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TOM TAT

Lun &n trinh bay nhimg két qua nghién ciru vé hiéu ning mang truyén théng da
ching v6 tuyén nhin thie dang nén (MUCRN: Multi-hop Underlay Cognitive
Radio Networks). Trong mang MUCRN. c4c thiét bi phat thit cdp bi han ché céng
suat phat do su rang budc mitc giao thoa 161 da duroc quy dinh béi mang so cap.

Luén 4n dé xuat va nghién cim bén mé hinh hidu qua khéae nhau.

Mo hinh d4u tién 1a mang da chang thir cap dwoc xiy dung tir cae tram thu phat
b6 tri trong tAm nhin thang, hoat déng ciing v&i mang so cap. Trong mang so cap,
céc thiét bi duoe trang bi nhidu anten dé nang cao hiéu ning cho mang, do d6 ciing
néng cao cong suat phat cia cdc thiét bi phat thir cap. Két qua cho thay day 1a dé
xuat hiéu qua khi danh gid qua thong sd hidu nang xic suat dimg (OP: Outage

Probability) va xac suat nghe 1én (IP: Intercept Probability) trong mang thit cap.

Tiép tuc phat trién mo hinh thi nhét. trong mo hinh dé xuat thik hai. cac tram thi
cap dwoc trang bi nhiéu anten dé ning cao hidu qua chuyén tiép dir lidu tai mo1
chang. Hon nita, cac tram thi cap phai thu thip nang lwong séng vo tuyén tir tram
phat nang hrong (PB: Power Beacon) dé phuc vu cho hoat déng chuyén tiép. Véi su
xuat hién cia tram nghe 1én trong mang thi¥ cap. ludn an nghién cru hiéu nang bao
mit véi cac théng s6 hiéu ning: xac suit dimg bao mat (SOP: Secrecy Outage
Probability) va xdc suat dung lwong bao mat khac khéng (PNSC: Probability of

Non-zero Secrecy Capacity).

Tiép theo, trong mo hinh dé xuat thit ba, luin an nghién cfu giao thic truyén
thong cong tic da chang cho cic tram thit cap don anten_ sw dung ki thuét thu thip
nang lrong séng vo tuyén. Giao thite cong tic da chang dé xuat s& gitp thong tin cd
thé di tat vé tram dich. bo qua mot 50 tram trung gian tiﬁng thot nang cao do lot
phan tap tai cac tram chuyén tiép trung gian con lai va tram dich. Sau khi so sanh

higu nang xac svat dimg (OP) cua giao thirc cong tac vor giao thire truyen tuan tir
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thong thudng, mo hinh dé xuit da ching t6 dwoc nhitng wru diém noi bat. Hon nia,

luan an ciing dua ra cac bat toan toi wu dé dat duoc hidu nang cao nhat.

M&b hinh dé xuat thi te nghién ctru vé giao thire chon duwdng di trong mang hrdi
nhiéu drong MUCRN. Luan 4n dé xuét va danh gia hiéu nang bao mat cia ba giao
thitc BEST. MAXV. RAND qua kénh truvén Rayleigh fading. Dua vao nhitng giao
thirc dé xuat, mot tuyén MUCRN phi hop két noi gifra ngudn va dich dwoc lva chon
dé truyén théng dén diém dich. Cling vé1 dé xuat, vide ddnh gid vu nhuoc didm cia
ba giao thitc ciing dwoe thao luin dén dwa theo véu cau vé thong tin trang thai kénh

tru‘_i,fén (CSI: Channel State Information) khac nhau.

Hiéu ning ciia cac mo hinh dé xuat déu duoc ddnh gia bai mod phong va phan tich
toan hoc. Cac két qua md phong kiém chitng sw chinh xac cua két qua phan tich Iy
thuyét. Hon nita, cac bidu thire toan hoc duoc biéu dién dudi dang tweng minh, gitp
céc nha thiét ké va quy hoach mang c6 thé dé dang trong viéc dénh oia va toi vu hé
thf}ﬂg mang. Ben canh do. cac kat qua thu deoc da dwoc bien luan them dé thﬁ}J
dwoc nhitng vu diem nodi bt ciia cac mo hinh dé xuat. Cudi clng. de duc két toan bo
cdc két qua nghién ctru va nhitng dong gop cia ludn an, mot két ludn tong thé da

dwoc dua ra o chirong cuol cung cua luan an.



ABSTRACT

This thesis presents the research on the performance of the multi-hop undarlay
cognitive radio networks (MUCRN) in which the secondary transmaitters are limited
power devices bacause of the maximum interference constraint required by the QoS
of the primary network. In this thesis, the author proposed and studied four different

effective models.

In the first model, the secondary and primary networks can access the licensed
bands simultaneously. In this model. the data transmission in the secondary network
13 performed wvia multi-hop relaying technique, and adjacent single-antenna
secondary nodes are placed to have Light-of-Sight Conversely. the primary
transcervers are equipped with multiple antennas. which not only enhances the
performance of the primary network but also increases the maximum allowed power
of the secondary transmitters. The results present the advantages of the proposed
model in improving the end-to-end performances of the secondary network in terms

of outage probability (OP) and intercept probability (IP).

Further developing the first model, the second proposed model proposes a multi-
hop MIMO cognitive relaying protocol, where the secondary transceivers are
equipped with multiple antennas Furthermore, the secondary transmitters mn this
mode] have to harvest the radio frequency originating from a power beacon (PB) for
transmitting the source data. Unlike the first model the main performance metrics
are studied in the second model are Secrecy Outage Probability (SOP) and
Probability of Non-zero Secrecy Capacity (PNSC).

Next, the third proposed model concerns cooperative transmission protocol in
MUCRN employing the energy harvesting technique from the radio frequency. The
proposed cooperative multi-hop protocol can enhance the diversity gam for the

secondary network when all of the secondary transmitters and receivers have only a
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single antenna. Moreover, the proposed cooperative multi-hop approach can skip
some intermediate relays. reducing the end-to-end delay time. As presented in the
obtamned results. the proposed protocol gets much better performance than the
corresponding conventional one mn terms of OP. Moreover, optimization problems
such as the optimal number of hops, optimal fraction of time used for the energy

harvesting phase are also investigated.

The last proposed model studies the multi-hop multi-path relaving protocols 1n
UCRN. The three protocols, named BEST, MAXV_ and RAND. are presented and
evaluated their secrecy performance over Ravleigh fading channel Based on the
above protocols, one of the available paths between the secondary source and
secondary destination 1s selected for the source-destmmation data transmission.
Moreover, discussions about Channel State Information (CSI) requirements are

given to compare the complexity of the three proposed methods.

All of the proposed models above are evaluated via both the mathematical
analysis and simulation results. The simulation results venify the accuracy of the
theoretical ones. Moreover, the analytical results are expressed by closed-form
expressions, which can be used efficiently by desipners i evaluating and
optimizing the considered systems. Also, the additional discussions on the obtained
results are given to show clearly the advantages of the proposed models. Finally, the
last chapter presents the overall conclusions to summarize the obtained results and

the contributions in this thesis.
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MO PAU
1. Tinh cap thiét ciia dé tai

Gan day. khi thong tin lién lac qua v6 tuyén ngay cang phd bién, ngudi ta quan
tam nhidu dén tai nguvén tin s6 vé tuvén. Cac qudc gia nhwr M§'. Chau Au’, Viét
Nam’, t& chitc qudc té Lién Hiép Qudc’. déu co co quan chuyén trach vé quan Iy tan
30 vO tuyén. V& mat I thuyét, truyén thong vo tuyén chi cé mot dai phd tin s6
chung dé sir dung va khong gié1 han. Do han ché vé nhidu mat nén hién nay con
ngwrot chi khai thae dwrge mét dai hitu han cho tmj,-'én thong [1] (dwd1 300GHz theo
IEEE’). Cac hé thong thong tin vo tuyén khéc nhau s& duoc cdp phép khai thac
nhitng bang tin nho khac nhau trong thang chia dai phd tan theo khuyén nghi phén
chia bang tin cia iU’ hay IEEE. Hién nay. hau hét cac dai tan déu di dwoc cép
phat. Mat khac, theo thoi gian, nhu cau thong tin cua con ngwdi cang Ién [2] din
dén sy ra doi nhiéu phuong thire truyén théng méi hoat dong trén nhimg dai tan so
méi. Xu hirdng nay s& gy ra si khan hiém vé pho tin phue vu [3]. Dé giai quyét
van dé nay, cdc nha khoa hoc dd dé xuat cic k¥ thuit da truy cdp nhu TDMA.
FDMA. CDMA nhim phuc vu dwoc nhiéu ngudt ding hon, hiéu qua st dung pho
tan cao hon. Ngoai ra, ki thuat trai pho. tii s dung tan s6 cing 13 nhing giai phap
hiéu qua. Trong thurc té, tit ca cde giai phap dé xuat & dav da duwoc trién khai ting
dung trong mang di déng thé hé tir 2G. 3G dén 4G [4. 5]. Hién nay. cing v&i xu thé
phat trién cia cude cach mang 4.0 di kém véi1 @6 1a cong nghé IoT [6, 7]. phan Ién
céc thiét bi may mée ciing s& dwoe trang bi cdc kénh két nd1 vo tuyén [8, 9] Diéu
nay do1 hoi cde hé thong thong tin vé tuyén phai phue vu mét s6 hrong dau cudi rat

1én, dap ting duoc yéu cau cap phat kénh truyén vo tuyén hiéu qua trong mot dai tan

! Federal Communications Commission (FCC)

* Radio Spectrum Committee (RSC)

* Cuc tén 36 v tuyén dién (ARFM)

' International Telecommunication Union (ITL)

* Institute of Electrical and Electronics Engineers (IEEE)



duoc cap phat trude d6. Bién phép sap xép, thu hep cdc dai tin dang khai thac
nhung hiéu qua thap hav si dung chung dai tan cho nhiing hé thong thong tin cii va
m&i 1a nhitng hudng di cu thé dé piai quyét van dé khan hiém phd tan phuc vu.
Trong béi canh d6, ludn an d8 xuat nghién ciu mot hé thong théng tin vo6 tuyén si

dung dai tan chia sé nham tiét kiém tan s6.

Bén canh do. mot dac diem mdi nita 13 cac thiét bi trong mang vo tu;-‘én hién dai
hau nhw doi hoi tinh sdn sang két noi rat cao [10]. Ching ta c6 thé nhin thay su pho
bién ciia nhiing thiét bi dau cudi hién nay hoat déng lién tue trong khi di chuyén
nhwr dien thoat di dong, thiét bi thong tin dwong bo [11], dudng sat [12, 13] va ca vat
thé bay [14. 15] Moéi truong thong tin thay doi lién tuc sé& rat kho khan dé duy tri
mét kénh truyén on dinh, tree tiép tir nguon dén dich. Mang vo6 tuyén da chang 1a
mot gial phap truyén tin hiéu qua so vé1 truvén trie tiép [16, 17] do thong tin s8
dwoc truyén dén dich nh& di qua cac tram chuyén tiép trung gian. Vi tri phii hop va
cong suat phat thap cia moi tram trung gian gitp mang da chang thich g véi su
thay doi nhanh ctia méi trudng truvén tin, kéo dai cy ly thong tin, giam can nhiéu
dén cdc tuyén théng tin khic nhw két ludn trong [18. 19] va [J9].

G mot khia canh khac, mat do tich hop cua cac vi mach dién fir ngay cang lon
theo thot gian (dinh luat Moore [20. 21]). Cace chip dwoc tich hop nhiéu khdi chire
ning hon trong mét khéng sian nhé bé hon [22, 23], chi phi thap hon [24]. st dung
nang leong & mike thap hon [25]. Diéu nay cho phép cac thiét bi thu phat vo tuyén
ngay cang nho vé kich thwde vat I [26], linh hoat trong lap dat va van hanh. Vi thé,
viée st dung nang hrong tir nguén dién hrdi hay ngudn pin sac lai dé truyén tin dan
dan tré nén cong kénh, khéng tién dung. Pon ci mét vi du cu thé nhir trong trong
lai con ngwdi s8 duoe cdy cac chip dé gidm st site khée va truvén vé cho bac si hay
céc cam bién thu thap théng s6 khi quvén gan trén khinh khi cau. R rang céc chip
nay hoan toan khéng thé phat huy hiéu qua néu c6 diy nguon cung cap di kem. Dé
sial quyét van dé ndy, céc nha khoa hoc da dé xuat mot piai phap cung cap ning
lrong va truyén tai thong tin dong thai trén cling mot dai tan s6 nham duy tri s két

noi. nang cao hiéu nang mang trong nhitmg diéu kién dac tha nhwr trén. Ky thuat thu
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hoach nang leong vo tuyén RF-EH' dé truyén thong tin SWIPT" [27-29] 12 hwong
nghién ciu c6 tiém nang ma cac nha nghién cifu trong nurde va quoc té dang theo
dudi nhitng nam gan day. Mang thong tin v tuyén da ching néu duroc trang bi cong
nghé SWIPT s& piai quyét duoc se khé khan vé ngudn cung cdp cho cac tram thu

phat. phét huy vu diém cia minh trong nhitng méi triromg truyén tin dac thi ké trén.

Vé mat bao mat thong tin, rd rang la trong mot méi tredmg day dic céc tuyén
thong tin chong ln. viéc bao mat thong tin khi truyén trong néi bé mang 1a van dé
can duoc xem xét dén. Céc phuong phép bao mét trude diy chi véu dwa vao ma
héa bao mét (Cryptography) [30. 31] va céc thuit toan phan phoi khoa ma (key
distribution) [32] tan dung kha nang tinh toan & cac tram dé o131 mi thong tin. Cach
thitc nay khong phii hop véi nhitng mang kiéu méi. von cau tao tir nhitng phan ti
mang (nit) nhé bé vé kich thude, kha nang tinh todn han ché Bao mat 1ép vit Iy
PLS® [33-36] 12 mot gi1a1 phap tan dung s chenh léch khoang cach gia tram phat
va tram thu so vd1 tram phat dén tram nghe lén dé truyén tin dat hieu qua bao mat

ma khéng ding khoa ma, rat thich hop cho céc tram c6 kha nang x I thap.

Véi muce dich nghién eftu nhitng phiong thire truyén théng méi phue vu cho
nhitng véu cau thuc tién & trén. nghién ciru sinh d4 dé xuat dé tai ludn an “Nghién
citu hiéu nang mang truveén théng vé tuvén da ching trong diéu kién cong suat
phat han ché”. Luin 4n tip trung vio nghién ciu kha nang truyén tin thanh cong,
kha nang bao mat thong tin khi truyén tir ngudn dén dich, kha nang thu hoach nang
lvong vo tuyén dé truyén tin trong nhig didu kién khac nhau. Tir d6. ludn an dé
xuat cac giai phap nham néng cao hiéu nang mang da chang trong ting diéu kién cu

thé.

Giai thich thuat ngi:

1 Fadio Frequency Energy Harvesting
° Simultanecus Wireless Information and Power Transfer
® Phvsical-layer Secority
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Hiéu ndng mang: La cac thong s6 danh gid chat heong truyén thong, dua vao
cac thong 50 hiéu nang dé so sanh chat Irgng mang ¢ cac dieu kién khac
nhau.

t Mang truvén théng da chdng: La mang truyén théng bao gém nhidu nit
chuyén tiép trung gian. Céc théng tin khong thé truyén true tiép tir ngudn dén
dich ma can chuyén tiép qua cdc tram thu phat trung gian (goi 12 cdc relay).

t  BDiéu kién céng sudt phat han ché: La didu kién ma céc tram phat khong thé
phat véi cong suat toi da dé car thién hidu nang do can phai chia sé phé tan
tuin theo Iy thuyét vo tuyén nhan thitc dang nén (UCR).

t Bdo mdt lop vdr [y La phwong phap bao vé thong tin khi truyvén thong dwa
chi véu vao dic tinh kénh truyén (khéng dwa vao mé hoa tin).

t Thu hoach ndng lwong vé tuyén: La phuong thire khai thac cde song v tuyén

trong hay ngoai bang tan dwoc cap phat dé chuyén do1 thanh ning lwong st

dung cho truyén théng tin.
2. Muc tiéu va noi dung nghién ciru

Ludn 4n tip trung nehién ctru hidu ning mang truyeén thong v6 tuyén da chang

trong disu kién cong suat phat han ché nham dat dvoc cic muc tidu sau:

+ Ning cao hiéu suat si¥ dung phd tin bang cach chia sé pho tan ciia mang so
cap cho mang da chang thit cap.

+ Dé xudt cdc giai phap ning cao hiéu ning truyén théng mang da ching muc
tiéu nham dam bao chat hrong dich vu (QoS).

+ Dua ra giai phip ning cao kha ning bio méit truvén théng trong mang da
chang bang phwong phap bao mét 16p vat 1y nham thich nghi véi cde tram
thu phat c6 kha nang xt 1i han ché.

+ Ap dung kha nang thu thip nang lweng vo tuyén & cac tram phat trong mang
da chang nham da dang hoa kha ning cung cip ning lwong trong mang
truvén thong, ning cao hiéu qua st dung nang luong, kéo dai thoi gian song

ciia mang dong thai tang tinh thue tién khi trién khai xdy dung mang.



3. Nhiem vu nghién ciru

Nghién eiru vé hiéu nang, kha nang bao mét thong tin trong cac mé hinh mang da

ching kiéu méi trong moi trueong truyen tin co cac dac tinh chuyén bidt. T do dé

Xudt cac grao thire mon, gia1 phap mot trong thiét ké va van hanh cac mang da chang

de nang cao hiéu nang, bao mat thong tin khi truyén thong.

4. Pham vi nghien ciru

Pé dat dwoc muc tiéu ban dfiu: luan an tap trung vao cac linh vue nghién ciu

chuyén sau nhw sau:

_i.

—

Hiéu ning ciia mang da chang muec tiéu, kha ning bao mat trong mang bang
phwong phap bao mat lop vat 1y.

Anh huéng cia thu hoach nang leong vo tuyén trong mang da chang lén hiéu
nang mang muc fiéu.

Anh huéng cta ché d6 han ché cong suat phét theo dang nén trong mé hinh
mang v6 tuyén nhan thite (CRNs) 1én hidu nang.

Ludn an chi nghién ciru phuong thite truyén tin HD, giao thire RF va truyén

thong mot chidu (One-way).

Cac gia thiet khoa hoc sau dwoc tmg dung trong ludn an:

+

4

—

Kéanh tm‘_i,fén co dac tinh fading cham (slow fading).
Mang nghién et dirge xem xét trong pham vi phu song nho hoac trung binh.
(Suy hao kénh truyén dang d77).

Tho gian tinh toan, xi Iy tin hidu rat nho so véi théd gian truyén tin,

Thong tin kenh truyén (CSI) duoc tinh toan woe hrong cho cac tram thu phat
kip theri va day du nho cée giao thire 1ép MAC.

Twong quan giira cac anten gan nhau hay cac nit trong ciing mét cum khong

déng ké.

LA



5. Phwrong phiap nghien ciru

Phrong phip nghién ciru co ban dwa vao Iy thuyét phan tich tin hidu, Iy thuyét

toan giai tich, 1y thuyét xac suat, dong thoi sit dung mo phong kiém chimg dé danh

o14 chat lrong va hidu qua cia cac thust todn, cac giai php dé xuit. Qua trinh gdm

nhitng bwrde co ban sau:

.I.

Khao sit cac nghién ciru lién quan dén mang da chang. dzc biét 1a cac cong
trinh bao mat lép vat I cing cac nghién ciru nang cao hiéu nang hé thong, tir
d6 dé xuat cdc phrrong phap mdéi nham cai thidn hidu nang theo cac muc tiéu
dd neu.

Tién hanh mo phong ban dau dé kiém nghiém cac wu didm (dac tinh) cua
phuong phap dé xuat. dong thai so sanh hidu ning véi cac phuong phap d4
duwroc cong bo trrde do. dac biét 1a so sanh vé1 mang dual-hop trong ciing
dieu kin.

Danh gia cac hiéu nang cua hé thong trong méi trzong truyén théng dic thi
bang cach dua ra cac biéu thirc toan hoc & dang chinh xdc va xdp xi. Ung
dung phuong phap mé phong Monte Carlo kiém chitng cée bidu thite dwoc
dan ra dé dam bao tinh ding dan.

Tir cac biéu thitc todn hoc va két qua danh gi1a hiéu nang hé thfi‘nngT lugn an dé

xuat nhitng giai phép dé ting cudne hidu ning, kha ning bao mét théng tin.

6.Y nghia khoa hoc va thwe tién cia dé tai

a. Vé khoa hoc

.I.

Dé xuét ra nhitng giai phap mdi dwoe nghién ctu va moé phong trong nhing
dieu kién cu thé: ung dung nhitng Iy ﬂ:mj_.fét toan. vat Iy hién dai.

Giai quyat droc bai toan khan hiém pho tan vo tuvén bing phurong phap sir
dung chung tan so theo dang nén cia mang vo tuyén nhan thite (UCRN).

X4y dung Iy thuyét cho truyén théng vé tuyén qua nhiéu ching. dam bao

hiéu ndng mang cung vo1 an toan thong tin.



—

Gop phin xdv dung eo s& 1y thuyét dé sit dung ngudn nang hrong sach trong
truyén théng. cu thé 1a nang lrong tir song vo tuyén.
t Gop phan phat trién hudng nghién ciu méi vé dinh tuyén trong méi trzong

vé tuyén.

—

La tién dé cho nhimg céng trinh nghién cttu hidu nang cho nhitng mang thwe

té nhu WSNs, V2V, M2M.

b, Vé thicc tién

t Céc dé xuit droc nghién ciu trong nhitng dic ta kénh truyen phi hop, ning
cao do tin cay khi ung dung thue ta.

t Céc giai phap vé ning cao hiéu ning mang trong luin 4n lam nén tang cho
cac tng dung qui hoach, ning cap, lap dat mdi céc tram thu phat.

t Céc giai phap vé thu hoach ning hrong vo tuyén va truyén tin déng théi
trong mang v6 tuyén da chang 1am co s& phét trién cho cic tng dung truyén
thong chuyén biét trong nganh v, nganh khi trong hoc, hay tmg pho tham
hoa thién tai & nhitng noi khéng duoc cap nguon dé hoat dong.

+ Nhitng anh huéng vé mie khiém khuyét phan cing duoc nghién ciu trong
ludn 4n s& gop phan giai quyét nhitng khé khan giira két qua nghién ciu va
tiem nang trién khai thue té.

+ Nhimg két luén cia ludn 4n dwa ra phi hop véi cdc bién phap kha thi co thé
trién khai duoc trong thie t8, gop phan phét trién mang truyén thong trong
cach mang lan thir 4.

7. Cau triic cia luin an
M dau:

Dé cap dén nhimg van dé thach thirc can gial quyét trong nganh vién théng, cac
oiai phap d4 6 va dé xuat Iy do chon dé ta1. Nhitng van dé lién quan nhw do1 trong
nghién ctru, pham vi nghién ctru, phwong phap nghién ciru va v nghia khoa hoc va

thire tién cua dé tai cling dwoe trinh bay dén.



Chuong 1: Tong quan vé mang vo tuyén chuyén tiép da chang

Phan tich chi tiét cdc nghién ciru tong quan, bao gém cac nghién ciru quoc t8 va
trong nude trong linh vire, phat trién réng nghién ctru méi phue vu muc tiéu dé tai.
Chuone 2: Co 8¢ Iy thuyét

Dé cdp ngin gon vé nén tang Iy thuyét mot so kénh truyén vo tuyén st dung trong
ludn 4n, cdc mo hinh_ giao thite mang ciing véi giao thie bao hidu MAC. Ly thuyét
vé ché @6 han ché cong suit phét. khiém khuyét phan cing, bao mat 16p véy 1y hay
thu hoach nang lrgng vo tuyén va truyén tin phuc vu cho phan sau cia ludn an.
Chuong 3: Mang da chang thi cip gém céc tram thu phat bo tri theo tam nhin
thang.

Nghién ciru mot mang da ching gdm cac tram thu phét bi han ché cong suat phat
va dat trong tam LOS, co tinh dén can nhiéu tir mang so cap. Dung TAS/SC 61 uu
mang so cap dé dan ra duoc xac suat dirng. xédc suat nghe 1én trong mang da chang.
Xem xét dé cde véu to anh hwdng dén hidu nang va bao mat nhir mike do can nhiéu,
s0 ching mang thit cap, s0 anten, ...

Churong 4: Mang da chang thit cip gom cdc tram thu phét duoc trang bi nhiéu anten
va thu hoach nang hrong vo6 tuyén.

Phat trién TAS/SC trong mang da ching da anten c¢6 thu hoach nang hrong v
tuyén. Chuong nay danh gia hiéu ning bao mét cia mang da chang dwa vao théng
s0 hidu nang SOP va PNSC cung vor dac tinh tiém can cua ching. Pic biét, tap
trung vao anh huéng cua véu to thu hoach v6 tuyén 1én hidu ning bao méit cia mang
da chang.

Churong 5: Truyén tin céng tic trong mang da chang th@ cap c¢é thu hoach nang
hrong vo tuyén.

Giai phap truyén théng cong tac duoc trinh bay trong chiong cho phép mét tram
gan dich nhat trén tuyén da chang e6 thé phat thong tin sém dén dich thay vi theo

lich phat tuan t tir ngudn dén dich. Két qua nghién ciru cling dura ra s so sanh hiéu



nang truyén thong cia giao thire dé xuat mdéi (cdng tac) so véi cdc giao thire dé xuat
dd co trrde day (tru}-'én theo tuan tu).
Chuong 6: Phurong thire chon duong di trong mang da chang thi cap dang cum
Hinh thire cong tac mor nham cai thién hidu nang mang da chang dwoc thue hién
bang dé xuat cho phép chon dwdng di dén dich thay vi chon tram trén duong dinh
san nhi chrong trirdée. Nghién cu dua trén PNSC va dia ra ba giao thitc thich hop
cho cac disu kién truj,-'én tin khac nhau.
Churone 7: Két luan.
Trinh bay cic két lusn quan trong cia toan bd luin an ciing hudng phat trién

nghién ciru tiép theo.



Chwong 1

TONG QUAN VE VAN PE NGHIEN CUU

1.1 Gidi thieu

Trong qué trinh phat trién x4 hoi, so lrong thong tin dwoe tao ra va chia sé tang
nhanh theo thoi gian. Theo s6 liéu théng ké tir Bang 1 va Hinh 4 trong [2]. di lidu
thong tin duoc s6 hod va truyen tin qua moi truong truyén vo tuyén chiém phan Ién
(97% trong nam 2007). Khao sat dén nim 2015 trong [37] cho thay khuynh huéng
truyén thong khong day 1a chi yéu. Trong khi hau hét cdc dai pho tan da duoc cdp
phép. viéc tim kiém dai tAn mdi cap phat cho dich vu vién théng méi hay ning cap
nhitng dich vu s&n c6 1a nhiém vu v6 cing kho khan. Giai phép ding mang chuyén
tiép nhidu ching hoat dong trong ving phii séng cia cac tuyén thone tin di co dwoc
xem la hiréng nghién cltu méi tidm nang. Phan sau day trinh bay vé cac cong trinh

nghién ciru 1ién quan dén linh vire nay trén thé gidi ciing nhir & Viét Nam.

1.2 Tinh hinh nghién ciru
1.2.1 Cdc nghién ctru quéc té

Nam 1999_ J. Mitola va G. Q. Maguure [38] da dé xuat ra khai niém “thich nghi”
dira vao ti s6 tin hidu trén nhiéu SNR. Mac du khai niém trén droc dua ra nham o131
quyét nhiu van dé trong vién théng nhung trong linh veec mang v6 tuyén, R. W.
Thomas va cic cong sw [39] d4 ké thira va phat trién thanh mang vé tuyén nhin thire
(CRNs). Pay 12 mang dwoc xiy dung tir cdc phan i cd kha nang thu thap duoc cée
tinh trang mang. sau d6 két hop véi cdc thong tin di hoc dwoc tir cdc trong tic
trizde do dé quyet dinh cac hanh vi trong Gng trong viée géi hodc nhan théng tin.
Céc tac g1a dd dé xuat co ché dé mot phin i cia mang (tram hay nit) tu quyét dinh
truyén thong tin hay khéng trong mét moi treong da ngwéi ding. Dia vao 15 thuyét

thong tin. nhom tac gia trong [40] d4 xuit ba mo hinh co ban 13 Underlay, Overlay
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va Interveave trong CRNs. M6 hinh Underlay (hay 12 md hinh dang nén) cho phép
cac tram nhan thire (CU: Cognitive User) co thé phat cing lac vo1 cac tram khac
(NCU: Non-Cognitive User) mién 1a mirc giao thoa dwoc duy tri dudi ngwéng cho
phép. G m6 hinh nay, cé su doe 14p trong do1 vé that gian phat va di liéu phat cia
tram CU va NCU. Trong mé hinh Overlay (con goi 12 mé hinh dang chong chép).
céc tram CU ciing co thé truyén dong thoi véi cac tram NCU gidng nhu Underlay
nhung viée can nhidu dwoc xi 1i bang cach ding mét phan cong suat cia tram CU
dé truyén cho tram NCU, phan con lai s& truyén tin hidu cia riéng minh. V& méd
hinh nay, cac tram CU phai bist duoc bang ma hoa (codebook) cua tram NCU va
ddng thori phai biét khi nao bat dau truyén théng tin dé ciing phat. Qua trinh ddng bo
vé thot gian nhwe thé gap nhidu tré ngai trong thire t6. M6 hinh cudi cing Interveave
(hay 12 mé hinh dang dan xen) dé xuat cée tram CU tin dung nhitng khong gian tan
0 ranh roi da t].‘u}-’éﬂ tin. Viec tan dung co hot da Truj,rén nhw trén s nang cao hieu
suat st dung pho tan nhueng ciing ton tai mét nghich 1§ 1a tram CU hoan toan khong
chu dong dwoc thotr gian phat, toc do phat va tham chi 1a QoS cua mang Chinh vi
vay cdc nha nghién ctiru thudng dé xuat mo hinh dang nén khi nghién cifru vé mang
v6 tuyén nhan thite (UCRN). Dé duy tri mirc giao thoa dudi ngudng cho phép. cac
tram CU s& chiu s rang buoc vé cong suat phat toi da. hay con go1 1a han ché cong
suit phat. Difu kién rang budc cdng suit sé inh huéng dén hiéu suit cia nhitng
mang thi edp (SN) duwoc xiy dung tir nhitng tram nhén thite CU. Tuy nhién, vi cling
khai thic chung dai tin vé1 mang dwoc cip phép khic (PN) nén mang thi cép
khong can cap phat thém dai tan méi dé hoat dong. Do do, dav 13 mét cach tiét kiém

dai tan hiéu qua.

Cong trinh cia A Ghasemi va E. 5. Sousa [3] da dé xuat mot mo hinh mang co
ban gom mét tram phat thi cap truyén tin cho tram thu thi cap trong vng nhung
xuyén nhiéu tin hidu dén tram thu so cap (Hinh 2.10). Hai tac gia nhin thay rang ¢
thé dat dwoc dung hrong kénh khic nhau trong nhitng didu kién fading khic nhau
(Rayleigh. Nakagami-m. AWGN). Két ludn cia nghién ciru cho thay phu thudce vao

dic diem cua mo1 trirong truyén tin cac cong trinh nghién ciru can wng dung cac 1y
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thuyét mo ta kénh truyén phit hop dé thu duwoc két qua sit véi két qua do dac khi
trién khai. Thue t& 13 trong moi trudng truvén tin, séng vé tuyén thuong chiu anh
huéng bai s6 leong, kich thwdc cac vat can gy ra tinh chat phan xa, tan xa. nhiéu
xa va duoc d8 cip chi tiét trong [41]. Trong nghién ctu, theo [42], tac gia sw dung
dac ta kénh truvén Rayleigh khi séng vo tuyén tir tram phat dén tram thu nhé hiéu
tmg phan xa da duomg va khong co thanh phan séng dén trong tim nhin thang
(NLOS). Newoce lai, khi cong suat thu duoe chu 3féu dén tir tm nhin thfmg (LOS),
tinh chat cia kénh truyén duoc dac ta bang Rician fading. Nhiéu cong trinh nghién
ciru sir dung Rayleigh [43-46], Nakagami-m [47-49]. Rician [16, 50, 51] fading
trong moi trromg han ché céng suat véi mang chuvén tiép. Ngoai ra, viéc si dung
nhiéu dic ta kénh truyén dan xen trong cing mét mé hinh nghién ctru ciing duoc dé

cdp dén trong [51, 52] tity theo tinh chat riéng clia cdc tuyén théng tin cu thé.

Pa danh o1d ve hidu nang cua mang khi chm sir han ché cong suét__ cac nha nghien
ciru thuong xuat phat tie dung hrong dimg (Outage Capacity) va dung hrong
Ergodic. Theo [53]. dung hrong dimg chinh 1a hing so toc do 161 da di qua kénh
truyén véi1 mot xdc suat dirng cho trede. Trong khi d6. dung hrong Ergodic 12 toe d6
trung binh t6i da qua tit ca céc trang thai fading khac nhau. Xdc suat dirng (OP) 1a
kha nang gia tri dung hrong dimg tirc thoi dwd ngwdng toc d6 cho trude cia kénh
truyén. Viée han ché cong suit phat 1dm hidu nang mang thit cap suy giam nhanh
chong. Dé khac phuc van d8 nay. céc tic gia trong tai lidu [45] diing MIMO trong
mo hinh CRNs va dé xuat mot thuat toan nhim muc tigu chéng Xuyen nhiéu d&ng
kénh piita céc tram thu so cap, dong thoi loai bo giao thoa tai tram thu thir cap.
Nghién eiru di dua ra va so sanh ba treéng hop khi CSI 1 cuc bé (ding pilot dé thu
thap). toan cuc (general dung ca pilot va feedback). hay cuc bo co két hop von
thong tin tram lién ké (side information). Doi véi tnromg hop cé thong tin CSI day
du & tram thie c-ﬁp; tac gia dé xuat thuit toan két hop cac ma tran ma hoa triede va
ma tran giai mi (precoding and decoding matrices) dé tinh toin mién giéi han trén
ciia toc d6 co thé dat dwoe cua he théﬂg (upper bound). Dac biet hon. da giam nhe

tinh toan khi cap nhat CSI, cac tac g1a da dé xuat ra mot thuit toan lap trong do cac



tram thu phat thir c{-‘ip phai cap nhat lien tuc cac ma tran ma hoa trecoe va cac ma tran
giai ma bang cic CSI cuc bd va cac théng tin tram xung quanh dé to1 da ham muc
tidu 1a toc d6 dat duoc qua chang trong khi van duy tri dicu kién han ché g1ao thoa
K&t qua thu dwge cho thﬁy thuit toan dé xuat hoi tu nhanh va dat dén gia tr1 fuong
dwong nhw trong tredmg hop o6 CSI toan cue ding thong tin feedback. V& MIMO
trong mang da chang. coéng trinh [54] khao sat dung luong trong hé thong NxN
MIMO trén toan bo R chang,. sir dung giao thire AF. Trén moi chang vé mat tf_:ng
quat. tram phat s& ding M anten dé phat M ki mda OFDM dong thdi (OFDM
symbol), & tram thu c6 L anten. Tuy nhién bai bao gia dinh rang luén cé6 N anten

thu d4 thu t6t tin hidu tir N anten phit. N <min(M L), do d6 chi dé cdp dén hé

thong V«N MIMO. Tac gia dan ra céng thire tinh dung hrong tuyén thong tin
trong trzdng hop N tdng quat va tredmng hop riéng khi V=2 nham gian lrec hon
ve cong thirc tinh toan. Bén canh do, dae tinh tiém can cua dung lwong kénh truyén
khi SNR 1én ciing dwoc xem xét dén. Cac phén tich cia cong bo cho thay rang khi
N =4 thi dung hrong kénh truyén cao hon han so véi khi NV =2 Nguoc lai dung
lrong kénh truyén s3 giam di nhidu néu s6 lrong chang R tang l1én. Tuy nhién mot
két ludn rat dang chi ¥ 1a dung hrong kénh truyén giam khi R tang sé it hon trong

he thrf:ng MIMO co N nhd hon.

Qua nhitng phan tich trén, c6 thé thiy MIMO 13 mét phuong thire hidu qua dé cai
thién hidu nang mang chuyén tiép da chang. Tuy nhién, di kém véi vu diém vé hidu
nang 1a viée tinh toan kha phire tap trén cac ma tran, dae biét khi kich thwrée lon.
von khéng phi hop véi cac tram chuyén tiép trung gian c6 cau hinh thap, kha niang
xit 1i han ché. Nham cén bang gifra kha nang xir I¥ vt tinh kha thi, cée nha nghién
ciru dé xuat cic phirong thite phin tip méi trong cac hé thong da anten dé giam yéu
cau tinh toan trong kh1 van tan dung duwoc vu diém cta MIMO. Transmit Antenna
Selection (TAS) [55] 1a phuong phap chon lwa anten tai dau tram phat két hop véi
cach thire két hop tin hidu ta1 dau tram thu nhe MRC. SC, EGC thuéng 13 nhitng
giai phap nhin dwoc nhidu dé xuat tir cac nha nghién ctru. Trong d6. phén tip

phat/thu kidu TAS/SC va TAS/MRC pho bién hon va duoc so sanh trong [56]. Cu



thé_ véi nghién ciru vé mang chuyén tiép hai ching ding giao thire AF trong kénh
truyén Nakagami-m, cong trinh [56] 43 dan ra duoc céc cong thire tinh xac suat 161
k¥ ma (SEP) cia TAS/MRC va TAS/SC & dang tuong minh, dong thoi xem xét dén
dac tinh tiém cén cia SEP khi ti 56 SNR cao (cong thie 13, 22 cua cong bo). Két
qua phan tich cho thiy bic phan tip (diversity order) ciia ca hai truomg hop
TAS/MRC. TAS/SC bang nhau. Ngoai ra, téc gia dd dua ra khai niém Array Gain
cho tieng dé xuat (cong thirc 14 va 23), sau do ldp ti so gifra hai Array Gain nham
danh gia sy chenh lech ve d6 loi thu duoe gita hai pheong an TAS/MRC va
TAS/SC (cong thire 24). Xét vé mat biéu dién dac tuyén bang hinh v&, Array Gain
thé hién sy dich theo phirong ngang ciia dac tuyén hidu nang tiy theo véu t6 dang
xét dén (thuzong la SNR). Két luan nghién ciru cho 1":ing c6 s chénh léch vé SEP
ctia hai phirong 4n trong ciing mot hé thong, ngay ca xét dén didu kién cu ly hai
chang bang nhau hoic khic nhau. Ti s6 Array Gain duoe vé trong Hinh 5 cia [56]
cho thay TAS/MRC wu diém nd1 trdi hon so vé1 TAS/SC trong tiéu chi SEP khi
xem xét trong difu kién tit ca céc tram thu phat c6 cing phén tip anten

(N, =N, =N, ) vaclng tham s0 fading kénh truyén (m,=m,).

Van dé 1a lam sao chon dwoc anten phat to1 vu trong TAS? Hai giai phap dwoc
dwa ra trong [537]: Dung két qua SNR thu dwvoc ¢ tram dich tnroc do dé lwa chon
anten tot nhat cho hién tai (Optimal AS). hay sir dung thong tin cia dwéng truc tiép
tir nguon dén dich (Suboptimal AS). Trong [58]. tac gia di phan tich phi ton (gom
thoi gian, so bit can thiét) dé chon lra anten trong Optimal AS 13 (2N, +1) khe théi
gian phu (time subslot) va str dung (2N, +log, N, | bit. vo1 N, la 8 lrong anten tai
tram relay (cong thirc 2 cua tai lidu). Véi Suboptimal AS. mae di gidm phi tén hon
trzong hop dau nhung van can dén (N, +1) time subslot va sir dung (N, +log, NV, )
bit cho viée quyét dinh chon anten phat. Ti 46 nhém tde gia dé xuat giai phap DAS
von chi can 2 khe thoi gian phu va 2 bit thong tin feedback. Céc bude thiét 1ap trong
dé xuat dwoc mo ta day du trong Hinh 1 cta [58]. Két hop véi phuong thic phén tip
tai diu thu, trong tai liéu [59], tc gia d3 48 xuat giai phap DAS/MRC va DAS/SC.
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Két qua cho thdy ring dac tuvén xéc suat dimg cia mang 13 nhitng duong cong
twong déng nhau khi so sanh gitta DAS/MRC vdéi TAS/MRC (Hinh 2) hoac
DAS/SC v&1 TAS/SC (Hinh 3) nhimg DAS can thong tin CSI it hon trong qua trinh
chon anten phat. Thém vao do. nghién cru TAS/MRC va TAS/SC trong tai ligu [60]
duoc thue hién chi tiét va ddy did véi kénh truyén Weibull fading, von 13 kénh
truyeén thich hop trong méi trzéng ca indoor va oudoor hay nhitng thiét bi co khong
sian phén tap anten nho hep. Tiép theo, cong trinh nghién ciru [60] co bude tiép cén
twong tir nhu trong [56] nhumg khao sat cu thé véi tin hidu didu ché pha M-ary PSK
va diéu ché bién do trwc giao M-ary QAM. Két qua mét lan nita khang dinh rang
béc phan tip trong TAS/MRC va TAS/SC bang nhau. Ngoai ra néu cr ly trong céc
chiang bang nhau, cic tac gia nhén thay ti so6 Array Gain khong phu thude vao s6
hrong relay ma chi phu thude vao so hrong anten & céc tram thu phat va thong s6
fading kénh truvén. Nghién ciru [61] tong hop lai cdc dic tinh cia TAS/MRC va
TAS/SC trong cac mo1 trirong fading khac nhau nhw Rician. Nakagami-m. Werbull,
Generalized-K. Véi1 kiéu diéu ché M-ary PSK. M-ary QAM, céc tac gid d4 duara
duoc dac tinh SEP cua he thc:rng ca ¢ dang chinh xac va tiém can ki xet mot chang
don 1é trong bang I hay nhiéu ching hon & bang II trong [61]. Ti s6 Array Gain
cling dwoc 118t ké ra & bang III [61] va mét lin nira khang dinh rang Array Gain
khéng phu thude vio s6 hrong relay ma chi phu thude vao sé lwong anten & céc
tram thu phét va thong s6 fading giong nhir dé cép & [60]. Qua do tic gia dé xuat
TAS/GSC. mot giai phap can bang pita TAS/MRC va TAS/SC, trong d6 phia dau
tram thu s& chi 15}-‘ tin hidu tir mot s0 anten c6 SNR Ién ma khong 15}-‘ tir tat ca cac
anten nham cén bang gitta kha nang xt If tin hidu va hidu nang dat drroc trong tng.
Mot bai bao khac la [62] phan tich hiéu nang mang da chang dung giao thire DF va
phan tdp TAS/SC qua céc thong so hiéu nang xac suat dimg. xac suat 16i ky ma
(SEP). ti 1é 161 bit (BER). Bén canh d6, xac suat do loi SNR (Probability of SNR
Gain), von diroc xem nhw 13 thong s6 do lrdmg hidu nang tdng quat cia mang qua
nhiéu chang cling diroc nghién ciru. Két qua cho thay TAS/SC sit dung trong mang

hai chang (dual-hop) hay mang nam chang déu c6 wu didm noi troi vé SNR so véi
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phuong thite truyén trize tidp thang tir ngudn dén dich. So sanh véi cach thire tiép
can MIMO day di qua ma trin kénh truvén. giai phap phén tdp TAS/SC va céc bién
thé cia nd (vi du: DAS/SC. TAS/GSC....) van g1t durge cac uu diém vé hidu nang
nhung st dung it thong tin CSI hon, kha nang tinh toin thip hon (khéng cin x@ li
cac ma tran). Do do, viec khai thac phan tap TAS/SC co nhigu tiem nang trong linh
vuc nghién ciru vé mang da chang. dic biét 1a nhitng mé hinh nghién ciru gébm céc
tram xir li trung gian co kha nang tinh toan han ché. Ngoai ra. vi s0 lwong anten Ién
s& khé khan trong tinh toan va cdp nhéat CSI, tang kich thurde thiét bi hay 1am giam
khéng gian giffa céc anten s ting yéu t0 twong quan gifra cac anten, vi vay cdc mo

phong kiém ching thuong gia dinh véi s6 hrong anten vira phai (tir 1 dén 10).

Truyén théng cong tac (Cooperative Communication) dugc xem 1a mét piai phap
thay thé cho hé thong MIMO dé dat dwoc d6 loi vé phan tip theo khéng gian va do
loi vé ghép kénh (spatial diversity and multiplexing gain) trong dwong ma khéng
can phét trién nhiéu anten trong mét thiét bi thu phat Thong thuong, cic hé thong
duoc dé xuat nham muc dich nghién ciru d6 phan tap chi thuan tiy truyén théng tin
oiong nhau trén cde kénh v6 tuvén khic nhau, do d6 tram dich thwong nhan nhiéu
thong tin gidng nhau. Két qua 1a giai phap dé xuat thudng cai thién dwoe do loi
phan tip. ndng cao chat lwong dich vu. Hé thong truyén thong cong tic bang
phirong phap ghép kénh theo khong gian (cooperative spatial mutiplexing system)
1a hé thong co ngudn va cée tram chuyén tiép phat nhitg phan thong tin khac nhau
trén cac luc:mg phu (substream). O daun thu. cac tram thu sé s dung nhirng bo can
bang tuyén tinh Zero-Forcing dé tai tao théng tin. Nghién ctru [63] duoc xem nhuw
hinh mau minh hoa cho mét cach thite cong tic trong mang truyén théne hai chang.
Trong cong trinh nay, nhém tac gia xem xét dén viée truyén thong tin tir tram ngudn
c6 mot anten dén mot tram dich co N anten vo1 su tro gnip cua R—1 tram thu
phat trung gian don anten. Mdi tram trung gian dwoc gid st nhin tot ky ma
(svmbol) danh riéng cho minh (trong R—1 kv ma phét tir ngudn) & khe thoi gian
dau. Sau do. cac tram nay phat cing lic véi véi tram nguon (lGe nay tram ngudn

phat ki ma thie R). V&1 théng tin dueoc didu ché M-ary PSK, tac gia da dira ra dwoc
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cong thire dang dong tinh SEP trung binh cfing nhir dang xap xi. Qua phén tich, tic
gia két luan rang théng s6 SEP trung binh trong md hinh dwoc dé cdp khong thay
d61 khi so sanh trong digéu kién d0 siu disu ché khac nhau (QPSK hay 8-PSK). Vo
mot hinh thai truyén théng cong tic hoi khac trén, cong trinh [64] xét dén tram phat
thir cap ngoai viée hd tro phat cho so cip con phat tin hidu cia riéng minh. giong
mo hinh dang chéng chip cia Iy thuyét vé tuyén nhin thirc (Overlay Cognitive
Radio). Nhidu cong trinh khae nhw [65, 66] déu két ludn vé tinh hidu qua cua giai
phap lua chon relay chuyén tiép trong mang hai chang. Tuv nhién, cac két qua trén
chira phil hop véi mang da chang. Nguyén nhan 14 do khi thong tin tir nguon dwoc
chuyeén tiép qua nhiéu chang, néu truyén tin khong thanh cong trén mot chang nao
do thi sir chuyén tiép xem nhiwr that bai hoan toan. Vi Vay. dé co nhiing két luan ve
truyén thong cong tic trong mot mang da chang tong quat, cong trinh [17] dé xuat
mo hinh véi méi relay tro giip duoe cai dat & moi chang, ding hai giao thire 13
cong tac thong thwong (CvC: Conventional Cooperative) va cong tac ting cuong
(IR: Incremental Cooperative). Két qua cho thay rang ca hai giao thic cong tac ké
trén déu cé mikc xdc sudt dirng thip hon ding ké so vé1 giao thirc phat trye tiép
(DT: Direct Transmuission) khi xét trén cung mot muire ngwdéng SNR trong mang da
chang. Noi cach khac, khi s& dung giao thirc DT trong timg ching. ching ta cin
nhiéu chang hon khi so sénh véi giao thite CvC va IR dé dat cing mét mike chat
hrong dich vu QoS tir tram ngudn dén tram dich. Tuy nhién, hai giai phap dé xuat
trén doi hoi phai c6 moét tram chuyén tiép nam ngoai tuyén thong tin chinh dwoc bd
tri ngay trén ting chang va day 1a mot tré ngai ma khong dé hién thue trong thue té.
Dé tranh khé khin trén, cic nghién ciru can dé xudt nhitng giai phap cong tic mdéi
gifra cac tram thu phét ngay trong ndi bd tuyén thong tin chinh. Théng tin cé thé bd
qua mot 50 tram trung gian dé hd tro vé dich nhanh nhat va hidu qua nhat.

Ve linh virc bao mat théng tin trong mang chuyeén tiép, dua theo Iy thuyét thong
tin, bao mat 16p vat 1§ (PLS: Physical-laver Security) hoan toan kha thi khi chat
lrong ciia kénh truyén chinh t6t hon kénh nghe 1én. Hiéu s6 gitta dung lwong kénh

truyén chinh va kénh nghe 1én goi 12 dung lrong bao mét [67]. Dua vao dung lrong
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dirng va dung lrong bao mat, cac nha nghién ctru dira ra nhidu tidu chi danh gia bao
mét 1ép vat IY. Xdc suat dimg bao méat (SOP) la tiéu chi danh gia kha nang dung
lrong bao mat nho hon dung lwong ngudng C, cho trirde [68]. Trong khi do, xac
suat dung hrong bao mat khac khong (PNSC) 1a kha nang dat dwoc dung lrong bao
mat 1én hon khong Bén canh do. xac suat nghe lén (IP) danh g1a kha ndng mot tram
nghe 1én c6 thé nghe thanh cong théng tin duoc truyén trong kénh truyén chinh [69,
70]. Ngoai ra, mot 56 danh gid hidu nang khée cé thé ké dén nhu dung lwong bao
mat trung binh (ASC) [71] hay xét thém cac dac tinh Xﬁp xi cua cac tiéu chi danh
oia ké trén. Tré lai nghién citu vé PLS trong cong trinh [72], tac gid xem xét hiéu
ning bao mat qua dé xuat nghién cu mét mang chuyén tiép hai chiang c6 bon nut
mang: ngudn, dich, chuyén tiép va nghe 18n. Tir céng thie tinh xde suat dimg trong
ca hai giao thitc DF 1an RF. tac pia dd dwa ra duoc bidu do dang footprint (gom cac
duong dang xdc suat) cia thong so hiéu ning xic suat ding thy theo vi tri bo tri clia
tram chuyén tiép (relay) nhu trong Hinh 2 ciia tai lidu cong bd. V&1 bidu d6 trén,
viéc thay dd1 vi tri dat tram relay sao cho hieu qua tro nén dé dang khi xem xet dén
yéu to thong tin co thé bi nghe 1én trén kénh truyén. Vi viy. trong cdc md hinh
nghién ciru vé bao méat thong tin bang PLS, ching ta cin chi ¥ dén trong quan vi tri
ciia cac tram nghe 1én va cée tram chuyén tiép dé bao mit thong tin trén dwong
truyén. Cong trinh [71] dra ra mét dé xudt khac khi xem xét dén truong hop céc
tram thu phét trong mang dwoc trang bi boi nhiéu anten thu phat ding ki thust
MIMO dé phan tich va c6 tinh dén tac dong cia nhiéu phan ciéng. MIMO khai thac
sit khéc biét ngau nhién cia cde kénh truyén tir phat dén thu nham tang dung hrong
kenh thong tin. Trong ché d6 hoat dong HD. tram phat va tram thu st dung tat ca
céc anten dé chuyén théng tin tir nguén dén relay va tir relay dén dich theo hai khe
thoi gian khac nhau. Nguoc lai, trong ché d6 FD khong chia khe thoi gian, cac tram
co thé phat thu dong thoi. Trir tram nguon va dich, cde tram trung gian s& chia s6
anten cua minh lam hai nhom. mot nhom thue hién phat va nhom con lai thie hién
thu dﬂng théi véi nhom dau. Bén canh viée khao sat vai ché dd hoat dong FD va

HD, nhém tdc gia cling xem xét dén viée sit dung hai giao thiic DF hodc RF trong
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mang hai chang thi cép hoat dong dwo1 su han ché cong suat. Sau khi phan tich tin
hidu, nhom tac gia dwra ra nhitng cong thire tinh dung hrong bao mat trung binh
ASC trong truomg hop HD-CV1, FD-CV1 (CV1: si dung giao thite DF) HD-CV2.
FD-CV2 (giao thitc RF). Két qua so sanh hai giao thite DF va RF trong ciing didu
kién truyén thong hoat déng dwdi sir han ché cong suat cho thay ring dung hrong
bao mét trung binh ASC khi diing RF dat duoc cao hon DF. Két qua trén ciing cho
thay tram nghe 1én co thé to hop théng tin cia ca hai chang néu st dung giao thic
DF din dén dung lugng bao mét trung binh gidm hon truéng hop RF. Xic suat
thong tin bi danh chan (IP: Intercept Probability) trong trirdng hop tram nghe 1én to
hop thong tin theo phan tap thu MRC lén hon SC hay EGC. Vi vay nghién ciru bao
mét trong mang chuyén tiép co so ching 1én can chi ¥ dén kha nang to hop thong
tin bang MRC cia tram nghe 1én. D4 tranh didu nay, cdc nghién ctu vé hidu nang
bao mét can dé xuat sir dung giao thitc RF khi truyén thong. Tuy nhién, néu chi xem
xét don thuan vé hiéu nang truyén théng ma khong quan tAm dén véu t6 bao mat thi
viée tng dung giao thitc DF hay RF co cing mot két qua gidng nhau. Tré lai véi
[71]. két qua rit ra cho thay dung hrong bao mét trung binh trong ca HD ldn FD déu
dan dén hang s6 khi céng suat phat tang cao. Nghia la giai phap tang cong suat phat
16n s& khong ca1 thién dung hrong bao mat trung binh moét cach hiéu qua. Mot digm
dang chii ¥ nita 13 s6 lwong anten phat & tram trung gian 16n s& cai thién ding ké
dung hrong bao mat trung binh trong ca ha: ché d¢6 HD va FD (Hinh 2 cua [71]).
Nhir vay, dé xuat nghién ctru trang bi nhiéu anten trong tram trung gian ciia mang
thir cap co thé nang cao hiéu nang bao méat. Ngwoc lai, trong Hinh 5, s0 lirong anten
phat tai tram so cap ting s& anh huong nghiém trong dén hidu ning bao mat. Yéu to
da anten trong mang so cap ciing anh huéng tree tiép dén hidu nang bao maét cia
mang thit cdp va can dirgc nghién ciru thém.

Dé cdp dén anh hudng cia twong quan giita cac anten trong hé thong bao mat da
anten. tac gia trong [73] dung k¥ thuat TAS/MRC va phan tich kha nang bao mat
ctia mot chang dién hinh chiu anh hueéng béi Nakagami-m fading qua thong so xdc

suat ditng bao mét SOP. Sau khi phan tich va duwa ra céng thirc tinh SOP trong
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trzomg hop s6 lrong anten bat ki va sw twong quan gitta ching, tac gia ciing xét dén
dic tinh tiém cén khi SNR. cao dé dwa ra bac phan tap anten va thong ) Array Gam.
Luu ¥ rang bac phén tip dac trung cho do doc cia duong dic tuyén SOP, thé hién
toc d6 giam nhanh chong caa dwdng dic tuyén. K&t ludn cia cdng boé mot 1an nikza
khang dinh ring béc phén tip SOP cia ching dang xét phu thude vao so hrong
anten phat, anten thu va théng s6 fading kénh truyén. Ngoai ra s twong quan cia
cdc anten anh hudng dén hidu nang bao mét khi SNR thap. nhung khong anh hwéng
dén bac phén tdp cia SOP trong mién SNR khic. Nhu vy, twong quan giita céc
anten c6 thé durgc bo qua khi phén tich hé thong co bac phan tap tir trung binh tré
1én ma khéng gay ra sai léch trong phén tich hidu nang nhiéu. Ti nhifng phén tich
trén day, ching ta co thé thay ring piai phap TAS/SC dé phéan tich trong hé thong
mang da chang dwoc trang bi nhidu anten c6 thé ting hidu nang bao mat. giam kha

nang xu li ta1 cac tram thu phat.

Ve khia canh bao mat théng tin bang phuwong thitc cong téc. cac nha nghién ciru
thuong si dung tram jammer phat tin hiéu nhiéu dong thoi véi tram phat chinh. Tin
hidu nhiéu tir tram jammer phat dén tram nghe 1én s& déng vai trd nhw nhidu nhin
tao, lam giam kha nang giai ma thong tin cua tram nghe len. Trong kln do. tram thu
trén tuyén sé loai bo duoc tin hiéu nhiéu tir jammer nén khéng anh hwong dén kha
ning piai ma théng tin. Trong cdc mé hinh nghién ctru, tram jammer cd thé 1 tram
chuyén tiép ngay trén tuyén théng tin trong nhitng khe théri gian ranh ro1 hode tir
nhitng tram ngoai tuyén dé hé tro cho tuyén thong tin chinh. Tai liéu [74] so sanh
hiéu nang bao mat SOP trong mang chuyén tiép hai ching khi s dung hai giao thitc
truyén tin AF va DF va trang bi hai anten thu phét dong thdi & tram chuyén tiép
(ché do FD). mot anten trang b1 cho tram nguénz mot anten cho tram dich. Trong
giao thirc AF. truyén théng qua hai chang chia 1am hai pha: pha dau c6 tram ngudn
phat. tram trung gian chuyén tiép nhan tin hiéu dong thoi tram trung gian va tram
dich ciing phat tin hiéu nhiéu dén tram nghe 1én, & pha sau tram chuyén tiép trung
gian phat lai thong tin dén tram dich ciing thoi diém véi tram nguodn phét tin hidu

gév nhiéu dén tram nghe 1én. Trong giao thitc DF. khung th&i gian truvén tin chia
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lam hai pha trong tw nhy AF nhung khong co s ho tro bai tram dich phat tin higu
nhiéu trong pha dau. Trong Hinh 2 va 3 cia [74]. ching ta co thé thay hiéu nang
bao mit duoc cai thién hon trong trxdmg hop ding tin hiéu giy nhidu vdi toc 46 bit
thap khi so sanh qua théng s6 hiéu nang bao mat SOP véi tredmg hop sw dung giao
thite AF, DF théng thwomg khong cd tin hidu giy nhidu. Mét cong trinh khic si
dung k¥ thuat jamming dé cai thién dung hrong bao mat 1a [75] d4 dwa ra thuat toan
t61 wu cong suat va bo tri tram jammer cong tac npoai tuyén thong tin dé dat dwoc
muc tiéu ban dau. C6 thé thiy rang viée g&i tin hidu gdy nhifu cén cb sy dong b
chat ché véi cac tram phat khac va day 1a tré ngai khi trién khai k§ thudt jamming.
Tuy nhién. hiéu qua cua k¥ thuat jamming trong viéc nang cao hiéu nang bao mat 1a
kha 16. Vi vay. viéc st dung ki thuit jamming dé nang cao hiéu ning bao mét cin

duge trien khai trong cac mang cd nhiéu chang von de bi danh chéan théng tin hon.

Nhom tac gia trong [36] dé xuat mot phurong thire méi trong d6 cac tram chuyén
tlep s& nhan tin hiéu tir tram nguérn va 2131 mi, diéu che lai trirde khi phat tin hiéu d1
cing lic véi cdc tram chuyén tiép khic. Cdc tram giai ma thanh cong thong tin tir
ngudn & pha diu s& phét vér pha cia tin hidu khic véi pha cia tin hidu ngudn.
Nguoc lai cac tram khong giai ma thanh cong s€ phat fin hieu co pha cung vai tin
hiéu nguon. Tir d6 tic gia tim duoc gid tri cong suat phat t61 vu cho moi relay nham
dat duoc thong 54 hidu nang bao mat IP tot hon khi so sanh véi trrong hop mot
relay phat don thuan (SRS). hay céch thire lua chon relav co hoi dé phat (ORS).
Phuwong thitc cong tac tren cing ching minh dwoc tinh hieu qua klu so sanh vo:
chién hroc hra chon relay can t01 10 €O dung ki thuat jamming va hroc do phat tin
hiéu nhidu nhan tao cua nhitng céng trinh trrée d6. Qua phan tich trén. ching ta
thay rang v&i mang hai chang (dual-hop) cé nhidu cich thite hidu qua dé chon relay.
Noi bat nhat trong 30 do 1a chon relay sao cho toi da thong hrong tai tram dich, chon
relay sao cho to1i thiéu dung lrong kénh nghe 1én (Giao thire Max-Min). Cho dén
hién nay, hdu nhw cde phuwong thite truyén thong cong tac phd bién diroc nghién ciu
trén mang dual-hop theo phirong thite lra chon tram chuyén tiép dang SRS, ORS.

Tuy nhién, xét trong nghién eiru mang da ching, rat it cac cong trinh nghién ciru de
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cap dén van da chon tram chuyén tiép_ Thure té 1a viée chon tram chu:.ién tiép hop Iv
& mot chang nao do trén tuyén da ching tong quét chwra chac di mang lai két qua to1
vu cho toan cuc. Cich nha nghién ctu thuong nghién vé bai toan lwa chon tuyén
thong tin to1 wu (Path Selection) dwa trén dic tinh chung tir tat ca cac chang [76].
Céng trinh [77] dé xuat ba phmrong thite d2 chon dwong truyén thong trong mang da
ching c6 cdc phan tir mang thu hoach nang hrong vo tuyén: chon dudng di ngan
nhat (SPS). chon duong ngﬁu nhién (RPS) va chon duong tot nhat (BPS). SPS dua
vao didu kién s chang tr‘uyén tin la ﬂlﬁp nhat trong kh1 BPS Iira chon dua vao tiéu
chi dung leong tir nguén dén dich 1a 1én nhat. Dé tranh viée bi nghe lén, diéu kién
can thoa man 1a dung lwong kénh truyén tir cac relay trén tuyén duwec chon dén tram
nghe 1én phai nhé hon mic ngudng. Tac pia sau 46 dan ra cong thire tinh xdc suat
dirng & dang dong trong trirong hop mot tuyén bat ki duoce chon va xét cu thé trong
ba dé xuit trén. Két ludn cia nhém tac gia cho thay rang khi diing phuong thire BPS
trong mang da ching, da tuyén thong tin trong tredmg hop co khiém khuyét phan
cing va thu hoach nang lvong vo tuyén cai thién hiéu ning bao mat dang ké. Ngoai
ra_ ding BPS trong nhitng thiét bi c6 phan cting chat hrong han ché sé hidu qua hon
RPS va SPS. Co thé néi rang kha niang chon dudmg di trong mang chuyén tiép da
chang nham nang cao kha nang bao mat 1a mét hudong nghién ctru mo. Hién tar, rat
it cac cong trinh dang nhw [77]. Mic di viy, trong cong trinh nay. tic gia chi dé
xuét nhifng tram phat duoc trang bi mét anten. D& ning cao hidu nang, ching ta co
tha sir dung tram thu phat dwoc trang bi nhiéu anten, hoac dang cum dé cho két qua
kha quan hon

Mot vin dé duoc quan tim gan day 13 dé xuat nghidn clru cic giai phip dé thay
thé ngudn nang lwong cung cap trong nhitng diéu kién dac thi dé truyén tin. SWIPT
la giai phap vira thu nang lrong tir séng vo tuyén vira truyen tin doéng thoi [27].
Trong tai lidu [78], cac tc gia d4 nghién ctu két hop thu hoach ning lrong vo
tuyén va truyén tin véi giai phap chia mét don vi thét gian truvén (time block) thanh
hai phan chinh: mot phan ding dé thu thap nang hrong, phan con lai diing dé truyén

thong tin véi hai giao thire dé xuat 1a TSR (Time Switching-based Relaving) va



PSR (Power Switching-based Relaying). Giao thike truyén thong AF duoc si dung
trong ca ca hai dé xuat. Nghién ctru d3 dan ra nhing cong thite & dang chinh xac véi
dang xap xi dé tinh xdc suat ding va thong lwong tai tram dich trong hai trong
treong hop twong tng: delay-limited va delay-tolerant. Qua trinh mo phong ciing
xem xét dén anh hwong cua j‘]h_iéll: murc do thu hoach nang lvong hay s bo tri vi tri
relay anh hwong dén hé théng. Nhom tic gia ciing khao sat dac tinh cia mo hinh
mang trén nhung s dung piao thire truyén thong DF trong cong trinh [43]. Két qua
khao sat dwa ra dwoc gi1a tr1 phan chia thot gian o trong TSR hay phan chia cong
suat ¢ trong PSR dé toi wu thong lzong trong tr nhw trong [78]. Diém chung hai
cong trinh nghién ctru trén 13 khao sit trén mo hinh mang chuyén tiép hai chang
(dual-hop) véi dai tan danh riéng dc 1ap khong 6 nhiéu dong kénh.

MGt 80 tac pia khac nohién cru mé hinh giéng nhir trén nhmng trong méi trrémg
truyén tin s& dung chung dai tan véi nhitng tuyén théng tin déc lip khic. Véi sw
xuat hién cua Xuyen nhiéu ﬂﬁng kénh (CCI) khién cho viée tich loc tin hidu & tram
thu s& khé khin hon nhung bi lai s& giai quyét duoc bai toan thuc té khi méi treomg
truyén théng duoe st dung cho nhiéu tuyén théng tin dée ldp khac. Trong cong
trinh nghién ctu [79]. nhém téc oia d gia s& rang relay chiu anh huéng béi M tin
higu ﬁfing kénh Cac tin hidu nay ho tre cho viéc thu thap nang lwong vo tu}'én tot
hon & tram chuyén tiép trong pha thu thip nang hrong. do d6 thdi gian thu nang
hrong can thiét it hon Bang cach khao sat thong hrong di qua tram trung gian theo
hé s0 phén chia théi gian thu nang lrong o véi nhidu mite SNR khéc nhau, tic gia
da tim dwoc gid tn1 o 61 1t dé thong hrong dat duoc lon nhat. Gia tri to1 vu nay sé
cang nho khi SNR cang bé trong ciing diéu kién SIR. Tuy nhién khi xem xét dén
qué trinh truyén tin tir nguon dén dich (End-to-end). téc gia d3 bo qua éanh hwéng
cua CCI lén qua trinh thu tin hieu & tram dich. R6 rang la CCI lam tang kha nang
thu nang lrong & tram chuyén tiép nhung dong thoi cling lam suy giam SNR o céc
tram thu. ké ca tram thu dich. Dé nghién ciru mo hinh hoat dong dft‘_i,-' du va cu thé
hon. Kalamkar va Banerjee [44] d3 cong bo cong trinh nghién ciru clia ho si dung

giao thire truyén théng DF két hop véi TSR nhung trong bdi canh méi trudng
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truyén thong ton tai nhidu tuyén thong tin doc 14p cia nhidu ngudi ding so cép
(PUs). Nhom tic gia Xem xét sy anh hudng ctia xdc suat dirng mang hai chang thi
cap theo s6 hrong tuyén thong tin doc ldp gy ra CCI. Két qua cho thay néu s tuyén
thong tin doc lap cang 1én, xac suit dirng cang cao. Tuy nhidn, néu so sanh véi vide
co st dung hay khong sit dung CCI trong qué trinh thu hoach nang hrong, két ludn
dua ra 13 xdc suat dimg hé thong s& 1én hon néu khong st dung CCI. Diém khac biét
nita trong cong trinh trén so véi céc tic gia trude day 1a mike niang hrong sir dung dé
phat & tram chuyén tiép bi chan trén do didu kién han ché céng suit trong mang
UCRN. Néu diéu kién rang budc nay tré nén thoang hon (mitc ngudng 161 chép
nhan duoe cao hon) thi hé so thoi oian thu ning leong toi wu o theo thong hrong
ciing ting (Hinh 4 cia céng bo). Pé cing co cho ludn ¢ cia minh, nhom tac gia sau
d6 ra o1 cong trinh tiép theo [80] khai thic ca viée thu hoach ning leong vé tuyén
cho tram ngudén dong thai phan tich ca hai trudong hop delay-limited va delay-
tolerant. Két qua cho thay gid tri « toi wu theo thong hrong phu thude vao s tuvén
thong tin hoat dong trong cing dai tan va viéc thu hoach ning lrong vé tuyén tir
CCI dé truyén tin hiéu qua hon 13 khéng st dung CCI, twong tw nhw két qua trong
cong trinh treée d6. V&1 co sé mang hai chang nhir trén nhing gia thiét phan bd
1n1d, nghién ctru sinh da nghién ciro vé hé 50 thoi gian thu hoach [J4] va he 50
phan chia céng suat [J8] tdi vu. D61 véi mang truyén thong hai chidu, nchién ciu
sinh da dé xuét gial phép thu hoach nang hrong v tuyén tir ca tram phat so cap va
thir cap tai relay dé truyén tin [J7]. Két qua so sanh hidu suat ning luong cla giao
thitc phén chia theo cong suat PS_TDBC t6t hon giao thirc phan chia theo thai gian
TS TDBC. C6 thé noi ki thuit SWIPT st dung trong mang chuyén tiép hai chiang
hién nav 13 hréng nghién civu ciia nhidu nha khoa hoc trong nude cling nhir quoce té
81-83] va la hwéng nghién ciru tiém ning trong mang vo tuyén da ching co sb

chang lon.

Khac véi mang chi co hai chang c6 dinh, viée thay ddi so chang lén hon hai s8
dan dén céc giao thirc méi. Dya trén giao thitc TSR va PSR ké trén. nhiéu tac gia dé

xuat nhitng giao thitc mdi trong mang da chang (dwoc hidu 13 s6 chang Ién hon hai).
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Nghién etru cia C. Xu va dong tac gia [83, 84] hay [C3] ma nghién etru sinh 1a déng
tac gia cing dé xuat nhiing giao thirc thu hoach nang hrong tir mat tram Beacon.
von doéng vai tro phat nang hrong cung cap cho tat ca cdc tram trong mang da
chiang Tuong tir nhir TSR trong [78]. nhom nghién etru C. Xu dé xuit trone khoang
thoi gian @, nang leong durroc cung cap va lwu trit lai & tat ca cde tram phat. Phan
thon gian con lai dwroe chia déu theo s0 chang dé thue hién thu phat. Gia tr1 t0i wu
cua ¢ duoc tinh trong dizu kidn bi han ché cong suat béi PU. Cach thire thu hoach
nay co6 nhuoe didm 1a khi khoang cach té1 Beacon xa thi cée tram phat cdn nhiéu
thoi gian tich liy nang lwong s& han ché thai gian thu phat. Ngoai ra thu hoach
trong thoi gian dai 58 khong dam bao rang kénh truvén thoa man diéu kién slow
fading (46 loi kénh truyén dwoc xem 1a khong thay doi trong khoang mét khe théni
sian truyén). Khac bidt véi dé xuét trén,. mét giao thire khie droc dé xuat trong [77,
85] va [C3]. O d6. céc tram thu phét trong khe théi gian cia ridng minh ty chia ra
hai phan thu hoach va truyen tin giéng nhu TSR. Giao thitc nay tranh duge thoi gian
thu hoach dai nhw trén nhung lai bo phi nang hrong & nhitng khe thot gian khong
phai danh cho minh. Céc gia tri hé s0 théi gian thu hoach o, mite cong suat phat toi
ru 12 mue tidu nghién ciru hang du cho nhitng dé xuat nghién ciru 6 si dung k¥
thuat thu hoach nang hrong Ngoai ra, mot 30 k¥ thuat nang cao hiéu nang nhwr da
anten, sir dung mang cum, mang hop téc két hop véi thu hoach nang Ireng vo tuyén
dé truyén tin chua dwoe nghidn cfru nhidu trong nhitng ndm gan diy. Vi vy, phat
trién hudng nghién ctu thu thip nang lwong vé tuvén dé truyén tin dong thod
SWIPT trong mang da ching 1a bude di hiéu qua trong viée trién khai linh dong cac
hé thong mang thé hé mdéi ma khong bi viréng ban béi nguén cung cap cho cac tram

chuyén tiép 1an tram nguén, nhat 13 trong nhitng mo1 trudmg truyén tin dac thiv

1.2.2 Cdc nghién citu trong nuoc:

Vé nghién ciru mang da ching trong nede, nhom tac gia cia Hoe vién Buu chinh
Vién thong [86] da dé xuat mot giao thire cong tie mdi (MH-DX) trong d6 si dung

céc tram thu phat ngoai tuyén (khong nam trén tuvén da chang) phét lai thong tin.
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K&t qua duoc so sénh véi giao thite truyén thong tuan ty thong thueong (MH-TT) va
dat diroe do lot phén tap cao hon Tuy nhién, cac tram thu phat trong mo hinh khong
si dung ki thudt thu hoach ning leong v6 tuyén va khong xem xét dén céc yéu to
khac nhw 56 chang, s6 tram thu phat ngoai tuyén to1 wu. Céng trinh [C4] ma nghién
ctru sinh tham gia dé& xuat truyén tin qua mang da chang hai dich dén riéng biét sit
dung k¥ thuit NOMA. Két ludn cho thay téng dung hrong kénh trung binh tir ngudn
dén dich khi s& dung NOMA vurot tréi hon théng thuong. Khao sat ciing cho thay
oid tri nay dat t6i da khi s6 chang thip (K £1,2.3) tuy theo vi tri npudn phét nhiéu.
Quang va cong su trong [87] d4 nghién cfu anh hwong nhidu phan cing cia mot
mang chuyén tiép chiu anh hwéng béi kénh truyén Nakagami-m va Rician. Két qua
khi so sanh véi1 hé thong co phan cing I tuong, dung hrong kénh trung binh ¢ xu
hudéng ting chim hon va hudng dén dac tuyén bao hoa khi cong suit phat chudn
hoa 1én hon 20dB. Tuy nhién. mé hinh mang & trén hoat dong véi dai tan riéng va
khong c6 can nhifu CCI. Vé thu thdp nang lwong, tic gia trong [88] s dung k§
thuat TAS ta1 nguf:n va MRC tai dich cho tram da anten trong khi tram trung gian
chi dwoc trang bi mot anten va co thu hoach nang lwong. Nghien cwu cho thﬁ}f co
thé dat duroc dd loi phan tap trong dwong vo1 he ﬂlsf:ﬂg khi khong thu hoach nang
hrong. Do chi cé6 mét relay duy nhat. mé hinh trén khong thé tin dung dwoc tram
trung gian t6t nhit dé chuyén tiép. Nouoc lai, cong trinh [89] tin dung s6 hrong
nhiéu relay trong cing mot ching (phan b theo dang cum) dé nang cao hiéu nang
bao mat. Nhom téc gia dd ching minh ring so hrong relay tai méi cum anh hwdng
dang ké dén hidu nang bao mat cua he thsing thong tin da chang duo didu kién han
ché cong suat phat. Ngoai ra, céng trinh [90] nghién ciru v& mang chuvén tiép hai
chiéu véi tat ca cac tram déu thu nang hrong vo tuyén tir mét tram phat nang hrong
(Beacon) riéng. Nghién ciru cho thay hé so thoi gian thu hoach ning hrong 191 uu
khéng phu thude vao vi tri tram Beacon v relay, do d6 can bo tri gan mang nhit c6
thé. Nhue vy, d6i véi linh vue nghién etru mang chuyén tiép. cc nha nghién ciru

trong nurde gan nhr bat kip vo1 xu hwdng nghién ciru trén the gi61
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1.3 Két luin cia chwong

Nhitng két qua phan tich trén day cho thay dé tai “Nghién ctru hidu nang mang
truyén théng vo tuyén da ching trong diéu kién céng suét phat han ché” 1a hwdng
nghién ciru kha thi va s& giai quyét duoc nhitng van dé cap bach trong truyén thong
hién nay. Xuit phat tir nhitng nghién ciru thanh céng trirée do vé hidu nang ciing
nhw 12 bao mat lép vét I trong mang hai chang. dé xuat nghién ciru trén mang da
chang 12 mét bude phat trién méi. St dung mé hinh I thuyét vo tuyén nhan thirc
dang nén (UCR) 14 giai phap hidu qua dé cé thé phuc vu nhidu ngudi ding trong
mot dai tan han hep. Céc Iy thuyét dac ta dac didm cia méi truedng truyén tin
chuyen biét s& thu dwoc kat qua sat vor thue té do dac hon. Viéce gia1 quy.?é:t bat toan
da anten bang cac phén tip kiéu TAS/SC sé 1am giam bét tinh toan cling nhu cip
nhat CSI, rat thich hop cho nhitng tram xi¥ I mudn ning cao hiéu ning nhung
nhung kha nang tinh toan han ché. Pac biet, viéc thu thap nang lwong vo tug,-‘én da
truyeén tin cling véi viée phat huy tinh cong tac gita cc phan ti truyén tin ca trong
ndi mang da chang muc tiéu 1in bén ngoai mang 13 giai phap mang tinh thuc tién
cao trong mét méi trxdng truyén tin ning déng. hién dai, khi cac phin ti trong

mang c6 thé thay d61 nhanh chéng vé s6 lwong lan tinh chat theo thoi gian.
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Chwong 2

COSOLY THUYET

2.1 Gigi thiéu

Luén an hoan toan dua trén nén tang Iy thuyét tin hidu, I thuyét toan dé danh gid,
so sanh cdc dac diém cua cdc mang v6 tuyén trong cac diéu kién truyén tin khac
nhau. Tuy nhién, cach thirc tiep cdn phén tich Iy thuyét nhimg ki thuét truyén thong
tién tién gan day kha phire tap. Vi vay, phan sau déy s8 trinh bay mot s6 If thuyét vé

k¥ thuat truyen thong mao1 co lién quan va dueoe sir dung trong luan an.

2.2 Pic ta kénh truyén vo tuveén
Dé danh gia dic tinh cia kénh truyén vo tuyén, cdc nha nghién ciru dwa vao mé
hinh toan hoc mo ta kenh tru‘_i,-'én. Sau day la mot s0 md ta toan hoc cua cac kénh
tru‘_i,-'én duoc st dung cho luan an.
2.2.1 Rayleigh fading
D4y 12 mé hinh kénh truyén phd bién nhit trong nghién cvu [46. 77. 91-94]. Dac
ta toan hoc cia kénh truyén dwoc xdy dung tir gia thiét tin hiéu di tir tram phat dén
tram thu bi phan xa trong mo1 tnromg truvén va khong co tin hiéu dén tir duong truc
tiép trong tdm nhin thang (LOS) [42]. Pé loi kénh truyén Rayleigh fading dwgc mé
ta toan hoc véi ham mat dd xac suat (PDF) va phan bé xdc suat (CDF) twong ung
nhir sau:
Sl )= A exp(—=A u). (21)
Fo(u)=1—exp(~Zgu). 22)
vor A =1/ U. la gia tri ki vong cia bién ngau nhién U. Trong linh vee v tuyén

Ay = Ay =di; V61 d.,,. 12 khoang cach fir tram phat X dén tram thu Y, 77 14 56 mil
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trong mé hinh suy hao don gian 4" tiry theo moéi treong truyén tin (d6 thi. cén do
thi, néng thon v.v. ).

2.2.2 Rician fading

Mo hinh kenh tmj,-'én Rician fading [16. 52] dwoc st dung khi tin hiéu nhan dwoc
tai tram thu phan chi véu dén tir duong tree tiép trong tam nhin thang [42]. D6 loi

kénh truyén Rician fading ¥y c6 ham phin bd trong ng nhu sau:

F,  (x)=1-0 (2K 2(1+ Kp ) Asx ). 23)
véi O, (.) 1a ham Marcum @ duoc dinh nghia trong [95] va Ay =1/ yy. Gid tri K

14 ti 1& cong suat dén tir huéne true tidp so vét hudng khac do tan xa, da duong.

2.3 Cac mo hinh truyén théng da ching

Trong mang da chang [16. 19, 93], di& lidu ngu@m 3é duoc ﬂhllj.-‘én tiép dén dich
thong qua nhiéu tram chuyén tiép trung gian (goi 12 relay). Hinh 2.1 minh hoa mét
mo hinh chuyén tiép da chang thong thrémg hoat dong & ché do Half-duplex, trong
d6 nit ngudn S, gui dir hiéu dén nit dich S » thong qua K - 1 nut chuyén tiép trung
glan lan lieot dueoc ky hiéu la S..5,..... 5, ;. Mic du mo hinh nay thwong dwoc st
dung trong céc mang thong tin vo tuyén bai sy don gian trong thiét ké va trién khai
nhung hiéu nang cua mang bi suy giam nghiém trong dwdt sir tac dong cua fading

kénh truyén va giao thoa dong kénh [96, 97].

@ —@...

Hinh 2.1: M6 hinh chuyén tiép da chiang théng thuong.
Giai phap hiéu qua nhim néng cao hiéu nang trong mang chuyén tiép da chang la
si dung truyen théng cong tac. Mot so hinh thite cong tac nhw sau:
t M6 hinh chuyén tiép da chang cong tac sir dung céc nut chuvén tiép nam

ngoai tuyén durgc thiét 1ap gitta npuodn va dich [17. 98] nhu Hinh 2.2.
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Hinh 2.2: Mo hinh chuyeén tiep da chang cong tac s dung cac nut ngoai tuyen.

+ St dung mé hinh mang cum (Cluster) cho chuyén tiép [99, 100] Hinh 2.3.

0 o o
Sn lo' ',Oi O B

S Cluster 1 5 Clusler 2 Sg-r: Cluster B-7

) relavs Ay relays Ny relays
Hinh 2.3: M6 hinh chuyén tiép da ching cong tic v&i sw gitip stc cia cac cum.

t Két hop nhiéu tin hiéu tir céc tram trung gian khéc nhau trén tuyén [46. 59,

92]. Trong Hinh 2.4, S, =S, co thé nhan dir iéu dwoc gui di bai cac nit

triecee do.

Hinh 2. 4: Truyén théng cong tac da ching s dung cac nit chuyén tiép néi bd.

T Chon lza tu}-'én tot nhat tix ﬂguﬁﬂ dén dich [76, 77. 101] néu ton tai cung hie
nhiéu tuyén co thé truyén dit 1idu twong dirong nhwe trong Hinh 2.5

Hinh 2.5: M6 hinh da ching da dwong st dung ki thuit chon dwong t6t nhat.
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2.4 Giao thirc truﬁin thong mang da chang
2.4.1 Giao thitc chuyén tiép théng tin
Dé truyén théng qua moi chang, cdc tram chuyén tiép trung gian can phai s dung

chung mét giao thirc truyén théng. Céc hinh sau didy mé ta moét so giao thire pho

bién.

Ve Yyl Yo =G,

Hinh 2 6: Giao thirc Amplify-and-Forward (AF)

e k-1 '}/5:-\ :‘-—: Skﬂ} =

T Py X Yy A g

Hinh 2 7: Giao thirc Decode-and-Forward (DF)

TN ] sﬁ'—l },rs-‘;\ :—,@ [

X .~ b g TR
k= Jap oy ARG P =X,

Hinh 2 8: Giao thitc Randomize-and-Forward (RF)

Trong giao thite AF [78, 102] & Hinh 2.6, cac tram chuyén tiép s& nhén tin hiu va
khuyéch dai G lan tnirde khi phat dén tram ké ma khong quan tdm dén thong tin.
Nowge lai. d61 véi giao thite DF [43, 79] trong Hinh 2.7 thi cdc tram thu giai m3
thong tin x . sau do ma hoa lai nhw cii dé phat d1. Giao thire RF [72. 103] trong Hinh
2.8 gidng DF ngoai trir thong tin x s& duoc ma hoa theo bang mé khac nhau & céc

chang khac nhau.
2.4.2 Giao thirc truy nhdp kénh truyén

Céc tha tuc dé chiém gi kénh truyén cha véu dwa vao 16p MAC véi bao hiéu
RTS/CTS theo IEEE 802.11 [104]. Hinh 2.9 vé la1 Figure 9-4 trong ta1 ligu [104].

Khi mot tram phat mudn phat tin hiéu, tram phat d6 dau tién can g&i RTS. Tram thu



nhan dwoce s€ go1 CTS dap ong vo1 yeu cau RTS. Chi khi nao tram phat nhan duoc
CTS thi dit liéu phat ma1 dueoe go1 di. Ngoai ra. CTS con dira ra thot gian cho dot
dé cac tram khac muon truy cap kénh tru}-'én phai tri hodn da tram hién tai hoan
thanh phat dit lidu. RTS/CTS rat hidu qua trong trzdéng hop d6 dai khung RTS rat
nho so véi dit lidu truyén [105].

THFS
! -
Source RTS [ata
SIS SIEE 1%
- H : L
Destination [crs] ACK
_DTF'L
Other NAVIETA) {ontention ‘I.’\-'iudnw/
NAVICTS )
| defer Aceess _ | Backoff After Defer

Hinh 2.9: Giao thitc truy nhap kénh truyén vé tuyén IEEE 802.11.

Trong truyén thong dang cum, da anten, truyén théng cong tic, cac nha nghién
ciru thudng st dung ki thuat phan tip cé Ira chon [99. 106], trong d6 phan ti dioc
chon ngfm nhién hoac 1a tot nhat theo mét tidu chi nao d6. Pon cir nhur trong mot
cum s dung lwa chon ﬂgﬁu nhién. nut chu cum & chon ngﬁu nhién mot mit trong
cum dé nhan (phat) dix lieu. Do1 véi cac giao thuc hien quan dén viéc chon lra mit
tot nhat trong cum dé to1 vu do loi kénh. o thé su dung giao thixc MAC nhuwr trong
tai lieu [107]. Pau tién. nut phat cua cum truede do gin mot thong diép didu khién
dén tat ca cdc nut cia cum ké tiép. Sau khi nhin duvoc thong diép nay, cic nit s&
thiat lap mot bo dinh thoi (timer) b';‘ing tv 1& nghich d0 loi kénh giira chinh chiung va
nit vira mo1 phat. Thot gian sau do, not nao hat o1& trirde (1a nut co do lo1 kénh lon
nhat) s& phat di1 mot tin higu da xac nhan. Céac nut khac trong cum khi nhan duoc tin
higu nay s dirng bo dinh thoi. Nut phat ké tiép g& xac dinh dwa vao tiéu chi 1a not
thu tot nhat. Nooai phrong phap nhir trong [107], ¢6 rat nhidu dé xuit dé thiét ké
céc giao thitc MAC khac. Dac biét, cong trinh [108] dé cap dén giao thire MAC
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trong mang vo tuyén da chang [109). Bén canh do, trong qua trinh truy nhép kénh
tru‘_i,-'én__ cac tram phat d3 uéce lvong duwge CSI nho vao cac tin hidu bat tay.
2.5 Ché @6 han ché cong suat phat

Véi truyén thong hién dai, cdc mang truyén théng cé thé hoat dong trong mot
viing phil séng chung va cling chia sé dai tan phuc vu. Trong diéu kién nhu viy, cac
tram thu phat phai chiu sir rang budc vé gidi han cong suit phat hoac cong suét thu

dé cung nhau hoat dong.

Trimary Receiver

liderlagrse ln Ls
. = s
el x Eniza
Sevondary Tramsmitfer Secondary Receivsr

Hinh 2.10: M6 hinh han ché cong suat phat dira vao mitc xuyén nhiéu t6i da I,

Pritmty | ransinilier Prinary Roceiver

Suvamdury TramsmiLier Bocomdary Receiver

Hinh 2.11: M6 hinh han ché dwa vao xic suat dimng mang so cap Eqp -

Cong trinh [49] d4 dwa ra cach tinh cong suat phét to1 da dwoc phép clia tram phat
thir cap trong mé hinh tirong tir Hinh 2.10 nh sau:

F=min| F,,—
\ JE2PU

(24)

(8]
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trong do 7, Ia mic ngudng giao thoa té1 da ma PU co thé gia1 ma duoc thong tin
trong mang s cap va thwong duoc qui dinh trede. Yooy 12 @0 loi kénh truyén tir
tram phat thi¥ cap sang tram thu so cép, F; 1acong suit toi da phan cig c6 thé dap
ing dwoc cua tram phat. Trong treong hop co L tram PU thi cong thire (2.4) duoc
viét & dang tong quat nhw sau [110, 111]:

X
1

Remin|p,— B |
lk i Yssu, )

véi i=12.. L 1a chi sb PU. Néu co tinh dén anh hwong cua khigm khu}-'ét phﬁn
cing, theo [C2]. cong suit ciia tram phat thix cap the k—1 (k=12...K) trong

mang da chang la:

#

‘L;&_; =min| B, . 5 ‘ (2.6)

(1447 ]iﬁ‘mi{ Vs, PV, }

J..f la mite anh hudng cia nhidu phan cing cia kénh xuyén nhidu.

Trong khi d6, dira vao mikc ngudng xac suat dimg t61 da & tuyén thong tin so cap
&,y nhu Hinh 2.11, eong thiee tinh cong suat phat toi da tram thir cap trong diéu
kién han ché cong sudt nhw sau [44, 80]:

1 i

B/,

1 T
;. S Fal | @.7)
= Opdprpr |\ 1~ &0 J

\

F =min| P,

trong @6 R, va P lin lwot 13 téc d6 vA cong sudt phat tram so cap.
JPZERQ _1"‘;“5,;_1131{ Vva Apypp duoc tinh nhw trong (2.2). Ngoai ra. ki hiéu
[x] =max(x,0).

Tong quat hon, tac gia trong tai liéu [112] liét ké cu thé mdt s6 treomg hop sau:

t Han ché Xuyen nhiéu (Interference constraint).

+ Han ché theo toc do (Rate constraint).
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Han ché theo cong suat tong (Total power constraint).
t+ Han ché theo cﬁp phat cho kénh phu (subchannel allocation constraint).

Han ché theo d6 nhay thu (recerver sensitivity constraint).

e

2.6 Khiém khuvét phan citng

Khiém khuyét phan etng (HI) duoc dé cap dén trong nhimg nghién ciru ¢6 tinh
dén nhitng anh hwéng cia phan cimg khong 1Y twéng 1én hiéu nang cia hé thong
[113]. Neuyén nhan 13 do cac nhiédu pha [114] mat cdn b::]ng I/Q [115, 116] hay tinh
chat phi tuyén cia cac bd khuyéch dai [117].

Mg ally Pups Ty
i
=
) >{ D
LE 1
Transmilter Recaiver

Hinh 2.12: M6 hinh tuyén thong tin khéng 1y teéng.

Vé mat 1y thuyét phan tich, néu c6 mot kénh truyén tir X dén Y, theo [J9] khi do

tin higu ta1 Y nhan duoc la:
}'=..}thm.{x+r\,]+m,+n‘:. 2.8)

trong d6 P, 1i cong suét tram phat, x 14 tin hidu ngudn, i, 13 hé s6 kénh truyén tir
X dén Y. Bén canh dé, A;va A biéu didn mirc nhidu tin hidu gay ra bo1 dac tinh
khiém khuyét phin ciing (dic tinh khéng I¥ twong) tai dau phat va dau thu twong
g Ngoaira 7y 12 nhiéu AWGN tai dau thu. Theo [113, 118] céng suat nhidu cia
A va A, co thé mo ta toan hoc nhw 14 nhitng bién ngau nhién c6 phin bo Gaussian
vol ky vong la khong va phwong sai teong ting la:

Tn, =30 Try =5v Pl - @9)

s x

Tiép dén? ti 50 cong suat tin hidu trén nhiéu tai dau thu cho bai:

@'}:'1' e { E-: |h:{‘-.'!_ — P:{:’JXT S {2_1[}}

¥ 2 P = --:'- 1 [
Ly +Cvr ) Bl + Ny KerBilr + N



v x‘iﬁ. = :":.__.L, + ;ﬁ-_ ,» duwoc xem la mue do khiém khuyét phﬁn cung anh hwrong lén
tuyén théng tin. Ung dung mé hinh trén, cac cong trinh [87. 110] khao sat anh
huong cua phan cing khong Iy twéng 1én hiéu nang hé thong, trong khi mot so khac
[71, 118, 119] phan tich anh hréng cia mire khiém khuyét phan cieng 1én tinh bao
mat cia hé thong. Ngoai ra viéc khao sit anh hwéng phan cing trong hé théng

MIMO [71]. thu thap nang hrong v6 tuvén [77] ciing dwoc quan tAm.

2.7 Mang vo tuyén dang cum

La mang cd cac tram chuyén tiép diroe xay dung tir nhiéu phan ti thu phat dat gan
nhau trong tu nhw Hinh 2.3 sao cho sw chénh léch cu ly thong tin 13 khong dang ké.
Uu diém ciia cach sap xép nay la tin dung sw ngau nhién cia kénh truyén tir mot
tram phat dén nhiéu phan tir thu twong duong trong cum. ti d6 chon loc hay t6 hop
ra duge tin hidu thu tot nhat theo mot tidu chi cy the dé Chu}-'én tiép tin hidu ve phia

sall.

Hinh 2_13: Mo hinh tram vo ruj,'én dang cum.

Diém chung ctia mé hinh dang cum 14 chi cho phép mot phan ti (nit) duy nhat
trong cum (trong s6 Ny nut) duoc phép phat thong tin & mot thoi diém, cac phan tir
khéc ciing cum c6 thé phéat nhiéu hay & trang thai nghi.

Tiéu chi chon tram phat trong cum co thé 1a-
+ Chon ngau nhién (RAND) [99. 100].
t Chon dua vao dung hrong toi da cua chang hién ta1 (BEST), [120-122] va
[J5].
Chon dua vao dung lwong lon nhat ti nguf‘:n dén dich (MAX) [29].
t Chon dua vao dung hrong thﬁp nhat o1ita tram phat va nghe lén (MIN) [120].

—



Vé phia thu, cac tram thu trong mot cum [gém co Ny tram) hoac cac anten trong
cung mot tram thu nhan tin hiéu tir cing mot nguén phat nhung két qua tin hiéu thu

diroe khac nhau do dac tinh ngﬁu nhién cua kénh tm}'én hs,n Pé chon loc hay to

hop tin hiéu ta1 not thu, cé ba ki thuat phan tap tin hiéu thu sau dwoe s dung trong

nghién ctru:
Ny
T Maximal Ratio Combiming (MRC) [123-125] ¥y pe = 7 (2.11)
=t
t Selection Combining (SC) [41, 121, 126]:  ygc = max () (2.12)
JL2

N 5
t Equal Gain Combimning (EGC) [127, 128] ?’Es.:=‘ ?J"J /'1— (2.13)
i=1

2.8 Bao mat lop vat I¥

LY thuyét vé bao mat kénh truyén vo tuyén bang PLS 1an dau tién duoc dua ra boi
Wyner [33]. sau do 1a [34]. Vi mot 56 kho khin khi hién thiee tai thod diem dé cling
nhir 14 xuat hién céc giai phap bao mat thay thé khae [129] nén PLS it duwoc nghién
ciru thém. Cho dén gén day. Bloch va cac cong sw [67] 3 dé xuat mé hinh bao mat

bang PLS nhw hinh dwdi day:

Adiee Roh
{ Transmnitar) [ Riviver)
Hany
O, (o)

e
\ - Eva
@ i Lavesdropper)
Hinh 2.14: M6 hinh tuyén thong tin v6 tuyén bao mat bang PLS.
Tin higu nhan dwoc qua kénh chinh (Bob) va kénh nghe lén (Eva) nhw sau:

Vp =B X+, (2.14)



trong 46 P, 13 céng suat tram phat, x 14 tin hidu nguon, /i, /i 12 hé 50 kénh truyén
tir § dén D, E twong tmg. Dung lweng bao mét cia kénh truyén vo tuyén:
3
Ca =mxjﬂ,ingl[m J]f- 2.16)
| 1+Ag¥sr )|

X4c suat nghe 1én tir Eva:

IP=Pr(Aypse 20y )- (217)
X4c suat dimg bao méat cia kénh truyén vé tuyén:

SOP=Pr(C,, <C, ). 2.18)
Xac suat dung hrong bao mét khac khéng cua kénh truyén vo tuyén:

PNSC =Pr(C,,. > 0). (2.19)

2.9 Thu hoach nang lrong vo tu}'én dé tru}’f?n tin

Thu hoach nang lrong vo tuyén va truyén tin dong théi (SWIPT) la cach thike
tram thu phat s& thu niang lwong tr cac song dién tir trong mo1 treong khong gian
xung quanh va cia chinh tram phat trong mang dé phét tin hidu chuyén tiép nhr
Hinh 2.15.

#han
i
O OO
5 ‘:\\Ii/- =
(Source) iHelayh {Drestinuation)

Hinh 2.15: M6 hinh SWIPT thu nang hrong tai tram thu phat chuyén tiép.

Tuy theo giao thire thu hoach nang Irong ma & co mire nang lrong thu dueoc khac
nhau. Co hai giao thire co ban 1a Time Switching-based Relaying (TSR) va Power
Spliting-based Relaying (PSR) [78]. Giao thitc TSR ding khoang thoi gian dau ar
cho thu hoach nang Irong, khoang théi gian sau (1— )1 chia déu cho hai qua trinh

tir nguon dén relay va relay dén dich nhe Hinh 2.16.



EH [aT) IP[1-ap

Encroy Hanosting Information Transmisslan: | Information Transmission:
at Ralay Source — Relay Relay — Destination

- ot - {1-ajr -
Hinh 2.16: Phan chia tho: gian trong TSR.
Trong Hinh 2.15_ khi khong tinh CCI [78]:

EH, = darBy, (2.20)

5/ s8R

Trong triromg hop co tinh CCI [130]:

iy L
EH, = a'ml R+ Buticws |- (2.21)

Giao thitc codn lai 1a PSR chia hai phan c6 dinh bang nhau t/2 trong mét time
block nhw Hinh 2.17, trong dé phan dau thue hién déng thii viée thu thdp nang
hrong va nhan théng tin tai relay theo hé s6 phan chia cong suét trong tmg é va

1—&. Thai gian ©/2 sau thye hién truyén thong tin tir relay dén dich.

Energy Harvesting
at Relay {#F) Informaation Transrissian:

Information Transmission (1 - AP Relay — Deslination
Source — Relay

- /2 - 1/2 -
Hinh 2.17: Phan chia cong suit trong PSR.

Trong trixong hop khong co CCI [78]:
EH, =58(7/2) By (2.22)
Trong triong hop co CCI [130]:
.

{ I
EH, = 68(z/2)| Bym + Y Bixro | 2.23)
b il

D01 véi mang da chang, cac nha nehidn etru trong [77], [C3] cai tién giao thite TSR

dé ding cho mang da chang nhw Hinh 2.18 dwéi day:



Slot K

Slat 1 Slot 2 .s Slot k <
EH (oT) IP{1-ajT
Energy Harvesting Information Transmission
- art - {1-ajt -

Hinh 2.18- Giao thirc TSR cai tién cho mang da chang.

Nang lrong thu deoc trong khe thor gian ther & tai tram phat S, (duoc trang ba

Np anten) fir tram phat nang hrong PB nhw sau:

Mg

EHS_: — L?&'E'_%‘/_.prﬂsm.
=l

2.10 Két ludn cia chwong

Noi dung chwong trinh bay co s& Iy thuyét cia cac ki thuit truyén thong duoc st
dung trong luin dn dong théi giai thich chi tiét vé cdc thudt ngir chuyén sau nhu han
ché cong suat phat. bao mat 16p vat 1¥. thu hoach ning lvong vo tuyén dé truyén tin
cting véi khiém khuyét phin cing. Céc Iy thuyét trén gop phan xay dung nén tang

vimg chac vé mat co so lap luan cho cac dé xuat, phan tich mo hinh mang ¢ cac

phan sau.
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Chwong 3

MANG PA CHANG THU CAP GOM CAC TRAM THU
PHAT BO TRIi TRONG TAM NHIN THANG

3.1 Gigi thieu

Gay day. nhiéu cong trinh nghién ciru vé mang chuyén tiép hai chang véi cae kénh
truyén Rayleigh fading [43-46. 131], Nakagami-m fading [47-49]. Rician fading
[16. 50. 51] ra &1 Hau hét cac nghién ciru, nhitng kénh ml‘_i,-'én Vo tu‘_i,-'én déu chiu
cting mét loai fading. Trong thue té mang VANET [132]. cdc phwong tién & gin
nhau dwege xem nhir co dae ta kénh truyén Rician. Nguoe lai, cac phuwong tien o xa
hay tram phat ngoai mang la kénh truvén Rayleigh. Do d0 can nghién cfru vé mé
hinh mang cé nhiéu dic ta kénh truyén khac nhau phi hop véi thue t8. Ngoai ra,
mang vé tuyén véi s6 chang Ién hon hai dwoc kv vong co vang phi song 16n hon
nhung van st dung cong suat phat thap [19]. Vi vay, nghién ctru sinh 4 xuat nghién
ciru mot mang da chang thi cﬁp hoat dong theo dang nen vo tuj.féﬂ nhan thire
(MUCRN) véi cac tram chuyén tiép duoc dat trong tam nhin thang LOS, kénh
truyén dic t2 bai Rician fading. Newoc lai, tim nhin tir cac tram nay dén mang so
cap 1a NLOS va duoc dac ta bai Rayleigh fading. Dé dénh gia bao mat thong tin,
mat tram nghe 1én dwroc dat ¢ not co tam nhin thfmg LOS dén mang da chang muc
tiéu. Cdc cong trinh trede day cia nghién ciu sinh [C2, J9] déu cho thay hidu niang
mang da chang bi anh hwéng 16n ti véu to PUs ciia mang so cap. Nhi viy, néu anh
huwong tir PUs giam s& ting hiéu nang mang muc tiéu. Dua trén két qua do, nghién
ciru sinh dé xuat giai phdp trang bi nhiéu anten trong mang so cap vé1 mong mudn
nang cao hidu ning mang so cap. Tt d6. cdc tram phét the cap cé co hoi nang cao
cong suat phat, ci thién hiéu ning mang. Do cde tram thu phét c6 kha nang tinh

toan han ché_ k¥ thuit phin tip TAS/SC dwoc dé xuat sit dung trong mang so cap co
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nhiéu anten. Dwa vao ket qua nghien ctru, luan an de xuat mot s0 gia1 phap de nang

cao higu nang mang MUCRN.

Noi dung sau day trinh bay cdc két qua di dwoc nghién ciru sinh cong bo trong tai
liéu [J2] véi tea dé “End-to-end security-reliability analysis of multi-hop cognitive
relaying protocol with TAS/SC-based primary communication, total interference
constraint and asymmetric fading channels ™ trén tap chi International Journal of

Communication Systems (SCIE).

3.2 M6 hinh dé xuat

.. o) "‘ |1 ll
P = sc—>i | PR |

i N e A [ Y i
.I it j Ir "\“ f"L""‘*—h_g-_u' L Al I

Data link Interference link

_ -
Hinh 3.1: M6 hinh mang chuyén tiép da ching trong tdm nhin thang.

M6 hinh nghién etru MUCRN gom hai mang théng tin v6 tuyén ciing hoat dong
dong thoi trong mét ving khéng gian va trén cing mét dai tan s6. Mang so cap
(dwroc wu tién dam bao QoS8) bao gﬁm mot tram phat (PT) co N, anten phat dén
mot tram thu (PR) twong tng trang bi N, anten. Dé truyén tin hidu qua véi giai
phap tinh toan don gian, tram phat PT s dung k¥ thuat lua chon anten phat (TAS)
va tram thu dung phan tap lua chon tin hicu tot nhat (8C). Tiép dén; mang thw cﬁp

c6 nhigu chang chujrén tiép (X chang) va duoc got 1a mang da chang (hay mang da



chang muc fieu). Thong tin tr tram ngufm Sy ducc tr"u}rén dén tram dich Sy cua
mang da chang dwoc su hé tro cia céc tram trung gian S;, S;, S;... Sy (hay tram
chuyén tiép, relay) theo giao thirc truyén tin RF [72, 103]. ban song cong HD trén K
khe théi gian tnre giao. Gia s khe dau tién duwoc cap phéat cho chang diu tién
S;—S;. Cac khe thoi gian tiép sau lan luot dwoce cép phat cho cac chang ké tiép
twong tng. Tat ca cac tram thit cap hay tram nghe 1én déu dwoc gia st chi trang bi
mot anten. Dac biét, tam nhin tir moi tram thi cﬁp dén tram lien ke hay tram nghe
lén déu l1a LOS. Do d6, cic kénh truyén dwge dic ta bot Rician fading. Hon nika,
nghién ctru 6 xem xét dén su xuyén nhidu CCI lan nhau giita cdc tram so cap, tram
thir cdp va tram nghe Ién. Cac kénh truyén xuyén nhiéu duge gia sir 1a NLOS nén
dwoc dac ta bo1 Rayleigh fading

3.2.1 Ti 56 tin hiéu trén nhiéu tai cdc tram thu

Xét trong thoi gian khe thit k bat kv, tin hidu v6 tuvén trén chang S, , — S, (chi
co tram S, , phat do ché d6 HD) sa gay ra can nhiéu Ién toan bo N; anten cua tram
thu PR. V& mat tong quat, mo1i anten s& nhdn dwge cong suat can nhidu khéc nhau
tuy theo chi s6 v. Goi &_,, 13 mitc cong suit can nhidu tdi da (mite ngwdng co thé

chiu dwroe) tat anten thir v cua tram so cf"ip PR. Theo [112]. t&ng mire can nhidu tire
thoi 1én PR trong khe thai gian k can nhé hon ngudng cong suat can nhidu cho trirde

& . (Total interference constraint) va dwoc biéu dién bang bat phwrong trinh sau:

Ny
Z'gi:—i.v 53}::1' (3.1)
v=l

Ngay tai thon diém k. p1a sir anten thy w (u=12..... _-"'JT'} cua PT ducc hra chon dé

phat. khi do SINR thu dwoc ¢ anten thir v(v=L12....N; ) cua PR la:

o _ BYerer, AYprpr, 5
PLPR, = g NI [ (3.2)
-1y T4V 1 T



trong d6 Py 1a cong suat phat ciia moi anten trong PT (va ciing chinh 13 cia PT do

TAS chi cé mét anten phat tai mét thoi diém), A= % val,, =&, /N, Ding

ki thudt TAS/SC [59. 60. 62. 133] két hop véi (3.2), SINR thu cia PR 1&:

®,= max (;fffﬁ;{‘bﬁﬁ-}]' (3.3)

w=12, W
Nhui da de cap ¢ (3.1), mirc can nhisu tir S 1 len anten thi¥ v cua tram PR nho hon
ngudng . Néu gia sir K, . 13 cong sudt phat caa tram B diéu kién can nhiéu

tinh riéng cho mot anten thu thir v duroc bicu dién nhwr san:
%k_l?s.w_.__PR, ” 3.1--1,1; ’ (3.4)

hay mitc cong suat phat toi da va tuan tha didu kién can nhiéu cho toan bd N, anten

& dang duor day:

Sfr—l_.'.' H‘Iﬁ

J- (3.5)

E = mn
Bl vl M| oy
\_/ 5,_PR,

Gia st cac tram thi cdp dwoc phat & mire cho phép toi da B, . SINR tirc thoi ta1
tram thu S, va tram nghe lén E la:

PS-:-1 /558

Dy, = - gmea (3.6)
B Vers, N
P_ :.V S
(I)EJ: = A (3.7)

BV e +N, :
véi u=1.2,.., N.. Dung luong tiec thoi kénh truyén so cap. kénh truyén chinh thi

cap va kénh nghe 1én trong khe thoi gian k 1an lirot bidu dién nhu sau:

C, =log,(1+ P, ) (3.8)
1

CD.I: = Elﬂg:“ T (DD_.;; :|: (39}

Ces = ék‘g:[ 1+@., ) (3.10)
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3.2.2 Xde sudit ditng va xdc sudt nghe 1én
Xéc suat dieng trong mang so cap duoc dinh nghia 1a xdc suat ma thong tin truyén
khong thanh céng tir PT — PR va dwoc biéu dién nhu sau:
OP=Pr((, <R;). (3.11)
trong d0 R, (R, >0) la toc d6 muc tiéu ciia mang so cap.
D61 vé1 mang da chang thi edp st dung giao thire truyén tin RF, dung lrong kénh

tmj,-'én tir tram ﬂguf‘:n dén tram dich (end-to-end) dwoce tinh nhw sau:
CD.E':E :kf.ﬂ:'llni{cﬂk } {3-12)

Xdc suat dirng khi truyeén tin i ngudn dén dich trong mang da chang 1a:

OP,, =Pr(Cy ... <R.). (3.13)
trong 46 R, (R, >0) la toc d6 muc tiéu cia mang thi cap.

Tiép dén. xac suat nghe 1én trong mang da ching thir cAp 13 kha nang ma tram thu
E nghe droc thong tin truyén trong mang da chiang. Thong tin dwoce chuyén tiép qua
nhiéu chang nhung chi can tram E thu tot mot chang nao d6 cing déng nghia véi
thong tin d3 khong con dwoc bao mat. Do do, dung hrong kénh nghe 1én duge dinh
nghia nhir sau:

Ei= Erna

(Ces ). (3.14)
Vi vay. xac suat nghe lén cia tram E la:
IP=Pr(Cy =R ) (3.15)
3.3 Phan tich hiéu nang

3.3.1 Xdc sudt ditng ciia mang so cdp

T (3.2), (3.3).(3.8)va(3.11), xac suat dung mang so cép droc viet lai nhw sau:

-y
.

OF;; = Pf| _max ( _max {‘I’Prhpa.. ]) = 0p '
'\_“_1-'-------1"'T -"_1""":'1"5'. ) _.-'

Ne N [ g (3.16)
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véi o, =2% —1. Mat khac, do kénh truyén Jer,pr, chiu anh hwong bt Rayleigh

fading nén theo (2.2), phan biéu thitc dwréi hai ddu toan ik 14y tich viét chi tiét lai 1a:

et r

\ [
=PTL5 YPT.PR, <

-\l

Op| I3, 11 ] J gl I I.-—1=1;+1 ] 1

)
-

fﬂl,’,
PT PR,
Pr‘ #{GP

- (3.17)
\ Teantl

=1-exp [—/LPP

-

Thé (3.17) vao (3.16). chung ta thu durgc dang dong biéu thire tinh xdc suat dung

nhir sau:
-t T _\'?
R Oy, +] ) i
OP,; ={J ] 1-exp Ty Uf (3.18)
1= \ __..'_

Tiép theo, muc tiéu bai toan 1a tim gia tri thip nhat cia OP,, ¢ (3.18) nhung ludn

thoa man diéu kién (3.1), nghia la:

}11in OP,,;
E-Lv
A5 . (3.19)
st. Y Gy, Sy
=

Dung phirong phép Lagrange cho ham co ban cia (3.18), diéu kién min xay ta khi

8, =39 /N,. 7v. Khi d6, x4c suat dirng thap nhat ctia mang so cap & (3.19) duoc

viat lai nhir sau:
_

OP,,. = ILl - exp(—,app

(3.20)

B
LTP{IF_ —.Ll]“L =
& p

‘g'fut

N.N.

EVRSD

trong do I, =

(Chirng minh phu luc A, céng thire (3.20)).

Mat khac, difu kién rang budc QoS cua mang so cap do1 hot OF,,, =&, V01 &4
1a gia tr1 duoc quy dinh trzde. Do d6, mie cong suat can nhiéu to1 da duoe tinh

trong diéu kién OP,,. = £, nhu sau:
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joo| B g : — |1 - (3.21)
Y0 |1 (g, )7 |

(Churng minh phy luc A, céng thire (3.21)).

Vi vay, cong suat phat & tram tha ca:p theo (2.5) 1a:
Iy Ip

a = JX-.. .
1‘=1}fr"3ﬁ’-.k{ Vs,_FR, ) —

(3.22)

i1

Tir (3.6), (3.7) va (3.22). co thé biéu dién SINR cia chang thi¥ cap the & nhu sau:

Dy = I??S*‘ls* A (3.23)
: Xmax['ﬁfprha_.,"'”
L7,
D, = h (3.24)
: "}"Lml:"ﬂ'fi-“:‘uE_‘_l]

3.3.2 Xdc sudr dimg cua mang da chdng thir cdp

Tir (3.13). xdc suat dirng mang da chang thi cap (mang muc tiéu) trong diéu kién

kénh truyén chinh chiu anh hwdng boi Rician fading dwoe viét cu thé la:

i ; K 1|/ IPVS 5 H'
OP,, =Pr| min (C,,)<R|=1-T]|1-Pr| —E <oy | | (3:25)
X '_r;=1__z_...,ﬂ- DLk RS' g { Xml ﬂ?"ﬂusk"'l.i ?
\ ‘ Cﬁ’t J_.,-'

trong d6 o, =2 —1. Chi tiét hon, gid tri OP, duoc tinh theo cong thire sau:

jexp{—/_ﬁkx}cﬁ(, (3.26)

- o = fx+p, ( B,
OP, = Z "'“PE;,:BﬂJl e 4 t__ Bx+ B,

i ¢ ﬁix + 163

i w Cr Vs o Vi -
vor f=(-1) M—_lq= Bi=(1+Kp: )i, s, I—ﬂ‘-: ,33="§7 Bi=(m+1)is p+p,
P
By=(m+1)Kp 4 p-

(Chung minh phu luc A, cong thire (3.26)).
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Két hop (3.25) va (3.26), xdc suat dimg tinh tir ngudn dén dich 1a:

& M=k I ™, &
' - w Bx+ 5 B,
DP-\ —l. 1— - = = ﬂT 3 27
H\ 2 55Pl e ™ e ﬁ“‘exp{ ) 120

O dieu kién SNR du 1én (A — +o0) va chiu anh hwéng bai Rician fading, dic tinh

tiém cdn cua OPe?e dugce xdc dinh theo cong thire sau:

OP, —1- H{l “*TI,PS’[;;DJ'U Psx

PxHm+1)4g 5

=
) N (3.28)
| ) .
exp| ~ Lo oxp( g ) |
Bix+m+1)4A. 5 e
3 -1
\ 4 3 1
Vo1 fs = Appoy (1+Kp J"”SHSECTS]H — i T
1_{.EDPJH;

(Chiung minh phu luc A, céng thire (3.28)).

Dac bigt, xét truong hop Kp; =0,k =12..... K, khi1do cdc kénh truyén chinh thi
cap xem nhu 14 chiu anh hwéng boi Rayleigh fading. Do d6, xac suat dimg OP,,,
trong trixong hop nay thu deoc o dang cong thirc dong la:

0P, = 1_!1{21%&5;{/?5 gﬁ ]E[ﬁ«psk :gs JJ

1Ii.-{:]"]_. ‘E"ﬁ—{ 1 C 1_1"1" /S lp ﬁ-—f:ﬁ Sgﬁﬁ I ﬁa—{m III.-"’.E P+/-I..S SG-SI

(3.29)

(Chung minh phu luc A, cong thire (3.29)).

Tiép dén, khi Kp;=0.k=12....K. (Rayleigh fading) va SNR du lon (A — +x).

dic tinh tiém can cua OP_,_ duoc bicu dién & dang dong nhwr sau:

OP_, —1 ]__[

Fml

;i;.s ;_? exp} [m+l}As PAP:, \'E[z{m+l]’;‘ﬁi_1P""1P5': ]—‘ (3.30)
e —— I
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i
I

: ; ; g 1
Vo1 f, = 4ppCp%5, 5, Os In

1 ‘
'\_1 _1 &, Faie) _\J""'-'. Ne _J

(Chung minh phu luc A, cong thice 3.30)).

3.3.3 Xdc suat nghe lén trong mang muc tiéu

Tir két qua & (3.14) va (3.15), x4c sut nghe 1én trong mang da ching thi cap chiu
anh hrdmg boi Rician fading duoc bidu didn nhw sau:

IF'=PT! max {Cs_k}ERsFI—Hpr( 25 E
k=12, K | 11

=g | (3.31)
-\_‘X’max{‘ﬁryPE_'_lj i
Sau khi bien do1 tong tir nhr (3.26). xac suat nghe lén dwoc thu gon la1 la:
| s s TR ©ow ) :
1P :l—H E APE‘B[,I = exp| — iexp{—APEI}{i'c 3 (3.32)
T o I.Ifl!-ll' =+ 'H_: 'J!J'-lx + r.|!'..I!_-1L J '
vl

.0 L
p=(1+Kg; )y A 1, = :
E

o =(m+1)Ag p+ph. sty =(m+1)Kg; As 5.
O diéu kién SNR du I6n (A — +x) va cac kénh nghe lén chm anh hréng boi

Rician fading. dac tinh tiem can cua IP duoc tinh theo cong thwre sau:
E|¥a

+0

|y S S

Hy i 9
= _ : exp( —Ayp X Jdx |
EX + [. i J"l.:"’]'ﬂt_}P J

k=l | m=0

T ax
Lx+1m+] A
5 MsX Tt ) 5, P

(3.33)
s

; - \ B 1

trong d6 ;= A0, (1+ Kg i ) A5 zoIn '

1
N 1 _{ E@p }-\‘rT:'"R.

Dac biét, xét didu kién Kpg,=0k=12__K, khido tat ca cac kénh nghe lén 1a
Rayleigh fading. Vi vay, IP dugc biéu dién & dang dong nhw sau:

iy - .\'.:‘R_—Ij A Ve 5 \I 4 :
IP 1—1‘[‘[ -3 -ﬁf'tp[ 2. JEELJ,PEi] ; (3.34)
= [ L M5 s
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trong d6 u, = )uak_lEJE& Iy, i =(m+1) ')“Ea_ﬁ' - ’{sk_.__EJs I,
Tiep dén, & dicu kién Rayleigh fading (X_,=0) va SNR du lén (A —+x), dic

tinh t1ém can cua [P duoce tinh theo cong thire sau:

u

K Ng-1 ‘{ 'I"{ m+1 ll"{"E -P’;‘?E 3 fff m+1 ] a';.ﬁ F.AT.P:_- I
Po1-T[1-Y re/e exp E| b 2 138
] — M A )L J7a
i
1| 1

VoL I = ;‘.‘PPJP;‘E&_EEES In” | — 1
\1—(&ap )32 )

3.4 Cac két qua dat dwoc

Dé thuce hién mo phéng nham kiém chimg két qua phén tich. nghién ctru sinh gia
s& cac tram thu phat dwoc bo tri trong cing mot miat phing goém: Céc tram so cap
PT.PR & (0.5, 1.5).(0.5, 0.75). cc tram thit ¢dp S, (k=0,1,2,.. . K) & (k/K,0) va
tram nghe lén E duoc cai dat o (0.5, 0.5), ngoa1 trir Hinh 3.4 ¢ (0.5, 3¢ ). Gia su
ngudng téc d6 ciia mang so cap va thi cap bang nhau, R, =R, =1 hé s6 mi suy
hao path-loss 77 =3 . Neoai ra, cdc kénh truvén Rician c6 hé s6 K-factor giéng nhau
trén cée ching K,,.=K, K;,=K;. k=12....K (K-factor thudng 13 0, 5, = [51
nhung mé phong thiee hién vé1 K-factor nho hon 30). Khong ké hinh Hinh 3.2 khao

st v&i cac s, khic nhau, tat ca cae két qua khic dua trén &, =0.005.

3.4.1 Anh hudng ciia SNR phdt 1én mirc xuyén nhiéu ¢ tram thu so cdp

Véi cling mite noudng xac suat 161 £,,, cong suat phat cia tram so cap s& anh
huong lén mirc nguwdng cong suat can nhidu J, cua tram thu so cap. Trong Hinh
3.2. SNR phat ting din dén gid tri [, ting. Khi so sanh gifta cdc mirc ngudng xic
suat dimng so cap £4p - Nghién ciru nhan thay gia tri ngudng I o tang cung vd1 &,;.
Ngoai ra, g1a tr1 I, cling co mot it khac biét ki thay do1 s0 hrong anten & tram phat

va tram thu so cﬁp.
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Hinh 3 2: T, v& theo ti 36 SNR phat A khi 4, =1.

3.4.2 Xdc suar ditng mang da chdng thir cdp

& Sm{k =0

%91 e Smic =) |
0.8 m Sim [k, =248 |
Exact

T

5 10 16 20
& (dB)

Hinh 3.3: OP,;, vétheo A klu N; =4 N, =3, K=7.

Hinh 3.3 biéu dién OP... theo SNR ctia tram PT. Pac ﬁ.l}-‘én cho thﬁy xac suat
dirng mang da ching muc tidu giam nhanh khi A ting Véimién A 16n hon 20dB,
dic tuyén OP,y. s& dan hoi tu ve gia tri tiém cén d4 tinh & (3.28) va (3.30) va hau
nhu khong thay d61. Hinh v& cfing cho thay hiéu nang cai thién virot tréi khi bo tri
céc tram theo tdm nhin thing LOS (Rician fading véi K, =0) so véi NLOS

(Rayleigh fading vo1 Ky =0). Gia tr1 K, cang lon, hiéu ning cang dwoc cai thien.



3.4.3 Xde sudt nghe lén trong mang da chdng thir cdp

0.8 . | | . . 1
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IP
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03F

&% - 5im rgg = 0.3)
& Sim ¥ge = 0.35)
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® Sim ¥ae = 0.4) |

0.1 Exact 1

————— Asymptotic
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Trong dic tuyén v& IP & Hinh 3.4, co thé nhin thay x4c suat nghe 1én trong mang
ting khi A tang Tuy nhidn_ciing gibng nhu OP,,,. dic tuyén IP & ving SNR du
1én co khuynh hudng hoi tu vé g1a tr1 tiém cdn duoc tinh theo (3.33) va (3.35). Bén
canh do. tuy theo vi tri cua tram nghe lén, cac gia tr1 tiém cdn nay khac nhau. Khi
tram nghe 1én cang cich xa mang da chang thi cap (yz = 0.4) kha nang nghe 1én

cang giam hon so vo1 dige ba tri gﬁﬂ mang mue tidu (yg=03).
3.4.4 Anh huomg ciia s6 chang thir cdp 1én hiéu ndng hé théng

Trong qua trinh thay d6i s6 ching K tir 2 dén 8 v& trong Hinh 3.5, két qua mo
phong cho thay gia tr1 OP,;. tang kha nhanh khi X 16n hon 5. Xét vé tong thé, so
chaing ¥ =3 1a toi ru nhat khi dat muc tiéu xac suat dimg OP.;. thﬁp nhat. Két qua
trén cfing cho thay mang da chang (3 chang) hidu qua hon mang dual-hop (2 chang)
trong trzémg hop dang khao sat. Ngoat ra. két qua trén ciing trong dong véi mot
cong trinh khac cua nghién ciru sinh [J3] khi dat muc tigu SOP 101 v, Véi vide thay

dd1 s6 leong anten thu phat tir 4 dén 6. nghién ctru két ludn viée trang bi nhidu hon



4 anten thu phat moi tram s& cai thién déng ké hiéu nang mang da chang (gidm xdc

suat dirng OP.,.).

0.4
Ben (W =, N =
08 . T e
[ smw,_:a..vn:ﬂ
a7 L] $.'||:Hf=g||”!=3']
06 & SN =32 N =7
Exail

Sim (M, =3, My = 3)
Sim it =5, Mg =10 [
Sim M =2, N =3 f
sm (v, =2. 5, =2} |

Exact

Fan |

Hinh 3.6: IP v& theo s6 chang K khi A=20dB. K =35.

V& mit bao mat thong tin. Hinh 3.6 bigu dién 213 tri cua IP khi xét von 30 chang tir
7 dén 8. Gia tri IP giam khi 50 ching X lén. Twong tir nhuy OP.o., tﬁng 50 anten thu
phat duoce trang bi & mang so cap cling anh hirdng dén IP. Tuy nhién, dic tinh cia
IP theo s6 chang K tang 13 giam dan, khong c6 ving gia tri toi vu trong khoang

dang khao sat.



3.4.5 Anh huong ciua phdn b6 anten phdt va thu [én hiéu ndng mang da chdng

1ﬂ|:r

-

it

Hinh 3.7: OP.,. theo 56 anten phat Nt khi A=204dB X, =30.

Nhir d4 phén tich trong Hinh 3.5, tong s6 Irong anten anh hwéng dén hiéu nang hé
thong. Nghién ctru cu thé hon. Hinh 3.7 khdo sat trzong hop thay doi s lwong
anten tai dau phat trong khi van gilt nguyén tong sO anten cia tuyén so cép l1a
N_ + N =10. Két qua cho thay chiing ta ¢6 thé lua chon s6 hrong anten phat t61 vu
sao cho OP,,, thap nhat. Ngoai ra, s6 chang K = 3 dat hiéu nang t6t nhat. Két qua
trén mot 1an niva khé_ug dinh la1 dac tinh 43 it ra trroc do trong Hinh 3.5,

Hinh 3.8 v& IP theo s0 lwong anten phat cling nhw 13 hé s6 Rician K-factor cua
kénh nghe 1én. Co thé thay rang IP piam I6n nhét 6% khi K. tir 15 giam xuodng 0.
Tuy nhién, viée giam K, khong anh huéng dén OP,,,. Do d6, dé giam IP ma khéng
anh huéng nhidu dén hiéu nang hé théng, cin thiét ké tuyén thong tin sao cho hé so6

K; nho.
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Hinh 3 8: IP theo so anten phat N_ khi A=20dB. K =4.
3.5 Két luin cia chwong

Trong chwong nay, nghién ctu sinh 48 xuit nghién cfu mét mang da chang
MUCRN gom cac tram thu phat dwoc bo tri trong tim nhin thang LOS ciing véi mot
tram nghe 1én co tam nhin LOS dén cac tram trén. Bén canh do. mang so cﬁp diroc
trang bi nhiéu anten va phén tip theo TAS/SC. Dua trén cac phén tich vé xdc suat
dirng OP va xdc suat nghe 1én IP ctia mang da chang, mdt s6 két ludn vé tinh chat

cua mang va de xuat cac bien phap cai thien hiéu nang da duoc dea ra.

Viéc tang cong suat phét (tang A) chi anh huong nhifu dén OP,,, khi A nho hon

20dB. Ngoai mién nay, hidu ning mang hau nhv khong thay dbi.

Trang bi nhiéu anten & mang so cap s8 cai thidn hidu nang truyén thong cliia mang
da ching thit cap nhung dong thé ciing 1am tang kha nang bi nghe 1én thong tin tir
tram nghe 1én. Tuy nhién, néu cé cung so lwong anten thi viéc phén phoi hop I¥
anten ¢ tram phat va thu trong mang so cﬁp sé dat dwoc hidu n3ng mang muc t1éu

t6t hon.
Viéc tang 36 chang trong mang da ching thi cap lam giam kha nang bi nghe Ién
thong tin nhung dong thoi ciing 1dm giam nhanh hidu ning truyén théng cia mang

khi so chang Ién (K = 5). Nguoc lai, khi 50 chang X nho. co thé tim dwoc mot 013



tri thiét ké s6 chang to1 wu K* dé hidu nang mang da chang tot nhat (OP thap nhat).
Trong diéu kién mod phong, s6 chang toi wu 13 K* = 3. Diéu nay cho thiy mang da
chiang dwoe t61 vu c6 hidu ning tot hon mang 2 chang (dual hop) trong cing diéu
kién truyén tin.

Dé xuat bo tri céc tram thu phét cia mang da ching nam trong tdm nhin thang
LOS dat higu nang viret tro1 so vor trrong hop bo tri theo NLOS. Hon nita. hiéu
nang mang da ching dwoc cai thién hon khi gia tr1 Rician K-factor giira cac tram da
chang thit cdp 1én hon. Ngoai ra, thong tin duge bao mat tét hon néu gia tri Rician

K-factor thap hon & cdc kénh nghe lén.



Chuwong 4

MANG PA CHANG THU CAP GOM CAC TRAM THU
PHAT PUQC TRANG BI NHIEU ANTEN VA THU
HOACH NANG LUONG VO TUYEN

4.1 Gidi thiéu

K7 thuat thu hoach nang lwong vo tujfén dé tmy‘én tin (SWIPT) duoc dé cap bo
Varshney [27] nham giai quyét van dé kho khan khi thiéu nguon cung cap tai cac
tram thu phat. Kién triic bo thu hé tro SWIPT duoc dwra ra trong [28, 78] Doi vt
mang da ching. SWIPT la giai phap tot dé tang tinh linh d6ng. thich nghi véi ha
tang co s& truyén thong, nhat 1a trong nhitng méi treong truyén tin ddc biét nhu
trong co thé ngudi, trong céc cau tric xay dung dac thi hay trong cac moi trrdmg

d6c hai khic [78].

Trong chuong trde, ludn an d4 nghién ctru giai phap trang bi nhiéu anten trong
mang so cap dé tang hiéu niang mang va di dat deroc két qua tot. Tiép tuc phét trién
mo hinh, nghién ctru sinh dé xuat nghién ciu giai phap trang bi nhidu anten trong
mang da ching MUCRN. K¥ thuét phan tap thu phat duge s dung van la TAS/SC.
Hon nira, két hop véi k§ thuat SWIPT. céc anten sé& khong nhitng néing cao dwoc
hiéu nang truvén thong ma cdn ting mire thu hoach ning hrong, pop phan cai thién
hon nira hieu nang mang. Bén canh d0, mang da chang van hoat dong o ché do han
ché cong suit nhung cic tram phat s& chi diéu chinh cong suat phat theo mot so
mitc cong suat phit hop véi thue té (hitu han mie). Tuy nhién, khéc véi Chuong 3,
vin dé& duoc quan tim nghién ciru 13 1am thé nao dé duy tri droc mét dung lwong
bao mat tir tram ngurfm dén tram dich? Vi vay. hai thong so hiéu nang bao mat can
dwoce quan tam 1a SOP va PNSC khi tinh tir tram nguéun dén tram dich. Nghién cira

dat mue tiéu danh g1a mire do anh huwong cua cac tham s0 thiét ké trong viéc duy tri



mét dung lrong bao méat tir ngudn dén dich va dé xuat nhitng giai phap dé cai thién

hidu nang bao mat mang da chang mue tiéu.

Cac két qua duoc trinh bay sau diy di duoc nghidn ciru sinh va mét ddng téc gia
chinh céng b trong [I6] véi tea dé “Secrecy Performance of TAS/SC-Based Multi-
Hop Harvest-to-Transmit Cognitive WSNs Under Joint Constraint of Interference

and Hardware Imperfection™ trén tap chi Sensors (SCIE).

4.2 M6 hinh dé xuat

Mo hinh dé xuat nghién ctru 13 mang MUCRN truyén thong tin tir nguon S; dén
dich 5p dua vao K - 1 tram c.huyén tiép trung gian Sy, S, Sg;. s dung giao thire
HD qua X khe tho gian truc giao. Cac tram thu phat trong mang MUCRN va tram
nghe 1én dédu duwoe trang bi nhiéu anten. O khe thdi gian thit k (heong tng véi chang
thir k). tram phat Si; dung k¥ thuat TAS trong khi tram thu 8; va tram nghe len E
ding k¥ thuit SC dé phan tip tin hiéu. Dé don gian trong nghién ctru. gia si so
anten cua cac tram trong mang muec t1éu, ki hiéu 1a Np_ hé.ng nhau va tram nghe lén
twong tir ¢6 N anten. Trong khi d6. dé tao cong suit phat, cde tram Sy ding k§
thuit thu thap nang lrong vo tuyén tir tram phéat nang lzong (PB) trong khe thoi
gian duoc cap phat theo giao thitc TSR cai tién nhu trinh bay trong Hinh 2.18.
Ngoai ra, tat ca cdc tram phét thit cdp con chiu sy han ché cong suat dé thoéa min
mitc ngudng can nhidu I p CUa fram thu so cap (PU). Cée kénh truyén trong md hinh
dé xuat déu 1a kénh Rayleigh fading dwoc dic ta trong (2.1) va (2.2). N6i dung trinh

bay sau ddy s& ki hiéu p;  la do loi kénh truyén tit anten thit u cia tram phét S,

L

dén tram thu Y. Yxg, I tram phat X dén anten thi¥ p cia tram nghe 1én E. Do tinh

chat 11.d. tai liéu co thé ki hiéu rat gon don gian thanh g = Jg v, Axp = Axe-



Hinh 4.1: M6 hinh mang da chang da anten két hop SWIPT.
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Goi N 1a tong thid gian truyén tir ngudn dén dich. Thod gian truyén cia mét khe 1a

r=N/K . Trong khoang thoi pian dé, phan thu hoach nang hrong v6 tuyén 1a at va

phan danh cho truyén tin 1a (1 — o)t véi 0< o< 1. Do d6, ning hrong, cong suat tram

S; O Np anten thu hoach trong mot khe tho: gian 1 la:

Np
EHI‘ = jﬂffPBE "VPB‘SR'_L"

u=l
EH ;
- I - o]
2E (O=a)r G

laley

trong do & la hiéu suat chu}rén do1 nang luwgng. 7= a )
—a

M
Z:"E‘.:Iﬂ. -
E = > ¥ FBS; "
w=l :

va

(4.1)

(4.2)

(4.3)

Han ché cong suat phat t61 da cla anten » trong tram S, do rang bude tir PU Ia:

Iz

(E+ "fxl ) f"sk_LPL* -

PI'.\T._k_.u =

(4.4)

Go1 P; la cong sudt phat dinh mre t61 da cia moi anten. Két hop (4.2) va (4.4).

cong suat phat thue té & tram S; duge tinh nhw sau:



ll.-’
P, =min( Ry s, Py, ) = P min ,ffzxg“m-L:Jz (4.5)
_ P |

X Vs, U

R T T Bieu thize (4.3) duge viét lai nhir sau:
G ol o

= SEIN 45 = 2 il for
E’Sm( Xy - £ W ki mm{ WX Vs, pU ] <1
B == Vs pu ' (4.6)

Ex S SI‘,:.'PL 4

P

B

khi min 2 X7 1, (Y5, 5|21

Disu kién min(.) trong (4.6) phu thuoc vao gia tr1 ngﬁu nhien. do do s0 mikc cong
suat phat kha thi thwe té 1a vo han. Dé thue té hon. gia sir cac tram phat trong mang
chi phat duwoc W + 1 muic hitu han, goi 1a Q, (v=01.. W), vé1 Q =vR /W,

0, =0, Op =B Khi db (4.6) duoc viet lai nhy sau:
0, khi Bmin( 4X7™. 1175 5 ) <G

B =40, khiv<W,Q <Bmin|X;™, LY o5)<O00- (4.7)

g =3

QOp, khi Rmin( X7 1L /Vs o) Oy
Xét trudng hop S, dimg anten be{L2... N} phat dén anten c={12... N, } cda

S..; theo TAS/SC. Tuong tir nhir (3.3) ta co:

S ( ]] 48
TSP VI P i o L S (4:8)

Tai tram nghe lén E dung ki thudt SCvé1 ge { B, NE}: thu droe:
Dung luong kénh chinh va kénh nghe lén kiu 8, phat twong tng la:

2 w
P}s-’-" ‘fsx_asz-t.c

Cpi =(1—a)rlog,| 1+ (4.10)

2 15
\ K‘DR%,.B}’S‘_JEE_-E_E Ny
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60
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Dung lugng bao mat cua chang twong tng la:

Cgi =(1-a)rlog, (4.11)

2

e

& 4 & R
. [ Potsw | P.%
C. {l-cxllri Tog,| 1+ B Besnin 1—1og311+ b U (4.12)

Seck™ 2

Ko 755480, V0 ) | KeBals,e VG

Do do, dung luong bao mat tir tram nguf:n dén tram dich 1a:

CSEE:E:E = mmK{C‘Seq:k } (413)

=12
4.3 Phan tich hiéu nang
4.3.1 Céng sudt trung binh ciia tram thit cdp

Tir(4.7), cong suat trung binh dwoc tinh nhwr sau:

ra &

o L, | sum Fa v+1q v
p{ﬁ__ﬁzZPr -—-:mmf_;lek ..ﬁ{:r;’sk PU]-::——; -—;‘Ps
=l '.‘_W e i H I, H {414}
) - mm P |
-rPl'{l iimm{ X L] S;.,PU ]:lﬂ
£(P }—E‘?F O p (2N 2a+(i-F.. 0)2 415
R w)‘zfm%,]ES(‘Z?m”Jﬂ= b
trong do
Npdsf L7 \( A §
2 | 7 1 7 | e pudls
FoalZ)=1- > — )@351—1 exp —ess —] 'l—e:{p[— = w (4.16)
K == 5 2 | (R T L k 4|\ \ z )]
(Chirng minh phu luc B, cong thirc (4.15)).
4.3.2 Xdc sudt ditng bdo mat
Xac suat dimg bao mat khi tinh tir nguon dén dich nhuw sau:
SOP =Pr(Cg,, 2. < Cy) =Pr[l Jmin (C ;) <Cy |
4.17)

=1—ﬁ[1—Prq Coii=Cy }}zl—ﬁ{l—SOPk b
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trong d6 C,, la mitc nowdng dung hrong bao mat, SOP, 14 xéc suat dimg bao mat

cua chang th & va dweoc xac dinh boi:

{ % :
LA | OFs s O.7s. E.
SOP, =% Pr(B, =0, ).P (1+ N (1+ M i <o)
=l ' L KO s8N ) | KeQ s e TN

A

SOP, (@, )
(4.18)
véi p=2Ca/lIT r(P.,=0, ) duoc tinh trong treéng hop F, ,=0,.v =1, nghia la:
i £ '_.'_1\\ T )
Fpua| —— |~ Fa| — |, khiv<W,
Pr(B,=0, )=y * W/ AW (4.19)
1-F,_.( khi v=7.
Z
Gia tri SOP,( O, ) dwoc xdc dinh nhir sau:
Q7. s, s, E.
DQM‘V’SHS;{ = o V{, K.EQT.-’(S&_:E‘EE _|_j.,,i'|__r (4.20)
=Pf{ DoYs, 181, < Pty T 025, B T OIS, 8 Ts B,
trong do:
2 _:'\\'T { _l:l 5 2
wg=1-(p-1)kp. &= Dg = = (p-1l)Kz +p,
- (4.21)
_9 >
@3 _—~—-[{p 1)aoks +x50— Kz ).
0

Dang dong caa (4.20) ducc tinh teong minh chia theo bén trzong hop sau:
+ Truong hop 1: Khi @, <0, twong duong x5 =1/(p—1)

SOP,(Q,)=1 kv

T Truong hop 2: Khi &, > 0,va @5, > 0. tuong duong K>l pr(p=-1)x )

i T
_-"I.D ;'uE 1

SOB(0,)=1+" 3" (<1 4, [ * exp( Ay x| —iﬁi}a}'- (422)

n=1 m=0 R
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g HIJLSksk_I m: T [ m+1 ‘II';'S[E fﬂu )

N
ISL.I CH C:Lﬂ'q—l E )J‘Ek-E 'E'K.p m J
3._1.' Y Iy (423)

e
g E- By = oSSk

LW _"r.'IF

{m+l]

b=

@,
(Chiurng minh phu luc B, cong thire (4.22)).

Néu théa didu kién SNR du 16n (B, /N, — +x ) thi SOP, (Q, ) dwoc xap xi thanh:

ANy S
SOPR(Q,) =~ 1-{l-exp —Agp— : (4.24)
.9 k. @3
(Chung minh phu luc B, cong thirc (4.24)).
Truong hop 3: Khi @, > 0,9, <0
N N -
+ml :
SoRl@)=243 > o f expl| Ay }E"I’L ‘f, }f_r. (4.25)
}I: m_ = ; o

(Chung minh phu luc B, cong thic (4.23)).

Xét khi diéu kién SNR du lén (R, /N, — +), SOP,(Q, ) duoc xap xi thanh:

A

BNy i r Ay
SOP.(0 ) = l—exp[ s o J 3 (4.26)
: EUE+L @y
(Chung minh phu luc B, cong thirc (4.26)).
Truong hop 4: Khi @y > 0,0, =0
VB 2z N_A r
T o m S @ v
SOB(Q, )=14Y ¥ (-1)"™CrCh E S exp[ niss, A }
m=1 me=ll : {(WH']. }ﬂsi_E+PIAS*S;‘._1 E—? . @y .
1

(Chung minh phu luc B, céng thire (4.27).
Xét & diéu kién P, /N, —>+x_ khi d6 SOP,(Q, ) dwoc xap xi thanh:



‘ps.-_‘-\rﬂq-x ‘\"D \"E‘ ’ m -']"frE,f:vS
SOP(0) =~ 1+ 8 m _ = (428
@ ;;{ HE I{J?z-l-l_]/-,skE+nﬁfs @,/o, )

tsi:d-l -

(Chung minh phu luc B, cong thirc (4.28).

4.3.3 Xdc sudt dung lwong bdo mét khdc khéng

Xdc suat dung hrong bao mét khac khong khi tinh tir tram nguén dén tram dich la:

PNSC =Pr(C, )=Pr( min 1(?5&”1;-0]

=2l

£ (4.29)
=] [Pr(Csus >0)= ]__[PNSC;___
&=l i=1

vé1 PNSC, 14 xdc suat dung lwong bao mét khic khong & chang k tinh nhir sau:

NE

B Ng-l (
>3 (=T lgxufetp[ LY }Iexp{ ——Wd_] Ko K
=l m=0 i
g Mgl < k i
P‘%ISCk_TPr{PH_D )4 SN (-1)7 jexp ( gy ;expL_L]@.-: e
= piac Y .
NpNgl Neds,z ,
SN (-1)TTCLCx K =KL
r|:=1mh=|‘:| ‘E . {m+l}/{'§ E+n"‘5rﬁ Eil
(4.30)
o ] (m+1)As o N, MAg 5. N,
Giatri Pr(P, ,=0Q, ) dwoc tinh trong (4.19), u = e
| ' Q\-{&B—E] T o8-

Ngds &N, (na —(m+1) 4 ¢ IV,
1ty =C O Eg, YD & [ B 5.E J

-1 T
R e ) i ol KD _K-E )
(Chiurng minh phu luc B, céng thire (4.30).
4.4 Cic két qua dat dwoc
Dé kiém chimg két qua phén tich, nghién ciru sinh thiét 1dp vi tri cdc tram trong
te nhwr chrong triede. Tram thi cﬁp S, 1a (k/K.0) vé1 k=0,1__ K. Tram so cﬁp

(PU). tram nghe lén (E) va tram phat nang hrong (PB) trong tng co vitr (x,. ;).
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(x.,¥.) va (X.);). S6 mite cOng suat phat kha thi cGa mét tram thir cap 1a W=8.
Cong suat tram phat nang leong 13 B, = 2B, =4/, . Mtec khiém khuyét phan cing 12

& =0. Thot gian truyén tiéu chuan tir ngudn dén dich 1a N =1, va N, =1.

4.4.1 Céic yéu t6 anh hirong dén cong suéit phat trung binh

. Tn{ Sn{su'mj
] ‘I'1 £ 51 {SEim)

-
16 v T e5 (3m) /';/’/f:f/’/yl"'
gL ——E=d - |
10 | ;/:/"f |

-3
]
&

Average Tranzmit Power (dB)
\\\\
0

B

10 18 -2{I 25
P (aB)

Hinh 4.2: Cong suat phat trung binh cia tram thiz cap theo B, khi K =3, N =3,

@=025 §=025 x,=04. y,=03 x, =06, 3, =—05.

E—
P
o Toem ||

» T, iSm}

¥ Tyism)

Average Transmit Power (dB)

L=
F
1
t
|
|
I
L
g

01 0z 03 04 05 08 o7 08
Hinh 4.3: Cong suat phat trung binh ciia tram thi cap theo vi tri PB, PU khi
B=1088. K =3, Ny=3 @=025_6=025 =03 %=1-%. ¥%=105

Hinh 4.2 cho thay céc tram thi cap T,, T,, T, c6 cong suat trung binh khac nhau.

Tuy nhién, cac tram déu c6 cong suat trung binh ting tuyén tinh theo mic tang clia
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P, Tram T,(T, €S,) co gia tri cong suat 16n nhat béi vi khoang cach tir d6 dén
tram PU 13 xa nhét.

Dé khao sat anh huong ciia vi tri tram so cap PU va tram phat nang hrong PB Ién
hé thong, Hinh 4.3 v& dic tuyén cong suat trung binh khi thay dd1 x, tir 0.1 dén 0.9
va x, thay doi phu thude vao x, theo quan hé x; =1—x,. Céc tham s6 vi tri khic
duoc thiét lap co dinh nhu Y= 03 g ==0.5 Két qua md phong khi =001,
dong nghia PB(0.1.0.3) va PU(0.9.-0.5). thi cong suat ca tram S, 13 thap nhat vi
vi tri nam gﬁn PU nhat. Tiép tuc xét mot w1 tri khae 1a x; =05, noico cu ly dén
S,va S.bang nhau, thi cong suat trung binh cla hai tram bang nhau. Trong khi d6,
cong suat trung binh cia S, giam khi ting x,. Nouyén nhén 13 do qui luét thay déi

Xy O trén dong nghia vor viee di chuyen x; danraxa S, hon
4.4.2 Cdc yeéu t6 anh hieong dén xdc sudt dung bdo mdr

107

oL

o

oy

=

=

i

=

1,':3 :

g g e SimiN, =1)
g ] Sl‘l'nl:NEl-E]

"l 3
10 | A Sim (N =3) :‘I

{ Exatt

10
P (dB)
Hinh 4 4: Xac suét dimg bao mattheo P, khi K =3. N; =2 a=0=0.25,
Cy=02, x.=05. y.=03, =05, ¥,=05, x=y.=05, x5=0.01 x2=0.

Hinh 4.4 vé dic tuyén cia SOP phu thudc theo P, trong céc trirdng hop tram nghe
1én co sb lwong anten khiec nhau. Do céc dic tuyén v8 vél x5=001, x;=0 nén

théa didu kién @, > 0. @y, >0 nhw trong truong hop 2 cua phan phan tich SOP.
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Hinh v& cho thay dic tuyén SOP khi v& chinh xae theo (4.17), (4.18), (4.22) tiém
can voi cach vE& theo cong thire Xﬁp xi (4.24) kha P, du lon. Nguoc lai. trong ving
P. nho, co6 thé tim thav gid tri P, t61 vu dé SOP thap nhat. Ngoai ra, s6 anten cia

tram nghe 1én cang nhiéu thi SOP cang cao, hiéu ning bao mat giam.

End-to-end SOP

Sim (K =2}

[ B Sim(k=13)

1-5'“r 4 Sim{K=4)
| Exacl

r —-——Asym

10 15 20 25 a0 35
P (dB)

Hinh 4.5: SOP vé theo B khi Ny =2, N; =2, a=6=025, C, =02,
x, =05 3,=03 x,=05 y,=-05 x. =), =05, x, =0, x; =001

Hinh 4.5 v& SOP theo Ps vdi cac truong hop sb chang K khdc nhau. V&i gia tri
xé =1, KEE =0.01 thoa diéu kién @y > 0.y, <0 trong tredng hop thy 3 cua phan
phan tich. Két qua cho thav hidu nang bao mat cai thién (SOP giam) khi ting cong
suat Ps. thist ké s0 chang nhigu hon. Dac tuj,-'én SOP khi vé chinh xac va dac tug.-‘én
tiém cén mot 1an nika gip nhau ¢ vung Pg Ién. Ngoai ra, dac fl.l}"éﬂ t1em can cho ﬂl&}?
bac phén tép coa SOP hau nhi khong phu thudc vao 0 chang thistké K.

Deé kiém ching trrdng hop thir 4 khi @,, =0 hay (o—1)xxs +x50—k2 =0,
Hinh 4.6 cho thay rang dac tuyén vé chinh xdc ciia SOP tiém cin véi dic tuyén xép
xi kln R, >20dB, khi do gia tr1 SOP khéng phu thudc vao Pg. Ngoai ra, hinh vé
ciing cho thdy anh hudéng cia khiém khuyét phan cing lén SOP la kha 5. Trong
trzomg hop riéng dang xét thi néu khong 6 khiém khuyét phan evmg (x] = &7 =0).

x4c suat dim g bao mat 1a tot nhat.
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® Sim(si=042=0)
w Sim (sl =18, xL = 0.25)
v Sim(a =024 =05) |

0.35 | Exact
: ""'Pﬂ-}m‘l

End-to-end SOP

0,05

] 0 5 i 13 20 25
Py (dB)

Hinh 4.6: SOP biéu dién theo Pskhi K =3, N, =2. Ny =2, ¢ =6 =025,

Cp =025 x =035, =03, =05, 3p,=-035, xx=1,=05

End-to-end SOP

| » Bim {wf = 0, &% = 0.01)
B Simixi=0,4=0)
v Sim (a5 =001, 52 =0)

Exaci

0 0.05 oA 015 n.2 0.25 0.3
¥

Hinh 4 7- Anh huéng ciia o 1én SOP khi B, =10dB, K=4. N,=N,=2 =01,

Cy=025 x, =05, =03, x, =035, », =05 x =y, =05

Vé s anh hwong cua cac tham 50 thist ké trong k¥ thuat SWIPT, Hinh 4.7 vé dac
tuyén SOP theo hé s6 phan chia thei gian a. Nhin chung, SOP ¢6 xu hudng tang khi
tang o 1én hon mot gid tri ty. Khi o & mién gid trl o > oy, nhung 1in cén oy, thi

toc do tang cia SOP la rat nhanh Vi vay, thiét ké hé so « trong viing gia tri thap 8
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co hidu nang bao mat tét hon. Tuy nhién, gia tri o qua thap (tiém cén vé khong) s&
lam cho cong suat phat thwe gan nhw bang khong va s& khong thé truvén tin thanh
cong (SOP = 1). Do do, mirc o* to1 wu co thé t6n tai va can duoc nghién ciru sdu
hon. Nooai ra, mire khiém khuyét phan citng ciia kénh chinh nhé hon kénh nghe 1én
s& 1am giam SOP hé thong.

10% - —————r et
10! |
o |
o ]
w [
=] [
= |
$ 102
o i
=T
w [ e Simi{N,=N.=1)
1|]3i' - Er“”:ND=NE=z:I
v Sm (N e N )
| Exact
1I:Id:i
1 2 3 4 5 [

K

Hinh 4 8- Xac suat dirng bao mét theo Kkhi F, =0dB, a =6 =0.1, C,, =0.25,

[2F]

x =0.

E :t]:

[
o

=05, 3, =03, x, =05, »,=-05 x. =), =05 x

Hinh 4.8 v& SOP khi bo qua khiém khuyét phan cing. C6 thé thay rang s6 lhrong
anten trang bi trong cac tram thi cap cang nhiéu thi SOP c6 xu hwéng giam hon
méc du fram nghe lén eling dwoc trang b1 30 anten tirong dwong. Mat khae. sw cai
thién hiéu nang bao mét la dang ké khi s6 chang lén.

4.4,3 Cdc yéu t6 danh huong dén xdc sudt dung lwong bdo mdt khdc khéng

Hinh 4.9 v& dac tuyén PNSC theo cong suat Ps véi mét s6 mire khidm khuyét
phan ctrng khic nhau. Khi &2 =« gia tr1 PNSC khéng phu thude Ps. Véi trrdmg
hop xé < x.’é . 0 sur gia tang PNSC khi tang P;. Nouwoe lai. trong truong hop
K5 > k2. PNSC giam khi cong suat Ps 16n. Nhu vy, dé cai thién thong s6 hiéu ning

PNSC can thiét ké mang co .F;'; < xE Disu nay mot lan nita duoc khé.ng dinh lai &
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Hinh 4.10 khi v& PNSC theo thang mite d6 khiém khuyét phén ciing. PNSC suy
giam nhanh khi g1a tni x; virot qua mde gidi han K’E: =0.2. Trong mién nay. PNSC
xau hon khi so chang nhiéu hon.

0.4

0.8

0.1

0.4

0.5

End-to-end PNSC

04t @ Sime =D
03 E Simal =005

v Simad =01
~—— Exact

[ R !
=B g

0.2

5 10
P (4B)
Hinh4.9:PNSCkhi K =3, Ny =1. N, =2, a=8=025_ x, =05, y, =03,

, =05, ¥,=-05, x, =y, =0.5, x; =0.05.

& Sim(K=2) ]
B Sim(K=3)
¥ Sim(K=4)
——Eact

0t

0.4

0T r

ne

]

04

End-to-end PNSC

03

0.2

oAk

o L L L
DA o5 a2 .25 0.3, 035 o4 s 05

Hinh 4.10: PNSC khi B, =10dB, o =0.1, § =025, x, =05, 3, =03, x, =035,

¥, =—05, x, =y, =05, x4 =02, Ny =2 N, =

Ilu
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4.5 Két luan cia chwong

No6i dung chirong 1a két qua nghién ciru vé xac suit ding bao mét (SOP) va xdc
suat dung lrong bao mat khac khong (PNSC) cua mot mang da ching MUCRN
duoc phat trién tir Chrong 3. K¥ thuét da anten voi phan tip TAS/SC duoc trang bi
trong mang muc tieu cung vo1 tram nghe léen. Cac fram trong mang MUCRN thu

hoach nang lugng v6 tuyén va truyén tin dong thoi.

Qua nghién ctu, véu t6 khiém khuyét phan ctng dnh hwong 16n dén cac théng s6
hiéu nang SOP va PNSC. Gia tri SOP thap khi mitc khiém khuyét phan cing cia
kénh chinh thap. Dac biét hon. néu mitc khiém khuyét phan cémg & nhimg kénh
chinh (K‘;} tha:p hon kénh nghe len (F:E:) thi mang sé dat dwoc hiéu nang bao mat

cao khi xét ca hai thong s6 hiéu nang SOP va PNSC.

Dic tuyén SOP co khuynh hwdng tring véi dic tuyén tiém cdn ki Ps 16n hon
20dB. G chiéu ngwoc lai khi Ps nho, trong mét s6 truémg hop riéng khi cé khiém
khuyét phan ciing, ching ta ¢6 thé tim dwoc Ps to1 wu dé SOP thap nhat. Khi bé qua
véu t6 khiem khuyét phan ctng (i = &2 = 0), nghién ciru dé xuat thiét ké s6 chang

K lon s& giam SOP.

V& yéu to da anten trong mang muc tiéu, thong so hiéu nang SOP tang khi tram
nghe 1én ting s6 hxong anten Ng ma cdc tram thu phét chinh giff nouyén s6 anten
Np. Tuy nhién, néu s6 anten cta tram thu phat chinh va tram nghe 1én bang nhau thi
khi d6 SOP s& giam khi s lvong anten 1én. Do d6, trang bi nhiéu anten trong mang

da chang muc tiéu luon la g1a1 phap hiéu qua nang cao hiéu nang bao mat mang.

Cudi cing, do théng s6 hiéu nang SOP giam nhanh khi hé s6 thoi gian thu hoach
vo tuvén o thap. Vi vay. nén thiét ké hé sb o trong ving gi tri thap s& co hiéu nang
bao mat tot hon Tuy nhién. phan tich chwa xac dmbh dwoe mire toi wu o* va can

dwoc nghién ciru sau hon ¢ chwong tiép theo.
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Chwong 5

TRUYEN TIN CONG TAC TRONG MANG PA
CHANG THU CAP CO THU HOACH NANG LUQONG
VO TUYEN

5.1 Gidi thieu

Trong céc chuong trde, lugn 4n da nghién ciru dén treomg hop céc tram trung
gian duoc Sép xép theo tuan tir lan lzot tir tram nguErn dén tram dich Ifﬁé-ng nghia
véi thong tin s& bat budc di qua tat ca céc tram trung gian duoc sap dat trude khi
dén tram dich). Vin dé dat ra 13 néu thong tin truyvén di duoc phép bd qua mét s6
tram trung gian chuyén tiép thi hiéu ning mang dwoc du doan sé tot hon thav vi

phai di qua hét tat ca cac tram trung gian trizée khi dén dich.

Trong thuc té_. cac mang WSNs, Ad-Hoc hay V2X co cac nut mang duoc bd tri
theo dang lwdr. Vi vay, khi thiét 1dp mot mang MUCRN ton tai trong hinh thai
mang nhir trén s& co trrdng hop hai tram gén vé khoang cach dia 1Y (gan vé cu ly
truyén thong) nhung c6 thé xa khi xét theo suir sap xép truyén tin (cach nhau qua
nhiéu chang). Don ci nhw mét tram phéat trong V2X nadm & trén cdu virot giao thong
trong khi tram thu nim ngay duéi ciu. Véi giao thire thong thudng thi tram phat
phai nh cdc xe khac dang trén duong 1am trung gian, nghia 1 qua rat nhidu chang
trzde khi dén dich. Tin dung dic tinh cia song vo tuyén lan truyén trong méi
trrdmg truyén tin theo moi hirdng. giao thike cdng tic méi cho phép mét tram phat
trén cau c6 thé phét trye tiép dén phurong tién dudi ciu dé di dén dich sém hon, bd
qua cdc chang trung gian trén duong ké trén. Nhu vay. nén co giao thire dé xuat
m&i tin dung mot tram co wu thé dé chuyén tiép thong tin thay vi tram dwroc sap xép
san thi thong tin co thé di tat duoce dén tram dich. Khai thac dac diém do. ludn an da
dé xuat nghién ctru giai phap nang cao hidu nang mang da ching muc tiéu bang sw

cong tic truyén tin cia cac tram thu phat trén tuyén théng tin MUCRN. Céc tram



thu phat déu co kha nang thu hoach nang lwong vé tuyén truyén tin va bi han ché
cong suat phét. Tiép theo chirong 4. ludn 4n dd nghién ctru va tim dwoc gia tri 161 wu
hé s6 phén chia thei pian o* cia ki thuit SWIPT trong ca truong hop truyén tin

tuan tir théng thrdng va truyén tin céng tac.

Ciac két qua trinh bay trong Chueng 5 di duoce nghién cliu sinh eéng b trong
1] véi twa dé “Outage Performance of Power Beacon-Aided Multi-Hop
Cooperative Cognitive Radio Profocol Under Constraint of Interference and

Hardware Noises™ trén tap chi Electronics (SCIE).

5.2 Mo hinh dé xuat

Trong Hinh 5.1, tram ngubén S, muodn truyén thong tin dén tram dich S, dua vao
si tro gilip cla cdc tram trung gian S S, S, Cu ly truyén tin gifta tram trung
gian va tram dich la dy o >d; o khi a<b. Tram ngudn va cac tram trung gian
chuyén tiép 8, thu hoach vo tuyén dé truyén tin (SWIPT) tir Ny tram phat niang

lrong PB,.PB,.....PB "o Ben canh do. cac tram S, con b1 han ché cong suat phat

do rang bude tir L tram so cﬁp PU;. PU,;._. PU; Gia sir cac fram so cﬁp PUs duoc
bo tri trong cung mot cum. Cac tram phat nang lwong PBs cing duoc bo tri dang

cum. Do do., dpg ;s =@hes . Apz s =pzs, . s pr=0sz0. A pu=As - MO hinh de

xuat s dung giao thirc HD qua K khe thoi gian truce giao va dac ta Rayleigh fading

trong (2.2) cho tat ca cac kénh truyén lién quan.

Vé giao thirc truyén thong cong tac moi. trong khe thoi gian dau tién, nguon S; sé
thu hoach ning lwong (chi tiét & phan sau) va sau dé phat dén tat ca cac tram thu
khac, ké ca tram dich Sy Néu tram dich gi1a1 mi thanh cong thi dwoc xem nhw hoan
thanh qué trinh truyén tin. Nguoc lai néu tram dich khong giai ma dwoc thong tin,
n6 cin mét tram trung gian d4 piai ma thanh céng phat lai thong tin. S& co it nhat
mot tram trung gian gidi md duoc théng tin, néu khéng qua trinh truyén tin dwoc

xem la that bai. Trong trirong hop co nhidu tram trung gian cung giai md thanh cong



tri tram dich, giao thue dé xuat chi chon mot tram chuj,-'én tiép o gé_n tram dich nhat
thire hién phat lai thong tin. Nhuw vay, tram chu‘_i,-'én tiép duoe Ira chon € dong vai
tro nhir tram ngudn & khe théi gian ké tiép. Qua trinh nay lap lai cho dén khi tram
dich nhan dwoc thong tin thanh cong hoic trai qua X khe thot gian ma thong tin
chira dén dich. Nhw véy, khic véi cae dé xuat tnrde ddy khi thong tin ludn luén qua
hét cac chang trede khi dén dich. giao thike truvén thong cong tac dwoc dé xuat trén
day co thé khong di qua mot so chang nao do. thong tin co thé dén tram dich trrdce

mot so khe thot g1an.

e e

Hinh 5.1: M6 hinh mang da ching cong tac co thu hoach ning lrong vo tuyén.
Bén canh d6, thu hoach nang Irong vo m‘_i,-'én tru}-'én tin (SWIPT) duge nghién ciru
twong te nhr Chuong 4. Goi X Ia téng thoi gian truyén tir nguon dén dich. Théi
oian truyén cia mét khe thai pian 13 7=N/K. Cic tram chi thu nang hrong vé
tuyén trong pha dau tién ciia khe thoi gian dwoc cap cho minh (nhwr trong hinh Hinh
2.18). Nang lwong, cong suat tram S, thu dwoc tir N, tram phat nang lrong 1a:
Ng

EHk=chrPBZ}’PBHSt, (5.1)

n=l

_ E sum 7
EH.E _m_ Z'PBXPBS,:- (5.2)

va

trong d6 & la hidu suat chuyén doi nang hrong, 7 = "
—a
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g
‘YIJ*BS,r :;'},PBHS;-- (5.3)
Cong suat phat to1 da cta S, do rang buoc tir PUs theo [66. 134] la:

I, _ (5.4)

(1+x }fgilﬂ?fl[ Yseu, )

I

By =

Do do cong suat phat o1 da dira trén ca hai diéu kién (5.2) va (5.4) 1a:

. N
P - yPymin| X2 1| (5.5)
: =5
L% g -
trong do: X:m:.gf‘?‘i[fskpq]: (5:6)
I, :Ia:“'r{“""fll}fPB}- (5.7)

Xét khe thot gian dau tién khi ngudn S; phét dén tat ca cde tram trung gian va

tram dich. Tram thu thir & nhan duoc la:

o

o . Bhs _ zsmin( X LR )7

LE™ _ 2p., \ Tl : raum JqrMmEE |

KpFolss: TNo  KpyAmin|. pBs, - 1o/ X5 pu ];/EDS% +1 5.8)
B 2"—*“1“5?555-;
Ko XAY Zs g, +1
véi A=Ry/N,, Y, =min( Xzgs . L/ X5p ).
Vi vay, dung lwong kénh truyén tire thét S, — S, la:
C‘u:k =(l—-«a !Tlﬂgz{l—ﬂbﬂ__k )
2"&‘1.\'}:"’5;5;- -‘ (59}

=({l1-a|rlog. 1+— :
{ ME -’Cf:fﬂlnc-?’s.js-, +1)

Khi dén khe thon gian thi 2. cde tram thu trude d6 sé giai mé thong tin tir Sp. Néu
khéng c6 tram nao giai ma thanh cong thi truyén tin that bai. Néu tram dich giai m3
duroc thi truyén tin két thuc thanh céng. Trong trirong hop con lai. it nhat mét tram
thu giai mé thanh céng va dwoc chon dé phat lai thong tin thi tram nay dong vai tro

oiong nhw 13 tram S; phat trong khe thdi gian dau tién. Tong quéat, gia sit & khe
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u—1.(1£u<K) tram dich giai m4 that bat va it nhat mot tram chuyén tiép giai ma
thanh cong. Goi SIL_ vor t, £{1.2....K -1} la tram duoc chon dé phat trong khe thi
gian thit u tiép theo. Trong khe th&i gian nay. S, thu hoach nang hrong nhr (5.1)
trong th&i gian ot va théi gian con lai truyén tin. Néu S, giai md thanh coéng, qua
trinh truyén s& hoan thanh Nouwoe lai, tip hop céc tram giai ma théng tin thanh cong
la HE={S1;::S,;:T...:SHE | v6i 0<n, £K—-1. Do chi xét cdc tram thu gidi md théng
tin thanh céng nam & phan sau clia tram phat hién tai trén tuyén (gén dich hon) nén
I, <w<vy<..<v, <K-1. Twong tr nhu vay, cic tram giai ma that bai la

G, e{8,.S,,..8; .S¢) khi 1<m, €K1, 1,<5<z5<.<z, <K-1. Trong

i
tap hop H, s& chon ra mét phan t& c6 vi tri trén tuyén gan tram dich nhat dé phat &
khe th&i gian thit 2 +1. Dua theo sy sap dat trong tap H, & trén thi S, sé duoc

chon dé lap lai qua trinh nhu Srh d3 thue hien.

5.3 Phan tich hiéu nang
5.3.1 Céng sudt phdt tram thit cdp

Xét treong hop tong quét khi tram S, phat dén tram ké can S, . theo (5.5). ta co:

B, = 7By min( X35 L/XZR ) = 7B Y., (5.10)
trongdo Y, =min{ Xoge . [/ X g5 ). (5.11)

Hinh 5.2: M6 hinh truyén théng diém — diém.
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Ham phan phoi tich liy (CDF) ciia Y, duoc tinh nhe sau

57 ags, ) " .
Felx)=1-3% —— —XTeXP| ~Apgs, X))
L B (5.12)
A4t L ¢ ) _gﬁpbj ™
X E{k C + | Apms, ) x” exp —/pgs, ‘7§EEP|
p=il g=l P’ ¢ /
(Chitng minh phy luc C, cong thire (3.12)).
5.3.2 Truyén théng diém — diém
Dung lwong kénh travén tire thon tir S, — S, 1a:
AY .y
Ces =(1—a)rlog,| 1+ = SrHe  { (5.13)
e Ko7 AY 7o s +1
trong do A =F,/N,. Vi vay, xac suat dimg khi truyén tir S, —8 la
OPgq =Pr(Cys < Ry )=Pr((1-4504 )7 AY, 75, <0 (5.14)
véi oy =27 g (5.15)

Tir (5.14), néu 1-x5o, <0 thi OPg =1. Trong trudng hop ngwoc lai, xac suat

dung dwoc tinh theo cong thire sau:

s %
OP, =Pr(Y,75q<@)= [ F [E}f, (x)dk. (5.16)
s I X {85y
Nt o
OPFy s, =1- :: p,l*"PBs 5.5, '-'“] ‘71;"9*?35 Ags, @)
(5:17)
L (1) ch -
+EZ ‘:JJPBSQ] - 233. U*J 1;f71||'~j?135 oL |,
=l g=l
-
khi @=—oth g = A +q 30 (5.18)
d+a5) A 3 @

(Churng minh phu luc C, cong thire (5.17)),

5.3.3 Truyén théng diém — da diém
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Trong Hinh 5.3, tram phat S, s& phat dén tat ca cac tram thu & phia tram dich. Céc
tram thu nay cé thé giai ma thanh céng hoac khong. Goi H= {531‘83: e } la tap
hop cac tram thu giai m3 thanh cong va G= 18%.5%._....5%} la tap cac tram thu
khong giai mi thanh céng. Gia s tram dich thu thdt bai & khe théi pian hién tai,
nghia 12 S, G khidé xdcsuit S, cH, S, €G la:

.
GPSI--;:H:G} = Pl; LC\.LJ': ERH-J:"-: CI:EE ERLE :I‘CIJI' {:Rﬂi:'-': CE‘__I.E_._.!{Rﬂl = (519}

\ 2=H S.eC y

Dura theo cong thie tinh dung hrong kénh truyén nhw (5.13):

OPg g, = Pr(l Vo5, = Doy X 175, 2@, Y, Vos <Oy X Vs <o)

= |
L i o L
= IPI[ Vos, Z—salos, Z—iVss, C—was, <— S (X)d (520
o X X : X ;
iz

o] P £

Hinh 5.3 M6 hinh truyén théng diém — da diém.

t Truong hop H={T}:
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:"!--_1 -1.
OP, LHG T T ""'PBS a”* K 11 }u"’?ﬁs.,”* ]

-\3-1 L (- 1}9‘ oo

pl
_EE'TI[’"PBE ) T " P1{ n.,,"'PBsP' |

=t g=1
Ng-1 m - ‘._1.]r—1
_ N .
> Y 2] T K2 )
p=0 r=limhe=lal, P!
.I:-“:‘I:‘:...{.l.r
Neg=1 L m ™ _1nFg &
s (1) 26,
i A . !
=0 g=1 =1 .!I—d;—...—lll_—l: p'

s =Hy+ Gl pdp-
(Chiung minh phu luc C, cong thire (5.21)).
t Trudng hop H={J}:

Cong thire (5.20) tro thanh:

-0

o o )
OPg ey = | Prl #am € —ss iy {—W.fy (x)dx.
ks } i 5} X TN I_/: L

o

‘HEJ.‘l
“‘E_l w1 o :_ J!:—
Boy=1-3.3 30 T 2(e)™
=0 rAk=h==1L=l, P
h<he. <,
Ng-11L m - _1)? 3¢ i
233y 3 C T, )%,

VOL L =t + 5 pid ;-

(Chiurng minh phu luc C, cong thirc (5.24)).

5.3.4 Truyén théng tic nguén dén dich

. v M= Em""ﬂ:sﬂ_. s M=t

; _ .
| Apgs, ] F-fa .ﬂg p—l{z-\,‘/'-?ﬁs,,”& I

K, 1[*—«.?*"955 i i
o 3 :
1K, (2 JA?BS_T;:._ s

5.3.4.1. Giao thire truvén thong tuan ti qua ting ching DIRECT
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M=t + g pdy.

(5.22)

(5:23)

(5.24)

(5.25)



Trong gizo thire DIRECT, thong tin duoc truyén lan hwot qua tit ca cac chang
trede khi dén dich nhi dién giai & Hinh 2.1. Do d6. xdc suit dimg tinh ti¥ tram
nguﬁn dén tram dich duoc tinh nhi sau:

£
OPPFET =1-TT(1-0P_, |
=1

_:‘,'3_1 2 i ) i_'_l - |
E E _1: APBE*’-l%i—iSkm] ) Kl-ﬂqz\/A?BS;;-: 589 } 1(5.26)
=1 —| 70 £
T R WL (- el p-l .
k 2 %
S : ! g i T q . = > [ )
2 ; = 2 Aoms, @) T s, 5 (18) T K, (24 Fos, 0 )

5.3.4.2. Giao thire truvén thong cong tdc COOP

Xac suat dirng ti tram ngudn dén tram dich trong giao thitc COOP duoc tinh bang

phurong thire de quy nhw sau:

COoP CO0P -
OF™ = M OB vy (5.27)
H .G
VOl OP,op o = O OPCTF .. Vidu cu thé véi trudomg hop K =2, chung ta c6 thé
Lo B E H-Ef: 5 T2

dién giat nguven tac tinh dé quy nhir sau:

CooP Coop cooB
OP =085 mis.sn ¥ Ol s

PCG‘DP

trong d6 OP; ;. ., chinh Ia xdc suat dimg khi S, phat ma khong c6 bat ¢ tram

thu nao nhin dwoc va duwoc tinh bdi cong thire (5.24). Thanh phan thi hai
OP %" .y 18 xdc suat khi S, phat va S, nhén duoc nhung S, thi khéng nhén duoc.

Trong khe thoi gian ké tiép, S, dong vai trd twong tw nhur S, & khe truée do6 (voi

diéu kién S, di nhin dwoc thong tin thanh cong o), do do-

D P Coop B DP

CooP
5, ({5, 1{5:1 s s OFss,

=0F; ispmpn *

oP, (5.28)

BT
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Thanh phan OP, .,y duoc xac dinh khi dung cong thuc (5.21). Thanh phan cén
lat OPSY™ chinh 13 x4c suat dimg khi truyén tir S, dén S, g16ng nhir truyén didm —

diém OP, . . Do d6 ap dung (5.17) dé tinh OPS™

5.3.4.3. 80 chang pidi han toi da tir ngudn dén dich cudi
Tir (5.14) néu 1- x50, <0 thi OP = 1 trong ca hai giao thitrc DIRECT va COOP.
Khi d6 néu dat LDm =1/, . thi:
Kk (5.29)

a i B fl—=) i T—aiul 4 E - 7 j
Bén canh do, g, =2"" i U —1. vakethop vor x5 =1/ 0, suyra:

K i 1
_—R“El@g‘ 1+ ,]7
[l—cx_‘}bt "\ Kp .
(1—a)¥ I
hay K:_}ﬁlog:(n : (5.30)
t . KpJ
o [(1—e)®, (. 1] ... TN, N
Viviay, dat K, =| ————log,| 1+— || vdi [ x] 12 50 nguyén nhoé nhat cd gid
Ir Ry v KpJ ‘

tri 16n hon x. Khi d6. néu K = K___ s& din dén két qua OPP™FT =1 va P9 = 1_

5.4 Nhirng két qua dat dwgc

Pé kiém ching két qua. lun an thiét 1dp moi trzdng moéd phéng trong tr nhu
nhitng chwong tnede: S, (k/KX.0). tram phat ning lvong PB(0.5.0.2). tram so cﬁp
PU(0.5.-0.5), hidu suat chuyén @61 nang luong & = 0.5, téc 4o ngudéng R, =0.5,
méat do cong suat nhidu N, =1, mic khiém khuyét phan céng tir tram thi cap dén
tram so cap 1a x, =0.01, mitc ngudng can nhiéu & so cap 1a I, =0.5B,. Thoi gian

tmj,-'én tir tram ﬂguf‘:n dén tram dich theo tiéu chuan tru‘_i,fén tuan trla N=1.

5.4.1 Anh hwong cua s6 tram phat ndang lwong va sé tram so cap
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Hinh 5.4 biéu dién cde dic tuyén x4c suat dirng ciia ca hai giao thite DIRECT va
COOP theo SNR phat véi mot s6 s6 lwong tram phét ning hrong va tram so cap
khac nhau. Trong céc gia tri N va L di v&, xac suat dimg OP ciia COOP luén thap
hon DIRECT, dac biét 1a & viung SNR lon. Do ddc cnia cac dic tuj,-'én trong hinh cho
thﬁ}' do loi phan tap cua COOP dat duoc lon hon DIRECT nhiéu. Bén canh do. xac
suat dimg cia ca hai giao thire déu giam khi N 1énhonva L nhé hon So sanh cac
dic tuyén twong tmg cho thay hiéu ning mang dat dwoc tot nhat (OP thap nhat) khi
Ng=4,L=1_Lydola klu Ny =4 thi cac tram s& thu duoc nhidu ning hrong hon
cdc treomg hop con lai, do d6 ho tro nhiéu hon cho truyén tin. Trong khi do. L=1
dong nghia vé1 mire han ché céng suat B, trong (5.4) dwoc ndi long hon, tao dicu

kién dé tang cong suat phat & cac tram phat, do d6 ho tro tang hidu ning mang,

1
{
]
]
]
I
. .
o , . .,
o 1071 # DIRECTSIM(Ng =4, L=1) “\ 5
s
i, e COOP-SIM(Ng=4,L=1) Wy |
4 DIRECT-SIM (Ny=3,L=2) w K]
|l = coorsmiNg s L=2) B i
WO % DIRECT-SIM (Ny =2 L =3) N
v COOP-SIM (N =2.L=3} Y
. DIRECT-THEORY T
|——— COOP-THEORY |
ot
a 5 10 15 20 25
A (dB)

Hinh 5.4: Anh huéng cia Ny va L 16n OPP™=T va OP“°F khi K =4, &2 =0.1,
a=0.1.

5.4.2 Anh huéng ciia s6 chdng trong mang thit cdp

Hinh 5.5 cho thay hiéu ning mang da chang thay d61 khi v& OP w61 mot vai gid tri
s0 chang K khac nhau. Dac biét. mitc do thay doi nay khong cé tinh don diéu khi
ting hay giam gia tri K. Cu thé hon. chiing ta thay gia tri tot nhat caa OP dat dwoc
vé1 K =4 cho ca hai giao thire DIRECT va COOP. Nghia la khi X' = 4 thi hiéu nang
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mang tot hon so véi khi giam K = 2 hay tang 1én K = 7. Vi véy, két qua cho thdy co
ton tai mot gid tri s6 chang t6i wu dé OP thap nhat trong ca DIRECT va COOP.
Ngoai ra. giao thire COOP ludn ndi 1rdé1 hon DIRECT vé hiéu nang khi xét trong

viing khao sat SNR & trén véi tat ca céc gid tri K da va.

EZe OP

# DIRECT-SIM (K=2) -y
® COOPSIM(K=2) \\
% DIRECT-SIM (K = 4) |
B COOP-SIM (K =4) L
% DIRECT-SIM {K=T) "

0 coopsMik=7) e
—— DIRECT-THEORY .
—— COOP-THEORY | |

U

o

10®
o 5 110 15 20 25
A (dB)

Hinh 5.5- Anh huéng cia X 1én OPP™°T va OP°% khi N =2, L=2
x5 =005, a=0.05.

il

#  DIRECT-SIM {& = 0.05)
® COOP-SIM (o = 0.05)
# DIRECT-SIM {x=0.1)
& COOP-SIM (g =0.1)
=  DIRECT-SIM {o = 0.2)
¥ COOP-SIM (e =0.2)
— DIRECT-THEORY

1w
———— COOP.THEGRY

EZe OF

1wt

. — -
e — &
_—_..-;:_—_I"'

-4
=]
w

|
¥
|
|
105!
1

2 3 4 5 &
K

Hinh 5.6: Anh hudng cia K 18n dac tuyén OP khi A=20dB, Nz =3, L=1,
K =0.05.



Hinh 5.6 v& OP vdi cac gid tri a<{0.05, 0.1, 0.2} trong vng véi s6 chang K khac
nhau. Khi K = 1, nghia 13 phat truc tiép tiz ngudn dén dich, do do khong co su khac
biét giita hai giao thite DIRECT va COOP. Khi X di Ién. ca hai giao thire déu co
OP = 1. Nguyen nhan la do 50 chang vwot gi01 han X, dd xet o muc 5.3.4.3. Trong

mo phong_ g161 han X, dwoc tinh cu the sau:

9. «=0.05, i
K __=x" (5.31)
= |8 e=01bhaya=02.

Qua Hinh 5.5 va Hinh 5 6, chung ta rit ra két luan réng co ton tai eia tr1 s0 chang
t61 1ru trong ca DIRECT va COOP sao cho hiéu ning mang tot nhat. Tuy nhién, cac
gia tri t61 vu K nay co thé khong bang nhau trong hai giao thike ké trén. Phan tich
cu thé s6 liéu mé phong trong Hinh 5.6 cho thav gid tri toi wu K* = 3 cua giao thirc
DIRECT khac véi gia tri K* = 4 ciia giao thire COOP. Tong quat. gia tri t61 wu K ¢
thé dwoc tinh nhé (5.26) va (5.27) nhi sau-

K’ = argmin (OP"). (5.32)
2 G
v61 V ={DIRECT. COOP}. Nh& (5.32), chung ta tinh deoc gia tr1 t61 vu K* khi
Ny =1 L=1x; =0.05, =005 nhr bang sau:

Bang 5.1: Gia tri s6 chang t61 vu K* theo SNR phat.

A(dB) 0 |25 (5075 |10]125| 15 |175| 20 [225]| 25
K'DRECT)| 3 |3 | 3|3 |33 ]3| 4[a]4]4
Ecoop) | 3 |4 alala[s5]5|s5]|s5]5]s5:

Hinh 5.7 v& xdc suat dimg OP theo SNR trong diéu kién t61 vu K* & Bang 5.1 va
so sanh véi treéng hop khi K = 2 va K = 8. Vi du nhe & mitc céng suat
A=12.5(dB) thi K*(DIRECT) = 3 trong khi K*(COOP) = 5. Két qua cho thay rang
khi K = K* thi OP giam séu. cai thién dédng k& hidu nang mang trong ca hai giao
thire. Mot lan nita. giao thire COOP lai co hiéu nang noi troi hon DIRECT khi khao
sat trén vung SNR d4 cho.
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EZe OP

DIRECT-SiM (K =K} :
COOR-SIM (K= &) . o
DIRECT-SIM (K =2) N w
COOP-SIM (K = 2) .
DIRECT-SIM (K = §) ;
COOP-SIM (W =8)
DIRECT-THECRY
COOF-THEORY

0%

d X m %8 F

103 : : : |
il 6 10 15 20 25

A (dB)
Hinh 5.7: OP v& theo A trong difu kién K° K =2 K=8khi Ny =1 L=1

x5 =0.05, a=0.05.

5.4.3 Anh hudmg ciia hé s6 phan chia thoi gian thu hoach nang leong:

10 r T T T 1
' ._._’a-.“._
-
- = ._FHH*_ e
L
# DIRECT-SIM {«2 = 0.01)
% B COOP-SIM (< = 0.01)
2
ot ® DIRECT-SIM (2 = 0.1)
w i
| ¥ COOP-SIM {2 =0.1)
: DIRECT-THEORY P
v COOP-THEORY i P i
] X\ L
=
-
| & h*--r-r—r T
-\._.. | _._._-I
l-\. a1 il -l.-.‘ "
1 i B R o il i
[ .05 CR b.15 02
o

Hinh 5.8: Anh hudng cta o 1én OP khi A=20dB, K =4, Ny =3, L=1.

Hinh 5.8 v& xac suit dimg OP theo hé s6 phan chia thén gian a. Nhidu cong trinh
trede day clia nghién ciru sinh vé mang dual-hop [135. 136] cling véi két qua trong

Churong 4 két ludn rang hifu ning mang t6t hon véi ving o thap. Vi vy, dé tim pia
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tri t61 vu o*, mb phong dwoc thue hién trong viing 0.01 <a <0.2. Két qua mo phong
trén Hinh 5.8 cho thay co ton tai cac gia tri 61 wu o* d& OP thap nhat trong ca hai
siao thize DIRECT va COOP. Biéu nay dwroc giai thich 1a khi a nho thi thei gian thu
thap nang hrong khong du, cong suat phat thip dan dén OP ting. Nowoc lai, khi a
Ién thi khong dd thii gian truyén théng tin nén hiéu nang ciing giam. Qua khao sat,

gia tri o* trong hai giao thirc hau hét 1a khong bang nhau.

Tiép dén, nghién ciu sinh s dung thust toan Golden Section Search [137] dé tim
gia tri o* theo tirng s0 chang K khac nhau cho ca hai giao thitc DIRECT va COOP.
Thuét toan trén sé tim kiém g1a tr1 mun OP diga trén sir thu hep vung tim kiém a so
VGl ving dé xuat ban ddu & trén. Qua moéi bude lap, kat qua s& thu duoc vung [oy.,.
o] moi. Diéu kién ding xay ra khi ¢y, - 0,,<0.001. Gia tr1 té1 vu rit ra duoc 1a

o = (tjge + O V2.

s DIRECT g,,g =0.01)
we COOP (k2 = 0.01)
- DIRECT (»Z = 0.04)
- COOP (&7, = 0.04)
-+ DIRECT (& = 0.07)
- COOP (&, = 0.07)

-,
B, o
e EE“
____ A
0.02
0.01 .
; 2 3 4 s 6 7
K

Hinh 5.9: Biéu dién gid tri o theo s0 chang K khiA=20dB, Ny =2, L=2.

Két qua 1a pia tri tdi vu o* tinh theo tirng gi4 tri K duge v8 trong Hinh 5.9. D&
dang nhan thay o* giam khi s6 chang tang lén. Bén canh d6, gid tri o* trong COOP
luén luén cao hon trong DIRECT. Nguvén nhan dwoc 1Y giai 1a do trong pha truyén

tin. COOP hiéu qua hon DIRECT nén danh thoi gian con lai nhiéu hon cho pha thu
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hoach nang hrong, do d6 gop phan cho hiéu nang tinh tir dau cudi dén dau cudi tot
nhat. Ngoai ra. mitc d6 khiém khuyét phan ciéng it anh huong dén gia tri toi wu tim

duroc.

DIRECT-SIM [L = 1)
COOE-SIM (L =1)
DIRECT-SIM (L =3[!
COOP-SIM (L =3)
DIRECT-THEGRY
COOR-THEORY

.
.
".
4@ %

Q.02 ap4 G0DBE D08 D.12D.12 0.y 016 G118 0.2
Fo

Hinh 5.10: Anh huéng cua &7 1én OP khi A=20dB. K =5. Ny =5, a=0.05.

Hinh 5.10 biéu dién dac tinh OP theo su thay ddi cia mite khiém khuyvét phan
citng. Nhir d3 phan tich trong muc 5.3.4.3. x4c suat dimg ctia ca hai giao thic 1a 1
khi 5 = &p . =1/ 0y, Vi vdy. V01 &5 e =0.1924 duoc v trong hinh, ca hai giao
thire déu c6 OP = 1 tai &5 = 0.02. Hinh vé& ciing cho thay hiéu nang cua ca hai giao
thire tot hon néu sb hrong tram so cfip L it hon Bidu nay mot lan nita khéng dinh lai

két qua d4 rit ra trong phan 5.4.1.

5.5 Két luin cia chwong

Néi dung cua chrong dé xuat, phdn tich, danh gid va so sanh hiéu ning cua giao
thire truyén thong cong tdc COOP véi1 giao thite truyén thong tudn ty DIRECT trong
mang MUCRN. Nghién ciru har giao thire dwoc thuc hién trong cung didu kién han
ché cong suat phat va thu hoach ning lrong vo tuyén dé truyén tin tai cdc tram thu

phat, co tinh dén anh hwong cua khiém khuyét phan cing.
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Xic suat dirng khi tinh tir nguén dén dich cia mang MUCRN s dung giao thire
truyén thong cong tic COOP thap hon so véi giao thitc truyén thong DIRECT trong
cung disu kién. Pic biét. do lon phan tap cua COOP viret tro1 hon so vé1 DIRECT.
Hon nita, khi c6 nhidu tram phét ning hrong, hiéu ning mang MUCRN tang trong
ca hai giao thire COOP va DIRECT. Nguoc lai. khi xuat hién nhidu tram so cﬁpT

hidu nang mang muc tiéu giam.

Vi mot gia tri hé s6 phén chia thoi gian thu hoach nang leong w6 tuyén o, 6 thé
tim thﬁy 30 chang thiat ké toi wu (™) dé hidu nang mang muc t1éu la tot nhat
Nghién ctru cho thay K* trong giao thite COOP 16n hon trong DIRECT. Khi mang
hién tai co s0 chang K khong thé thay doi dwge, luan an dé xuat t6i ru hé so phén
chia thot gian o dé cai thién hidu nang mang Dua trén viéc ap dung thuit toan toi
vu Golden Section Search da tim gi4 tri t61 vu o* trong tmg véi moi K, nghién ciru
cho thay o* co6 xu huwéng thip hon khi mang muc tiéu cé nhiéu ching hon (K lén
hon). Ngoai ra, gia tri o* trong COOP luén 16n hon DIRECT trong cing diéu kién
khao sit. Bén canh dé, mikc khiém khuvét phan ctng (HI) it anh huéng dén gia tri
o*, nhirng mire HI thap s& cai thién hiéu nang mang Tuy nhién, khi mire HI vuot
qua pia tri gidi han &) __ hay sb ching X vuot qua K__, viéc truyén tin s& that

bai.
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Chwong 6

PHUONG THUC CHON PUONG PI TRONG MANG
PA CHANG THU CAP DANG CUM

6.1 Gigi thieu

Céc mb hinh dé xuit & phan trzée cia ludn 4n chi dat boi canh khi cé mét tuyén
MUCRN duy nhat truyén thong tin tir ngudn dén dich trong diéu kién han ché céng
suat phat. Dé cai thién hiéu nang, néi dung trong Chuong 5 di dé xuat danh gia giao
thirc cong tac gita cac tram noi bo trong mang MUCRN wva thu duoc kat qua kha
quan_ Tuy nhién, trong cAu triic mang vé tuyén Ad-hoc, WSNs. V2V, cac niit mang
(céc tram thu phat) dwoc bo tri sap xép theo hinh heéi. Vi vy, s& c6 dong thot nhiéu
tuyén thong tin dang MUCRN trong mang hedi co the thuc hién chuyén thong tin tiz
ngudn dén dich. Van dé can nghién citu 13 1am thé ndo dé chon droc mét tuvén da
chang phiit hop nhat ¢4 truyén tin? RS rang 13 néu cé mot giai phap chon duroe mot
tuyén MUCRN tot nhat theo mét tidu chi cho trede cling dong nphia véi d6 1a giai
phap cai thién hiéu ning mang. Bén canh d6, cac tuyén MUCRN trong mang hedi
déu han ché cong suit phat. Céc két qua nghién ciru trede ddy cho thay co su suy
giam dang ké hiéu ning ciia mang MUCRN do bi han ché cdng suat tir cde PUs.
Giai phap da anten dd dwoc nghién citu dé nang cao hiéu ning mang. Tuy nhién, sd
anten thurong 13 o dinh trong thiét bi va kho thay déi. Dé tang tinh linh dong trong
khi van cai thién droc hidu nang. mo hinh nghién ctu dé xuat dang cum cho cac

tram trong cac mang MUCREN.

Khac véi [77] dua trén véu 6 dung lrong truvén tin, ludn 4n dé xuat ba giao thic
chon dwomg di RAND, MAXYV va BEST dua trén dung hrong bio mat tir ngudn dén
dich. Nghién ciru ciing ddng thén so sanh wu nhroe diém vé hiéu nang cia ba giao

thitc trén ciing véi nhitng véu cau vé CSI di kém.
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N&i dung sau ddy trinh bay lai cac két qua da dwoc nghién ciru sinh cong bo trong
[C1] véi tra dé “Secrecy Performance Enhancement Using Path Selection over
Cluster-Based Cognitive Radio Networks™ tat ho1 nght1 INISCOM?2019 va dwoc an
ban trong “Lecture Notes of the Institute for Computer Sciences, Social Informatics

and Telecommunications Engineering” cua Springer (SCOPUS).
6.2 M6 hinh dé xuat

Mang sof cﬁp gf:m mot tram phat (PT) phat dén mot tram thu (PR) v QoS cho
trzde £,,. V& phin mang thir cdp. tong s6 cd M mang MUCRN c¢6 thé truyén tin tix
ngurf-n (hay cum ngui;:rn} dan dich (hay cum dich), moi mang c0 K_+1 ching. Xet
mang MUCRN the m(1=m<=M) co cum ngu&n 5 ESm:,}. cum dich DESM:_F:H+1
va cac cum chuyén tiép trung gian S,:- (1=k<K_ ). Hon nita cum thi k trong
mang MUCRN thwm (S, ;) s€co N, phan tik. mb1 phan ti 12 mét tram thu phat
va dwoc ki méu 1a R,,; (1<v<N,,). Dé phan loai theo chirc ning. phan ti
Rm,k;.- dwoc chon dé chuﬁn tiép oot la Tm:}'.' va dwoc chon dé phat tin hiéu pay
nhidu 14 Tp (qammer) Ngoai ra, mot tram nghe len E duoe thiét lap dé nghe 1én

thong tin truvén trong mang thit cap.

Hinh 6.1: M6 hinh @8 xuat mang ludi da duong MUCRN.
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Hinh 6.2: Mang da chang thi m.

Gia sir cac tram déu duoc trang b1 mot anten va hoat dong o ché 6 HD. Cac kénh
truyén c6 dic tinh Rayleigh fading. Thong tin truyén tir cum ngudn dén cum dich
qua K, +1 khe thoi gian trong tng véi K, +1 chang. Gia si khe thoi gian dau tién
1a tir cum ﬂguﬁn S dén cum T O khe thad gian thie k, tram phat T, | (trong cum
S, ;i) phit dén cum S, dong théi S, . chon ngdu nhién mét J_, dé phat tin
higu jamming dén E. Qua trinh chon tram phat T, , thudc cum §_, , dua vao toi
da do loi kénh truyén cia khe thoi gian trude d6 (0 ching k - 1) theo nguyén tac
sau;

T3 carg  max __(:"Im:k_zjtm:ﬁ_lﬁ.]- (6.1)

=12 N s

Dung lwong tie thdi & khe thix k cia kénh truyén so cap. kénh truyén chinh

MUCRN va kénh nghe lén la:

+ ) 1 1 “ R ¥
C%P%I = IDE:“'E'{I);.& )= log, i1+ - ik - W:
K +1 : K _+1 PTm__i'—l me:k—IPR +P‘]m__t"f:"ﬂ':,i?R + N, by
(6.2)
. B . ¥ . a )
Cs g = log,[1+@5; )= lng1{l+ il minmE (6.3)
mEmE KL+l : w7 Bpfert, ,+ N

"
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.'” 3

m G - 1"jT gt
't = log, (1+®F, ) =——log,| 1+ ——" — | (64)
R K+l BoVpre +er:kf1m_g N )
Xac suat dimg ciia mang so cap khi thi¥ cap chon dudmg thir m 1a:
Op, ~pr(CEEE™ <R ) =r{,_ i, (CHR) <R, 5

Tuyén da chang thir 7 chuyén tiép dit lidu qua khe thit k c6 dung lrong bao mat 1a:

|_ -
CSec._m_..l':I_CT ..~ b1 EJ , (6.6)

wik-1"mE k-1
v y nghia kv hiéu [1]_ = max/(0,x). Dung luong bao mat cia tuyén thi m khi tinh
tir ngudn dén dich. ding giao thirc truyén tin RF 1a:
CSec:m__eEe = .EIEETEMH{CS&:,m,k ) (6.7)
X4c suat bao mit khac khéng tir nguon dén dich teong Gng véi dung lvong nhu sau:

PNSC_ =Pr(C, >0). (6.8)

o mele

6.3 Phan tich hiéu nang
6.3.1 Xdc sudt dirng mang so cdp

Tir (6.2) va (6.5). g1a sir Ny = 1, xdc suat ding mang so c.ﬁp khi ‘ru_vén MUCRN

thir m dueoc chon dé 1:ru§.-'én tin 1a:

E sl _
OP, =1-T[(1-Pr(®5; <o3)). (6.9)
trong do gp = 'IK Hie) —1. 5au khi tinh toan. biéu thite (6.9) duroc vist lai nhir sau:
GP“:Z l_e}{P{ { K +1 )*PIPRJ? ]H jﬂI.'ft:i:IPR-PE; = '{] P.'-PR}JF w-
B JEl _IPF.'Fi:l +Agrepdy Ty Te A1 QR}%"'*"?TP&PI,,_;,UP )
(6.10)
(Chirng minh phu luc D, cong thire (6.10)).
Pé dam bao didu kién QoS cua mang so cﬁp: digu kién sau day duoc thoa man:
OP, < &0p- (6.11)
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6.3.2 Céng sudt trong mang thir cdp
Vi cac tram thu phat T, . va tram gay nhidu J_, trong cing mét cum gidng nhau

nén céng suit phat danh dinh cta ca hai tram dwoc gia st bang nhau, do do

B =F =Q, .. Vmk_Ngoaira docyly thong tin cua hai tram phat riéng bigt
m.k 7 . -

m.E

T,, va T, , dén PR khic nhau nén gia st tram cd cv ly 16n hon duwoc cap phat

w,a
cong suat 1én hon va ngwroc lal. Vi vay. ti lé bu cong suat dwa trén cir Iy thong tin la:

i 7
One  T.mm  “1,.mm

=— - -0 (6.12)
Qw,.i QTTMPR "]Jl”_,,t_bPF

Tong hop cdc phan tich & trén. ching ta tim dwoc:

P =B =0,.=6/ 5 (6.13)

L
Tiép dén. dé hidu ning mang so cap thoa man (6.11), cong suat phét tram thit cap
bi han ché duéi mirc ngwéng cong suat t61 da. Thé (6.13) vao (6.11) va gial phuong
trinh OP, = ¢,, . ching ta tim dwoc ngudng cong suat to1 da cia tram phét trong

cum thit k trén tuyén thir m nhw sau:

| 1
r{K+1];’ gy 15\ AE, +1]
2 m'r].l
(1—z )ex PTER
o pl P‘i:,

i | ¢
0 .- A T, 4t RP
mk
) 227505 ‘

~1|.  (6.14)

(Chitng minh phu luc D, cong thire (6.14)).
6.3.3 Xdc suat dung luong bdo mat khdc khéng ciia MUCRN thit m

Xac sudt dung hrong bao mat duong tinh tir nguén dén dich cia mang MUCRN

thiy m dwoce dea ra nhe sau:

Enl (Gusite, Coi1V1,5,
PNSC —HPr[ €, .o HPr il 5 22 =R gs)
L By PTE,,.EI;;'H Pi:?pTE"‘Qm_k?’i_.,__,-,E*‘l_
hay dwoe trinh bay rut gon la:
Byl
PNSC, = | [ Pr(2} > Z¢) (6.16)
Fal
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Y, A Q7
i L k-1 Ty 3 1T ; k=15 T E
Vo1 Z7 = ”“*ﬁ: i : (6.17)

B PTT,  tl Frpre + Qm__.&:"._Tm.j.E +1

Tung thanh ph;_in cia tich (6.16) duoc tinh nhu sau:

N m E
Pr(z7 > Z; Z[uc1%hdm = ST 3 AN SO (6.18)
trong do:
EKPU*'PM }E[ﬂuhﬁh ) EKP[Jiﬁ,kﬁh ]EI{:Hl,kﬁﬁ_.v ]
Lkw = 2 - 2
|y s # i | A5 1.r} 1 (6.19)
1 1 . .
iH { rgk:r E:{p{-ﬂl,iﬁt:v ]E'l{ .'Hl.kﬁk:r } 1:
Hyp— e\t y
I - exp| My x By ] El{ U ] B expl i 2 5z, }E}{ My 2 s :|
s : fyua™ Moy j | 44 uv™ Aoy )
Howa™ 2 ) [ My Han ) i (6.20)
1 [ 1 .
+ il exp[aal:kﬁk._r }'Eﬂ My 4By ] :
Hyp— .-“::.t \ Jul:k ¥
/'T _ P
Ii.:ir;.- = Ti EKP{ Moz B s ]E {f'”r o ] expl b 2B }E'l{u”[._kﬁt__r '_1 (6.21)
E HMopa

J';I"T i qE
Iy, = —'LL[EKP“"m.Fﬁx.wL- VEN oz Bs s ) — %P\ 1y 1 Br o V Bl 1 255 ) 1 (6.22)

Ay Moy

; <vﬂLj=ﬂ‘2__.} .ngoal trir th, = ;“:.k)- (6.23)
e Hhx

Ngoat ra, ac gi4 tr fiy; . ;. i dwoc cho trong (D.12) va (D.15). Riéng S, |
dwrge cho trong (D 23).
(Chirng minh phu luc D, cong thire (6.18)).

Thé (6.18) vao (6.16). chung ta tim dwoc xac suat bao mat khéc khong cua tu}fén
thir m tir dau cuoi dén dau cuoi PNSC_ . Luu v rang dé tinh PNSC_, ching ta

khéng can sit dung cac gid tri CSI tikc thoi & cdc khe thoi gian.
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6.3.4 Cac giao thirc chon mang MUCRN

6.3.4.1. Giao thire BEST

Tuyén théng tin MUCRN thit m* duoce lua chon (trong tong s6 M tuyén tén tai)
dira theo tiéu chuan t61 da dung lwong kénh truvén bao mét tinh tir ngudn dén dich

nhiwr sau:

Tuyén thd m*: C = max H{CEEQ..M.EZE ). (6.24)

Secom gle =iy

Dua theo xac suat dung hrong bao mat khic khong, siao thie BEST duoc dé xuat

nhw sau:
PNEC e Pr"CS L > l]}: Pr[ max (Co . 0. )> Ua
- | ec. M B .J‘?1'='..:: _____ 7 i e el S .
M
=1-J[(1-Pr(Csee 2. >0)) (6.25)
=l

M
=1-]J(1-PNSC,,).

m=L

6.3.4.2 Giao thire MAXV

Giao thize MAXV liza chon tu}-'én dwra trén g1a tr1 1on nhat cua PNSC trén tat ca

cac mang MUCRN. Biéu dién toan hoc cua giao thize nhw sau:
MARY — i
o

PNSC = n];faxuq'PNSCm ). (6.26)

6.3 4.3 Giao thire RAND

Giao thirc RAND hra chon tujfén thong tin thir m* dwa trén gia tr1 trung binh
PNSC cua tat ca céc tuyén MUCRN nhur sau:

M
PNSCpup = iw Y PNSC.,.. (6.27)

- om=l
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6.4 Cic két qua dat dwoc

Dé thue hién md phong Monte-Carlo, nghién ciru sinh thiét lip moi trrong mo
phong tirong t nhu nhitng chwong trede véi nguon S(0. 0). dich D(1. 0), cic cum
trung gian S_,=(k/(K,+1),0). Céac tram so cap duoc cai dat tai PT(x. ).
PR(x,, ;). v&i ngudng 101 mang so cap £o =0.05. Tram nghe lén E dit &
(xz. ¥ ). SO6 mii suy hao 77 =3, toc d6 so cdp Rp = 0.25, 80 tram trong moi cum
déu gidng nhau, N, . =3. Mo phong gia sir kich ban ¢6 3 mang MUCRN (M =3)
c6 kha nang truvén tin tir ngudn dén dich va mang dau tién c6 K; = 2. mang thi hai
c6 K3 = 3, va mang cudi ciing co K3 = 4. trong tmg vdi tong s6 ching moi mang lan
lwotla3 4.5

6.4.1 Anh hudng cua céng sudt phdt tram so cap den mic han ché céng sudt thi

0l

cdp

wn

th

—#— Transmitier T1.ﬂ

—a@— Transmitter T1 i

B
=]

Transmil Power nli.}f f (dB)
(=]

o —g— Transmiber T 12

—ap— Transnitier T1'_3

an o - =
3 16 18 20 23
Pgl(dE)

Hinh 6.3: Anh huéng B dén Q,, trén tuyén thit nhat khi x,; =05, 3 =1,
Xpg =06, yi =06
Hinh 6.3 v& cong suat phat cua cac tram thir cép Ty (8). Ty, T2, Tis (D) trong
mang 3 ching theo cong suat phat cia tram so cap Pp . Vi su twong quan vi tri gitta

cac cum trung gian S;; so v&i PR 1a khac nhau nén mikc cong suét bi han ché la
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khac nhau. Noudn S c6 cong suat phat 16n nhat do khoang cach dén PR xa nhat theo

diéu kién mé phong.

6.4.2 Anh hong cila cbng sudt phdt tram so clp 1én xdc sudt bdo mat khdc khéng
& mang thir cdp

Hinh 6.4 biéu dién su phu thuoc cua PNSCgrsr. PNSChaany. PNSCruyp theo cong
suat phat Pp. Giao thire BEST dat hiéu ning cao nhat va giao thitc RAND thap nhat.
Nhin chung. ca ba giao thitc déu cai thién khi ting Pp. Tuy nhién, mic d6 cai thién
chi & vung Pp thﬁp_ Khi Py 16n hon 20dB. PNSC co xu thé hoi tu vé mot o1a tr1 héﬂg

va khong phu thuoe vao cong suat phat tram so cap nira.

. /’XA ® RAND-Sim
(.5 RAMD-ARE

B MAXY-SIm
D85
i (UL AT E]
g8t ¥ BEST-3im

———BEST-Ana

5 10 15 20 25
P (dB)

Hinh 6 4: Anh huéng B, 18n PNSC trong cic giao thire d8 xuat khi x,. =0.5,
Vor =Ll Xz =05, ¥, =075 x. =05, y, =-0.15.

6.4.3 Anh hiong ctia vi tri tram nghe lén lén xdc sudt bao mdt khdc khdng

Hinh 6.5 dira ra mirc anh hirong cua vi tri tram nghe 1én 1én higu ning PNSC cua
cac giao thire. Gia tri thap nhat cia PNSC trong ca ba giao thirc déu tai (0.5, 0) khi
thue hien di chuyén tram nghe lén theo truc xg = 0.5. Nguyen nhan la do khi tram
nghe lén & diem (0.5.0)s&covitri géﬂ cac tram phat thix cép nhat trén quy dao dich
chuyén. Vi vy, trong thiét ké mang can cd giai phap phan ludng tuyén dé thay thé

cho nhitng tuyén thong tin qua gan tram nghe 1én.
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Hinh 6.5: Anh huéng cia vi tri tram nghe 1én 16n PNSC khi
B =15dB, X, =05, ¥pr =1, Xpz =0.5, v =0.75, Xz =0.5.

6.5 Két luin ciia chwong

No1 dung chrong dé xuat va so sanh cde giao thire dé chon mot tuyén MUCRN
hiéu qua trong mot mang hrdi ton tai nhiéu mang MUCRN cb kha ning truyén
thong tin d1 tir nguon dén dich & diéu kién han ché cong suat phat. Cong suat phat
Pp anh hwéng dén PNSC cia mang MUCRN khi ¢o gia tri nhé nhung gin nhu
khoéng thay d6i khi & ving gi4 tri 1én hon 20dB.

Dua vao thong s6 hiéu nang xac suat dung hrong bao mét khac khong PNSC,, cia
cdc tuyén, ludn an da phan tich ba giao thitre BEST, MAXV, RAND. Giao thitc
BEST dat hiéu ning cao nhat. giao thitc MAXV dat thit hai, trong khi giao thie
RAND thap nhit so véi hai giao thire con lai. Tuy nhién dé st dung giao thie cd
hiéu nang cang cao doi hoi mikc tinh toan. wée lwong CSI cang Ién, von khong thich
hop v&i cac tram co ning lwe xi Iy thap. Neoai ra. vi tri coa tram nghe 1én anh
hwong lon dén bao mat. Vi vay, luan an dé xuat khi thiét ké mang ma1 hay thue hién
dinh tuyén trong mang da ching cin cd giai phap phan ludng tuyén hop 1y dé tranh
sir dung nhitng tuvén thong tin qua gin tram nghe 1én, khong dam bao vé hiéu nang

bao mat
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Chwong 7

KET LUAN

7.1 Két luin va nhitng déng gop cia luin in

Vo1 muc dich nang cao hiéu suat si dung phﬁ- tfiﬂ: toan bo cac mo hinh mang
dwoc nghién cimu trong luan an déu 1a cac mang vo tu}-'én da chang b1 han ché cong
suat phat. Trong mé hinh thi¥ nhat (Chwong 3), nghién ciru cho thay trong trrong
hop khi tram thu phat so cdp va tram thu phat thit cap c6 xay ra can nhidu 13n nhau
thi mite cong suat phat tram so cdp cé anh hwéng dén hidu nang mang da chang thi
cap. Tuy nhién, mite 44 anh huong chi dang ké khi cong suat nho hon 20 (dB). Khi
cong suat 16n hon gia tri trén, hiéu ning mang da chiang hau nh giff nguyén. Didu
nay ciing dwrgc khang dinh lai & két luan Chirong 6. Trong trirdng hop cac tram da
chang thit cap khong duoe cap nguén va dit cach xa tram phat so cap. ludn 4n dé
xuat s dung k¥ thuét thu hoach ning hrong vo tuvén dé tao cong suat phat tai méoi
tram. Két qua nghién ctru (tr Chwong 4 va 5) két luan rang cong suat tram thi cap
phu thude nhidu vao so lrong tram thu so cép (PU), tram phat nang hrong (PB)
cung vai vi tri trong quan cua chinh tram phat do so vor tram PU hay PB. Tir do.
luan an két luin viée han ché cong suat phat da thue hién tmyén thong trong mang
da ching la hoan toan kha thi va tin cdy. gop phan ning cao hiéu suat s& dung pho

tan so. ke ca trong trwong hop khong dwoe cap nang legng tir nguon dien truc tiép.

Dé nghién ciru vé hiéu ning truyvén thong clia mang v6 tuyén da chang MUCRN.,
ludn &n quan tdm dén théng s6 hidu nang xac suat ding tir ngudn dén dich (OP) va
dwa ra nhiéu giai phap dé nang cao hiéu nang mang. Giai phap thi nhat 1a xdy dung
mang da chang 6 cac tram thu phat lién ké nam trong tdm nhin thing LOS. Nghién
ciru (duge trinh bay trong Chwong 3) cho thay xac suat ding OP cia mang c6 tam
nhin théng ﬂlﬁp hon hin so véi trzong hop ngwoc lai (NLOS). Su chénh léch vé OP

phu thudc vao hé 56 K-factor cua kénh ’rm}-'én Rician. Mirc do cat thién hiéu nang
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cang 1ém khi thiét ké gia tri Rician K-factor cia kénh truyén chinh cang 1én. Cu thé
nhir Kp = 10 ¢ OP = 0.17. so sanh véi Kp = 0 co OP = 0.6. Giai phép tiép theo la
si dung k¥ thuit da anten véi phén tip TAS/SC trong mang so cap. Két qua nghién
cttu cho thay dav 12 giai phap hidu qua dé giam OP ciia mang da chang thit cap néu
s0 lrong anten duwoc trang bi nhidu. Trong trudng hop khong thé tang so6 lwong
anten thi viéc phan chia hop I s lrong anten dang co gitra tram phat va tram thu
so cap ciing co tic dung cai thién hon hiéu ning mang da ching muc tiéu. Giai phap
thit ba (trinh bay trong Churong 5) 1a ding k¥ thudt truyén théng cong tic dé ning
cao hiéu nang mang. Cu thé. trong giao thitc truyén thong cong tic COOP duoc dé
xuat, thong tin co thé di tat dé vé tram dich sém hon. Két qua nghién ctru d3 cho
thay d6 loi phan tip cia giao thitc truyén théng cong tac COOP duoc dé xuat vuot
trd1 hon so véi giao thire truyén tuin ty thong thuong DIRECT, gop phan chiing
minh dwoe hiéu qua cia dé xuat trong viéc ning cao hiéu nang truyén théng. Dua
vao két qua thu dwoc. ludn an dé xuat thiét ké sb chang t01 1 trong mang MUCRN
dé piam xac suat dimg. Cac kich ban nghién ctru déu cho thay mang da chang dwoc
thiét ké vé1 so chang toi uu ¢6 hidu ning tot hon mang hai chang trong cing diéu
kién truyén tin.

Tiép tuc nghién ciru vé hifu nang bao mét théng tin bang phwong phap bao mat
16p vat 1§, ludn an d4 tip trung danh gid va dira ra nhidu @8 xuéat dé cai thién hidu
nang bao mit. Da s cac gidi phap cai thién OP déu dan dén tang xac suit nghe 1én
thong tin (IP) trong mang da ching. Do d6. dé xuat dau tién 1a cin can bang gilta
yéu to truvén thong va yéu t6 bao mat trong thiét ké mang da ching. Két qua trong
Churong 3 cho thav co6 mdt giai phip khac khéng can danh do1 OP nhung van giam
duoc moét phan IP. Do 1a thiét ké mang e6 gia tri Rician K-factor thip & céc kénh
nghe 1én (IP giam 16n nhat 6% khi Kz tir 15 giam xuodng 0). Giai phap tiép theo 1a sir
dung k¥ thuat da anten v&1 phan tap TAS/SC ngay trong chinh mang da ching
(dwoc trinh bay trong Chirong 4). Qua nghién e, ludn 4n dé xuat trang bi s6 lvong
anten nhiéu hon d4 giam xdc suat ding bao mét SOP. Ngoai ra, giai phap trén s3

tang hidu qua hon néu két hop vdi tang s ching trong mang muc tiéu. ngay ca khi
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tram nghe 1én ciing dwoc tang sO anten bang tram chinh. Xét vé thong s6 hiéu nang
Xdc suat dung hrong bao mat dirong (PNSC), lugn an dé xuat st dung cong nghé co
mitc khiém khuyét phan cing (HI) thap trong mang da ching dé ting PNSC. Cu thé
hon, HI trong tram thu phat trong mang da chang ludn thip hon tram nghe 1én. Gia
phap thit ba nhim ning cao hidu nang bao mét 1a dua vao PNSC dé chon tuyén
thong tin da chang (dirge trinh bay trong Chuong 6). Ludn an nghién ciru va so sanh
ba giao thitc dé xuat la BEST. MAXV, RAND phii hop cde tinh trang mang khéc
nhau. Giao thire BEST dat hieu nang bao mat cao nh:it__ giao thire MAXV dat thir
hai_ trong khi giao thirc RAND thap nhat. Tuy nhién, giao thitc BEST doi hoi mike
tinh toan. wée lwong CSI day di. von khong thich hop véi cde tram co nang lec xi
Iy thﬁp_ Ngoai ra_ hiéu ning bao mat phu thuoe rat 1én vao vi tri tram nghe 1én_vi
vay ludn dn dé xuit giai phap thir tr 13 khi thiét ké mang méi hay thuc hién dinh
tuyén trong mang da chang can co kich ban phén ludng tuyén hop Iy dé tranh sir
dung nhiéng tuyén théng tin qua gn tram nghe 1én. khéng dam bao an toan thong

tin.

Cudi ciing, ludn 4n nghién clru dnh hwéng cia vide thu thdp nang luong vo tuyén
truyén tin (SWIPT) lén hiéu ning mang da chang. Twong tw nhu dé cap trude do.
viéc tang 0 lzong anten trong tram thu phat chinh s& ting ning lwong thu hoach
duoc. gop phan ting cong suat phat & mang thit cap, piam dwoe SOP (duroc trinh
bay & Chwong 4). Vi véy, ludn dn dé xuat thiét ké hé s6 thoi gian thu hoach (o) nhé
dé danh nhiéu thd1 gian truyén tin, cai thién hiéu nang mang da chang da anten. Do1
vé1 mang da chang don anten (dwoc trinh bay trong Chuong 3), két qua nghién ciru
cho thiy cé ton tai gia tri o to1 vu (o*) dé hidu nang tot nhat, phii hop vé1 két qua
nhitng cong trinh tnrde diy vé mang dual-hop [44, 79] hay multi-hop [138]. Pac
biet. luan an d3 dua ra duoc moi lién hé cia o* véi cac thong 50 thiédt ké mang khac
nhir 56 chang X hay giao thic truyén tin dwoc ding trong mang. Giai phap o1 uu
higu nang mang duoc dua ra la trong trirong hop mang s dung mot giao thire co g1a

tr1 o khong thé thay df}i: lugn an dé xuat thist ké to1 vu so chang X = K* Ngwoc lai.
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khi mang co san va khong the thay doi so chang K. luan an dé xuat sir dung he b

thot gian thu hoach ¢ = ¢* tiy theo K hién tai da ting hiéu nang.

Toan bd nhitng két ludn trén day cua ludn 4n cho thay viée thiét ké mang truyén
thong da chang hoat dong trong diéu kién han ché cong suit phat 1a hoan toan kha
thi. Dé mang hoat dong hifu qua, nghién ciu dd chimg minh dwoc giai phap si
dung ngudn thay thé tir song vo tuyén dé truyén tin. Hon nita, ludn an d3 dua ra
nhidu dé xuét co gi4 tri nhim dat dwee hidu nang truyén thong cling nhw hidu nang

bao mat mang t01 vu nhat.

7.2 Huong phat trién cia luin an

Mic di co nhitng dong gép cu thé nhung ludn én chwa thé nghién ciu hét nhimg
siai phap dé dat duoc muc tiéu ban dau. Mot s0 hwdng nghién ciu phat trién moé
rong trong thot gian to1 nhir sau:

t St dung cac diac ta kénh truyén & dang tong quat nhr Nakagami-m.
Generalized-X cho cac kénh truyén vé tuyén lién quan.

t Nghién ctru vé chénh léch trong wée luong kénh truyén vé tuyén 1én hé thong
(kénh truyén khong hoan hao).

t Ung dung cac ki thuit truyén thong mdi1 vao mang da ching nhu NOMA,
Massive MIMO.

t Nghién ctru hiéu nang cia mang da chang hai chidu (two-way) hay mang da

chang song cong (full-duplex).

t Phat trién céc giao thitc méi hiéu qua hon trong viée chon duwong di, giao thirc

truy nhap lép MAC thich hop hon trong mo1 treong mang hré1.
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PHU LUC

A PHULUC CHUONG 3

t+ Chimg minh ham CDF(U /T, |
£ o .
Dé xac dinh CDF cia F, (w)= Pr{ = < WJ, trong do V. = ﬁ]llgxl[ V,) lagia

tri 16n nhat cia L bién ngau nhién c6 phin phoi mil va cing thamséco A, U la
bién ngau nhién c6 phan phoi nhw (2.3). khéi dau tir (2.2) ching ta cé:
f | v
F. (x)=Pr| (max (7)< x|=(1—exp(—4,_x)| . (A1)
bat );,;m =Ap. 15}? dao ham (A.1) tim PDF. sau do khai trien nhi thitc Newton

{1—-%:13“ ta co:

; - B |
S (%)= LA, exp(—4.x)(1—exp(=4x) )

I-1 B (AZ2)

=Y (-1) CP LA, exp(—(m+1)4,x),

m=0
R—— (L-1)! _— : .
vol € =———  Dodotir(2.3) va (A2) taco:
mi(L—-1—m)!

Fy{w)=Pr(Usw¥,_ }= jfﬁ- (wx) fr, (x)dx.

]

—

=]_—

[]

(1" CPALA, [ Q2K 200K, ) Fyo expl—(me41) 2% .
{i L ;

E
1]

I
(A3)

Pat 1 =X va thue hidn 361 bién tich phén trong (A3). I, duoc viét lai 13-

I = zjj_p exp(—(m+1) 4,37 ) G (2K 201+ K ) 2wy | . (A4)

Tham khao cong thirc 40 cua [95] dwoc trinh bay lai nhir duor day:



1 | .\I -\
_._.:H_E.EKPL —1l—pﬂ?_} JQ[J%CM t

I'.

Thuec hién the {.'=ﬂ_.p=1,‘2{.H2+1}r}-¢.:ﬁ=J:KL.,G=.\/2{1+KC.}.J.L.W va ap dung
cong thire 2 trong [95] 12 Q(7.0)=1.(7 < =) da tim I trong (A.4), thu duoge:

oL il_ (14K ) (_. (m+ 1)K sy W
(m+1)A. | (mtl)d, +{1+K; AW L (m+1) A+ (14K, V-_L_.u'd_ ) (A5)
.. . , : &t (a+)T -
Ngoai ra, theo cong thire (0.155.3) cia [139]. tacd > —CF =—————
= k+1 n+1
Thay thé o =—1.n=L -1 k=u. két qua nhw sau:
P 1
—1)——C; ;=——
;.{ el TR
I1
M(-1)'cr. =1, VYL=1. (A.6)
E‘I I- Y
- - I_E H 3
Lan lwot thé (A.5) véo (A3) va dimg Y (=1) C/L.L/(1+m)=1 tir (A.6). Sau
il

vai bude bién do1 dai s6. chiing ta thu dirge két qua sau day:

=3 m - 8 .
mCr_ L 1+X. )4 —(m+1)K 4.
Flw)=%(-1)"—+—= E_ i ——exp ["m ) LIIH 1
=0 mHl (M +(BE ) 4w (e M + (K Mpw (A7)

Chirng minh cong thwe (3.20)

Tir (3.18), ham muc tiéu OP,. 13 ham lu¥ thira c6 co s6 nho hon 1, 56 mi

T

ﬂgu}rén dulcpng {_"'-T =123_:| Do do dléu k_léﬂ &at ﬁ'lmc Pll.ﬂ Dsz: tl'ﬂﬂg
F-1v

(3.19) twong dwong vor he sau:
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: ; 5
. B . O Gy N, +1)
PHTH [T 1—exp| —4 F .
) E-Lv =1 (AB}

¥a
sty 8y, S5y,
S e

Pat A lanhan tr Lagrange. chung ta thu deoc ham Lagrange nhu sau:

-

Np

L( & y,.4)= [l 1—exp| -

v=1

J‘wgp{‘?k—h b "'1]
A

4

+/‘ Z‘Sk Ly ‘9Tm

Dua vio phrong phap cue tri ham nhiéu bién, &1 giai t61 tru bai toén trén thoa

man hé phwong trinh sau:

6L Sy 4.4 -
] 69 iy - (A.10)
OL| Gy yy.4) T o
—_— or T 'Lg -
| E}‘ﬁ, L :1.- ﬂ'—l,‘lr
Lﬁj,r dao ham (A.9), thu duoc ket qua sau:
LSy 2 Jaa, expl 2, o (Gg/N, +1)
8% 1, AN, i A
N J 19 1"1?- +1 l'
< TT [1—exp| —/es | ’HL: +A
=l =1 L i
x‘
“?PG" Hrll 7 Ve (A11)

AN,

0

Ty (Fpg,r Ny +1)

vol X, :exp(—/lpi, ry

S

Thé (A.11) vao phucmg trinh dau tién cua (A.10), thu duoc:

—Hu Xp——.

1 r=Lr=v “H B JP




Phwong trinh trén chi 1a cach bidu dién rit gon cho mét hé phuong trinh twong
Ung vo1 timg g1 tr1 ve{L2,.. N, }. Téng quat. biéu dién phwrong trinh trén vé

hat g1a tr1 dai dién batki a.be= 1L2.....N, }, a# b nhu sau:

x M AN,

a 'i_X =—4A 1 X
=X, rél;[r.:a: /) /'~PP‘79 1 X&r—]'l_;[{ h
11X1:1I:H[_" HX]lXiH[_

X,=X,(Vabe{l2, N }a=b)
‘:?"9&—1 s =% (A.12)

Hh 1o =1t/ Ve (Va)

Tir (3.18) thé didu kién to1 wu (A.12), suy ra duoe (3.20)0
Chirng minh cong thwe (3.21)

Twe(3.20)va I, = %g[“’—; SUY ra diéu kién to1 vu nmie can nhidu tinh nhw sau-

£ Ri o
r P NpNg
o (1, +1
Py = {I e:{p; _)‘PF%J = Eei (A.13)
Hay (A 13) twong dueong:
( o (I, +1 }\} e
exp| ~/og |=1— (&4 JFra (A.14)
e o
Vi Ip = 0nén tir (A 14) suyra (3.21)c
Ching minh {:ﬁng thire (3.26)
Dat W =75, 5,/& _biéu thizc OP, trong (3.26) c6 thé viét lai thanh-
[ o o | (o oy |
OP, =Pr| W, < SAVpr s +—= |= [ Fp| Zac+2|f, (x)d.  (A15)
E l E<g ATmS } _L n_,t|lk 2 = f,lf P\

Ding két qua CDF(U /¥, ) & cong thite (A7), thu duoe:
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Os
i+K, Ar4—=
m C:‘ —lJ“"rR [ Vlﬂk 151-{ I; ) Ip ]

o, . | &l
Fwi(iﬁx+—5 :Z (-1) 3
A Iy | w0 m+1 : a, o,
(m +1]ASHP +(1+ Ky, -’Aﬁx-ﬁx I—_‘L.x+I—J
W B 7
(m+1)K, A
xexp| — i = (A 16)
(m+1) p+(1+ Ky s, SJ—*HM+E—;}
\ MIi'-' I?___
Sau vai budce it gon (A 16). kat qua nhr sau:
-\I L
4 [
AR S |
g I ) Bx+ 5 . Bx+fs
- mC‘um-;—I.NF_ g, ,IB
V&1 === =(1+ y! SN ; _—1_
Bs -t A= Knk} Bp 18 1, e

ﬁ—{m-i—l:lf.s pth, Bi=(m+1)Ky, A5 5. Thay thé (A.17) ciing vdi biéu

thae f.

PPy,

(x]= )ﬁkmp{—ﬁﬁkr} vao (A.15) dé suy ra (3.26)z

Chirng minh cong thwc (3.28)
The gid tr1 I, & (3.21) vao biéu thize tinh 8, & (3.26). két qua la:

a.A -
A=Ky, )i s, : ——=(1Kp; )5, s,

Khi A—+ec_tir (A 18) co thé viét lai nhw sau

T iy
L_[f"ophw‘ﬂ )

The tat ca }_Jfrﬁ{ i=12.3.4) vao (326) dé tim Lim OP; . Tiep dén, dung cac

ﬁl_}[_l-l_KD:k]ZS Si “'LPPJPJ In™

két qua vira thu dwoc thé vao (3.25). Thu gon lai két qua thanh (3.28) o
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T Chimg minh cong thirc (3.29)
Khi Ky ; =0, ham phan phot xdc suat trong tng vé1 kénh truyén S, — S, 1a
Ff@pﬁx (x] =1—e:xp( _’isx_ﬁxx}-‘ ham phan pho1 xac suat cua W, trong (A 15)

droc vist lai thanh:

Fy.(z)= J'fﬂ,sk_ﬁﬁ (2x) fir(x)ex

Np-1 ; s . _
=1- Z (=1J Cf.-l_lf'vfﬁ j"EI-—iP Ju Exp! —As, 5, 7% ] exp|—(k+1 Mg, px Jdx
=0 :
Nal N, A
SN S B L o S S— (A.19)
'E- = t k+1 "{S-i'—lp + Asﬁ'—lsi' Z

Tiép dén. thay thé z =%m+% vao (A.19)

B B
) 25l N2
Fﬂ}(ﬂﬂx—i—ﬂJ =1— Z [_1)”“(:‘;3_1 _R o .
I.\_Ip Ip m=0 {m+1”’5&-'=_1’ +H_Sk_:sk[0'3jlx .-j"? +,;,J.—,S_j"j_|| )
Np-1
SE 3 (A20)
& Bx+fy
trong do:
Bs=(=1) ChyuiNads, p. fr =75, 5 OA L. fy=(m+1) /s _p+7s 5 01,

Két hop (A.20) va (A.15), sau vai phép bién do1 thu dwoc OP,. Thay thé OP,

vao (3.26) chung ta thu dwoc (3.29)0

1t Chitng minh cong thirc (3.30)
Thé I, trong (3.21) vao biéu thic tinh 5.5y cia (3.29) trong vng, thu duoc:

A5445: 7

!
1 1 |
y Iﬂ( =
ippCp 1 } '

—(Egp 1R

,B.':

+:

B |-
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”ﬂk_s O

'33 ={m+1}){sk_lp +

: A i 1 1‘_1_1
Y% |\ 1-(£,)%%
Khi A —»+ec. suyra:
[
e W_
B> ppOp/s, g Osln = fs
tl S *-. ﬁ

Thé gia tri Lim B.(i=6,7.8) vao (3.29), két qua thu duwoc 12 (3.30) o
—-00

B. PHULUC CHUONG 4
t Chung minh cong thirc (4.15)
T (4.14). bidu dién  Z™= min| g X7, 1 ¥s,,PU | v61 ham phan phoi la:
Pr(Z;"<z)= Pr{min{.fulX; - MaYs, vy )i z ] =1- Pr(z {mm(,t.rle talYs, pu ])
=1 —Pr( ZE X, 7L Hal7s, pu |=1- Pr{puX;™ >z }Pr[ Wl o0 22 ]
=1- |:1 Pr{ X} {Z}Jil Pr(ua,fs - {z}l
Do do:
Fz}m[ Zi= 1—{1—F2§m[z 47 j.]F:.xSk:bm_l'ly:.:':__ (B.1)
Theo (4.3). vo1 X.™ la tnfmg cuia cac phan bo mi dang 11.d duoc xem nhw la
phin bé Gamma vé1 tham s6 hinh dang (shape) N, va tham s6 co (scale)
Asgs, [44]. Ham phan phoi xdc sudt ciia X3™ nhu sau [77]:

Np—1
F.I

ﬁ“ﬂsﬁ} exp| —pps, Z |- (B.2)

Fx?m[z}
Thé F}Sk.&m_{x']=1—exp{—;lskpux} va F ‘fi'm{zl tir (B.2) vao (B.1) tim dwoc

(4.16). Thé (4.16) vao (4.14). tim duwoc (4.15)0
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t Chung minh cong thirc (4.22)

Tit (4.8) va (4.9), ham phan phoi xde suat teong tng la:

F, HHF o (3)=(1-exp(~g g x)]

&3Sk, r SEomdE+le

- (B.3)

F,_ {x}=HEzS”EFn'x:1=:_l—exp{—ﬂgtExn"". ®4)

Va ham mat d6 x4c suat la:

iVl

L

"f:TBJ;.ﬁEE{ )= EﬁSkE =P { _)LSkExJ (1 K EXP(_;'gtEx J) ) (B:3)
Mat khac tz (4.20), xac suat dirng bao mat duoc viét lai nhir sau-

SOP(©, )= Pr[_(ﬁ)g B mE-—""VSk_.aEg )‘? A P Dl Septs ’

; ’ .
o By T D5, .8, )
=Pr .-/SH,E }m_ +Pr| s, 5, =~ — ¥ 83805 J

l.‘_ _._1 ~ m\‘.’-‘ - fu}'l'y'sia.Eg

ERY

£ st (o +
: @ eyl ] r.::ll_,l, T (:J:_T
= I_F:-'rs__ +E 1 _DJ+-[|:| 4 F}”s_ LBy I T ean j.:-'fq_ :E [.x]dx' ':B'.ﬁ)
[f §|.I{,.-_}3:f__ koY RHLE 0 ml:l _mS._vI, SEATE

Thé (B.3), (B.4) va (B.5) vao (B.6), két qua rit gon biéu thirc nhir sau:

Np N
SOP(Q,)=1+3 > (- 1}'”“{:"‘z CY Neds e
n=l m=0 {B?)
a2 y ; ; @y, + X
[ ' Exp[—llm+I}A,S_Ex:lexp —nlgs, ——— |dx.
Jo . * Ok oy —@y,x

Do1 bién y =@, — @, x. ching ta duoc:

NN 1'.-? 4 L'
@, o,
- F b
& (m+1) . y @ @ a0,
[n exp ~Ag gV [€Xp| —MAg s .1-—-—-—-—-—-4—=~J dv.
. \ m.:,'. ’ N o (R

(B.8)

110



Dit f,, A, A nhw trong (4.23) va luu ¥ rang @, @, +o,0, = o, it gon (B.8)

thu doc (4220

t Chung minh cong thirc (4.24)

Tit (4.20). chiing ta cd ham phan phoi xdc suat trong g 14

- 1 A " i ~ -
SDPJ;':. QI‘ l' b Pl'[. mf-'f'/sx_.g.s'.l;q_r{ mI-.‘I-‘ + a:fsi.-__ﬁEg aZ Q—"-.""'!E'.F:.sshi:r: ’/Sk.ﬁEg ] ?

BN 4o i
L prlay < ¥ Pr| 7, <
= r{ (i ) ] =Y 7 P —
o/’ Sppdpare Y 7 SesPraac’ Bpafe R

\ v

BN

r i ™
~ 1-F, _ L—J (B.9)
¥ A FeE

L
Vi @y Vs 8 Vs, B, T O, T@)s, g khi BN, =+ Thé (B.4) vao (B.9)

thu droc (4240

7 Chung minh cong thirc (4.25)
Tuwong tw nhur phén tich & (B.6). két qua nhw sau:

SOP O, )= Pf[_(ﬂ?’u —O YR |' S Spaae~ Py TSR, |

» o \
BT O Ys n. |

o ” 2y |
S |
-

=Pr

3w 8

W= iy
] E 2E

"y

- B
i '

&y X
[u— f

(B.10)
= @, X } P8ueEg

(x)dx.

LA FIES

\
= j F,
o
Thé (B.3), (B.5) vao (B.10). xac dinh duoc SOP,| ©, ) nhwr trong (4.25)0
T Chirng minh cong thirc (4.26)
Tuong ti nhu phan tich & (B.9). két qua thu duroc 14

SOPIQ, )= Pr{ O Y s ) Siar o Pl T XS, B T OIS S V80E, |
BNyt '
Y SepSey SeeEe 2 SpEe

(B.11)
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Thé (B.3) vao (B.11). thu duoc (4.26)o

Chirng minh cong thirc (4.27)

Tir SOP(Q, ) & (4.20), xét riéng truong hop @ > 0,05, =0, dwoc viét lai 1

SOP(Q, ) =Pr{ @ys, 5, ., <@, 0075, 2, )

N (@, o
=_[ F?’susmt +—~_~;j f , (x)dr. (B.12)

- -] o
] G il

Dé dang thé (B.3), (B.5) vao (B.12) tim ra (4.27)c

Chirng minh cong thirc (4.28)

Tz (B.12), SOP,(Q, | 6 thé viét la1 nhw sau-
SOP,(Q, ) =Pr{ Bols, s~ it Palaym }

RNyt
Sl b SesSpee ™ DrVsy 58 )

.Pg._-"-'-[,—)-*.-ic + r i
= J.F?":‘-* S —x | 1 ().
0 i - N

fSEp

(B.13)

Thé (B.3) va (B.5) vao (B.13). thu duoc (4.28)c

Chirng minh cong thirc (4.30)
Tuong tu nhir (4.18). PNSCe duoc tinh nhir sau:

-
O.7

e ¥ S S N |
1 ERESL s

- N L oar
EDQ":"KEMSI:—E,:-T Nﬁ

QL'H?S E
14— SaaFe
e - AT

=11

M
PNSC, =) Pr(£,=0, ) Pr
= '

Dura vao dmh nghia SOP,( Q, ) trong (4.18). suy ra:

i

" .
1-SOP, (0, )= Pl-‘

Q‘r;fﬁk:bﬁhl_c | gy Q‘l-;/ 5,;____5,]3.g

DO s 5, Ve )| | 0Fs 2,4 No

"

I+

>p |

Do do:
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W \
PNSC; =Y Pr(B,=0,) [1—1553%{50;:&{@; ).

=

Thé p=1 vao (421) duwoc oy =1, @, =0,0,= Loy = %l{.&; —JEE] J Két qua
<%

tiép theo duoce thé vao (4.22) kla @y, >0, thé vao (4.25) khi @;, <0 va (4.27)

khi @, =0 Tu do tim duge (4.30)o

C. PHU LUC CHUGNG 5

T Chirng minh cong thirc (5.12)

Ng

Dang cia Xp: = Z:’IPB»-.S- trong (5.3) twong tu nhe X ™ trong (B.2), do do:
s :
: Mg 4
Foo (x)=1—expl —Apps ) D —(Apgs. ) - (c.1)
ATHE 2 J E P" ¢
Tix (5.6), ching ta viét lai Xoe = H;BJ_EI{ s, U, |. do da:
=i, :
: & ) L
Fxﬁﬁ(x}:Pr(El}ﬁﬁ{y&m_ }{x):l;[Pr{;@:pUl <x| Z{I_E{p(_ﬂﬂ:mf_rl] -
3 f :
Khai trién Newton cho (1—exp(—/Jgpyx )| . tacor
L g g L 5 g+l .
Fvess (x)= 3 (~1)°CF exp(~spox) =1- 3 (1)7"CF exp(~g/amx). (€3)
AgE < ! = -
L!
trong 46 Cf =——— va C] =1.
giL-q)

T (5.11), X, = min( Xpg5 . o/ Xgpg } két hop phu luc B cong thire (B.1) ta co:

Fy (x) =11 Fyy ()| Fypy 53/ )

W I !
YE 1 g F ? q—]. :q ] ] =
i X /



Vol » v .
Fr(x)=1- D ?{APBS_, i exp| ~pgs, ¥ |

=0
= ; C4)
_1':3 -1 L [_1 "g 1 P ) ) Fd I

+ E r Ci “pBs, ke EXP{ —Azg 5~ ?EKP| —G 45y =
p=0g=1 p' 1

b

Dé dang thay rang (C.4) chinh 13 (5.12)0

7 Chung minh cong thirc (5.17)

Thé f. [x} trong (2.1) va F (x) trong (5.12) vao (5.16) ta duoc:

-0

(e
[FY![ ?Jf,s_sl[x:cit_ | Ass exp( A5, %)

[ 1 (Apg r.:}} £ o |
1- ). BT LEKP[ ‘B3, rl
e f} : dx
Ng-l L g+ r A,
(-1) @ 5
Y. : Ci ( Apgs, ) [—J EXPL —Aogs, — |EXP5 ~g sy — J
B p=lg= =] p. -5: (i 2
e 7 ) o R :
-1 El PBS, 1 S5, [ipex [_;ﬂ:s ﬂ)exp[ .
p=|:| pj‘_ 0 x I-’ (C.S)
.TB—]. L f 1:‘? } mH - -
> > —C1 (Apgs,@) A‘S.-E.,J‘_EXP[ — Wexp{—yz.t,]cix
p=lg=l P° A
=l ol 4784 trong [139] ta ¢o:
‘ @

e 2( % 7] ;
II1—1 ﬁxp{—_ﬁxp _:y:(‘-z’ Vdx = -—-[ -i;-J K}._ (21’_3}’ ] Vo1 ﬁ = ﬂ::,'v’ =0 (C.6)
o Py = '

Suy ra:

-r
1 { Apgs @) ( @Apgs. N 2 _ _
—exp| gy -t =2 2% | g, (2 o ). ;
[ oo Pm) g 0 fram) o

114



Thé (C.7), (C.8) vao (C.5). thu dwoe (5.17)o

Chirng minh cong thirc (5.21)
Khi H={J} tir J(x) trong (5.20). ta co:

- F {'IJ‘- o H’F g
J"} ]lil[Ix _.I [ ;‘] J :!;1[ JS""\:‘L? J
( m e Rk
=L Texe ~ss, 2 | 1T 1-exp{ 75,2 |
=] % F=l LY X/
Soom @ |_ n o] R ] 5
' o o gl
:Expr _Z')'EE - '| I_Er_]'} ; Z Etp[_Z/T: L, _I
=1 ’)I r=1 I=h=_=l=1 “oowel
L helye _<ly
J[‘(:I_exp\ %{ l] % e:{p{—ﬁl (C.9)
4o h=la ==L . X

'_-:}3-:_..-:.’,

Vo1 .. 1, cho trong (5.22). Li}' dao ham (C.9). thu duoc:

P i m e m 5
:::J:{I]' _ Ez:e:{p' _E:_)_Y{-_” S -Eé-exp[ _EL]: (C.10)
cX x° k sk St et S I o \ X
heh<.<l
T 4 : : g o7 (x) :
ich phan trong (5.20) dwoc tinh khi dat z,= F (x) - 1. dz, = ———dx nhw sau:

(49

OF, iy = _f.?{t]ﬁflx}r:ir J{xrﬂm —j[1 Fy (x) ]E‘J;S)dx (c.11)

Vi J(x) va Fy(x) la cac ham phén b6 xédc suat, ching ta dé dang tinh duoc
can tich phan: J(0)— 0, J(=x)—>1, FTI(G}—)-& FT:(+::C-_}—}1_ Do da. (C.11)
bién doi thanh:

O, e, = [ L0 1-Fy ()] 12
0

Thée Fy(x) &(5.12), & (C.10) vao (C.12), tim duoe:

6.7 (x)
cx



1.

_J'\-PE—].{);:{' ]-;:| < > P L |
DP5+'E G} — T i,‘”'& J. _[_p f_“ip{ "‘L’PBE X 'E‘q}i —"I FE]TJL
4 i bl —r | =
p= 2 o
1.{5 B :. lhq -l i3 ‘) . i :;"‘.
=22 —, (s, ) 1t _[ 2 expl —pgs, ¥ )exp| —'I—_'JG’I
=0 g=l P! 0 = L
:‘\'B_l c — 1._ T 1 r P ¥ - > |/ i ™\
= Z Z E ( ""’PBS:} s I xPexp{ —Apps X jexpl Y o |a‘x
p=f r=l == ==L 2l 0 : .
hady=.ah
.\'3—1 LI m m { l.l! ch - . . s rhrxh\'
+ Z EZ l ‘BES, } Ay J. “EXP{—.APBS__I;E};F}L__:“ dy
p=0 g=l r=1 h=h=.==1 p-' 0 = X J
i']_{l!]{...{fr
(C.13)

V61t phy. [ =t +qhg pid . g =t + qhg o trong (5.22).

Ca 4 tich phan trong (C.13) déu c6 dang gidng nhau. ching ta si dung cong

thize §3 478 4 trong [139] (duoc viét lai & (C.6)) dé mit oon. Két qua nhr sau:

.\
S . "Rk —
Ey= [xp EXPL_f"-pB;-T—?IJdI=2[ . J K, |24/ 4ems s ) (C-14)

o

[l
o 1 S
'.-<
iy

b
g
a\;

i

-

b S x"‘l_‘\
W | &
L

B
I
]
——t
=
\ ’
13
I
|
o
L
T
P,
_—
(]
f—
[
p—

dxzz[ s J K, (2 ens s )- (C.17)

Thé cac gia tri trong (C.14), (C.15). (C.16). (C.17) vao (C.13), két qua duoc
(5.21)o

Chirng minh cong thirc (5.24)

Twong tr nhw kv thuat dung o (C.9). R I) trong (5.23) duwoc viét lai nhw sau:
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g XA =l e
M m ™ (CIB)
= LL,
=1—Z{—1_}1 > exp{—'-:-
=i  BE et \ g,
.r:l{l!}{. =}
ER(x) = o+ i 11, 7
030§ bl ]
ox — S et I o X
bl ol

Vol = T m,fﬁ S, dm_h nghia trong (5.22).

h—r

Ding tich phén timg phan tinh (5.23) trong tr trong (C.11) v&i can trong tich
phan duoc tinh tir (C.18) 1a R(0) =1 R(=x)—=0, F (0)—>0. F(+x)—1
két qua nhir sau:

-

ch{x)
DPE;’.E:G} == I -

i

..r"'

31

e m IT 2 ] _:"'E_I L m m {_1'}'-_'} ]
q.2F

2. 2 '__, Azs, s 222 2. —Cr /st

p=0 r=lh=h=_==1. P’ p=0 g=1 r=1 h=l=_==1 P
<l <y + fehe =l

= 3 ™ — - -

o S ' o -2 . Hs
j X7 exp| —Apgg X |exp| - |dx f.ﬁ: exp{—;{PBS_x}exﬂ - |dx

| o ' C XS | L ‘ ok

V@1 =t +qls pid, dinh nghia trong (5.25).

Ca 2 tich phan ¢ (C.20) duoc tinh twong tw nhau nho §3.478.4 trong ta1 licu
139] 1a:

Thé cac oia tr1 trong (C.21), (C.22) vao (C.20), ta thu dwoc (5.24)c
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D. PHU LUC CHUGNG 6
T Chwng minh cong thirc (6.10)
Theo (6.2). Pr|®f, <o, | duoc xac dinh nhw sau:

( 7 .. B O g
P‘{‘I’P 03 | = Pr‘ PprER S 7 - Y1 PR +:;

|lJJEIIi-"Ja'—III:’TI}‘ 'P-Tniﬂ-? B
=+ i A% +—=| _— .311[ x }ﬁ}_T - [ ¥ JIJL('EIK
5 ‘Pﬁ‘ }:5 jD:_! J,' BA L (D 1)

Ding PDF trong (2.1) va CDF & (2.2). thé vao hai thanh phén trong (D.1) thu

=| [ B
b, a

drore hat bign thie san:

T, ;R |x } -}‘}'J.T,..‘ ,._1:'?5{ vi= A *E, .'c-'_PR-"{L-_,tPE- P (_‘ FUINJ-].PR-T + '{:’-..kPRJ. } ) (D2)
[B. o b T—-—
F l Toers px+ ! : +—l 1—ex — i P[PT x+ 5 y+1}1
FoTER P A k1 mi |
L B £ f133)

Tiép tuc thé (D.2), (D_E} vao (D.1), thu duoc:

Pr( @y <0y J-_Ij Ll exp' f‘tﬂ%g(ﬂ-j x+P:‘r }-‘+1:]]~]
B 4

¢ ‘)Tm_‘_._PR_ ’?-TMPR Exp{ —{. ’:“I_h,_lFﬂI - ﬂvgw*m ¥ j ] dxdh

Pr(®p,<0p }=";"I'___..‘_.PR/:“]1_.‘PR <j:j?exp(_)"r_ﬁr.PRx}fXP{_;"‘Im_kPR_.}IIP?!x@"

A O 1
i o P E‘KP'|: {f“r Xt 1:11_‘} %f—i[?r“_lx+ﬂu}'+1]}dxaj'>

o (D4)
Mat khac:
T 1 1
‘- i = { ful-mh ijexp: A] Y ]a:m’x = (D.5)
2B Ar_, ww “{T,”PR
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[‘-EKP ~(Ar__pex+is_pmy)-— (P x+B J"'l)-[drﬂii

[ - 5 i : J
i i Pra - Ve i o
(o103 ) (, 421eR %2 ' ; /1R 72

—=Exp| = J =xp| —| Ar T —— 71, x“f*] . A S
S a R i e e Y
(- B E

—exp| - PTERTe | : ’ : D6)
\ b mbBhtiemGh A bt AprrGeBy |

Thé (D.5). (D.6) vao (D.4), sau do thé két qua Pr(®};,< 0y ) vira tinh vao (6.9).

sau mot 6 bude rit gon, két qua cudi cing thu duoc trong (6.10).o

Chirng minh cong thirc (6.14)

T (6.13) thé B =B =0n;=0k_m vio(6.10):

P
OB =1- Expi =

-

=l—exp
%

=1—exp

5y

-

[ O & )
5 NEL = F e
(K, 1 prpn O Kl-__[l g T 5
s i3 | Pin

(K, +1) Ze1er s |
5

(K, +1) Aprpr O, |

1 -
B+ Aprep U s 02

G

E 4 i
5 [ e
i '-.'EI;K;"_"'].:I

5

5 /

E + o000, Y

"'_

Tt (D.7). phurong trinh OP_=e,, dwoc viét lai nhe sau:

(K +1) Aprer O

~ 2K+
B

l—exp[—

B
<:>‘ =

a8

B+ Aprpg0

= B =B+ rmboy }UI_E&J :'EXPL'

,
L}f:' + AprpR00;

J'

5

e

O3

hs

-
I

z.xm__l s
( ) : ] [ (& +1

=l ]exp‘

W

“_EDP]'E‘KI}

=EDP

F, + Aprpr00; |

e \._
) #p1rR 02 ‘
y53

r

-
[

1
ey

e

[Km "'” AprerTp
| 23

LS

I.f

(K, _1:”“919115? !
B

S
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5 B+ ;“PTP’R.QMJJP

(D.7)

1
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~1|. (D.8)

1
g (K, +1)4 oy || T Em D

So0=—"— 5 L:l Emjexpi PTTPR L ‘
=

“proe Ty
Thé g1a tri 0 tim duoc o (D.8) vao (6.13), cudi cung ching ta tim dwoc (6.14).0

Chirng minh cong thirc (6.18)

Coi17T T ZE- Opit?T__E

Tir (6.16) va Zy = = E B 40 .y o4
BYOTE " =mk/ T E

. taco:

Biprr,, +1

Fz?qxﬁ=Pr[_EE -::x}l=Pr[;‘L_i_:L‘ -::P;x]:+x}

o (D.9)
=|, B \BEx)f,, (v)d
Bencanhdo y7 1 = = _max [ Y1 R :I ung dung nhi thire Newton:
[ ""-—..-'r
F, . (Bxwy+x)= (1 —exp{—f,rm_IﬂfP;x} +x}}]
Nk s ) .
= 2 0) G ot vk s e vhe, i o)
vl
Nii .
sty [._l:f Cx .EXP{ —VAg T kx}e:xp{—v.i,r 2N Bxy)
o ik wiriTas™ | k1T " (D10)

Thé (D.10) va biéu thikc f,w_ (¥ :}MT *E‘{p( -111:1 1]130(]]9} D:x}

duoc viat lai nhw sau:

+mn

Fz?[ ) =j Aoy, @%p| Aoy, ¥ |y

t.

- [ ”PTT exp‘ fﬂ-—[ ¥ }? [= l"l C exp{ —1—';3,1-“_I1-_=*x.}expl: —1.-‘),1-“_ITMP;:=;L-' ]aj
¥

-1

'-r

Nt . . W@
=1+Jpyr_, Z. (-1) Ci‘_AfXP{_"J’I..HTMI}fEXP(_[ Zrs_ Va1 Pxfy)dy

1 R I G & i R A |

=1+ —d X

= Aprr tVAr 1 Bx ﬁpi Tt
N.; i :

=1+ 3 (-1)Cy 5 exp(—vir 1 x). (D.11)
‘_'l:l‘ Ve .'“EI i +x \ i1 m i

120



i ApTT |
VoL s, e (D.12)
oA 1 B

Twong tir voi (D.9), viée tinh F.p (x) co két qua la:
=k

T (D.13)
= | I Fo B0+ 0u, 5 +3) frr(0) L (5)cbds.

oD

Ma F, (Baw+Q,,z+x)=1-exp(—ir E{P:a+ﬂkx¢+x”

e k—1F

Thé oo (¥)= s €XP( Ay Lf.‘ﬁ, Llz)= Eqm_;exp(—fa_fm;:}xfée (D.13) duoc

FTT(!_E"P{ —Ar

:[ BoH0, pxztx } ] ) AprgeXp| —Ap o ¥ l_j_.kEexp[ —/"-l]m_‘EZ :| dvez

=1-Aprey_gpexp(—Ar_gx) J [ exp|—{ Jore+r_,_gBox b}ﬂp‘. o s ]d'm%
L3

AprE & [ 4
lea— exp|~Ar, %)
Aoret A g Box Ay gt Ar  gOnsx
1 b >
—1-—=f £ exp|—Ar _gx). 19
Ahip X fbh, +X ¥ TR
. Aoy A,
VOL fh; =,i=,u,z’It i (D.15)
Ar &5 At kG

Xet truong hop s, = . dat ?k_ﬁ nhir trong (6.23). khi d6 hé so
L T

nhan cua ham mi trong (D_14) nhw sau:

.-”]__j; ..'“:__J; = vkl:_ﬂlk_-ﬂl:k] e vk _ v;,-

Mptx i +x (g txl(dp+x) Mptx phtx

Do do. bigu thire (D.14) duoc viét 1ai nhw sau:
&

V: ]
exp[k—fquE ,=|+,u Jr_H:na:nq:-t A g (D.16)

Pt x)=1=
zf{ﬂ fhp+X

DPao ham biéu thire (D.16), thu duoc:
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v ' N vﬁ’;l‘-’]_' E r N
Fzlx)= —k: p| —Ar  gx|+ i exp| —Ar X |
b A [-”1:3: +x_] \ mi1" Mt X mEIS —
v ' Ea ¥ ?k'i'l- E -
———F _emp|—A; x|-—2 ﬂp(—ﬂ-—r WX
[..“j:j; _i_x]h l'\. 1" J I,II:,_:P‘_ +x ! m -1t _‘.J
Thay thé (D.11), (D.17) vao bidu thirc sau:
Pr(Zp > ZF)= [ (1-F, (x)|f, (x)ax.
N, (D.18)
oo
= El' (=1)Cx,  H05xVs (LDt BT )
Trong do:
i 1 . .
L. = - ~exp(—f,  x)dx. (D.19)
(g gy +x )| 245 +x)
- 1
Lyyi= _{ﬁ cexp{ -5, x|dx. (D.20)
| Mg T2 g +x)
+a0 )&‘T‘E oy
Lo =L . = exp(—f; x| dx. (D.21)
| Moy + x”ﬁl:k +x)
e ATm_t—lE 5
I-i:k;l-' = J‘ﬁ | i expt _Iﬁk'}.'x #{ﬂ: [D.LE)
Mgy +x) 1 +x)
V61 By =V M (D.23)

va i, trong (D.12). Mat khac dang toan hoc cua (D.19) va (D.20) giong
nhau, dang caa (D.21) va (D.22) cidng nhau nén ta chi ching minh I;. va

I;; . . Phan tich nhan tir ham mi cia (D.19) nhir sau:

Fa

1 1 1 4 My gy thy i 1

{'Hﬂ-.k.-f"'x i Mgt X I Hypv—dhg ) . [*”LkJ’ x) [ T x | [J“?},k__ﬁ x)

Thé két qua phan tich trén vao (D.19). I!_h_ c6 thé viét lai 1a:



1 s 1 ,
] {- " exp| _’Sk.-fx |dx
{ .Iuﬂ,k=1'_ .“1__,{- } it} "uﬂ:il',r X
1 L |
7 <[ exp( B, x| dx
o

( My ey~ Mg .]'; T

1,

Luwyw

- T e =By % ) dhx, (D.24)

HoryHie™® (%)

Ap dung cong thire (3.352.2) va (3.353.2) trong [139] tinh tich phan ham mi.
sau do chuyén @61 tir ham Ei() thanh ham E,(). thu duoc:

r[ —exp( =B, x| dv=exp( g By | Bl oz Bs ) (D-25)
.'ti{:l_k_l: X - i : ! ik :

@ _ |

7[ Myt x exp(—f; . x Jdx = exp 3 By JE 24 By ) (D.26)
T 1 1 . 5
[ ————exp(—f; X |dx= T Broxpl 1 By | B 14 5y . | D.27)
O +x) W

Thé (D.25). (D26), (D.27) véo (D.24), tim dwoc [, nhw (6.19). Thay do1 vai
trd 44, thanh s, kétqua L, trong (6.20) duoc ching minh. Dé tinh I

trong (D.21), 4p dung phwong phép phan tich nhw (D_26). két qua nhw sau:

2 = 1
! S T exp{— 5, x}dx
S '[D | Mg g TX Il Hhp+x) ? A /

); - A =T
T i-1E 3 Ty 51
= 1- : EK‘[}E_ —'Bhl.l' ’ ax— [ [ P[ _ngl:__vx } dbx
L R P ) o= gy o3 | Mgt x )
“Tia

= —E[ exp| Mo g B+ }'Eﬂl[ o i Brx J—expl By |'E=_{_ by Py v :' I-

My = Hypv

Két qua thu gon duroc viét lai trong (6.21). Twong ti cho cach ching minh J

kv
& (D.22), chang ta ciing thu diroc két qua trong (6.22). Cubi cing, thé tat ca két
quatinh I, Lo Tas o T i vao (D.18), chung ta thu dwoc (6.18).0
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