhi phan
{Ho, H1}
Kénh cim nhin
Y1 y Y2 YN
CR1 CRZ CRN
51 52 5N
Kénh théng bao
A
B tong hop trung tim
0i = (Pai, Psi, SNR;, uy)
i=1,..,N
Ug = {0,1}

Hinh 1.12: M6 hinh cdm nhan phd hgp tac tap trung si dung vo tuyén nhan thic trong

moi truong pha dinh.

trung tam tong hgp (Fusion Center - FC) trén kénh diéu khién chung (Common
Control Channel - CCC) [31, 9], cdc kénh nay trong mang vo tuyén nhan thiic
dugc goi 1a kénh thong bao. Cac kénh diéu khién c6 thé duge gan nhu 14 mot
kénh danh riéng trong dai tan cap phép hoidc khong dude cap phép, hodc 1a kénh
bang rong mit dat (ultra-wideband - UWB) [13]. Cac CR tham gia hop tac st
dung co ché diéu khién da truy cap (MAC) dé truy cap vao kénh diéu khién va
gti thong tin cAm nhan dén FC. Dya trén thong tin luga chon tit cac CR, FC
dua ra quyét dinh tong hgp vé viéc ton tai mot hd pho trén kénh (ug = 1) hay
khong (uo = 0) nhu trong Hinh 1.12.

Khi d6, xac suat phat hién sai va xac suat phat hién tong hop ctia hop tac
cam nhan phd tht ty duge tinh nhu sau [79]:

Qf: Hl‘HO Z Z H PF ul 1—PF>1 b (129)
J=k 3 ui=j

Qq = P (H\|H)) = Z Z 1Y, (Pp,)¥ (1 — Pp, )t (1.30)
J=k Y ui=j

Truong hop cac tin hiéu thu nhan duge tai cac CR 1a doc lap va giong
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Hiéu ndng cdm nhan phd hop tac st dung quy tic k-out-of-n rule dwi &nh huéng cta pha dinh Rayleigh
10 T T

—e— Khong hop tac "\\

100 == k=1(OR) S

k=3 )x.\

k=5 N

\r
\r
\4
N,
\/
10*4 I ! AY
107 107 10" 10°
<

Hinh 1.13: ROC ctia hgp tac cam nhan trong moi trusng pha dinh Rayleigh sit dung
quy tic k-out-of-n v6i ¥ = 5dB, u = 5, n = 7 va k thay doi.

nhau, khi d6 xac suat phat hién va xic suat phat hién sai cuc bo tai cac CR 1a
nhu nhau. Ta c¢6 cong thitc tinh rit gon cila xac suat phat hién sai va xac xuat

phat hién tong hop tai FC sé la:

N
Qp=> CLPH1—Pp)" (1.31)
i=k
N . . .
Qa=Y  ChPi(l—Py)"" (1.32)
i=k
trong do
ci n!

il =)

Hinh 1.13 biéu dién hiéu ning ctia hgp tdc cAm nhan trong méi truong pha dinh
Rayleigh. C6 thé thay, so vdi truong hop cdm nhan phd cuc bo (khong hop tac),
viec hop tac cam nhan da cai thien mot cach dang ké hieu nang phat hién cta
hé théng vo tuyén nhan thic khi sit dung quy tac hop tac k-out-of-n. Tuong tu,
Hinh 1.14 biéu dién hiéu nang hgp tac cdm nhan pho trong méi truong pha dinh
che khuat c6 phan bd Lognormal stt dung quy tac k-out-of-n véi n = 5, ¥ = 5dB
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o Hiéu nang cam nhan phd hop tac st dung quy tic k-out-of-n dwdi anh hwdng clia pha dinh Lognormal
10 . ey . i :

—e— Khong hop tac |]
‘‘‘‘‘ k=1 (OR)
k=3

k=5 (AND)

10 F

-,
-,
&
~

o 107k

10°F

105
10

10

Hinh 1.14: ROC ctia hop tac cam nhan trong moi truong pha dinh lognormal sit dung

quy tic k-out-of-n v6i ¥ = 5dB, 045 = 3dB, u =5, n = 5 va k thay doi.

va o = 3dB. Ro rang, khi st dung quy tic két hop nay, hiéu nang cdm nhan pho
dugc cai thien dang ké khi so sanh véi truong hgp cdm nhan pho cuc bo.

Khao séat sy thay doi hiéu nang phat hién ctia hop tac cd&m nhan pho véi
hiéu nang phat hién ctia cam nhan cuc bo trong moi truong pha dinh Suzuki
dugc minh hoa trong Hinh 1.15

C6 thé thay, khi c6 su tham gia hgp tdc cAm nhan ctia nhiéu CR thi hieu
nang phat hien duge cai thien mot cach dang ké so véi viec caAm nhan cuc bo
trong mai truong pha dinh Suzuki. Hinh 1.16 khéo séat sit thay doi clia hiéu nang
phat hien khi thay déi gia tri k& va c¢6 dinh n (n =5 va k = 1,3,5). Nhu minh hoa
trong hinh vé, ta c6 thé thay ring véi k cang 16n, nghia 1a FC sit dung nhiéu
CR hon dé dua ra quyét dinh vé viéc ton tai hay khong ton tai tin hieu PU, thi
hiéu ning phat hién sé gidm. Tuy nhién, viéc st dung nhiéu CR c6 cling quyét
dinh lai cho ta dugc do tin cay cao ciia thong tin. Nhu vay, c¢6 thé thay rang
gitta hiéu nang phat hién va do tin cay trong hgp tac cam nhan khi st dung quy
tac k-out-of-n c6 s ty 1é nghich véi nhau, viéc can bang hai tham s6 hiéu nang

nay dang la mot bai toan dat ra cho cac nha khoa hoc. Trong gidi han ctia luan
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10°

T

Hiéu nang cam nhén phd hop tac sti dung quy tic k-out-of-n dudi dnh hudng ctia pha dinh Suzuki
ey .

—

‘‘‘‘‘ Quy tdc OR 3
107E k=3 :
——&— Phat hién cuc bo [
i i i 1 -
107 107 10"
<

10
Hinh 1.15: ROCs trong méi truong pha dinh Suzuki stt dung quy tac k-out-of-n vdéi
MUz = 2dB, Oz = 5dB, van =>.

10

T

Hiéu nang hop tdc cdm nhan dudi énh hudng cha pha dinh Suzuki khi thay d6i k.
‘ P S ‘ PR ‘ —

Quy tc AND (k = 5)
‘‘‘‘‘‘ Quy tic OR (k= 1)
Quy tac da sé (k= 3)

A}
10° —
10

107

Hinh 1.16: ROC trong moi truong pha dinh Suzuki st dung quy téc k-out-of-n (uy
0dB, 07 = 3dB, va n = 5) véi cac gia tri khac nhau cua k.
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an, bai toan nay khong phai 13 mdi quan tam chinh ciia luan 4n. Ngoai ra, Hinh
1.15 va Hinh 1.16 ciing cho ta thiay quy tdc OR (tuong ting v6i k = 1) sé& cho
ta hieu niang phat hién t6t nhat. Hinh 1.17 khao sat sy thay doi ctia hiéu nang
phat hién khi ¢6 dinh & va thay doi n. Ro rang, n cang 16n tic la sé ngudi tham
gia hop tac cdm nhan cang nhiéu thi hiéu ning phat hién dudc cai thién hon.
Tuy nhién, gia tri n bang bao nhiéu la vita da? Cau hoéi nay sé dude luan an gidi
quyét trong chuong tiép theo.

Hiéu nang hgp tic cam nhén phd dudi anh hudng ctia pha dinh Suzuki khi ¢6 dinh k, thay d&i n
10° [ T P S S " TSNS S

Quytdc OR V6in=5 i~

Quy thic OR v&i n=7 Lot

‘‘‘‘‘ Quy tic OR v&in=9 S "

107 - - - - - "
10 10 10 10

Hinh 1.17: ROC trong moi truong pha dinh Suzuki stt dung quy téc k-out-of-n (uz =
0dB, 07 = 3dB, and k = 1) véi cac gia tri khac nhau cia n.

1.5. Két luan chuong

Chuong 1 da trinh bay cac kién thiic co ban lien quan dén vo tuyén nhan
thiic va cac k¥ thuat cdm nhan pho. Trong chuong, luan 4n tap trung tim hiéu
ki thuat cAm nhan pho st dung bo phat hién nang lugng ciing nhu cac tham
s6 danh gia hiéu niang cdm nhan pho cta ki thuat nay. Ben canh dé, cac van
dé lien quan dén hgp téc cdm nhan pho tap trung st dung quy tic quyét dinh
cting cling duge dé cap. Ngoai ra, trong chuong nay, luan an da dé xuat phuong
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phap xap xi tinh toan hiéu nang phat hién cuc bo ctia vo tuyén nhan thic dudi

anh hudng cua pha dinh Suzuki.
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Chuong 2

MOT SO PHUONG PHAP CAI THIEN HIEU NANG CAM
NHAN PHO TRONG MOI TRUGNG PHA DINH

Nhu da trinh bay trong phan md dau, pha dinh c6 4nh hudng sau sic dén
hiéu nang phat hién clia mang vo tuyén nhan thic hop tdc cdm nhan. Trong
chuong nay, luan an sé dé xuat mot so6 gidi phap cai thién hiéu nang cla viéc
cam nhan pho trong moi truong pha dinh. Trén kénh cam nhan, luan an dé xuat
phat hién va loai b6 cac CR bi &nh hudng clia pha dinh che khuat tuong quan
ra khoéi qua trinh cdm nhan pho hop tac. Viéc loai b cac CR bi anh huéng clia
pha dinh sau ciing dugce dé cap trong chuong nay. Trén kénh thong bao bi pha
dinh, luan an dé xuat tai sit dung cac CR bi anh hudng ctia pha dinh sau lam
nit chuyén tiép hoé trg cac CR chuyén thong tin cAm nhan dén FC nham nang
cao do tin cay ciing nhu hiéu nang cdm nhan. Bén canh d6, luan an ciing dé
xuat gidi han sé lugng ngusi tham gia hop tac cAm nhan pho khi cho truée mot
nguong dung sai ma van dam bao duge hiéu ning phat hién mong mudn nham
muc dich tiét kiém tai nguyén vo tuyén trén kénh thong bao khi giii thong tin
cdm nhan dén FC. Cac két qua dugde xem xét & chuong dugde gidi han trong moi
truong pha dinh Rayleigh va pha dinh che khuat lognormal cho ci kénh cam
nhan va kénh thong bao. Cac déng gop cia luan an trong chuong nay da duge
cong bo trong Hoi nghi Quoc té CyberC 2010 (Cong trinh s6 1), Hoi nghi Quoc
té TENCON 2011 IEEE Region 10 (Cong trinh s6 2), Hoi nghi Qubc gia REV
2013 (Cong trinh s6 6) va bai bao duge chap nhan ding trén tap chi Khoa hoc
Dai hoc Qubc Gia (Cong trinh s6 9).
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2.1. Phat hién va loai bo cac CR bi anh hudng cua

pha dinh che khuit tuong quan

2.1.1. M6 hinh pha dinh che khuat tuong quan

Nhu ching ta da biét, cac dic tinh thong ké ctia pha dinh che khuat gay ra
do che khuat ctia cac vat can trén duong truyen lan rat khé dé mo hinh héa mot
cach chinh xac. Trong [51], mot mo6 hinh tuong quan cho pha dinh che khuat
trong kénh vo tuyén duge dé xuat va phit hop véi dit lieu do duge véi khoang
cach tuong quan len dén 500m tai tan s6 900 MHz trong cac macro cell ving
ngoai 6, va xap xi 15m tai tan s6 1.700 MHz trong cac micro-cell do thi. Do

tuong quan chuan héa gitta hai diém c6 khoang cach d dugc cho béi:
R(d) = =94 (2.1)

trong do, d 1a khodng cach gitta hai vi tri, § 1a hing s6 phu thudc moi truong
tinh theo cac phép do clia ep, tuong quan giita hai diém cach nhau mot khoang
cach la D, tic 1a, ep = exp(—3D). Tt phép do trong [51], tuong quan tai khoéng
cach D = 100m trong moi trudng ngoai 6 duge udc tinh la ep = 0,82. T day, ta
c6 thé tinh duge hing s6 § = 0,002 trong moi truong ngoai 6. Tuong tu, hing
s6 B = 0,12 dudc tinh tit cac phép do tuong quan trong moi truong do thi.
Theo [51], tuwong quan chuan hoéa gitta hai diém riéng biét cAch nhau mot
khoang kvT duge cho bdi:
R(k) = al¥ (2.2)

a = E%T/D (2.3)

v6i v 1a van tée di chuyén, T 1a thoi gian lay mau. O day ta c6 céc gia tri v va
T tuong ting la 50km/h va 0,5s theo cac phép do trong [51]. Diéu nay cho ta
a = 0,986313 trong ving ngoai 6 va a = 0,433403 trong moi truong do thi. Moi
quan hé gitta a trong (2.3) va 3 trong (2.1) sé la:

a=e BT (2.4)
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Ciing theo [51], trong mot tién trinh ty hoi quy (auto-regressive), hé s6 a cia
tién trinh AR bac 1 chinh la do tu tuong quan chuan héa cia mot mau, R(1),
v6i tin hieu dau ra ctia né. Dicu nay c6 nghia 1a ching ta c6 mot phuong phap
dé tao céc bién log-normal bang cach cho cac bién AWGN di qua bo loc sé bac
1 ¢6 diém cyc R(1) = a. Day la phuong phap ma luan 4n st dung dé tao ra cac
tin hiéu tuong quan bi &nh hudng béi pha dinh che khuat gay ra bdi ciing mot
vat can hay mot nhém céc vat can. Luu ¥ rang, mo hinh pha dinh che khuat

Y = exp(X) v6i X ~ N(u,c?) chi tao ra cac bién lognormal doc lap.

2.1.2. Xac dinh cac tin hiéu bi anh hudng ctia pha dinh che

khuat tuong quan

Tin hiéu bi 4nh hudng ctia pha dinh che khuat thuong rat yéu, hay con
dugc goi 1a hién tuong pha dinh sau, dan dén quyét dinh cAm nhan ning luong
ctia cac kénh 1a khong dang tin cay va anh hudéng nghiém trong dén tinh thong
ké quyét dinh hop tac ciia trung tam tong hgp. Trong [81], tac gia da dé xuat
phuong phap loai bo CR bi anh huéng ctia pha dinh sau ra khéi qué trinh tham
gia hgp tdc cdm nhan néu SNR ciia n6 thap hon mot ngudng cho trude duge
xac dinh bai FC.

Bén canh d6, pha dinh che khuat ciing ¢6 xu huéng gay ra hién tuong tuong
quan tin hiéu, do dé lam giam do lgi phan tap khong gian, trén mot khoang
cach 16n, phu thudc vao dac tinh va kich thuée cua vat can. Vi kich thude cua
vat can la hitu han, cang it CR tham gia hgp tac cam nhan trén moét khoang
cach 16n dé tranh sy tuong quan sé cho ta do 1gi phan tap hop téc tot hon la
nhiéu CR hop tac tap trung trong mot ving dién tich nhé. Trong [5], tac gia da
chi ra ring hién tuong pha dinh che khuat tuong quan sé lam gidm hiéu ning
clia cadm nhan pho hop téac vi cac ngudi ding CR ciing chiu anh huéng ctia pha
dinh che khuat tuong tu nhau, do d6 lam gidm do loi hgp tac. Vi vay, cac nguoi
dung CR bi 4nh hudng ctia pha dinh che khuat tuong quan ciing can duge loai
b6 ra khéi qué trinh cadm nhan phd hop téc. 0 day, luan an da xac dinh nhing
CR bi a4nh huéng clia pha dinh che khuat tuong quan bing cach kiém tra ma
tran hiép phuong sai chuan héa ciia tin hiéu nhan duge véi cac phan tit p(i, §)
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13 hé s6 tuong quan dude dinh nghia béi:

R j) (2.5)
R(i,1)R(j, j)

p(i, j) =

v6i R(i, ) la ham tuong quan ctua tin hiéu nhan duge tai CR thi ¢ va CR thit j.

Dura trén cac hé s6 tuong quan, ta tim ra cdc nhém CR lan can nhau c6
heé s6 tuong quan déu cao hon mot miic ngudng cho trude hodc cao hon hian khi
so v6i cac hé s6 tuong quan ctia cac CR khac. Nhém cac CR nay bi anh hudng
bdi hién tuong pha dinh che khuat tuong quan va sé bi loai boé ra khéi qua trinh

cdm nhan phoé hop téc.

2.1.3. M6 phéng va cac két qua

Ir

O Xzerm
QR

\
XA

\)

X

TV Rx

—
<
—
X

TV Rx

Hinh 2.1: Mang vo tuyén nhan thic thyce hién cdm nhan pho ctia tram truyen hinh
trong vung ngoai 6

Hinh 2.1 mo t4 mot mang vo tuyén nhan thic trong mot khu vigc ngoai 6.
Mang bao gom mot tram goc CRBS (Cognitive Radio Base Station) dong vai
tro 1a FC va 12 tram thi cap SS thuc hién cAm nhan phd clia mot tram so cap 1a
dai phat thanh truyén hinh. Gia thiét rang SSi, SS2, SS3 bi pha dinh che khuat
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0 dB do bi cay che chan, SSg,SSg ciing bi pha dinh che khuat 0 dB do bi toa
nha che chan, cac SS con lai bi anh huéng ctia pha dinh da duong c6 do 1gi cong
suat 1a 7 dB. Dé thu dugc céc tin hiéu lognormal bi &nh hudng ctia pha dinh che
khuét tai cac SS1,SS, SS3, SSg v SSg, chiing ta cho tap am AWGN c6 phuong
sai 1a - 18,65 dB di qua mot bo loc s6 bac 1 c6 mot diém cuc tai a = 0, 986313.
Do 1gi cong suat ciia bo loc khi d6 sé 1a 18,65 dB. Gia thiét tat ca cac CR cung
dung mot ngudng A, do d6 ¢6 cling mot xac suat phat hien sai Py.

Viéc mo phong duge thyc hién véi cac bude sau:

1. V6i mdi SS;,i =1,2,...,12, ching ta tao ra 10° mau nang luong Y, sau do6
tinh todn ma tran hiép phuong sai theo phuong trinh (2.5).

2. Trong trusng hop 1y tudng, rat d& dang dé xac dinh hai nhom SS bi 4nh
huéng ctia pha dinh lognormal {SS1,SS92,SS3} va {SSs, SS9} dua trén ma
tran hieép phuong sai chuan héa tao ra & buée 1.

3. Chon Py, = Py, Vi, khi d6 ta sé tinh dugc A\ = Gt

N/Q(Pf> theo cong thic
(1.17).

4. Tinh toadn Py, tit cac SNR da biét st dung cong thiic (1.19).

5. Gi céac gia tri (Py,, Pr,,u;) dén CRBS, dé don gian tinh toan st dung quy
tac k-out-of-n (quy tic AND) dé tinh toan xac suat phét hién tong hop Qg
va xac suat phét hien sai tong hop Q ¢ ctia FC nhu sau:

=1
Qr = H Py, (2'7)

i=1
Ta c6 x4c suat phat hieén sot tong hop Q,, = 1 — Q4. Vé dusng ROC cua
FC (Qn vs Q) v6i gié tri Q7 ndm trong khoang 10° va 1074 trén truc tung
déi vé6i buée 3.

6. Loai b6 nhém SS dau tién (SS;,SSs,SS3) bi 4nh hudng clia pha dinh che
khuat tuong quan ra khoi qué trinh tham gia hop tac cdm nhan, thic hién
lai bude 5; Sau do tiép tuc loai bo nhom (SSs, SSe) roi lap lai bude 5 cho

nhom gom 7 SS con lai tham gia hop tac cam nhan.
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7. Thuc hién so sanh 3 duong ROC vé dugce trong Hinh 2.3

58;

55

553

554

SSs

55¢

557

SSs

55¢

5510

5511

5512

Hinh 2.2: Ma tran hiép phuong sai chuan hoéa

55;

S5z

55s

1.0000 0.0049 -0.0018

0.0049 1.0000 -0.0056

-0.0018

-0.0056

1.0000]

-0.0021

-0.0009

-0.0030

0.0003

-0.0003

-0.0001

-0.0002

0.0009

0.0008

0.0012
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-0.0068

-0.0045

-0.0020

-0.0034

-0.0078

0.0098

-0.0001

-0.0006

-0.0004

0.0011

0.0003

-0.0008

vii=1,2,...,12.

-0.0002

0.0002

0.0010

554

-0.0021

-0.0003

0.0008

1.0000

0.0012

0.0008

0.0009

-0.0019

-0.0013

-0.0004

0.0017

0.0010

585

-0.00098
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0.0012
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-0.0003

0.0008

-0.0007

-0.0016
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-0.0005

S5¢

-0.0030
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0.0008
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-0.0011

-0.0005
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0.0017

-0.0002

557

0.0003

0.0009

0.0004

0.0009

-0.0003

-0.0011

1.0000

-0.0004

0.0018

-0.0002

-0.0011

-0.0008

SSs

55¢

-0.0068

-0.0020

-0.0078

-0.0045

-0.0034

0.0098

-0.0019

0.0008

-0.0005

-0.0004

-0.0013

-0.0007

0.0002

0.0018

1.0000

-0.0024

-0.0024

1.0000

-0.0003

0.0001

-0.0018

0.0017

0.0007

0.0004

5510

-0.0001

0.0011

-0.0002

-0.0004

-0.0016

0.0001

-0.0002

-0.0003

0.0017

1.0000

-0.0004

0.0011
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-0.0006

0.0003
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-0.0002
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0.0001
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-0.0004

1.0000

0.0005

5512

-0.0004

-0.0008

0.0010

0.0010

-0.0005
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-0.0008

-0.0018

0.0004

0.0011

0.0005

1.0000

cia cac tin hiéu nhan ducgc tai cac SS;

Tt Hinh 2.2 ¢6 thé dé& dang thay ring SS;, SSy v SS3 tuong quan véi nhau

khi cac hé s6 tuong quan trong ma tran tuong quan chéo khic khong va tuong

d6i 16n khi so sanh vé6i cac gia tri khac trong ma tran hiép phuong sai. Tuong

ty, ta cling xac dinh duge SSg va SSg ciling ¢6 sy tuong quan véi nhau. Hinh 2.3

cho thay khi ching ta loai bé 5 SS bi anh hudng ctia pha dinh che khuat tuong

quan, hiéu nang phat hién khi st dung 7 SS con lai duge cai thién mot cach

dang ké.

46



Hiéu nang phat hién trong méi trwerng pha dinh bj anh huwdng ctia pha dinh che khuét twong

0 quan va pha dinh da dwdng
10 e T T
107 =
S 107 : : ‘ :
S —8— ROC cho trudng hopl2 CR hop tac cdm nhan (quy tdc AND) .
—@— ROC khi loai bd SS,-Ss,
ROC khi loai b6 SS,-SS va SS4-SS,
107 = =
10_4 -4 ‘ ‘ — x—3 ‘ ‘ — x—2 ‘ ‘ — x—1 B 0
10 10 10 10 10

Hinh 2.3: So sanh ROC ctia ba truong hgp: duong trén cung la ROC trong trudng hop
stt dung 12 SS tham gia hgp tac cam nhan, duong mau xanh 1a ROC khi da loai bo
SS1,SSs va SS3, duong mau doé (t6t nhat) 1a ROC khi da loai bé 5 SS bi anh hudng

ctia pha dinh che khuat ra khéi hop tac cdm nhan.

2.2. Dé xuat tai st dung cac CR bi anh huéng cuaa
pha dinh sau lam nit chuyén tiép (relay) cho
qua trinh hdp tac cAm nhan pho

Trong phan nay, luan an nghién cttu danh gia keénh thong bio ciia mang
vo tuyén nhan thitc dudi anh hudng ctia pha dinh Rayleigh, dong thoi thie hién
xay dung mot mang chuyén tiép phan tap hop téc st dung giao thic Giai ma
va Chuyén tiép (Decode - Forward) trong nén mang thong béo ctia mang hgp
tac cAm nhan vo tuyén nhan thic. Trén kénh cdm nhan, luan an xem xét loai

bé cac CR bi anh huéng ctia pha dinh sau ra khoi qua trinh cam nhan phd hop
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tac va dé xuat st dung cac CR bi loai bé lam nit chuyén tiép thong tin cam

nhan dén FC cho cac CR con lai.

2.2.1. Hé théng chuyén tiép hop tac

\L Nr1

yrl '%1 rld
- Nr1d
X Nt chuyén g~ Y L
srl Ngq
N Xs ,
Nguodn bich
hsd Ysd
her R Ly T
Nut chuyén tiép
Nrmd
Ym (%M rMd

/I\nrM

Hinh 2.4: So do6 mang chuyeén tiép phan tap M nit chuyeén tiép

Hinh 2.4 biéu dién mot mo6 hinh mang chuyén tiép phan tap hop tac si
dung M nhanh chuyén tiép [17]. O day, céc nat chuyén tiép duoe gia thiét 1a
hoat dong trong ché do phan chia theo thdi gian bao gom c6 hai pha: pha chuyén
tiép thu va pha chuyén tiép phat. M&i mot pha chiém mot khoang thai gian chu
ky 1& 7'/2. Tin hi¢u phét ctia nit chuyén tiép va tin hiéu phét ctia ngudn khong
tuong quan véi nhau.

Trong pha chuyén tiép thu, tai caAc khoang thoi gian r&irac k = 1,2,...,7/2,
ngudn phat ban tin day du ciia cac ky tu dén ca dich va nit chuyen tiép (ché
do quang ba) trong truong hop sit dung giao thitc Khuéch dai va Chuyén tiép
(AF, Amplify-and-Forward), nhung trong giao thiic DF, nguon lai chi gui tin
hiéu dén cac nit chuyén tiép, titc 1a chi c6 phuong trinh (2.8a) duge ap dung.

Ysr,, [k] = \/ Ps|klhsr,, vs[k] + nsp,, [K] (2.8a)
ysalk] = \/ Ps[k]hsqxs[k] + nsqlk] (2.8b)

Trong giao thiic chuyén tiép DF, nit chuyén tiép phat hién bing cach giai ma

toan bo tit md ma né nhan dude tit nguon trong pha chuyen tiép thu, lan luct
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timg ky tu, sau d6 phat lai tin hiéu sau khi da gidi ma dén dich trong pha chuyen
tiép phat.

Trong pha chuyén tiép phét, tai cdc thoi diém r6i rac k = 7/2 +1,7/2 +
2,...,T, cac niat chuyen tiép gii cac tin hiéu ctia minh dén dich. Nguodn c6 thé
glii hodic khong giii tin hieu dén dich phu thudc vao giao thic chuyén tiép dugc
stt dung (Ché do da truy cap). Tin hiéu thu duge tai nguon la [45]:

M

y'f’d[k] = Z V Prm hrmdxrm [k] + nrmd[k]
m=1
M

ysd[k] = Z \/Fshsdxs[k] + nsd[k]

(2.9)

trong d6 x,y,n va P tuong ting 1a cic tin hiéu phat da duge chuan héa (tic 1a,
E (Jz> = 1)), tin hiéu thu, tap am cong tinh c6 phan bo Gauss n ~ N(0,0%) va
cong suat phat. Céc chi s6 i, j biéu dién duong lien két kenh it i t6i j. hy; 12 do
loi kenh (ho#ic mat mat) tit nit ¢ t6i nat j, bi &nh hudng ctia pha dinh Rayleigh
khong Iya chon tan s6, va duge mo hinh héa thanh cic bién ngau nhién Gauss
phitc, d6i xitng va doc lap véi tri trung binh bang 0 va phuong sai o7;. Nhut chiing
ta déu biét, trong kénh pha dinh Rayleigh, |h;;|?> ¢6 phan bd mi. Ching ta xéc
dinh SNR titc thoi trong tin hiéu thu duge la:

Vij = |hij|22pi = |hijl*vijawen (2.10)

o

trong d6 v;jawen 1a SNR clia kéenh AWGN khong bi pha dinh. Dé tien cho viéc

biéu dién va phit hgp véi cac bai bdo vé noi dung nay [17], luan 4n don gian st

dung SNR() thay cho YijAWGN -
Trong kénh pha dinh Rayleigh, SNR trong (2.10) 1a mot bién ngau nhién

c6 phan b6 mil doc lap véi gia tri ky vong la:
Vij =5 = HijSN Iy (2.11)
VOl pij = El|hij|?]. Xdc suat dimg, PP" (SN R, Ryp) = P {|hij|* < pun} = Fipn,,p (1in),

ctia dudng truyén vo tuyén gitta hai diém i va j c6 do lgi kenh tic thoi hy; véi
mot ngudng toc do thong tin ding cho trude Ry, duge dinh nghia nhu sau:

PP (SN Ro, Run) = Fi,, (bun) (2.12)

49



trong d6 ngudng do lgi kénh duge xac dinh:
fith = % (2.13)
v6i M 1a s6 nit chuyén tiép trong mang phan tap chuyén tiép.
Vi do 1oi cong suat ctia kénh pha dinh Rayleigh c¢6 phan bd mil v6i trung
binh p;;, xac sudt ding clia dudng truyen truc tiép gitta nguon va dich (khong
c6 nit chuyén tiép), don gidn duge dinh nghia la:

Pt = Py (jun) = 1 — etnlbed (2.14)

2.2.2. XAc suat ditng ctia mang chuyén tiép DF hop tac trong
kénh pha dinh Rayleigh

O phan nay, luan an lua chon giao thic chuyén tiép DF lua chon (SDF)
nhu 13 mot vi du dé ching minh 16i ich ctia viéc tai sit dung cac CR trong hop
tac cdm nhan phd trong mot moi truong pha dinh sau. Trong giao thic chuyén
tiép SDF, khi céc nit chuyén tiép khong thé gidi méa cac ban tin ngudn, tic la,
dudng lien két ngudn - nat chuyén tiép § trang thai rét, nguon sé lap lai viec
phat tin hieu dén dich trén duong lien két truc tiép véi dich. Toc do thong tin
trung binh 16n nhat trong truong hgp nay, phan ti bén trai clia phuong trinh
(2.15), chinh 13 téc do ctia ma hoa lap. Téc do thong tin clia mang chuyén tiép
SDF c6 thé dugc biéu dién nhu sau [41]:

1
51log(1 + 2744 < lth
Tspp = 2 g( Vs ) Vsr < Ht (215)

$log(L+ Ysa +Yra)  Yer > fitn
Do d6, x4c suat dimg dudi diéu kién phan b6 ma sé 1a [17]:
Pgp(un) = Pr(lhsprl? < pn)
= Pr(2lhsal® < pun) Pr(|he|* < pn) + Pr(lhe* = pun) Pr ({{hsal® + [hral®} < pun)

Kth

_ Mith _ Mh € Hs _ Mitn _ Hth
= (o) (e ) e (L) e (1)
S T

(2.16)

V6i hgpr 13 do 1oi kenh dac trung cho duong lien két ctia nguon - nit chuyén

tiép - dich gom cac kénh truyen hgg, hyq va he.
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2.2.3. Thuat toan tai st dung cac CR trong cam nhan hgp tac

du6i anh hudng ctia pha dinh sau

Tin hiéu tr PU véi
gia thiet nhi phan
{Ho, Hi}

Kénh cdm nhin

Y1
CRy

01

Kénh théng bao

B¢ téng hop trung tim
0i= (Pgi, Psi, SNR;, uj)
i=1,..., N-1

Hinh 2.5: So do tai stt dung CR bi 4nh hudng ciia pha dinh sau lam niat chuyeén tiép

Mot CR bi anh huwéng cta pha dinh sau sé bi loai bé ra khéi qua trinh
tham gia hgp tac cAm nhan béi FC néu SNR ctia né thap hon mot ngudng cho
truée duge xac dinh béi FC [81]. Do céac kénh thong béo gitta CRs va FC bi pha
dinh, nén hién tugng dut lien két c6 thé thuong xay ra. Xac suat phat hien hieu
dung nhan dugce tit CR thit ¢ tai FC sé la:

Ppe(i) = Ppi{l — Pou(i)} (2.17)

trong do6, Pp; l1a x4c suat phat hien pho cuc bo ciia CR thi i v Py (i) 1a xac
suat ding ciia kenh gitta CR thit i véi FC.

Luan an dé xuat mot phuong phap tan dung cac CR bi loai bd bang cach
gan ching dé hoat dong véi vai tro 1a cac nit chuyén tiép phan tap hgp tac cho
cac CR dang tham gia hgp tac cdm nhan. Nhu trong Hinh 2.5, ludn an minh
hoa mot vi du trong d6 CRy bi anh hudéng cta pha dinh sau, khi d6 thong tin
cam nhan cia CR nay sé bi loai bo ra khoi FC. FC sé gan CRy hoat dong nhu

mot nit chuyén tiép cho CR; dé cai thien do tin cay truyén dan ctia kénh thong
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bédo CR; - FC, do d6 hinh thanh nén mang chuyén tiép gom 3 dau cubi véi CR;
13 nguon (S), CRy la nit chuyén tiép (R) va FC la dich (D). Ching ta ki vong
rang xac suat diung trong (2.16) thap hon véi do lgi phan tap khi st dung nut
chuyén tiép so v6i khi khong sit dung nut chuyen tiép, do dé, cai thien xéc suat
phat hién hiéu dung cuc bo thu nhan tai FC.

Thuat toan dude dé xuat nhu sau:

1. Céac CR tinh toan SNR {SNR;,i =1,2,...,N} tut cac dit lieu thu dugce {y;}

va tinh toan x4c suat phat hién {Pp,}.
2. FC thu nhan cac thong tin tu CR.

3. FC sap xép cac CR theo thit tu gidm dan SNR, sao cho SNR; > SNRy >
...> SNRy va céac chi s6 ciia CR dudc sap xép theo cling mot thit tu véi
tha tu cia SNR.

4. FC thiét lap mot ngudng SNR, SNR;,, CR nao c6 SNR thap hon SNR
ngudng nay sé bi loai bo ra khoi qua trinh cam nhan. Nhu vay sé c6 M < N
CR tham gia hgp tac va R= N — M CR bi loai bé: SNR; > SNRy > ... >
SNRyr—-r>SNRy—p+1>...>SNRpy—1 > SNRy > SNRy, > SNRyr41 >
...>SNRy+R

5. Gia thiét ching ta sit dung tat cd R CR bi loai bé lam nit chuyén tiép.
Gan CRyr41 lam nut chuyen tiép cho CRyr, CRyr4o lam nit chuyén tiép

cho CRy—1 ... v CRyr4 g chuyén tiép cho CRy—p_1.

6. Tinh toidn xac suat ding clia dudng truyen tric tiép cta cac CR, tic la,
Pgu(i)(i =1,2,..., M) st dung phuong trinh (2.14).

7. Tinh toan P&, (i)(i = M —R+1,...,M) clia R mang chuyén tiép phan tap
hgp téac st dung giao thitc SDF trong (2.16).

8. Tinh toan xac suat phat hien hieu dung {Pp.(i)}(i = 1,2,..., M) theo
phuong trinh (2.17).

9. Tinh toan xac suat phat hién tong hop, Qp sit dung chuyén tiép phan tap
hop tac trong buée 7 hodc khong sit dung chuyén tiép phan tap hop tac
trong budc 6.
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10. Vé ROC dé so sanh.

ROC vei Wy, = 1073 SNR = [1093789-3-61260.21]dB, SNR, =05 dB

10° ¢ : e —— e o—0-0-0-0-0-0-0-6-9-0¢
: e 60-0-0060000000000003
oo G-t 0 B0 G 00000980 ¢
107 Coiion S : ]
—©— Kénh thdng bao ly twang (khéng pha dinh)
——&— Kénh théng bao bj pha dinh Rayleigh
5 I +=§=" Kénh thong bao bj pha dinh Rayleigh st dung 3 nut chuyén tiép| :
10°F s S : ]
10_3 -3 ‘ ‘ ‘ ‘ — x*2 ‘ ‘ ‘ ‘ - x*1 ‘ ‘ 0
10 10 10 10
Q

Hinh 2.6: Hiéu niang cam nhan cia mang cam nhan phd hop tac khi st dung va khong
stt dung cac CR bi anh hudng ctia pha dinh sau thanh cac nat chuyén tiép phan tap

c6 ngudng do lgi kenh gy, = 1073

2.2.4. Két qua

St dung mo hinh kich ban nhu trong Hinh 2.1, 6 day c¢6 cac CR 7, 8,
11, 12 bi anh hudéng ctia pha dinh log-normal va cdc CR con lai bi anh hudéng
cua pha dinh Rayleigh. Cac SNR do dugc tai 12 CR tuong tung la {SNR;} =
[10;9;3;7;8;9; —3; —6;12; 6; 0,2; 1] dB, va ngudng dugc thiét 1ap tai FC 1a SNRy;, =
0.5 dB khi xem xét tap am AWGN c6 phan bé Gauss chuan N(0,1). Do do,
ba CR 8, 7, va 11 bi loai b6 ra khéi qua trinh tham gia hgp tdc cam nhan
va hoat dong vé6i vai tro la cac nit chuyén tiép cho CR 10, 3, 12 tuong ng
trong kenh thong béo. Céac mang chuyén tiép phan tap hgp téc 3 niat duge
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gid thiét 134 bi anh hudng clia pha dinh ham mi v6i cdc bo tham s6 trung
binh (f1sg, fisrs pirg) = (0,01;1;0,01); (0,01;0,111;0,01); (0,01;0,04;0,01). Hinh 2.6

ROC v&i My, = 0.005, SNR=[1093789-3-61260.2 1], SNRth =0.5dB

10"

=—©— Kénh thdng bao ly twdng (khéngpha dinh)

—&—Kénh thong bao bi pha dinh Rayleigh

== Kénh thong bao bi pha dinh Rayleigh st dung 3 nut chuyén tiép
10 F S S : E

° :-lo--o--o-o-’o-’&‘é--o--o'o‘-o-o-olexei-é‘e-o‘o-o.ole)ooo-m

10_7 ‘ “““‘,2 ‘ “““‘,1 ‘ “““‘O
10 10 10 10

Hinh 2.7: Hiéu nang cam nhan cia mang cam nhan phd hop tac khi st dung va khong
stt dung cac CR bi anh hudng ciia pha dinh sau thanh cac nat chuyén tiép phan tap

c6 nguong do lgi kénh g, = 0,005

va Hinh 2.7 biéu dién céc két qua moé phéng cia dusng ROC trong mang cam
nhan hgp téc trong ba moi truong: cac kénh thong bao trong sudt (khong bi
anh hudng ctia pha dinh), kénh thong bao bi &nh huéng ctia pha dinh Rayleigh
nhung khong st dung ntt chuyén tiép va c¢6 st dung cac CR bi loai bé hoat
dong nhu cac nat chuyén tiép. Tat ca cac duong ROC déu xét cho truong hop
tai stt dung 03 CR va st dung quy tic tong hop AND. C4 hai hinh vé déu cho
thay loi ich ctia viec tai st dung cac CR lam nit chuyén tiép hd trg trong viec
truyen thong tin cdm nhan ctia cic CR tham gia hgp tac cdm nhan dén FC. Va
ciing c6 thé thay véi ngudng rét 1, thap nhu trong Hinh 2.6 sé cho hiéu nang
phat hién t6t hon so véi ngudng r6t cao hon trong Hinh 2.7.
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2.3. Dé xuat giéi han s6 luong CR tham gia hop tac
cam nhan trong mang cam nhan pho hop tac

Nhu da trinh bay trong cac phan trudc, ching ta cé thé thay ring, viéc
c6 nhieu CR tham gia hdp tadc cdm nhan sé lam tang hiéu nang cdm nhan clia
mang ciing nhu tang do tin cay cia viéc quyét dinh sy ton tai cia tin hieu PU
trén kénh truyén can quan tam. Nhung trong thuc té, s6 lugng CR clia mang
cam nhan vo tuyén khong thé dat dén gia tri vo han. Hon nita, viéc c6 qua nhiéu
CR tham gia hgp tac cdm nhan, tic la, tham gia vao viéc gii thong tin cam
nhan dén FC ciing sé chiém mot lugng kénh truyeén tuong ing phia mang thong
bdo va co thé gay ra tinh trang nghén mang. Bai toan dit ra ¢ day la: Vay c6
bao nhiéu CR tham gia hgp tac cam nhan la phu hop, vita dam bao duge hiéu
ning phat hién clia mang van ¢ mic ma ta mong mudén dong thoi vita han ché
dudc hién tugng overhead ciia mang thong bao. Trong muc nay, luan an da dé
xuat viéc gidi han s6 luong CR tham gia hgp tac cdm nhan dya trén ngudng
mong mudn clia xac suat phat hien duge tinh toan theo mot tham sé dung sai

e cho truée.

O day bai toan duge xem xét dudi cac gia thiét nhu sau:

e Cac tin hiéu dén cac CR c6 phan b giéng nhau va doc lap, tai cic CR, bo
phat hién nang lugng st dung cing mot ngudéng nang lugng. Do do, xac

suat phét hién va xac phat hien nham cuc bo tai cac CR 1a nhu nhau.
e Kénh thong bao 1a Iy tudng (khong bi anh huéng ctia pha dinh)

Tit phuong trinh (1.32), chiing ta c¢6 thé thay rang khin — oo : Qg — 1. Ta
chon mot gia tri e dit nhd sao cho khi n ting lén dén mot gia tri nhat dinh thi

diéu kién 1 — Qg < € luon dude théa man.

Q=Y CiPil—Py)" ' >1—¢ (2.18)
i=k
hoac,
=1 .
€>Qn=1-Qq=)Y CLPi1—Py)"" (2.19)
1=0
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Mot cach tong quét, cong thiic tinh todn sé luong CR tham gia hop tac cdm

nhan trong mang vo tuyén nhan thic duge bicu dién nhu sau:
-1 .
n = min {arg {e > Z CyPy(1 — Pd)"z}} (2.20)
i=0

Thuat toan duge minh hoa bang Itu do thuat toan nhu trong Hinh 2.8.

Thiét lap gia tri &
dt nho va cac gia
trin, k (k<n)

Qm(n) > &> Qp(n + 1)

rn=n+1

Sai

S CR tbi
thidulan+1

Két thuc

Hinh 2.8: Luu do thuat toan lua chon s6 luong CR thich hop tham gia cAm nhan pho

hop téc st dung quy tac quyét dinh ciing k-out-of-n

Két qua moé phéng
V6i mot gié tri e cho trude va mot gia tri bat ky clia k, ching ta c6 thuat toan

tinh toan gia tri nhé nhat n thoa man (2.20) nhu sau:
e Vi gia tri cho trudc Py, n,k, ta tinh toan @,, tuong tng
e Thiét lap gia tri khdi tao ban dau cia n = 1.
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Giéi han s6 lwgng CR tham gia cdm nhan phd hop tac trong méi trwéng pha dinh Rayleigh véi y=5 dB

0.95

0.85F
0.8
o 0.75)

0.7

0.6

0.55

05 | | | | | | |
0 2 4 6 8sb 10 12 14 15

lwong CR, n

Hinh 2.9: Lya chon s6 lugng CR tham gia hop tac dudi anh hudng ctia kénh pha dinh
Rayleigh v6i cac gia tri khac nhau ctia Py st dung quy tdc OR, e = 1073,

e Tang gia tri n lén cho dén khi (2.20) thda man, tic la:
Qm(n) >€e>Qm(n+1) (2.21)
e Lira chon s6 Iuong cac CR tham gia cdm nhan hop téc sé 1a: n+ 1

Luan an da thyc hién viéc tinh toan s6 lugng CR tham gia hgp tdc cdm nhan
trong hai moi trudng pha dinh Rayleigh va Lognormal. Hinh 2.9 biéu dién Qg
thay doi theo gia tri n trong diéu kien kénh pha dinh Rayleigh c6 gia tri trung
binh SNR 7 = 5dB vdi cac gia tri khac nhau ctia Py, sit dung quy tdc OR. C6 thé
thiy, Py cang 16n thi téc do hoi tu clia Q4 vé 1 cang nhanh. Tuong ting véi cac
gid tri Py =107%,1072,1073, st dung luu do6 thuat todn dé tinh toan céc gia tri
Nimins t& €O Nypin = 5,7,10 hoan toan phl hgp véi do thi trong Hinh 2.9. Tuong
tu nhu vay, chting ta xét moi truong pha dinh lognormal c6 phan bd lognormal
vGi cac tham s6 Gauss 1a pugp = 2 dB va o4 = 5 dB, tuong duong véi do 1oi cong
suat kenh trung binh 1a 7 ~ 5dB. Ta ¢6 ting véi céc gid tri Py = 1071,1072,1073,
s6 luong CR tham gia hgp tac cAm nhan t6i thiéu dé dat duge ngudng dung sai
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Gi6i han s6 lwgng CR tham gia cdm nhan phd hop tac trong méi trwdrng pha dinh lognormal voi Hyp= 2dB, O™ 5dB

0.9

0.6

04 I I I I I I I
0

Sé lwgng CR, n

Hinh 2.10: Lita chon s6 lugng CR tham gia hop tac dudi 4nh hudng ctia kénh pha dinh

Lognormal véi cac gia tri khac nhau ctia Py stt dung quy tdc OR, e = 1073,

mong mudn e = 1073 s& 1& nymim = 6,9, 12 khi stt dung quy tac két hop OR nhu
minh hoa trong Hinh 2.10.

Hinh 2.11 cho ta két qua xac dinh giéi han s6 luong CR tham gia hop téc
cam nhan véi gia tri dung sai e = 1073 trong moi truong pha dinh Suzuki. Tuong
tng vdi cac gia tri Py khac nhau, ta c6 thé giéi han s6 lugng CR tham gia hop
tac cAm nhan la khac nhau. Cu the, tuong ting véi Py = 1071,1072 va 1073, thi
véi 8, 13 va 17 CR tham gia hop tac 1a ta c6 thé dat dudce hiéu nang phat hien
nhu mong mudn. R6 rang rang, Py cang 16n thi sé luong CR tham gia hop tac
nhé nhat dé dat dugc ngudng hiéu suat phat hién mong mubn cang bé.

Hinh 2.12 so sanh viéc Iita chon s6 CR tham gia hop tac dudi anh hudng
cua cac pha dinh Rayleigh, Lognormal va Suzuki khi xem xét trong cuing tham
s6 Gauss pigp = 2 dB, g4 = 5 dB va Py = 0,0199. Nhu chiing ta c6 thé thay,
do6i v6i kenh Suzuki, s6 luong CR tham gia hop tac phai nhiéu hon so véi kénh
pha dinh Lognormal hay Rayleigh trong ciing mot diéu kién tham s6 SNR trung
binh 14 nhu nhau. Diéu nay phan anh dang dic tinh kénh ctia Suzuki 1a sy két
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Gi6i han s6 lwgng CR tham gia cdm nhan phd hop tac trong méi trweng pha dinh Suzuki véi Hyp= 2dB, 045=5 dB
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Hinh 2.11: Tinh toan s6 lugng CR tham gia hgp tac cAm nhan trong moi truong Suzuki

stt dung OR rule v6i e = 1073

So sanh sé lwgng CR tham gia cdm nhan phd hop tac trong cac méi trwéng pha dinh khac nhau véi P.=0.0199
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Hinh 2.12: Tinh toan s6 luong CR tham gia hgp tac cAm nhan trong

—e— Suzuki, Noin =11

—— Lognormal, Mnin = 8
—e— Rayleigh,n . =7
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pha dinh kh4c nhau sit dung OR rule v6i e = 1073
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hop clia hai kénh Rayleigh va Lognormal nén hiéu nang phat hién thap hon so
véi truong hop chi c6 kénh Rayleigh hay Lognormal.

Nhu vay, trong mang vo tuyén nhan thic c6 nhieu CR tham gia, véi dé
xuat clia luan an, ta chi nén giéi han s6 lugng CR tham gia phu hop véi ngudng
hiéu nang phat hien chap nhan duge dé c6 thé tiét kiem tai nguyen vo tuyén sit
dung trong viéc giii cac thong tin bao hicu va tan dung dé truyén cac thong tin
hitu ich khac.

2.4. Két luan chuong

Nhu vay v6i muc tiéu lam ting hiéu nang cdm nhan clia mang vo tuyén
nhan thic ciing nhu ting do tin cay truyen tin gitta cac CR dén FC, trong
chuong nay, luan an da dé xuat mot s6 phuong phiap nham nang cao hiéu nang

cdm nhan pho ctia mang vo tuyén nhan thic trong nhitng trusng hop cu theé:

e Trén kenh thong bao, stt dung ma tran hiép phuong sai dé phat hien ra cac
CR bi anh hudng ctia pha dinh lognormal tuong quan va loai bo ra khoi

qua trinh tham gia hgp tac cdAm nhéan.

e Tai st dung cdc CR bi loai bé thanh cac nut chuyén tiép hd trg truyen

thong tin cdm nhan ctia cac CR tham gia cdm nhan hop tac dén FC.

e Gidi han s6 luong CR tham gia hgp tac cdm nhan dé han ché hien tugng

overhead.

Thong qua mo phéng kiém chitng cho thiy céc dé xuét ctia luan an déu cai thien
hiéu nang cam nhan pho so v6i phuong phap hop tac cdm nhan truyén théng

dua trén dé xuat ctia A.Ghasemi trong hé thong vo tuyén nhan thic.
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Chuong 3

TAI SU DUNG CAC VO TUYEN NHAN THUC BI PHA
DINH SAU THANH CAC BO CHUYEN TIEP PHAN TAP
AF TRONG HOP TAC CAM NHAN PHO DUGI ANH
HUONG CUA KENH PHA DINH SUZUKI

Trong chuong nay, luan an nghién cttu anh huéng ctia hiéu nang cam nhan
phé hop tac dudi anh hudng ciia moi trudng pha dinh Suzuki trén kénh thong
béo. Trong do, luan an da xem xét mo6 hinh thu phan tap trong kénh pha dinh
Suzuki, dé xuat phuong phap tinh toan PDF ctia dau ra bo thu MRC. Tu dé,
luan an st dung két qua tinh toan hiéu nang phat hién cuc bo ctia CR khi kénh
cam nhan bi 4nh hudng clia pha dinh Suzuki trong Chuong 1 va dé xuat tai
st dung CR bi anh huéng ctia pha dinh sau trong Chuong 2 dé danh gia va
cai thien hiéu ning cAm nhan pho ciing nhu do tin cay trong viéc truyen thong
tin cdm nhan ti cic CR dén FC khi xem xét kénh thong bao bi anh hudng
ctia pha dinh Suzuki. Noi dung ctia chuong dudc cong bo trén tap chi Quoc té
Scopus AJEEE 2013 (Cong trinh s6 5), tap chi Qudc té ISI IEICE Transaction
on Communications 2015 (Cong trinh s6 8) vA bdo cdo tai Hoi nghi Qubc té
ISCIT 2012 (Cong trinh s6 3) va Hoi nghi Quoc té TENCON 2012 IEEE Region
10 (Cong trinh s6 4).
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3.1. M6 hinh thu phan tap trong kénh pha dinh phiic
hop

3.1.1. Phat hién két hgp ty s6 16n nhat MRC

Kénh con.1
— thl > h Rl
Kénh con.2 h h
—_— >
Ln2 N
R2 M Paura
R —me—
C
Kénh con.N
» thN o{ N RN

Hinh 3.1: M6 hinh thu phan tap trong kénh pha dinh Suzuki.

Chiing ta xem xét thu phan tap st dung ky thuat két hop ty s6 16n nhat
cho N kénh con nhu duge mo6 hinh trong Hinh 3.1. Anh huéng ciia MRC 1a cong
cac cong suat thu duge, do do, ty s6 tin hiéu trén tap am (Signal-to-noise Ratios
- SNRs) ctia céc tin hiéu thu duge can phai duge két hgp véi nhau.

Biéu dién & dang vec-to, hé théng thu phan tap dudce biéu dién nhu sau:
y=hz+n (3.1)

trong d6 y = [y1 y2...yn|? 13 tin hieu thu dugc tit cac nhanh phan tap; h =
[h1 ha...hy]T 1a do lgi kénh trén tat ci cdc nhanh phan tap; = 1a k¥ tu duge
phat van = [ny n2...ny]7 12 tap am Gauss trang cong (AWGN) trén tat ca céc
nhanh phan tap.

Tin hieu wéc lugng duge tit bo két hop MRC la:

th

y(t) = WL (32)
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SNR trong tin hiéu dudc can bing bing véi tong cac SNR ciia cdc nhanh phan
tap tai dau vao ctia bo két hop MRC [16].

3.1.2. M6 hinh phan tap vi mé (micro - diversity) trong kénh
pha dinh phiic hgp

Trong mot s6 moi trudng truyen dan vo tuyén, ching ta co thé gid thiét
rang, tat cd cac nhanh phan tap trong Hinh 1.8 chiu anh hudng ciia cliing mot
pha dinh che khuat nhu nhau ¢6 phan bé LN (p.,0?), hay con goi 1a moi trudng
phan tap vi mo [1], khi d6 ham pha dinh ctia hé thong tit bo phat dén dau vao
ctia bo két hgp phan tap trong Hinh 1.8 14 tich cta:

g1 (Bl7) + hga(Blz) + .. + hpn (h]2)] hin (@) (3.3)

Cac phan tit pha dinh Rayleigh trong ngodc vuong ctia phuong trinh (3.3)
chia sé nhu nhau cong suat trung binh tit séng lognormal chinh, 1a dau vao clia
bo thu MRC. Giai thiét trong phuong trinh (3.3) 1a tuong d6i phut hgp cho nhiéu
moi truong pha dinh khong Iia chon tan sé trong cac hé thong vo tuyén dua
tren ky thuat ghép kenh phan chia theo tan s6 truc giao (OFDM).

Vi do 1oi cong suat hé thong hieu dung p ctia dau ra tit bo thu MRC 1a
tong N do loi cong suat ctia dau vao bo két hop, p 14 mot bién ngau nhien chi -
square véi bac tu do 1a 2N, tic la PDF cta p tit bo thu MRC trong moi trusng
Rayleigh sé 1a [38]

frMRrc(P) = P(J\})pgle exp (_T?%) (3.4)

trong do6 by 14 do 1oi cong suat trung binh trong méi mot kénh pha dinh Rayleigh,
['(N) la ham gamma, va gid thiét rdng cac kénh phan tap nhanh la kénh pha
dinh cham va khong Iya chon tan s, cac tién trinh pha dinh trén kénh c6 phan
b6 doc 1ap va giong nhau (i.i.d.).

Do d6, PDF ctia do 1gi cong suat tai dau ra ctia ctia thu MRC phan tap vi
mo6 du6i anh hudng clia kénh pha dinh phtic hop Suzuki c¢6 thé duge tinh toan
thong qua ky thuat bién ddi Jacobi va thiét lap gia tri 5 = 1 trong phuong
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trinh (3.4), khi do ta co:

JR—Ln,microMRrC(P) = /_ lfRMRC( ) fndz
Do doé:
Frtmmionino®) = =L [ L eplpigen=e (39
R—Ln,microM RC\P ﬁF(N) . g(Z)N Pl—P/9 p :

v6i bién z vd ham g¢(z) dugce dinh nghia trong phuong trinh (1.13).
Ty le 16i bit (BER) ctia tin hieu QPSK sit dung phan tap vi mo trong kénh
pha dinh phtc hgp Suzuki la:

[ee)
BERR_1n,QPSK, microMRC = / BERAwaN,QPSK(4) fR—Lnmicrorrc(p)dp  (3.6)
0

Chen phuong trinh (3.5) vao phuong trinh (3.6) va sip xép lai bicu thiic,
ta thu duge phuong trinh (3.7):

1 oo o
BERR_1n,QPSK, microM RC =7 / / BERAwanN,Qrsk (p)
—00 J0

AR SN I ) R
* T 3 p{ g<z>]dp = 37

C6 thé thay riang, ciing v6i phuong trinh (3.4), tich phan theo bién p trong
phuong trinh (3.7) 14 BER ctia tin higu QPSK tai dau ra ctia bo thu MRC trong
kénh pha dinh Rayleigh v6i mot do 1gi cong suét trung binh g(z), ttc 1a:

BERR_1n,QPSK microMRC = NG / BERpayicighorsk.Mrc exp(—22)dz  (3.8)
—0

trong d6 BER ctia tin higu QPSK (M = 4) trong kénh AWGN la [26, 38]:

BERaweN MQAM(P) = %2(1 - \/LM)Q( %%) (3.9)
v6i SNR trén ky tu dicu ché bien do cau phuong la v, = 2F,p/Np. Biéu dién dang
déng cho phuong trinh (3.6) hién nay van chua c6. Biéu dién dang sé hoc thi
doi héi phai tinh toan phiic tap va mat rat nhiéu thoi gian bdi vi né lien quan
dén tich phan hai 16p phu thudc vao gié tri ctia hai tham s6 . va o,. Mot bicu
dién tuong ddi don gidn va chinh xac cho BERRayieigh.oPSK,MRC trong truong
hop ctia ma héa Gray duge dé xuat béi Proakis [36 p. 786] nhu sau:

BERRayleigh,oPSK,MRC(TR) :% [1 \/2_7 Z (Qk) (_—2“) k] (3.10)
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trong d6 p = \/: va ¥p 1a SNR trung binh cta ky tu trén mot kénh.
Dong Iyc ctia viéc thay doi bién © — g(z) trong phuong trinh (1.13) c¢6 thé dudc
Iy gidi tit cac quan sat rang tich phan trong phuong trinh (3.8) c6 thé dugce xap
xi chinh xac khi sit dung da thitc toan phuong Gauss - Hermite, tic la:
N,
BERR_1n,QPSK,microMRC = \/— Z wn BE RRayieigh,opsk,MRrC(9(an)) + R,

(3.11)

trong d6 w, va a, tuong ing la trong s6 va nghiém ctia da thiic Gauss - Hermite,
Ry, 1a phan du, gia tri cia Ry, gidm khi tang bac xap xi N,. Phan du c¢6 thé
loai bé v6i N, > 12 [47, 55]. V6i N, = 12, chiing ta c6 thé thay raing BER dugc
tinh toan tur phuong trinh (3.6) va BER ctia phuong trinh (3.11) 1a hoan toan

giébng nhau.

3.1.3. M6 hinh phan tap vi mé (macro-diversity) trong kénh
pha dinh phiic hop

M6 ta mo hinh phan tap vi mo

Trong mot kich ban thuyc té hon clia moi trudng truyen lan vo tuyén 1én
hon, séng vo tuyén co thé di theo cic dusng truyén bi &nh hudng ctia log-normal
khac nhau dé dén tai nhém céc bo tan xa cuc bo. Trong moi trusng phan tap
vi mo nay, cac kénh lognormal la khac nhau cho cac kénh Rayleigh khac nhau,
tic 1a: hppt # hpn2 # - # hinn

Do d6, dau vao bo thu MRC trong mo hinh phan tap vi mo sé la tong
cac tich Zf\il hinihgr trong khi mé hinh phan tap vi mo lai 1a hp, Zle hg. Mo
hinh phan tap vi mo da don gidn héa toan hoc lién quan dén tinh toan PDF
ctia do 1oi cong suat ctia dau ra bo két hop MRC va da dua dén mot biéu dién
dang déng nhu trong phuong trinh (3.5). Trong [10, 11], Tellambura va cac dong
nghiép da tién hanh cac phan tich chi tiét pham chat BER va x4c suat outage
cho kénh phan tap thu MRC st dung ham sinh Moment (Moment Generating
Function - MGF) va bién dbi Laplace ngugce (ILT) cho mo hinh phan tap vi mé.

Tuy nhién, cac van dé lien quan dén mo hinh phan tap vi mo chua dude xem xét

65



trong cac cong trinh nay. Va cho dén nay chua cé ai dé cap dén biéu dién dang
déng don gian cho truong hgp phan tap vi mo. Mot diem dang luu ¥ 1a phan
tap trong mo hinh phan tap vi mo dat dugc tit tat cac cac duong tit bo phat
dén bo thu, trong khi phan tap trong mo hinh phan tap vi mo thi dat dudc chi
tur cac kénh pha dinh Rayleigh cuc bo.

Phan tiép theo, luan an st dung hudéng tiép can gan ham sinh moment
MGF vé6i tinh toan s6 hoc PDF ctia do 1¢i cong suat hé thong p clia dau ra bo
thu MRC phan tap vi mé. Luan an ciing giéi thieu k§ thuat bién doi Laplace
nguge dé tao ra bicu dién dang déng cho PDF clia do lgi cong suat hé théng,
phuong phap nay cé thé ap dung cho trusng hop téong quat. Tuy nhién, dé don
gidn bai toan, luan an chi xem xét st dung ILT cho truong hop hé théng cé 2
nhanh phan tap.

Uéc tinh PDF ctia d6 10i cong suat dau ra tir bé thu MRC phan tap vi mé

Trong mo hinh MRC phan tap vi mo, phan ti lognormal ctia dudng truyen
Suzuki |hz,|? 1a chung cho tat cd cac nhanh phan tap. Trong mo hinh truyén lan
phan tap vi mo, thi phan t nay lai khac nhau va kénh phan tap nhanh thi [t
¢6 phan b6 Suzuki véi cac tham s6 (., 0%) duge cho trong phuong trinh (1.12a).

Do lgi cong suat p c6 MGF duge dinh nghia la bién ddi Laplace ctia PDF:
MR_pn(s) = /o e P fr_rn(p)dp (3.12)

Béng céch chén phuong trinh (1.14) vao phuong trinh (3.12) va tinh toin
thanh phan f;~(.)dp, phuong trinh (3.12) dugc rat gon thanh:

Mp_1n(s \/_/ T eals) —I—sg exp(—zz)dz (3.13)
St dung xap xi Gauss - Hermite, phuong trinh (3.13) c¢6 thé duge xap xi nhu
sau [55]:
N,
Mp_gn(s) = Z; Trsslar T RN (3.14)

Phuong trinh (3.14) ¢6 thé dat do chinh xéc véi gid tri N, = 6 [47]. MGF
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clia tong cong suat:

N N N
Yein = p =y 10270 =>"|hpu?|hpl®
=1 =1 =1

v6i MGF ctia p; nhu trong phuong trinh (3.14) la:

N 1\ NN w
My, = MyGs)=|—= = 1
Yr Ln(s) 11;[1 pz(S) <\/E) l];[l nzl 1+ 3kn;<an§ﬂzl,azl) (3 5)
trong d6 tuong tu véi dinh nghia cia g(a,) trong phuong trinh (1.13)
2 zZn zZ
bl o 02) = exp(V 720 12 (3.16)

Phuong phap xap xi st dung gan MGF hai diém

Mehta va cidc dong nghiép [55] xap xi tong cac bién Suzuki bing mot
bién lognormal Yi_z, = 10%2 trong d6 Z = N(jiz, 6%), Va fiz, 62 1a cac tham s6
dugc tinh toan khi gan MGF ctlia Yz_r,, v6i MGF ctia tdng céc bién Suzuki trong
phuong trinh (3.15) tai hai gia tri thuc duong khac nhau s; va so. Hé hai phuong
trinh phi tuyén tigc thsi duge st dung dé tinh g, va ¢? sit dung ham Matlab
fsolve. Uéc tinh p. v o2 c6 thé dat dugc tot hon nita bing cach ting bac clia tich
phan Hermite N,. Trong [55], Mehta da két luan rang (s1,s2) = (0,001;0,005)
cho phép gan tot tai diém dau ctia ham phan bd tich liy (cdf) va hai diém
(s1,52) = (0,001; 0,005) cho phép gan t6t tai phan duoi ctia cdf.

Tighe va Ha [37] xap xi tong cac bién ngau nhién Suzuki bing mot bién ngau
nhién Suzuki bang cidch gan tryc tiép cac gia tri clia u vd 0. Tuy nhién, trong
mo6 hinh kénh Suzuki, phan pha dinh Rayleigh phu thudc vao phan lognormal
va phan lognormal nay duge xac dinh 14 duy nhat trong toan bo duong truyen
pha dinh.

Diém yéu trong viéc sit dung phuong phap gan MGF tai hai diém d6 1a n6
rat nhay vé6i viec lua chon cac diem gan ciing nhu vé6i cac gia tri khéi dau cla
fi. va 62 khi stt dung ham Matlab fsolve. Hon nita, nhu sé phan tich & sau nay,
phuong phap nay khong dam bio giit nguyén cong suat tin hiéu khi qua bo két
hop MRC.
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Phuong phap xap xi sit dung gan MGF mot diém va MRC khéng ton hao

Do tin cay ctia phuong phap gan MGF hai diém trong phan truéc cé6 thé
dugc cai thien bang cach gan MGF chi tai mot diém, tuong duong véi mot
phuong trinh phi tuyén. Phuong trinh thtt hai c6 duge bang cach st dung gia
thiét bo két hop MRC khong bi mat mat. Diéu nay c6 nghia 1a do 10i cong suat
trung binh hé thong & ca hai phia cia bo két hop 1a bang nhau.

Vi do lgi kénh lognormal hr,, phu thuoc vao khodng cach truyen lan thong
qua céc tham s6 Gauss p v o2, dé loai bd su phu thuoc nay, tit phan tich cla
minh, luan an phai lya chon (uz,0%;), 1 =1,2,..., N, sao cho do lgi cong suit
trung binh ctia mo6i mot nhanh phan tap tai dau vao ctia bo thu MRC la:

1
exp(pzr + §a§l> =1, [=1,2,..,N (3.17)

Do d6, vé mat 1y thuyét MRC sé cho do 1gi cong suét tuong ting tai dau ra

N 1,
expliz + 56%,) = N (3.18)

Gia thiét trong phuong trinh (3.18) c¢6 thé khong thic té bdi vi cac duong
phan tap c6 cac khoang cach khac nhau va két cau mang ludi khac nhau. Tuy
nhién, & day, luan 4n st dung gia thiét nay dé lam don gidn héa viéc tinh toan
va mo phong.

Phuong trinh (3.18) cung cap mot phuong trinh dam bao do tin cay dé
thuic hien viéc udc tinh j, va 2. Phuong trinh con lai duge xay dung ti viec
gén 1 diém ctia MGF dau ra v6i MGF dau vao. Vi phuong phap gan MGF hai
diém thuong khong tin cay, rat nhay véi viec lua chon cac diém gan va khong
ddm bao gitt nguyén cong suat tin hieu khi di qua bo két hop MRC, nén luan
an chi xem xét gan MGF mot diém két hop véi gia thiét MRC khong mat mat
trong phuong trinh (3.18).
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Xap xi sit dung phuong phap bién do6i Laplace ngugc (ILT)

Phuong trinh (3.15) dugc viét lai nhu sau:

N
My, (s) = H Mx,(s)

1\Y Ny w Ny
(L n W 3.19
(&) Crr) Santeg) oo

n=1

R6 rang, chiing ta cé thé sit dung ILT dé tim PDF ctia do 1gi cong suat dau
ra p tit phuong trinh (3.19). Dé tan dung viéc don gian héa tinh toan nhung ciing
khong mét tinh tong quat, ching ta c6 thé gid thiét phan bé trong N nhanh
phan tap 1a giéng nhau, tic la:

1 N Np Wy, N
fR—Ln,macroMRC(p) =ILT (ﬁ) (Z kn()[s + kn%)})

1

Véi truong hop don gian N = 2, fr_rnmacromrc(p) dudge cho béi phuong
trinh (3.20) va phuong trinh (3.21):

1 [ wy,
fR—Ln,macro,MRC( ) = ILT— (Z /{:2( )[S + kn1<>]2>

W Wty
+ 3.20
Zk’ nkn()[s + k7 1n ()][s+k§£n()] (8:20)
[kn _ o—p/ksn
—p/kn e P e
frR—Ln macroMRC (n 1 /{3% pe + anw?gn ) k?gn( )] ) (321)

Phuong phap ILT trong thuec té cho ta két qua chinh xac nhung lai c6 yéu diém
d6 1a do phiic tap trong viéc khai trién tong cac tich trong phuong trinh (3.19)
thanh cac phan ti c6 bac thap hon theo cac ILT chuan. Cudi ciing tit phuong
trinh (3.21), ta c6 thé tinh toan BER clia mo6 hinh phan tap vi mo la:

0
BERRan,QPSK,macroMRC = / BERAWGN,QPSK (p)fRan,macroMRC (p) dp
0

(3.22)
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3.1.4. Cac két qua mé phong va s6 hoc
M6 phéng Monte - Carlo cho BER ctia QPSK sit dung bo thu MRC phan

tap vi mo

BER cuia diéu ché QPSK theo SNR trung binh trong méi trwtng pha dinh phirc
hop Suzuki str dung ma hoa lap, voi csz=8dB

he
L
@ Ly thuyét N=1 N, ’*.0 Q
=== Ly thuyét N=2 v Y. \Q
0% [ Ly thuyét N=4 v @ N
=== Ly thuyét N=6 N, e, o
O Mb phdng N=1 \V( Q \
O Mb phéng N=2 \ ., Q\
¢ M6 phong N=4 v 0 v
WV Mbé phéng N=6 N N
10 v € Q
" ‘o‘ N
\‘\ 0’ b
W, AN
\ .
Y Q‘ b\
10° NN
0 5 10 15 20 25 30 35 40 45

SNRRg., trung binh

Hinh 3.2: BER Iy thuyét (duong lién nét) va BER mo phéng Monte - Carlo (dudng
hinh sao) ctia tin hieu QPSK ma héa Gray st dung moé hinh MRC phan tap vi mo
trong kénh pha dinh phtic hgp Rayleigh - Lognormal.

Do 1gi ctia hé thong pha dinh trong mo6 hinh phan tap vi mo duge cho trong
phuong trinh (3.3) trong dé vec to dau vao bo thu MRC h duge dinh nghia trong
phuong trinh (3.1). Véc to tin hiéu thu duge, y, duge tinh toan tit phuong trinh
he théng (3.1) v6i tin hieu ky tw QPSK, x. Dau ra uéc lugng can bang tit MRC,
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§(t), duge st dung dé phat hien ky tu QPSK, duge tinh todn theo phuong trinh
(3.2). Trong phan mo6 phéng nay, tin hieu QPSK duge tao ra tit cac bit nhi phan
ma héa Gray. Dau vao MRC trong mo hinh phan tap vi mo 1a hp, Zl]\; 1 hg nhu
trong phuong trinh (3.3) trong khi trong mo hinh phan tap vi mo, thi dau vao la
tong cac tich ZZNZ L hrhg- Hinh 3.2 minh hoa duong BER 1y thuyét duge tinh
tit phuong trinh (3.11) v BER mo phong Monte - Carlo sit dung mo hinh phéan
tap vi mo theo ham ctia SNR ky tu trung binh, 7, , trong phuong trinh (1.16)
ciia moi mot tin hiéu nhanh phan tap vi mo bi d&nh huéng cta pha dinh phic

hop Rayleigh - lognormal.

Udc tinh téng cac bién Suzuki trong MRC phan tap vi mo

Hinh 3.3 cung cAp mot sy so sanh triyc quan gitta hiéu nang ctia phép gan
MGF hai diém tai (s; = 0,05; 5o = 0,1) va phép gan MGF mot diém tai s, = 1
két hop véi gid thiet MRC khong mat mat cho trudng hgp N = 2 bién Suzuki
dau vao. Phuong phap thi nhat st dung ham Matlab fsolve cho ra cac két
qua (i, = -3,73 va 6. = 7,58 trong khi phuong phap thit hai lai cho ra két qua
i, = -3.88 Vi &, = 7,74,

Luu ¥ réng, viec lya chon céac gia tri nhé cho cac diém gan trong ca hai
truong hop trong Hinh 3.3 dé dam bao sy phit hgp cho phan dudi ctia cdf trong
d6 cac bién lien quan dén lognormal va bién lognormal mang hau hét nang luong
ctia phan b6. Mot diéu hién nhién 1a nguyen ly MRC khong mat mat va gan
mot diém cho ta két qua gan t6t hon phuong phap MGF hai diém. St dung céc
gia tri cia tham s6 Gauss fi. vd ¢, dugc tinh & trén cho PDF ciia bién Suzuki
gia thiét cho dau ra, BER cia truyén dan QPSK st dung bo thu MRC phan
tap vi mo tuong tng véi hai phuong phap gan MGF duge minh hoa trong Hinh
3.4 cho truong hgp N = 2. Trong d6, cac duong BER 1y thuyét dugce tinh theo
phuong trinh (3.22). Tu do thi BER, rat dé dang nhan thay phuong phap gan
MGF mot diém va MRC khong mat mat ma luan an dé xudt cho ta két qua tot
hon so v6i phuong phap gan MGF hai diém. Hinh 3.5 biéu dién hi¢u ning BER
ctia dieu ché QPSK stt dung mo hinh MRC phan tap vi mo vdi cidc bac phan tap
khac nhau véi duong BER 1y thuyét duge tinh theo phuong trinh (3.22). Luu ¥
rang, Hinh 3.5 ta c6 thé chon diéem gan MGF tai s,, = 10, ttc la khac v6i diém
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DPau vao

----- Gan MGF mot diém va MRC khoéng méat mat
----------- Gan MGF hai diém

MGF

Hinh 3.3: So sanh hiéu nang ctia phuong phap gan MGF hai diém véi phuong phuong
gan MGF mot diém va MRC khong bi mat mat véi truong hop N = 2 bién Suzuki dau

Vvao.

sm = 1,0 trong Hinh 3.4 v6i N=2, dé chiing minh ring tinh on dinh ctia phuong
phap ma luan an dé xuat dude ddm bao bdi dinh luat bdo toan nang lugng hay
khong mat mat khi di qua bo két hop MRC. Bang viéc so sanh hiéu ning BER
trong Hinh 3.2 cho m6 hinh phan tap vi m6 véi hiéu nang BER trong Hinh 3.5
cho mo hinh phan tap vi mo, ta c6 thé thay tai cing mot ngudng BER thi miic
cong suat yéu cau ctia mo hinh vi mo sé thip hon miic cong suat yéu cau clia
mo hinh vi mo.

Hon nita, ta ciing c6 thé thay ring, do &nh hudng cia pha dinh Suzuki nén
tai mtc phan tap thap can mot mic SNR tuong déi 16n dé dat dudc ngudng
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BER cuia didu ché QPSK trong mé hinh MRC phan tap vi mé (St
dung gan MGF mét diém va MRC khong mat mat tai s1=1,0)

10
Gan MGF 1 diém va chuén hoéa d6 loi cong suét
Gan MGF hai diém
N * Mb phdng
10™
107
[n'e
|
o0
10°
10"
10°

0 5 10 15 20 25 30 35 40
SNR trung binh nhan dwoc, SNR=Eb/NO, dB (E|h2|=1)

Hinh 3.4: So sanh hiéu ning BER ctia phuong phap gan MGF hai diém va phuong
phap gan MGF 1 diém va MRC khong tén hao.

BER mong muén. Cu thé, v6i BER = 1073, N = 2 thi SNR xap xi 34dB nhu
trong Hinh 3.2 hay 27 dB nhu trong Hinh 3.5. Vi vay, dé cai thién hicu nang
BER citia hé théng duéi &nh huéng clia pha dinh Suzki ta c6 thé ting miic phan
tap hoac st dung cac phuong phap ma hoéa kénh phu hgp.
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BER cuia diéu ché QPSK trongi(mé hinh, MRC phan tap vi mé
(MGF gan mét diem va MRC khong mat mat tai s1=‘l )

m— |y thuyét N=2
= |y thuyét N=4
=== Ly thuyét N=6
O Mo6 phéng N=2
Q O Mé phdéng N=4
{ Mb phdng N=6

BER

107

10

10°

0 5 10 15 20 25 30 35 40
SNR trung binh nhan dwgc, SNR=Eb/No, dB (E[hj2]=1)

Hinh 3.5: BER ly thuyét va BER mo phéng Monte - Carlo ctia tin hieu QPSK sit dung
mo hinh MRC phéan tap vi moé trong kénh pha dinh phiic hgp Rayleigh - lognormal.

3.2. M6 hinh cta pha dinh Suzuki tuong quan tai bo
thu MRC

Trong muc nay, luan an thiyc hién viéc nghién citu moé hinh pha dinh Suzuki
tuong quan va dé xuat phuong phap tinh PDF clia do loi cong suit tong cac
nhanh pha dinh Suzuki tuong quan khi phia thu sit dung bo thu MRC.
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Ta c6 PDF ctia do 1gi cong suat kénh pha dinh Suzuki 1a:

71 3 10log gz — p1,)?
fR*LTL JE exp - xo_z\/% exXp < 20_2 dx (323)

trong d6 ¢ = 10/In(10) 1 hé s6 chuyén doi giita don vi dB va net, o2 va p. la
phuong sai va trung binh theo don vi dB ctia do 1¢i kénh c6 phan bd lognormal.

Nhu minh hoa trong Hinh 1.8, trong mo6i mot nhéanh phan tap, giao dién
gitta séng lognormal c¢6 do 1gi cong suat 1a pr, véi séng Rayleigh da duong co
do 1oi cong suat 1a pg, ching ta c6 pr = pr,. Do d6, ching ta c6 ma tran hiép
phuong sai ctia thanh phan lognormal tuong quan sé giéng véi ma tran hiep

phuong sai cia thanh phan Rayleigh nhu sau:

2 2 L—1
01 g102p g103p ... o10LpP
2 L—2
g102p 05 0203pP ... 020LpP
— — 2 2 L—3
RPR = Ran = g103p 0203p 03 -.. O30Lp (324)
L—-1 L—2 L—-3 2
g10Lp 020 P 030Lp oy,

Mot cach tong quat, phan ti thit (4,5) clia ma tran trén dude xac dinh nhu sau:
Crali, j) = UinP‘iiﬂ (3.25)

trong d6 o? 1a phuong sai clia kénh nhanh lognormal thit i, p 1a he s6 tuong
quan gitta hai kénh nhanh lan can, L 13 s6 kénh nhanh phan tap. Hon nita, p; -
tri trung binh ctia kénh nhanh lognormal thit i dugc biéu dién nhu sau:

Luu ¥ rang, pz, va oz tuong ting la tri trung binh v phuong sai clia bién

Gauss Z; diing dé tao ra kénh con lognormal thit i. Do dé, ta c6:

2 2
KZ; | %z 7z 1
02‘226 g Tag <e£2

Dé xay dung MGF tong cong suat ctia cac bién Suzuki tuong quan, ching

ta phai xem xét ma tran hiép phuong sai Cz clia cac bién Gauss tuong quan
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dugc dung dé tao ra cac kénh con lognormal tuong quan tuong tng. Nhu trinh
bay chi tiét trong phan Phu luc A, phan t1 (i,5) ctia Cz tinh theo:

il
C(i,5) = cov(Zi, Z;) = In (1 + M) (3.26)

Tai phia thu, ching ta st dung bo thu MRC dé két hop cac tin hieu thu
duge tit cac kénh con. Ta ¢6 SNR tai dau ra ctia bo thu MRC nhu sau:

L
YMEC = ) R, (3.27)

i=1
trong do6 g, la SNR ttic thoi ctia kénh con thit i, vz, va yg, tuong quan véi nhau
Vi,j € [1, L]. Do do, ta ¢c6 MGF ctia PDF ~j,rc nhu sau:

— 1 L i h
Mp,MRC(S) —/ (27T)L/2]CZ|1/2Hi:1 (m + Sexp(zi/f))

1 _
X exp (—5(3 —nz)"C; Nz — MZ)) dz

(3.28)

Dit bién z = ﬂClz/Qu+ iz, ching ta c6 dz = ﬂdetClz/Qdu. Thay céc gia tri nay
vao phuong trinh (3.28), ta co6:

o0 13 —m
1 1 V2
My, vre(s) = / L/QH 1+ —5exp ra ZCW u; + '? exp(—ulu)du
s j=1

(3.29)
trong d6 ¢; ; 1a phan ti thi (i,5) clla ma tran Cé 14 ma tran dugc tinh tr ma
tran Cy st dung phép khai trien Cholesky. Stt dung xap xi Gauss - Hermite,
MGF ctia tong L SNR Suzuki tuong quan c6 thé dugc viét lai nhu sau:

AL 1 V2 & -

MpMRC’S,LLZacZ ~ E E T nLH 1+E8€Xp ? E ci,jan—l—%
T2

(3.30)

trong d6 w,, v a, tuong ing 1a trong s6 va hoanh do (abscissas) ctia da thiic
Gauss - Hermite. Tong cac bién c6 phan bd Suzuki tuong quan cé thé duge xap

xi bdi mot bién ngau nhien lognormal Yz, = 109X véi X ~ N (uX,JX) Tuy
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nhién, trong giéi han luan an nay, luan an da lya chon sit dung phuong phap
bién doi Laplace ngude déi véi truong hop L = 2 dé tinh truc tiép PDF clia tong
SNR ctia hai nhanh Suzuki tuong quan véi nhau nhu sau:

F(p) = LT {My, a0 (s, 12, C2)} (3.31)

L
Dat: k(i) = exp <\/T§ > cijan + %), khi do6 ta c6:
j=1

=z

Wy 1, €P/R) _ o=p/k(2)

foy=2%_ > —= =5 (3.32)

3.3. Chuyén tiép phan tap hop tiac AF trong kénh
pha dinh Suzuki

3.3.1. Giao thiic chuyén tiép hgp tac Khuéch dai - Chuyén tiép

(Amplify and Forward)

J/ Nr1

yrl 961

Nrig

h Nt chuyén tiéph rid
srl sd
N Xs ,
Ngudn bich
hsd Ysd
her R L
Nut chuyén tiép

R

/I\nrM

Hinh 3.6: M6 hinh mang chuyén tiép phan tap hop tac gom M nit chuyén tiép

Hinh 3.6 minh hoa mo hinh don gidn ctia mang chuyén tiép phan tap hop
tac v6i M nhénh chuyén tiép. Luu ¥ ring, xs, Ps,yij, hij tuong tng 1 tin higu
phat duge chuan hoa (tic 1a, E(|z|?) = 1), cong suat tit nguon, tin hidu thu duge,
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d0 1¢i kenh (hay mat mat), tap am cong tinh trén duong lien két kenh tix 4 t6i 5.
Tap am cong tinh c6 phan bo Gauss vdi tri trung binh 0 va phuong sai ¢2. Trong
truong hop tai st dung mot CR bi pha dinh sau thanh bo chuyén tiép, ching ta
chi xét gia tri M = 1. Diéu nay c6 nghia 1a mot CR chi st dung mot nit chuyen
tiép. V6i gia thiét nay, tuong tng véi Hinh 2.5, nguon chinh 1a cic CR dang
hoat dong, dich 14 FC va bo chuyén tiép 1a CR tai sit dung. Trong giao thic AF,
bo chuyén tiép hoat dong & hai pha: pha chuyén tiép thu va pha chuyén tiép
phét. Trong pha chuyén tiép - thu, nguoén quang ba ban tin ctia minh dén c bo
chuyén tiép va dich. Trong pha chuyén tiép phat, ngudn tam ngiing hoat dong,
bo chuyén tiép khuéch dai tin hiéu thu khi nhan mot hé s6 «, véi tin hieu thu
va gii n6 dén dich [41]
SNR ctia tin hieéu dude chuyén tiép tai dich dude cho béi [41]):

B |arh5rhrd|2ps _ VsrVrd

TR = = 3.33
|arhrd|202r Ysr + Yrd T 1 ( )

A hs'r 2P5 hr 2P’r

tI‘OIlg do Ysr = | Us|2r y Yrd = %-

Gia thiét rang tap am cong tinh 1a gidng nhau cho tat ca cac kénh, khi d6 ching
ta ¢c6 SNR khong bi pha dinh £ = SNRy ciing giéng nhau trén tat ca cac kenh.

Két qua 1a, do loi cong suat ciia kénh chuyeén tiép la:

|h |2 _ ‘hSTP’hrdP (3 34)
B Thgr 2+ [hval? + 1/SNRg '

Cubi cting, do lgi cong suat dau cudi - dén - dau cudi ciia mang vo tuyén chuyén
tiép AF phan tap hop tac stt dung bo thu MRC tai dich la:

harl? = [hsal® + |hg|* (3.35)

3.3.2. Dé xuét tinh toan xAic suat ditng ctia mang chuyén tiép
phan tap hop tac trén kénh pha dinh Suzuki doc lap

Do do 1¢i cong suat dau cudi - dau cudi trong phuong trinh (3.35) 1a mot
ham lién tuc nén xac suat ding clia mang chuyén tiép phan tap hop tac AF c¢6

thé dugc dinh nghia nhu sau:

PSE(uen) = P (|har|* < pun) = Finpfz(pen) (3.36)
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Dé tinh toan dugc phuong trinh (3.36), chting ta can biét duge PDF ctia |hap|?.
Do 1gi cong suit |hp|? trong phuong trinh (3.34) c6 thé duge biéu dién bdi mot
bién Suzuki don véi cac tham s6 phan bé Gauss udc tinh 1a (fig, 6%) khi st dung

phuong phap gan hai diém s dung ham fsolve trong Matlab. Khi d6 |hp|?

trong (3.35) duge xem la tong cong suit clia hai bién Suzuki. Nhu da trinh bay
chi tiét trong muc 3.1, PDF ctia |hap|? ¢6 thé duge tinh todn st dung MGF va
bién déi Laplace ngudce. Két qua thu dugdce ta co:

Ny Ny

M app(s) = =4S [wn S Wm (3.37)

T Fnsal) 5+ k20O | Ut ) [+ ki ()]

Do do, ta co:

Fihariz(p) = ILT {Mjp,, 2 (5) }

LN N o P/knsal) _ efp/km,m.)) (3.38)
=230 2w
T kmsd(') - km,R(‘)

m=1n=1

trong do

k. sd(an; psd, 0sa) = 10

§

(V26 ram+iir) /10 _ exp (ﬂﬁRam + flR
§

Tit phuong trinh (3.38), ta c6 thé tinh todn x4c sut rét ciia mang chuyén

(\/ia'sdan"'_ﬂsd)/lo — eXp (ﬁOSdan + Msd)

km,r(am; fir, o) = 10

tiép phan tap hop tac AF nhu sau:

Hth
Py (pun) = /f|hAF|2(p)dp
0

Z
2

ﬂ' —
(3.39)
Hinh 3.7 bi¢u dién dudng tinh xac suit ditng clia mang chuyén tiép phan
tap hop tac du6i anh huéng ctia pha dinh Suzuki theo tinh toan ly thuyét ma

luan an dé xuat va so sanh véi duong vé mo phong. Nhu hinh vé thé hien, ching

ta c6 thé thay rang dé xuat tinh toan ctia luan an tuong thich t6t véi mo phong.
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X&c suét dirng cla |hAF|2 trong kénh pha dinh doc lap
0.03 T .

Xé&c suét dirng st dung ILT
* M6 phéng

0.025

0.02

outage

0.015

0.01

0.005

0.02 0.04 0.06 0.08 0.1

Hinh 3.7: Xac suét dimng trong mang chuyén tiép phan tap hgp tac AF duéi &nh hudng
cua pha dinh Suzuki doc lap

80



3.3.3. Dé xuét tinh toan xAic suat ditng ctia mang chuyén tiép

phan tap hgp tac trén kénh pha dinh Suzuki tuong quan

Phan bé dau ra ctia mang chuyén tiép AF

Duéi anh hudng ctia pha dinh Suzuki, phan bé théng ké |hg|? c6 thé duge
gid thiét c6 phan bd Suzuki khi ca |hs,|? va |hyq|? ¢6 phan bd Suzuki. Trong Hinh
3.8, luan an tao bién |hg,|?> v6i cac tham s6 Gauss g = 0dB VA oy = 8dB, va
|h,q|? cO cac tham s6 Gauss u,q = 9,0309 dB va 0,4 = 8 dB, khi d6 ta tinh dugc
|hg|? tit phuong trinh (3.34) va PDF ctia(|hg|?) stt dung phuong phap histogram.
Sau do, ta sé gan mot bién Suzuki 6 PDF, fr_1,(|hg|?), nhu trong phuong trinh
(1.12a) c6 céc tham s6 Gauss ude tinh duge 1a (fig,6%). Viec ghép hai dudng
PDF dudc thuec hién tai hai diém (|hg1|?, |hge|?) = (0,1;0,2) dé dua ra cic phuong
trinh phi tuyén tinh ttc thoi va gidi hé phuong trinh nay st dung ham Matlab
fsolve. Nghiém ctia hé phuong trinh 1a jip =-2,5159 dB va 6z = 6,7813 dB. Mot
cach truc quan tit Hinh 3.8, chiing ta c6 thé két luan ring gia thiét trén 1a chap
nhan dugce cho truong hgp kénh pha dinh Suzuki tuong quan.

5
2 .
——— |hg|” st dung histogram
43: ______ PDF x4p xi ctia mot RV Suzuki theo |hR|2 -
33

PDF

Hinh 3.8: Ghép histogram ctia |hg|?* duge tinh toan tir (3.34) thanh PDF ctia mot bién

Suzuki don 1é.
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Vi hai kénh phan tap hyy va hg 1 xap xi véi nhau, nén ching duong nhu
I tuong quan véi nhau va |hap|? trong (3.35) duge xem la tong cong suat clia
hai bién phan b6 Suzuki tuong quan. St dung phuong trinh (3.30) vao mang
chuyén tiép phan tap AF véi L = 2 dé tim ra PDF ciia |hap|?. Ta c6 MGF ciia

|har|? sé la:
1 Ny w Ny w
My, po2(s) = = Z_ = (3.40)
|har| T nz_:l Fn sdls + k:n;d(.)] nz_:l km.rls + k:m}R(.)]
trong do

= 2 2— 7 n+ s
kn78d<an7ﬂsd> Usd) = 10\[21_161 antiisd

2
- v > e+ £ (3.41a)
¢ o §
k. R (i, fug, O7) = 10Y2 i cviantiin
2 A
= exp <g Z C1;an + /2—R> (341b)
=1

St dung ILT cho phuong trinh (3.40), ta c6 PDF clia |hap|? 1a:

f|hAF|2(p) = ILT (M|hAF\2)
(e—p/kn,sd _ e—p/iw) (3.42)

1 N, N,
= — WmW
T Z Z men kn,sd(-) — km,R(-)

m=1n=1

Hinh 3.8 kiém chiing tinh toan dé xuat ctia luan an khi so sanh v6i mé phéng.
Nhu thé hien trén hinh, ching ta c6 thé thay dé xuat tinh toan cta luan an la

phu hgp v6i moé phéng.
Tinh toan xac suit dirng cia mang chuyén tiép phan tap hdp tac trong kénh
pha dinh Suzuki tuong quan

V6i PDF of |hap|? duge cho béi (3.42), ching ta c¢6 xac suat dimg trong
phuong trinh (3.39) cia mang chuyén tiép phan tap hop tac AF, tic la mang
tai st dung CR (S}, R;, D) duge hinh thanh bdi CR ngudn S;, CR chuyén tiép
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PDF clia |hAF|2 voi hé sé twong quan p=0.5
0.5 T T T T T I
PDF ding ILT
* Mo phoéng

0.45F

0.4 ‘ ' .

0.3 : B

a
S 0.25

Hinh 3.9: PDF ciia |hap|? tinh toan theo 1y thuyét khi so sdénh véi mo phong

R; va FC dich, dugc cho bdi:

Hih Hih

kn,sjd(-)e_kn’sjd(') - ka{i(.)e Fm, Ry ()
kn,de(~) - km,Rl()

N, N,
1 P P
PﬁlflﬁfF\Q(Sj’Ri?uth) = ; Z Z WpW, |1 —

n=1m=1

(3.43)
V6i truong hgp mot duong bi anh hudng ciia pha dinh Suzuki don 1é hy, gitta
mot CR va FC, chiing ta c6 thé tinh toan MGF ctia do lgi cong suat bang céch
thiét 1ap gia tri L = 1 vA ppy = 0 trong phuong trinh (3.30) hodc truc tiép tu
[12]. Do dé,

N, 3 -1
Wn, Hsd
M, 2(s Osq) & — |1 +ex (—a an, + —)] (3.44)
|hsal y Msd» Osd p sd
‘ =T § £

Thuec hién bién ddi Laplace ngudce cho phuong trinh (3.44), ching ta c6:

1 Np e_p/kn,sd

f|hsd|2(p) =ILT (M\hsdP(S)) = —= Z W, (345)

kn,sd
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Xéac suét dirng cla |hAFI2 véi ,usd=9.0309 dB, by & 8dB, My =-2.5159 dB, 0= 6.7813dB, p = 0.5
0.018 T T T T T T T T

0.016

Ly thuyét
0.014

* M0 phong

0.012

0.01

Xéac suét dirng

0.008

0.006

0.004

0.002

0 | | | | | | | |
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Hyp

Hinh 3.10: X4c suat ditng ctia kénh Suzuki tuong quan theo mo phéng va Iy thuyét

trong do k, ¢4 = exp (‘/Tiasdan - "gd). Vay, xac suat dimg ctia duong lién két truc
tiép dudc cho bai:

. Hth 1 Np Ik
Pou — F 2 = N E W e—p n,sddp
|hsd|2 |h5d| n
0 ﬁnzl

1
e — an (1 _ efﬂth/kn,sd>
\/7_T n=1

Nhu minh hoa trong Hinh 3.10, ta c6 thé thiy dé xuét tinh toan ciia luan an la

(3.46)

phu hgp.
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3.4. Dé xuat thuat toan gan cac CR bi loai bé thanh
cac nit chuyen tiép cho cac CR tham gia hop
tac cam nhan

Thuat toan ghép cap CR - nut chuyén tiép dugc thuc hién duwa trén viec

tim kiém xac suat ding nhoé nhat cia toan mang thong bao, tic la:
(S;, Ri) = arg; ; min { PR (S, R, um)} (3.47)

ciia mang chuyén tiép phan tap hop téc tao ra tit médi mot bo (S;, R;) dugc
tinh toan theo phuong trinh (3.39) va (3.43) tuong ting cho hai trudsng hgp kénh
Suzuki doc lap va truong hgp kénh Suzuki tuong quan. Thuat toan ma luan an
dé xuét don gidn la lua chon cap CR - nit chuyén tiép sao cho xac suat diing
Pﬁ?F‘Q(Sj, Ri, ,uth) la thép nhét.

3.5. Kich ban va Két qua

3.5.1. Kich ban

Luan 4n xem xét mot mo hinh ciia mang thong bao vo tuyén nhan thiic
nhu minh hoa trong Hinh 3.11. Trong mo hinh nay, ca kénh cam nhan va kénh
thong bao déu bi anh hudng ciia pha dinh Suzuki. Cac CR dugc phan b6 déu
trén mot duong tron, FC & chinh giita tam dudng tron. Cu thé, cac SNRs trung
binh ctia tin hiéu thu duge tai 8 CRs la SNR,; =[ 2,8782; 8,3683; 9,3683; 5,1447;
2,0362; -3,458; 0,2434; -6,8987] dB, trong d6, phan bd ciia cac SNRs ¢6 cling
tham s6 o, = 8dB va nguong dudc thiét lap béi FC la SNRy, = 0,5 dB. O day,
chiing ta ciing gia thiét 1a duong truyeén dan giita cac CR va PU bi anh hudng
ctia pha dinh Suzuki. Dya trén thong tin SNR, FC loai bé 3 CRs (Sg, S7, Sg) ¢
SNR trung binh thap hon SNRy;, ra khoi qua trinh tham gia hgp tac cadm nhan.
Khi do6, x4c suat phat hién cia mdi mot CR; duge tinh theo cong thiic (1.28).

Trong pha thong béo, FC gan cac CR bi loai bé dé hoat dong thanh cac

nit chuyén tiép cho cac CR tham gia hop tac cdm nhan nhim cai thien do tin
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Cac CR bi loai bé
duoc tai sir dung
lam nit chuyén tiép

N Céc CR tham
’ R Q gia cam nhan
N2 pho hop tac
\
\

Hinh 3.11: M6 hinh m6 phéng mang thong bao dé minh hoa thuat toan ghép doi CR

- nit chuyén tiép dé xuét trong luan an

cay truyén dan ctia cic kénh thong bao CR dén FC, do d6, hinh thanh nén mang
chuyén tiép c6 3 dau cudi véi cac CR tham gia hgp tac cAm nhan dong vai tro
13 nguon (S), cac CR bi loai b dong vai tro 1a nit chuyén tiép (R), va FC 1a
dich (D). Trong trudng hop nay, mdi mot nit chuyen tiép sé chi hd trg chuyen
thong tin ciia mot CR.

Hon nita, ching ta gia thiét ring cac kénh Suzuki trong pha thong bao déu c6
o =8 dB va u ty 1¢ v6i mit am ctia khodng cach truyeén lan, d—. Tai khoang cach
2d trong d6 d 1a ban kinh ctia dudng tron, ching ta chuan hoa pmormalized = 0 dB.
Khi do6, tri trung binh p ctia duong lién két c6 do dai d,, dugc xac dinh nhu sau:

d —
= 10log10 | [ =£
L 0log O[(2d)

Bang 3.1 cho ta gi tri trung binh ctia cac duong lien két gitta (S;, R;). Gia thiét

+ Hnormalized (348)

trong moi truong do thi, ching ta lya chon hé s6 suy hao a = 3. Luu ¥ rang vdi
mo6 hinh mo phéng trong Hinh 3.11, p,q = psq = 9,0309 dB duge dung dé tinh
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Bang 3.1: Gia tri p(dB) ctia kenh (S}, R;) VOi finormalized = 0 tai khodng cach 2d, a = 3,

tinh theo phuong trinh (3.48)

CR| & S, Sy Sy Ss
Ry | 10313 | 0 |1,0313|4,5154 | 12,5142
Ry | 45154 | 1,0313| 0 | 1,0313| 45154
Ry | 12,5142 | 45154 | 1,0313 | 0 1,0313

Bang 3.2: Ubc tinh fig va 65 clia hg trong mang chuyén tiép hop tac (S;, R;, D) (dB)

stt dung ham fsolve tai hai diém p; = 0,1 va py = 0,2

CR Sy S S3 Sy S5
Ry | -1,7922 | -2,5159 | -1,7922 | 0,3847 | 4,6806
6,6235 | 6,7813 | 6,6235 | 6,4352 | 6,6576
Ry | 0,3847 | -1,7922 | -2,5159 | -1,7922 | 0,3847
6,4352 | 6,6235 | 6,7813 | 6,6235 | 6,4352
Rs | 4,6806 | 0,3847 | -1,7922 | -2,5159 | -1,7922
6,6576 | 6,4352 | 6,6235 | 6,7813 | 6,6235

toan trong muc 3.3.3. Dya trén dit lieu mo phéng trong Bang 3.1, cac tham sb

Gauss clia hp clla mdi mot mang chuyén tiép phan tap (Sj, Ri, D) dudgc trinh

bay trong Bang 3.2.

3.5.2. Cac két qua

Cac két qua xét trong méi truong pha dinh Suzuki doc lap

O day ta stt dung gia thiét hg vi hay 12 hai kenh pha dinh ¢6 phan b Suzuki
doc lap v6i nhau. Xac suat dimng clia toan mang (Sj, Ri, D) dugc tinh theo phuong
trinh (3.39) dugc the hien trong Bang 3.3 v6i ngudng téc do py, = 0,1. Dua vao
Bang 3.3, ta c6 thé lua chon ba cip CR - nit chuyén tiép (S;, R;) theo tiéu chi
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c6 xac suat dimg thap nhat. D6 1a cac cap (51, R3), (S2, R2) va (S5, Ry) tuong
ing v6i cac xac suat diung 1a 0,0024, 0,0074 va 0,0024 v6i gy, = 0,1. Cac két qua
hién thi trén Bang 3.3 rat phit hop véi tinh toan, tic 1a quy tic ghép cip don
gidn 1a Iya chon nhitng cap doi c6 khodng cach gan nhat.

Do cac kénh thong bao gitta cac CR va FC bi anh huéng ctia pha dinh cling
nhu hién tuong rét lien két, cac tham s6 CR gui t6i FC bi anh huéng. Do d6,
x4c xuat phat hien hieu dung tit CR thit j dén FC la:

Ppe(j) = Pp; {1 = P™(j)} (3.49)

trong d6 Pp, la xéc suat phat hien PU ban dau trong pha cam nhan duge tinh
theo cong thiic (1.28), day cling chinh 1a xac suat phat hien dugc gii dén FC
trong truong hgp kénh thong bao khong c6 mat mat, va PoU(j) 1a xac suat dimg
clia kénh gitta CR thtt j vi FC sit dung chuyén tiép phan tap (st dung phuong
trinh (3.39)) hoac khong st dung chuyén tiép (sit dung phuong trinh (3.46)). C6
thé d& dang nhan thay ring, xac suat ding trong phuong trinh (3.39) thap hon
khi st dung ntt chuyén tiép khi so sanh véi xac suat clia ciing dudng lien két
nhung khong c6 nit chuyén tiép, do dé da cai thien dugc xac suat phat hien
hiéu dung trong phuong trinh (3.49) nhan duge tai FC. O day, luan an gia st
FC st dung quy tidc AND dé dua ra quyét dinh tong hop.

e Trong truong hop kénh thong bao 1a 1y tudng, ta c6 xac suat phat hien
tong hop va xac suat phéat hien nham tuong tng sé la:

Qa =1L, Py
Qp = i1 Py
véi Py dugde tinh theo cong thite (1.28) va Pp; dugce tinh theo cong thic

(1.17).

e Trong truong hop kénh théng bao bi anh hudng ctia pha dinh Suzuki, ta

s

co:
Qa = ;L Ppe;
Qf = i1 Py

v6i Ppe; duge tinh theo cong thic (3.49).
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Bang 3.3: Ma tran xac suat dimg ctia mang chuyén tiép hop tac (S;, Ri, D) v6i py, = 0,1

trong moi truong pha dinh Suzuki doc lap

CR Sh S S3 Sy S5

R; 10,0074 | 0,0085 | 0,0074 | 0,005 | 0,0024
Ry | 0,005 | 0,0074 | 0,0085 | 0,0074 | 0,005
Rz 10,0024 | 0,005 | 0,0074 | 0,0085 | 0,0074

0 day, ta c6 n = 5 tuong ting véi 5 CR c¢6 kha niang cAm nhan tot va tham
gia hgp téc cadm nhan, gii thong tin vé FC (xem Hinh 3.11). Nhu ta c6 thé thay
trong Hinh 3.12, viéc st dung nit chuyén tiép hd trg cho viéc truyén thong tin
cam nhan dén FC da cai thien dang ké hiéu nang phét hién ctia hop téc cdm

nhan pho khi so sanh véi truong hop khong stt dung nit chuyén tiép.

Cac két qua xét trong méi truong pha dinh Suzuki tuong quan

T nhitng dit lieu mo phong trong Bang 3.1, cac tham s6 Gauss clia hp
clia mdi mot mang chuyén tiép phan tap (S;, R;, D) dugdc trinh bay trong Bang
3.2 va v6i gid thiét hr va hgy 1 kénh pha dinh c6 phan bd Suzuki tuong quan
v6i nhau. Xac suat dimg ctia toan mang (S;, R;, D) duge tinh theo phuong trinh
(3.43) duge thé hien trong Bang 3.4 v6i ngudng tdc do uy, = 0,1.

Tuong tu nhu trong truong hop Suzuki doc lap, dua vao Bang 3.4, ching
ta chon duge ba cap CR - niit chuyén tiép (S;, R;) t6t nhat c6 xac suat dimg
thap nhat. D6 1a cac cap (S1, R3), (S2, Ra) va (S5, Ry) tuong ting véi cac xac suat
dimng 13 0,0058, 0,0151 va 0,0058. Cac két qua hién thi tréen Bang 3.4 ciing cho
ta thay trong truong hgp bi 4nh huéng ciia pha dinh Suzuki tuong quan van
don gian 13 Iya chon nhitng cip doi c6 khodng cach gan nhét.

Ta cfing c6 thé d& dang nhan thay, v6i ciing mot bo tham s6 (u, o) xac suat
dimg trong truong hop hai kénh 13 doc 1ap véi nhau thap hon so véi truong hop
hai kénh tuong quan véi nhau. Két qua s6 lieu phan anh dang anh huéng xau

clia si tuong quan kénh truyen déi véi viec truyen dit lieu.
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ROC trong kénh pha dinh Suzuki déc lap véi ym=0.1

0.3 —e— Moi trwong kénh khong mét mat
o —— Msi truong pha dinh Suzuki khdng cé nit chuyén tiép
—— Mbi truwdng pha dinh Suzuki ding 3 nut chuyén tiép

0.1 I I I I I I I I I
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

<

Hinh 3.12: Hiéu nang cam nhan ctia mang cam nhan phé hop tac st dung CR lam nit
chuyén tiép khi so sanh véi truong hop khong c6 nit chuyén tiép, ngudng rét ju, =
0,1.

X4c xuat phat hien hieu dung tit CR thit j dén FC la:

Ppe(j) = Pp, {1 - Pout(j)} (3.50)

trong d6 Pp, la xéc suat phat hien PU ban dau trong pha cam nhan dugc tinh
theo cong thiic (1.28), day cling chinh 1a xac suat phat hien duge gii dén FC
trong trudng hgp keénh thong bao khong c6 mat mat, va PoU(j) 1a xac suat dimg
ctia kénh gitta CR thit j va FC sit dung chuyén tiép phan tap (st dung phuong
trinh (3.43)) hoac khong stt dung chuyén tiép (st dung phuong trinh (3.46)). C6
thé dé dang nhan thay ring, x4c suat dimg trong phuong trinh (3.43) thap hon
khi st dung ntt chuyén tiép khi so sanh véi xac suat clia ciing duong lien két
nhung khong c6 nit chuyén tiép, do d6 da cai thien duge xac sudt phat hien
hieu dung trong phuong trinh (3.49) nhan dudc tai FC. O day, luan an ciing gia
stt FC st dung quy tic AND dé dua ra quyét dinh tong hap.

Hinh 3.13 biéu dién cac két qua ctia duong dic tinh hoat dong bo thu
(ROC) ctia mang cdm nhan hgp téc trong ba moi trudng khac nhau: cac kénh
thong bao khong mat mat, kenh thong bao pha dinh Suzuki tuong quan khong
stt dung nit chuyén tiép va kenh thong bao pha dinh Suzuki tuong quan tai sit
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Bang 3.4: Ma tran xac suat dimg ctia mang chuyén tiép hop tac (S;, Ri, D) v6i py, = 0,1

CR Sh S S3 Sy S5

R; | 0,0151 | 0,0168 | 0,0151 | 0,0109 | 0,0058
Ry | 0,0109 | 0,0151 | 0,0168 | 0,0151 | 0,0109
Rz 10,0058 | 0,0109 | 0,0151 | 0,0168 | 0,0151

dung cac CR bi loai bé thanh céc nit chuyén tiép hd trg truyen tin cho cac CR
con lai. Tat cd cac duong ROC déu minh hoa cho mo6 hinh mé phéng trong Hinh
3.11. Nhu trong hinh vé, dudng mau den biéu dién ROC véi 3 nit chuyeén tiép
cho hi¢u nang phat hién t6t hon dusng mau dé bicu dién ROC khi khong st
dung nit chuyen tiép nao. Do d6, ching ta c6 thé khing dinh ring hiéu ning
phat hién ctia hé théng duoc cai thien khi st dung céc ntt chuyén tiép hé tro
cho cac CR tham gia hop tac cam nhan trong viéc truyen tin dén FC trén moi
truong kénh pha dinh.

Hon nita, luan an ciing khao sat anh hudng sb lugng cac nit chuyén tiép déi véi
hiéu niang phét hién ctia cdm nhan phé hop tac nhu minh hoa trong Hinh 3.14.
St dung cac két qua dat dude, ching ta c6 mot tap gom 3 nit chuyén tiép c6
xac suat dung thap nhat nhu trong Bang 3.4. Ching ta gidm dan s6 céc nut
chuyén tiép theo thit tu gidm dan bing cach loai bd nit chuyén tiép cé xac suat
ditng cao nhat trong tap. Cu thé, trong truong hop st dung 2 nit chuyen tiép
dé gii thong tin cAm nhan dén FC, chiing ta sé lya chon hai cip (Si, R3) and
(S2, Ro). Trong truong hgp st dung mot nit chuyén tiép, ta la chon cap (S,
R3). Nhu két qua thé hién trong Hinh 3.14, cang nhiéu ntt chuyén tiép dudc sit

dung, thi hiéu nang phat hién ciia cdAm nhan pho hop téc cang dude cai thien.

3.6. Két luan chuong

Trong chuong nay, luan an da tap trung nghién citu hiéu ning cam nhan
phd clia mang vo tuyén nhan thiic dudi anh hudng ctia pha dinh Suzuki. Luan

an da c6 nhitng de xuat déng gép nhu sau:

91



ROC trong kénh pha dinh Suzuki twong quan véi ,u[h=0A1

03i® , v

—©— Mbi trvdrng khong mét mat
3 —— Mi truong pha dinh Suzuki twong quan khéng cé nat chuyén tiép
0. —8— Moi trudng pha dinh Suzuki twong quan dung 3 nat chuyén tiép

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Hinh 3.13: Hiéu ning cAm nhan ctia mang cam nhan phd hop tac bi anh hudng clia

pha dinh Suzuki tuong quan khi sit dung va khong sit dung cac CR kém thanh cac nut

chuyén tiép, nguéng rét piy, = 0,1.

Dé xuat mot mo hinh MRC phan tap vi mo cho kénh pha dinh phic hop
Rayleigh - Lognormal. C6 thé thay rang, mo hinh phan tap vi mé cho BER
thap hon nhiéu so v6i mo hinh phan tap vi mo do thuc té 1a né c6 kha

nang cung cap mot phan tap toan cuc.

Dé xuat thanh cong phuong phép gan MGF mot diém va MRC khong méat
mat ciing nhu phuong phap ILT dé udc tinh PDF ctia tong cac bién ngau
nhien Suzuki. Luan an stt dung da thic Gauss - Hermite dé xap xi cac tich
phan nhim tao ra biéu dién todn hoc nhanh va phit hgp déi véi BER ctia

diéu ché QPSK trong cac kénh pha dinh phan tap vi mo.

Nghién cttu mo hinh kénh Suzuki tuong quan va dé xuat phuong phap st
dung bién déi Laplace nguge dé tinh PDF ctia tong céc do loi cong suat tai
dau ra ctia bo thu MRC trong truong hgp c6 hai nhanh phan tap Suzuki
tuong quan véi nhau.

Dé xuat phuong phap tinh xac suat phat hién cuc bo clia vo tuyén nhan

thiic trong moi truong pha dinh Suzuki st dung xap xi Gauss - Hermite.
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ROC trong kénh pha dinh Suzuki twong quan véi ,um=0.l va sb cac nut
chuyén tiép khac nhau.

0.5 )
0.45} i
0.4t L
0.35 e T 1
0.3} e T ]
o 0.25f - e
0.2}
015}/ —
/ —#— Khong st* dung nut chuyén tiép
0.1+ St dung mét nat chuyén tiép .
3 — - — - S dung hai nat chuyén tiép
% 2 ‘
0.05:5';3 S dung ba nut chuyén tiép b
O;F Il Il Il Il
0 0.2 0.4 0.6 0.8 1
%

Hinh 3.14: Hiéu ning cdm nhan ctia mang cdm nhan pho hop tac khi thay doéi s6 luong

CR dugc gan lam nit chuyén tiép, nguéng rét gy, = 0,1.

Phuong phap nay gidp ta cai thién téc do trong tinh toan khi so sanh véi
cac phuong phap duge dé xuat trude do.

e Xem xét mang chuyén tiép phan tap hgp tac AF trong moi truong pha
dinh Suzuki doc lap ciing nhu tuong quan. Déi v6i phan nay, luan an da
dé xuat phuong phap tinh toan tham s6 danh gia mang, xac suat ding,
P,ut, trong ca hai truong hgp Suzuki doc lap va Suzuki tuong quan.

e D¢ xuat thuat toan loai bé cac CR bi anh hudng ctia pha dinh sau va tai
stt dung cdc CR nay thanh cac nit chuyén tiép hd trg truyen tin cho cac

CR tham gia hgp tac cAm nhan giti thong tin cam nhan dén FC.

e Dé xuét phuong phap ghép céc cap CR - nit chuyén tiép dua trén tieu chi

lita chon cac duong lien két c6 xac suat ding nhé nhat.

e Xay dyng mot mo hinh mé phéng dé kiém chitng cac két qua dé xuat néu

trén.
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KET LUAN VA KIEN NGHI

Két luan cta luan an

Nhu vay v6i muc tieu da dat ra truée do, luan an da hoan thanh dugce
nhitng noi dung lién quan dén viéc tim hiéu cac phuong phép nang cao hieu
nang cam nhan dudi anh hudng cia kénh pha dinh, dac biét tap trung di nghién
cttu vé pha dinh phitc hgp Rayleigh-lognormal hay con goi 1a pha dinh Suzuki,
tinh toan hiéu nang phat hién clia vo tuyén nhan thitc dudi dnh hudng clia moi
truong pha dinh Suzuki vd dé xuat bién phap nhdm nang cao do tin cay trong
viéc truyen thong tin cdm nhan tit CR dén FC trong diéu kién moi truong vo
tuyén bi 4nh hudng ctia pha dinh Suzuki.

Trén kénh cam nhdn, luan an da dé xuat phuong phap phat hieén va loai
b6 cac CR bi 4nh hudng ctia pha dinh che khuat tuong quan dya trén phuong
phap danh gid ma tran hiép phuong sai. Trén kénh thong bdo, luan an dé xuat
tai st dung cac CR bi anh huéng ctia pha dinh sau va bi loai bo ra khoi qua
trinh cAm nhan hop tac lam nit chuyén tiép hd trg cac CR chuyén thong tin
cam nhan dén FC.

Déi v6i dnh hudng cia pha dinh Suzuki lén hiéu ndang phdt hién pho cuc bo,
luan an da dé xuat phuong phap tinh toan xac suat phat hién 6 dang déng st
dung ham xap xi Gauss - Hermite. Khi so sanh v6i phuong phap khac, dé xuat
cua luan an cho phép tinh nhanh hon va it phiic tap hon.

D6i v6i cdi thién hiéu nang cdm nhan hop tdac trong moi truong pha dinh
Suzuki trong kénh thong bdo, luan an st dung dé xuat phuong phap tai st dung
cac CR bi 4&nh hudéng clia pha dinh sau lam cac relay hd trg truyén thong tin
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cdm nhan cac CR tham gia cdm nhan dén FC. Luan an da dé xuat thuat toan
lia chon cac cip CR - nit chuyén tiép dua trén tham sé xac suat dimg cla
duong lien két tong giita CR - niat chuyeén tiép - FC véi gia thiét FC st dung
bo thu MRC. Luan an ciing da dé xuat tinh toan xac suat ding nay cho ca hai
moi truong pha dinh Suzuki doc lap va pha dinh Suzuki tuong quan. T do, xay
dung mot kich ban moé phéng dé cho thay viéc sit dung céc nit relay trong viec
ho tro truyen tin cai thién hiéu ning cdm nhan hgp tdc mot cach dang ké.

Nhitng kién nghi nghién citu tiép theo

1. T6i wu hoéa viec lya chon s6 ngudi ding CR tham gia hgp tdc cam nhan
dura trén bai toan trade-off gitta hiéu nang phat hién hgp tac véi overhead

clia mang.

2. Tim phuong phap cai thién hiéu ning ctia mang huéng téi muc tiéu tiém
can hiéu nang cdm nhan gan sat véi hiéu ning cdm nhan trong moi truong

I tudng cia kénh thong bao.

3. Thuc thi cac nghién citu Iy thuyét trén hé thong Test-bed ciia Vo tuyén
nhan thic. Buée dau da duge thuyc hien nhu trong cong trinh s6 7 ctia luan

P

all.
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PHU LUC. Tinh toan ma tran hiép phuong sai C; ti* ma tran

hiép phuong sai Cy,

Dé don gian trong tinh toan, ching ta gia thiét trudng hop L = 2 cho hai
kénh lan can h; va hg, nhung cac phan tich bén duwois c6 thé dudc tong quat
héa cho truong hop hai kenh khong lan can bat ky h; va h;.

Cho hq va ho 1a hai bién ngau nhién c6 phan bd log-normal va cac bién phan bo

chuan tuong tn 1a Z; ~ N(pz,,0%,) va Za ~ N(puz,, 0%, ), nghia la

h1 = exp(fiz,) exp(X1) where X1 ~ N(uz,,0%) (A.1a)
ha = exp(uz,) exp(Xa) where Xo ~ N(jz,,0%,) (A.1b)

He s6 tuong quan gitta X; va Xs 1a pz, ching ta co:

E[h1] = exp(pz,)E(X1) = exp (,uzl + %0221> (A.2a)
Blta] = explpz BC62) = ex 1z, + 302, ) (A.2b)
and
var(hi] = exp [2uz, + UZJ [exp( 0%,) —1]
= E[l]? [exp(07,) — 1] (A.3a)
var|hg] = exp [2uz, + 0%, | [exp( 0%,) —1]
= E[hs]? [exp(03,) — 1] (A.3b)
also

Elhiho] = exp (1z, + pz,) E [exp (X1 + X3)]

1 ) | (A.4)

= exp (fiz, + 1tz,) €Xp (503(14—)(2
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Vi

U§(1+X2 :var(X1 +X2) 20%1 +2pz07,07, —0—0%2 (A5)
Nén chung ta co:
1
E[h1ha] = exp (puz, + 11z,) exp {5 (0%, +20202,02, + 0%1)} (A.6)
(A.6) c6 thé dugce sap xép lai thanh:

1 1
Elh1ha] = exp (uz1 + —0%1> exp (/% + —0%2> exp(pz02,02,)

2 2 (A.7)
= E(h1)E(h2) exp(pz02,02,)-
Do dé:
COV(hth) = E[hlhz] — E[hl]E[hg] (AS)
= E[m|E[ho]{exp (pz02,02,) — 1}
Va:
hih -1
PLN = Covh( 1 2) - _ {eXI: (pZUZ1OZ2) 2} (Ag)
\/Var( 1)var(hs) \/[exp (O'Zl — 1)} [exp (022 — 1)}
Cho
020202, = In (1 + oy [fexp (73, — 1)] [exp (0, — 1)]) (A.10)
Ma tran ctia hai bién log-normal tuong quan véi nhau hy va he,dude dinh nghia
la:
C var(hy) prn+/var(hy)var(hy)
Ln —
pryy/var(hy)var(hy) var(hs)

St dung (A.9) va (A.3) ching ta ¢6 (A.11) nhu sau:

Cpn = E[h1]? [exp (0%, —1)] {exp (pz07,02,) — 1} E[h1]E[hs]
{exp (pzoz,02,) — 1} E[h1|E[hsg] Elho)? [exp (0%2 —-1)]

(A.11)
trong khi ma tran hiép phuong sai ctia hai bién tuong quan Z; va Zs, dugce dinh
nghia la:

C, — cr%1 p20'Z210'22]
Pz07,07, 07,
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St dung (A.10) ching ta c¢6 (A.12) nhu sau:

C. = in (14 puvTox (03,) — 1] [ex 0,
In (1+ prvy/fexp (03,) = 1] [exp (0,) = 1]) o,
(A.12)

Ching ta c6 thé tong quat hoa cho truong hgp cac kénh khong lan can,
L > 2 nhu sau:

e.(i, ) = cov (Z, Z;) = In <1 + plid! ¢?Z}(Lh);§v&i()h” >> (A.13)

110



