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1. Tém tit ndi dung luin an

Ludn 4n nghién ctru va dé xuét nhitng giai phap nang cao hiéu ning truyén thong ctia
mang MUCRN (Multi-hop Underlay Cognintive Radio Networks) bi rang budc cong suit
phéat. Toan van luan an gom c6 7 chuong va phu luc di kém. Noi dung nghién ciru chinh
cta luan 4n gdm c6 4 chuong (tir Chuong 3 dén Chuong 6) dé xuat phan tich nghién ctru
4 m6 hinh mang v tuyén da ching dién hinh hoat dong & ché do han ché cong suat phat
tai cac tram thu phét thtr cap.

O md hinh mang dau tién, ludn 4n nghién ciru moét mang MUCRN ma céc phan tir
thu phat ctia né duoc bb tri trong tim nhin thang LOS. D¢ nang cao hiéu ning, luan an dé
xuat sir dung k¥ thuat da anten véi phan tip TAS/SC & mang so cAp. Muc tiéu chinh 1a
khang dinh dugc cac giai phap dé xuat trén co hiéu qua trong viéc nang cao hiéu ning
clia ca mang so cdp va mang thir cip MUCRN. Bén canh d6, kha ning bi nghe 1én thong
tin khi truyén giam thap néu ap dung mot sé dé xuit di kém.

Trong nghién ctru thtr hai, ludn 4n dé xuét giai phap da anten ngay trong cac phan tir
cia MUCRN. Cac tram thu phat cia MUCRN c¢6 kha nang thu hoach nang lugng vO
tuyén va truyén tin dong thoi, thich hop cho trién khai mang & nhiing noi khong c6 ngudn
cung cap dién. Thong s6 danh giad hé thong 1a Secrecy Outage Probability va Probability
of Non-zero Secrecy Capacity dic trung cho yéu t6 bao mat thong tin trong hé thong.

Mo hinh thir ba nghién ctru vé giao thitc cong tac giira cac tram thu phat trong ndi
mang MUCRN. Céc tram thu phéat don anten trong MUCRN ciing st dung k¥ thuat thu
thap nang luong vo tuyén nhu mo hinh thir hai. Nho giao thirc cong tac nay, théng tin co
thé vé dich sém hon. Két qua chimg minh dugc wu diém ndi bat ciia giao thirc cong tac S0
v6i giao thic truyén tin thong thuong qua so sanh do loi phan tap cia Outage Probability.
Dic biét, luan an xét dén tinh toi wu phu thudc gitra yéu td thoi gian thu hoach néang
luong vo tuyén va sd chiang ciia mang MUCRN.

Dé xuét nghién ctru thu tu giai quyét bai toan chon Iya dugc mot MUCRN thich hop
khi c6 nhiéu MUCRN cung c6 kha ning dua thong tin tir mot ngudn vé mot dich. Sy xuat
hién nhiéu MUCRN 12 hinh thai truyén thong c6 trong Wireless Sensor Network (WSN)
hay Vehicle to Vehicle (V2V). Nghién ctru dua ra ba giai phap danh gia chon lya dong
thoi so sanh cac wu nhuge diém cua ting giai phap.



Két luan chung cua luan an dua vao cac két qua nghién ctru dé dé xuit nhiéu giai
phap co gia tri nhdm nang cao hiéu ning mang da ching hoat dong trong diéu kién han
ché cong suat phat.

2. Nhirng déng gép méi cia dé tai

Daiu tién, luin an dua ra cac mo hinh chuyén tiép da ching hiéu qua nhim nang cao
hiéu ning ctia mang thir cap véi diéu kién rang budc cong suat phat va sy anh hudng cua
nhidu ddng kénh tir mang so cap. Cu thé, luan an dé xuit cac mo hinh chon dudng,
chuyén tiép phan tap, chuyén tiép cong tac va cac k¥ thuat chon Iya nat chuyén tiép hi¢u
qua. Hon nita, luan an ciing nghién ctru cic mo hinh tong quat trong d6 mang so cap sir
dung cac k¥ thuat thu phat ¢6 phan tip dé nang cao hiéu ning cho mang so cip, dong thoi
cling ning cao kha ning st dung phd tdn cho mang thtr cp. Tiép dén, cach tiép can
nghién ciru giao thirc méi vé cong tac da ching dugc dé xuat nham cai thién hiéu ning
truyén thong trong mang da ching don anten. Pic biét, cac bai toan tdi wu sd ching, so
anten hay tdi uu vé tham sb trong cic giao thirc truyén thong ciing da duoc nghién ctru
trong luan an.

Thir hai, boi vi cac thiét bi vo tuyén thir cAp bi han ché vé kich thudc va ning luong
dugc cung cap, ki thuat thu thap ning lugng tir song vo tuyén da duoc sir dung dé duy tri
cong suat cho cac thiét bi nay. Luan an ciing dé xuat cac mo hinh thu thap ning lugng
hi€u qua tur cac tram phat ndng lugng dugc dat trong mang thir cép dé hd trg cho céac tram
phat thu cép, ké ca trrong hop cac tram nay dugc trang bi mot hay nhiéu anten. Vé mat
thiét ké, luan an thiét ké khoang thoi gian thu thap ning luong t6i wu cho mang chuyén
tiép da ching thir cap. Trong mot s trudng hop, thoi gian tdi wvu phy thude vao sb ching
truyén tin trong mang hién c6. Boi vi nang luong thu thap duoc tir song vo tuyén thuong
tao ra cong suat phat thap, do dé khi nghién ctru hiéu ning mang v6 tuyén da ching tu
cung cap ngudn, luan an déu c6 dé cap dén yéu td khiém khuyét phan ctng, von 1a yéu t6
1am cho hiéu nang truyén thong kém di. Nghién ciru khiém khuyét phan ctng di cing véi
thu niang luong vo tuyén dé truyén tin 1a giai phap gop phan giam su chénh léch trong
danh gia hiéu ning giira tinh toan 1y thuyét voi do dac hiéu ning néu mot mang vo tuyén
da chiang dugc trién khai thuc té. Hon nita, giai phap thu thap ning luong tai cac tram thu
phat da gop phan trong viéc danh gid, trién khai, quy hoach mot mang vo tuyén da ching
hoat dong & nhitng moi truong khong thé cung cap ngudn nhu trong co thé ngudi, sinh
vat, ham ngam hay trén khong trung.

Ké tiép, bao mat thong tin cho mang chuyén tiép da ching 1a mot trong nhitng van dé
then chét. Vi cac tram thu phat trong mang vo tuyén da ching c6 kha ning tinh toan, xur
Iy han ché nén giai phap sir dung ma hoa truyén tin 1a khong thich hop. Do d6, luan &n
nghién ctru van dé bao mat 16p vat Iy cho cac mo6 hinh dé xuét. Cu thé, luan an nghién
ctru cac hiéu nang bao mat va sy danh doi gitra dJ tin cdy cua viéc truyén dir liéu va bao
mat thong tin khi truyén. Ddi v6i mang da ching da anten dwgc phan tap phat/thu theo
dang TAS/SC, luan an dé xuét trang bi s6 lugng anten nhiéu hon dé giam xac suat diung
bao mat. P6i v6i mang da ching don anten, néu mang so cip c6 trang bi k¥ thuat da
anten va TAS/SC thi giai phap sip xép hop 1y sd lugng anten giita bén phat va bén thu



trong mang so cap ciing c6 tac dung giam baét kha nang danh chin thong tin trén dudng
truyén. Ngoai ra, trong truong hop moéi trudng truyén thong cé nhiéu tuyén thong tin vo
tuyén da chiang c6 thé truyén tin, giai phap st dung mé hinh tram dang cum, c6 tram phat
nhidu bén trong ciing ting cudng bao mat. Dic biét, luan an dé xut giai phap chon tuyén
thong tin da ching theo ba giao thtc BEST, MAXV, RAND. Vé Iy thuyét, giao thirc
BEST c¢6 hiéu ning cao nhat nhung doi hoi kha ning tinh toan, thu thap day da CSI nén
kho mg dung trong cac diéu kién thong tin han ché. Khi d6, luan 4n dé xuét sir dung hai
giao thirc con lai. Nhu vy, cac dé xuét cta luan 4n trong giai phap chon Iya duong di 1a
co tinh thuc tién cao.

Cudi cung, hiéu ning cua tit ca cic mé hinh déu duge danh gia bang cac biéu thirc
toan hoc va kiém chimg su chinh x4c thong qua moé phong Monte Carlo. Boi vi hau hét
cac biéu thirc dugc dua ra dudi dang tudong minh, nén ching co thé duoc sir dung hi¢u
qua trong viéc danh gia va thiét ké hé thong. Hon nita, nhitng mo6 hinh dé xuét cia luan
an cho thay viéc thiét ké mang truyén thong da ching hoat dong trong diéu kién han ché
cong suat phat 13 hoan toan kha thi. Nhitng dé xuét trong luan an néu duoc trién khai
hoan toan c6 thé nang cao hiéu ning truyén théng ciing nhu bao mat thong tin. Ngoai ra,
né ciing gop phan xay dung tiéu chuan cho cac giao thirc truyén thong vo tuyén da ching
trong tuong lai.
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1. Summary of the content of dissertation:

This thesis studies and proposes solutions to improve the performance of the Multi-
hop Underlay Cognitive Radio Networks (MUCRN) constrained by the transmit power.
The whole presentation of the dissertation has seven chapters and attached appendices.
Remarkably, the central studies of the thesis displayed in four chapters (from 3 to 6)
propose and evaluate fouth representative wireless network models with the limitation of
transmit power at the secondary transceivers.

In the first network model, the MUCRN is evaluated in terms of its transceivers
placing in a line of sight (LOS). The thesis proposes using the multi-antenna technique,
equipped with the primary network, and processing signal by TAS/SC diversity. The first
aim of the research is a confirmation that the TAS/SC diversity and LOS arrangement
can enhance the performance of both the primary network and the MUCRN. Besides, the
caught information probability is reduced by applying given recommendations.

The second research proposes using the multi-antenna technique with TAS/SC direct
to the MUCRN. Furthermore, its stations can harvest energy from the radio frequency
and transmit data simultaneously that is more available for installing them somewhere
without the power grid supply. The Secrecy Outage Probability and Probability of Non-
zero Secrecy Capacity are two representatives for evaluating of secure communication.

The third proposal studies the cooperative communication among the internal stations
of the MUCRN. Notably, the single-antenna stations in the MUCRN still have energy
harvesting and data transferring concurrently, similar to the second model. The novel
cooperative protocol can assist the information to arrive at the destination earlier than
usual. The result shows the overwhelming characteristic of the proposed protocol when
compared to the hop-by-hop sequential transmission protocol, especially in the Outage
Probability gain. Moreover, the thesis also evaluates the relationship between the energy
harvesting time fraction and the number of hops to achieve the optimum efficiency of the
MURCN.

In the last model, the thesis resolves the problem of choosing the best MUCRN if
many existing MUCRNSs can transfer information from the source to the destination at
current. Indeed, a serial of MUCRNS likely above is the practical scheme in Wireless



Sensor Network or Vehicle to Vehicle. In the three proposed selecting methods, the
research also compares their pros and cons according to the CSI knowledge status.

Based on the study results, the overall conclusion of the thesis gives out many
valuable recommendations to enhance the performance of the MUCRN under the
limitation of transmit power.

2. Summary of the academic contributions:

Firstly, this thesis proposes efficient multi-hop relaying models to enhance the
performance of the secondary network under the interference constraint and the impact of
co-channel interference from the primary network. It offers path selection methods, a
diversity relaying approach, a cooperative multi-hop transmission scheme, and relay
selection methods. Moreover, the thesis also studies generalized system models where the
primary network can use the diversity transmit and receive technique to enhance the
performance and increase the licensed band-access possibility for the secondary
transceivers. A cooperative multi-hop approach is also proposed to improve the outage
performance for multi-hop relaying protocol in MUCRN with single-antenna secondary
nodes. Remarkably, optimization problems such as the optimal number of hops, antennas,
and parameters in particular protocols are investigated.

Secondly, because the secondary users are limited in size and provided energy, the radio
frequency energy harvesting is applied to support them. The thesis also proposes efficient
energy harvesting methods where power beacons are deployed in the secondary network
to support wireless energy for the secondary transmitters, which are equipped with single
or multi antennas. For the design purpose, the optimal energy harvesting time used for
the energy harvesting phase is investigated. In some cases, the optimal time depends on
the hop number of the existing wireless relaying network. Because the energy harvested
from the radio frequency is converted to small power in a self-powered multi-hop
network, the thesis considers the hardware impairment factor, which decays the
performance. Indeed, the parallel research on the hardware impairment and wireless
power transfer is the solution that contributes to more precise between the theoretical
performance evaluation and practical measurement if a MUCRN is employed in practice.
Moreover, the proposal of energy harvesting at the stations also contributes to designing,
evaluating, and deploying a wireless multi-hop relaying network, which is operated in
some areas that can not supply power, such as inside the human and animal bodies, coal
tunnels, and aerospace.

Next, secure communication for multi-hop wireless relaying protocols is one of
the critical issues. Because of the multi-hop stations' low computing and processing
capacity, the information encryption is not appropriate. Hence, the thesis studies the
physical layer security for the proposed methods. In particular, the thesis investigates the
secrecy performances and the trade-off between reliability and security for MUCRN. In
the multi-antenna multi-hop network with the TAS/SC diversity, the thesis proposes
equipping with more antennas to decrease Secrecy Outage Probability. Conversely, in the
case of the single-antenna multi-hop relaying network, if the primary user has the multi-
antenna, TAS/SC technique, the appropriate allocation of the antenna number between



transmit and receive sides reduces the intercept probability, enhances the secure
performance. Additionally, the thesis proposes exploiting the cluster-based stations, in
which one transceiver of the station is assigned to a transmitter or a jammer to ensure
security. Moreover, in the case of a few MUCRN able to transfer information from
source to destination, the thesis also proposes three practical path selection approaches
named BEST, MAXV, and RAND to enhance the end-to-end secrecy performance terms
of the probability of non-zero secrecy capacity. On the theoretical side, the BEST
protocol is the best secure performance, but it requires a high computing capacity and
collects the whole CSI of the MUCRN, which is difficult in practice. As a result, two
remains are recommended. It is a fact that three proposals to solve the path-selection
issue are practical.

Finally, the performances of all the proposed models are evaluated by
mathematical expressions, which are verified by Monte Carlo simulations. Because all
the derived formulas are in closed form, they are efficiently used in evaluating and
designing the considered system. Hence, the proposed models can be applied in practice
to enhance the performances of MUCRN in terms of reliability and security. The
proposals in the thesis, if deployed, entirely improve the transmission performance and
security of the information. Apart, it also contributes to standardizing the multi-hop
communication protocol in the future.
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