BO CONG THUONG CONG HOA XA HQI CHU NGHIA VIET NAM

TRUONG PAI HQC PIEN LUC Pjc 1ap - Ty do - Hanh phiic
S86::7-9..../QD-PHPL Ha Néi, ngay /5 thdng 5 ndm 2023
QUYET PINH

V/v phan cong ngwoi hwéng din va tén dé tai luan van thac si
doi voi cac hoc vién kho4 10 (2022-2024) nganh: Ky thuat dién tir

HIEU TRUOGNG TRUONG PAI HOC PIEN LUC

Céin cir Quyét dinh s6 4 010/0b-BCT ngay 6/10/2016 cua Bs Cong Thuwong quy
dinh chikc nang, nhiém vu, quyén han va co céu t6 chire cia T ruong Pai hoc Dién lyc;

Can cir Quyét dinh s6 20/0b-HDT ngay 01/10/2019 cua Hoi dong truong

Truong Dai hoc Dién luc Ban hanh Quy ché t6 chire va hoat dong cua truong Pai
hoc Pién luc,

Can cir Quyét dinh sé 2446/QD-BGDDT ngay 4/7/2013 cua B Gido duc &
Dao tao cho phép Truong Dai hoc Pién luc dao tao trinh dé thac st nganh Ky thudt
dién tu;

Can cu Quyét dinh s6 666/QD-DHDL ngay 31/5/2022 cua Truong Pai hoc
Dién luc vé viéc Ban hanh Quy ché tuyén sinh va dao tao trinh dé thac st tai T ruong
Dai hoc Dién luc;

Can cie Quyét dinh s6 1 972/0D-PHPL ngay 28 /10/2022 cua Truong Dai hoc
Dién lyc vé viéc cong nhén cdc thi sinh triing tuyén nhdp hoc dao tao trinh dé thac
sTkhda 10 (2022 - 2024) dot 2 ndm 2022;

Can cie Quyét dinh s6 310/0D-DHDL ngay 23 /02/2023 cua Truong Dai hoc
Dién luc vé viéc cong nhén cdc thi sinh triing tuyén nhdp hoc dao tao trinh d@é thac
sTkhoa 10 (2022 - 2024) dot 3 nam 2022;

Theo dé nghi ciia T ruong phong Pao tao Sau Pai hoc.

QUYET PINH:

Diéu 1. Giao tén dé tai luan van thac s va phin cong nguoi huéng dan luan
van cho céc hoc vién khoa 10 (2022-2024) dot 2 & dot 3 nam 2022 nganh Ky
thuat dién tir, ma sb 8520203 (c6 danh sdch kem theo).

Piéu 2. Hoc vién va ngudi huéng dan luan van thac si cé quyen loi va nhiém
vu theo Quy ché d3o tao thac si cia truong Pai hoc Pién luc va Quy ché dao tao thac

si hién hanh cta B Giado duc va Pao tao. +
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Piéu 3. Truéng cac don vi: Phong Pio tao Sau Pai hoc, Phong Ké hoach Tai

chinh, Khoa Dién tir Vién thong va cc c4 nhan lién quan tai Piéu 1 chju trach nhiém
thi hanh Quyét dinh nay./. 4

Noi nhgn:
- Nhu Diéu 3;
- C4c PHT (dé biét);

- Céc don vj lién quan (dé thyuc hién);
- Luu: VT, DPTSPH, PhuongBT(05).




PHU LUC: DANH SACH GIAO PE TAI LUAN VAN THAC SI VA NGUOT HUONG DAN LUAN VAN THAC Si
NGANH: KY THUAT PIEN TU, MA SO 8520203 - PQT 2 KHOA 10 (2022 -2024)
(kém theo Quyét dinh s6 7,09 /OD-DHDL ngay A5 thang 5 niam 2023 ciia Truong Pai hoc Pién luc)

i n e Giéi R Tén dé tai Tén ngwoi hwéng din Don vi
STT| Ma hoc vién Ho va tén tinh Ngay sin sinh luin vin thac si khoa hoc cdng tac
NHD1: PGS. TS Ha Hai Nam Trudng
SPT: 0916634567 Dai hoc
) ) 46 1B - Email: hhnam@mic.gov.vn bién luc
1 |Pham Minh Théan Nam | 11/11/1987 [Ha No6i|T6i uu do tre trong mang ~
L [ EeSstata 0l | iy . NHD2: TS. Nguyén Duc Thiy Truong
SPT: 0912464048 Dai hoc
Email: nguyenducthuy07@gmail.com | Dién luc
NHD1: TS. Ng6 Duy Tan Trudng
L R SPT: 0904138108 Dai hoc
) _ Nghlen Ci dugl% hg- _ |Email: Tan.ngoduy@gmail.com Dién luc
2 | 22CH5030002 | Nguyén Viét Hoang | Nam | 23/08/1999 |Ha Noi|thong giam sét tin higu dién . § : .
tim ECG trén nén téng IoT NHD2: TS. Tham Dic P hll'O'I’lg TI'lIO'Ilg
SPT: 0903229117 Pai hoc
Email: phuongtd@epu.edu.vn Dién luc
Nghién ciru phuong phap TS. Pham Duy Phong Trudng
3 | 22CH5030003 |binh Bao Ha Nam| 14/06/1981 |Ha Noi [tinh to4n rii ro do sét gdy ra [SDT: 0912348885 Dai hoc
d6i voi tram vién thong. Email:phongphd@epu.edu.vn Dién luc
g E%E‘f;u‘;?hg;“l‘fgfgpi‘:‘: 85 |75, Nguy&n Thi Thiy Truong
uan .
A A it T: 0985812401 Pai h
4 | 22CH5030004 |Tran Ngoc Anh Nir | 01/07/1998 Niph. [Eeaquantiunliinantchie Sb £ 98 a: ocC
. . N Email:thuynt@epu.edu.vn Dién luc
huéng tir hat nhan.
E:;n“:‘erlf“‘;‘ éi’uzzitggig‘(;ft TS. Hoang Thi Phuong Thio Trudmg
5 | 22CH5030005 |D3 Anh Ta Nam | 26/01/1998 |Ha Noi T PRang cat tal QoL on T 0982225258 Pai hoc
6GHz ung dung tri tu¢ nhan s e
b Email:thaohp@epu.edu.vn Dién luc




Mot phuong phép sir dung

i hioe iy 88 phit hisn TS. Nguyén Lé Cudng Truong
6 | 22CHS5030006 (Nguyéen Hai Quan Nam | 05/09/1998 |Ha Noi|_. N SDT: 0913546234 Pai hoc
FLYCAM dua vao pho tin y .
e Email: cuongnl@epu.edu.vn Dién luc
hiéu vo tuyén.
B4 |Xay dung phuong phép tinh [PGS.TS Nguyén Ting Cuong Trudng
7 | 22CHS5030007 [Ngd Véan Huong Nam | 04/03/1996 Ninh toan bo loc KALMAN tin SPT: 0912045795 Pai hoc
hiéu lién tuc. Email: cuongnt@epu.edu.vn bién luc
Ung dung mang NEURON  (PGS.TS Huynh Luwong Nghia Truong
8 | 22CH5030008 [Nguyén Quéc Hung | Nam| 29/05/1993 |Ha Noi|nhan tao hd trg chin doan SPT: 0913084711 Pai hoc
bénh ALZHEIMER. Email: nghiahl@epu.edu.vn Pién luc
Nghién ctru thiét ké ché tao
Nam |thé nghiém thiét bj cam bién |TS. Lé Trong Hiéu Trudng
9 | 22CH5030009 |Pham Van Thiém Nam | 01/05/1999 Binh cﬁrp tay dinh lqug H202 SPT: 0906480210 Pai hoc
’ nham xac dinh nong do Email: hieult@epu.edu.vn bién luc
Glucose
‘ B ol . .+ ~__ |TS Nguyén Nam Quan Trudng
10 | 22CH5030010 [Nguyén Thi Té Anh | Nir | 11/11/1999 | Bac |X@ dung mo hinh nha thong |91 3577484 Pai hoc
Giang minh Ung dung Al ; ol
Email:quannn@epu.edu.vn Pién luc
NHD1: PGS.TS P Xuan Tién Trudng
Nghién cuu ﬁng dung Deep SPT: 0903297424 Pai hoc
11 | 22cH5030011 |Lé Hong Duong | Nam | 27/06/1999 | Vil [Leaming nham céi thi¢n kha [Email: tiendx@epu.cdu.vn Diga hye
Phuc |nang phat hién ung thu v |NHD2: TS. Doén Thanh Binh Trudng
khi chup nhii 4nh sang loc  |SPT: 0904454355 Dai hoc
Email: binhdt@epu.edu.vn Dién luc

* Danh séch nay gom: 11hoc vién

KHOA PIEN TU VIEN THONG
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I

TS. Pham Duy Phong

PHONG PAO TAO SAU PAI HQC

TS. Lé Thanh Doanh




PHU LUC: DANH SACH GIAO PE TAI LUAN VAN THAC Si VA NGUOI HUONG DAN LUAN VAN THAC Si
NGANH: KY THUAT PIEN TU, MA SO 8520203 - PQT 3 KHOA 10 (2022 -2024)

(kém theo Quyét dinh s6 ¢ 9

/OD-DHPL ngay /9 thang 5 ndm 2023 cia Truong Dai hoc Pién luc)

STT| Ma hoc vién Ho va tén (t;l::)l: Ngay sinh |Noi sinh lu;e:,lﬁiet::zc , Tén ng;ho:::g’:g dan cﬂﬁz: :r;c
NHD1: TS. Trdn Vin Nghia Hgﬁoﬁen
e . . |SDPT:0973326312 ong
Nghlen,cuu thuc h}en bu méo Email: nohi ) i khong
| | 22CH5030012 [Phan Thanh Thin |Nam| 07/12/1988 | Ha Noi [phi tuyén bo khuyéch dai dya [ 211 Nghiamosmipt@gmail.com (o0 0
trén bang tra NHD2: TS. Hb Manh Cudng Trudng
SPT: 0983500620 Pai hoc
Email: cuonghm@epu.edu.vn Dién luc
‘ Nam |Nehién ci, thiét ké, ché tao  |TS. Lai Thi Van Quyén Trudong
2 | 22CH5030013 |Tran bai Phong |Nam/| 03/12/1994 ' mdy rira si€éu am ung dung lam |SDT: 0903294048 Dai hoc
Pinh ] % ) ) o
sach cac dung cuy té Email: vanquyen2407@gmail.com Dién luc
HDI: TS. Hoang Thi Phuong Thao | Trudng
Tinh toan, danh gia d6 phirc  |SDT: 0982225258 Pai hoc
3 | 22CH5030014 |Lé Thanh Phong |Nam| 14/01/1999 | 31 |t@p cua mét day s6 phi tuyén ~ |Email:thaohp@epu.cdu.vn Dién lyc
Phong [c6 cau tric 16ng ghép HD2: TS. Lé Chi Quynh Trudong
SPT: 0913214000 Pai hoc
Email: quynhlc@epu.edu.vn Dién luc

* Danh sach nay gom: 3 hoc vién

KHOA PIEN TU VIEN THONG

—»=
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TS. Pham Duy Phong

PHONG PAO TAO SAU PAI HQC

TS. Lé Thagh-Doanh,
e




BO CONG THUGNG CONG HOA XA HOI CHU NGHIA VIET NAM

TRUONG PAI HQC PIEN LUC DPjc 1ap - Tw do - Hanh phiic
S6:1 £80QD-bPHPL Ha Ngi, ngay X 5thdng A0 ndm 2024
QUYET PINH

Vé viéc thanh 1dp Hgi ddng chim luin vin thac si khoa 10 (2022 - 2024)
nganh Ky thuit dién tir, ma so 8520203

HIEU TRUONG TRUONG PAI HOC PIEN LUC

Can cir Nghi quyét s6 03/NQ-HPT ngay 30/5/2023 cia Hpi dong truong
Truong Dai hoc Dién luc ban hanh Quy ché Té chirc va hoat dong cia Truong
Dai hoc Dién lyc;

Can cir Quyét dinh s6 666/0D-DHDL ngay 31/5/2022 ciia Truong Dai hoc
Dién lyc vé viéc ban hanh Quy ché dao tao trinh do thac si;

Can cik Quyét dinh s6 978/0D-DHDL ngay 28/6/2023 cua Truong Pai hoc
Dién luc vé viéc bo sung mét s6 diéu cria Quy ché dao tao trinh do thac st

Can cit Quyét dinh s6 729/0D-DHPL ngay 15/5/2023 ciia Trurong Dai
hqc Dién luc vé viéc phan cong nguoi huwdng dan va tén dé tai lugn van thac st
doi voi cdc hoc vién cao hoc khéa 10 (2022-2024) nganh Ky thudt dién ti;

Cdn cir H6 N ddng ky bao vé ludn vdn thac s7 cia hoc vién va Dé nghi
danh sdch Hji dong chdm ludn vin thac st ngay 25/10/2024 cua Khoa Pién
tu Vién thong,

Cancu To trinh 56 199/TT r-QL Bao tao ngay 25/10/2024 ciia Phong Quan
Iy Dao tao vé viéc dé nghi thanh lap Hoi dong cham ludn van thac sT khod 2022
nganh Ky thudt dién ti;

Theo dé nghi ciia T ruong phong Quan Iy Pao tao.
QUYET PINH:

Piéu 1. Thanh lap Hoi ddng dénh gia luan vin thac si khéa 10 (2022-2024)
cho hoc vién Cao hoc:

Ho va tén hoc vién: Phan Thanh Thin Gi6i tinh: Nam
Sinh ngay: 07/12/1988 Noi sinh: Ha Noi
Lop: CH10.KTDT3 Ma HV : 22CH5030012

Nganh dao tao: K§ thuét dién tir Ma sé: 8520203



Tén dé tai luan van: Nghién ctru thuc hién bu méo phi tuyén bd khuyéch
dai dua trén bang tra.

Nguoi huéng dan khoa hoc:
-NHD1: TS. Tran Van Nghia - Hoc vién Phong khong Khong quén
-NHD2: TS. H6 Manh Cudng - Trudng Pai hoc Dién luc

Piéu 2. Cr Ong (ba) c6 tén sau ddy tham gia vao Hoi déng dénh gié luan
van thac si.

Ho va tén .. i Chirc danh
1L (hoc ham, hoc vi) O EOnE LA trong HD
1 | TS. Pham Duy Phong Truong Dai hoc Pién luc Chu tich
2 | TS. Db Vin Tuén Trudng Pai hoc Pién luc Thu ki
Vién Dién tu,
3 | TS. Bach Nhat Hoang Vién Khoa hoc & Cong Phan bién 1
nghé Quén sy
4 | TS. Ngd Duy Tan Truong Pai hoc Dién luc | Phéan bién 2
A .. Truong Pai hoc B in
5 | PGS.TS. Tran Hoai Trung Giao thong Vantii Uy vién

Piéu 3. Hoi dong danh gia luan van thac si c6 trach nhiém tb chirc danh gia
trong thoi han 30 ngay ké tir ngay ki Quyét dinh. Hoi dong tur giai thé sau khi hoan
thanh nhiém vu.

Piéu 4. Trudng cac don vi: Phong Quan 1y Pao tao, Phong K& hoach -Tai chinh,
Khoa Pién tir Vién thong, cac don vi khéc c6 lién quan, cac thanh vién trong Hoi
d(‘A)ng chidm luan vin thac si tai Didu 2 va cdc c4 nhan c6 tén tai Piéu 1 chju trach
nhiém thi hanh Quyét dinh nay./. o

Noi nhin: KT HIEU TRUON G
- Nhu Diéu 4;

- HT (dé béo céo);
- Luu: VT, QLP4o tao, PhuongBT (05).




BO CONG THUONG
TRUONG PAI HQC PIEN LUC
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DAl HOC PIEN LUC

ELECTRIC POWER UNIVERSITY

PHAN THANH THIN

NGHIEN CUPU THUY'C HIEN BU MEO PHI

TUYEN BO KHUECH DAI DUA TREN
BANG TRA

LUAN VAN THAC SI KY THUAT PIEN TU

HA NOI, 2024




BO CONG THUONG
TRUONG PAI HQC PIEN LUC

PHAN THANH THIN

NGHIEN CUU THYC HIEN BU MEO PHI
TUYEN BQ KHUECH DAI DUA TREN
BANG TRA

Chuyén nganh : Ky Thuat Dién Tw
Mai s : 8520203

TOM TAT LUAN VAN THAC ST KY THUAT PIEN TU

Ngudi huéng dan khoa hoc: TS. Tran Viin Nghia
TS. Ho Manh Cwong

HA NOI, 2024




LOI CAM ON

Ludn van nay dwoc hoan thanh khéng chi béi sw né lwc cd nhdn ciia em ma
con nho sy giup do, hé tro va dong vién tir rdt nhiéu nguoi. Em xin guri loi cam
on chdn thanh va sdu sdc nhdt dén tat ca nhitng nguoi da dong hanh va hé tro
16i trong sudt qua trinh thyc hién ludn van nay.

Trudc hét, em xin bay t6 long biét on dén Théy TS. Trdn Vin Nghia va TS,
Hé Manh Cuong, nguoi da tan tinh hudng dén, gop ¥ va hé tro em trong suot
quad trinh nghién ciru. Nhitng kién thirc, kinh nghiém quy bdu va sw kién nhén
ctia thdy da giup em vugt qua nhiéu khé khdin va hoan thanh luén vin nay.

Em ciing xin giri loi cam on dén tét ca cdc thdy gido, c6 gido cia Truong
Dai hoc Dién Luc, cdc thdy cé gido tham du héi dong tir cdc truomg dai hoc
danh tiéng va dgc biét ti cdc thdy gido, c6 gido tham gia giang day l6p Cao hoc
Ky thudt dién tir khéa 10 nhitng nguoi da dong gop y kién quy bdu va goi mé
nhiéu hudng nghién ciru méi, givip em hoan thién hon ludn vin ciia minh.

Bén canh dé, em xin cam on dén truong dai hoc Pién Luc noi da cung c(z"p
nguon tai liéu va dir liéu quan trong cho nghién ciru ciia em. S hd tro vé mdt co
S6 V@t chdt va diéu kién nghién ciru ti truong la khong thé thidu ddi véi su thanh
cong cua ludn van nay.

Em ciing xin giri 1o cam on dén ban bé, dong nghiép va gia dinh da luén
bén canh, dong vién va khich I¢ em trong suét qua trinh hoc tdp va nghién citu.
Sw chia sé va ung hé tic cdc ban da giup em c6 thém déng luc va niém tin @é
hoan thanh céng viéc cua minh.

Cubi cuing, em xin cam on tat ca nhitng ai da truc tie"p hodc gidn tié'p giup
do em trong suot qua trinh thuc hién lugn van nay. Mdc du khéng thé ké hét tén
tirng ngudi, nhung su ho tro ciia cdc ban la nguon déng vién to 1ém ddi véi em.

Xin tran trong cam on!

Ha Ng¢i, ngay ... thdng ... ndm 2024
Tac gia

Phan Thanh Thin



LOI CAM DPOAN

Téi xin cam doan:

Ban ludn van tot nghiép nay la cong trinh nghién ciru cua ca nhén téi,
duoc thuc hién dua trén co so nghién cvuu ly thuyét, thuc té dudi sw hudng
dén cia Thay TS. Tran Vin Nghia va TS. H6 Manh Cuong.

Céc s6 liéu, két lugn cua ludn vin la trung thuc, dwa trén sy nghién ciu
nhitng mé hinh, két qua da dat duwoc cua cdac nudc trén thé gioi va trai nghiém
cia ban than, chua timg dugc cong bé dudi bat ky hinh thirc nao trudc khi
trinh bay bao vé trucc “Hoi déng danh gid lugn van thac sy ky thudt”.

T6i xin chan thanh cam on!

Ha Noéi, ngay ... thang ... nam 2024
Tac gia

Phan Thanh Thin
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DANH MUC TU VIET TAT

STT | Tir viét tat Thuit ngir tiéng Anh Thuit ngir tiéng Viét

I |ABC&S Always Best Connected Luon két nbi va phuc vu tbt
and Served. nhat

2 |ACLR Adjacent Channel Leakage | Ty 1& cong suat ro ri kénh lién
power Ratio. ké

3 | ACEPR Adjacent Channel Error Ty 1& cong suat 18i kénh lién
Power Ratio. ké

4 | ACPR Adjacent Channel Power Ty 16 cong suat kénh lién ké
Ratio.

5 | AM/AM Amplitude Modulation to | Chuyén d6i Piéu ché Bién do
Amplitude Modulation sang Piéu ché Bién do
conver

6 | AM/PM Amplitude Modulation to Chuyén d6i Diéu ché Bién do
Phase Modulation sang Diéu ché Pha
conversion.

7 | ANN Artificial Neural Network. | Mang No-ron Nhan tao

8 | AWGN Additive White Gaussian Nhiéu Gaussian Trang Cong
Noise.

9 |BB Baseband. Dai tan co s

10 |BER Bit Error Rate. Ty 18 16i bit

11 |BO Back-off. Giam cong suét

12 | BPC Basic Predistorter Cell (or | O Tién diéu chinh co ban
Basic Predistortion Cell). (hoic O Tién diéu chinh co

ban)

13 | BPSK Binary Phase Shift Keying. | Diéu ché Phan cuc Phase

Keying (PSK nhi phan)
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14 |CALLUM | Combined Analog-Locked | B Diéu ché Tong hop Khoa
Loop Universal Modulator. | Analog-Locked Universal
15 |cdf Cumulative density Ham phan phdi tich liy
function.
16 | CDMA Code Division Multiple Phan chia ma truy cép nhiéu
Access. (Code Division Multiple
Access)
17 | CFB Cartesian Feedback. Phan hoi Cartesian
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Digital Signal Processing). | 1y tin hiéu s6)
22 |DVB Terrestrial Digital Video Phat song Video K§ thuét s6
Broadcasting. mat dat
23 | etc. etcetera. V.V.
24 | EE&R Envelope Elimination and | Loai bé va phuc hoi bao boc
Restoration. (Envelope Elimination and
Restoration)
25 | ETSI European Vién Tiéu chuan Vién thong
Telecommunications Chéau Au
Standards Institute.
26 |EVM Error Vector Magnitude. Do 16m sai sd vector
27 |FET Field-Effect Transistor. Transistor hi¢u Gng truong
28 | FFT Fast Fourier Transform. Bién d6i Fourier nhanh
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29 | FIR Finite Impulse Response. Phan hoi xung hitu han

30 | FOM Figure Of Merit. G161 han dinh

31 | FPGA Field-Programmable Gate | Mang cong lap trinh trudng
Array.

32 |GA Genetic Algorithm. Thuat toan di truyén

33 | GS Gradient Search. Tim kiém theo dd dbc

34 | GSM Global System for Mobile | Hé théng toan ciu cho truyén
communications. thong di dong

35 |HD Harmonic Distortion. Méo hai

36 |1 In-phase. Cung pha

37 |IBO Input Back-off. Giam cong suat dau vao

38 | IEEE Institute of Electrical and Vién Ky su Dién va Bién tir
Electronics Engineers.

39 |IF Intermediate Frequency. Tan sb trung gian

40 | IFFT Inverse Fast Fourier Bién doi Fourier nhanh nghich
Transform. dao

41 |IIR Infinite Impulse Response. | Phan hdi xung vo han

42 | IMD Intermodulation Distortion. | Méo tuong tac

43 | IMP Intermodulation Products. | San pham tuong tac
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45 | LINC LInear amplification using | Khuéch dai Tuyén tinh sir
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46 |LMS Least Mean Squares. Binh phuong tdi thiéu

47 |LO Local Oscillator. Dao dong vién dia phuong

48 | LS Least Squares. Binh phuong tbi thiéu




49 | LTI Linear Time-Invariant. Tuyén tinh khong d6i theo
thot gian

50 | LUT Look-Up Table. Bang tra ctu

51 | MLP Multilayer Perceptron. Mang Perceptron nhiéu 16p

52 | MMC Metropolis Monte Carlo. Phuong phap Monte Carlo

Metropolis

53 | MOSFET Metal Oxide Transistor hi¢u Gng truong
Semiconductor Field-Effect | ban dan oxit kim loai
Transistor.

54 | MSE Mean Square Error. Sai s6 binh phuong trung binh

55 | NARMA Nonlinear Auto-Regressive | Trung binh truot ty hdi quy
Moving Average. Phi tuyén

56 |NMA Nonlinear Moving Trung binh trugt Phi tuyén
Average.

57 | NMSE Normalized Mean Square Sai s6 binh phuong trung binh
Error. chuan hoa

58 | NN Neural Network. Mang no-ron

59 | OBO Output Back-off. Giam cong suat dau ra

60 | OFDM Orthogonal Frequency Phan chia tin s6 vudng goc
Division Multiplexing. (OFDM)

61 |PA Power Amplifier. Bo khuéch dai cong suat

62 | PAE Power Added Efficiency. Hiéu suit cong suat bd sung

63 | PAPR Peak-to-Average Power Ty 1& cong suat dinh trén
Ratio. trung binh

64 |PD Predistortion. Tién diéu chinh
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function.
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67 | PSA Performance Spectrum May phan tich ph6 hiéu suat
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Modulation. vudng géc (QAM)
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92 | W-CDMA | Wideband Code Division Phan chia mi truy cap nhiéu
Multiple Access bang rong
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I. MO PAU

1. Ly do chon dé tai

Trong thuc té, cac bod khuéch dai cong suét co dai dong tuyén tinh cang rong,
gia thanh cang cao, trong khi do, tin hiéu da song mang c6 ty 18 cong suat
dinh/trung binh 16n. Tham chi, ngay ca khi lam viéc ¢ ving tuyén tinh, bo
khuéch dai van chira nhiéu thudc tinh khong 1y tudng (phi tuyén). Hon nita, khi
lam viéc & vung tuyén tinh, bd khuéch dai tin hiéu da song mang c6 hi¢u suat rat
thap (dudi 10%), phan 16n nang luong dién chuyén thanh nhiét nang dan dén hao
phi khién céc nha dai phai tra phi v6 ich cho phan ning luong hao phi d6. Ngay
nay, nhu cau cta thiét bi truyén thong khong day ngdy cang gia ting, do d6 tam
quan trong ctia viéc giam tiéu thy dién ning dé cit giam chi phi van hanh cho
cac nha cung cép dich vy cang tré nén cép thiét. Dé dat hiéu suit cao hon, bd
khuéch dai can lam viéc sat ving bdo hao (ving phi tuyén manh) dan dén méo
chinh ban than tin hi¢u va buc xa manh sang cac kénh lan can, pha v& céc ti€u
chi dugc chi dinh trong cac tiéu chuan truyén thong.

Méo trude tin hiéu dai co s¢ dé tuyén tinh héa bd khuéch dai cong suét la
mot thanh phan khong thé thiéu dé hién thuc hoa cac truyén thong khong day da
song mang bang rong nhu truyén hinh DVB, phat thanh DAB, vién thong 5G.

Pé tai nghién ctru phuong phap bang tra ctru dé wéc tinh thich d6 méo tuyén
tinh va bu méo cho bo khuéch dai céng suit, nang cao hiéu ning va giam gia
thanh tong thé cho hé théng.

2. Muc dich nghién ciru

2.1. Muc tiéu nghién ctru téng quat: Nam vimg nén tang khoa hoc vé cac k¥
thuat bu méo phi tuyén bo khuéch dai cong suat ap dung trong linh vuc truyén
thong v6 tuyén khong ddy da song mang bang rong.

2.2. Muc tiéu nghién ctru cu thé: Xay dung va trién khai phwong phap
bang tra ctru thich nghi tinh toan bi méo phi tuyén cho cac hé thong phat song
vo tuyén.

3. Nhiém vu nghién ciru:

- Hiéu va nim dugc 1y thuyét vé cac ky thuat bu méo phi tuyén cho bd
khuéch dai cong suat;

- Tong hop thuat todn bang tra cru thich nghi tinh toan bu méo phi tuyén
cho cac hé théng phat song vo tuyén;



4. Poi twong va pham vi nghién ciru

Poi twong nghién ciru: Cac hé thdng truyén thong vo tuyén s sir dung ky
thuat da song mang bang rong.

Pham vi nghién ciru: Ky thuat va trién khai thiét ké bi méo phi tuyén thich
nghi cho bo khuéch dai cong sudt dua trén bang tra ctru.

Thoi gian nghién ciru: Tt nam 2023—- 2024

5. Phwong phap nghién ctru

Luan van ap dung 1y thuyét bién doi Fourier, cac phuong phap xir 1y tin hiéu
s6 va xir 1y phi tuyén, phuong phap giai tich, 1y thuyét xac suat va thong ké toan
hoc, k¥ thuat mé phédng Matlab va thuc nghi¢m.
6. Du kién két qua nghién ciru

Xay dung, t6 chirc cac bang tra ctru dé xay dyng bo méo trudce tin hiéu thich

g vé6i tinh phi tuyén ctia bo khuéch dai cong suat sat thuc té.

II. NOI DUNG

Luan van bao gobm: Phan m¢ dau, két luan, phu luc, danh muyc tai li¢u tham
khao, va ndi dung cua de¢ tai c6 03 chuong sau:

Chuong 1: K¥ thuat tuyén tinh héa va cac mo hinh hanh vi phi tuyén cta bo
khuéch dai cong sut

Chuong 2: Méo trudc tin hiéu s dai co so dua trén bang tra

Chuong 3: Panh gia thiét ké bo méo trude tin hiéu duva trén bang tra



CHUONG 1: KY THUAT TUYEN TINH HOA VA CAC MO
HINH HANH VI PHI TUYEN CUA BO KHUECH PAI
CONG SUAT

Chuong nay bat dau véi viée phan tich su méo phi tuyén trong b khuéch dai
cong suét, 1am ro su khac biét gitra bd khuéch dai 1y tuong va cac bd khuéch dai
phi tuyén khéng nhé. N6 ciing kham pha cac hiéu tng b nhé cia bo khuéch dai
cong suat, phép do phi tuyén ddi vai tin hiéu diéu ché, va sy danh d6i giita tinh
tuyén tinh va hiéu suat.

Sau d6, chuong cung cp cai nhin tong quan vé ky thuat tuyén tinh hoa va
cic mo hinh hanh vi cta b khuéch dai cong suit khi gap méo tin hiéu s6 dai co
s0. Phan nay bao gém cac mo hinh hanh vi cho bd khuéch dai khong nhé va
nhing bo khuéch dai c6 hiéu tng nhé.

1.1. Méo phi tuyén ciia bd khuéch dai

1.1.1. B khuéch dai cong suat ly twomg va phi tuyén khong nhé

Véi PA tuyén tinh 1y tuéng, dau ra cua PA sé gidng Bo khuéch dai cong suat
(PA) khong nhé 1y tuong cé dic tinh truyén dat tuyén tinh, trong d6 dién ap dau
ra 13 boi s6 v6 hudng cta dién ap dau vao. Cu thé, néu v(7) 1a dién ap dau vao
ctia PA, v,(¢) 12 dién ap dau ra caa PA, TT-] 13 ham truyén va gp, 1a d6 loi dién ap
vo huong, thi mot PA tuyén tinh c6 thé duoc biéu thi nhu sau:

vo(t)zT[vi]ngAvi(t) (1.1)
Vé6i PA tuyén tinh 1y tuong, dau ra ctia PA s& gidng hét v6i dau vao (ngoai
trir mirc ting v6 hudng) va khong cé thanh phan tan sé trong bing tan (IB) hoic
ngoai bang tan (OOB) bd sung nao dugce dua vao. Tuy nhién, ngay ca khi xem
x6t ham truyén tuyén tinh, bién dang lién quan dén dong hoc PA c6 thé xuat hién
va loai bién dang nay duogc goi la méo tuyén tinh. Xét ham truyén trén mién tan
s6 sau day:
H(w)=|H ()| (1.2)
M¢éo tuyén tinh bién do va méo tuyén tinh pha s& xuat hién khi:
|H (@)|# g, (hing s0) Ve (1.3)
0(@)# o (tuyén tinh) Vo (1.4)
Sy bién dang tuyén tinh nay c6 thé duoc bu dé dang bang cach str dung céac

bo loc tuyén tinh. Tuy nhién, trén thuc té, PA 13 mot hé théng phi tuyén trong do
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tin hiéu dau ra 1a ham phi tuyén cta tin hiéu dau vao. Tir quan diém thuc té, cac
hiéu timg duoc thé hién bang sy bién dang phd trén tin hiéu truyén qua hé thong
phi tuyén.

Xét mot PA khong co hiéu tng nhd, tin hiéu dién ap dau ra PA v,(f) ¢ thé
dugc mo hinh héa bang biéu thirc da thire [1], nghia 1 mot chudi cac sd hang ty
1¢ véi bién do tin hiéu dau vao v(?):
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(1.5)

k=1
trong d6 g; lan luot 12 murc ting dién 4p cla ting s6 hang trong chudi da thirc. S6
hang dau tién cta chudi ndy la so hang tuyén tinh va twong tmg véi tin hiéu dau
2%y a
) gay
ra cac thanh phan tn s6 bo sung ¢ bdi sO cua tan s6 song mang (con goi la song

ra mong mudn. Cac s6 hang bac chan ctua chudi da thirc nay (vl-2, v v

hai) cta tin hiéu dau vao. Méo phi tuyén nay duoc mo hinh hoa boi cac s6 hang
chan dugc goi 1a méo hai HD - Harmonic Distortion). Trong khi cac sd hang 1é

3 5 2k-1
(Vi s Vi 5 Vi

) tao ra cac thanh phan tan sd, mot so trong sé d6 qua gan voi tin
hiéu mong mudn nén khéng thé loai bo bang cach loc. Cac két qua giy nhiéu
xuyén diéu ché nay goi 1a méo xuyén diéu ché (IMD - InterModulation
Distortion). Ngoai ra, mot s thanh phan tan sé hinh thanh tir cac to hop phi
tuyén cu thé roi tryc tiép vao bén trong bang thong tin hiéu tao ra méo trong
dai IB.

Xét mot tin hiéu vo tuyén bang rong dién hinh dugc diéu ché bién do ciu
phuong QAM, tac dong ctia méo dang phi tuyén do PA dwa ra c6 thé dugc quan
sat thong qua ddc tinh bién dd sang bién d§ (AM-AM - Amplitude Modulation to
Amplitude Modulation) va bién d¢ sang pha (AM-PM - Amplitude Modulation
to Phase Modulation). AM-AM 1a sy chuyén doi gitra diéu ché bién d6 c6 trén
tin hiéu dau vao va diéu ché bién do bi sira d6i c6 trén tin hiéu du ra. N6 cung
cap thong tin vé mdi quan hé phi tuyén giita cong suat dau vao va cong suat dau
ra. AM-PM la su chuyén ddi tir diéu ché bién dd trén tin hiéu dau vao sang diéu
ché pha trén tin hiéu dau ra. Cu thé, néu xem xét rf?mg PA thé hién hanh vi phi
tuyén khong c6 hiéu tmg nhé va dién ap vao vi(?),

v, (1) =A(t)cos(wt + p(t)) (1.6)
thi tin hiéu dau ra bi méo v,(¢) c¢6 thé duogc biéu dién dudi dang:
vo(t)=G[A(t)]cos(a)ct+(p(t)+(I)[A(t)]) (1.7)

trong d6 tin hiéu dau ra 1a dang séng hinh sin ¢ tan sd sdng mang (w.) c6 bién do
1 ham phi tuyén cua bién do tin hiéu dau vao G[4(¢)] va pha ctia né ciing 1a ham



phi tuyén cua bién d6 tin hiéu dau vao ®[A4(¢)]. Hinh 1-1 thé hién mot vi du vé
cac dic tinh AM-AM va AM-PM ciia PA, trong d6 c6 thé quan sat thdy rang do
méo phi tuyén bién do va pha do PA dua ra & mirc cong suat dau vao cao.

AM-AM AM-PM
24 18 3,
22 ] ]
2 1% 14570
® 141 -12 .5 & 04
& 12 PCICE
a 10 -10 = '8 '1“:
8- r ~= o ]
o) L ~ & .91
3 6] M
O 4] 6 2 .31
2 [ :
-9 4 ————
-15 -10 -5 0 5 10 -15 -10 -5 0 5 10
Céng suat vao (dBm) Cong suat vao (dBm)

Hinh 1-1: Dic tuyén AM-AM va AM-PM ciia PA
Hinh 1-2Hinh 1-2 biéu dién mot s6 gia tri do phé bién dugc st dung dé mo
ta hanh vi phi tuyén PA, bao gdm diém béo hoa, diém nén 1dB va diém lui dau
vao (IBO - Input Back-Off) va diém lui dau ra (OBO - Output Back-Off). Diém
nén 1 dB (Py45) 14 gid tri cong suat dau ra trong d6 chénh léch giita mirc ting
tuyén tinh ctia bo khuéch dai va muc ting phi tuyén thuc té bang 1 dB, nghia 1a
muc tang da chiu nén 1dB.
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Hinh 1-2: Mt s6 gid tri do déc tinh khuéch dai cong sudt

avg Mgyt

Mot phép do quan trong khac dé mo ta dic tinh cia bd khuéch dai 1a ty 1€
cong suét dinh trén trung binh (PAPR) cia tin hiéu. PAPR 1a ty so giita gia tri
cuc dai (Ppeu) cua cong suét tic thoi va cong suat trung binh (Pgyerege) cua tin
hiéu [2].

P
PAPR[dB]= 101og10[P'””k J (1.8)
average

PAPR cua tin hiéu duoc léy tr ham mat do xac suét (PDF - probability
density function) ctia dudng bao, ham nay cho biét luong thoi gian twong d6i ma
duong bao danh cho mot gia trj bién d6 cu thé. Thong s6 nay rat quan trong vi dé
hoat dong voi khuéch dai tuyén tinh can phai hoat dong xa diém bdo hoa , nghia
1a hoat dong dudi murc diém Iui (Hinh 1.2). Céc gia tri 1ui nay khong chi phu
thudc vao do tuyén tinh cta bo khuéch dai ma con phu thudc vao PAPR tin hi¢u
va co thé duoc dua ra dudi dang IBO hodc OBO,

180[dB]= P, [dBm]- P, [dBm] (1.9)
OBO|dB|=P,, [dBm|-P,, [dBm] (1.10)

utsy utavg

’ P \ P \ A A ~ \ A \ \ A \ P \
trong d6 s va sr ]a cOng suat bao hoa dau vao va dau ra, va "« va

P \ L \
ae ]an lugt 1a cong suat dau vao va dau ra trung binh.
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1.1.2. Hiéu ing bd nhé ciia bd khuéch dai cong suit

N6i chung, cac hé thong phi tuyén khong c6 hiéu tmg nhé chi bi thiét hai boi
méo bién do cht khong boi méo pha. Do d6, néu c6 hién tuong méo pha thi diéu
nay cho théy hé théng c6 mdt luong nhd nhat dinh. Hiéu ung nhé trong bo
khuéch dai cong suét c6 thé dugc mo ta nhu 1a sy phu thudc cua do lgi cua thiét
bi phi tuyén ndy vao cac sy kién trong qua khir, nghia 1a phan hoi thoi gian
khong con tirc thoi nita ma s& bi két hop boi dap Gmg xung cua hé théng. Céc
hiéu g phi tuyén phu thudc bang thong 1a moi quan tim dang ké vi co thé lam
giam hiéu suat ciia mot sd k¥ thuat tuyén tinh héa PA nhu méo trudc sb. Hiéu
mg nhé gay ra nhitng thay d6i vé bién d6 va pha cta cac thanh phan tan sé méo
do thay d6i tan s6 diéu ché. Hinh 1-3 cho thy biéu hién cta cac hiéu tng bd
nhd nay, nguyén nhan giy ra méo xuyén diéu ché (IMD - Intermodulation
Distortion). Bang cach xem xét mé hinh hanh vi duong bao phuc & dai co so cia
PA, Hinh 1-4 cho thay mdi quan hé giita ddu vao va mau bi tré cta dau vao anh
hudéng dén dau ra PA khong nhé (Hinh 1-4a) va PA c6 nhé (Hinh 1-4b). C6 thé
quan sat thay rang, trong PA ¢6 nhd sy phy thudc cta muc ting vao cac mau dau
vao bi tré. Mot s6 4n pham di giai quyét van dé vé hiéu tmg bd nhd, mo ta
nguyén nhan cua ching, dé xuit cac phuong phap va mé hinh do luong dé mo ta
chang [3].

Ref 0 dBm #Atten 10 dB
Peak 1 =
O O
Lw g
10
dB/
Refll eval

»
D
D
19
-

L

I

—p—

T

|| I |
= ~—~w~vvJ m,.—wu'LA—\a,ﬁJ e L

Center 2.11 GHz Span 40 MHz
#Res BW 3 kHz VBW 3 kHz Sweep 5.726 s (401 pts)
Marier Trace Type X Axs Amplitude
1 (3) Freq 21075 GHz -11.61 dBm
2 (3) Freq 21125GHz -12.18 dBm
3 3) Freq 21025 GHz -50.28 dBm
4 (3) Freq 21175GHz -56.57 dBm

Hinh 1-3: Méo xuyén diéu ché khong doi xirng trong bé khuéch dai trang thdi ran do hiéu img
nho.



“.f "H; ! x(n-Delay)

Hinh 1-4: a) PA khong co nhé; b) PA co nho.
Trong phan loai so b9, cé thé phan biét hai loai hi€u img nhé co ban:

« Hiéu rng nhé dién. Hiéu Gmg nay chi yéu 1 do tré khang dau cudi khong
d6i & thanh phan mot chiéu DC, cac dai co ban va dai hai. Nhiing yéu t6 quan
trong nhat 1a do trd khang duong bao. Néu tré khang ctia mang trong bo khuéch
dai cong suat cao & tan sb duong bao cua tin hi¢u, cac tin hi€éu khong mong
mudn c6 clng tan s6 dudng bao s& xuit hién thém vao dién 4p ngudn DC. Céc
tin hiéu xoay chiéu AC sé gay ra su diéu ché AM va PM cua tin hiéu RF, tao ra
cac dai bién khong mong mudn, dan dén méo xuyén diéu ché.

e Hi¢u &rng nhé nhi€t dién (phan tian nhiét). Hi¢u ing nay xdy ra do su
thay d6i nhiét do dong & chip 1am thay doi cac dic tinh dién ciia bong ban dan &
tan s6 duong bao. Két qua 1a méo hai cac bac ¢ dai lan can phu thudc vao tré
khang nhiét dugc tao ra. Thong thuong, hi¢u rng nhé nhiét chi 1ién quan dén tan
s6 duong bao dudi 1 MHz vi khéi lugng chat ban dan trong thiét bi hoat dong
khong thé thay d6i nhiét d6 ¢ nhanh dé theo kip tan s6 dudng bao cao.

Mic du hiéu tng nhd 14 muot ma va thuong khong gy hai cho tinh tuyén
tinh ctia PA; nhung lai tré thanh mot van dé nghi€ém trong ddi véi hiéu suit bu
méo ctiia mot sd ky thuat tuyén tinh hoa. Trong s6 cac k¥ thuat tuyén tinh hoa
khac nhau duoc sir dung cho cac may phat bang thong rong, hién tuong méo sd
kha nhay cam voi cac hiéu tmg nhd. Vi du: néu cac thanh phdn méo xuyén diéu
ché 1a ham cua tan s diéu ché, nhung tin hi€u bu méo lai khong la ham cua tan
sO diéu ché, thi hidu suat triét tiéu cia phuwong phéap tuyén tinh hoa co thé khong
du d6i voi tin hiéu bang rong.



Mic du hiéu suit khir méo trong k¥ thuat méo trudce s6 bi giam do dg nhay
cua DPD voi céac hi¢u img nho, nhung thuc té cho th.'fly van c6 thé dat dugc mot
luong cai thién dang ké trong viéc khir méo bang cach giam thiéu hodc loai bo
cac hi¢u g nh¢ cua PA.

1.1.3. Cac phép do phi tuyén cho tin hiéu diéu ché

'40 T T T T T T T

Input signal
Otput signal

4

_1[0 ............. Pesoasse | ............ '

-120

Power/frequency (dB/Hz)

-140 }

SiQnaI

Upper:

‘Lower Lower Lower Bandwidth Upper Upper
SidebandSideband Sideband Sideband Sideband Sideband
180 1 1 1 1 1 1 1
-30 -20 -10 0 10 20 30
Frequency (MHz)

Hinh 1-5: Phé dau vao va dau ra PA ciia tin hiéu OFDM

DPé mo ta hanh vi PA phi tuyén, tin hiéu truyén qua bo khuéch dai 1a tin hiéu
duoc diéu ché dugc dic trung boi pho tan sd phic. Khi cac so d6 diéu ché phirc
duoc ap dung, céac phi tuyén xuét hién trén mot dai tan s6 lién tuc va diéu nay
duoc goi 13 su tai sinh phd. Hinh 1-5 cho thdy phd cia ca dau vao va dau ra
khuéch dai cta tin hiéu OFDM. Phé déu ra thé hién sy tai sinh phd do hoat dong
phi tuyén cua PA. Trong truong hop ndy, mot gia tri hiru ich 1a ty 1& cong suat
kénh lan can (ACPR - Adjacent Channel Power Ratio) hay con dugc goi 1a ty 1¢
cong suat ro ri kénh 1an can (ACLR - Adjacent Channel Leakage Power Ratio),
duoc dinh nghia 1 ty 1& cia tong cong suit trén bang thong kénh Pz véi cong
sut birc xa trong kénh lién ké P,¢ (ca dai bién trén (US - upper sideband) va dai
bién dudi (LS - lower sideband)), do la:



[P (1)df
ACPR = Ly

P [Pu(f)df+ [ B,(1)df

(1.11)

Thiét bi cua bat ky hé thdng vo tuyén ndo déu phai tudn thu tiéu chuin
truyén thong cu thé. Do d6, né phai tinh dén gii han phat xa nang luong trong
bing tan va ngoai bang tan duoc quy dinh trong céc tiéu chuin vé mit na phd
phat xa va ACLPR. ACLR chi dinh mirc céng suat 1an can dugc phép dé khong
gay nhiéu cac kénh 1an cin. Vi vay, bit budc phai tranh sy tai phat phd & mirc
dd cao. Muc ti€u nay co thé d& dang dat duogc b:?mg cach van hanh ¢ mot vung
rat tuyén tinh ctia PA, nghia 12 co6 do Iui dang ké khoi diém nén caa PA. Tuy
nhién, diéu nay s& din dén viéc khuéch dai cong suét rat kém hiéu qua ma sé
duoc giai thich trong tiéu muc 1.1.4, diéu nay rat quan trong d6i véi thiét bi di
déng hoat dong bang pin.

A

Q Error
Measured vector
- /
signal y
/
/ /
/ /7
/ 7
/ 7 Reference
// Pid signal
Vd
/ s
/ 7
//
|V »

Hinh 1-6: Biéu dién Vector 16i
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Méo phi tuyén c6 thé lam bién dang phi tuyén chom sao QAM trong quatrinh
khuéch dai va diéu nay co thé dugc do béng Bién d06 vecto 16i (EVM). Hinh 1-6
hién thi béng dd thi vecto 13i gitra tin hi¢u (tham chiéu) mong mudn va tin hiéu
do dugc. EVM duoc dinh nghia 1a can bac hai cua ty $6 gilta cong suat vecto 16i
trung binh va cong suat tham chiéu trung binh va duoc biéu thi bang ty 18 phan
tram (%).

;}Z(A]Z +AQ")
EVM = 1 [%] (1.12)

2
max

Cac phép do méo dang khéc ciing duoc xem xét trong cac tiéu chuan truyén
thong (nhung cha yéu tir quan diém cua b thu) 1a ty 16 16i ky hiéu (SER) va ty 18
16i bit (BER), cung cap ty 1& phan tram sé lwong ky hiéu va bit bi 15i dbi voi tong
s6 ky hiéu va bit nhan duoc twong tmg. Ca hai ty 18 16i déu lién quan chit ché
dén sy bién dang khong mong mudn cia cac diém chom sao [4] va do dé 6 lién
quan dén gié tri cia EVM.

1.1.4. Panh ddi giira tuyén tinh va hiéu suat

Hiéu suit ctia bd khuéch dai cong suit trong thiét bi khong day 1a mot trong
nhiing van dé quan trong nhat vi n6 rat quan trong dé kéo dai tudi tho pin. Hon
nita, hiéu qua stir dung ning luong & cac tram co so ciing 13 mdi quan tdm déang
ké vi no tac dong dén ca yéu cau sir dung niang luong chinh va lam mat [5]. B
khuéch dai cong suat thudng 1a thanh phan tiéu hao dién nhit trong mach RF va
c6 thé chiém t6i 70% tong murc tiéu thu dién ning trong hé théng con RF [6].

Hiéu suét cia bo khuéch dai 1a thude do muc d6 hiéu qua cua nguén DC
duoc chuyén dbi thanh nguén RF, 1a dinh nghia phé bién duoc biéu thi nhu sau:

n=%[%] (1.13)

DC

Tuy nhién, bang cach chi xem xét cong suit thuc dugc chuyén dbi thanh
cong suat RF, bién phap nay khong can phai xem xét cong suat RF hién c6 duoc
dua vao bd khuéch dai cong suat, do do, hiéu suat tang thém cong suét (PAE)
duoc xac dinh nhu sau:

PAE:y[%] (1.14)

DC

Cac hé thong khong day hiéu qua vé phd hién dai sir dung cac so d6 diéu ché
da mirc dan dén tin hiéu c6 dudng bao khéng cb dinh. Cac so d6 diéu ché nay
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tao ra tin hiéu c6 ty sb cong suat dinh trén trung binh cao. Thong thudng trong
PA, hiéu sut tirc thoi duoc dinh nghia 14 hi¢u suét & mot mirc dau ra cu thé, cao
hon & mirc cong suat dau ra cao nhat khi 1am viéc gan diém nén. Do d96, cac tin
hiéu c6 bién do thay ddi theo thoi gian tao ra hiéu suat thay doi theo thoi gian.
Pé tranh cac hiéu tng phi tuyén trong qua trinh khuéch dai doi hoi phai phat cac
tin hiéu c6 bién d6 cuc dai thap hon nhiéu so véi dinh dau ra cia b khuéch dai
(hoat dong Iui), lam gidm hi¢u suét trung binh [7]. Tuy nhién, hi€u suat PA
khong chi phu thudc vao lui diém dau vao hodc dau ra ma con phu thudc vao loai
hoat dong ctia bong ban dan dién. Hinh 1-7 cho théy mot sb 16p van hanh bd
khuéch dai cong suat phd bién nhit, dugc phan biét bang phan chu ky RE. Cu thé
1a, 100% ca chu ky (pha 2x) tuong ung voi loai A, 50% (pha &t ) tuong ung voi
loai B, tir 50% dén 100% tuong ung véi loai AB, va cudi cung nho hon 50% ddi
voil loai C, D, E va F. Su can béng hiéu suét gitta cac 16p hoat dong khac nhau
bao gom hiéu suét, 46 tuyén tinh, mic ting céng suit, bang thong tin hiéu va
cong suat dau ra [8].

IDA

I,(max) g ——=———————————— —

class-B

\

>

0 .
Ve V inch-off /
class-/C‘ s (threshold) cs (P ) T -

Hinh 1-7: Céc I6p khuéch dai cong sudt
Trong khi & 16p A, 16p AB, 16p B, bong ban dan hoat dong nhu mot chat ban
dan thi & 16p C, D, E va F, né hoat dong nhu mot chuyén mach, do dé dat duoc
muc hiéu suit cao. Mic du cac bd khuéch dai cong suét loai C, loai D, loai E va
loai F cho thay hiéu suat cao nhung chung thudng khong phu hop cho cic ung
dung tuyén tinh vi ching tao ra xung dién va giy ra hién tuong tai sinh pho téi
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han lam anh huong dén cac kénh 1an can. Tuy nhién, bﬁng cach st dung mach
tuyén tinh héa phu hop, cac b khuéch dai cong sudt hiéu qua nay da duoc st
dung cho cac so dd diéu ché yéu cau khuéch dai tuyén tinh. Do d0, vi¢c sir dung
lui diém hoat dong ctia PA loai A dam bao khuéch dai tuyén tinh cac tin hi¢u co
PAPR 16n dan dén cuc ky kém hiéu qua.

Nhu vay, viéc st dung bd tuyén tinh héa co thé mang lai nhitng vu diém lom.
Céc k¥ thuat tuyén tinh héa duoc két hop trong thiét ké PA hoic 1a mot phan cia
hé théng con cua hé théng vO myén cho phép cai thién hi¢u suét tiéu thu dién
nang, dong thoi duy tri tuyén tinh cho tin hiéu.

1.2. Tong quan vé k¥ thuit tuyén tinh héa

Céc yéu cau vé do tuyén tinh trong may phat 13 yéu cau bat budc doi voi thiét
bi phai dugc thoéa min theo mot tiéu chuan truyén thong cu thé. Ngoai ra, trong
cac hé thong vo tuyén mang xach, ching ta co thé xac dinh duogc sy can bang cua
ba yéu t6: toc do truyén, cong suat tuy chu ciia pin va gidi han ving phua séng. Do
d6, mot sd van dé phai dugc xem x¢&t, chéng han nhu so d6 diéu ché (hiéu suét
phd) c¢6 hé s6 dinh (CF) cao, muc tiéu thy dién ning cua thiét bi (hiéu suat dién
nang) va cac yéu cau vé tuyén tinh ctia hé théng.

Céc cau trac tuyén tinh hoa c6 kha ning giai quyét su can bang hién cé giira
tinh tuyén tinh va hiéu suat nang lugng. Tuy nhién, khong c6 k¥ thuat tuyén tinh
héa hién tai nao co6 thé duogc coi 1a giai phap phd quat cho chinh nd, hon nita tinh
t61 vu cuia mdi giai phap phu thudc vao nhiéu yéu to nhu yéu cau cy thé ciia mot
g dung cu thé. Néi chung cac bo tuyén tinh hda nham muc dich:

- Loai bo hodc giam do birc xa ngoai bang tan (vi du: dugc do bang mirc
giam ACPR hodc méo xuyén diéu ché IMD).

- Loai bd hoac giam do méo trong dai (vi du: duoc do béng EVM).

- Uu tién hiéu qua sir dung ning lugng bang cach van hanh ¢ mic gan diém
nén nhung van duy tri khuéch dai tuyén tinh.

- Hoat dong véi céc so d6 diéu ché hiéu qua phd (mic du PAPR cao) dé nang
cao hiéu qua pho.

V& mat khai niém, méo trude sb (DPD) 1a mdt ky thuat tuyén tinh hoa kha dé
dang vi n6 bao gdm viéc dit trudc PA mot thiét bi goi 1a bd PD (predistorter) dé
chéng lai dac tinh phi myén cua PA. Sau do, muc tiéu cua bd méo trudc la tai tao
mot cach 1y tudng hanh vi phi tuyén PA nghich dao va két qua 1a c6 khuéch dai
tuyén tinh & dau ra ctia PA.
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Hinh 1-8: Co s6 ciia tuyén tinh héa bang méo trude.

Hinh 1-8 cho thiy cac nguyén tic co ban ciia bd méo trudc dang vong ho.
Mot s6 giai phap da dugc phat trién dé hién thuc héa bo méo trude, tir xur 1y s6
bang co s0, dén xur 1y tin hiéu truc tiép tai RF béng cach str dung dibt 1am thiét bi
phi tuyén. Hon nira, hau hét cac giai phap méo trudc hién tai déu di dua ra mot
s6 loai co ché phan hoi dé cho phép méo thich tng cho phép bo tuyén tinh hoa
hoat dong manh mé& hon.

Tuy theo vi tri ciia bd méo trudc trong may phat, viéc méo trudce co thé duoc
thuc hién & tan sd vo tuyén (RF), tin sb trung gian (IF) hodc bang tan co s&
(BB). Méo trudc & IF va BB c6 uu diém 1a doc lap voi dai tan hoat dong vo
tuyén, dong thoi chiing bén hon trudc cac thong s6 moi truong. Ngoai ra, chi phi
cua ADC va DAC giam 16n khi hoat dong & tan s6 thép. M6t nhuoc diém lién
quan dén viéc bu trudéc méo & IF hodc BB 14 yéu cau vé do tuyén tinh gia ting do
bd chuyén d6i ADC, DAC c6 thé gy ra thém méo. Tuy nhién, c6 thé tranh céc
bd déo tan 1én (DUC) hoat dong & IF va sir dung cac k¥ thudt vo tuyén phan
mém, lay mau IF. Mot van dé quan trong khac 1a hién twgng méo phi tuyén trong
vong phan héi (vi du do cac bd dao tan xudng DDC) tao ra khi trién khai méo
thich tng. Sy méo phi tuyén nay khong can phai bu nhung c6 thé giam hiéu suét
tuyén tinh ctia vong 1ip mo va tao ra cac mirc bu phi tuyén khong mong mudn.
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Hinh 1-9: So dé khéi ciia bé méo truée RF

Mbt vi du vé méo trude RF sir dung céc thiét bi tuong tu nhu trong Hinh
1-9. B4 méo trude RF nham muc dich loai bé IMD béc ba béng cach thém thanh
phan khéi pha va bién d6 dugc hiéu chinh chinh xéc theo tin hiéu dau vao. Trong
truong hop hé thong thong dai, chi co cac thanh phan IMD béc ba thudng duoc
giam. Khi can cai thién do tuyén tinh cao hon, méo trude thuong duge két hop
v6i kién tric truyén thang (khong co phan hoi).

Hinh 1-9 thé hién so d6 khéi ctia mot bd méo trude dién hinh. Tin hiéu dau
vao duoc chia thanh hai duong. Dé dam bao sy két hop hoan hao trong qua trinh
tai hop cua ca hai tin hiéu phan tach, phan tir tré thoi gian duoc thém vao &
duong trén. Puong phia dudi duoc hinh thanh boi mot phi tuyén khéi thuc hién
méo trudce phi tuyén, bo diéu khién khuéch dai (bd suy giam bién d6i) va pha (bd
dich pha bién thién) dé dam bao phdi hop chinh xac tai bo két hop va cudi cing
1a b khuéch dai sau méo dang dé dém va khuéch dai tin hiéu nhan duoc. Bo
khuéch dai trong duong din nay duoc coi 1a mot thiét bi tin hiéu nho khong gop
phan gy ra méo phi tuyén tong thé. Cudi cung, tin hiéu bi méo trudc ¢ duong
dan phia dudi dugce trir khoi tin hiéu ¢ dudng dan trén va dua dén PA.

Tinh phi tuyén trong bd méo trude thudng dugc tao ra bang cach sir dung céac
dic tinh phi tuyén cta didt va bong ban dan FET [9].

Mit khac, méo truée sb sir dung cac thiét bi xu ly s6 nhu bo xu 1y tin hi¢u )
(DSP) hoic Mang cong lap trinh truong (FPGA). Hinh 1-10 cho thdy so dd khéi
don gian hoéa ctia may phat c6 chira mé-dun méo trudce so thich tmg tai dai BB.
Hai cach tiép can chinh c6 thé dugc tim thay trong méo trude s 1a méo trude tin
hiéu va dir liéu. Su khac bié€t chinh gitra méo trudce tin hiéu va dir li€u 1a & vi tri
trong may phat. Mo-dun méo trudc dir liéu duogc dat trude bd loc dinh dang
xung, trong khi méo trudc tin hi¢u duoc thuc hi¢n sau bd loc dinh dang xung. Vi
vay, Hinh 1-10 dua ra mot vi du vé méo trude tin hiéu.
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Hinh 1-10: So do khéi ciia mdy phat c6 méo truée so.

Méo trude dir lidu sd duge tiy chinh phu hop véi cac dinh dang diéu ché sb
cu thé, do do, chirc nang méo trudc dir licu nham muc dich bu trong khong gian
vecto dir liéu (chom sao). Do do6, cac hé¢ s6 bd méo trude duge toi wu hoa bﬁng
cach giam thiéu EVM, nghia 1a bu lai d6 méo trong dai do PA giy ra. Tuy nhién,
hién tuong méo dang dit liéu s6 khong bu duoc dd méo ngoai bing tan. Ngoai ra,
méo trude dir liéu khong twong minh ddi voi tit ca cac dinh dang diéu ché khac
nhau, do d6, n6 phu hop véi timg tmg dung cu thé nhung khong phu hop theo
quan diém linh hoat. Mit khac, tinh nang du doan méo trudc s6 tin hiéu loai bod
ca bién dang trong dai va ngoai dai, mién 1a mtc bio hoa cia PA & muc cho
phép. Hon nira, méo sb tin hiéu hoan toan doc 1ap véi loai PA, dai hoat dong,
loai (A, AB, C), cong ngh¢ ché tao PA va quan trong nhat 1a vé mat ly thuyét,
DPD tin hiéu 1 doc 1ap v6i dang diéu ché.

1.3. M6 hinh hanh vi ciia by khuéch dai cong suat cho méo trudée
tin hiéu so dai co s&

Cac mo hinh PA ¢6 thé duoc phan loai theo loai dit liéu can thiét dé trich
xuét dic trung trong cac mo hinh vat ly va thuc nghiém:

- Cac md hinh vat 1y doi hoi kién thic vé cac phan tir dién tir bén trong PA,
cac mdi quan hé cau thanh cia chung va cac quy tic 1y thuyét mo ta sy twong tac
ctia chiing. M6 hinh vat 1y sir dung mot mé hinh phi tuyén cia thiét bi tich cuc
PA va céc thanh phan thu dong khac dé tao thanh mot tap hop cic phuong trinh
phi tuyén lién quan dén dién 4p va dong dién dau cubi. M6 ta mach twong duong
ciia PA bao dam phu hop cho mé phong cdp mach. Tuy nhién, thoi gian mo
phong cao va nhu cau mo ta chi tiét vé cu trac bén trong PA 13 hoan toan khong
can thiét cho muc dich tuyén tinh hoa cap hé thong.
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- C4c md hinh thyc nghiém hodc mo6 hinh hanh vi khong can co kién thuc
tién nghiém vé thanh phan bén trong PA, vi 1y do d6 cac PA duoc goi 1a mé hinh
hop den. Viéc trich xuat ciia mo hinh PA dya trén mot tap hop cic quan sat dau
vao-dau ra. Do d6 d6 chinh xac cta chung rat nhay cam vdi cdu trac mo hinh
duogc &p dung va thu tuc trich xudt cac tham sb.

Data &
Source
Coding

10011011100...

x(k) = x, (k) + jx, (k) s(t) = x(t) cos(@,t +8(1))

Pulse
Shaping
Filter

Mapping Digital Baseband

PREDISTORTER | | DAC [ LPF

Demappin | —
?p 9 Shaping | } ADC ¥ LPF
hed I Filter I
||
n POSTDISTORTER
XM &

UPDATE

y(k) =y, (k) + jy, (k)
Hinh 1-11: So do khéi mdy phdt cé6 DPD

PA (hodc hdp den) o cép hé théng la cac hé théng mot dau vao mot dau ra
(SISO). Viéc trich xudt mé hinh hanh vi PA cho muc dich tuyén tinh hoa DPD
duogc thuc hién bang phuong phap quan sat tin hiéu duong bao phirc dau vao va
dau ra. Hinh 1-11 biéu dién so d6 khéi may phat don gian c¢6 tuyén tinh hda méo
trude so dai co so. Ching ta ¢ thé quan sat cac loai tin hiéu khac nhau (bang
thong dai, bang co so, dang analog, dang s6) c6 sau mot sd khdi trong mdy phat.
Piéu ché thong dai c6 thé duoc dinh nghia 14 qua trinh trong d6 bién do, tan sb
hodc pha ciia song mang RF thay doi theo thong tin can duoc phét di. Tin hiéu
thong dai duoc diéu ché bién do va pha co thé dugc mé ta nhu sau:

S(t):A(t)cos(a)ct+H(t)) (1.15)

trong d6 . = 2xf, 1a tin s6 song mang goc, A(f) va 6(¢) 1an luot 1a bién d6 va
pha thay doi theo thoi gian. Tin hiéu thong dai nay cling co thé dugc biéu dién &
dang cuc nhu sau:

s(t)=Re{x(t)e"| (1.16)

v6i x(¢) 1a duong bao phire dugc dinh nghia
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x(t)=A(t)e”"” = A(t)cos(60(t)) + jA(t)sin(O(2))
=, 1)+ (1)

trong do x,(¢) va xo(?) lan luot 1a cac thanh phan cung pha (I) va cau phuong (Q)

(1.17)

cua duong bao phtrc. Str dung céc dac tinh lugng gidc, tin hi¢u thong dai cling c6
thé dugc biéu dién bang cac thanh phan:

s(t)= Re{x(t)e-f‘”ct} =x,(t)cos(@,t)—x,(t)sin(w,t) (1.18)

Vi thé, c6 thé xem dudng bao phirc x(¢) 1a tin hiéu bang co s& dugec mé ta qua
mot chudi lién tiép cua cac xung 1y tudng x(f) va xo(?) xuat hién tai cac thoi
diém riéng biét (k= 1, 2, 3. ..) trong mdi truong bing co sd sd, tir (1.17) co thé
biéu dién dudng bao phitic & dang roi rac nhu sau,

X(0)| g =X, (KT,) + jixg (AT, ) = x, (k) + jx, (k) (1.19)

Vi vay, dé trich xuat cdc mo6 hinh hanh vi PA cho thiét ké b méo trudce s6 &

bang co s, can phai c6 cac tin hiéu duong bao phirc roi rac dau vao (x(k)) va
dau ra (y(k)) nhu so d6 trong Hinh 1-11. Mic du luan van khong tap trung vao
cac mo hinh hanh vi PA. Tuy nhién, do hiéu sut bu méo phi tuyén méo trudc sb
phu thudc vao do chinh xac cia cac md hinh téi tao cac hiéu ing nhd va do phi
tuyén PA, nén mot so mo hinh PA quan trong nhét dé trién khai méo trudc sb
duoc trinh bay trong [10] va dugc tom lugc dudi day.

1.3.1. Cac mé hinh hanh vi by khuéch dai khong nhé

Trong cac md hinh khong c6 nhd, tin hiéu dau ra duoc coi 13 ham phi tuyén
chi cta tin hiéu dau vao tirc thoi. Tan sd duodng bao cua tin hi¢u dau vao nho hon
nhiéu so voi bang thong duodng bao cua bd khuéch dai. Do do, lugng méo bién
d6 va pha chi phu thuc vao mirc tin hiéu dau vao tirc thoi twong tng. Hai mo
hinh dién hinh thudc 16p nay 1a mé hinh Saleh va mé hinh da thirc khong nhé
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AM/AM

x(k) | — (k) = £(x(R))
x(k)e C

. ke N

Hinh 1-12: M6 hinh hanh vi PA khong co nho
Mo hinh Saleh

Saleh dé xuat hai ham chung dé udc tinh cac dic tinh duong bao AM/AM va
AM/PM, ban dau dugc ap dung cho cac miu bo khuéch dai 6ng song chay
(TWT - traveling wave tube), va sau ndy ciing dugc st dung dé mé ta dic diém
cta cac bd khuéch dai cong suét trang thai ran (SSPA - solid state PA). Biéu dién
dac trung AM/AM va AM/PM:

A@%W=¥Zﬁ2& (120)
Ww):% .21

trong do aa, Pa, 04, By 12 cac tham s6 khong doi duoc chon dé gan dung voi cac
dac tinh PA thuec.

Mo hinh da thirc khong nhé

Cung v6i cac md hinh cta Saleh, m6 hinh da thic khong bd nhéd 1a mdt
trong nhitng mé hinh dugc biét dén va sir dung nhiéu nhat dé mo ta hanh vi tinh
phi tuyén PA. Dang tong quat cua xap xi chudi liy thira bac p c6 thé dugc biéu
dién bang:

y(K) =3y x (k)| (k) (1.22)
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trong d6 x(k) va y(k) 1a dudng bao phirc ddu vao va dau ra PA tai miu &, P 13 bac
ctia ham da thtrc va cac hé sb phirc 7, phai dugc xac dinh dé mo ta hanh vi PA
khéng c6 nhé phi tuyén.

1.3.2. Cac m6 hinh hanh vi b§ khuéch dai c6 hi¢u rng nhé

Nhu chung ta da phan tich & trén, do lgi trong bo khuéch dai cong suat RF c6
hiéu tmg nhd khong chi 1a ham cta bién do tin hiéu dau vao tai ciing thoi diém
ma con phu thudc vao cac mau trude dé cia tin hidu dau vao-dau ra. Céc tin hiéu
duong bao tdc d6 cao (c6 biang thong dang ké) khién hiéu suat hé thong suy giam
do anh hudng ctia nhd.

Dé phat trién cac mo hinh bd khuéch dai c6 cac hiéu tng nhé, bo khuéch dai
phai dugc mo ta bang hé théng do dong. Cac mo hinh phi tuyén dong pho bién
nhéat dugc xem xét trong tai li¢u dé mo ta hanh vi PA la mang no-ron (NN),
chudi Volterra va cac phién ban don gian hoéa chudi Volterra.

AM/AM
x(k) N o) = f r(/;) x(k-1,), r]‘(’k —Ty)s
AM/PM y(k=17,),nn y(k-1,)
x(k)e C
k,7e N

Hinh 1-13: M6 hinh hanh vi PA c6 nhé
M4 hinh no-ron nhan tao: Mang no-ron tré thoi gian

Mang than kinh nhan tao (ANN) la mot hé théng bao gém mot sd lugng
16n cac phan tir co ban dugc sap xép thanh cac 16p va co tinh lién két cao voi
nhau. N6i chung, cau tric duogc hinh thanh bdi mot s6 dau vao va dau ra, ¢
thé duoc huin luyén dé phan tmg véi kich thich dau vao theo mot cach mong
mudn cu thé.

Perceptron nhiéu 16p (MLP) 1a mét trong nhitng cdu trac phd bién nhét cta
mo hinh ANN. Ching tuan theo mot 16p chung cua ciu traic ANN lan truyén
thang, vi luong dir liéu di tir dau vao dén dau ra ma khong co phan héi. Chung
c6 kha ning tao ra xap xi tong quét cua bat ky ham ndao. M6 hinh MLP bao
gém mot sb luong hitu han cac don vi dugc goi 1a noron hodc perceptron, trong
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d6 mdi don vi cia mdi 16p dugc két ndi véi timg don vi cia 16p tiép theo/trude
d6. Cac két ndi nay duoc goi 1a lién két hodc khép than kinh va chung chi ton
tai giita cac no-ron & cac 19p tiép theo nhung cac két ndi gitta cac no-ron trong
mot 16p khong ton tai va ciing khong c6 bat ky két ndi truc tiép nao gilta cac
16p. Nhu mo ta trong Hinh 1-14, 16p dau tién dugc goi 1a 16p dau vao, theo sau
13 cac nhom no-ron trung gian goi 1a 16p an va két qua ctia mang thu duogc & 16p
dau ra. SO lugng té bao than kinh trong 16p an thuong dugc xac dinh bang
phuong phép thir va sai, dé tim ra su can bang mang lai mang don gian nhat véi
hiéu suit chép nhan duogc. Vi sb luong dau vao va dau ra 1a ¢ dinh (tuong ng
1a céc bién doc lap va phu thudc cia bai toan), nén $6 lugng no-ron an x4c dinh
s6 luong trong sb phai duoc toi vu hda trong qua trinh hudn luyén dé dat duoc
xap xi ham t6t nhat.

Multilayer Perceptrons (MLP)

N
\ »
\
—>
A
—>
Input layer Hidden layer Output layer

Hinh 1-14: Mang noron perceptron nhiéu 16p (MLP).

Mang no-ron hau nhu chi dugc ap dung dé mé hinh hoa cac ham tinh cta céc
bién dau vao. Ung dung ching vao h¢ théng dong la mot linh vuc nghién ciu
kha méi. Gan day da xudt hién cac mo hinh c6 tinh dén hién tuong dong, vi du
nhu mé hinh bo khuéch dai cong suét (PA) [11] dé xuét sir dung mot loai md
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hinh MLP dac biét, mang than kinh bi tré thoi gian (TDNN). TDNN duya trén
MLP NN truyén thang véi viéc bd sung cac dudng tré dé tao ra cac mau bj tré
cho céc bién dau vao. Chung duoc stir dung dé thém lich st cua cac tin hiéu dau
vao vao mo hinh 1a can thiét cho mo hinh héa hiéu tng nhé nhu thé hién trong
Hinh 1-15.

Multilayer Perceptrons
(MLP)
x(k) ,
\ 4
zZ | x(k-1,)
- y(k)
x(k—r1,)
Z_r.\'
[ x(k—1,)
Input Hidden Output
layer layer layer

\—/\_/

Linear Time Invariant  Nonlinear Memoryless
(FIR filter) (Neural Network)

Hinh 1-15: Mang no ron cé tré thoi gian (TDNN).

CAu tric TDNN bao gém hai phan, d6 1a hé théng bat bién thoi gian tuyén
tinh (LTI) va hé thong khong nhé phi tuyén tinh (MLP). LTI cung cdp cho
TDNN kha ning thuc hién anh xa dong phu thudc vao cac gia tri dau vao trong
quéa khtr, 1am cho chung phu hop véi du doan chudi thdi gian, nhan dang hé
thdng phi tuyén tinh va cac Gng dung xir 1y tin hiéu. Trong trudng hop nay, loai
pho bién nhat 1a mang no-ron dap tng xung hiru han (FIR) c6 dugc bang cach
thay thé dau vao b?mg bo loc FIR. B sau bd nhd cua ph?m tir hoac hé théng
duogc phan tich dugc phan anh trén d¢ dai cua cac khau lgc. Cach 4p dung dé
thiét lap bd nhé hé théng cling dugc ap dung tuong tu cho thiét ké bo loc sb,
trong d6 s6 khau dau vao duoc ap dat bai 6 chinh xac cua bang thong can thiét.
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MBS hinh nay duoc hinh thanh béi NN chuyén tiép ba 16p, bao gom 16p dau vao,
16p an va 16p dau ra. T cAu trac lién két cia TDNN, c6 thé thay rat rd rang céc
duong tré thoi gian duoc sir dung dé xem xét lich st cua tin hiéu dau vao, diéu
nay can thiét cho cac hé thong mé hinh héa c6 nhé. Do d6, ciu traic TDNN c6
thé duoc xem 1a truong hop dac bi€t cia mé hinh Wiener, tuong tu nhu bd loc
FIR theo sau 1a ham phi tuyén tinh khéng bd nhé. Hon nira, cdu triic chung cta
ANN mét 16p an dé quy dé mo hinh hoa PA phi tuyén dong dugc trinh bay trong
[12] thé hién nhiéu tiém nang, tuy nhién, vi¢c hién thyc hdéa moé hinh cho dén nay
van con nhiéu thach thirc do do phirc tap tinh toan cao.

So sanh cach tiép can NN vo1 cach tiép can da thtc, trai nguoc voi cac dac
tinh gan ding cuc bd von cob cua da thirc, NN c6 thé hoat dong nhu cac phép tinh
gan dung toan cuc: mot loi thé tiém niang khi mo6 hinh hoa cac hé thong phi tuyén
manh. Ngoai ra, vé nguyén tic, NN hoat dong tot hon cac md hinh ¢6 dién trong
viéc ngoai suy ngoai viing PA khai thac dé trich xuat tham sb.

M6 hinh chudi Volterra

Nha toan hoc ngudi Y Vito Volterra 1a ngudi dau tién nghién ctru chudi ham,
duoc coi la phén mé rong cua chudi mé rong Taylor. Hat nhan Volterra 1a b mo
ta dang tin cdy vé chtic ning cta hé thong, bao gdbm mot sb luong 16n céc trang
thai hé théng ¢ thé 6. Vi vay, chling c6 thé duoc coi 14 mo6 hinh hoa céac hé
théng phi tuyén c6 nhd nhu PA. Do d6, coi x(k) va y(k) 1a mbi quan hé dau vao-
dau ra dudong bao phirc trong PA, chudi Volterra phirc thoi gian rdi rac co thé
dugc biéu dién dudi dang

y(k)= X (i)x(k 1)+

+Z Z Zh3(m,n,p)x(k—m)x(k—n)x*(k—p)+

m=0 n=0 p=0 (123)

.......

My-1Mp-1  My-1

+ Z Z Z hQ(m,n,...,p)x(k—m)x(k—n)...x*(k —q)

Trong do6 hy, hs, -+, hq la cdc nhan Volterra tuong duong thong thap, k biéu
thi tho1 gian ro1 rac va M, Ms, ---, My la lugng tré dugc xem xét trong mdi hat
nhan twong ung.

S6 lugng tham s trong chudi Volterra ting theo cip sd nhan khi xem xét
trich xuat hat nhan bac cao, diéu nay 1am ting thém do phirc tap tinh toan khong
can thiét khi xem xét chung cho muc dich nhan dang va tuyén tinh hoa. SO hé sb
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(n.) ma chiing ta phai xac dinh khi xét chudi Volterra thoi gian rdi rac duoc mo
ta bang phuong trinh sau:

N +1

n =

c

™

Il
—_

D" (M,=M,=M,=D) (1.24)
v6i N, 13 hat nhan bac cao nhat dugc xem xét (vi muc dich don gian, chi cac hat
nhan 1& dugc xem xét) va gia str cing do sau bd nhd cho moi hat nhan (M, = M;

Mo hinh da thirc nho

-
x(k)

v " fo () -
Z~"

X(k-714)

Y — fi () 7

z" y(K)
+—

\_/
Hinh 1-16: So do khéi ciia da thirc nhé cho mé hinh phi tuyén tinh déng
Pa thitc bo nhé (MP) 1a mét trong nhitng md hinh don gian nhét c6 tinh dén
hanh vi phi tuyén dong ctua PA va di duoc st dung cho cac ing dung méo trude
sO [13]. So dd khdi ctia mé hinh MP duoc mé ta trong Hinh 1-16. Méi quan hé
dau vao-dau ra ciia mo hinh MP c6 thé dugc biéu dién dudi dang

yMp(k)=ifn(x(k—rn)) (1.25)
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Trong d6 ham phi tuyén £,(-) 12 mot ham da thirc va t 1a d6 tré phu hop nhat
dé mo ta mo hinh PA.

fn(x(k—a))=§apnx<k—rn>\x<k—a>

P

(1.26)

1.4. Két luan chwong I

Trong chuong nay, ludn vin da chi ra su bién dang phi tuyén 1a mot van dé
¢d hitu cta thiét bi hoat dong PA. Ngoai ra, cac k¥ thuat diéu ché da séng mang
va da mirc ¢c6 PAPR cao. Piéu nay minh chung rang dé co6 duoc kha ning
khuéch dai tuyén tinh va do d6 tuan thu cac yéu cau vé tiéu chuan truyén thong,
can c¢6 mirc do lui diém 1am viéc khoi diém bio hao 1a dang ké. Cac ky thuat
diéu ché hiéu qua phé nay cling rat nhay cam véi hién tugng méo diéu ché do sy
phi tuyén trong chudi may phat RF. Viéc st dung PA tuyén tinh cao (loai A)
hoat dong 1ui diém 1am viéc lai s& anh huong dén hiéu sut st dung dién, diéu
nay lai rt quan trong d6i voi cac thiét bi mang xach. Do dé, viéc sir dung cac ky
thuat tuyén tinh hoa dé giai quyét sy cin bang giita tuyén tinh va hiéu suit tiéu
thu dién nang la mot gidi phap dugc cong nhan.

Méo trudc tuong ty 14 mot giai phap don gian hon so véi méo trude sb
(khong can DSP) co thé xir Iy bang thong cao mic di cung cap kha nang triét
tiéu IMD ¢ mirc vira phai. Tuy nhién, méo trudc sb c6 thé dat duoc kha ning
hiéu chinh t&t hon va c6 thé mang tinh thich tng cho phép hiéu chinh cac su mat
can bang khong mong mudn c6 thé xay ra. Hon nita, DSP hién c6 mat trong hau
hét cac may phat, nén viéc cho phép cac thuat toan méo trude sd hidu qua 1a mot
linh vuc nghién ctru thi vi, c6 tam quan trong déng ké trong hiéu suat khir IMD
khi PA c6 hiéu ung bd nhé.
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CHUONG 2: MEO TRUGC SO TiN HIEU DAI CO SO DUA
TREN BANG TRA

Chuong 2 bat dau voi viéc xac dinh van dé lién quan dén méo tin hiéu
trong dai co s va cach st dung bang tra ctru dé giai quyét. Sau do tiép tuc véi
t6 chirc bang tra ciru trong thiét ké, bao gdbm so d6 DPD dya trén LUT, kich
thudc LUT va do dai tu tin hiéu lugng tir, cling nhu khoang cach gitra cac
phan tir trong LUT.

Tiép theo, chuong trinh bay cac phuwong phap nhin dang méo phi tuyén, bao
gdém hoc gian tiép voi cac phuong phap méo sau va dich, va phuong phap méo
trudc du doan. Cudi cing, chuong mo ta cach cip nhat bang tra ciru dé diéu
chinh trong qua trinh thich ng.

2.1. Pit van dé

K§ thuat tuyén tinh hoa méo trude sd bang co s¢ doc 1ap v6i dai tan hoat
dong vo tuyén va tranh sy phirc tap ctia phan cting RF mdi khi thay d6i tan sb
hoat dong. Diéu nay lam cho bo tuyén tinh héa DPD tré nén linh hoat hon va
day ciing 1a mot linh vuc nghién cru rong 16n nham ti vu hoa kién trac va thuat
toan DSP. Tuy nhién, hiéu suat bu méo phi tuyén ciia DPD c6 thé bi suy giam
nghiém trong do tinh nhay cam ctia n6 véi cac hiéu Gmg nhé trong bo khuéch dai
cong suat RF. K¥ thuat DPD nham muc dich bu hiéu ung nhé va nghich dao dac
tuyén ctua PA. Do d6, khi thiét ké cac bo DPD thich mg bang co s, can phai
tinh dén it nhat ba van dé chinh:

- Nhu cau vé cidc mé hinh hanh vi PA chinh x4c.
- Thu tuc dao ngugc thich tng hi¢u qua moé hinh PA.

- Trién khai hiéu qua chitc nang DPD trong thiét bi xtr 1y tin hiéu sé (DSP
hoac FPGA).

Tuyén tinh héa PA cho phép str dung PA hiéu qua hon bat ké méo phi tuyén
do PA tao ra nho vao kha ning bu lai méo phi tuyén ndy. Hon nita, cic tiéu
chuan truyén thong hién dai st dung tin hiéu dudng bao téc do cao c6 bing
thong dang ké nén hiéu tng bo nhé phai duogc tinh dén. Trong sd cac bo tuyén
tinh héa PA, méo truéc sb DPD tan dung cac thiét bi xu 1y tin hi¢u s6 hién c6
trong mdy phat, do d6 giam cac van dé diéu chinh phan cting RF. Ngoai ra, DPD
1a mot ki thuat tuyén tinh hoa linh hoat tn dung cac giai phap vo tuyén duoc
xé4c dinh bang phan mém (SDR), cho phép c4u hinh lai va doc 1ap hon véi giao
dién nguoi dung RF cu thé. Tuy nhién, DPD kha nhay cam v&i cac hi¢u irng nho,
day c6 thé 1a mot nhuge diém khi c¢b ging loai bo méo trong dai, hiéu suat tuyén
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tinh hoa bi gidm. Do d6, cdc md hinh hanh vi PA va DPD c¢6 kha nang tai tao céc
hiéu tmg nhé va hanh vi phi tuyén cin quan tdm 16n dé dat duoc hiéu qua cao
cho DPD.

Chuong nay cua luan vin tap trung nghién ciru xay dung bang tra LUT va to
chtrc tap cac LUT dé thuc hién DPD thich Gmg. Céu tric thiét ké nay nhing ca
phan tuyén tinh va phi tuyén, do d6 tranh dugc su phan ri tuyén tinh — phi tuyén
theo tang nhu trong cac md hinh Hammerstein hodc Wiener. Hinh 2-1 trinh bay
bang so d6 khéi chung ctia DPD thich tng bing co s¢ duoc thuc hién trong
FPGA bang mdt tip cac LUT. Qua trinh thich Gmg bao gdm tinh toan dinh ky céc
gia tri do lgi moi dé cap nhat ngi dung LUT trong FPGA. Qua trinh thich ung
nay c6 thé dugc thuc hién bai mot thiét bi xtr 1y s6 bén ngoai nhu chip DSP hoic
may tinh c4 nhan (PC); hodc cach khac, tan dung cac dac tinh xtr Iy song song
cta thiét b1 FPGA, c¢o6 thé dugc thuc hién trong cung mot FPGA béng cac thuat
toan don gidn cho phép thich tng theo thoi gian thyc.

FPGA Reconstruction

Filter

™! Digital Baseband |——
PREDISTORTER

! Power o _
DAC . D Ampltier, >~ »{ Load

Anti-aliasing
| Filter

Y

DEMOD

ADAPTATION ADC
-/

ism

]

Hinh 2-1: So d6 khoi mire cao ciia mdy phdt ¢é6 DPD bdng tan co s6.

2.2. T6 chirc bang tra ctru trong thiét ké

Chuong nay cua luan vin tap trung nghién ciru xay dung bang tra LUT va to
chtrc tap cac LUT dé thuc hién DPD thich Gmg. Céu tric thiét ké nay nhung ca
phan tuyén tinh va phi tuyén, do d6 tranh dugc su phan ri tuyén tinh — phi tuyén
theo ting nhur

Céc giai phap DPD phai thuc hién chirc ndng méo trudc, thuong dua trén
mot md hinh hanh vi PA cu thé, trong bd xur 1y tin hi¢u s6. Mot cach hiéu qua dé
trién khai chirc ning du doan méo ma khéng ton nhiéu chi phi tinh toan 1a sir
dung bang tra ctru LUT. Pé anh xa chirc ning dy doan méo vao LUT, mot s6
yéu cau lién quan dén t6 chirc LUT phai duoc tinh dén do6 la:



- Kién tric LUT (LUT mot chiéu hodc hai chiéu) dé xir Iy dudng bao cua tin
hi¢u phtrc ro1 rac

- Kich thuéc t6i vu LUT (danh d6i gitta d6 chinh xac va kich thudc bd nhé)

- Lap chi muc LUT va khoang céch gitta cdc muc trong LUT

Mot van dé khéc can phai dugc tinh dén mac du day khong phai 1a van dé
riéng lién quan dén t6 chie LUT, d6 1a su phirc tap cta thuat toan thich Gng, vi
no lién quan chat ché dén tan suat cap nhat LUT.

2.2.1. So @0 DPD dwa trén LUT

Méo trudc s6 DPD dai co so xtr Iy dudng bao phtic cua tin hiéu RF dau
vao va ddu ra PA. Do d9, kién trac LUT phu thudc vao cach xt 1y dudng bao
phtrc nay. Cac bo DPD dya trén LUT co thé duoc phan loai theo cach tiép can
LUT [14]:

- Anh xa DPD (st dung LUT 2 chiéu)

- DPD hé cyc (st dung LUT 1 chiéu)

- DPD dura trén d¢ loi khuéch dai phirc (st dung LUT 1 chiéu)

Trong céch tiép can 4anh xa DPD, tin hiéu dau vao phuc duoc biéu thi b:?mg
cac thanh phan cung pha (x;) va pha cau phuong (xp). Bang cach st dung LUT
hai chiéu, cé hai thanh phﬁn dau vao déu duoc anh xa t6i mot chom sao mai gém
cac thanh phan: y; = x; + fi(x;, xp) Va yp = xo + fp(x; xp). Hinh 2-2 md ta so do
khéi kién triic anh xa DPD [14]. Han ché 16n nhit ctia 4nh xa DPD 1a kich thudc
ctia LUT hai chiéu, din dén thoi gian thich tng lau.
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Hinh 2-2: So @6 DPD dya trén LUT

DPD hé cuc str dung hai LUT mot chiéu tuong ung chtra muc tang bién do
va goc xoay pha. Nguyén tic nay duoc minh hoa trong Hinh 2-3. Bién d¢ tin
hiéu dau vao R;, dugc sir dung dé tré dén dia chi cua LUT chira hé s6 tang bién
do R,.; = Fr(R;,). Sau do, hé ) nay dugc st dung dé nhan bién do tin hiéu dau
vao ban dau (hi€u chinh bién dg). Hon nira, hé s6 khuéch dai nay cling dugc su
dung dé nhan bién d6 dau vao va sau d6 xur 1y bang tht hai chira pha méo @,,, =
Fo(R4). Pha nay duge st dung dé xoay tin hiéu da bi méo trudc do vé bién do
(hiéu chinh pha). Ca hai bang déu l1a mot chiéu, do d6 thoi gian truy cap va yéu
cu vé bd nhé s& gidm so v&i by méo trude anh xa.
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Hinh 2-3: DPD hé cuc

DPD d6 loi phuc [15] ¢c6 LUT chtra cac h¢ s6 khuéch dai co gia tri phuc
duoc dua ra ¢ dang cau phuong (Hinh 2-4). B méo trudc mirc ting phic su
cong suat cua tin hiéu dau vao (R = |x*) dé chi ra mot LUT duy nhat chira murc
tang phuc G, y7(R) cia ham DPD. Mtc tang phic G, y7(R) thu dugce tir dia chi
LUT dugc sir dung dé lam méo tin hiéu ddu vao x bang cach tinh toan tich phirc
v = xGryr(R). Chi v&1 mot bang mat chiéu, bd méo trude khuéch dai phuc gitp
giam do phuc tap va thot gian thich img so vo1 DPD anh xa.
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Hinh 2-4: DPD do loi phitrc

2.2.2. Kich thuéc LUT va d¢ dai tir tin hiéu lwgng tir

Phuong phéap DPD duya trén 2D LUT xay dung mot bang LUT dugc 1ap chi
muc boi dau vao thanh phan I va Q va luu trit ddu ra DPD. Nhuoc diém cua bang
2D 13 yéu cau bd nhd 16n va trong cac hé thong thich Gng, can c6 s luong 16n
mau trude khi bang day. Uu diém cta bang 2D 1a khong can chuyén d6i tir dang
cuc sang ciu phuong hodc ciu phuong sang cuc. Cac phuong phap DPD sir
dung hai bang 1-D LUT diéu chinh bién d6 va méo pha. Mot nhugc diém cua 1-
D LUT la yéu cau chuyén doi giira biéu dién Pé-cic va biéu dién cuc. Mot
nhuoc diém khac 13 chi ¢ thé hiéu chinh cac phi tuyén bat bién pha.

Néu s6 bit duogc str dung dé luong tir hoa tin hiéu duoc biéu thi bang » bit thi:

- b nhé bang hai chiéu day du yéu cau (2n)%, trong khi

- bang mot chiéu yéu cau hai bang c6 gia tri 2n.

Kich thudc bang c6 mbi quan hé nghich dao voi nhidu kénh 1an can. Ct ting
gap doi kich thudce bang s& 1am giam ACPR dén mot giéi han 6 dB, sau d6 viéc
tang kich thuéc bang khong con lam giam nhiéu kénh 1an can va thuc sy c6 thé
1am giam hiéu suat [16]. Hon nita, trong cac hé thong thich tng, kich thuéc LUT
cd moi quan h¢ ngugc voi tdc d6 hoi tu cua su thich ung, do d6 nén gitt LUT
cang nho cang tot.
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Do dai tir tin hiéu cta cac tham sé duge luu trong by nhd cé lién quan dén
mirc tap va do chinh x4c ctia toan hé thong. Vi mong mudn giam nhiéu kénh 1an
can nén nhiéu chiém vu thé khéng duoc gia ting do luong tir hoa. M triét tiéu
nhiéu kénh lan cin mong mudn s& thiét 1ap ty 1€ muc tin hiéu tdi thiéu v6i nhidu
lugng hoa (SNRq) cho cac muc trong bang. SNRq trudce tién phu thudc vao do
dai tur luong tir va sau d6 phu thudc vao ty 1€ gitra bién d6 dinh va bién d6 RMS
cua tin hiéu [16].

2.2.3. Khoang cach LUT

XT XA
| L
? Grur(rm)
IX7|="rm N -1
> 4 ;
|. | - S(fm) \ d
Companding
function
Z™ " 0

Adaptation

Hinh 2-5: Céu triic DPD dua trén LUT c6 ham nén

Céch 6 chtrc khoang cach LUT 1a mét chu dé dugc quan tim v6i LUT DPD
[17], vi khoang cach dong nhat hodc khong dong nhét caa LUT c6 lién quan chit
ch& dén hiéu suét tuyén tinh héa ctia DPD. Mot ham nén chiu trach nhiém tinh
khoang cach giita cac mirc dau vao trong LUT. N6 thuc hién xu 1y dit liéu dau
vao dé tro LUT dén cac pham vi d6 phan giai khac nhau. Hinh 2-5 mé ta cau
truc co ban cia DPD dua trén LUT véi ham nén s(-) chiu trach nhiém vé khoang
cach dong nhat hoic khong dong nhat ciia LUT.

Do d6, néu xem xét LUT gdom N, 6, thi do rong cta cac bin LUT (d) trong

mién y s€ la:

d=—0 2.1)



trong do r,, = |x7.
Mot s6 ham nén pho bién nhat:

- Nén bién d0:

s(r,)=r,—>s'(r,)=1 (2.2)
- Nén cong suat:
s(r,)=r: —>s'(r,)=2r, (2.3)
- Luat nén p:
ln(1+yrm) , u 1
=— - m/ = 2.4
s() In(1+ ) () ln(1+,u)xl+,urm 4

trong d6 p =255 (8 bit) theo tiéu chuan Bic My va Nhat Ban.

- Chi s0 to1 vu Caver:

£ ()= (Je(r,)" dr) o(r,)” 2.5)

trong do w(r,,) 1a ham trong s6 duoc xac dinh béi:

‘2

o lgl)
) =N ) p. (1) 2:6)

Vi g(r,) 12 mite tang phirc cia PA (¢ (r.)xg(r,)=K ) va p.(r,) ham mat
d6 xac suat bién do tin hiéu (pdf - probability density function).

- Chi s0 can t61 vu: St dung chi s6 to1 uu Caver:

£ ()= (Je(r,)  dr) a(r,)” 2.7)

nhung v6i a)(rm) =Iap, (r'") :

Hiéu suét tuyén tinh t6t nhat dat dugc nho ham nén tdi wu Cavers. Tuy nhién,
do do phuc tap trong tinh toan va su phu thudc vao pdf cua tin hi€u, tinh phi
tuyén PA va do tré dan dén ham tdi wu Cavers khong phu hop. Mit khéc, su
khac biét vé phat sinh cong suat xuyén diéu ché theo lut p va luat nén cong suit
1a dang ké & muc tin hiéu cao va thip tuong ing, boi vi gia tri trong bang tra cia
hai ham nén la khac nhau & bién dai bién d6. Ham nén bién do (khoang cach
doéng déu) cung cap két qua du tét so voi ham nén t6i wu nén da tré thanh mot
mg cir vién tiém niang mang lai hiéu suét tuyén tinh t6t voi do phirc tap thap
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hon. Han ché chinh ctia phuwong phap nén/gidn bién do 13 phan bd khoang cach
dugc c¢b dinh, trong khi bang cach st dung phuong phap can t6i wu, thuat toan it
phtrc tap hon khi xem xét cac dac tinh tin hi¢u (vi du pdf).

2.3. Phwong phap nhin dang méo phi tuyén

Céc mo hinh hanh vi mé ta hanh vi dong phi tuyén cta PA, nhung dé tuyén
tinh hoa PA, can phai dat dugc dic tinh nghich dao cta né (ky thuat loc duong
bao). Trong phan ndy, hai phuong phap nhan dang nham dat dugc dic tinh
nghich ddo PA duogc trinh bay. Phuong phap dau tién dugc goi 13 méo sau
(postdistortion) va dich, thuong duoc sir dung dé trich xuat ham nghich dao
(churc nang cuia DPD) cua PA theo hai budc. Phuong phap thir hai 1a mot phuong
phap nhan dang méi, phuwong phap dy doan méo trude, nham khic phuc mot sb
van dé ¢ hiru ton tai ctia phuong phéap dau tién.

2.3.1. Hoc gian tiép: Phwong phap méo sau va dich

Phuong phap hoc gian tiép hoic phuong phap méo sau va dich 1a mét ky
thuat thuong duoc su dung dé xac dinh ham méo trude [18]. Chiric nang co ban
ciia n6 duoc mo ta dudi dang so dd trong Hinh 2-6. Trong phuong phap hoc
gian tiép, ham méo trudc dau tién duge ude tinh bﬁng cach st dung dir li¢u diéu
ché bang co s dau vao (x(k)) va dau ra (y4(k)) ctia bo khuéch dai cong suét.
Khi cac hé s6 xac dinh ham méo sau duogc udc tinh, ching s& dugc sao chép sang
mot mo hinh giéng hét dugc str dung dé lam méo trude tin hiéu diu vao ma sau
nay sé duoc dua dén PA.

xt(k) DPD Xalk)

Copy of the Inverse
PA model

k
PA Vatk)

_| Post-distortion |_

Inverse PA model

Hinh 2-6: So d6 khoi ciia hoc gidn tiép: phwong phdp méo sau va dich.
Uu diém chinh ctia phuong phap nhan dang nay d6 1a ham méo sau thu dugc

tir cc quan sat truc ti€p dau vao va dau ra PA
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F,.(G(x;))=Kx, (2.8)

post

trong d6 Fpo(-) va G(*) lan luot 1a ham méo sau va ham phi tuyén PA, x7 la
duong bao phirc 11 rac cua tin hiéu duoc truyén di.

Tir Hinh 2-6 c6 thé thiy rang, tinh phi tuyén va hiéu tng nhé ciia PA, méo
trudc va méo sau c6 thé mé hinh bang phuong phap hoi quy phi tuyén (nonlinear
auto regressive). Su dung cac ky hi€u tin hiéu nhu trén Hinh 2-6, m6 hinh hoi
quy phi tuyén dugc mé ta nhu sau:

N D
)7A(k):Zfi(xA(k_Ti))_zé’j(yfl(k_rj)) (2.9)
i=0 J=1

Do d6, ham méo sau trong phuong phap hoc gian tiép c6 thé dugc biéu dién
dudi dang mo hinh nghich déo:

ch(k)=ﬁ:fi(yA(k—Ti))—ig‘j(x/l(k—rj)) (2.10)

trong do f; va €/ 1a cac ham phi tuyén uéc tinh c6 thé duge thuc hién bing
da thtc hodc bang cach sir dung bang tra ciru (LUT). Ngoai ra, 1o = 0 trong khi T
va 7; (t © N) 1an lugt 1a d6 tré thua ciia ddu vao va dau ra, gop phan md ta higu
ung bo nhd PA.

Pé thyc hién ham méo trudc trong FPGA, can phai anh xa cac ham phi tuyén

J; va & vao mot tdp LUT. Nhung trudce ti€n, cdc ham phi myén xac dinh hoat
dong phi tuyén cua bd méo sau va bd méo trude phai duge tinh toan. Vi Iy do do,
cac ham phi tuyén tinh trong (2.10) dugc thuc hién bang da thic,

f:(yA (k_Ti)):gapiyA (k_Ti)

P
gj(xA(k _Tj)) = Z;) pij(k_Tj)
=
v6i1 P la bac da thuc, oy, va g, lan luot 13 cac hé sb phuc cua ching, i = (0, 1

s N), 1 =(1, ..., D) vaT1y = 0.

Khai trién (2.10) véi (2.11) va biéu dién dudi dang ky hiéu ma tran nho gon
hon, c6 thé viét lai (2.10) nhu sau:

)4

Y4 (k_Ti)
(2.11)

)4

x,(k-7))

x,(k)y=2"0 (2.12)
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Trong do,

T
A= (Cggs Uygoe bl pgs Aoy Cprs e Opys=Botseces=Borsees—Bopseees—Bon )

o yalk=7n) - yalk =) [yalk = 7v)|” zak =), )
cezalk =) leatk =), va(k=7p),--- ,xa(k —p) [za(k — 7p)["

( ya(k), ya(k) lya(k)|, - ya(k) lya®)|"  yaltk —71), -+ yalk — 1) lyalk — 7)[", )"'
0 =

Ham chi phi duoc giam thiéu dé trich xuat cac hé sb phirc opi va Bpj mo ta
ham phi tuyén bd méo sau dua trén hdi quy phi tuyén duoc xac dinh theo
phuong trinh sau:

I )= (b (k)= &0 ) = . () - 276 | (2.13)

Sai s6 udc tinh duoc dinh nghia 14 sy khac biét gitra dir liéu dau vao PA ban
dau va dir liéu diu ra udc tinh ctia bd méo sau. Céac thuat toan nhan dang khac
nhau c6 thé duge st dung dé trich xuat cac tham s6 méo sau, chéng han nhu
thudt toan gradient (phuong phap Newton, Steepest Descent, LMS, Fast Kalman)
hodc cac phuong phap udc tinh tham sb (Binh phuong tbi thiéu LS, LS dé quy,
LS mé rong).

Khi chung ta da x4ac dinh dugc ham méo sau, co thé 4nh xa ham méo trude
trong FPGA, nhung dé hoan thanh muc tiéu nay, trudc tién can phai biéu dién
ham méo trudc dudi dang mot tap hop cac LUT. Véi xT la dau vao ctia bd méo
trude va xA 1a ddu ra ciia bd méo trude, ham méo trude van 1a ban sao chinh xac
cua ham méo sau da udc luong:

xA(k)=gﬁ(xr(k—ri))—igj(xA(k—fj)) (2.14)

J
Tir (2.14) ¢6 thé hinh dung mdi quan hé dau vao-dau ra ciia ham DPD nhu

AL us , ‘n X A \ A x,(k s X k \ , < ,
mot tich phtrc gitta mau dau vao/dau ra ( T ( ) A( )) va muc tang phuc
(Grur) phu thudc vao duong bao cua tin hi¢u. Vi vay ching ta co thé viét lai cac

ham phi tuyén tinh trong (2.11) duéi dang:
f:'(xr (k - Ti)) =Xr (k - Tl')GLUT—fl- (|XT (k B z-")|)
é’j(xA(k_fj)):xA(k_TJ)GLUT‘é’ﬁ(xA(k_Tj))

Viéc khai quat hoa nay 1a budc quan trong hudng t6i viéc trién khai DPD
thuc té trén FPGA, vi n6 cho phép DPD duoc phat biéu dudi dang mot khdi méo
truéc co ban (BPC - Basic Predistortion Cell) ma tir d6 cac ham DPD c6 thé

(2.15)
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nhanh chdéng dugc anh xa vao thiét bi FPGA. So d6 khdi don gian hoa cua BPC
dua trén DPD khuéch dai phtc dugc dua ra trong Hinh 2-7.

x, (k) JAER(3)

LUT f,

Hinh 2-7: Khéi méo truée co ban BPC @é trién khai FPGA

Cubi cung, mbi quan h¢ dau vao-dau ra caa bo DPD trong (2.14) c6 thé duoc
biéu dién dudi dang két hop cua mot tap hop LUT:

za (k) = zp(k) - [“00 +ayo [zr (k)| + - - +apo |ﬂ>’1‘(”v‘)|1’] +

~ 7

-~

LUT-fo=G yr_j (lr(k))

+ar(k—1) - [0’01 + aqy |lzp(k— 1) + - - +apy |zr(k — Tl)|1)] +

~ g
-

LUT-fi=Gpy_j, (ler(k=m1)])

+zr (k—7N) - [aow + ain |zr (k= 7N)| + - - +apn |27 (K — 7'N)|P] (2.1

~ — ~ 46)
LUT -f"\":GLl,"T—f_‘\' (lIT(k_T."\")l)

—za(k—11) - [ﬁm + B |xalk — 1)+ - - +Bp1|zalk — Tl)|”] -

~ 7

LUT 91=GLur-3, (|lza(k—T1)|)

—z4(k—1p) - [,30,) + Bip |zal(k —7p)| + - - +Bpp |z A(k — TD)|”]

-

-~

LUT-@DzGLUT_él) (lza(k—1D)|)
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Mdi quan hé dau vao-dau ra DPD trong (2.16) c6 kién trac nhu trong Hinh
2-8, trong d6 co thé théy viéc trién khai nhiéu LUT s& dugc 4nh xa trong FPGA.

x, (k) x, (k)

>

v
N

\ 4
4
S
I'*]
gQ)

LUT _{,
Hinh 2-8: Trién khai tdp LUT cho DPD sir dung phiong phép hoc gidn tiép.

2.3.2. Phwong phap méo trudc du doan

Mic du phuong phap hoc gian tiép cai thién tuyén tinh, nhung van con mot
nhuoce diém ¢ hitu 13 kha nang hdi tu vao gia tri cyc tri cuc bd. Vi ly do do,
phuong phap thay thé dé xac dinh va diéu chinh ham du doan méo trudc nhan
dugc nhiéu su quan tam (Hinh 2-9). Khdi DPD thich ung duogc thuc hién & bang
tan co s& dé khi két hop voi PA dua may phat hoat dong nhu mot thiét bi tuyén
tinh. Theo phuwong phap nay, trudc tién can phai thuc hién viéc xac dinh mé hinh
hanh vi PA theo duong bao phirc thong thap nhu duge mé ta trong phwong trinh

(2.9). Sau do, tp hop céc ham phi tuyén diu tién (/7 va &) xéc dinh hanh vi PA
duoc tinh todn ¢ bing tan co s& bang cach st dung dir liéu duong bao phire rdi

~

rac dau vao PA (x4) va dau ra (4). Khi da xac dinh duoc Ji va & 7, tiép theo co
thé xem yp 14 ddu ra PA duoc tuyén tinh héa mong mudn. Pau ra mong mudn
nay dugc dinh nghia 1a tin hiéu duoc phét di (x7) nhan v6i muc ting tuyén tinh
(Glinear),

v (k)= %7 (k) G 2.17)
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XT(k) DPD XA(k) N PA yA(k)

fi(-),gj(-)
0
i | Adaptation |
i new functions
: fi(')l g[(')

Hinh 2-9: So d6 khoi ciia phwong phdp méo trueée dw doan.
Nhu c6 thé thdy trong Hinh 2-9, x,(k) = x7(k) néu khong xét dén DPD biang
gbc. Tir biéu thire mo hinh PA trong (2.9) ¢6 thé suy ra

A N . D

fo(xA(k))=yA(k)—Zfi(xA(k—r,.))+Zgrj(yA(k—rj)) (2.18)
i=1 Jj=1

va nghiém (2.18) c6 thé thu dugc dau vao bo khuéch dai can thiét () g8 dat

duogc dau ra Vi (k) nhét dinh. Vi dau ra mong mudn »P (k) dugc danh gia trudce
boi (2.17), nén trong (2.18) y, dugc thay thé bang yp (va tuong tu cho tat ca cac
mau dau ra bj tré). Noi cach khac, dau ra mong mubn vp(k) dugc coi 1a dy doan

vé gia tri twong lai cua y4(k) (dﬁu ra hién tai) va do do, gia tri dau vao X, (k) cua
PA cho phép dat dugc diu ra mong mubn 74 (k) = Vb (k) Cubi cung, dau ra
X, (k) cua DPD k¥ thuat ) cling 1a dau vao PA c6 thé duge thé hién nhu sau:
A N . D
)?A(k):fol(y[)(k)Zfi(xA(kri))+2gj(y0(krj))] (2.19)
i=1 J=1

Pé thyc hién chirc ning DPD trong FPGA, can phai phat trién cau trac DPD
bang su két hop cac LUT. Mo hinh (2.9) trudc hét duge mé rong bang biéu thirc
da thtrc. Do d6 m6 hinh DPD nay nhén dugc
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YA (1\) = .1?_,1(/\') . [O()() + Q10 |11(/\)| + - +apg |.I‘A(l“)lp] +

~ 7

-~

L(,'T_foz(.‘“..l._j-o (|Jza(k)])

11(]1 — T1) . [(l()] + Q11 |I1(I\ — T1)| + - +api |I\(I\ — T1)|P] +

~ J

~"

LUT_-Fi=G pyp_j, (lzak=m1)])

24 (k= 7x) - [aon +arx e (k= 7v)| + - +apy |ea (k= 7)|7] - (2.20)

v

LUT -fx=G yr_j, (lTa(k=7x)])

yalk — 1) - [301 + B lya(k — )| + - - +8p1 lya(k — T1)|P] -

N

/

-~

LUT g1=GLur-j3, (lya(k-71)|)

ya(k —7p) - [‘301) + 6ip |lya(k — )|+ - - +8pp lya(k — TD)|P]

~ /

~"

LUT gp=Grur-5p,(lya(k=7p)|)

Do d6, theo cach twong tu nhu trong phwong phap hoc gian tiép, c6 thé viét
lai ham DPD trong (2.19) theo biéu thirc thuan tién hon khi sir dung cac dau vao
va dau ra phuc (bi tré) nhan véi muc ting phuc twong tng (GLur),

%,(k)=2(k)G,, i (|2(K))) (2.21)

trong do z(k) dugc dinh nghia la:

(2.22)

_ﬁ:;@l (k=7,)G,, ; (|#,(k=7,))

Tir (2.21) va (2.22) c6 thé thay rang, DPD c6 thé dugc anh xa vao FPGA
dudi dang mot tap hop cac BPC song song va xép tang, nhu mé ta trong Hinh
2-10. Hon nita, hoat dong DPD phu hop c6 duoc bang cach tai cac gia tri khuéch
dai phuc thich hop vao méi BPC LUT.
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Hinh 2-10: Cdu tric trién khai b DPD sir dung tdp cdc LUT.

2.4. Cap nhit bang tra ctru cho qua trinh thich @wng

Ban than qua trinh tuyén tinh héa 1a mot qua trinh cua hé hd va hoat dong
riéng biét v4i qué trinh thich tng. Mit khac, qua trinh thich Gmg, bao gém viéc
tinh todn dinh ky céc gia tri méo trudc mai dé cap nhat noi dung vao LUT, co
thé duoc thyc hién trén ca PC (st dung Matlab) hoac trong cung mot FPGA
dang trién khai DPD. Do d6, dé thyc hién chirc nang DPD trong chip FPGA, c6
thé xem xét hai cdu hinh c6 thé thuc hién qua trinh thich ung cho LUT:

- Thich img bén ngoai: cac thuat toan thich rng bao ddm LUT cap nhat moi
cho chtrc nang DPD 1a duoc 1ap trinh boi thiét bi bén ngoai (nhu PC hoac DSP).

- Thich tng FPGA thoi gian thyc: Noi dung LUT dugc cap nhat lién tuc
(thot gian thyc) trong cung mot chip FPGA.

Céu hinh thtr nhat thuong chi str dung dé danh gia tién kha thi va hiéu qua
cta thudt toan. Cau hinh tht hai tin dung dugc kha ning xur 1y song song cua
chip FPGA ma khoéng yéu cau thay d6i phan cting hé thong.

Trong cdu hinh thich tmg bén ngoai, cac thuat toan thich ing phtc tap hon
duogc tinh todn trong mot thiét bi bén ngoai, va do d6 c6 hang sb thoi gian thich
rmg thoai mai hon. Nhu duge mo ta trong Hinh 2.11, can c6 mdt vong phan hoi
tir dau ra PA toi FPGA, thong qua bd giai diéu ché va bo chuyén doi ADC, dé
thu thap dir liéu can thiét cho qua trinh thich tng. FPGA cung cip cho may tinh
bén ngoai bd dém chua dir li¢u dau ra PA va dau ra méo trude. BO chuyén doi
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DAC va ADC duoc lay mau & toe d6 qua mire, thuong téi thiéu 4 1an tée do 1dy
mau dai co s& dé bao dam xur 1y burc xa kénh lan can.

I | o

o [T ¢
E% ' i

o L?gT? L Er

=

| S

~——

FPGA e Moo
<PCIIUSB DAC + I ’

\/7

Digital signal )
processor

Hinh 2-11: So do khéi ciia DPD c¢6 thich irng bén ngodi.

Reconstruction
filter ‘\
[ FPGA | Mo

\_ﬁv
el Power N

DAC \N Lo o ’ ampllfer ,:)"Er' Load )

|

filter

DEMOD

0 =-

PC

Dual Port RAM

LMS
algorithm

Hinh 2-12: So dé khéi ciia DPD véi thich wng thoi gian thuc duoc thuc hién trong FPGA.

Churc nang thich tng co thé thuc hién dugc FPGA néu tién hanh cap nhat
1ap di 1ap lai mirc khuéch dai phtrc DPD (G, y7) trong tap cac LUT hodac BPC. Co
thé sir dung thuat toan binh phuong trung binh nho nhat (LMS) [19] dé cap nhat
ddng thoi tit ca cac mirc khuéch dai lién quan (trong BPC) trong qua trinh thuc
thi DPD. Céu hinh thich tng thoi gian thuc duoc thé hién dudi dang so db trong
Hinh 2-12.

Vi¢c cap nhat dir liéu LUT cho DPD duogc xac dinh trong (2.9). Quy trinh
nhan dang mé hinh PA dugc thuc hién théng qua thuat toan binh phuong tdi
thiéu (LS). Do d9, coi x, 1a vecto dit liéu phtrc & ddu ra DPD (d4u vao PA) va y,
1a vecto dir liéu phirc duge can chinh theo thoi gian twong Gng cua dau ra PA, ca
hai vecto c6 dd dai mau L, chung ta dinh nghia

X (k)=x,(k=7,)|x,(k-7,) (2.23)
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p

yI(k)=y(k=7)y(k-7,) (2.24)

Khi d¢6, moi quan hé dau vao-dau ra trong (2.9) c6 thé duoc bicu dién dudi

dang ky hiéu ma tran nhu sau
=Qd (2.25)
Trong d6

|:yA 9yA L 1):|

00 PO PN P1 0D PD
QZ[XA,...,XA yeees X 4 ,yA, oY s Y g reer Y ]

T
8:{aoo,...,aPo,...aON,...aPN, }
~Byiseir=Boisees—LBoprees—Bop
Do d6, nghiém binh phwong nhé nhét (LS) cua (2.25) 1a:

-1
=(Q"Q) Q"y, (2.26)
trong d6 chi s6 mil H biéu thi chuyén vi lién hop phirc.

Qua trinh thich tng dugc thuc hién trong PC dugc mo ta dudi dang so dd
trong Hinh 2-11 va dugc mo ta theo cac budc sau:

- Trong budc dau tién, xac dinh cac ham phi tuyén f; va €/ méi (dugc mod
ta trong (2.9)) sir dung thuat toan LS trong (2.26) thong qua céc vecto dir li€u
dau vao PA (x,) va dau ra (y,), nhu dugc minh hoa trong Hinh 2-9.

- Budc thtr hai: Pao nguge ham phi tuyén khong bd nhé Jo dé thu duoc
dau ra DPD béi (2.19).

- Bude cudi cung: Tao ra muc khuéch dai phtc (G.y7) cho tat ca cac LUT
can thiét dé thyc hién chtrc nang DPD dugc mé ta trong (2.19). Tir (2.20), (2.21)
va (2.22) va dua vao FPGA. Sau do, quay lai budc th nhat.

Néu chire ning thich tmg dugc thuc hién trong FPGA, md hinh PA va chirc
nang DPD dugc anh xa vao FPGA. M6 hinh PA trong (2.9) cé thé duoc biéu
dién dudi dang tap hop cac phép nhan phirc gitra cac mau dau vao/dau ra va mirc
tang khuéch dai phirc:
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Ya pa (k) =Xy (k)GLUT—iO ( X4 (k)‘)

+ i'xA (k o Ti)GLUTfj;. ("XA (k -7 )D (2.27)

trong d6, murc khuéch dai phtrc khoi tao (GLUT) cua BPC bang 0 hoic 1.

Vi¢c cap nhat mirc khuéch dai phuc LUT dugc thuc hién b:?mg thuat toan
LMS phtrc, trong do sai s6 nhan dang dugc mo ta boi

e(k):yAiMeasured (k)_yAiPA (k) (228)
va thuét toan LMS c6 thé duoc biéu dién dudi dang:

AGLUT_J%: (‘XA (k - Ti)‘) = luifo (k -7 )E(k)

(2.29)
AGL yA(k—Tj)):ﬂfyA(k_Tj)g(k)

trong do Ya_Measured 13 d3u ra b6 khuéceh dai duoc do thuc té Ya_ra 13 dAu ra mo
> . rous

hinh PA, ° (k) 1a lién hop phurc cua sai s6 phuc va p (#i Hi ) 1a kich thudc
buéc xac dinh tde d6 hoc cua thuét toan LMS.

Do d6, & mdi budc lip cta thuat toan thich tmg, cac hoat dong sau duoc
thuc hién dong thoi (xtr Iy song song) trong FPGA:

- Ap dung (2.27) dé thu duoc mau dau ra cia md hinh PA Ya_ra (k), tao ra
sai s6 LMS theo (2.28).

- Ap dung (2.27) dé thu dugc mau dau ra DPD méi (x,(k)).

- Tat ca mirc khuéch dai LUT phirc lién quan dén viée tinh todn miu dau ra
DPD dugc cap nhat b:?mg thuat toan LMS theo (2.29).

Sau mot khoang thoi gian nhéat dinh, trong d6 tat ca mac khuéch dai LUT
lién tuc dugc cap nhat, dau ra PA s& hoi tu dén dau ra mong mudn dé dat duoc
tinh tuyén tinh mong mudn.

2.5. Két luan chwong 2

Chuong 2 d3 md ta co s& cho thiét ké va trién khai lién quan dén DPD. Cu
thé 14, mot s6 van dé co ban lién quan dén t6 chirc bang LUT da duogc trinh bay,
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sau do gidi thiéu cac cau trac khdi méo trude co ban, ky hiéu LUT-BPC duoc to
chtrc theo chirc ning DPD dé dé dang thiét ké bd DPD va anh xa vao FPGA.

Ngoai ra, mot phuong phap du doan méi dé xac dinh chirc ning bo DPD da
duoc trinh bay, khic phuc phuwong phap hoc gian tiép c6 dién gia dinh tinh chat
giao hoan cho cac hé phi tuyén. Him DPD di duoc cu thé hoa bang cach sir
dung mé hinh hoa PA phi tuyén dong. Chuong 2 ciing d4 rat ra cau tric mo hinh
PA va DPD dua trén sy dong gop clia cac mau bi tré cua tin hiéu dau vao va dau
ra va xay dung kién trac khéi BPC dé d& dang trién khai DPD, anh xa DPD vao
FPGA.

Chuong 2 ciing trinh bay hai cach tiép can khac nhau dé cap nhat tat ca cac
BPC trong FPGA phu hop véi cach tiép can bo mach phan ctng trén thi trudng.
Céch tiép can thtr nhat thuc hién cap nhat LUT trong DSP/PC bén ngoai trong
khi cach tiép can thir hai tan dung kha ning xur Iy song song cua FPGA dé thuc
hién qué trinh thich ung trong cuing mot FPGA dang thuc hién chic nang DPD.
Trong phuong phép thich tmg bén ngoai, viéc thich ing dugc thuc hién doc 1ap
v6i chirc niang DPD trong FPGA. Diéu nay co thé giy ra mot sd van dé vé tinh
lién tyc cia ban cap nhat LUT. Céch tiép can thich (mg theo thoi gian thuc ¢ thé
dugc thyc hién trong cung mdt FPGA thuc thi DPD, béng cach thuc hi¢n cap
nhat song song cac muirc khuéch dai phirc LUT.
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CHUONG 3: TRIEN KHAI VA PANH GIA THIET KE BO
MEO TRUOC TiN HIEU DUA TREN BANG TRA

Chuong ndy trinh bay céach trién khai phan cing FPGA cho DPD bt ngudn
tr mé hinh hanh vi PA va sau d6 dugc anh xa vao mot tap cac LUT. Muc tiéu
ciia chuwong 13 dé kiém ching cac md hinh va cau hinh trién khai DPD trong
FPGA. Nhim muc dich x4c minh vé 1y thuyét, kich ban st dung tin hiéu thir
nghiém theo ti€u chuan truyén hinh s6 DVB-T2 duoc xem xét dé xac nhan do tin
cdy cua thiét ké FPGA cho DPD.

3.1. M6 ta thiét ké FPGA

3.1.1. Tiéu Thiét ké DPD thich @ing bén ngoai

Hinh 2-11 cho thiy so d6 khéi cia DPD thich tng dya trén mé hinh hanh vi
PA trong d6 vi¢c thich tng (cap nhat ndi dung LUT trong BPC) dugc thuc hién
tir mot thiét bi bén ngoai chang han PC. Méo trude tin hiéu dau vao duoc thuc
hién theo thoi gian thuc trong FPGA, trong khi ndi dung LUT dugc cap nhat
dinh ky. Ham DPD tuan theo kién trac mo hinh hanh vi PA dao nguoc tuong
ung voi (2.21) va ( 2.22), thu dugc thong qua phuong phép du doan trude. Hinh
3-1 cho thdy so d6 khéi cua bo DPD bao gdm mot sé BPC song song. Nhin
chung, mdi BPC bao gom cac khdi phan ctng sau: bd nhan phtic, bd nhé truy
cap ngau nhién (RAM) str dung 1am LUT va b6 tinh dia chi dé chon vi tri bo nhé
trong LUT. Tuy nhién, dé truy cdp RAM tir thiét bi bén ngoai (chang han nhu
khi str dung PC dé cap nhat ndi dung LUT), can c¢6 bd nhé dung chung.

Complex Complex Complex
adder adder multiplier

-
F Delay
| -| P+ addr
Complex
din dout

multiplier

.
)
Delay Delay ¥ IShared memory
— bl
1] e NEW GAINS
LUT_f
dip * dout Complex

multiplier  Delay Delay

4 > .

NEW GAINS | Complex 1
[ LUT_g; multiplier
pE—{®—

iShared memory
—_—

NEW GAINS
| LUT.g

Hinh 3-1: Thiét ké DPD c6 thich itng bén ngodi dwoc trién khai bang cong cu System
Generator
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Hinh 3-2 cho thy viéc trién khai thiét ké FPGA cho BPC véi kha ning thich
mg bén ngoai bang cach str dung cac khdi System Generator. Co thé quan sat,
khéi bo nhd dung chung c6 ba dau vao mic dinh: dia chi (addr), dit lidu vao
(din) va cho phép ghi (we) va mot dau ra mic dinh: dau ra dit liéu (dout). Ngoai
ra, béng cach dat bao v¢ truy cap & ché d6 c6 thé khoa s& xuit hién thém hai
cong trén giao dién bdo RAM: yéu cau cong dau vao (req) va cap mot cong dau ra
san sang. Diéu khién cong we bang 1 cho bao cho RAM biét trén cong din phai
ghi vao dia chi bd nhé duoc tré boi cong addr, gia tri ciia nd phai nam trong
pham vi tir 0 dén L — 1, L 1a dd sau bd nhd caa LUT (trong Hinh 3-2 L b:?mg o1
= 2048 la dugc lya chon trong thiét ké, do sau nay la da cho thuét todan LMS).
Khi bao vé quyén truy cap duogc dat veé trang thai cé thé khoa, cac céng yéu cau
va cp phép ghi duoc sir dung dé kiém soat quyén truy cap vao bd nhd. Trude
khi viéc doc hoac ghi c6 thé xay ra, trudc tién, yéu ciu phai dugc thuc hién bﬁng
cach dit req vé logic 1. Khi cap quyén tré thanh ‘1°, yéu cau quyén truy cip di
dugc cho phép va cac hoat dong doc hodc ghi co thé tiép tuc. Nhu co thé thiy
trong Hinh 3-2, céng din dugc dat thanh 0, vi no1 dung dir li¢u dé cap nhat LUT
dugc cung cap tir mot thiét bi bén ngoai (tir PC).

P z2 [————P{Complex DATA

Delavi PRODUCT

Y —»{ Complex GAIN ouT

COMPLEX_PRODUCT
(I )-—p{ U280 U14,13) ———f{ addr
IN dout
MODULUS CMult :
0| din

' : Constant
- —p We

o 7!

req_DPD req

Shared memory
<<'LUT_DPD’>>

grant

Hinh 3-2: Thiét ké FPGA cho khéi BPC ¢6 thich iing bén ngodi bang céng cu System
Generator.

Hinh 3-3 cho thay viéc trién khai mot bo nhan phuc (bao gdm ca nhan lién
hop phtic ciia mirc khuéch dai DPD) bang cac khéi System Generator. Bang khéi
BitBasher, 28 bit dit liéu phitrc khong déu duoc chia thanh hai thanh phan dir liéu
1/Q dau phay tinh fix(14,13) (14 bit c6 dau v6i phan thap phan biéu dién bang 13
bit nhi phan). Tuong tu, muc khuéch dai phuc trong LUT dugc chia thanh hai
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phan: phan thuc va phan ao fix(14,12) c¢6 dau. Sau d6, c6 thé thuc hién phép
nhan phirc thong qua bdn phép nhan s thuc va hai phép cong. Cudi cung, cac
thanh phan dir liéu I/Q fix(14.13) da ky cua tin hiéu bi méo truéc duge hop nhat
thanh dit liéu phtrc 28 bit khong dau bang BitBasher.

| P a
Z(ab) —|_'
Complex Mult_1 a
a-b
Complex DATA b
Q q B AddSub
Z (ab) |
—p b
BitBasher Mult 2 Complex
PRODUCT
Q
P a
| P Z\(ab)
L a BitBasher1
Mult_3 a+b
b
Complex o J—P
Complex GAIN 2_1 (ab) AddSub.
»{b
Q
Mult_4
CMult

Hinh 3-3: Bj nhdn phirc duwoc trién khai thiét ké bang System Generator.

Trong s6 cic ham nén khac nhau ap dung vao LUT, ham nén bién do hoac
ham khoang cach dong nhat da cho thdy sy can bang tot gira d6 chinh xac va su
phuc tap. Do d6, khi xem xét khoang cach dong déu, can phai tinh gia trj tuyét
dbi (m6 dun) ctia duong bao phirc ctia tin hiéu. Khdi mo-dun dé giai quyét LUT
duoc trién khai bang cac khdi System Generator duoc dua ra trong Hinh 3-4.
Ham cin bac hai c6 thé duoc thuc hién béng khdi CORDIC (COordinate
Rotation DIgital Computer). Tuy nhién, khéi CORDIC c6 dd tré cao hon so voi
anh xa ham cdn bac hai trong khdi RAM (d6 tré 1 chu ky xung nhip). Tir Hinh
3-4, khi thu duoc gia tri tuyét d6i binh phuong ctia duong bao phirc cua tin hiéu
dau vao (trong khoang tir 0 dén 1), thi né duoc nhan véi L, L 1a d6 sau bd nhé
cua LUT (RAM) chtra L céc gia tri cua ham can bac hai (LUT luu trir gié tri can
béc hai ctia L s6 thyc nam trong khoang tir 0 dén 1, theo cac budc 1/L).
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Mult > b dd
Complex Ak acer
N g‘é . b Constant.
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Z"(ab) ouT
——pb Constant (U14.13)
Mult. 0f—p{ We
BitBasher

LUT SQUARE ROOT

Hinh 3-4: Thiét ké FPGA khoi tinh mé-dun bang System Generator

3.1.2. Thiét ké DPD thich ing bén trong FPGA

Hinh 3-4 cho thdy so d6 khdi caa DPD thich Gng bén trong FPGA. Thiét ké
FPGA khdi DPD c6 kha nang cdp nhat muc khuéch dai phuc tu thuat toan LMS
1a duoc dua ra trén Hinh 3.5. Nhu thé hién trén Hinh 3.5, x7(k) 1a tin hiéu goc
can dugc phat di (Tx Data trong Hinh 3.5), x,(k) 13 tin hiéu bi méo trudc

(Tx_DPD trong Hinh 3.5) dugc cap dén PA va (GLUT‘J;0 1a mirc khuéch dai phirc
duoc luu trong LUT ctia mot BPC trong DPD. Hinh 3.5 cho théy BPC thuc hién
chiic nang DPD. Su khac bi¢t chinh vé1 BPC duogc trinh bay trong Hinh 3-4 1a
RAM hai céng, bao gém mot khdi ¢ hai bd céng doc lap dé doc déng thoi va
ghi. Cac cong doc lap cho phép ghi, dia chi, dir liéu cho phép truy cap chung vao
mot khong gian bo nhé. Theo mic dinh, mdi bd céng c0 mot céng dau ra va ba
cong dau vao cho dija chi, dit liéu dau vao va cho phép ghi. Viéc sir dung Dual-
Port RAM cho phép muc khuéch dai phtrc LUT dugc cap nhat 1ién tuc ma khong
lam gian doan qua trinh truyén dir liéu thong thudng.
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Delay 4
CMult.
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MODULUS
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Constant
0 P wea
Constant
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Delay
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PRODUCTE
Complex GAIN
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Dual port RAM

Hinh 3-5: Thiét ké FPGA cho BPC DPD sir dung RAM hai cong dé thich img theo thudt todn

LMS.

Cac murc khuéch dai méi dé cap nhat ham DPD (cu thé 1a cap nhat ndi dung
bang LUT ctia BPC DPD trong Hinh 3-5) duoc tinh toan trong khdi méo sau
nhu duge mo ta dudi dang so do trong so d6 khdi hoc tap gian tiép trong Hinh

3-6. BPC méo sau dugc trién khai vi cac khoi System Generator dugc mo ta

trong Hinh 3-6, trong d6 kh6i RAM hai cong duoc st dung dé cho phép truy cap

chung vao mdt khong gian by nhd. Muc khuéch dai méo sau dugce tinh toan dé

sau ndy duoc sao chép vao khdi DPD. Mtic khuéch dai méo sau (va cia DPD)

moi dugc udc tinh bang thuat toan LMS.
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Hinh 3-6: Trién khai FPGA cho BPC méo sau sir dung Dual-Port RAM va khéi LMS dé thuc
hién thich iing tric tuyén

3.2. Thiét 1ap hé théng thir nghiém

FPGA 13 phan ctng c6 thé 1ap trinh tiy chinh va nhd kha nang xir 1y song
song nén viéc thyc hién ca DPD va quy trinh thich rng DPD tho1 gian thyc trong
mdt FPGA 1a kha thi.

Ngoai ra, kién trac DSP-FPGA hdn hop trén mot bo mach nhu trong [20] cho
phép thong lugng dir liéu cao, FPGA chiu trach nhiém xtr Iy DPD thoi gian thyc.
Trong khi DSP thyc hién cac chic nang phtc tap hon, it bi rang budc vé thoi
gian hon, chang han nhu quy trinh thich tng dé trich xuat tham s6 cho DPD
LUT. Pé nang cao tinh linh hoat trong qué trinh dénh gia thiét ké, thiét bi DSP
dugc thay thé bang mot may tinh PC bén ngoai trong d6 cai dit phan mém
Matlab dé thyc hién qué trinh thich tmg. FPGA st dung trong thiét ké trén bo
mach Xilinx Kintex-7 FPGA KC705 Evaluation Kit. H¢ théng duoc thiét 1ap cho
thtr nghiém nhu trén Hinh 2-11 va 2.12 cho hai céach tiép can thich tng DPD.
Mot vong phan hoi tir dau ra PA t6i FPGA, thong qua bo giai diéu ché va bo
chuyén d6i ADC dua tin hiéu vé dai co cho qua trinh thich tmg. Trong trién khai
thich (mg bén ngoai, FPGA cung cip cho may tinh bén ngoai bo dém chua dir
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liéu dau ra PA va dir liéu bi méo trudce. Pbi véi thich ung thoi gian thyc trong
FPGA, hai dit liéu nay dugc cdp dén khdi LMS thich (mg dé tinh toan bang dir
liéu m6i cho LUT-BPC. Bau ra DPD thong qua bd chuyén d6i DAC cip dén PA.
Hinh 3-7 thé hién hinh anh thiét 13p cac bo mach dé trién khai thir nghiém bing
co sO. Trong do, bd ADC va DAC duogc st dung trén hai bo mach phat trién
Analog-to-Digital Converter (ADC) board TSW1400 va Digital to Analog
Converter (DAC) board DAC34SH84EVM.

Hinh 3-7: Thiét ldp phan ciing thir nghiém

Céc thir nghiém da duoc thyc hién théng qua tin hiéu chuin DVB-T2 véi
bing thong phat khac nhau dé khong chi xac minh sy phu thudc ctia chic ning
DPD vao tin hiéu cu thé ma con do tin cdy cua DPD trudce nhiing thay ddi c6 thé
co cua tin hi€u. Tin hiéu phat RF dau vao PA duge xem xét nam trong dai bang
thong 1.7 — 10 MHz va PAPR 8 — 13 dB nhiam muc dich mé phong céc dic tinh
thong ké theo céac kich ban khac nhau. Trong moi trudng hop, dit liéu bing co s
duoc tao trong FPGA, dua dén khdi DPD, sau d6 thuc hién dao tan 1én dai RF va
bdi DAC. Phan RF duoc sir dung & khau cudi 1a PA cong suat co thé thay dbi
voi muc cuc dai 170W dya trén bong ban dan MOSFET Freescale
MRF7S21170H. Hai bo khuéch dai tuyén tinh cao tir Mini-Circuits (ZRL-2300)
dit trude bo khuéch dai dau ra chinh déng vai trd 1a bd khuéch dai dém va diéu
khién PA chinh. Tin hiéu dau vao-dau ra cia PA dugc dwa dén bo thich tng
DPD (thich mg ngoai bang may tinh PC hodc thich tmg trong FPGA). Bang
cach diéu chinh diém tinh PA, hai ché d6 hoat dong cua PA di dugc xem xét:
hoat dong loai AB va loai B. Tin hi¢u thtr nghiém dugc st dung dé danh gia hi¢u

52



suat ctia DPD thich tmg 1a tin hiéu 16-QAM da song mang (OFDM) véi PAPR
dang ké (co thé qua 13dB).

Trong cac danh gia thir nghiém, hiéu suat may phat cho ca khuéch dai c6 va
khong c6 DPD duogc so sanh. Khi DPD duogc thuc hi¢n, thir nghiém thiét ké cling
dugc phan biét gitta DPD khong c¢6 nh¢ khi chi mdt BPC st dung va DPD bu
nhd véi mot s6 BPC khac nhau. Dé danh gia hi¢u suét cia DPD trong cac kich
ban khac nhau, cong suit dau ra PA phai gibng nhau trong cac so sanh.

S6 liéu chinh dé kiém tra d6 trung thuc cua tin hiéu dugc truyén bao gém sai
sd trong dai thong qua EVM (1.12) va muc tai phat phd ¢ ca hai phia cta tin hiéu
song mang RF thong qua ACPR (1.11).

3.3. Cac két qua thir nghiém

3.3.1. Két qua md phong DPD cé thich rng ngoai
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Dau vao chuén héa
Hinh 3-8: Ddc tinh AM-AM cua PA lop AB.

Hinh 3-8 va Hinh 3-9 1an luot thé hién cic dic tinh AM-AM cho ca hai ché
do hoat dong PA loai AB va loai B. Tuong tu, Hinh 3-10 va Hinh 3-11 hién thi
phd cong suat dau ra va Hinh 3-12 va Hinh 3-13 biéu thi chom sao 16-QAM tai
PA sau khi giai diéu ché. Do khong xem xét k¥ thuat giam hé sb dinh, nén véi
tin hiéu kiém tra dua trén OFDM c6 PAPR cao s& c6 su can bﬁng gilta murc cat
tin hiéu duoc phép sau khi tuyén tinh hoa (giy ra méo tin hiéu) va muac khuéch
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dai méo trudc (muic khuéch dai cao hon s& tot hon). Vi du, mtrc bu phat sinh phé
(méo ngoai dai) trong Hinh 3-11 thip hon (khoang 10 dB ACPR) so v&i mtc bu
dat dugc trong Hinh 3-10; 1y do c6 thé dugce quan sat trong Hinh 3-9, trong d6
dac tinh AM-AM duoc tuyén tinh hoa thé hién mot sb ph.'?m bi cat. Cai gia phai
tra cho viéc tranh cat (nén) tin hiéu va két qua suy giam tuyén tinh 1a mat di murc
khuéch dai va do d6 giam hiéu qua sir dung nang lugng (Hinh 3-11). Cubi cing,
wu diém cua viéc bu hiéu ung nhd PA chu yéu dugc phan anh ¢ viéc bu méo
trong dai nhu duoc quan sat trong Hinh 3-12 va Hinh 3-13. Viéc st dung kién
tric DPD véi kha nang bu hi¢u tng nhé sé cai thién EVM so véi st dung DPD
khong c6 nho.
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Hinh 3-9: Ddc tinh AM-AM cua PA 16p B.
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Hinh 3-10: Phé cong sudt dau ra ciia PA loai AB.
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Hinh 3-11: Phé céng sudt dau ra ciia PA logi B.
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Hinh 3-12: Chom sao 16-QAM tin hi¢u OFDM-DVB-T2 sau PA lop AB.

3.3.2. Két qua mé phéng DPD cé thich irng trong FPGA

Mot s két qua day cho thay hiéu suat cuia DPD khong nhé thich ing véi kha
ning thich img gan thoi gian thyc duge thyc hién trong cing mot FPGA. Trong
truong hop nay, mo hinh PA c6 va khong cé hiéu tng nhé 16p AB da dugc su
dung dé kiém tra chirc nang DPD thich tng. Tin hiéu kiém tra dugc sir dung dé
danh gia hiéu suét cua DPD thich ung 14 tin hiéu 16-QAM da séng mang (dua
trén OFDM) v6i mitc PAPR dang ké.
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Hinh 3-13: Chom sao 16-QAM tin hiéu OFDM-DVB-T2 sau PA I6p B.

Hinh 3-14 cho thiy cac dic tinh AM-AM cutia PA loai AB c6 va khéng co
hiéu Gmg nhé, trong khi Hinh 3-15 va Hinh 3-16 1an luot hién thi phd cong suat
dau ra va chom sao 16-QAM. Trong trudng hop nay, dic tinh AM-AM trong
Hinh 3-14 khong bj cit ma thay vao d6 c6 sy mat di muc khuéch dai c6 thé quan

sat thiy & ca phd cong sudt dau ra va chom sao 16-QAM. Tuy nhién, nhu dugc

quan sat trong Hinh 3-14 (tuy van con mot sb it mau nim bén ngoai dudng

th.'fmg tuyén tinh héa chinh), su hdi tu hoan hdo ctua tat ca cac muc khuéch dai

phtrc vé gia tri mong muon.
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Hinh 3-15: Phé cong sudt dau ra ciia PA 16p AB:

Khéng c6 nhé (bén trai): ACPRDPD = -40,4dB; ACPRback-off = -34dB;
C6 hiéu 1ng nhé (bén phai): ACPRDPD = -42,8dB; ACPRback-off = -34dB.
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Hinh 3-16: Chom sao 16-QAM cho PA I6p AB ¢6 DPD (mau d6) va khéng c¢6 DPD, lii diém
hoat dong (mau xanh):

Khoéng co nho (bén trai): EVMDPD = 7,4%,; EVMback-off = 18,5%
Co hi¢u wng nho (bén phai): EVMDPD = 3,2%,; EVMback-off = 18,5%

Nhu c6 thé thay trong Hinh 3-15, ca DPD dua trén khong nhé va LUT DPD
c6 bu hiéu tng nhé déu hoat dong t6t véi kha niang bu méo ngoai bang tan. Tuy
nhién, cac chom sao 16-QAM va gid tri EVM tuong Ung ctia chung trong Hinh
3-16 ching minh lgi thé cua viéc sir dung DPD véi kha nang bu nhé so véi DPD
khong c¢6 nhd. Co thé nhan dinh réng, mot DPD khong c6 nhé chi nham muc
dich mé rong trude tin hiéu dé bu hiéu tmg nén ma khong thé bu trude hoan toan
tin hiéu theo ddc tuyén dong phi tuyén PA. Hon nita, méo trong bang tan khong
thé dugc can b:?mg nho DPD khong nh¢ trir khi mot s6 loai loc trong mién thoi
gian duoc két hop véi bu phi tuyén. Vi 1y do d6, c6 thé thiy su cai thién dang ké
vé tuyén tinh hoa PA bang cach sir dung DPD du doan dé giam thiéu hodc loai
trir cac hi¢u ting nhd.

3.4. Két luan chwong 3

Chuong 3 di trinh bay thiét ké, trién khai va thir nghiém DPD trong FPGA.
Pé thu duoc mot s6 két qua cho phép danh gia so bd mic bu hiéu Gng nhd va
phi tuyén ma DPD c6 thé dat dugc, cong cu Matlab mo phong chiic ning FPGA
da duogc st dung. Hai cach tiép can khac nhau dé cap nhat tat ca cac BPC trong
FPGA da duoc trién khai va danh gia.

Céc két qua mo phong trong méi truong Matlab so bd ¢ minh chimg duoc
hiéu suat tuyén tinh dat duoc voi DPD. Ca DPD khong c6 nhé va DPD c¢6 bu
dong déu nang cao tinh tuyén tinh so véi tin hiéu khong c6 DPD ¢ dau ra PA Iui
diém hoat dong. Su bu phi tuyén nay co6 thé dugc danh gia trong viéc lam thiang
dic tinh AM-AM, giam phat sinh pho ngoai dai va hiéu chinh géc quay cia
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chom sao tin hiéu & ca ché d6 hoat dong 16p AB va 16p B. Ngoai ra, nhitng uu
diém cta viéc sir dung DPD c6 bu dong duogc thdy rd ¢ kha ning giam tan xa &
ca dac tinh AM-AM va chom sao tin hiéu, gidam EVM.

60



III. KET LUAN

Luan van da tap trung vao viéc trinh bay bd méo trudc s6 DPD du doan dua
trén kién tric mo hinh hoa PA c6 tinh dén tinh phi tuyén dong va do ¢6 DPD c6
kha nang bu céac hiéu ung by nhd PA. Vi 1y do do, déu tién, luan van da trinh bay
cac nguyén tic co ban ciia DPD, nhdn manh sy can thiét phai tim cac mé hinh
hanh vi PA c6 thé tai tao khong chi hanh vi phi tuyén PA ma con ca dic tinh
dong cta nd boi hiéu img nhd. Cach tiép can dé mo hinh hoa PA 14 coi PA nhu
mot hop den phi tuyén tinh dé tuyén tinh hoa. Sau d6, nham muc dich trién khai
phan cimg thr nghiém, mé hinh PA nay duoc trich xuat dya trén sy can bang
giita 6 phirc tap va do chinh xac thong qua cac mau dau vao-dau ra dugc thu
thap ¢ dai co s6. BoO DPD sau do tién hanh tinh toan dao nguoc mo hinh PA
bang phuong phap méo trude du doan, sau d6 chirc ning DPD dugc chuyén doi
thanh mot tap hop LUT dé trién khai FPGA.

Pé xéac thyc 1y thuyét, cong cu mé phong Matlab mo phong viée trién khai
tap LUT cho DPD thich tmg trong FPGA. Céac két qua mo phong duoc dua ra
véi s cac kich ban va cdu hinh khac nhau dé xac thuc DPD st dung tin hiéu
OFDM DVB-T2. Mot s6 két qua thu duoc bang md phong nay da thé hién duoc
hiéu suat nhat dinh tuyén tinh héa cua DPD thich tng.
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