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LOI CAM DOAN
T6i xin cam doan ddy la cong trinh nghién clru cua riéng t6i va dudi su

huéng dan cua TS. Nguyén Viét Hung. Cac sb liéu, két qua néu trong ludn vin 1a

trung thyc va chua ting dugc ai cong b trong bat ky cong trinh nao khac.

Tac gia luan van

HOANG THI HUNG



LOI CAM ON

Pau tién, hoc vién xin giri 10i cam on chan thanh dén tat ca cac thay co trong
khoa Quéc té va Sau dai hoc - Hoc vién Cong nghé Buu chinh Vién thong di ludn
nhiét tinh huéng dn, truyén dat kién thic trong sudt thoi gian hoc tap tai truong, 1a

nén tang giup hoc vién co thé thuc hién luan van tot nghiép nay.

Hoc vién xin chan thanh cidm on TS. Nguyén Viét Hung, cong tac tai Khoa vién
thong 1 - Hoc vién Cong nghé Buu chinh Vién thong, da tan tinh huéng dan hoc vién
hoan thanh luan van nay.

Hoc vién xin chan thanh cam on cac ban bé da sat canh gitp hoc vién c6
dugc nhitng két qua nhu ngay hom nay.

Dé tai nghién ctru ciia luan vian c¢6 ndi dung bao phu rong. Tuy nhién, thoi
gian nghién ctru con han hep. Vi vay, luan van co thé co nhirng thiéu sét. Hoc vién
rat mong nhan dugc sy dong gop y kién cia cac thay co va cac ban.

Luan 4n nay duogc thuc hién va dugc hd tro nghién ctru boi dé tai khoa hoc
va cong nghé cap nha nude “Nghién ciru thiét ké, ché tao hé théng thong tin di dong
chuyén dung chuyén tiép vé tinh phuc vu viing sdu ving xa, bién dao va cic trudong
hop khan cap”. Mi s6: VT-CN.04/18-20, do TS. Nguyén Ngoc Minh 14 chi nhiém
dé tai.

Xin chan thanh cam on!

Tac gia luan van

HOANG THI HUNG
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MO PAU

Nhitng nim gan day su xudt hién cta cong nghé vo tuyén dinh nghia bang
phan mém (SDR) di va dang md ra nhitng budc tién nhay vot trong viéc phat trién
hé théng thong tin hién dai. Mot trong nhitng thiét bi di dau trong vi¢c ung dung
cong nghé SDR néi trén chinh 1a dong may thu vo tuyén s6 bang rong da kénh. Tuy
nhién, mot trong nhirng vin dé vap phai trong qué trinh nghién ctru dong may thu
nay chinh 12 giai quyét bai toan vé méo. Méo ¢ day c6 thé sinh ra do céc thanh phan
phi tuyén, méo do mat can bang IQ cta bo tron cau phuong hodc méo hinh thanh tir
DC offset. Trong d6, anh huong ctia méo phi tuyén d6i voi may thu 1a kha nghiém
trong. Vi viy, viéc nghién ctru giai phap bu méo phi tuyén trong may thu sb 1a mot

van dé hét strc can thiét.

Mit khac nguyén nhan hinh thanh chinh cta méo phi tuyén phan 16n 1a do
cac thanh phan phi tuyén trong mach (cac bd khuéch dai, cac linh kién dién tir tich
cuc...). Do dé, viéc nghién ctru giai phap b méo phi tuyén trong may thu sd gap rat

nhiéu khoé khin.

Trén thé giéi viéc nghién ctru k§ thuat bu méo phi tuyén cho cic dong may
thu sb dugc phat trién nhitng nim gan day. Song chi mot sé hing cung cap thiét bi
16n trén thé giéi nhu Rockwell Collins, Harris, Icom... mé&i nghién ciru thanh cong

va cho ra san pham cic dong may thu so6 vo tuyén dién song ngan bang rong.

Trong linh vuc v6 tuyén dién quan su tai Viét Nam hién nay, cac dong may
thu phat twong tuy da dat dugc nhiing budc phat trién 16n khi ma tat ca chi tiéu cua
cac san pham nay tuwong duong véi cac dong may nhdp khiu tir nuéc ngoai. Tuy
nhién dong may thu sb bang rong dang dugc nghién ctru, phat trién dang giap khoé

khian trong viéc giam thiéu méo phi tuyén.

Xuat phat tir thyc té trén, hoc vién chon d¢ tai “Giai phap bu méo phi tuyén
trong may thu sd da kénh bing rong” nham ning cao chét lvong cic dong may thu

s6 da kénh bang rong.

Tong quan vé van deé nghién ciru:



Vén dé nghién ciru tac dong ctia méo phi tuyén va k¥ thuat bu méo cho may
thu s6 da kénh biang rong duoc nghién ciru rong rii trén thé gidi trong nhig nim
gan day. T nhitng nam 2013, céc tap chi khoa hoc uy tin trén thé gioi nhu IEEE
dua ra cac giai phap nham giam thiéu méo phi tuyén trong may thu sé da kénh bang
rong. Tuy nhién tai Viét Nam viéc nghién ctru vé may thu sé da kénh va cac giai

phap nang cao chat lugng cac dong may thu nay van la chu dé méi.

Dé tai s& tim hiéu vé tong quan vé ciu truc ctia may thu sd va nhimg anh
huong ctia méo phi tuyén t6i chat lugng may thu sd. Pé tai tip trung nghién ctru cac
giai phap bu méo phi tuyén nam trong cac thanh phan nhu bo khuéch dai tap am
thip RF (LNA), bd tron cau phuong va cac bo khuéch dai cau phuong bang co so.
Trén céc co s& tim hiéu toan hoc d6 dua ra céc kich ban mo phong, st dung cong cu
mo phong dé mé phong va danh gia cac giai phap xir Iy duoc néu ra.

Muc dich nghién ciru:

Muc tiéu ctia dé tai 1a lam rd anh huéng ctia méo phi tuyén do cac bo khuéch
dai, bo tron t6i chat lugng may thu sb6 da kénh bang rong, nghién ctu cac ky thuat
nhim giam méo phi tuyén va tir d6 tién hanh mo phong cac k¥ thuat d6 trén cong cu
mo phong Matlab, tir d6 c6 thé kiém tra danh gia hiéu qua viéc ap dung cac ky thuat
xur ly trén.

Péi twong va pham vi nghién ciru:

Péi trong nghién ciru: May thu s6 da kénh bang rong.

Pham vi nghién ctru: Dé tai tap trung vao k¥ thuat xir Iy méo phi tuyén trong
may thu sd da kénh biang rong.

Phwong phap nghién ciru:

Phuong phap 1y thuyét: Thu thap, nghién ctru cac tai liéu khoa hoc dé dua ra
co so toan hoc cho viée danh gia vé ki thuat bu méo phi tuyén trong may thu sé da
kénh bang rong.

Phuong phap mé phong: str dung cong cu mod phong Matlab dé mo phong, tir

két qua mo6 phong s€ dua ra nhan xét, danh gia vé cac phuong an da néu.



B6 cuc luén vin:

Luan van gém cac ndi dung dugc td chtrc nhu sau:
CHUONG 1: ANH HUONG CUA MEO PHI TUYEN TRONG MAY THU SO

Chuong nay trinh bay khai quat vé may thu s6 hoa va dobi tan truc tiép dai
rong va cac yéu to anh hudng dén tham sb thu can giai quyét trong thiét ké nhu
thanh phan DC-offset, méo do mat cin bang IQ, méo phi tuyén... Cu thé cac nodi
dung nhu sau:

- Céu triic may thu s hoa va ddi tan truc tiép

- Anh huéng cua thanh phan DC-offset, méo do mat can bang IQ va
cach khic phuc

- Anh hudng cia méo phi tuyén do khuéch dai LNA trong méy thu sd
hoa va d6i tan truc tiép da kénh bang rong
CHUONG 2: GIAI PHAP BU MEO PHI TUYEN TRONG MAY THU SO

Noi dung chuong 2 trinh bay mot sd giai phap giam méo phi tuyén do
khuéch dai LNA cho may thu s da kénh bang rong. Cac k¥ thuat ndy duoc nghién
ctru trén mién s tirc 1a tin hiéu trude khi duge xu 1y da duogc s6 hoa.

- Giam méo phi tuyén tai cao tan sir dung kénh thu tham chiéu phu tuyén tinh
bang cach nghich déo phi tuyén

- Giam méo phi tuyén tai cao tan sir dung kénh thu tham chiéu phu tuyén tinh
bang cach trir méo

- Giam méo phi tuyén tai bang gc dung kénh thu tham chiéu phu tuyén tinh
CHUONG 3: MO PHONG DANH GIA CAC GIAI PHAP BU MEO PHI
TUYEN TRONG MAY THU SO

Noi dung chuong thuc hién mo phong va danh gid cac giai phap xu 1y méo
phi tuyén do LNA trong may thu s6 hoa va doi tan truc tiép da kénh bang rong duoc

mo ta trong chuong 2:



Mo phong hiéu qua cac giai phap giam méo thong qua phd tin hiéu trude va

sau xur ly.

Mo phéng hidu qua gidm méo thong qua ty 1& 16i bit trude va sau xir 1y.



CHUONG 1. ANH HUONG CUA MEO PHI TUYEN TRONG

MAY THU SO
1.1 Gi6i thiéu chwong

May thu k¥ thuat sb6 da thuc hién cach mang hoa cac hé thé)ng dién tur cho
nhiéu tmg dung bao gém truyén thong, thu thap dir liéu va xt 1y tin hiéu. Pé danh
gia day du cac loi ich ctia may thu k¥ thuat s, dau tién chuong ndy sé trinh bay vé
ciu trac tong quan cua may thu. Sau d6 cu trac bén trong cia may thu ky thuat sé
truc tiép bang rong s& duge mo ta. Cubi cing, mot s van dé gip phai khi thuc hién
may thu sd truc tiép bang rong.

1.2 Céu triic may thu déi tin truc tiép
1.2.1 Khdi quat vé mdy thu doi tan truc tiép siv dung b tron ciu phwong

twong tw

Vi su phat trién vé cong ngh¢ ché tao IC, cac bod chuyén do6i ADC tbe do
cao va cac b khuéch dai dai rong va tron cau phuong twong tu tich hop cao ra doi
[6, 7, 8, 9] thi cau tric d6i tan truc tiép (DCR) dang 1a xu hudng thiét ké cac may
thu hién nay [1, 2, 3, 4, 5]. Céu trGic nay c6 mot s loi thé trong thiét ké va str dung
13 cdu trac don gian khong c6 nhiu trung tdn va nhidu anh. Nhung c6 mot s6 kho
khan trong thiét ké 1a xuét hién thanh phan DC-offset, méo do mat can bang 1/Q va
méo do phi tuyén cta bo khuéch dai RF [4, 5]. Cac yéu t6 anh huong nay tac dong
dén may thu tiry theo ciu tric va chirc ning cta timg loai. Cac phan tich dudi day sé

trinh bay chi tiét.

Do gi6i han vé cong nghé hién nay, téc d6 ldy mau ctia bo chuyén d6i ADC
dai dong rong chi dat khoang vai GHz [6, 7] nén véi cac mdy thu tdn s cao hang
chuc GHz tré 1én phai st dung cdu tric chuyén ha tan s6 bang bo tron cau phuong
tuong ty. Vi DCR dung tron cau phuong tuong ty thi tin hiéu RF sau anten duoc
khuéch dai va tron xudng tan sb thip hoic bang gdc bang mot b tron cau phuong
tuong ty. Tin hiéu dugc s6 hoa bang hai bd chuyén d6i twong tu - s6 (ADC) toe do
thap. Giai diéu ché va xir 1y thong tin duoc thuc hién trong mién sé bang DSP hoic

FPGA. Cau tric may thu loai ndy duogc thé hién trong Hinh 1.1.
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Hinh 1.1: C4u trdc cia DCR dung trén cau phwong twong tw
Véi cau tric ndy, may thu cé thé 1am viéc & ché do da kénh, bang rong.
Nhiéu tin hiéu c6 thé duoc thu va giai diéu ché dong thoi. Tuy nhién cac kénh séng
mang & gﬁn nhau nhu thé hién trong Hinh 1.2. Mdt s6 ADC dai dong rong, tde do
cao duoc ché tao cho phép sb hoa truc tiép tin hiéu RF tir anten va mdy thu sb hoa
va doi tan truc tiép tor RF cling 1a lya chon thiét ké cho may thu hién nay. Céu trac

va dic diém may thu loai nay dugc mo ta trong Muc 1.2.2 sau dy.
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Hinh 1.2: Dai tan lam viéc cia may thu ding trén ciu phwong twong tw



1.2.2 May thu sé héa truc tiép tin higu RF
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Hinh 1.3: Dai tan lam viéc cia s6 hda tryec tiép tin hiéu RF

May thu s6 hoa va dbi tan truc tiép duoc biét dén véi khai niém Software
Defined Radio 1y tuong [1, 2, 4]. Tin hiéu RF tir anten duoc khuéch dai va chuyén
thanh tin hiéu sb béng ADC dai dong rong tbc do cao [1, 2, 4]. Cac bd chuyén ha
tan s6 DDC dugc thuce hién trong mién s6. Hau hét toan bo dai tan tr DC dén RF
dugc sb hoa dong thoi, do d6 ciu trac nay cho phép thiét ké may thu lam viéc toan
dai va cac kénh song mang c6 thé ¢ cach rat xa nhau nhu thé hién trén Hinh 1.3 [1,
2].

May thu doi tan truc tiép véi cau triic nhu Hinh 1.4 c¢6 thé s6 hoa dong thoi
mot dai tan rong tir DC dén mot nira tan sé ldy miu cia ADC. Cau tric ndy cho
phép thiét ké cac may thu lam viéc dong thdi v6i da kénh, nhiéu ché d6 va dang
diéu ché khac nhau. Cac bd dao dong LO, tron, cac bd loc va giai diéu ché s& duogc
thuc hién ngay trong mién sé nhu FPGA. Bé dam bao cac tham sb ciia may thu nhu
tan sd lam viéc va do nhay thi ADC dai dong rong va tbc do cao dugc st dung.
Hién nay voi dai tin séng ngin va séng cuc ngin, cac ADC 16 bit toc do 14y miu

hang trim MHz d3 duoc dung cho thiét ké cac may thu thuc té [1, 2, 3].
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Hinh 1.4: Céu tric DDCR s6 hoa tin hiéu RF

Nhu trén di trinh bay, trong cau tric ctia mot mdy thu thi phan chuyén doi
ADC c6 vai trd quan trong, yéu cau d6i voi chung khong chi 1a toc do chuyén doi
ma phai co do chinh xéc, sai s6 do luong tr hod hay xdp xi hoa phai & murc cho
phép. Ngoai sir dung cac bd xur 1i tin hiéu sb tbc d6 cao nhuw FPGA thi ciu tric co
ban ctia mot thiét bi may thu sd con cd cac phan chirc ning quan trong khac nhu:
cic mach cao tan phai dam bao do tuyén tinh trén mot dai tn rong, chuyén ché do
nhanh va khuyéch dai cong suat cho nhiéu séng mang khac nhau, cho cac dang tin
hiéu khac nhau, cac b tron DDC, cac bo loc sb, cac mach can béng... cling can
phai duoc thiét ké dé dam bao yéu cau hoat dong trén dai tan rong voi su da dang

cua ché do cong tac.

Khac véi ADCR thi trong DDCR khéng c6 b tron va dao dong cau phuong
tuong tu nén hai thanh phan 1a DC-offset va méo do mét can bang 1/Q khéng con
anh huong. Nhung do phai 1am viéc véi dai tin rong nén méo sinh ra do phi tuyén
ctia LNA 13 nghiém trong va can dugc xtr 1y.

1.3 C4c loai méo trong may thu sb

May thu bang rong thudng nhay cam véi méo phi tuyén do nhiéu thanh phan

trong may thu gy ra, dic biét 1a dbi v6i cac may thu d6i tan truc tiép da kénh c6 do

chon loc tuong tu dau vao kém.

!

!



1.3.1 Thanh phin DC-offset

Do su cach ly yéu gitta bg tao dao dong ndi, tin hi¢u dau vao RF va céc bod
khuéch dai RF, viéc tu tron tin hiéu LO va chinh tin hiéu dau vao 6 thé tao ra céc
thanh phan tin hiéu gia ¢ hodc xung quanh DC [20], [21], [24]. Trong DCR dung
tron cau phuong twong ty, DC-offset xudt hién bang hai cach. Tan s6 dao dong LO
xép xi v6i tan sb song mang cua tin hiéu RF, khi c6 sy 10 ri tin hiéu cua LO ra dau
vao may thu, tin hi¢u LO s€ dugc khuéch dai va dua vao tron véi chinh n6 (Hinh
1.5a). Tin hi¢u RF cam tng sang duong tin hi€u cia LO va trén véi chinh n6 (Hinh
1.5b). Két qua dau ra bd tron c6 thém thanh phan tin s ~ 0 Hz (DC) goi 1a thanh
phén DC-offset. Tai mién tan sb thép, thanh phﬁn DC-offset dugc cdng voi tin hi¢u,

viéc loai bé 1a khoé thuc hién.
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Hinh 1.5: Nguyén nhan sinh ra thanh phan DC-offset trong DCR

Giai phap loai bo DC-offset dugc thuc hi¢n trudc bd tron. Co6 mot ) giai
phap duoc ap dung: Vi DC-offset ¢d dinh c¢6 thé bu bang cach do khi khong c6 dau
vao va trur di khi thu tin hi€u. Tuy nhién, trong h¢ théng TDMA, cac kénh khac
nhau ¢6 thé c¢6 muc tin hiéu khac nhau va gia tri AGC khac nhau vi vay DC-offset
khac nhau nén khé bu. Mot giai phap hiéu qua 1a st dung chuyén ha cdu phuong

xubng IF thp sat voi 0 Hz va 16n hon bing thong tin hiéu dé ddi phé véi van dé

DC-offset nhu duoc thé hién trong Hinh 1.6.



11

_f 0 f A COMPLEX
" " BANDPASS
FILTER

Hinh 1.6: Giai phap chuyén ha tan s6 dé loai bé DC-offset
1.3.2 Méo do mit cin bang hai kénh cau phwong I1Q

Mot van dé thuc té quan trong trong thiét ké DCR 1a sy mit cin bang vé pha
cling nhu bién d¢ cua 2 nhanh I va Q [4]. Su mét can bang dau tién c6 thé xuat phat
tor b tao dao dong cau phuong. Do dugc thiét ké bﬁng cac mach tuong ty nén dau
ra sin/cos ciia LO khong hoan toan vudng pha va bang nhau vé bién do. Mét can
bang thtr hai 1a do sy khac nhau cua cac mach chic ning 2 kénh 1/Q. Do suy hao
cuia cac mach loc, hé sb khuéch dai, bo chuyén d6i ADC cua hai kénh 1a khac nhau.

Ban than céc phan tir phi tuyén trong bo tron cau phuong ciing sinh ra thém méo.
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Hinh 1.7: Nguyén nhan cia méo do mat can bang 1/Q
1.3.3 Méo do phi tuyén ciia khuéch dai RF

May thu ddi tan truc tiép hién nay thuong 1a cac may thu da kénh, da bing,
da ché d6. B khuéch dai tin hiéu RF 13 bo khuéch dai tin hiéu ning luong rat thap
ma khong 1am thay ddi nhiéu ty s6 tin hiéu/tap 4m. B6 khuéch dai KDRF dugc thiét
ké 1am tang nang luogng tin hiéu va nhidu tai dau vao nhung giam thiéu tap 4m noi
bo bd sung vao tin hi¢u. Mac du vai tro chinh cia KPDRF la khuéch dai céc tin hiéu
yéu nam ngay trén nén tap 4m, nhung trong thyc té khi c¢6 tin hiéu 16n n6 s& gay ra
hién tugng méo xuyén diéu ché. Mot KDRF tdt c6 hé sd tap am (NF) thp, hé sb
khuéch dai tir 10-20dB va diém nén hai bac 3 du 16n (IP3), dai dong rong. Cac tham
) ky thuat khac can quan tam khi Iya chon nhu dai tan lam viéc, dic tuyén khuéch

dai, nang luong ti€u thu...

Do tuyén tinh cia KDRF duogc xac dinh boi do nén khuéch dai va xuyén diéu
ché bac 3. Piém nén hai bac 2 (IP2) va bac 3 (IP3) cia KPRF bdi dic tuyén tin hiéu
co ban dau ra va dic tuyén cia xuyén diéu ché bac 3 (IP3) nhu thé hién trong Hinh

1.8.
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Hinh 1.8: Pd thi md ta cac tham sé cia KPRF

Dic tuyén trong Hinh 1.8 cho thiy khi tong ning luong dau vao cang 16n,
KPRF cang bi phi tuyén. Trong DCR, c¢6 hai vin d& v& méo do phi tuyén cia
KPRF can quan tim 1a méo tir cic kénh tin hiéu RF anh huong dén chinh né va
kénh tin hiéu RF khac. Véi timg ciu tric cia DCR ma muc d6 anh huong s& khéac
nhau.

1.4 M6 hinh phi tuyén chia may thu déi tin truc tiép

Méo phi tuyén trong may thu dan dén xuét hién cac séng hai lam giam hiéu
nang ctia may thu. Viéc danh gia anh huéng ciia méo phi tuyén duoc dua trén céc
mo hinh cta hé théng phi tuyén. M6 hinh héa va mé phong cac hé phi tuyén déng
mot vai tro quan trong trong viéc ddnh gia hiéu suat ctia hé thong truyén théng tong
thé. Mit khac, mé hinh hoa cac thiét bi phi tuyén 1a quan trong cho viéc thiét ké cac
k¥ thuat tuyén tinh duoc sir dung dé khic phuc cac hiéu tng ciia méo phi tuyén trén

cac thiét bi vo tuyén.

Céch tiép can phd bién nhat dé 1ap mo hinh hoa bang rong cua cac hé phi

tuyén 13 nhitng hé théng dura trén phén tich chudi Volterra. Tuy nhién, su phat trién
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clia cac bac cao hon bac ba thi chudi Volterra 1a cong kénh va viéc thuc hién né
trong phan mém 13 khong hiéu qua. Do d6, mot loat cac md hinh dd dugc phat trién
dé khic phuc su phirc tap tinh toan cua viéc khai trién chudi Volterra trong khi hé
théng c6 by nhd hitu han. Cac mé hinh nay, mdc du dya trén céc truong hop dac
biét ciia chudi Volterra nhung da dua ra su don gian trong khai trién tham sb va

thuc hién phan mém trén mo hinh Volterra tong quat.

Muc tiéu cta phan ndy 13 trinh bay vé mo hinh phi tuyén Hammerstein va
kha nang ap dung cho mot hé théng nhat dinh. M6 hinh nay da duogc xay dung dua
trén mo hinh chudi Volterra. Myc tiéu 13 gi6i thiéu mo hinh phi tuyén c6 thé ap
dung trong may thu sb tryc tiép bang rong. Trong d6 tap trung tim hiéu hai anh
hudng méo phi tuyén 16n nhat 1én hiéu nang may thu: méo phi tuyén gay ra do hai
béc hai va méo phi tuyén gy ra do hai bac ba.

1.4.1 Méo phi tuyén thanh phin RF

Trong cac may thu s truc tiép, thanh phdn méo phi tuyén RF hau nhu xut

phat ban dau tir bd LNA.

Noi chung, thiét bi phi tuyén c6 anh hudng nhd c6 thé dugc mé hinh hoa &
muc hé théng béng viéc str dung chudi Volterra ma co thé dugc xem nhu méot chudi
Taylor c6 nhé. Tuy nhién trong thuc té, do sd luong cac tham sb trong chudi
Volterra qua 16n nén tot nhat 1 tim ra mdt mo hinh ma do phic tap nam giira chudi
Volterra va Taylor. Cac mé hinh khac nhau nhu vay d3 duoc gi6i thidu & phan trén.
Bﬁng viéc st dung md hinh Hammerstein téng quat, dau ra bo LNA c6 thé dugc

biéu dién nhu sau:

Yre(t) = by (8) * xge () + by (€) * xgp(t) + by(0) * xgp () + -+ (L)
Trong d6 * biéu dién toan tir nhan chap, xg-(t) 1a tin hiéu théng dai & dau
vao LNA va b,(t),b,(t),bs(t),...1a cac dap ng xung mo hinh hoa anh huong ¢

nhd riéng 1¢ cho mdi s6 hang phi tuyén.
Tin hiéu xzz(t) c6 thé duge biéu dién nhu sau:

xgp(t) = 2Re[x(t)e?<t] = x(t)e/@ct + x*(t)e @t (1.2)
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Trong d6 x(t) 1a tin hi€u twong duong BB phtic cua xzx(t) va w, = 27f, la
tan so trung tam goc. Hon nita, ()* biéu dién lién hop phirc va j 13 don vi anh. Piéu
dang cht y 13 x(t) ¢ thé bao gdm tin hiéu don tan t&i mot vai song mang riéng biét
& cac tan sb trung gian phirc khac nhau (IF). Trong trudng hop d6i tan xubng da
s6ng mang, w, tuong Gng 1a tin s trung tdm cta tin hiéu RF tong toi bd chuyén doi
xubng. Hon nita, X(t) c6 thé duoc viét theo dang twong dwong dé la:

x(1) = A()e®® = x,(t) + jxy (b) (1.3)

Trong d6 A(t)va 4(t) 1a bién do va pha tong cua tin hiéu RF d6i tan xudng X(t).

[ VY BV §

f||=

x(t a ﬁ s/(tL ky + Vo) Re )[t) 2 ? @vjs(t)
()% 32, ()* —~ kz P ay j

MB& hinh phi tuyén RF M5 hinh mat cén bang J

clia tron 1/Q m yalt) asq f
L ()’ 2

M5 hinh phi tuyén

cua tron va xu ly bang goc

Hinh 1.9: M6 hinh méo Hammerstein cho RF, mit can bing IQ va bing gbc
Mo hinh trong (1.9) c¢6 thé dugc don gian héa, néu chi mudén mé hinh héa
céc s6 hang nam trong bang thu sau khi chuyén d6i xudng trong dau vao ciia ADC.
O hau hét cac hé thong, cac thanh phan tan s6 méi dua ra bai tinh phi tuyén RF bac
chin & xa w, va do d6 don gian dé loc bo. Piéu nay c6 thé duge minh chimg boi s6

hang béc 2 cta (1.1) va sir dung cong thic (1.2), didu d6 dan téi:

x2p(t) = 2A() + x2(t)el2@ct + [x*(t)]?e/2@ct (1.4)



16

RO rang 1a thanh phan tan s6 moi xuat hién quanh tan s6 0 va +2w,, nhung
khong c6 s6 hang nao dé cap td1 dai quan tam & w,. Mac du di€u nay dam bao rang

méo bac chin khong xuét hién bén trong biang thu.

Hau nhu méo phi tuyén thanh phan RF chu yéu 14 bac 1¢, boi vi cac thanh
phan tin s6 méi duoc tao ra xung quanh w,. Tai dau cudi RF dién hinh, phi tuyén
bac 3 1a thanh phan 16n nhat. Bic cang cao cang gan v6i nén tap cua may thu khi
hoat dong 106 rang dudi mirc bao hoa cia LNA. Vi vdy, mdt mo hinh phi tuyén RF

don gian c6 thé dugc viét nhu sau:

Vre(t) = arxgp(t) + ayx3e(t) (1.5)

Trong d6 ai 1a hé sb khuéch dai tuyén tinh cia LNA va a2 thé hién muc
tuong d6i cia méo bac 3.

1.4.2 M6 hinh phi tuyén ciia mit cin bang 1/Q

Sau LNA, tin hiéu RF di vao b tron I/Q bang rong dé chuyén tin hiéu xuéng
bang co sé. Thuc té, viéc chuyén doi xuéng khong phai 1a 1y twong va mét can bang
1/Q xuét hién giy ra tan sb anh trong y(t). Mat can bang I/Q dugc giy ra boi mat
phéi hop bién bo twong ddi g,, gilta nhanh I va Q ciing nhu mét phdi hop pha @,,.
Nhin chung mét phéi I/Q ¢co thé doc 1ap theo thoi gian va chon loc theo tan so,
nhung cac chi tiét nay dugc bo qua & day dé don gian hoa cho viéc phan tich va ky
hiéu ¢ ddy. Tuy nhién, van dé nay duoc dua vio trong tinh todn bang viéc mo rong
m6 hinh méo. Duya vao cac dién ta ¢ trén, mo hinh cho mat can bang I/Q cua ting
chuyén doi xudng la:

y~(8) = kyy(8) + kay * (1) (1.6)
Vi hé s phirc
k, = %(1 + gme1%m) (L7

1 |
k, == (1— gnpeom)
2 (1.8)
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Dé dang nhan thay rang mo hinh khong anh hudng dén tin hiéu trong truong
hop can bang 1/Q hoan hao (g,, = 1, @,, = 0) bdi vi ki=1 va kp=0.
1.4.3 M6 hinh phi tuyén tgi bing co s¢

Sau khi chuyén doi xubng 1/Q, tin hiéu gip phi tuyén BB xuét hién & cac
nhanh I va Q riéng biét nhu d3 chi ra & Hinh 1.10. Do d6, phi tuyén I va Q doc lap
nhau. Day 14 mot trong nhimng khéc biét chinh giita phi tuyén RF va BB. Diém khac
nhau nita 14 cic hai ciing xuét hién ¢ bén trong bing thu boi vi tin hiéu & trén biang

co sO va do d6 céac song mang doc 1ap chi cé mot tan so trung tan twong doi nho.

-||F llF f -3fE -fie fie —f

Yio(t) Re yi(t) I _»@+ Be(1)
]
()° — aa J J
im L Ye® dasg P
()° — @i J

Hinh 1.10: M6 hinh phi tuyén BB don gian cho may thu sé truc tiép
Mo hinh phi tuyén cé thé duge don gian hon nhu trong trudng hop & phi
tuyén RF. Bang viéc chi m6 hinh méo bac ba thuong du dé dat duoc méo quan
trong nhéat. Méo BB bic chin thuong nam bén canh bang tan nhan dugc, nhung no
bi suy giam rat cao do cac giai phap thiét ké mach tuong tu thuc té. Do d6, mé hinh

BB don gian hoa c6 thé dugc biéu dién nhu sau:
Vige() = az 7 () + ayy’ () (1.9)

Vos5(t) = A30Y0(6) + aspV2(0) (1.10)



18

1.5 Anh huéng méo ciia KPRF va mé hinh phi tuyén trong may thu doi
tan truc tiép
1.5.1 Méo phi tuyén ciia KPRF

DCR hién nay thuong 1a cic may thu da kénh, da bang. B9 khuéch dai tin
hiéu RF (KDRF) 1a bo khuéch dai tin hiéu ning luong rat thdp ma khong lam thay
d6i nhiéu ty sb tin hiéu/tap 4m. B6 KDRF dugc thiét ké lam ting ning luong tin
hiéu va nhiéu tai dau vao nhung giam thiéu tap am ndi bo bo sung vao tin hi¢u. Mac
du vai trd chinh cia KDRF 1a khuéch dai céc tin hiéu yéu nim ngay trén nén tap
am, nhung trong thuc té khi c6 tin hiéu 16n no s& gy ra hién twong méo xuyén diéu
ché. Mot KPRF 6t c6 hé sb tap am (NF) thap, hé s6 khuéch dai tir 10-20 dB va
diém nén hai bac 3 di 16n (IP3), dai dong rong. Cac tham s6 k¥ thuat khac can quan

tam khi lya chon nhu dai tin lam viéc, dic myén khuéch dai, nang luong ti€u thu...

Trong DCR, c6 hai van d& vé méo do KDRF can quan tdm 1a méo tir cac
kénh tin hiéu RF anh hudng dén chinh no céc kénh tin hiéu RF khéac. V&i muc dich
phan tich, mé hinh cho cac thanh phan phi tuyén duoc gia dinh 1a mot da thirc cd
dang:

k

Vre(t) = Z a;(t)xgp(t) (1.11)

i=1
Trong 46 xpr(t) VA Yrp(t) 12 cac tin hiéu dau vao va dau ra tuong tng, a;(t)

la cac hé s6 bac thir 1.
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Hinh 1.11: Méo sinh ra ciia KDRF phi tuyén khi tin hi¢u vao la 2-tone f1 va 2
Mo hinh tin hiéu vao xRF(t) c6 thé dugc viét dudi dang:
xpr(t) = 2Re[x(t)e/®ct] = x(t)e/@ct + x*eT@ct (1.12)

Trong d6, x(t) 1a tin hiéu bang gbc cua xRF(t) va oc = 2xfc 1a gbc cua tan sb
trung tim. Ngoai ra, (.)* biéu thi lién hop phtrc. x(t) c6 thé 1a mot don tan hodc
nhiéu tin sb song mang don 1¢é khac nhau. V6i dau vao c6 hai thanh phan tan sb (f1,
£2) thi két qua dau ra s& c6 2 nhoém tan s6 13 hai ctia n x f1 va m x f2 va xuyén nhiéu
n x f1 £ m x f2 nhu thé hién trong Hinh 1.11.

Trong truong hop chuyén ha tan s6 da séng mang oc twong g voi tan sd
trung tAm tin hiéu RF duoc chuyén ddi xudng. Hon nita, x(t) c6 thé duoc viét thanh
dang tuong duong:

x(t) = A(t)ej@d(t) = xI(t) + jxQ(t) (1.13)

Trong d6, A(t) va ¢(t) 13 toan bo bién do va pha cta tong tin hiéu RF xRF(t)
dugc chuyén d6i xudéng. O dang tha hai, xI(t) = A(t)cos[¢(t)] va xQ(t) =
A(t)sin[¢(t)] 14 cac thanh phén tin hiéu I va Q twong ung. Theo dinh nghia, bién do

A(t) = [x(b)| = \/ x7(t) + x5 (t) vapha ¢(t) = arctan[xQ(t)/x I(t)].

D61 voi1 DCR, c6 hai cau tric co ban 1a cau truc st dung bd tron cau phuong

twong tu (Analog DCR-ADCR) va cdu trac s6 hoa truc tiép tin hiéu tir RF
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(Digital_DCR- DDCR). Véi mdi cdu tric kha ning ung dung 1a khac nhau va anh
hudng cia méo phi tuyén do KDDRF ciing khac nhau. Céac phan tich dudi day s&
chi ra anh huong ciia méo do phi tuyén ciia KDRF t6i timg loai mé hinh may thu.

1.5.2 Anh hwéng phi tuyén do KPRF dén mdy thu ding bé trén cau

phwong twong tw

Trong DCR, phi tuyén tai RF cha yéu xuét phat tir KDRF. Mdi quan hé phi
tuyén gitra ddu vao va dau ra gay ra méo tin hiéu. Tin hiéu d4u ra bo khuéch dai sé
c6 thém cac thanh phan bo sung 13 cac hai va xuyén diéu ché. Trong thuc té, do mirc
tin hiéu cac kénh séng mang dau vao may thu rat khac nhau nén khong thé tranh

duoc su phi tuyén va lam gidm hi¢u suat cua bo khuéch dai [7, 8, 10].

Véi céu trac ding bd tron ciu phuong twong tu nhu Hinh 1.1 thi thao tac
tron cau phuong va loc twong tu giébng nhu mot bo chuyén ha tan sé nén dai lam
viéc cua may thu chi dat dugc xung quanh mot dai nhét dinh va cac kénh song
mang don 1¢ thuong & gan nhau. Do d6, khi KDRF phi tuyén can quan tam xir Iy

cac méo do kénh 1an can dau vao c6 muc nang lugng 16m sinh ra [12].

Véi cau trac ding bo tron cau phuong tuong ty da kénh dai hep nhu trong
Hinh 1.1 nhimg tin kénh hiéu nim bén ngoai dai tan lam viéc s& duoc loai bé bang
cac bd loc do d6 mé hinh trong (1.12) c6 thé duge don gian hoa néu chi mé hinh
hoa cac thanh phan nam trong dai thong mdy thu sau khi ADC va chuyén xudng
thép tan. Cac hai bac chin dugc tao ra do su phi tuyén ctia KDRF déu cach xa tan
s6 tin hiéu gy méo wc va dé dang duoc loc bo. Piéu nay duoc minh hoa bang cach

thanh phan bac hai trong (1.12) két hop véi (1.13) cho ra:
x3p(t) = 2A(t) + x2(t)e?@ct + [x*(t)]2e/2@ct (1.14)

Tan s6 méi xuét hién ¢ 0 va +2mc nhung khong c6 thanh phan tan sb tai oc.
Diéu nay dam bao ring méo bac hai khéng xuat hién bén trong dai tan thu.

Véi ciu trac nay phi tuyén RF nghiém trong nhat 1 cac thanh phan béc 1¢
boi vi cac thanh phan tan s6 méi duge tao ra xung quanh wc. Trong RF thong

thuong, phi tuyén bac ba thuong manh nhat. Cc thanh phan bac cao hon thuong
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nhd hon muc tap may thu khi KPRF lam vi¢c dudi mue bao hoa. Do d6 md hinh
phi tuyén don gian cia RF c¢6 thé dugc viét:
Yre(t) = a1xgp(t) + azxie(t) (1.15)
Trong d6 a, 14 hé s6 chi do khuéch dai tuyén tinh cia KDRF va a; biéu thi
mirc d6 méo bac 3. Cac thanh phan méo do phi tuyén KPRF anh huéng d¢én DCR
dugc thé hién trong Hinh 1.12. Nhu minh hoa trong Hinh 1.12, thanh phan xuyén
didu ché bac 3 cua f1, 2 sinh ra c6 tan s6 xap xi bang f3 va f4 va s& gay nhiéu cho
hai kénh thong tin tai vi tri nay.
Thanh phan thir hai trong (1.15) 1a thanh phan phi tuyén ciing ¢ thé dugc
biéu dién:
az;x3p(t) = az{x(t)e/¥t + x*(t)e J@ct}3 (1.16)
= as{x3(t)e/ct + [x*(t)]3e /3%t + 34%2(t)x(t)e/ ¥t
+ 34%2(t)x*(t)e T @ct}

Hon nita, thanh phan tin sé moi xung quanh w, dugc tao ra boi su phi tuyén
ctia RF 1a do 34%(t)x(t)e/“ct. Cac thanh phan khac trong (1.16) khong dugc dua
dén BB khi thuc hién chuyén ha I/Q va n6 duogc loc bdi bd loc thong thép trong
phan BB cta ADCR. Do d6, dang tuong duong bing gdc (BB) cta mé hinh phi
tuyén KDRF cho dung b tron cau phuong twong tu khi tinh dén bo loc BB la:

y(@) =y,(8) +jyo(t) = ax(t) + 3asA%(O)x(t) (1.17)

Thanh phan phi tuyén 3a;A?(t)x(t) giy ra xuyén diéu ché trong bang tan

ctia X(t) va xung quanh nd. Vi la hai bac 3 nén bang thong ctia nd gap 3 1an so Véi

x(t). Ban chit nay cua thanh phan bac 3 1a hién nhién vi 42(t)x(t) = x2(t)x*(t).
Phuong trinh cho yI(t) va yQ(t) ¢6 thé duoc viét riéng:

Y1) = a,x,(t) + 3a3A4%(0)x;(6) (1.18)

Yo () = a;x,(t) + 3a3A%(t)xy (1)
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y;(t) va y,(t) khong hoan toan doc 1ap do ca 2 déu chira A%(¢t) phu thude

vao x;(t) va xq(t). Nhu vdy mé hinh phi tuyén ciia KDRF cho ADCR dugc thé
hién trong Hinh 1.12.

0 A T YO

— ()~ a

— () + as

Non-linear
()
A
f, T
Eqi“ " y—
= I IR
e & & * e
A A A A A ZfH— 4+ 4+
—
e THE? &S
il HI
Frequency .
(b)

Hinh 1.12: M6 hinh phi tuyén ciia KPRF (a) va anh hwéng ctia méo giira cac kénh

s6ng mang dung bd trén cau phwong twong tuw (b)
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Hinh 1.13: M6 hinh phi tuyén ciia KPRF cho may thu ding b tron ciu phwong
tuong tw

Véi mé hinh phi tuyén phén tich & trén v6i dau vao 13 cac kénh tin hiéu diéu
ché s6 QPSK. Hinh 1.12 cho thiy méo anh huéng cho DCR khong chi xung quanh
kénh giy méo f1, f2 ma con anh huéng dén cac kénh ¢ vi tri tan s6 13 to hop cua f1
va f2. Trong DCR da kénh dai hep viéc sir dung md hinh phi tuyén bo qua cac hé sb
cho thanh phan hai va xuyén nhiéu bac chin cho ding bo tron cau phuong twong tur
s& gitp giam thiéu viéc tinh toan cho cac giai phap xt Iy méo.
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Hinh 1.14: Méo phi tuyén ciia KPRF
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V&i md hinh phi tuyén vira phan tich, viéc xir Iy méo cho KDRF trong cu
truc may thu loai nay s€ dugc trinh bay trong Chuong 2 va Chuong 3.

1.5.3 Anh hwéng phi tuyén do KPDRF dén mdy thu so héa truc tiép

Uu diém cta may thu sd hoéa truc tiép 1a khong sir dung cac b tron va dao
dong cau phuong tuong tu nén cé thé khong tinh dén méo sinh ra do mat can bang
IQ va bo tron. O ddy xem xét trudng hop phd bién 13 may thu s hoa truc tiép 1am
viéc da kénh dai rong véi cac tin s6 song mang c6 thé nam bat ky trong toan bo dai
tan nhé hon 2 1an tan sb ldy mau cua ADC. Vé&i may thu sé hoa tryc tiép da kénh
C4C tAn sb song mang & gan nhau thi viéc xem xét méo ciing gidng nhu dung bo tron
cau phuong twong ty nhung bo qua thanh phin méo do mét can bang IQ va tron

tuong tu.

L CIC | po| LPF\l L

A
I__|
T o : '
. S|l L
m =
LPF ADC —a O S
Cos oo (1 |
(@]
c o |1 !
. m o || I |
RF domain CIC [l LPF\[ g L |
|
Channel 1 : : :
I Channel 2 Loy
L_'_ ——————————————————————— - | |
e e 1 |
. |
I_Channel N I

Digital processing domain

Hinh 1.15: So @6 cAu tric da kénh cia may thu sé hoa truc tiép

May thu sb hoa truc tiép s& khong c6 bo tron va ADC nim ngay sau khuéch
dai tap am thap do d6 mot dai tan rong duoc sd héa. Sau d6 mdi kénh duge chon
riéng 1& bai mot bd DDC nhu trinh bay trong Hinh 1.15. Kién triic ndy cai thién chi
phi va ning lugng so voi cac may thu truyén thdng. Trong may thu nay, bo loc dau
vao thudng rong hon rat nhiéu so véi may thu ding bd tron cau phuong tuong tu
nén méo tir thanh phan tin hiéu c6 tan sé song mang cach xa ciing co thé roi vao cac

kénh mong mudn. Biéu dién mé hinh méo cho trudng hop nay van 1a mé hinh phi
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tuyén v6i ddy da cac thanh phan hai duge biéu dién trong (1.12). Do d6 mé hinh phi
tuyén don gian cua RF c6 thé dugc viét:
Yre(t) = a1xgp(t) + azxge(t) + azxie(t) (1.19)
V6i tan s6 song mang thap cac thanh phan hai bac chin va béc 1¢ sinh ra déu
c¢6 thé nam & trong dai tan thu. Cy thé, xét v6i thanh phan thir 2 trong (1.20)
x2p(t) = 24%(t) + x2(t)e?@ct + [x*(t)]?e/2@ct (1.20)
Tan s6 méi xuét hién ¢ 0 va +2mc nhung khong c6 thanh phan tan s tai oc.
Diéu ndy dam bao rang méo sinh ra khong lam anh hudng dén chinh né va cac can
lan can nhung méo sinh ra anh huéng dén kénh xung quanh tan s 2wmc.
Thanh phan tht ba trong (1.20) 1a thanh phan phi tuyén ciing c¢6 thé dugc
bicu dién:
azx3p(t) = ag{x(t)e/@ct + x*(t)e J@ct}3 (1.21)
= as{x3(t)e/3%ct + 3x2(t)x*(t)e/@ct

+ 3x(t)[x*(£)]2e ™0t + [x* () ]Pe/30t}

Thanh phan tin s6 méi xung quanh oc duge tao ra bai sy phi tuyén cua RF
la do 3x2(t)x*(t)e/“ct s& anh huong dén dén chinh né va cac kénh lan can va
thanh phan x3(t)e/3“ct anh huong dén kénh xung quanh tan sb 3wmc.

Véi may thu sb hoa truc tiép khong c6 dang twong duong BB ciia mo hinh
phi tuyén KDRF vi cac bo DDC 1a doc 1ap cho timg kénh tmg voi nhiéu BB khac
nhau. M6 hinh phi tuyén cia KDRF cho mdy thu s hoa truc tiép dugc thé hién
trong Hinh 1.16.

()? az

()° as

Hinh 1.16: M6 hinh phi tuyén ciia KPRF cho may thu sé hoa truc tiép
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Hinh 1.17: Anh hwéng ciia méo phi tuyén ciia KDRF téi may thu sé hoa truc tiép

Két qua phan tich tr mo hinh phi tuyén ctia KDRF cho maéy thu sb hoa truc
tiép cho ra cc thanh phan hai va xuyén nhiéu minh hoa trong Hinh 1.18 va két qua
do dac cho trong Hinh 1.19. Trong d6 cac hai tan sb 2f1, 2£2, 3fl, 3f2 va xuyén
nhiéu tan sb f1 + £2, 2f1 + £2, f1 + 2f2 s& giy anh huong dén nhimng kénh & xa nhu
f4, f5. Cac thanh phan xuyén nhiéu 2f1 + £2, 22 + f1 s& giy anh huong dén nhiing

kénh 1én can va chinh n6 nhu f3.
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Ref 0.00 dBm SWT 270ns 12.420000000 MH=z
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éf‘P -10 dBm - -
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-20 dBm ,/ \
O B // \
et S
-40 dBm ™ T
/Q T \ \
-50 dBm = — \
-60 dB ‘ | /_._\ ~

CF 16.5 MH=z

Date: 4.0CT.2018 72 02:0

Span 27.0 MH=z

Hinh 1.18: Céc thanh phan méo sinh ra béi KPRF véi may thu so hoa truc tiép




27

Nhu vay vé6i cdu triic nay thi hai va xuyén nhiéu van c6 thé ¢ dai mong
mudn. Pé giai quyét van dé nay doi hoi cac phwong phéap xtr Iy méo phtc tap.

Vi cong nghé hién nay, may thu sé hoa truc tiép hién di dung nhiéu cho
thiét ké cac may thu HF da kénh, da ché d6 va lam viéc toan bo dai 3-30MHz [1, 2,
3]. Tai mot thoi diém nhiéu kénh c6 thé duge thu ddng thoi, véi méo do KDRF sinh
ra tir nhitng kénh c6 bién d6 16n co thé chén ép 1én cac kénh c¢6 mirc nho. Hinh 1.18
stt dung mo hinh phi tuyén dé mé ta anh hudng ciia méo KDRF tir kénh tan sb song
mang ~4.329 MHz t6i kénh c6 tan s6 song mang ~12.98 MHz. va Hinh 1.20 1a két
qua kiém tra thuc té voi KDRF cta may thu HF.

I
\

‘l

yf

I
b A
AL M e
e - i

Frequency X 107

Power Spectrum

40 :
_ Chl 1 Ch2 ——signal
g | —signal+distortion
S -60
(]
=]
2 80 Chd
Q
§ |
o . \MH I
2
ks,
(O]
x

il
I

|_\

2

\I
\

bl m

\

|

| |
M‘n | |

\
\

\wnw m

M

i

‘!

V“
I

{

Hinh 1.19: Anh huéng do méo KPRF ciia kénh c6 mic cao téi kénh co mikc thap
trong may thu sé hoa truc tiép

Kiém tra anh huong ctia méo dén hai mé hinh may thu sb hoa truc tiép véi
IC khuéch dai tap 4m thdp dai rong ERA-2SM+[10]. C4 hai mé hinh DCR duogc
kiém tra voi cuing dai tin HF. Két qua kiém tra thé hién trong Hinh 1.20.

DCR dugc kiém tra véi 2 kénh tin hiéu vao. Kénh thir nhat 1a tin hiéu QPSK,
tan s6 6.222 MHz bang thong 24 kHz, cong suat -10 dBm, kénh thr 2 13 tin hi¢u
CW tan sb 6.240 Mhz, cong suit -17 dBm. Két qua do trong Hinh 1.19 cho thiy

thanh phan méo sinh ra tir kénh 1 lam anh hudng chat lwong ctia chinh né va cho
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kénh thir 2 & gan n6. Két qua do cho thay thanh phan méo sinh ra tir kénh 1 1 kénh

c6 ning luong 16n 1am giam chat luong kénh tht hai tai tAn sé cach xa.

Power Spectrum
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(b)
Hinh 1.20: M6 phéng anh hwéng cia méo do phi tuyén ciaa KPRF déi véi kénh & gan

(a) va & cach xa kénh gay meo (b)
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* RBW 3 kHz
*Att 10dB VBW 10 kHz M2[1] 52.26 dBm
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Hinh 1.21: Kiém tra thuc té anh hwéng cia méo do phi tuyén ciaa KPRF ddi véi kénh
& gan (a) va ¢ cach xa kénh gay méo (b)
Két qua md phong va kiém tra cho thiy, méo sinh ra do KPRF Ia nghiém

trong. Nang lugng cua méo sinh ra c6 thé 16n hon muc tin hi¢u can thu. B¢ nang
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cao chat lugng may thu va ting kha nang thu dugc cac kénh song mang cé ning
luong nho thi viéc giam méo 1a can thiét.

1.6 Két luan chwong

Nhu vay théng qua viéc tim hiéu tong quan vé may thu sb truc tiép bang
rong di tim hiéu duogc cdu trac chung ciia mot may thu vo tuyén sd. Cau triic cua
may thu vo tuyén s bao gdm 3 ting co ban: ting khuéch dai tin hiéu cao tan RF,

tang tron va tang xu ly tin hiéu bang co so.

Céc yéu to co ban anh huong dén cau tric may thu sd truc tiép bang rong
cling duogc trinh bay. Cac anh hudng nay bao gdm van dé& dich DC, mat phdi hop
giita hai nhanh I/Q, anh hudng cta tap 4m 1/f, méo bac, van dé diéu khién bd
khuéch dai da duoc trinh bay. Tir d6 lam co sé cho viée tim hiéu cac giai phap bu

méo phi tuyén s& duoc trinh bay cy thé ¢ trong chuong tiép theo.
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CHUONG 2. GIAI PHAP BU MEO PHI TUYEN TRONG
MAY THU SO

2.1 BU méo phi tuyén véi thuat toan nhan dang mu trong mién thei gian

BU méo phi tuyén trong may thu khong dé dang nhu trong may phét boi ca
dau vao va dau ra cta hé thong phi tuyén khong biét. Chi khi dau ra phi tuyén co gia
tri, van dé phai dugc giai quyét 13 giai quyét nhan dang mu. Thyec té 1a ddu hiéu dién
hinh ctia méo phi tuyén 1a birc xa ngoai bang. Tan dung thong tin ning luong phat

xa ngoai bang 12 mot cach tot nhat cho bu méo phi tuyén [6][7].

ADC »—»| DDC
vin}

x{n)

uﬂ?ﬂ

A

| X
F

3

<«———— Channel Filter Compensator
s(n) -
k. ¥
Filter w Delay
err{1)

> Minimization

e B B
Hinh 2.1: So' d6 bt méo

So d6 bu méo dugc dé xuit duge minh hoa trong hinh 2.1. Nguyén tic 14 sir
dung mot bo loc dé thu duoc thanh phén IDM trir cac dai va nhiéu mong mudn. Pau
ra ctia bd loc dé t6i thiéu ham gia, cac hé s6 cua phép bu duoc cap nhat mot cach
thich tmg. Khdi t biéu thi mot bo dém tré dé dong bo tin hidu dau vao véi dau ra bo
loc. Va1 bo loc xac dinh trude dugc thuc hién, T 1a gia tri c¢d dinh. Phép bu dya trén

da thtrc va chi tiét dugc thao luan trong phan tiép theo.
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2.1.1 M0 hinh bu méo

Lua chon hau hét cho mé hinh phi tuyén 14 mé hinh da thirc sinh. Néu chi phi
tuyén khéng nhé dugc gia dinh. Pa thirc dudi day c6 thé dugc st dung nhu 13 mo
hinh bu.

N 2.1)
s() = y(0) + ) wilyI~ty()

y(n)

y(n)

.y

(.)
‘ I

_Lin \-I'n |
— o -#—u—

Hinh 2.2: M6 hinh bu méo dé xuat

Trong do N 1a bac phi tuyén. M6 hinh nay gia sit w1 = 1, chi ra rang phan
tuyén tinh ¢4 hé sb khuéch dai béng 1. C6 thé diéu chinh w1 # 1 bdi vi c6 thé thuc
hién nhan v&i mot hang s6 ty 18 ¢6 thé dé dang khoi phuc. Ly do stra w1 dé ngin
chan tin hiéu bi mat di. Thyuc té, mot giai phap téng thé cho viée giam thiéu thanh
phﬁn ngoai bang la wi =0 (i = 2,3...N), do d6 w1 dugc ¢ dinh dé ngan chan sy hoi
tu thich nghi. Tuy nhién, mot tic dung phu phat sinh 1a viéc c¢b dinh wi s& c6 anh
huong ti€u cuc dén ude lugng hé s6 nhu tdc d6 hoi tu cham, do céc phﬁn con lai cua

ham c6 twong quan manh véi y(n).

Dua trén nhitng vin dé dé cap & trén, c6 thé dua ra thanh phan tuyén tinh
y(n) tir cac thanh phan con lai dé cac thanh phan xuyén diéu ché dugc nhin manh.
Giai phap nhung co6 thé thyc hién don gian 1a trir di tin hiéu dau vao tir ham phi

tuyén va biéu thirc dugc dua ra boi:
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N (2.2)
s() = y() + ) wigi(n)
Trong do:
@;(n) = [y 'y + uy(n) (2.3)
Voi:
Elp;(m)y*(m)] =0 (2.4)

E[ ] 1a ky vong va * 1a lién hop phuc. Do dé cac tham sé pi (i =2,3 ...

N)duoc xac dinh bang phuong trinh sau:

o Bl (25)
Ellym)|?]
Véi cau trac ndy, ham phi tuyén ré rang khong twong quan véi phan tuyén
tinh, do d6 sy dong gop cua thanh phan tuyén tinh dén ham phi tuyén dugc giam
thiéu. Piéu nay c¢o loi ich nhu tdc do hodi tu nhanh va yéu cu théip cho bd loc ngoai

bang.

Van dé xir Iy dau phay tinh, thyc hién truc tiép (2.2) c6 d6 phuc tap cao va
céc van dé on dinh vi ¢6 qua nhiéu b nhén lién quan. Co thé dé dang thay tir (2.1)
rang da thirc gbc co thé dugc thay thé bai phép nhan tin hiéu va mot bang LUT cho
bién d6 tin hiéu néu cac sb mil twong tng duoc luu trong LUT. Véi LUT, co thé
biéu dién cho bit ky phuong trinh mong mudn, ham cia da thirc gbc bac co thé dén
rat 16n. Tinh toan c6 thé thuc hién bang madt thuat toan CORDIC [8].

2.1.2 Thudgt todn bi phi tuyén mi

Do su don gian va tinh kha thi cta viéc trién khai phan ctng, binh phuong
trung binh nho nhit (LMS) duoc 4p dung cho cap nhat bu. Pau tién ta xac dinh ma
tran dit liéu cho bu ¥(n)=[p2(n), ..., eN(n)], sao cho dau ra bu c6 thé biéu dién
bang:

Sm)=yn) +¥n)W (2.6)

Trong d6 W=[w,, ws, ..., wy]" 1a vec to cot chira cac hé so.
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Hai tiéu chuan cua dau ra bo loc 13 nang luong ngoai bang dugc dinh nghia
bang ham gia:
JW) = llerrmli3 (2.7)
O day:
err(n) = h(n) * [P(n)W] (2.8)
Trong d6, h(n) la dap ing xung cta bd loc ngoai bang.
Két qua udc luong do dbc duoc cho boi:

oj(W)
ow

2.9
= —2h* « PH(n)err(n) (29)

Trong d6 H biéu thi sy chuyén vi Hermite. Co thé thay tir biéu thuc (2.9) &p
dung tryc tiép thuat toan LMS yéu cau bo loc t&i ma tran dix lidu. Dé giam do phurc

tap cua thuat toan, udc lugng sau day duoc gidi thi¢u:

oJjy(w) _

(2.10)
W —2WH (n)err(n)

Cubi cung, két qua LMS c6 thé duoc phat trién véi phuong trinh cap nhat 1a:
Wkt = w — pPH (n — t)err(n) (2.11)

Trong d6 ma tran dir liéu duoc gitt cham bai T voi thoi gian phu hop vai dau
ra bd loc (hinh 2.1). Cac thuat toan dua trén do dbc khac nhu RLS (recursive least

square) ciing ¢ thé ap dung cho bu tuy nhién khong duoc thao luan & day.

B9 loc dugc st dung cho k¥ thuat bu duoc dé xuit dé loai bo tin hiéu mong
mudn va xuyén nhidu dé c6 dugc tin hiéu ngoai bang. Vi qua trinh xtr Iy bu 1a trong
bang gbc nén tin hiéu mong mubén nam & trung tdm mién tan sd trong khi xuyén
nhiéu ndm bén canh. Do d6 dap ung cua bo loc nén bat dbi xting dan dén mot bo loc
c6 hé sb phuc tap. Do d6, viéc thuc hién loc ngoai bang yéu cau 3 bo loc thuc.

Moc khia canh ctia bo loc & day 1a bo loc khong cé dap tng tan s6 chuan nhu
loc thong thap, thong cao hay loc dai. Ung dung cu thé trong phép bu dugc dé xuét
1a thiét ké bo loc véi dap tmg xung tiy ¥. Cac phuong phap thiét ké da dugc nghién
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ctru nhiéu va dé dang tim thay. Trong bai bao nay, phuong phap xap xi chebyshev
[9] dugc stir dung dé tinh cac bo loc mong mudn.

2.2 Sir dung kénh thu phu tuyén tinh 1am tham chiéu dé xir Iy méo

v

[ P( - ADC 1~ X 0
< =
s, . B
jab8 " >~
oA = c
3 =
, ADC @ e
Tham chiéu

Hinh 2.3: Céu tric may thu sir dung kénh thu phu tuyén tinh
1am tham chiéu cho giai phap giam méo

Nhu da trinh bay & trén, cac kénh tin hi¢u nang lugng 16n vao may thu s¢€ 1a
cac kénh c6 méo sinh ra do phi tuyén caa KDRF sinh ra lam anh hudng dén chinh
kénh d6 va cac kénh khac c6 mire thu nhé. Vi DDCR thi khong chi cac kénh ¢ gan
ma cac kénh & xa ciing ¢ thé bi anh hudéng. Do d6, méo sinh ra tir cac kénh c6 ning
luong 16n can duge loai bo. Giai phap xtr Iy méo dugce trinh bay cho mé hinh may
thu DDCR véi tat ca cac thanh phin méo duoc xu 1y. Giai phap duoc thyc hién
bang cach sir dung thém may tham chiéu tuyén tinh nhu thé hién trong Hinh 6. May
thu tham chiéu khong st dung bd khuéch dai va duge coi la tuyén tinh dé thu duoc
nhitng kénh c6 nang lugng 16n [6]. Cac kénh tin hiéu ciia may thu tham chiéu duoc
tong hop va dua vao mo hinh phi tuyén dé khoi phuc lai méo hodc tim cac tham sb
cua méo. Thuat toan LMS duoc str dung lam cac tham s6 méo duoc giéng vO1 méo
thue té ciia may thu chinh c6 KDRF. Pé ¢6 tin hiéu tham chiéu hai k¥ thuat iy mau

ciia ADC 1a oversampling va undersamling duogc str dung cho kénh thu tham chiéu.
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2.2.1 Giam méo phi tuyén LNA sir dung may thu tham chiéu véi ky thuat
oversampling

Trong phan nay, md hinh DDCR da kénh toan dai v6i ADC s6 hoéa truc tiép
tin hi¢u tor RF dugc st dung. Tin hi¢u RF tur anten dugc khuéch dai, sb hoa, chuyén
sang tan sb thap va giam méo. Giai phap xur 1y bién dang dugc thuc hién dya trén
mo hinh hai may thu nhu tinh bay & trén. Tin hi¢u RF cua ca hai mdy thu chinh va
may thu tham chiéu sau ADC déu dugc chuyén xudng tan sd thip boi hai bo DDC
6 cau trac va tham sb giéng hét nhau. méo ctia may thu chinh duogc xtr Iy sau DDC.
Tin hiéu sau DDC ctia kénh tham chiéu duoc dua vao mo hinh phi tuyén dé tai tao
méo. Thuét toan LMS duoc sir dung dé udc luong cac tham sb ai trong cong thirc
(1)/ Hinh 3 1am cho méo sinh ra sau mé hinh phi tuyén gidng véi méo ctia LNA.
Loai bo méo cua may thu chinh sau DDC b'fmg cach trur tin hiéu bi méo di méo
duogc tai tao hodc nghich dao dic tuyén ciia méo. So dod giai phap duoc trinh bay
trong Hinh 7.

Vé6i may thu dai tan HF/VHF d6 phan giai cia ADC hién nay dat toi 16 bit
[7, 8] du cho thiét ké cac mdy thu da kénh toan dai. Cac ADC tdc d6 lay mau hang
Gigahertz chi toi da 12 bit va SFDR dat khoang 70 dBc [9, 10]. Do d6, khi tan s6
séng mang cua may thu 1én toi Gigahertz thi giai phap str dung may thu tham chiéu
khéng c6 LNA dé 1ay thong tin ctia cic kénh bj méo nhu dd dé cip ¢ trén can phai
tinh dén anh huong cta nhiéu luong tir. Hon nita, viéc thém mot ADC dé léy mau
va xir Iy tdc d6 cao s& 1am cho chi phi, muc tiéu thy ning luong (do xir 1y trén
FPGA va ADC) cia may thu ting 1én. Pé giam sai s6 luong tir, chi phi san xuit va
tiéu thu ning luong, dé xuat str dung kénh tham chiéu phu tuyén tinh st dung ADC

toc do lay mau chi can gap doi dai tan lam viéc ciia may thu.
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Hinh 2.4: So d6 céu tric cia DRF-RXs ding may thu tham chiéu phu
véi ky thuit oversamling.

2.1.2 Giam méo phi tuyén LNA sir dung kénh thu tham chiéu véi ky thuat
under-sampling

K¥ thuat nay chi ap dung dugc cho DDCR khong ddng thoi thu toan dai ma
chi 1am viéc trong mot dai tan hep hodc 4p dung cho ADCR (Hinh 8). Ky thuat
undersampling con dugc goi 1a ki thuat 1y mau bang thong, 1dy mau hai cho ADC
[11, 12] duoc sir dung trong d& xuat nay. Tdc d6 14y mau cua ADC kénh tham chiéu
nhoé hon 2 1an so vdi tan s t6i da cua tin hiéu nhung 16n hon hai 14n dai tan cta
may thu. K§ thuat undersamling hién chi 4p dung cho liy mau tai trung tan ctia may
thu [1]. Tin hiéu tai trung tin 1a tin hiéu da duoc loc bo phan 10n cac thanh phan bén
ngoai bing nén viéc 14y mau dudi s& dam bao khong bi anh huéng béi cac thanh
phan nam ngoai bang. O day ching toi s dung k¥ thut nay cho kénh tham chiéu
phu dé thu dugc cac tin hiéu c6 ning luong 16n (kénh tin hiéu gy méo) bén trong
dai 1am viéc mdy thu.Vé4i giai phap nay, dé tranh aliasing khong mong mudn trén
kénh thu tham chiéu thi bo loc twong tu dai théng bang rong duoc dit phia trude
ADC. Bing thong bo loc bang véi dai tan s6 hoat dong ciia may thu. May thu ma
chung t6i dang xét 13 may thu da kénh dai tan 1am viéc rat rong nén viéc thiét ké

mdt bd loc bang chdng aliasing trudc ADC sé& d& dang thyc hién hon so v&i may thu
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bang hep. Viéc 1dy mau dudi giong nhu chuyén d6i tin hiéu RF sang mién tan sd
thap [13] do d6 trong mién xir 1y tin hiéu s6 DDC khong con can phai dugc st dung
cho kénh tham chiéu. Muc dich st dung ADC tbe do thép cho kénh thu tham chiéu
1a dé khic phuc mot s6 han ché khi dung ADC 14y miu trén nhu: giam anh huéng
do 151 luong tir do cac ADC tbc do thap thudng cé sb bit lugng tir 16n va SFDR dat
to1 hang trdm dBc [LTC2208, LTC2209, LTC2107], giam tai nang luc xu ly cua
phan cimg vi khéng can st dung DDC trong may thu phu, giam chi phi ADC va

nang lugng tiéu thu cua may thu.

- BW-_-
f, f
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o ~ ~ _ —us
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f f, 21+ 21, N
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Frequency
Hinh 2.5: Méo trong may thu DDCR lam viéc véi dai tin hep
Véi dé xuat cua ching toi, toc d6 1ay mau ciia ADC chi can cao hon it nhat 2
lan so véi bang tan 1am viéc caa may thu [13]. Néu W 1a dai tan 1am viéc cua may

thu (W = f,; — f,) thi tan s6 1dy méu f, > 2W duoc yéu cau va:

2fu 2f1
— < f. < 2.12
n fs = n—1 ( )
Véi bat ky s6 nguyén n thoa mén:
fu
1<n< ( ) (2.13)
fu—Hh

Tin hiéu sau ADC duogc dua dén phan xtr 1y giam méo ma khong can c6 bd
chuyén ha tan sb. Méo duoc giam bﬁng cach trur tin hiéu bi méo sau DDC cua kénh
thu chinh di méo duogc tai tao bang mo hinh phi tuyén hoic nghich dao ham truyén
ctia kénh thu chinh theo cac tham s6 ctia mé hinh méo sau khi diéu chinh cac hé sb

bang thuat todan LMS. Vi khong c6 DDC, dé ddng bo hoa v6i may thu chinh, mot bd
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delay duogc sir dung cho may thu phy. Thoi gian tré phy thudce vao thiét ké thuc té
ctia may thu va né can duoc dya trén thoi gian chuyén doi cua thoi gian xt Iy ADC
va DDC tbc do thap.

Kénh thu chinh ¢6 by khuéch dai LNA va ADC téc do cao thuc hién thu,
tach kénh va giai diéu ché tin hiéu. Viéc thiét ké kénh thu chinh véi k§ thuat
undersamling dam bdo céc chi ti€u 1a khé thuc hién boi vige thiét ké bo loc bang
chét luong cao dé loai bo aliasing khéng mong mudn hién tai rat khé khan. Do d6, ¢
kénh thu chinh, ADC toc dd cao van duoc st dung va tan sb 15y mau 16n hon rat
nhiéu bang thong tin hi¢u. Viéc st dung ADC tdc do cao cho kénh thu chinh con dé
c6 mot hé sd processing gain duoc thém vao cho SNR [].

Do méo dugc xu ly tai bang géc, chi mot dai tn duoc chuyén ha bé1 DDC

do do6 giai phap nay chi &p dung cho cac may thu da kénh dai rong. Vo1 mot may
thu toan dai (tir 0 dén fs/ 2)s can thém cac kénh tham chiéu véi b loc dau vao cua

cac kénh thu khac nhau. M6 phong giai phap cia chung t6i duoc thyc hién bang

phan mém Matlab. Cac két qua mo phong dugc trinh bay trong phan sau.

L
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Hinh 2.6: So' dd céu tric cia DRF-RXs diing may thu tham chiéu phu

véi ky thuit undersamling
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Tur viéc su dung kénh thu tham chi€u, méo cia may thu chinh dugc loai bo
bang cach trir di méo vura tai tao hodc dac tuyén ciia méo dugc nghich ddo. Cac xu
1y loai bé méo dugc thyc hién trong mién so.

2.3 M0 ta thuét toan giam méo bang céch tai tao va trir méo

Céc kénh tin hiéu cia may thu phu duoc tong hop dua vao mé hinh phi tuyén
dé tai tao lai méo. Pau ra cia mo hinh phi tuyén bao gdm thanh phan tuyén tinh va
méo. Méo sinh ra sau mé hinh méo dugc diéu chinh gidng cac thanh phan sinh ra tir
KPRF ctia may thu. Pé don gian cho xir 1y tai RF thi viéc diéu chinh cac hé sb
trong mo hinh phi tuyén duoc thuc hién bang thuit toan LMS. Két qua diéu chinh
cac tham s6 ctia mo hinh phi tuyén s& gidng v6i tham sé cta phi tuyén trong KDRF
ctia kénh thu chinh. Dua vao két qua diéu chinh nay ta c6 thé thyc hién giam méo
do phi tuyén ctia KDRF sinh ra. So dd thuc hién cua giai phap duoc thé hién trong
Hinh 2.7.

Yre(N)=Xre(N)+e(N) Xre(N)

yREF(n)

()

B(n)

>

— ()2 —— ’A(”) ——

Y1 4
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Hinh 2.7: So' @ thye hién giam méo bing cach trir méo

Thao tic giam méo phi tuyén cuia KDRF cho may thu dugc thuc hién bang
céch trir ¢i méo da xac dinh tir md hinh phi tuyén. Thay cho mé hinh phi tuyén tong
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quat thi mo hinh phi tuyén don gian dén bac 3 duoc str dung. Cu thé qua trinh xur Iy

dugc mo ta sau day.
Gia su tin hi¢u RF nhan dugc trong mién sd sau khi qua KPREF la:
yrr[nl = wifi (Xrelnl) + waf (Xge[n]) + ws f3(xge[nl) (2.14)
= xgr[n] + e[n]

Trong do:
fix[n]) = xgp[n] (2.15)
f2(x[n]) = x¢p[n]
f3(x[n]) = xizp[n]

v6i xgr[n] 1a thanh phan tuyén tinh, e[n] 1a thanh phan méo sinh ra do phi
tuyén cua KDRF.

Méo & day 1a hai thanh phan bac hai va bac 3 ¢6 dang:
e[n] = w,f, (xgp[n]) + ws f3(xge[n]) (2.16)

Tin hiéu sau xur 1y dugc giam méo bang cach trir tin hiéu sau ADC di cac

thanh phan méo di khoi phuc:
Xrrn] = yrrln] — é[n] (2.17)
Trong d6 é[n] 1a thanh phan méo dugc khoi phuc bang moé hinh phi tuyén
va:
é[n] = W, fo (xge[nl) + wsf3(xgr[nl) (2.18)
Nhu vay:
Xrr[n] = yreln] — wa fo(xpe[nl) + W3 f3(xpe[nl) (2.19)
Thay (2.12) vao (2.15) ta duogc:
Xpr[n] = xgp[n] + e[n] — é[n] (2.20)

Ta co:
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Xrr[nl = xgr[n] + wafo(xge(nl) + wsf3(xgrnl) (2.21)
- (szz(xRF[n]) + W3f3(xRF[n]))
= xgp[n] + Wy — W,) fo (xgp[n])

+ (w3 — W3) f3(xge[n])

Tir (2.17) c6 thé thy tin hiéu sau khi stra £[n] gidng véi tin hiéu tuyén tinh

dau vao nhat x[n] khi W,~w, va Wy~w,
Vi thudt toan LMS cac hé sé ciia md hinh phi tuyén duoc xac dinh:
wyn] = wyn — 1] + py f1(x[n])é[n] (2.22)
Wa[n] = wa[n — 1] + o fo(x[n])é[n]
wz[n] = ws[n — 1] + ps f3(x[n]é[n]
Trong do:
éln] = yIn] — (w1 f1(x[n]) + Wofo(x[n]) + W3 f3(x[n])) (2.23)

Giai phap xir 1y phi tuyén cia KDRF bang cach trir tin hiéu RF bi méo cho
méo duoc tai tao tir kénh thu tham chiéu da duoc trinh bay. Giai phap nghich dao
dac tuyén ctia méo dya vao thuat toan LMS két hop mo hinh phi tuyén s€ duoc trinh

bay tiép theo sau day.
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2.4 Giam méo bang cach nghich dao méo

yre(N)=aixze(N)+e(n)+N(n)

j(\RF(n)
() > wi(n) + >

— 2
() ] : w2(n) ]
B et [ s
| I —
e(n)

Yre(N)=Xre(N)+N(N)

Hinh 2.8: So' dé xir Iy méo phi tuyén biang cach nghich dao méo

Phuong phap nay van dua trén kénh thu tham chiéu phu tuyén tinh. Tin hiéu
bi méo tir kénh thu chinh dugc dua vao moé hinh phi tuyén. Céc hé s cia mé hinh
phi tuyén duoc diéu chinh theo thuat toan LMS dé nghich ddo dac tuyén cua méo
trong tin hiéu RF dé dau ra xtr 1y 1a tin hiéu tuyén tinh. So d6 xir Iy méo dugc thé
hién trong Hinh 2.8.

Tin hiéu RF bi méo dugc dua vao md hinh phi tuyén (nghién ctru nay thuc
hién t6i bac 3). Tin hiéu dau ra mo hinh phi tuyén 1a cac thanh phan tuyén tinh

g1 (x[n]) va phi tuyén g,(x[n]) va g;(x[n]) dugc xac dinh bai:

91rr[n]) = yrrln]

92 rrlnl) = yieln] (2.24)

9xWren]) = yie[n]
Tin hiéu dau ra cia mé hinh méo duoc so sanh véi tin hiéu tham chiéu d[n]

1a tin hiéu chuan tuyén tinh:

é[n] = d[n] - (‘7‘7191(3’121:[71]) + W29, (Yre[nl) ... + Wkgk(}’RF[n])) (2.25)
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Sai s6 dugc sir dung dé di€u chinh cac hé s6 ciia mo hinh phi tuyén sao cho

sai sb €[n] tién vé 0.

wi[n] = wi[n — 1] + py f1 Yrr[n])é[n]

wy[n] = wy[n — 1] + po f,Yre[n]E[N] (2.26)

wy[n] = wi[n — 1] + e fu(rr[n])€[n]

Tin hiéu dau ra m6 hinh phi tuyén sau khi diéu chinh duoc cho trong (2.23).
Sau khi diéu chinh, cac hé sb cia mé hinh phi tuyén w; (i=1,2,.k) c6 gia tri nguoc

v6i tham sd méo thuc té w; ciia KDRF. Két qua dau ra xtr 1y:

Xgp[n] = Wifi (Yrp(nl) + Wofo(Vrelnl) ... + Wi fi re[n]) (2.27)

2.5 Két luan chwong
Thong qua viéc tim hiéu mot sé mo hinh phi tuyén da cho thay kha ning ap
dung cta cac md hinh khiac nhau cho mot hé théng nhat dinh. Cac mo hinh phi
tuyén c6 nhd dd duge gidi thiéu va phan tich. Trong d6, cac mo hinh phi tuyén giai
tich c6 nhé dya trén mo hinh chudi Volterra va cac bién thé cta nd duge trinh bay.
Céc trudng hop dic biét ciia mé hinh Volterra duge trinh bay bang cach xac dinh

moi quan hé hat nhan cia chung.

Dic biét, cic md hinh phi tuyén trong may thu sd truc tiép bang rong da
dugc trinh bay bao gom phi tuyén tang RF, phi tuyén do mat can bang I/Q va phi
tuyén do khuéch dai bang co sd. Trong d6 tip trung tim hiéu hai anh huéng méo phi
tuyén 16n nhét 1én hiéu ning may thu: méo phi tuyén gy ra do hai bac hai va méo

phi tuyén gay ra do hai béc ba.

M6 hinh bi méo phi tuyén voi thuit toan nhan dang mu trong mién thoi gian.
Néu 1én phuong phap sir dung kénh phu tham chiéu dé gia tao méo phi tuyén. Tir
gia thuyét trén da dua ra 02 mé hinh bu méo bang phuong phap tao méo va trir méo
va nghich dao méo. Méo phi tuyén dugc xét & ddy 1a méo do khuéch dai LNA tao
ra. Pay 1a co sé toan hoc dé mé phong danh gia phuong phap bu méo phi tuyén

dugc trinh bay trong chuong 3.
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CHUONG 3. MO PHONG DANH GIA CAC GIAI PHAP

BU MEO PHI TUYEN TRONG MAY THU SO
3.1 Mé phéng méo phi tuyén
3.1.1 M6 phéng méo phi tuyén tai RF

Luan vin dua ra mé hinh méo do phi tuyén ctuia LNA t&i cdu trac may thu s6
tryc tiép truc tiép bang rong. Két qua mo phong duoc thyc hién trén may thu sb truc
tiép bang rong tai dai tin HF (3-30MHz). Tin hi¢u dau vao kiém tra 1a c4c tin hi¢u
da kénh c6 muc ning luong khac nhau, tong ning luong dau vao lén dam bao dau

ra bd khuéch dai LNA c6 méo.

Nhu di trinh bay ¢ phan truéc biéu dién mé hinh méo cho trudng hop nay
van 12 mé hinh Hammmerstein. Do d6 mé hinh phi tuyén don gian ciia RF c6 thé

duoc viét:

Vrr(t) = ayxgp(t) + alegF(t) (3.1)

Trong d6 az 12 hé s chi d6 khuéch dai tuyén tinh ciia LNA va a2 biéu thi mirc

do méo bac 3.

Dau tién tao ra tin hiéu 2 tone dua vao ddu vao may thu c6 dang diéu ché
QPSK. Hai tin hiéu QPSK nay c6 tan sb tuong tmg l1a 4,125 MHz va 12,29 MHz
v6i bién d6 cua tan s6 12,199 MHz bang 1/10 bién d6 cta tin hiéu 4,125 MHz. Piéu
nay thé hién bién do dau vao mdy thu 1a khong dong nhat trong mot pho tan rong.

Nhu Hinh 3.1 thi pho tan s ¢ dau vao may thu 13 phd cta 2 tan sé cach nhau

gan 10 MHz trong dai séng ngan voi bién do cac tin hiéu dau vao twong tng 1a -45

dBm va -65 dBm.
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Hinh 3.1: Phé tin hiéu 2 tan s6

Sau khi tao ra 2 tin hiéu QPSK s& thuc hién thiét 1ap phi tuyén RF theo cong
thiac y(t) = a,x(t) + 3a,A%(t)x(t). Sau d6 tinh toan FFT cho thanh phan phi

tuyén nay va thuc hién hién thi phd cong suét ctia méo phi tuyén RF.

Két qua mo phong mo hinh phi tuyén véi dau vao 1a tin hiéu 2-tone tan sb.
Hinh 3.2 cho thdy méo anh huéng cho may thu sb truc tiép bing rong bao gdm
thanh phan xung quanh tan sb fi, f, ddng thoi co ca thanh phan tan sb 2f1 + f2. Viée
loai bo thanh phan tan sb hai 2f; + f, dugc loai bé dé dang véi ciu triic may thu.
Tuy nhién véi méo phi tuyén RF gay ra hai va xuyén nhidu van c6 thé & dai mong

mudn. Pé giai quyét van dé nay doi hoi cac phwong phap xtr Iy méo phtc tap.
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Hinh 3.2: Méo phi tuyén do LNA tac dong 1én may thu
3.1.2 Mé phéng méo sinh ra do mit cén bang 1/Q

Theo ndi dung Chuong 2 thi thanh phan méo phi tuyén giy ra do mat can
bang I/Q duoc dién ta bai:

J(&) = ki (8) + kpy * (0) 3.2)

Sau khi tao ra 2 tin hiéu QPSK tai tdn sé song mang 4,125 MHz va 12,29

MHz thi chuong trinh s& thuc hién thiét 1ap phi tuyén do mit can bang 1/Q theo
cong thic y(t) = kyVgr(t) + k,vir(t). Sau d6 tinh toan FFT cho thanh phan phi
tuyén nay va thuc hién hién thi phd cong suét ciia méo phi tuyén do mat can bang

Q.

Két qua mo phong mo hinh phi tuyén gy ra do mat can bang I/Q dugc thé
hién trén Hinh 3.3. Céc thanh phan tin sé hai gdy ra do méo nay bao gdm thanh
phan xung quanh tan sb fi, f» d6ng thoi c¢6 ca thanh phan tan s6 2f1 + f2 va f1 + 2.
Viéc loai bo thanh phan tan sé hai 2fi + f, va f1 + 2f2 duoc loai bo dé dang boi bd
loc thong thap. Tuy nhién ciing giong vi méo phi tuyén RF thi thanh phan gay ra
hai va xuyén nhidu van co6 thé & dai mong mudn. Dé giai quyét van dé nay doi hoi

cac phuwong phap xir Iy méo ciing hét sirc phirc tap.
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Pho tin hieu phi tuyen 1/Q
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Hinh 3.3: Méo phi tuyén gay ra do mat can bing 1/Q
3.1.3 Mé phéng méo phi tuyén giy ra béi bé khuéch dgi bing co sé

Mcéo phi tuyén mo6 hinh BB don gian héa c6 thé duoc biéu dién nhu sau:

vipp(t) = a3 ¥;(t) + a4,;,§(t) (3.3a)
Vo5 () = azo¥o(t) + asya () (3.3b)

Gidng nhu thyc hién md phong méo RF va mat can bang 1/Q thi dé mo
phong méo gay ra do bo khuéch dai trong bang co s& ciing sir dung dau vao 1a tin
hiéu 2 tan s 4,125 MHz va 12,29 MHz. Két qua mo phong méo BB duoc thé hién
nhu trén Hinh 3.4.
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Pho tin hieu phi tuyen BB
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Hinh 3.4: Méo phi tuyén gay ra béi bd khuyéch dai bing co sé

Sau khi tao ra 2 tin hiéu QPSK sé& thyc hién thiét lap phi tuyén do bo khuéch
dai trong bang co so theo cong thirc (3.3a) va (3.3b). Sau do s€ thuc hién tinh toan
FFT cho thanh phan phi tuyén nay va thuc hién hién thi ph6 cong suat ciia méo phi
tuyén do khuéch dai BB. Két qua mo phong trén Hinh 3.4 minh chting mét tin hiéu
hai tone bi anh huéng béi mo hinh phi tuyén BB don gian. Pé nhdn manh anh
hudng BB thi thanh phan phi tuyén RF va mat can bang I/Q bd tron duge bod qua
trong hinh nay.

Phi tuyén I va Q doc 14p nhau do sau khi chuyén d6i xudng I/Q, tin hiéu gip
phi tuyén BB xuét hién & cic nhanh I va Q riéng biét. Day 1a mot trong nhirng khac
biét chinh giita phi tuyén RF va BB. Céac thanh phan tan sb hai gdy ra do méo nay
bao gdm thanh phan xung quanh tn s f1, f, ddng thoi co ca thanh phan tan sb 2f; +
fy, f1 + 2f, va f1 + 3f2; cac thanh phﬁn xung quanh tan sb anh -f1, -f, va -2f; - fp, -f1 -
2f2 va -f1 - 3f,. Viéc loai bo thanh phan tan sd hai ¢ dai mong mudbn doi hoi phai c6

k¥ thuat xur 1y tot dé xir Iy méo.
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3.2 M6 ta giai phap giam méo bing cach trir va nghich dao trong may thu

doi tan truc tiép

8 NO DITHER o WITH DITHER
* STDR = 100dBES - SFDR = 125dBFS
50 50
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Hinh 3.5: M6 hinh DCR véi céc giai phap tuyén tinh héa

Tin hiéu méo do LNA sinh ra s& vao trong may thu do dé cac thanh phan c6
méo ton tai 1a LNA, ADC va FPGA/DSP. bé gidm méo ta co thé can thiép vao cac
thanh phan nay. Viéc can thiép c6 thé thuc hién cho ting phan hodc két hop xu ly
giita cac phan véi nhau tao ra mot giai phap tong thé cho may thu. So d6 tong thé
may thu c6 xtr Iy méo dugce dé xuit nhu Hinh 3.5.

Méo sinh ra tir LNA 14 do téng mirc ning luong dau vao vuot qua gii han
tuyén tinh. Do d6, viéc dau tién can thuc hién 13 giéi han, kiém soat va diéu khién
muc tin hi€u vao LNA.

Trong thiét ké DCR thi ADC quyét dinh rat 16n dén chét lugng méy thu, viéc
chon dugc ADC c6 SFDR 16n s€ cho phép giam hé s6 khuéch dai cua LNA do dé
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méo s& it. Giai phap duoc dung nham ting SFDR cho ADC bang cach thém dither

cho tin hiéu RF trudc khi chuyén d6i duoc thuc hién.

Tir ngay sau anten cua may thu, c6 mot bo loc thong thap chat lugng cao két
hop véi cac bo loc bang phia sau. Khi cac kénh thu chi ndm trong mot dai tin nhat
dinh, bo loc bang dugc dung dé han ché céac kénh khong can thu khong can thiét dé
nham giam sy phi tuyén ciia LNA.,

Hé sb khuéch dai tin hiéu RF dau vao can duoc thay ddi cho phu hop véi cac
tinh huéng thu khac nhau dé tranh phi tuyén. Thuec té, véi LNA viéc thay ddi hé sb
khuéch dai trong qué trinh 1am viéc 1a khé khian do d6 mét bo suy hao bién d6i duoc
dat phia truéc LNA. Khi nang lugng ctia cac kénh dau vao déu 16m thi khuéch dai
tin hiéu RF co thé khong can thiét va hé s6 khuéch dai nén duoc giam. Viéc xéc
dinh mtrc nang lugng va diéu khién hé sb khuéch dai thuong duogc thuc hién bé'mg
phan mém bén trong FPGA nhu thé hién trén Hinh 3.5. Khi tong ning luong tin
hiéu vao 16n nhung mdot s6 kénh can thu ¢6 nang lugng nho thi viéc khuéch dai tin
hiéu van can dugc thuc hién va méo xuit hién. Viéc xur Iy méo luc nay s€ thuc hién

tiép tuc bang phan mém & phia sau.

bé ching minh ky thuat duoc dé xudt, trién khai mot mé hinh DRF-RX da
kénh HF/VHF (3 + 8MHz) trong Matlab c6 va khong c6 mach khir méo. May thu s6
hoa déng thoi toan bo dai tan voi ADC te do 200MHz. Cac tham sé méo cua LNA
dung cho mo phong dya vao két qua khao sat cia IC MAR 8ASM+. Ca hai giai
phap xtr Iy méo duge mo phong dé so sanh va danh gia. Thuc té theo céc tai lidu va
datasheet mot s6 LNA [] cac thanh phan phi tuyén tir bac 4 tré di 1a rat nho, da sb
chi xét dén anh huong cua bac 2 va 3. Po dac kiém tra trén MAR 8ASM++ cho théy
v&1 muc nang lugng tin hi¢u RF dau vao -10dBm, méo bac 2 xuat hién véi mirc -40
dBm, méo béac 3 xuét hién vo1 muc -60 dBm va méo tir bac 4 trd 1én hau nhu chua
xuét hién. Do d6, viéc mod phéng méo chi dugc thuc hién vdi mo hinh phi tuyén to1

bac 3.

Hai kénh gay méo 1a tin hiéu QPSK véi tan sd song mang f, = 5.22 MHz
(Kénh_1) va f, = 6.22 MHz (Kénh_2). Kénh thir ba va kénh thr tu 1a tin hi¢u
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QPSK véi tan sd song mang 1a f; = 7.22 MHz (Kénh_3) and f,= 12.44 MHz
(Kénh_4). Céc tham s kénh duoc dua ra trong Bang 1. Do mirc cong suit cao, do
méo dugc tao ra tir Kénh 1 va Kénh 2 lam giam chat lugng ¢ Kénh 3 va Kénh 4.

Bang 1: Tan s6, mirc ning lwong va dang diéu ché cia cac kénh RF md phéng

Pau vao RF input Tin hiéu truc DDC
Channel 1, QPSK, 24 kbps, -55dBm frr1 = 5.22 MHz
Channel 2, QPSK, 24 kbps, -55dBm frr2 = 6.22 MHz
Channel 3, QPSK, 24 kbps, -85dBm frrz = 7.22 MHz
Channel 4, QPSK, 24 kbps, -85dBm frpa = 12.44 MHz

3.2.1 Gidm méo phi tuyén bang cdch trir va nghich ddio trong may thu dung

tron twong tw

Trong phan nay, mo hinh may thu doi tan tuc tiép da kénh dai hep voi ADC
sb hoa truc tiép tin hiéu tr RF dugc st dung. Tin hi€u RF tir anten duogc khuéch dai,
s6 hoa, chuyén ha xubng thap tan va xir Iy méo. Méo duoc xtr Iy sau khi DDC. X
1y duoc thuc hién bang cach tai tao méo tir tin hiéu cta kénh tham chiéu sao cho
gidng v6i kénh thu chinh. Méo sau d6 duge dugc loai bo bang cach 1y tin hiéu cta

kénh thu chinh trir d1 méo da duoc tai tao.

Trong xtr Iy méo, cac thanh phan hai va xuyén diéu ché dugc tai tao bang
cach cho tin hiéu tham chiéu vao mo hinh phi tuyén. D€ méo tai tao giong véi méo

thuc t& do LNA sinh ra thuét toan LMS dugc sir dung.

M6 phong giai phap xir Iy méo duoc thuc hién bang phin mém Matlab
Simulink. Pé danh gia hiéu qua xtr Iy d6i voi méo qua tham sé SEDR. Céc kénh tin
hiéu dang 2-tone cach nhau 24 kHz, tai mién thip tan céc tone tan sb f1 = 168 kHz
va f,= 192 kHz. Thuat toan LMS két hop mé hinh phi tuyén dugc st dung, toc do
hoi tu va d chinh x4c cua thuat toan phu thoc vao gia tri pu. Kha nang héi tu ctia hé¢
s6 phi tuyén bac 3 khi st dung thuat toan LMS trong mé hinh méo dugc thé hién

trén Hinh 3.6. Dang pho tin hiéu mién tan sd thap trudc va sau khi stra duoc thé
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hién trong Hinh 3.7. Vi hé s6 p = 0.5 SFDR ting ~40 dB, véi p = 0.25 méo SFDR
tang ~50 dB.

Adaptation of the filter coefficients

0.45 X wl
u=0.1
0.4 u=0.01 -
0.35 %
0.3 H
|
0.25 ‘Lﬂ
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N
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Hinh 3.6: P§ hdi tu cia hé s6 phi tuyén bac 3

Hiéu qua xir Iy méo tiép tuc duogc danh gia qua ty sb 13i bit trude va sau xir
Iy. M6 phong véi 2 kénh tin hiéu diéu ché s6 QPSK. Sau khi chuyén ha vé thap tan,
kénh tht nhit c6 tin s séng mang f1 = 156 kHz. Kénh thr 2 tan sd song mang f> =
192 kHz. Véi hé sd i = 0.0005 cua thuat toan LMS, tin hi€u trudc va sau khi stra
duoc thé hién trén Hinh 3.8 cho théy méo khong chi dugc loai bé tai vi tri kénh gay
nhidu ma con duge giam tai kénh & gan c6 nang lugng nho. Ty 1¢ 18i bit cho kénh
c6 muc ning luong nhd tan sé f2 trude khi stra 1a 0.2587 va sau xur 1y méo 13

0.0077.

Trong giai phap RR-AIC [40, 41, 42], c6 thé thiy, d6 méo kénh gan dé va
cac thanh phan bién dang ¢ xa di duoc giam dang ké sau khi ap dung so dd bu méo
dugc dé xuat. Giam méo (trong SFDR) 14 ~ 20 dB cho céc kénh 1an can (7,22 MHz)
va ~ 30 dB cho cé4c kénh xa (12,44 MHz). Sy hoi tu cta cac hé sb phi tuyén cua
thuét toan dugc thé hién trong Hinh 3.6. BER trudc va sau khi stra cua Kénh_3 khi

thay d6i hé s6 phi tuyén bac 3 dugc cho trong Bang 2.
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Bang 2: BER trudc va sau khi sira méo véi phwong phap trir va nghich dao méo trong

may thu dung tron tuwong tw

HE SO PHI TUYEN

BAC 3 Trudgc khi sua RR-AIC RR-INV
0.00 0 0 0
0.10 0.0498 0 0
0.20 0.0733 8.3341e-06 8.0341e-06
0.30 0.0945 5.0005e-05 5.0000e-05
0.40 0.0997 1.0834e-04 1.0134e-04
0.50 0.1016 5.9172e-04 5.3172e-04
0.60 0.1142 0.0010 0.00089
0.70 0.1458 0.0017 0.0012
0.80 0.1586 0.0025 0.0022
0.90 0.1753 0.0035 0.0031

Tir két qua mo phong cho thay ca hai giai phap RR-AIC va RR_INV déu cai

thién dugc rat 1on chat lugng tin hiéu bi méo do phi tuyén ctia LNA.
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Hinh 3.7: Phé tin hiéu 2-tone trwéc va sau xir Iy méo
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Hinh 3.8: Phé tin hiéu truéc va sau khi giam méo
3.2.2 Gidm méo phi tuyén bang cdch triv va nghich dio méo trong may thu

$0 hoa truc tiép

Nhu da phan tich ¢ trén, cac kénh thu nang lugng l6n s€ 1a cac kénh cd6 méo
sinh ra do phi tuyén cia LNA 1am anh huong dén chinh ban than n6 va cac kénh
khac ¢6 muc thu nho. Do do, méo sinh ra tir cdc kénh nay can duogc loai bo. Céc
kénh c6 ning luong 16n dugc téng hop va dua vao mé hinh phi tuyén dé khoi phuc
lai méo. Thuat toan LMS dugc st dung lam cho méo duoc khoi phuc giéng vO1 méo
thue té ctia may thu chinh c6 LNA. Méo ctia may thu chinh duoc loai boé bang cach
trir d1 méo vira tai tao.

Cac kénh gay méo thu bang mdy thu duoc tong hop dwa vao mé hinh phi
tuyén dé tai tao lai cac thanh phan méo. Pau ra ctia mo hinh phi tuyén bao gom
thanh phan tuyén tinh va méo. Méo sinh ra sau mo hinh méo dugc diéu chinh giong
cac thanh phan sinh ra tir LNA cta may thu. Viéc diéu chinh céc hé sb trong mé
hinh gdy méo dugc thuc hién bﬁng thuat toan LMS. Két qua diéu chinh cac tham sb
ctia md hinh phi tuyén s& gidng voi tham sd cuia phi tuyén cua LNA. Dya vao két

qua diéu chinh nay ta c6 thé thy hién giam méo do phi tuyén ctia LNA sinh ra. Thao
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tac giam méo phi tuyén ctia LNA cho may thu dugc thuc hién bang cach trir di méo

da xéac dinh tir mo hinh phi tuyén.

Mo phong giai phap xtr Iy méo duoc thuc hién bang phdn mém Matlab
Simulink. Pé danh gia hiéu qua xur Iy d6i v6i méo qua tham sé6 SFDR. Pé dé dang
quan sat danh gia kha ning stra méo thi mé phong dau tién dugc thyc hién véi dau
vao 14 4 kénh tin hiéu RF & dang don tan. Kénh tin hiéu c6 nang luong 16n 14 kénh
thir nhit c6 tan s6 fi = 5.21 MHz va kénh thtr hai co tan sé f2 = 5.79 MHz. Méo sinh
ra do phi tuyén ciia LNA ddi voi hai kénh nay 1a cac thanh phan hai va xuyén diéu
ché. Hinh xx cho thiy cac thanh phan hai bac 2 xuit hién tai vi tri kénh tht 3 & tan
sO f3 = 12.37 MHz, hai bac 3 xuit hién ¢ vi tri kénh thir 4 tan s6 fs = 17.33 MHz,
Thuat toan LMS két hop mé hinh phi tuyén dugc st dung, tbc do hoi tu va do chinh
xac cta thuat toan phu thoc vao gia tri u. Dang phd tin hiéu mién tan sb thap trude
va sau khi stra dugc thé hién trong Hinh 3.9. Két qua mo phong cho thay ¢i hé s6

= 0.5 SFDR tang ~40 dB, véi p = 0.25 méo SFDR tang ~50 dB.

Hiéu qua xtr 1y méo tiép tuc dugc danh gid qua ty sb 15i bit cho cac kénh
thong tin trudc va sau xt Iy méo. M6 phong voi 4 kénh tin hiéu diéu ché sé QPSK.
Hai kénh gay méo c6 mirc nang luong 16n véi tan sé song mang fi = MHz va f, =
MHz. Kénh tht 3 ndm tai vi tri xuat hién hai bac 2 cta kénh gdy méo véi tan sb
s6ng mang f3 = MHz. Kénh thir 4 nam tai vi tri xuat hién hai bac 3 cua kénh gay
méo véi tan sb song mang fs= MHz. V&i hé s6 p = 0.0005 cta thuét toan LMS, phd
tin hiéu trude va sau khi stra duoce thé hién trén Hinh 10 cho théy méo khong chi
duoc loai bo tai vi tri kénh gy nhiéu ma con dugc giam tai cac kénh & xa c6 ning
luong nho. Ty 18 15i bit cho kénh c6 mirc ning lwong nhé & vi tri hai bc 2 tan sb f3
truGe khi sira 1a 0.2587 va sau xtr Iy méo 1a 0.0077. Ty 18 15i bit cho kénh & vi tri hai

béc 3 tan s6 f1 trude khi stra 14 0.2587 va sau xt Iy méo 13 0.0077.
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Hinh 3.9: Phé tin hiéu truéc va sau khi giam méo trong may thu sé hoa truc tiép
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Bang 3: BER trudc va sau khi sira méo véi phwong phap trir va nghich dao méo trong
may thu sé hoa truc tiép RF

HE SO PHI TUYEN

BAC 3 Trudgc khi sua RR-AIC RR-INV

0.00 0 0 0

0.10 0.0488 0 0

0.20 0.0741 7.9341e-06 7.8375e-06
0.30 0.0981 5.7005e-05 5.0520e-05
0.40 0.0966 1.1839¢e-04 1.1138e-04
0.50 0.1086 5.6771e-04 5.71114e-04
0.60 0.1199 0.0017 0.00081
0.70 0.1358 0.0022 0.0017
0.80 0.1416 0.0026 0.0021
0.90 0.1803 0.00311 0.0029

Véi két qua thuc hién mo phong cho thdy giai phap xur Iy méo bang nghich
dao va trir méo trinh bay trong chuong 2 cho may thu dung trén cau phuong twong
tu va may thu s6 hoa truc tiép RF déu cai thién dugc chat lugng tin hi¢u thu.

3.3 Két luan chwong

Qua phan mé phong méo phi tuyén dén may thu sb truc tiép bang rong cho
thdy ca 3 thanh phan gdy ra méo phi tuyén déu lam cho bang thong cua tin hiéu bi
mé rong. Pho cua tin hiéu bi mo rong ting dan theo tinh phi tuyén thanh phan RF,
phi tuyén gay ra do mat can bang I/Q va phi tuyén giy ra boi bo khuéch dai biang co
s0. Cac thanh phan phi tuyén nay déu tac dong dén mdy thu va 1am anh huong dén
hiéu suat ctia may thu sé tryc tiép bang rong. Ngoai ra cac thanh phan gy ra hai va
xuyén nhiéu van c6 thé nam & dai mong mudn. Dé giai quyét van dé nay doi hoi cac
phuong phap xir Iy méo ciing hét strc phirc tap.

Phan mé phong md phong cac giai phap nghich dao va trir méo trong 2 loai
may thu 12 may thu tron cau phuong twong ty va may thu sé hoa truc tiép cho thiy
két qua kha quan khi &p dung 02 giai phap bt méo. Tin hiéu sau khi qua mé hinh bu

méo da cho chat lwong tét hon, pho tin hiéu khdng con bi ma rong.
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KET LUAN

Cong nghé vo6 tuyén dinh nghia bang phan mém ngay cang duoc st dung
nhiéu trong cac hé thong thong tin hién dai. Trong d6 méy thu vo tuyén sb truc tiép
bang rong ap dung cong nghé nay trong thiét ké. Thach thirc chinh trong viéc phat
trién cong nghé nay 1a phai dat duoc mtrc di tuyén tinh trong cac thiét bi. Vi vay
viéc nghién ctru danh gia tac dong cua méo phi tuyén gy ra boi cac thanh phan
trong may thu vo tuyén sb truc tiép bang rong 1a co s¢ dé dua ra k¥ thuat bu méo
phu hop.

Trong linh vyc vo tuyén dién quan sy tai Viét Nam, cdc dong may thu phat
tuong tu di dat dugc nhitng budc phat trién 16n khi ma tat ca chi tiéu cia cac san
pham nay twong duong véi cac dong may nhap khau tir nudc ngoai. Tuy nhién dong
may thu sd truc tiép bang rong duoc nghién ciru, phat trién dang gip kho khin trong
viéc giam thiéu méo phi tuyén.

Luan vin da thyc hién nghién ctu anh hudng cia méo phi tuyén trong may
thu d6i tan truc tiép. Hai mé hinh may thu duoc thuc hién nghién ctru 1a may thu
dung tron cau phuong twong tu va may thu s6 hoa truc tiép tin hiéu RF. Pong thoi
hai mé hinh xir Iy méo tham khao trong [40-43] duoc thuc hién mé phong, kiém tra
danh gia. Két qua cua giai phap nghién ctru thé hién qua hinh anh pho ciing nhu ty
1& 15i bit trude va sau khi xtr Iy méo.

Két qua dat dwuoc:

Luan van dat dugc mot so két qua quan trong sau:

° No6i dung luan van cao hoc cung cap mdt so kién thirc co ban vé€ cau

tric ciia may thu so truc tiép bang rong.

o Luan vin cao hoc nay s& 1a mot tai liéu tham khao quy gia bang tiéng
Viét vé cac mo hinh méo phi tuyén trong méy thu. Ciing nhu két qua mo phong dé
danh gia anh hudng va cac giai phap bu méo phi tuyén trong méy thu sd truc tiép

bang rong.
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PHU LUC

Luan van sir dung cong cu Matlab thuc hién mé phong méo phi tuyén trong
may thu sb truc tiép bang rong. Chuong trinh mo phong st dung trong luan vin

duoc trinh bay ¢ phan dudi day.

Phu luc 1: M6 hinh phi tuyén

% Mo phong mo hinh phi tuyen
% hien thi pho cho tung loai meo tai RF, I1Q, BB

clear all;

close all;

clc;

% system impedance (ohms)
R=50;

% sampling frequency (Hz)
fs=100e6; % 100MHz

% number of time-domain samples
L=1e6;

% time vector for time-domain signal (s)
t=1/fs*[1:L];

% frequency vector for frequency-domain signal (Hz)
nfft=L;

%f=fs/2*[-1:2/nfft:1-2/nfft],
f=fs/2*[-1:2/nfft:1-2/nfft];

% create demonstration sinusoids and noise signals (V)
%ns=wgn(L,1,-10,1,[],'dBm’,'real’).’;

ns=wgn(L,1,-30,1,[],'/dBm’,'complex’).";
%s=1*sin(2*pi*7e6*t)+1*sin(2*pi*5e6*t)+ns;

%x = exp(j*2*pi*7e6*[0:L-1]/fs) + exp(j*2*pi*5.1e6*[0:L-1]/fs) + ns;
x=1*sin(2*pi*7e6*t)+0.9*sin(2*pi*5e6*t)+ns;

% FFT va hien thi pho tin hieu vao
% don vi do: dBm

% normalized FFT of signal
Px=(fftshift(fft(x,nfft))/(L));

% power spectrum
Sp=10*log10((abs(Px).*2)/R*1000);
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subplot(3,1,1);

plot(f/1e6,Sp,'b")

grid on;

title("Power Spectrum Using Linear Scale’)
xlabel(‘Frequency (MHz)")
ylabel('Relative Amplitude (linear)’)

% RF Nonlinearities

al =1,

a2 =0.001;

yrf = al*x + 3*a2*(x."2).*conj(x);

% 1Q Nonlinearities

kl=1;

k2 =0.01;

yiq = k1*yrf + k2*conj(yrf);

% BB Nonlinearities

a3i=1;

adi =0.01;

yi = real(yiq);

yibb = a3i*yi + a4i*(yi.*3);
a3qg=1;

a4q =0.01,;

yr = imag(yiq);

yqbb = a3i*yr + adi*(yr.”3);
ybb = yibb + ygbb*i;

% FFT

% Px=fft(s,nfft);

% normalized FFT of signal
Px=(fftshift(fft(yrf,nfft))/(L));
Pyig=(fftshift(fft(ybb,nfft))/(L));
%Px=(fft(yiq,nfft))/(L);

% power spectrum
Sp=10*1og10((abs(Px).”~2)/R*1000);
Spyig=10*log10((abs(Pyiq).*2)/R*1000);

% % plot time-domain signal
% figure(1)

% clf

% plot(t/1le-9,yiq,'b")

% title('Time-Domain Signal’)
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% xlabel('Time (ns)")
% ylabel('Amplitude (V)"
% axis([0 2000 -2 2])

% plot power spectrum

subplot(3,1,2);

plot(f/1e6,Sp,'r")

title("Power Spectrum Using Linear Scale’)
xlabel(‘Frequency (MHz)")
ylabel('Relative Amplitude (linear)")

hold on %

subplot(3,1,3);

plot(f/1e6,Spyiq,'b’)

grid on;

title('"Power Spectrum Using Linear Scale’)
xlabel(‘Frequency (MHz)")
ylabel('Relative Amplitude (linear)")

Phu luc 2: Thuat toan LMS

clear all;
close all;
clc;
M=32; %order of filter
mu=0.03; %step-size
N=200; %]lterations
f=1750;
nfft = 1024;
R =50;
Ts=1/(4*f); %fs=4 times the freq of the signal

noise=(rand(N,1)-0.5);
n=zeros(M,1);

X=n;

t=1/*[1:N];

s=sin(2*pi*280*t);
%s = 1*sin(2*pi*f*t)

n=0.2*(cos(2*pi*50*t)+sin(2*pi*100*t)+cos(2*pi*60*t)+
sin(2*pi*80*t)+cos(2*pi*30*t)+ sin(2*pi*20*t)+ sin(2*pi*10*t)+ sin(2*pi*90*t));
%noise(i);

d=s+n;
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%inital values: 0
w=zeros(M,1);
% %number of samples of the input signal
% N=length(u);
%Make sure that u and d are column vectors
n=n();
d =d();
%LMS
for i=M:N
uvec = n(i:-1:i-M+1);
e(i) = d(i)-w'"*uvec;
w = w+mu*uvec*conj(e(i));
end
%e=e(’);

i=1:N;
subplot(3,1,1);
plot(i,d,'g);

grid on
title('Adaptive Noise Canceller');
xlabel('Iterations');
ylabelCANC i/p");
axis([1 N -2 2));
subplot(3,1,2);
plot(i,s,'b');

grid on
xlabel(‘lterations’);
ylabel(‘desired");
axis([1 N -2 2]);
subplot(3,1,3);
plot(i,e,'r);

grid on
xlabel(‘lterations’);
ylabel('ANC o/p";
axis([1 N -2 2));

Phu luc 3: Giai phap bu méo phi tuyén
clear all;

close all;
clc;

%% Cac tham so chung
% system impedance (ohms)
R=50;
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% sampling frequency (Hz)
fs=100e6; % 100MHz
nsamp = 10;

% number of time-domain samples
L=4e24;

% time vector for time-domain signal (s)
t=1/fs*[1:L];

% frequency vector for frequency-domain signal (MHz)
nfft=65536;

% f=fs/2*[-1:2/nfft:1-2/nfft];
%  f=fs/2*[-1:2/nfft:1-2/nfft];

fvals=fs*(0:nfft/2-1)/nfft;

%% QPSK

%

% fb = 1e6; % bit rate 1Mbps

% fa="fs/fb; % Upsampling factor 100MHz/1Mbps = 100

% N =2*L/fa; % number bit of data_in L/fa, 2 bit->1 symbol:
2* N =40000

%

% % data_in = randi([0 1],N,1); % This would generate random data of {0,
1}

% data_in =randi([0, 1],1,N); % Generate uniformly distributed random
data, randint(1,len,[0 1]);

% amplitude = 1; % Amplitude of NRZ data

%

% % serial =>parallel

%

% odd_bits = data_in(1:2:end); % data_in(:,1)

% odd_bits = round(2*(odd_bits - 0.5)); % This is to convert the data {0,1}
into {-1,1}

%

% even_bits = data_in(2:2:end); % data_in(:,2)

% even_bits = round(2*(even_bits - 0.5)); % This is to convert the data {0,1}
into {-1,1}

%

% % RRC filter
% rolloff = .25;
% delay =5;
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tx= O:length(even_bits)-1;

% y = rcosflt(x,Fd,Fs, filter_type/filter',num,den,delay)

% length(y) = (length(x) + 2 * delay)*Fs/Fd
[rcos_i,ti] = rcosflt(odd_bits,1,fa,'fir',rolloff,delay);

[rcos_q,tq] = rcosflt(even_bits,1,fa,'fir',rolloff,delay);

% Top plot

subplot(2,1,1), plot(tx+delay,odd_bits,"." ti,ch_i);
legend('Data_I','Filtered data I');

title('Data | with No Added Delay";

% Bottom plot delays tx.

subplot(2,1,2), plot(tx+delay,even_bits,".',tq,ch_q);
legend('Data_Q','Filtered data Q");

title('Data Q with an Added Delay");

rcos_i =rcos_i(1:L);
rcos_g=rcos_q(1:L);

% Top plot
subplot(2,1,1), plot(rcos_i);
legend('Data_I','Filtered data I');
title('Data | with No Added Delay";

% Bottom plot delays tx.
subplot(2,1,2), plot(rcos_q);
legend('Data_Q','Filtered data Q');
title('Data Q with an Added Delay");

sin_rf = 1*sin(2*pi*6e6*t); % carrier
cos_rf = 1*cos(2*pi*6e6*t); % carrier

mixer_i =rcos_i.*sin_rf;
mixer_q = rcos_g.*cos_rf’;

% Top plot

subplot(2,1,1), plot(t,mixer_i);
legend('Data_I','Filtered data I');
title('Data | with No Added Delay");

% Bottom plot delays tx.
subplot(2,1,2), plot(t,mixer_q);
legend('Data_Q','Filtered data Q');
title('Data Q with an Added Delay");

% channel |
% channel Q
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% ns=wgn(L,1,-30,1,[],'/dBm','complex’).";

% gpsk = mixer_i + mixer_q;

% gpsk = qpsk;

% gpsk = gpsk + ns;

%

% % % plot gpsk

% % plot(t,gpsk);

% % legend('Data_I','Filtered data I');

% % title('Data | with No Added Delay");

% %

%  window =.5*(1 - cos(2*pi*linspace(0, 1, nfft))); % add window
% Px=fft(qpsk(2e6:2e6+nfft-1).*window,nfft); % fft
% Sx=10*log10((Px.*conj(Px))/(nfft*L)); %Power of each freq
components

%

% % plot

% hold on;

% axis([0 fs/2 -130 -40]);

% dieu chinh truc toa do axis([x1 x2 y1 y2]);

% h = plot(fvals,Sx(1:nfft/2),'b");

% legend('QPSK);

% grid on;

% title('Power Spectrum’);

% xlabel('Frequency (MHz)");

% ylabel('Relative Amplitude (dBm)");

% saveas(h,'signal_in.jpg’)

% create demonstration sinusoids and noise signals (V)
%ns=wgn(L,1,-10,1,[],'dBm’,'real’).’;
ns =wgn(L,1,-30,1,[],'dBm',’complex’).’;
%s=1*sin(2*pi*7e6*t)+1*sin(2*pi*5e6*t)+ns;
%x = exp(J*2*pi*7e6*[0:L-1]/fs) + exp(j*2*pi*5.1e6*[0:L-1]/fs) + ns;
u = 1*sin(2*pi*6e6*t); % tin hieu mong muon
X = 1*sin(2*pi*7e6*t)+0.9*sin(2*pi*5.2e6*t)+ns;

% tin hieu gay meo, 2 tone

window = .5*(1 - cos(2*pi*linspace(0, 1, nfft)));
% add window

Px=fft(x(2e6:2e6+nfft-1).*window,nfft); % fft
Sx=10*log10((Px.*conj(Px))/(nfft*L)); %Power of each freq
components
% plot
hold on;

axis([0 fs/2 -130 -40]); % dieu chinh truc toa do axis([x1 x2 y1 y2]);
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h = plot(fvals,Sx(1:nfft/2),'b");
legend('x’);

grid on;

title('Power Spectrum’);
xlabel(‘Frequency (MHz)");
ylabel('Relative Amplitude (dBm)");
saveas(h,'signal_in.jpg")

%% RF Nonlinearities
al=1;
a2 =0.001,
qpsk = Xx;
yrf = al*qpsk + 3*a2*(qpsk.”*2).*conj(qpsk);

% tinh fft

window = .5*(1 - cos(2*pi*linspace(0, 1, nfft)));

Pyrf=fft(yrf(2e6:2e6+nfft-1).*window,nfft);

Syrf=10*log10((Pyrf.*conj(Pyrf))/(nfft*L));
%Power of each freq components

% hien thi
hold on;
h = plot(fvals,Syrf(1:nfft/2),'r");
legend("YRF");
grid on;
title('Power Spectrum’);
xlabel(‘Frequency (MHz)");
ylabel('Relative Amplitude (dBm)");
saveas(h,'signal_distortion_rf.jpg’)

%% 1Q Nonlinearities

% kl=1;

% k2 =0.05;

% yiq = kl*yrf + k2*conj(yrf);

%

% % tinh fft

%

%  window = .5*(1 - cos(2*pi*linspace(0, 1, nfft)));
% Pd=fft(yig(2e6:2e6+nfft-1).*window,nfft);

% Syd=10*log10((Pd.*conj(Pd))/(nfft*L));%Power of each freq components
%

% % hien thi

% fvals=fs*(0:nfft/2-1)/nfft;
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% hold on;
% h = plot(fvals,Syd(1:nfft/2),'r");
% grid on;

% title('Power Spectrum’);

% xlabel('Frequency (MHz)";

% ylabel('Relative Amplitude (dBm)');
% saveas(h,'yig.jpg’)

%% BB Nonlinearities

% a3i=1,

% adi=0.01;

% i =real(yiq);

% yibb = a3i*yi + adi*(yi."3);

%

% a3q-=1,

% a4q=0.01,

% yr=imag(yiq);

% ygbb = a3i*yr + adi*(yr.”3);

%

% ybb =yibb + ygbb*i;

%

% % tinh fft

%  Pyig=(fftshift(fft(ybb,nfft))/(L));

% Spyig=10*log10((abs(Pyiq).”2)/R*1000);
%

% % % hien thi

% % %subplot(4,1,4);

% % plot(f/1e6,Spyiq,'b’)

% % grid on;

% % title('Power Spectrum BB Nonlinearities')
% % xlabel('Frequency (MHz)")

% % ylabel('Relative Amplitude (dBm)")
%

% % %% LMS

% %

%% M =64; % order of filter

% % mu = 0.000003; %step-size

% % % xdelay = xdelay;

% % % mi = yrf-xdelay;

% %

% % u_distortion = u + Xx; % signal + distortion
%% n=x; % hai

% % d=u_distortion;

% %

% %  %inital values: O
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% % w=zeros(M,1);

% % %Make sure that u and d are column vectors
%% n=n();

%% d=d();

% % fori=M:L

% % uvec = n(i:-1:i-M+1);

% % e(i) = d(i)-w"*uvec;

% % w = w+mu*uvec*conj(e(i));
%% end

%% Ye=e(’);

% %

% % % hien thi pho tin hieu truoc khi sua
% % % tinh fft

% % window = .5*(1 - cos(2*pi*linspace(0, 1, nfft))); % linspace(a,b,n)
generates a row vector y of n points linearly spaced between and including a and b.
For n < 2, linspace returns b.
% % % window = chebwin(nfft,90);
% %
% % % tinh FFT
% % % Lk = length(k);
% % Pd=fft(e(2e6:2e6+nfft-1).*window,nfft);
% % Syd=10*log10((Pd.*conj(Pd))/(nfft*L));%Power of each freq components
% %
% % % hien thi
% % % subplot(2,1,1);
% % fvals=fs*(0:nfft/2-1)/nfft;
% % hold on;
% % %plot(k,'d");
% % plot(fvals,Syd(1:nfft/2),'b");
% % grid on;
% % title('Power Spectrum’);
% %  xlabel(‘Frequency (MHz)");
% % ylabel('Relative Amplitude (dBm)');
%
%% LMS

M = 64;
mu = 0.0003; %step-size

% xdelay = xdelay;
% mi = yrf-xdelay;

u_distortion = yrf; % signal + distortion
u_ref = 0.15*gpsk; % tin hieu gay meo gpsk
d = u_distortion;
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%inital values: 0
w=zeros(M,1);

%Make sure that u and d are column vectors
u_ref = u_ref();
d=d();
uvec = u_ref(i:-1:i-M+1);
e(i) = d(i)-w"*uvec;
k(i) = w'*uvec;
w = w+mu*uvec*conj(e(i));
%e=e(’);
%Kk = w'*uvec;

% hien thi pho tin hieu truoc khi sua
% tinh fft

window = .5*(1 - cos(2*pi*linspace(0, 1, nfft))); % linspace(a,b,n) generates a
row vector y of n points linearly spaced between and including a and b. For n < 2,
linspace returns b.
% window = chebwin(nfft,90);

% tinh FFT

% Lk = length(k);
Pk=fft(k(2e6:2e6+nfft-1).*window,nfft);
Sk=10*log10((Pk.*conj(Pk))/(nfft*L));%Power of each freq components

% hien thi

% subplot(2,1,1), plot(t,yrf);

% subplot(2,1,2), plot(t,k);

% legend('Data_I','Filtered data I');

% title('Data | with No Added Delay");

% subplot(2,1,1);
fvals=fs*(0:nfft/2-1)/nfft;
hold on;
plot(fvals,Sk(1:nfft/2),'g";
legend('k/n’);
grid on;
title('Power Spectrum’);
xlabel('Frequency (MHz)";
ylabel('Relative Amplitude (dBm)");
saveas(h,'distortion_compensation.jpg'



