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MO PAU

1. Pt van dé

Viéc phat hién cac muc tiéu trong khong gian dugc xéc dinh dya trén nguyén
tic buc xa dinh huéng ngudn ning lugng siéu cao tan (SCT) v6i mirc cong suat du
16n vao ving quan sat, thu va xir 1y tin hiéu phan xa vé [1, 2]. Sau phat hién, cac
tham s6 toa do ctia muyc tiéu duge xac dinh bang phuong trinh ra da. Trong phuong
trinh ra da, “dién tich phan xa hiéu dung” (DTPXHD) &, jey, 12 tham sé duy nhét
mang thong tin vé muc tiéu [3, 6, 15]. Pé ting cudng kha ning séng sét cho muc
ti€u, viéc giam dg 1én DTPXHD la yéu cau tat yéu. Véi sy phat trién cua “cong
nghé tang hinh - Stealth technology” da cho ra doi hang loat cac phuong tién hoat
dong duong khong c6 DTPXHD nho nhu F-117A, SR-71 Blackbird, F-117 Night
Hawk va B-2 Spirit, F16 Falcon, F-22 Raptor cia My; Su-30, Su-34, Su-35, Su-57
ciia Nga; Rafale F4.1, Rafale F5, Typhoon EF2 000 cua chau Au v.v va dic biét 1a
cac phuong tién bay khong ngudi 1ai Unmanned aircraft vehicle (UAV) nhu MQ-1
Predator, X-47B, RQ-170 Sentinel cua My; Lancet, Okhotnik-B (S-70), Orlan 10
ciia Nga; Wing Loong I/II, GJ-11 Sharp Sword cua Trung Qudc v.v) [7, 9, 15]. Cac
muc tiéu nay da 1am cho kha niang phat hién ctia cac phuong tién ra da truyén thong
bi giam dang ké [7, 9]. Theo tai liéu [7, 8, 9, 17, 22, 26, 50], muc tiéu dau vét nho
(MTDVN) 1a muc tiéu c6 DTPXHD &, 4je,~1072 ... 10~ *[m?]. Tt phuong trinh ra
da, néu gidm G, (0, xubng khoang tir 50% tdi 70% thi cy ly phat hién s& giam
xubng tir 20% dén 40% tuwong tng. Pidu nay 1am giam dang ké kha ning sin sang
canh bao, tng pho chuyén trang thai cta cac luc lugng bao vé qubc gia.

Vi¢c dam bao kha nang phat hién va xac dinh toa d6 cdc MTDVN 1a hai noi
dung quan trong can giai quyét dbi vai cac hé théng ra da. Cho t6i nay, cac hé thong
phuong tién ra da phat hi¢n MTDVN da duogc ché tao, san xuit loat dap ung nhu
cau ndi bd va xuat khau ddi voi cac qudc gia c¢6 tiém luc kinh té va k¥ thuat manh
nhu My, mét s6 nude trong khdi NATO, LB Nga, Nhit ban v.v. [9, 22, 32]. Dbi véi

Viét Nam, d€ bdo v€ toan ven lanh thoé vung troi, vung bién quoc gia, viéc giai
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quyét bai toan “phdt hién va xdc dinh toa dé cdc muc tiéu diu vét nhé” dang 1a
van dé hét ste cap thiét. Dac biét 1a ddi vai luc lugng Phong khong — Khong quén.

2. Tinh cép thiét ciia ndi dung nghién ctru

Thuc té hoat dong tac chién phong khong cho thiy, cac MTDVN thuong hoat
dong ddng thoi voi cac muc tiéu théng thuong c6 DTPXHD 16n hon nhiéu lan [2,
3]. Cho nén, cdc phwong tién ra da qudn 1y viing tréi cdn vng phé vdi tit cd cdc
logi muc tiéu c6 5, ;;p,, nam trong ddi tir 10~*[m?] dén hang chuc [m?]. Theo [7,
8, 12, 19], dé thyc hién nhiéu chirc nang nhiém vu nhu quan 1y ving troi, diéu khién
cac phuong tién chién d4u, dan dudng khong quan v.v, hé thong ra da da chirc ning
(multifunctional radar systems) dugc sir dung rong rai. Cac dai ra da da chic nang
hién dai duoc dam bao bdi mé hinh hé théng anten mang pha (AMP) c6 kha ning
hinh thanh gian d6 hudng phat (GDH,p, 5), gian d6 huéng thu (GDH,y, ) mdt cach
doc 1ap v6i cac dic trung nhu hinh dang cua timg gian dd (hinh 1), sé luong cac
bup song, va do rong ciia chung cling nhu vi tri khong gian v.v., dugc thiét 1ap theo
thot gian thuc mot cdch nhanh chong va chinh xac [4, 6, 8-12, 14-19].

Chiéu quay anten

L [ Biip song thu
Huqng Cb,lll CﬂC' B (phdt hién va bam)
biip séng canh gidi Muyc tiéu

thong thuong

b
i |
GDthat.Z.

GDH 5. (6 ché'dd quan sit)
(6 ché’dd quan sit)

Hinh 1. Minh hoa hinh hoc vé dang ctia GDH,p 5

va GDH,y,, 5 trong ra da da chuc nang
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Ngay nay, cac hé théng AMP hi¢n dai tiém cén tdi cac yéu cau ctiia mé hinh ky
thuat thong minh, cdu hinh mém (software defined) — mo hinh AMP k¥ thuat s6
(AMPS) tich hop bdi cac mé dun thu phat sé (MDTPS) duoc bb tri trén mit mé
anten. Khac v6i mo hinh ra da truyén thong, trong ra da da chtc ning sit dung
AMPS., tin hiéu phat duoc téng hop truc tiép tai timg mé dun [46, 66, 67], nén loai
b6 duogc hé thong phan chia va truyén tin hiéu cao tan thuong gay ra céac 16i khong
mong mudn d6i v4i cau trac tin hiéu [10]. Ngoai ra AMPS ¢6 cac dic trung noi bat
sau:

Thir nhat, kha nang hinh thanh linh hoat va thoi gian thyc GDHy,p 5 va GDHyp 5
cho phép ra da quan tric nhitng mién khong gian hoat dong dic thu cua 16p cac
MTDVN, ma van quan 1y dugc cac loai myc ti€u thong thuong [1, 4, 6, 12, 32].

Thit hai, viéc xac dinh chinh xac toa do muc tiéu MTDV N, dua trén viéc hinh
thanh GDH,,;, y da bup song cho phép trién khai linh hoat theo thoi gian thyc tai moi
vi tri khong gian ma anten truyén thong khong thuc hién duoc. [32, 53].

Thir ba, hé théng AMPS cho phép mé rong khd ning dong thoi tich liiy
khéng gian, thoi gian d6i véi cac tin hidu phan xa yéu — 1a tin hiéu phan xa dic
trung cua 16p cac MTDVN [17-19].

Tinh chat mém déo, linh hoat ctia hé théng AMPS cho phép tmg pho v6i moi
16p muc tiéu €6 Gy, iy, = 107*[m?]. Do vy, viéc nang cao kha ning phat hién va
xac dinh toa d0 MTDVN cho hé théng ra da st dung AMP la ndi dung khoa hoc
chua c6 10i giai hoan chinh & linh vyc chuyén nganh “Vat Iy vo tuyén va Pién tir”
khong chi & trong nudc, ma con & ngoai nudc.

3. Céc két qua nghién ciru di cong bd va mot sé vin dé ton tai

3.1. Ngoai nudc

Vi¢c phat hi¢n muc ti€u luon 1a bai todn li€n quan tdi nang luong. Khi do, xac
suét phat hién muyc ti€u cao chi c6 thé dat duoc khi muc ty s6 tin hiéu/nhidu (signal-
to-noise ratio (SNR)) sau xur 1y phai 16n hon hodc bang don vi [24, 25]. Nhu vy,

d6i vé6i ra da da chirc ning sir dung AMPS, ting cudng kha ning phat hién va xac
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dinh tham sd toa dd cac muc tiéu c6 lién quan chat ché té1 viée cai tién mo hinh
duong thu — xtr Iy cia MDTPS nham dam bao yéu cu vé ty sé SNR [2]. Thém vao
d6, nang luong thu duoc tich liy trong qua trinh xtr Iy phu thudc truc tiép vao sb
luong tin hiéu phan xa (sé xung trong chum) thu dwoc dé xir ly. Didu nay cé lién
quan tGi viée hinh thanh GDH,, 5z va GDHg, 5 khi quan sat khong gian. Noi cach
khac, thuat toan tong hgp GDH,p,5 v& GDHyy, 5 khi d6i phé véi 16p cac MTDVN 1a
ndi dung can dugc nghién ctru. Hién c6 nhiu két qua nghién ciru vé tong hop
GDH,p, 5 vd GDHyp, 5 dd cong b6 [8, 11, 15, 19, 32, 51]. Tuy nhién, c6 rét it cic cong
trinh vé noi dung nghién ciru da néu duoc cong bd vi Iy do ban quyén va mot sb
nguyén nhan dic thu khac. Cac nghién ctru duoc cong bd vé mo hinh céu tric cua
MDTPS chu yéu tap trung tGi bai toan thong tin.

Chat luong hoat dong cia AMPS phu thudc rat 1on vao viée déng nhat bd
tham s caa cac MDTPS. Nhu vay, viéc kiém soat su déng bo trong qua trinh lam
viéc cling nhu theo thoi gian (vong doi) 1a mot trong nhitng yéu cau quan trong. D3
c6 nhiéu két qua nghién ctru vé kiém soat bo tham sd cua cac MDTPS duge trinh
bay nhu trong céc tai licu [20, 21, 23, 26-31, 33-43, 45, 48-50, 52, 54 -56, 61-67,
69-72].

3.2. Trong nuwéc

Van dé d6i ph6 véi cac MTDV N da dugce cac don vi, td churc nghién ctru trong
va ngoai quin doi quan tdm ngay tir dau nhitng nim 1990, khi ma lan dau tién trén
thé gidi xuat hién dong phuong tién bay DVN Stealth technology F-117A, B-2.
Nam 1993, dé tai nghién ctru cip Bo Qudc phong “Cac phuong tién bay sir dung
cong nghé Stealth va cac bién phap phong chéng” do Pai hoc K§ thuat Lé Quy Pon
(Hoc vién K§ thuat Quén su) chu tri d nghién ctru, phan tich va tong hop thanh hai
nhém phuong phép ra da cho phép dam bao mot phan kha ning phat hién 16p cac
muc tiéu nay.

Viéc cai tién, hién dai hoa cac chung loai ra da sir dung hé théng AMP thu

dong nhu P-12, P-18 cia Vién K§ thuit Phong khong — Khong quan hoat dong &
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bang tan VHF (150MHz ...200MHz). Tuy nhién, & biang tan ndy hiéu qua cia céac
giai phap k¥ thuat, cong nghé giam dau vét ra da dat hiéu qua thap. Cac chuong
trinh, dy an nghién cuu ché tao mdi cac dai ra da RV-01 va RV-02 hoat dong &
bang tan VHF ciing chu yéu khai thac han ché nay dé phat hién cac muc tiéu du vét
nho. Mot s6 dé tai, chuong trinh nghién ctru ¢6 lién quan téi chat lwong phat hién
cac muc ti€u ra da da dugc cong bd trong cac tai li¢u [3-5]. Khodng 5 ndm tr¢ lai
day, ra da 3D do ba toa dd RV — 3D lam vi¢c & bang tan S su dung m6 hinh AMPS
da dat duoc mot s6 budce tién quan trong. Tuy nhién, viéc nghién ctru téng hop thuat
toan d€ tién t6i hinh thanh GDH,p, 5z va GDHyy, 5 ¢6 tinh t6i yéu cdu cia bai todn phat
hién 16p MTDVN van chua dugce xem xét rd rang va toan dién. Nhitng nodi dung cé
lién quan t&1 dam bao yéu ciu SNR > 1 chua duoc nghién clru, xem xét cu thé. Do
tinh chat dac thu, gan nhu cac két qua nghién ciru trong nude cé lién quan chi duoc
cong bd trong cac dé tai nghién ctru khoa hoc duoc quan 1y.

Tir day, c6 thé dua ra mot so diém con ton tai trong giai quyét bai toan “Tdng
cuong kha nang phat hién va xac dinh toa do cac MTDVN cho hé théng ra da sw
dung AMPS” nhu sau:

Thir nhat, cac két qua nghién ctru vé hinh thanh GDH,p, 5 v GDHyy, z chit yéu
giai quyét bai toan phat hién muc tiéu thong thudng, ma chua quan tam day du toi
16p cac MTDVN. Trong d6, viéc tao da bup séng trong GDH,y, s va két hop véi bip
song doc lap trong GDH,, 5 dé tao bip song kim tong hop dang bong hoa 13 dang
hiéu qua trong phat hién va xac dinh toa d6 muc tiéu. Mic du di c6 mot sb két qua
nghién ctru, nhung chura ¢6 mé hinh chinh thtrc va cu thé duoc cong bd do nhiéu Iy
do khach quan khéc nhau [11, 13, 14].

Thir hai, cac MDTPS 1a thanh phan quan trong nhét trong hé thong AMPS.
Viéc hinh thanh GDH,,p, 5, GDHyp, 5 dugc quyét dinh chi yéu dua trén hoat dong cua
cac duong phat va duong thu trong mé dun. Vi duong phat, bén canh bai todn dam
bao mirc cong suat dau ra, thi yéu cau dam bao tinh tuyén tinh cia ham truyén déng

vai tro quan trong. Dic biét dbi v4i bo khuéch dai cong suat dau ra. Véi dudng thu,
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cac nghién ctru truyén théng c6 lién quan chu yéu tap trung cai tién, hoan thién déu
dua trén gia thiét ty sb tin/tap tai dau vao SNR|,4, 16n hon don vi 1a chua thuc sy
phtt hop v6i MTDVN €6 Gy piey~107*[m?]

Thit ba, diém quan trong hang dau quyét dinh nhitng diém manh ctia hé thong
AMPS trong giai quyét bai toan phat hién, xac dinh toa d§ muc ti€u la dam bao tinh
d6ng nhit cac tham sb dic trung vao ra cia cac MDTPS. Do vy, viéc ting cuong
kha nang phat hién va xac dinh toa do cdac muc tiéu dua trén viéc kiém tra, va hiéu
chuan dé sao cho cac tham s dic trung khong bi sai 1éch so véi tinh toan 1y thuyét
12 mot cach tiép can quan trong khi giai quyét van dé da néu. Hoat dong nay khong
chi thuc hién tai noi ché tao, san xuét, vi tri trién khai hé théng ma con phai dugc
tién hanh song song dong thoi trong qua trinh van hanh khai thac. Hién nay, tu dong
do va hiéu chuan cac MDTPS 1a ndi dung nghién ctru voi nhicu két qua da dugc
cong bd [20, 21, 23, 26-31, 33-43, 45, 48-50, 52, 54 -56, 65-67, 69-72]. Tuy nhién,
cac két qua nay chu yéu tap trung vao giai quyét viéc can bang giira hai kénh cau
phuong trong dudng thu ma chua dé cap nhiéu téi bai toan do va hiéu chuan toan hé
AMPS no6i chung.

Véi yéu cau phat hién, xac dinh toa do cac MTDV N, nhitng diém ton tai cua
AMPS gan nhu trai déu tir dau vdo téi dau ra cia mé hinh ra da st dung APM, can
dugc xem xét, nghién ciru theo cach tiép can hé thong 16n.

Dau bai nghién ciru “Nghién ciru nang cao khd nding phdt hi¢n va xdc dinh
toa d¢ muc tiéu diu vét nhé cho hé thong dinh vi vé tuyén siv dung anten mang
pha” cua luan 4n duoc dé xuat véi myc tiéu, dbi twong nghién ctru, phuong phap
thuc hién, y nghia va két qua du kién s& duoc trinh bay dudi dy.

4. Muc tiéu nghién ciru

4.1. Muc tiéu tong quat

Nghién ctru giai quyét van dé nang cao kha ning phat hién va xac dinh toa do
C4C muC ti8u VOi Gy iy = 1074[m?] (g6m MTDVN va muc tiéu théng thuong)

cho ra da da chiic ning sir dung AMPS trén co so phan tich 1y thuyét két hop voi
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cac cach tiép can, cac phuong phap va giai phap k¥ thuat va céng nghé khac nhau
c6 tinh t6i dic diém cua 16p cac MTDVN.

4.2. C4c muyc tiéu cu thé

1. Téng hop co phan tich cic MTDVN, khai thac nhiing han ché, dé xuat
phuong phép phat hi¢n, udc luong toa dd phu hop cac muc ti€u cod Gty =
10~*[m?] cho hé théng ra da sir dung AMPS. Tong hop so d6 céu tric hé AMPS dé
hinh thanh GDH,,;, va GDHy, v6i giai thuat nang cao chét lwong phat hién, x4c dinh
toa d0 muc ti€u co tinh t&é1 cac MTDVN.

2. Nghién ctru mé hinh MDTPS c¢6 tong hop truc tiép tin hiéu tham do; thu —
xur 1y tin hiéu thu dua trén viéc diéu ché va giai diéu ché cau phuong; phan tich va
cai tién cau tric duong phat, dudng thu cia MDTPS theo cach tiép can nay; dé xuat
giai phap k¥ thuat hoan thién duong phat dam bao kha nang khuéch dai tuyén tinh;
hoan thién cau trac dudng thu trén co so (g dung md hinh loc pht hop hoan toan
(full matched filter) cho bai toan phat hién tin hiéu c6 SNR|,,, < 1 dam bao phat
hién tin hiéu co ich phan xa tir cic MTDVN; diéu khién thich nghi dai dong nham
giam thiéu 16i pha va bién do cua tin hiéu yéu khi di qua dudng thu, gop phan ning
cao hi¢u qua tich liy tin hiéu va ddam bao SNR cho bai toan phat hién.

3. Nghién ctru va dé xuat viéc hoan thién cac phuong phéap do, hiéu chuan tai
co so ché tao dam bao chat luong trude khi dua vao sir dung; dé xuit cac giai phap
hiéu chuan trong diéu kién c6 nhiéu khi thuc hién tai thyc dia; tong hop m6 hinh hé
con tich hop tu dong do, hi¢u chuan duong thu khi ddi pho véi cac muc tiéu da bao
gdm 16p cac MTDVN.

4. Kiém dinh két qua nghién ctru 1y thuyét bing mo phong va thyc nghiém.

5. Pdi twong va pham vi nghién ciru

5.1. Pdi twong nghién ciru

Dbi tugng nghién ciru 1a hé thong AMPS tich hop béi tap cac MDTPS bb tri
trén mat md trong ra da da chirc nang khi thyc hién bai toan phat hién, xac dinh toa

dd cdc MTDVN €6 Gy piey, = 1074[m?].
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5.2. Pham vi nghién ctru

Thudc chuyén nganh Vat 1y v tuyén va dién tir. Chuyén nganh hep 13 ky thuét
ra da bao gdm: 1y thuyét ra da, 1y thuyét anten (Cac mo hinh AMPS thong minh va
thich nghi); k¥ thuat xtr 1y s6 tin hiéu; k¥ thuat do ludong hién dai v.v. dé thuc hién
muc tiéu téng quat va cac muc ti€u cu thé d3 néu ¢ trén.

6. Cac ndi dung nghién ciru trong luan an

bé giai quyét muyc tiéu cua ludn an, cac ndi1 dung nghién ctru cu thé gém:

+ Phén tich cac dic diém cia MTDVN va mo hinh AMPS tién t6i hinh thanh
phuong phdp ra da nang cao chét lugng phat hién, xac dinh toa d0 cac muc ti€u cod
Om.tiew = 107*[m?] trén co s6 hinh thanh GDH,,, va GDH,;, dam bao kha nang tich
lity khong gian — thoi gian gop phan ting SN Ry dé nang cao chat lugng phat hién.

+ Hoan thién cdu tric MDTPS duoc tong hop trén co s¢ didu ché va giai didu
ché cau phuong dugc tmg dung trong AMPS. Trong d6, duong phat dam bao kha
ning khuéch dai tuyén tinh. Pudng thu dugc hoan thién theo mé hinh loc phéi hop
hoan toan c6 tinh t&i viéc xtr Iy dé SNRy » 1 dép mg cic yéu cau phat hién
MTDVN va muyc tiéu thong thuong .

+ Nghién ctru nd1 dung nang cao chat lugng do, hiéu chuidn AMPS tai co s&
ché tao va tai vi tri trién khai.

+ Nghién ctru ndi dung téng hop hé con tu dong do, hi¢u chuan ndi thoi gian
thue MDTPS hoat dong dong thoi trong AMPS nham giam thiéu cac 15i vé pha,
bién d6 tin hiéu dé tang SN Rs, dap ung céac yéu cau phat hién va xac dinh toa do toa
do ddi véi MTDVN.

7. Phuwong phap nghién ciru

Puoc xay dung trén co s& cua 1y thuyét vat 1y vo tuyén théng ké, anten truyén
song, anten mang pha va mang pha sb; nguyén 1y ra da; k¥ thuat thu va xir 1y tin
hiéu, dir liéu s6 va khai thac dir liéu tién téi dé xuat phuong phap luan giai quyét;
xay dung md hinh hé thdng, kiém dinh thong qua mé hinh hoéa két hgp thuc nghiém
va stir dung phuong phap gian tiép dé danh gia hiéu qua.
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8. Y nghia khoa hoc va thuec tién

1. Y nghia khoa hoc: Gép phan hoan thién nhitng giai phap nang cao chat
luong phat hién, xac dinh toa dd cdc muc tiéu ¢ Gy, i, = 1074[m?].

2. Y nghia thuc tién: cac két qua nghién ctru duoc Gmg dung trong nghién ctru,
thiét ké ché tao mai cac hé théng ra da da churc nang hi¢én dai st dung AMPS. Két
qua nghién ctru doc 1ap co6 thé st dung dé cai tién, hoan thién nhiéu thanh phan
trong cac ra da st dung AMPS thé hé ci.

9. B6 cuc ciia luén an.

Trén co sé cac ndi dung nghién ctru, luan 4n duoc trinh bay gém: phan Mo
dau, bon chuong, Két luan, Danh muc cong trinh khoa hoc da cong b6, Danh muc
tai liéu tham khao va phﬁn Phu luc. Trong d6

Chuong 1. Ra da da chirc ning sit dung AMPS va vin dé phdt hi¢n, xdc
dinh toa dp cdc MTDVN trinh bay dic diém caa MTDVN va nhitng diém han ché
khai thac dugc cho viéc phat hién; nhitng dac tinh quan trong cia AMPS trong ra
da; cac két qua nghién ctru vé téng hop thich nghi GDH,p5 , GDHp 5 su dung FFT
va phuong phap don xung trong tong hop GDHS nham ting cudng kha ning tich
lity khong — thoi gian tin hidu va do chinh xac vé do dé ning cao chat luong phat
hién, xac dinh toa d0 muc tiéu va hinh thanh cac ndi dung nghién ctru méi duogc
trinh bay tai chuong 2 va 3.

Chuong 2. Cdi tién MDTPS néng cao khd ning phdt hi¢n va xdc dinh toa
d¢ cdc MTDVN trinh bay cac két qua nghién ciru hoan thién cau trac MDTPS dua
trén diéu ché va giai diéu ché cau phuong; cac két qua hoan thién céu trac dudng
phat, duong thu so. Tai dudng phat, trinh bay két qua nghién ctru méi vé tong hop
bd khuéch dai cong suit cao tan dam bao yéu cau khuéch dai tuyén tinh toan tuyén.
Tai duong thu, trinh bay cac két qua nghién ciru méi vé cai tién dudng thu theo mo
hinh bd loc phdi hop hoan toan dua trén viéc diéu chinh khai niém dai dong duong
thu va phuong phap diéu khién thich nghi dai dong gop phan lam ting SN Ry, nang

cao chét lugng phat hién tin hi¢u phan xa yéu.
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Chuong 3. Cdc gidi thudt hiéu chuin AMPS gép phéan dim bdo khd ning
phdt hign cdac MTDVN trinh bay cac két qua nghién ctru vé hiéu chuin AMPS &
cac giai doan thiét ké, san xuat; thu nghiém tai hién truong ddi véi nhitng tac dong
khac nhau cta nhiéu va hé con tich hop tu dong hiéu chuin thoi gian thuc duong
thu cua cac MDTPS 1am viéc ddng thoi voi qué trinh hoat dong cua ra da nhiam
dam bao kha nang phat hién, xac dinh toa d0 MTDVN.

Phan Két luin tong hop cac két qua nghién ctru cua luan an va mot sé dinh
hudng nghién ctru phat trién.

Nhu vay, cac ndi dung trong bai todn ndng cao khd nang phdt hién va do dac
toa d¢ cic MTDVN cua luan an duoc giai quyét véi cach tiép can 1a xur 1y ddi vai
hé thdng 16n tic dong tdi tit ca nhitng thanh phin quan trong ctia mé hinh ra da da
chtic ning sir dung AMPS. Trong d6, mdi noi dung xir Iy déu dugc thuc hién theo
dinh huéng dam bao muc tiéu chii dao duy nhét 1a muc ty so tin trén tap tong cong

SNRy & dau vao bo phat hién 16n hon don vi.
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CHUONG 1. RA PA PA CHUC NANG SU DUNG ANTEN MANG PHA SO
VA VAN PE PHAT HIEN, XAC PINH TQA PQ MUC TIEU DAU VET NHO
Muc ti€u chu yéu cua chuong mot 1a lam sang t6 mot s6 thudc tinh chinh cua
cac MTDVN c6 thé khai thac duoc trong bai toan phét hién, chi ra nhitng vu diém
cua AMPS trong vi¢c hinh thanh GDH,,, va GDHy, st dung thuat toan FFT, nham
nang cao chét luong do dac toa do muc tiéu. Sy phu thudc cua chét luong xac dinh
toa d0 muc ti€éu vao muc ty s6 tin/tap (SNRy) dua toi dau vao bd phat hién dan t6i
su hinh thanh ndi dung nghién ctru quan trong duoc trinh bay & cac chuong tiép
theo.
1.1. Muc tiéu didu vét nhé — ddi twong can quan ly ciia hé thong canh gii
phong khéng qudc gia
1.1.1. Phwong trinh ra da
Gia thiét r::ing, dai ra da mot vi tri birc xa dinh hudng nang luong
E nxa(B, € f) vao goc khodi 2,4 1 (B, €) dé phat hién muc tiéu ¢ cu ly r(8, €, f) co
gia tri trung binh DTPXHD 13 &,, . (f) (hinh 1.1). Trong d6, B, € va f lan luot 14 toa
d6 goc ctia myc tidu so véi ra da va tan sd song mang cua tin hiéu. Néu anten ra da
c6 dién tich hiéu dung (DTHD) hudng vé phia muc tiéu A, (B, €, f) thi ning

Ddu do phdt xa ning leong
véimat dg la:E ,(B,€,0, 1) Qe (B,€)
Goc khdi &, (f)/ r*(B,e.0, ) bi chin N
boi muc tiéu co DTPXHD la &, ,(f)

Goc khdi bi chén boi: Ay (f,€.,6, f)

Hinh 1.1. Minh hoa hinh hgoc phuong trinh ra da xac dinh cu ly phat hién muc tiéu.
luong tin hiéu phan xa dugc xac dinh theo biéu thirc[1]:

Ech.xa(ﬂ"g:f) x am.t(f) XixAth(:Blg»f) (1-1)
Qenxa(Bre) — 12(B,&f). 4m 12(B,&,f)

Eth(ﬁ! S;f) =
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Ech.xa(B'S'f) Emt(f) Vé Ath(ﬁrglf)
Qchxa(B€) " T2(B.ES). r2(B.ef)

xa trén mot don vi goc khoi, goe khoi bi chan boi muc tiéu va goc khoi bi chan béi

1an luot 1a mat do nang luong chiéu

Trong do

anten thu.
Cong suit tin hiéu phan xa tir muyc tiéu t6i dau vao may thu c6 dang 1a [1]:

b gy = r B ) X G2 X E X 3 (f) (1.2)
thAE = S (4m)3 x r4(B, ¢, f) X L
Trong do: Pyn(B, &, f), G va L lan luot la cong suat phat, hé so6 khuéch dai

anten va hé sb ton hao.
Tir (1.2), dé phat hién dugc muc tiéu, mic cong suat Py, (B, €, f) phai lon hon
muc ngudng phat hién [1, 2]:

Pn(B.&f) = Popmin = SNR) X Prgyy (1.3)
Trong d6, Pip.mins Prap 180 lugt 1a mirc cong suat toi thi€u (40 nhay may thu)

cua tin hi€u phan xa tai dau vao may thu dé ra da co thé phat hién dugc muc tiéu,
muc tap may thu dugc tinh chuyén doi t6i dau vao. Khi Py, = Py min = Pyyp thi
SNR = 1.

Phuong trinh ra da phat hién, xac dinh cu ly cuc dai 7,4 va toa d6 goc (B, €)

cua muc ti€u (khi L = 1) s€ c6 dang [1,2]:

oo p) = [onlBren) X G2 X A2 X G (f) (14)
(1) = (47T)3 X Pth.min(,gr g, f) X L
Véi diéu kién:

‘ SNR = Pth.min/Ptap =1 ‘ (15)

Nhu vy, biéu thtc (1.5) 13 diéu ki¢n tién quyét dam bdo khd néing phdt hién
tit cd cdc loai muc tiéu trong ra da. SNR tai dau ra khau xir Iy ctia may thu phai it
nhat khong nho hon 1 d6i véi tit ca cac muc tiéu.

1.1.2. Pac trung caia MTDVN
Phuong trinh (1.4) cho thy rang, &,,.(f) 1a tham sé dic trung duy nhit

mang thong tin vé muc ti€u can phat hién, nén co6 thé dugc viét lai:

rmax(,B» & f)~4\/ 5m.t(f) (1-6)
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Theo cong thirc (1.6) thi cu ly phat hién ty 1 v6i can bac bén cia DTPXHD.
Tham s &,, . (f) chi phu thudc vao tan sé lam viéc ctia dau do ra da nhu vi du duoc
thé hién trén hinh 1.2 d6i véi mau muc tiéu F-16 [57]. T hinh 1.2 cho thdy rang
Gme(f~VHF) (hinh 1.2.b) c6 d6 16n khoang 2[m?] 16n hon nhiéu so voi
Gt (f~C) co @6 16n x4p xi 0.9[m?]. Nhu vay, véi diang diéu kién vé do thi ra da &
dai song mét co cu ly phat hién muc ti€u s€ 16n hon so v6i ra da hoat dong & dai
song centimet. Ngoai ra, DTPXHD con phu thudc vao goc quan sat (goc kep badi
duong truc doc than muc ti€éu va duong hudng tam tor muc ti€u dén ra da). Khi do,
Ome~0(B, € f) va gian d6 biéu dién ham phu thudc ndy duoc goi 1a gidn do bikc xa

thir cap cua muc tiéu.

Hinh 1.2. Két qua uéc luong do 16m &, , ctia tiém kich F-16 (a)
phu thudc vao tan sé lam viéc cua dau do & bang VHF (b) va C (c).
Dé lam giam gia tri (B, €, f) ctia muc tiéu, da sir dung cac giai phap k¥ thuat,
cong ngh¢ khac nhau [1, 7, 9]. Trong dd, cong ngh¢ tang hinh “Stealth technology”
Curmg e Raoch

rlkm]c,,, = (1.6+
180 r <150[km]

100 M r16 MaybE%F I)S[C !
dy bay ~(2+ m
~~G,,, ~(0.8+1)[m’] m; 150[km]

7 <100[km]
| / Wﬂem kich T_}pha(ﬁn

g S0 )m
o, ~ (0018 025) [m?) <80[km]
r<26[km] |

2 4

5m.t [m2 ]

Hinh 1.3: D6 thi lam viéc cua ra da bang S vdi cac muc ti€u co6 o, ; khac nhau.
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dong vai tro chu yéu. Bang 1.1 trinh bay nhitng dinh huéng va giai phap k¥ thuét
cua cong nghé tang hinh [1, 7, 9]. V&1 cac muc tiéu la UAV, drones, viéc giam

a(B, ¢, f) chu yéu dua trén viéc giam kich thudc hinh hoc va tmg dung céac vat liéu

composite dé ché tao dong vai tro quan trong [7, 9, 23].

Hinh 1.3 trinh bay db thi v& cu ly phat hién cua ra da bang S dbi v6i cac muc

ti€u c6 0,,; khac nhau, trong d6 c6 cac MTDVN [8, 9].

Béang 1.1. DBinh huéng giam DTPXHD va cac giai phéap k¥ thuat thuc hién

Cac dinh huwong giam DTPXHD

Gidi phdp kj thudt thuc hién

+ Hoan thién dang khi dong
chung va cic phan tir cau thanh
muc tiéu.

Triét ti€u cac goéc nhon, vung tao goc va cac
duong gap khuc trong cau tric.

Giam dién tich bé mat tan xa trudc ciia muc tiéu.

Ung dung mo hinh d6i canh lugn trong thiét ké
kién triic d6i voi cac muc tiéu.

Giam thiéu cac phan dién tich gdy nén phan xa
guong

+ Sir dung cac vat liéu trong
sudt dién tur, vat liéu hép thu song

Str dung vat liéu composit trong ché tao céc
phﬁn tur chiu lyc va khong chiu lyc trong thiét ké

dién tu cau trac.

- Su dung vat licu hép thu song di¢n tu

- Ung dung cac b suy giam song dién tir.

+ Giam dau vét doi voi anten - Str dung céc vat liéu trong sudt dién tir tai cac vi
cua cac dau do co trén doi tuong tri dat gdy, céc vi tri bién cua hai vat liéu c6 tinh
la muc tiéu chat dién tir khac nhau.

Ttr d6 thi 1.3 cho thay, véi cac MTDVN cu ly phat hién s& giam di dang ké,
diéu nay din dén viéc giam thoi gian chuyén trang thai dbi v4i cac phuong tién,
trang thiét bi sdn sang chién dau.

Nhu vay, gioi han trong khuon kho luan an, sé& nghién clru nhdm dam bao va
nang cao kha ning phat hién, xac dinh toa d0 MTDVN véi G,,, , = 107*[m?].

1.1.3. Cac giai phap k¥ thuat bao dam phat hiecn MTDVN

Viéc dam bao phat hién MTDVN c6 thé tong hop thanh hai nhdm cac phuong
phap, giai phap ky thuat dugc trinh bay trong bang 1.2 [1, 7]. Nhom thtr nhat mang
nhiéu dic diém cta viéc hinh thanh cic mau ra da ma trong d6 st dung cac nguyén

ly, giai phap k§ thuat moi dam bao xir Iy dugc ddi vai tat ca cac 16p muc tiéu. Da
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tién luong rang, st dung AMP 13 mét trong nhitng giai phap dugc dé cip. Con

nhom thtr hai nghién ciru dé tién t6i hinh thanh cdc mau ra da chi chuyén quan tric

cac MTDVN khong thue sy phit hop véi diéu kién thuc té cua Viét Nam.

Béang 1.2. Nhom phuong phéap ra da dam bao kha nang phat hién MTDVN

Nhom Cdc phwong phap Gidi phdp kj thudt cu thé
Tang kha ning ning | Ting cong suat phat, ting do nhay may thu.
luong. Tang hé s6 khuéch dai anten.
Tang kha nang tich lily khong — thoi gian tin hi¢u
s dua trén viée st dung AMP.
=2 Néng cao chat lugng xir | X 1y s6 tin hiéu ra da.
§° § 1y tin hiéu. Xtr dung tin hiéu ciu trac phirc tap.
% ,g Xtr ly khong gian — thoi gian tin hi¢u thu.
% g Lua chon thich nghi dai | St dung dai tan ma ¢ do hiéu qua gidam dau
§ tn sO cong tac cho dau | vét chi dat & muc thap.
2,
do.
Phuong phap ra da | Paudo dang mot diém phat, nhiéu diém thu.
nhiéu vi tri Pau do dang nhiéu diém phat, nhicu diém thu.
Pau do dang thu dong v6i nhiéu diém thu
(trinh sat dién t).
- Phuong phap ra da phi | Pau do thu tong cac tin hidu & cac hai cia tan
E tuyén. s6 chinh.
% Ung dung tin hiéu | Mo hinh ra da sir dung tin hiéu phi sin.
§ \(%‘J khong truyén théng cé | M6 hinh ra da st dung tin hi¢u gia tap.
S T | pho thn sieu rong. M6 hinh ra da c6 cau tric tin hiéu thim do
3 § “khép” (matched) véi hinh dang muc tiéu.
§ = MO hinh ra da véi tin hiéu tham do da tan.

Phuong phap khong

gian.

M0 hinh ra da vé tinh.

Mo hinh ra da tong hop nguwoc mit mé anten.
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Mang pha tich cuc Mang pha s6 hoa Mang pha sd
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Hinh 1.4. Ciu trac chung cta hé thong AMP

Viéc sit dung AMP phu hop véi chic nang, nhiém vu d6i voi luc luong Phong
khong qudc gia 1 canh gi6i phat hién tat ca cac muyc tiéu phong khong & cu ly tim
xa, trung binh va can gan v6i dai do cao tir 100[m] 1én t6i cac tran bay thong dung.
Diéu nay con phit hop véi mé hinh da chirc ning véi cac bai toan nhu: loc, bam quy
dao, dan duong, phan phéi va chi thi muyc ti€u cling nhu diéu khién cac phuong tién
chién dau v.v. Theo [18, 25], ra da v4i yéu cdu quan trong trong tng phd voi
MTDVN nhu vy chi c6 thé dat duoc khi sir dung hé théng AMP (hinh 1.4) ma dic
bi¢t la AMPS (hinh 1.4.c). Trong do, viéc tao cac GDH,p 5, GDHS,y, 5 dugce thuc
hién bang phuong phép sb.
1.2. Tong hop thich nghi GDHS va phép bién déi Fourier
1.2.1. Céc biéu thirc co' bin hinh thanh GDHS

Theo [5] AMP tuyén tinh (hinh 1.5) gébm cac phan tir 1 nhing MDTPS niam
trén mot duong thang. Khi d6 phuong thirc hinh thanh GDH theo mot huéng nao d6
1a thyc hién dich pha tin hiéu trén cac chin tir anten dé sao cho cac tin hiéu tir
huéng d6 1a ddng pha tai diém ma ching duoc tong hop. Do vay, biéu thirc hinh
thanh GDH s¢& c6 dang:

: N-1 . 1.7
Yy = W, X, (1.7)

n=0
Trong d6, N, W,, va X,, 1an luogt 1a s6 cac phan tir trong mang, h¢ s6 phirc can

thiét dé hinh thanh GDHS va tin hiéu phirc ctia phan tir thir 2.
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Hinh 1.5: Nguyén ly 1am viéc ciia AMP tuyén tinh
Néu khoang cach gitta cac chan tir 1a  , mat song lan truyén dudi mot goc 1a
a, pha tuong dbi ciia phan tir tht » c¢6 dang: (2nnd sin @)/A. Cac tin hiéu ¢ dau ra

ctia N phan tir s& dugc lay tong khong trong sd va ¢ dang:

i N-1 2mndsina (1.8)
V@ =, Knew [ =7
n=
boi vai sina, néu lay N cac gia tri: (dsina)/A = k/N , thi (1.8) s& c6 dang:
i N-1 . 2nnk 1.9
P =) Kpew |- (-
n=0 N

D@ dang nhan thay (1.9) chinh 1a phép bién déi Fuorier roi rac véi tin hidu c6
bién d6 khong ddi. Xét trong sb cua timg MDTPS, thi (1.8) s& c6 dang:

. N-1 - _2nndsina (1.10)
F@=)  WiXeewp |- =]
n:

Trong d6: W, —trong s6 dugc dung dé giam budu phu tai phan tir thit .
Truong hop thiét 1ap bip song ¢ huéng a,, (1.10) phuong trinh co ban hinh
thanh GDH cho AMP tuyén tinh c6 dang la:

V(a) = N_1W w [ ,Znndsinar] [ ,Znndsina]
a) = o n €Xp[—J 1 exp|—J 1 (1.11)
A 2nndsin(a, — @)
= Z W, X, exp [—]
n=0 A

Truong hop AMP phang (hinh 1.6) va véi cac ky hiéu theo truc X, co N, phan
tir chay tir —N,./2 dén N,./2 cach nhau d,; theo truc Y, c6 —N, /2 phan tir chay tir
=N, /2 dén N, /2 cach nhau d,,; véc to P(r, 0, ¢) dac trung cho huéng bip song

chinh tai (r, 8, @), tong véc to tin hiéu tir cic phan tr mang theo hang va cot s& 1a:
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WD =Y axexplitnd, ~ D] (112

—Nx/
. Ny/2 1.13
B =), axexljd, ~ i) (1)

. . N N .
Trong d6: N, = (=N, /2) ...(N,/2)va N, = (—Ty) (Ty) ;a, nvak tuong

ung la so0 cac phan tir theo hang va cdt; bi€n dd nguodn tin hi€u; chi s6 cua hang va

cot trong mang. Hai thanh phan v, , Yy, tinh theo goc hudng (6, @) s& co dang:

Y, = 2m(d,/A)sinfcose va i, = Zn(dy//l)sinesimp (1.14)
Tong véc to cac thanh phan tin hiéu cua tit ca cac phan tir trong mang
ny(¢x»¢y) = (1.15)
Ny /2 Ny/2
=) N exp [j(ndy — D] X expljkdy — D]
~Ny/24=-Ny /2

Véi a 1a bién do duoc 1ay bang 1.

Biéu thuc hinh thanh GDHS d6i voi AMP phang 1a:

s Ne (1.16)
=372 D, e Litndy — ] x exp [j(kd, — 1]
= F(6,9) X E,(0,9)
VOiF,(6,0) = 3 %, expli(nd, — D] .

E,(6,9) = _Z_y exp [j(kd, — Dy, ]
2
Tir (1.16) va (1.17) c6 thé dua ra hai nhan xét quan trong nhu sau:

Thir nhdt, GDH ctia AMP phang chinh 1a tich ctia hai AMP tuyén tinh véi cac
phan tir duoc phan b trén mit mo theo hang va cot.

Thir hai, Trong AMP phang c6 thé diéu khién doc 1ap GDH cta mang tuyén
tinh F.(6, ) va F,(6, ¢) khi thiét 1ap luong dich pha twong Umg cua cic tin hiéu

theo hang va cot dé tao bup séng chinh & toa d¢ xac dinh theo yéu cau.
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Y

Hinh 1.6. M6 hinh AMP phang.

1.2.2. Thuit toan hinh thanh GDHS ciia AMPS phing

Xét truong hop d6i voi AMP tuyén tinh (hinh 1.7) véi d va a tuong tng la
khoang cach gitta cac phan tir va gdc toi cia mit song phang.

Gia thiét rang, tin hiéu thu cao tan tuong tu c¢6 dang:

$() = u(®exp ([2nfot + (O]} (1.18)

Khi d6, tai timg chan tir cia mang, tin hiéu thu c6 bién do 1a u(t) va pha
¢, = 2rndsina) /A véin =0...(N — 1). Qua trinh x1r 1y tai cac duong thu cia
tung phﬁn tr gém: bao vé, khuéch dai, loc, chuyén phé xuéng tan s trung tan v.v.
Con pha ¢,, s& duoc dam bao nhd vao hai kénh cau phuong I(n) va Q(n) dung cho
xtr 1y tuong can & cac bude tiép theo. Sau roi rac hoa tai cac thoi diém (nAt) va
chuyén thanh dit liéu s, nhan twong tng véi cac trong sd W va lay tong, ta co:

F(8) = aY W x exp [j2rnd(sina/1)] (1.19)
Trong d6 a 1a hé s6 phan anh thong tin thu, con dau lay tong dugc hiu la gia

tri cia GDHS.
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tuyén Mt séng toi

Chiéu truc X
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Hinh cac bap séng s6 cho GDH

-

FO Fi N-1 Fr d FN—I 5
. — . cosx ., T
F, = f(t—7,)expl jQ2nF, + @)1 2. W, expl j27n( )] eXP[—J(W)W]
=0
L y ) LI y )L y )
Thong tin vé Trong  Théng tin vé Thira s6 phéin
cw ly va F 50’ tin higu t6i pha theo hiéng r

Hinh 1.7. So d6 hinh thanh GDHS ctia AMP tuyén tinh.
Nhu vay, thuat toan tong hop GDHS cho AMPS tuyén tinh sé& c6 dang:
F. = f(t = t)explj(2nFy + 9)] SA=3 Wy exp [2mm (%3] x (1.20)
. (21
exp [—J] (F) nrj
V6i r =1+ (N —1) la chi sb bip song, exp[—j () nr] 1a phan pha (chia

pha) twong tg ctia cac phan tir dich pha.

Gia tri tong trong (1.20) dat max khi r = (Ndcosa)/A va 1an can 0 & cac gia
tri khac cua r. Dé tranh lot song, khoang cach giita hai phan tir 1an can nhau s&
dugc chon dé sao cho d = A/2 hay cosa = 2r/N.

Dua vao thuét toan trén ta théy:

Thir nhat, khi v = 0, s& khong c6 sy thay d6i pha d6i v6i toan bo N phan tir,
con khi r = 1 tuong Gng vai viée blip song cua GDHS 1éch so v4i phuong phap
tuyén ctia mit mé tuong Gng véi do rong cuia bup, lwong thay d6i pha ddi véi véi N
phan tir s& 1a 2m. Vi r bét ky, thi luong thay d6i pha ciia N phan tir s& 1a 2mr.

Thir hai, dé dich bap song di mot luong bang nira dd rong bup trong khong gian

cosa can nhan 1an luot tin hiéu cua phan tir thd n véi hé sé exp [—j(2m/N)nr].
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Viéc dich géc cho bip séng twong g véi viéc nhan tin hiéu ciia tirng phan tir véi
gid tri pha phirc twong iing va hodn todn twong vng voi gidi thudt trong phép bién
doi Fourier nhanh (FFT).

Véi AMPS phiang, ta c6 thé tong hop GDHS c6 dang:

N-1M-1

E.o=U(t) Z Z WrmS(n,m) X exp [~ (Zﬁn) ms] (1.21)
n=0 m=0 '

2T
X exp [—] (W) nr]
Trong d6: r = 0+ (N — 1), s = 0 + (M — 1) tuong ung 1a cac chi s6 hang va

cot; U(t) 1a thanh phan chtra cac thong tin vé cu ly va tan s6 Dopler Fy; Wn,m 1a
trong s ctia phan tir mang tai vi tri hang thi n va cot thit m cua anten; S(n,m) 1a
thanh phan chira cac thong tin vé goc cua tin hiéu so véi phan tir tai vi tri (n, m)

trén mat mé va dugc xac dinh theo biéu thirc:

dyc/{)sﬁ)] % exp []_Znn(dxc/{)sa)] (1.22)

Trong do6: d,, d, la khoang cach gilta hai phan tir lién ké theo hang va cot;

S(n,m) = exp [j2mrm(

cosa, cosfB 1a hinh chiéu cta véc to don vi trén mit phiang < X,Y >. So v&i mit
m¢ anten thi cosa, cosf dugc xac dinh theo biéu thuc:

cosa = sinfcosg va cosfl = sinfsing (1.23)

Nhu vay, bup séng tao ra s€ hudng theo toa do goc 0, ¢ hodc tinh theo cosa,
cosf khi chon cac chi s6 r va s dé thoa man diéu kién:

r = [(Ndycosa)/A] vas = [(Nd,cosf)/A] (1.24)

Khi d6 biéu thtrc (1.21) c6 thé duoc viét lai dé thdy rd viéc hinh thanh bup song

trong AMPS phang va su tuwong dwong véi phép bién doi FFT theo M diém tai tirng

hang trong s6 N hang va theo N diém tai timg cét trong s6 M cét.

E.o=U(t) :Z: {:Z:) W, mS(n, m) exp [—j (%r) ms]} (1.21a)
X exp [—] (Zﬁn) nrj
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3 [IZ W, mS(n, m) exp [—j (Zﬁn) nr]} X exp [—j (zﬁn) ms] (1.21b)

Hai biéu thirc (1.21a) va (1.21b) chi ra mot cach rd rang cac diém manh cua

M
Es‘,r =

m=0

AMPS trong ting cudng kha ning va chat luong phat hién MTDVN nhu sau:

Thir nhdt, khac voi mé hinh anten thong thudng va AMP k§ thuat twong tu, kha
ning cia hé thdng AMPS trong hinh thanh GDH,pxva GDHyy, 5 doc lap, don bup
hodc da bip mot cach nhanh chong, chinh xac cho phép ra da da chirc ning dong
thoi quan sat ca hai mit phang phuong vi va goc ta dam bao dugc cac chirc ning:
cdanh gioi vung quan sdt song song voi phdt hién; cdinh gidi song song voi suc
sao va phat hi¢n; canh gioi song song voi phat hién va bam; suc sao phat hién
theo chi thi muc tiéu doi véi tit cd cdc chiing logi.

Thir hai, viéc thuc hién chirc ndng canh gidi vung quan sat va céac bai toan phat
hién c6 thé duoc thuc hién tuong duong nhau ¢ hai mat phéng. V61 thuat toan xu 1y
hai chiéu theo (1.21a), AMPS dam bao canh gidi trong ving mit phiang phuong vi.
Con v6i (1.21.b), AMPS s& dam bao canh gidi trong ving mit phang goc ta, nén
cho phép dam bao tinh linh hoat, mém déo trong quan 1y dbi véi tit ca cic chung
loai muc tiéu.

Thir ba, v61 anten thong thuong trong ra da, d§ chinh xac do toa d§ goc duoc
xéac dinh theo do rong cuia bup song anten trong mit phang. Con ddi véi AMPS ¢6
thé diéu chinh dich goc bup song di mot luong bcfng mot nira do rong dwa trén viéc
nhdn tin hiéu ciia tieng phan tir véi gid tri pha phirc twong iing trén mdt phang do.
Diéu nay cho phép ting d6 chinh xac xac dinh toa do goc cua muc tiéu. Ngoai ra,
cling c6 thé tong hop AMPS véi s6 luong cac dudng thu 16n hon sd dudng phat.
Nghia 1a ton tai cic MDTPS chi c6 duong thu (hinh 1.8). Viéc ting s6 lugng céac
duong thu, cho phép ting sd luong cac bup song trong GDH,, s, ddng nghia voi

tang do chinh xac do [10].
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Cic phin tir chi (N =N, )x(M —M,) phin tir hogt
c6 dwong thu hoat dong dong ca hai dwong thu/phit

Hinh 1.8. AMPS véi cac phan tir khic nhau
1.3. Phwong phap tao GDHS ning cao chit lwgng xac dinh toa d§ muc tiéu

Qua trinh xtr 1y thong tin trong ra da bat dau tir phat hién dén udc luong tham
s6 toa do. Tuy nhién, dé dam bao su lién mach trong trinh bay két qua nghién cuu,
tai muc nay, cé thé gia thiét ré“mg muc tiéu da dugc phat hién, nén chi xem xét viéc
nang cao chét lugng xac dinh toa do muyc tiéu.

Nhu da trinh bay ¢ muc 1.1 va 1.2, lgi diém ciia AMPS khi dbi pho véi céc
MTDVN 1a kha nang hinh thanh song song GDH,y, z vd GDHS,, 5, ddng thoi voi s
luong bip song va vi tri khong gian khac nhau. Viéc hinh thanh GDHS chu yéu dya
trén viéc t6 chirc lién két gitra cac MDTPS va phéi hop v6i nhau duéi sy diéu khién
cia bo diéu khién va xit 1y trung tim DK&XLTT (Central Controlling and
Processing Unit, CCPU). Vi¢c nang cao do chinh xac do tham s6 toa do 1a noi dung
khoa hoc can duogc chung minh. Péc biét 1a ddi voi hé AMPS dugc tich hop bdi céac
MDTPS. Cho t6i nay, d c6 nhiéu két qua nghién ciru vé cac giai thuit, so dd ciu
tric tao GDH cia AMPS va da tro thanh kién thirc kinh dién. Cuy thé nhur giai thuat
xtr 1y nbi tiép, xir Iy song song, xir Iy két hop, phan mang v.v. [4, 10, 11]. Tuy
nhién, tong hop phwong phdp tao GDH ndng cao kha néng xdc dinh toa dé muc
tiéu néi chung va MTDVN néi riéng thi chua duoc trinh bay chi tiét va cong bd voi
nhiéu 1y do khac nhau. Trong muc nay s& trinh bay két qua nghién ctru minh chimg

viéc nang cao chat luong do toa d§ cac MTDV N khi sit dung AMPS.
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1.3.1. Phwong phap don xung trong AMPS dé ning cao chit lwgng do toa dd
goc muc tiéu

1. Trong ra da, phuong phap don xung 1 phuong phép so sanh tong Uy va hiéu
U, bién do cua céc tin hi¢u thu tir hai anten 1an can ctia cung mdt ra da [6]. V&1 mo
hinh anten truyén théng, d6 chinh xac phép do toa d6 goc ciing chi twong tmg voi
Bos Va &, 5. Nghia 1a bang mot nira do rong bup séng anten & hai mit phang phuong
vi, goc ta. Diém manh cia AMPS la dua trén kha nang lua chon chinh xac trong sb
Wm'n dé hinh thanh cac tin hiéu Us va U, trong bai toan xac dinh toa do goc.

Gia thiét, AMPS phang voi N hang(m = 0~ (N — 1))vaM cdt(m = 0 +~ (M — 1))

Khi d6, tin hiéu & huéng B, tiews Em rien t01 dau vao AMPS c6 dang la:

N-1M-1 |
— z Z UXxexp[j(n—1) Zﬂdx(Slngm.ti;u) (Cosﬁm_a.eu)] )
n m , . (1.22)
x exp [j(m — 1) Zﬂdx(slngm_ti;u)(Slnﬂm_tieu)]

Khi st dung phuong phap don xung, (1.22) can dugc viét lai 1a “giao” cua hai
mit phang 8 va e. Cac hang, cot s& chuyén thanh “hgp” cua hé tuyén tinh (theo muc
nho 1.2.1). Nhu vay, tin hiéu dé xac dinh €, 0, 12 két qua cta tong cac hang ddi
v6i cot . Pé don gian, nhitng thanh phan cia cac ham exp tai (1.22) s& ky hiéu 1a

Y (B tiew Emrien)- Khi do, theo (1.22), ta co d6i VOi €y piey

N-1 N-1
= z Un' lp(ﬁm.tiew gm.tieu)» T Z Un' lp(ﬁm.tieu! Em.tieu) (1 23)
m=0,n=0 m=(M-1),n=0
Va hoan toan twong tu doi khi xac dinh By, iey:
- M-1 (1.24)
z Um- d)(ﬁm.tiew gm.tieu)’ Lty Z Um- ¢(ﬁm.tiew gm.tieu)
m=0,n=0 m=0,n=(N-1)
. 2nd, . 2nd, 2nd, (1.25)
Wy = {1, exp [j smqbo] exp [2] smq.’)()] ..exp [(N —1)j smd)o]}
2nd,, M_ 2nd, (1.26)
. 1, exp [] smqbo], e, EXP [(?)j 1 sinqho] ,
Wa = 27Td 2nd,
—exp [(m)] smgl)o] ,.o— EXP [(M —1)j 7 sm(l)o]

36




Cac tin hiéu téng—hiéu duoc thiét lap khi st dung véc to trong $6 W): nham
thay d6i dic trung bién d6 - pha cua tin hiéu can xt Iy [10,11, 15, 77].
Tir céc tin hiéu F,., F,, viéc hinh thanh hai tin hiéu téng hiéu tuwong tng theo
cac hang va cot cia AMPS c¢6 dang:
UZ.hang =F X Wy Useor = Fs X Wy (1.27)

UA.hang =FEXWy Upcor = s X W), . i
Viéc udc luong toa do géc muc tiéu, dugc quy vé viéc tong hop dac trung

hudng (Direction-Finding Characteristic) cua anten. V&1 quy udce 1a bup song chinh
cua AMPS trung véi truc Z va d, = d,, thi dac trung huéng cua mat phang phuong
vi va mit phang goc ta c6 dang:

WH x v(p) (1.28)

R(¢) = Re|=
Wixv(e)] |
Trong d6: v(¢); H tuong tmg 1a véc to diéu khién va chi s6 mé ta lién hop

chuyén vi (dwoc hiéu 1a liy chuyén vi ciia ma tran Wy (hoic W,); sau dé lay lién
hop phirc ctia ting phén tir trong ma tran chuyén vi do).

Biéu thirc véc to dieu khién dugc viét lai nhu sau:

2md 2rtd 1.29
v(p) = {1, exp []'Tsincp, ., exp [j(L — 1)Tsinq.’>, ...,]} (1.29)
Trong d6 L = N hoac M.
Toa do goc muc tiéu duogce xac dinh theo biéu thirc:
A — U .CO A — U .nan 1.30
Bm.tiew = R ! {Re [#]}9 Emtien = R ! {Re[%]} ( )
3.cot X.hang

2. Minh ching viéc nang cao do chinh xac do toa do goéc dua trén viéc mod
phong tao cac tin higu tong hiéu dbi voi AMPS phang 36 phan tir MDTPS bang
MATLAB. Tin hiéu khao sat dua toi dau vao cila mang nam trong giGi han ciia bup
song chinh véi cac tham sb duge trinh bay tai bang 1.3 va pho cong suat dugc trinh

bay tai hinh 1.9.
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Bang 1.3. Tham s6 tin hiéu tai dau vao AMPS trong gi6i han biip séng chinh

Toa d6 goc [degree] SNR [dB] Tan s6 [MHz]
ﬁm.tieu Em.tieu -
0 0 20.5 diéu chinh duoc 60

20
10
0
-10
-20
=30 fulli Y
-40

Power Spectrum [dB]

-50

-60
35 40 45 50 55 60 65 70 75 80 85
Frequency [MHZz]

Hinh 1.9. Pho cong suat tin hiéu khao sat.
Dic trung dinh hudng xac dinh B, riews Emriey 401 voi md hinh AMPS phang
36 phan tr MDTPS dugc trinh bay tai hinh 1.10.

ﬂ m.tieu
\

€ m.tieu

R(¢)

-8
-30 -20 -10 10 20 30

0
¢ [degree]

Hinh 1.10. Bac trung dinh hudéng cua hai toa d§ goc.
Vi¢c minh ching tryc quan cho viéc nang cao chit lugng do toa do goc dugc
thyc hién dua trén ham d¢ 1éch trung binh binh phuong udc luong toa do goc phu

thudc vao SNR c6 dang:

(1.31)
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Trong d6, n, x;, M[x] twong tng 1a s6 1an mau do, gia tri bién ngiu nhién tai

lan 13p thar i va ky hiéu ky vong toan cta x. V&i n hitu han, thay vi str dung M[x],

ta c6 thé dung gia tri trung binh dai s6 ¥ = (%) ™ . x;. Tai bang 1.4 trinh bay két

qua ude lugng do 1éch trung binh binh phuong (gia tri trung binh sai s6 do) toa do
g6c phu thudc vao SNR tai dau vao bd phat hién.

Bang 1.4. Gia tri trung binh sai sb do toa do gbc phu thude vao SNR

SNRsy o, ... [degree] gg ... [degree]
20.5 0.01 0.01

17 0.03 0.03

14 0.08 0.09

11 0.15 0.28

8 0.26 0.37

7 0.42 0.55

6 0.54 0.73

5 0.71 1.16

Tir cac két qua mo phong o trén ¢ thé dua ra mot sé nhan xét nhu sau:

Thir nhat, st dung phuong phéap ra da don xung trong AMPS cho phép nang
cao dang ké chat luong do toa d§ gdc muc ti€u. Thém vao do, vé1 AMPS, phuong
phap sb hinh thanh tin hiéu tong hiéu cho phép giam duoc dic trung kich thudc,
khdi lugng so vo1 hé anten tuong tu.

Thir hai, chét luong vé do chinh xac do phu thudc 16n vao chét lugng phat
hién. Do chinh xac do toa do goc phu thude va mirc SNRy; tai dau vao bod phat hién.
biéu nay cang khéng dinh sy can thiét cua viéc nang cao chét lugng phat hién la
phai xir 1y dé sao cho SNRs > 1.

1.3.2. Phuong phap xir ly song song phin mang

Phuong 4n xur 1y song song tmg dung ddi voi AMPS gdbm N x M cac MDTPS
dam bao kha nang hinh thanh GDHS dang ré quat ¢ ca hai méit phéng hoac dang
kim (theo gidi thudt ciia phirong phdp don xung s6) nham ting cudng kha ning suc
sao, phat hién cac MTDVN 1a bai toan kho. Tai hinh 1.11 trinh bay so dd gidi thuat
hinh thanh bup séng s6 phuong 4an dang kim [15]. Mt mé anten véi cac chan tir
dugc sap dit theo N hang va M cot ghép truc tiép véi ting MDTPS. Cac trong sd
Wy m da duoc tinh toan, xac dinh va dugc ghi luu trong ROM thudéc DK&XLTT hodc
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cac bd DK&XL. Cic hé sb exp [—j (%ﬂ) ms], exp [—j (%n) nr] voi n,r=1=+N
m,s = 1 + M dugc tinh toan trong qua trinh xtr ly. Theo dia chi, viéc tinh toan hinh
thanh song phat va cac bup song thu (trén, dudi, trai phai) dya trén viéc st dung cac
dit liéu cua tin hiéu (s6 hoa) va cac dit liéu trich suit tir ROM dé thuc hién cac thuat

toan theo hai biéu thirc (1.21a va b) véi sb lugng diém can thiét.

=
'8)
\ Chin tir anten

Mgt mé anten

N hang

%

Hinh 1.11. So d6 dung phuong phap xir 1y song song tao GDHS dang kim.

Truong hop hé théng AMPS c6 sb lugng N, M 16n cho phép cing dong thoi
phat hién nhiéu muc tiéu, DK&XLTT co thé phan chia thanh cac b DK&XL con dé
xtr 1y va diéu khién véi timg phan mang (hinh 1.12). Khi d6, giai thuat hinh thanh
cac GDHS dugc thyc hién theo phuong an xir 1y song song hai budc. Budc mot, tién
hanh phin nhom thanh céc phan mang v6i cac MDTPS lién tiép nhau theo ca hang
va cot vai tin hiéu dau ra duong thu duoc xir 1y véi cling gi tri trong s6 tao ra bup
rong. Budc hai, tin hiéu dugc téng hop tai b0 DK&XLTT dé hinh thanh GDHS theo
yéu cau. Do vay, nhd phuong thirc xtr Iy ndy ma sé luong dit liéu dau vao cia
DK&XLTT giam dang ké, dam bao sb luong cac bip song dang kim da dé dong thoi

quan sat, phat hi¢n cac MTDV N c6 toa d goc khac nhau so véi toa dd cua ra da.

40



R Phin ming Nol

— taobup

>—| Duodng thu H Y l_ﬁ_)l AD l_ song s0

L]
L]
.

B xir Iy
tin hiéu sd

L]

.

S

buong thu

Hinh 1.12. So d6 dung phuong phap xir 1y song song phian mang tao GDHS.
1.3.3. Phwong phap tong hop GDHS cia AMPS trong bai toan phat hién
MTDVN

Nhu d3 trinh bay tai cdc phan trén, loi diém quan trong nhét cia hé thong
AMPS 1a kha nang hinh thanh GDHS dang da bup song dé phat hién, xac dinh toa
d6 cac muc tiéu DVN bang bup song on dinh ¢6 dang thich hop nham tang kha ning
tich lity khong gian va thoi gian tin hiéu yéu phan xa thu duoc. Phat trién két qua da
duoc dua ra trong [15], gia thiét rang: hé AMPS gdém c¢6 N X M MDTPS. Trong d6
N 1a sb hang va M la s6 cot. Giai thuat tao GDHS dang kim v6i hai thanh phﬁn
GDHS,p, 5, GDHS,y 5 duge mo ta nhu sau

a) Tao GDHS,p, 5: Theo hang va cot trong N X M cac MDTPS, cac tin hi¢u
duong phat s& duoc xir 1y boi hai biéu thire (1.21 @) va (1.21 b).

b) Tao HSp5:

+ Thyc hién tong hop tin hi¢u theo timg hang véin = 1 + N. Khi d6 s6 luong
tin hiéu ra twong mg véi s6 lwong hang N.

+ Thyc hién iy tong cila cac bo cong theo hang & trén sé hinh thanh bup song
thu trung tam trong GDH S,

+ Cac tin hiéu dau ra cua ting bo lay tong theo hang (n = 1 + N) dugc dua
to1 hai by nhan hang. Va mét trong s6 d6 duoc thuc hién phép nhan (ma thuc chat

la phép céng theo ham exp) dé b sung luong pha can thiét vao tin hiéu dung cho
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viéc hinh thanh bup song trén. Bo nhan hang thir hai bd sung lwong pha can thiét
vao tin hiéu dung cho viéc hinh thanh bap song dudi.

+ Thue hién ldy tong cac két qua cua phép nhan hang & trén s& hinh thanh bup
song trén va bup song dudi trong GDHSyy,.

Hoan toan tuwong tw doi véi cdc cot.

+ Céc tin hiéu dau ra cta timg bo ldy tong theo cot (m = 1 + M) duogc dua t6i
hai bo nhan hang. Mot trong sd d6 dugc thyc hién phép nhan (ma thie chdt la phép
céng theo ham exp) dé bo sung luong pha can thiét vao tin hiéu dung cho viéc hinh
thanh bap song trai. Bo nhan cot thir hai bd sung lugng pha can thiét vao tin hiéu
dung cho viéc hinh thanh bap song phai.

+ Thyc hién lay tong cac két qua cta phép nhan cot & trén s& hinh thanh bup
song phai va blp song trai trong GDH Sy, 5.

So voi so do trén hinh 1.12, so do phuong phap hinh thanh GDHSy dang kim
(hinh 1.13) dugc tong hop méi va hoan thién boi cac diém sau day:

— Cac dir li€u cua tin hi¢u phuc tai dau ra bién doi tuong tu - ) (ADC) cua
tirng dudng thu déu co dia chi dinh danh boi bo DK&XLTT. Do vay, cac dit liéu khi
dugc chuyén vao bus dit lidu véi cac dir lidu di kém dia chi. Cac tin hiéu diéu khién
dugc truyén t6i tir hai duong bus dia chi va diéu khién. Cac phép toan thudc giai
thuat hinh thanh bup song theo (1.21 a) va (1.21 ) dugc thuc hién theo song song
v6i1 cac nhip thoi gian twong Ung véi xung nhip Clk.

— Cac giai thuat lién quan t61 hinh thanh GDHS,; 5. dang ré quat & hai mat
phang phuong vi (B), goc ta (¢), thuc hién chic ning canh gidi, phat hién trong
ving quan 1y cua ra da dugc thue hién mot cach song song, déng thoi va doc 1ap véi
viéc hinh thanh GDH S, » dang kim.

— Viéc hinh thanh GDHS,;, 5. dang kim theo (1.21 @) va (1.21 b) dat téc do
max do giai thuat dugc tong hop véi didu kién N = M nén s6 lugng cac phép nhan

trong DK&XLTT 1a 4N2.
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Hinh 1.13. So d6 dung phuong phap xir 1y song song hoan thién tao GDHSy,

dang kim tang cuong kha nang phat hi¢n, xac dinh cac MTDVN.
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1.4. Van dé xir Iy khong gian-thoi gian tin hiéu yéu phén xa tir cic MTDVN
Céac phuong phap téng hop GDHS, 5, GDHSy, 5 da cho phep su dung céc
phép bién d6i phi tuyén khac nhau nham ting tinh dinh huéng cua cac GDHS. Tuy
nhién, nhirg phép bién d6i nhu vay thuong rit nhay cam véi tap va nhiéu. Diéu nay
dan t6i nhu cdu phai ting ty sd SNR & dau ra cia cac MDTPS ngay trén mit mo.
Theo [11, 15] giai quyét vin d& nay chi c6 thé thuc hién dugc trén co so tich liy
khong gian - thoi gian tin hiéu. Khi d6 biéu thire (1.21a) va (1.21b) co thé duoc viét
lai du6i dang (1.25a) va (1.25b) dé thay rd anh hudng cia su khong ddng nhat giira
cac kénh thu va xtr 1y tin hi¢u trt MTDV N duéi tac dong cua nhi¢t d§ moi truong, sy
130 héa céc linh kién, v.v. Su anh huong nay dan dén sy sai 1éch vé bién do va pha

cta hé s6 K (n, m) gitra cic kénh.

£, = U(t) Ni{MZ_I WS O, m)K () exp [ (Zﬁ”) ms]} (1.25a)
[ Ees
o= Mz_l {Ni WS (n, MK (n, m) exp [—j (%”) nr]} (1.25b)
e (57)ms)

1.4.1. Tang SNR trén co sé xir 1y thoi gian cia tin hiéu déi véi AMPS

Khuéch dai cao

ADC Loc k4 tantap thap %<
(LNA)

LO
P

slpl= ZISo[i]eXp(—ﬂﬂiat)
p:

Hinh 1.14. So d6 cau trac duong thu ciia MDTPS.
Dbi v6i hé théng AMPS dugce tich hgp béi cac MDTPS, tin higu & dau ra ting
duong thu dugc bién doi thanh dir lidu s6. Khi d6, cau tric duong thu bao gom:
khuéch dai cao tan tap thép, loc, chuyén phé, bién ddi tuong ty — s6 va thanh ghi

dém (GhD) (dung dé tich lily cac mau tin hiéu sb va dua téi so d6 hinh thanh
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GDHS,;, s.) Tung phan tir cia mau tin hiéu s& twong tng v4i gia tri bién do tin hiéu
tai thoi diém dau vao tuong Gng (hinh 1.14).

Khac véi ky thuat xu 1y twong ty, diém dic biét cta xir 1y s6 khong chi 1a &
chd né cho phép tao kha ning thuc hién phan chia tin hiéu ra thanh nhiéu thanh
phan ma khong c6 sy mat mat, ton hao vé cong suat ma con tao kha ning tich liy
theo thoi gian dit liéu s6 tai timg dudng thu trong khoang thoi gian twong Gng véi
khoang thoi gian thiét 1ap cac mAu tin hiéu (hinh 1.14). Piéu nay duogc thyc hién
nhd vao GhD c6 chirc ning “ghi dich” cho phép tong “mau truot (sliding sample)”
ctia tin hiéu sd véi cac thanh phan ciia chinh miu d6 dugc tong hop (liy tong) voi
nhirng lugng dich pha xac dinh. Chéng han, véi tin hi¢u dang diéu hoa, thi mot mau
c6 tich iy c6 thé viét dugc dudi dang 13 téng cac thanh phan cia mau dau vao cd

tinh t6i cac thira s6 pha dugc wdc lugng bai do tré pha. Ta co:
P

skl = ) solplexp (~2mpdt) (126)
p=1 N 2 2
Véi tin hi¢u c6 luong hitu han cac thanh phan phd, viéc tich Iy c¢6 thé thuc

hién khic nhau dbi véi timg thanh phan. Nhu vay, dit liéu sb tich liy ¢ dau ra

duong thu c6 dang 1a nhom cac mau cho tirng thanh phan hai cta tin hiéu:

slal = (1/06) ) sulplexp (~2mpq) (127)
p=1

Va hoan toan tuong (mg véi dang cia phép bién d6i DFT.
Céch tiép can nay cho phép thuc hién tich liiy twong can tin hiéu dam bao

SNR tang 1én dugc P 1an nhu d4 trinh bay tai so d6 hinh 1.15
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s1[p]

Sl [P] . g Khuéch dai cao
— rrT Ko Chicdich L | apc Loc k—| tantap thap %<
BR (LNA)
= s7[p]
S2[P] Q . g Khuéch dai cao
< = (o prr ko] Chizdich L 1y pe U Loc k—| tantap thap %<
S PR (LNA)
[ ) [ [ ]
° N ° [ ] 1 )
* *  Solp °
Sp[P] L Khuéch dai cao
0 < (o prrT o] Chizdich b 1y pe Y Loc k— tan tap th4
BR (LI\I;A) P
LO

Hinh 1.15. So d6 céu triic mit md cia AMPS hinh thanh GDHSy, sir dung FFT.
1.4.2. Tang SNR trén co sé tich liiy khong gian
Dé dién giai kha nang tich lily khong gian tin hiéu phan xa d6i voi AMPS, c6
thé mo ta bat dau tir mo hinh dau do ra da mot vi tri v6i hé théng anten truyén thong
thyc hién chirc ndng canh gidi, phat hién cac MTDVN. Khi d6, nhu da phan tich &
muc 1.1, d6 16n DTPXHD &, ,~(0.02 = 1.5)[m?] thudc 16p cac muc tiéu “diém”
[5-8]. Cac MTDVN nam tron ven trong mot bup song c¢6 do rong By trong mit

phang canh giéi, phat hién (hinh 1.16).

Pos /=

Hinh 1.16. Minh hoa hinh hoc vi¢c xtr Iy khong gian tin hiéu phan xa.
Thoi gian chiéu xa dé cac tin hiéu thim do quét qua muc tiéu la:
tenxa = Bos/Vip) (1.28)
So lugng tin hiéu dé hinh thanh chum tin hiéu phan xa (con dugc goi la sb
xung trong chim) cling 13 sb lugng tin hiéu phan xa dugc tich liy:
Mty = tenxal/Ti (1.29)

Trong d6, T; 1a chu ky 1ap lai cta ra da.
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Véi ra da truyén thdng, viéc quét khong gian bang phuong phap co-dién, thi
M,y < 80 [1, 2]. Con My, clia AMPS c6 thé ting 1én tir hang trim dén hang

nghin 1an. Va day chinh 13 diém manh cua viéc tich lily khong gian ctia AMPS.

A S av—
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Hinh 1.17. Két qua mo phong va bién dich trén Vitis Model Composer.

Gia st rang tin hiéu dau vao 1a tin hiéu dich tan doppler phan xa tir MTDVN
(bién do tin hiéu gan bang tin hiéu tap am). Két qua xir 1y tich iy tin hiéu bang cac
thuat toan FFT 1024 diém va 64 diém (hinh 1.17). Trong d6 FFT-1K AI Engine 1a
két qua tich lily twong can sir dung cac bo Al Engine, FFT-1K Simulink 1a két qua
tinh tich liiy tin hiéu tuong can st dung thu vién tinh FFT ciia MatLab. ERR1 1a két
qua so sanh sy sai 1€nh tinh todn gilra hai phuong phap. Tuong ty nhu vay FFT-64
Al Engine, FFT-64 Simulink, ERR2 lan luot 13 két qua tich lily 64 diém bang céc
bd Al Engine, MATLAB va sai 1éch tinh toan ctia hai phuong phap. Véi dit liéu dau
vao xtr 1y 12 16 kénh s phirc ddu phay dong st dung cac bo Al Engine cho két qua
tdt va ddc biét sai 1éch tinh toan so vdi cac phép tinh toan hoc 1a rat nho. SO diém
tich lity cho ra SN Ry sau tich lily cang cao xap xy 20 dB. Két qua nghién ctru dugc
bao cdo tai Hoi nghi khoa hoc Vat ly 2024 do truong VNU to chire.

1.5. Xay dung ndi dung nghién ciru ning cao chit lwrong phat hién MTDVN

Trén co s& xem xét nhitng dac diém ctia MTDVN, cac nodi dung co ban cua
chuong 1 da tip trung xem xét co phan tich tong quét cac diém manh cua hé théng
AMPS trong viéc dbi pho cac muc tiéu cd G,,, = 4[cm?] phu hop véi chic ning

nhi¢m vu cua lyc lugng ra da trong Quan ching Phong khong — Khong quan.
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Céc két qua trén cho thay rang, mo6 hinh AMPS duoc tich hop bdi cac MDTPS
cho phép hinh thanh GDHS,, 5 va GDHSy, 5 dé xac dinh chinh x4c toa do cua tit ca
cac loai muc ti€u trén khong khi da bi phat hién. Pat duogc diéu nay la do h¢ AMPS
c¢6 kha ning thuc hién phuong phap don xung k¥ thuat sb chét luong cao.

Nhur vay, so v6i muc tiéu nghién ciru, viéc phdt hién cdc muc tiéu 6 G ¢ ~ = 107*[m?]
la néi dung chinh can dwoe giai quyét tai cac chuong tiép theo cua luan an. Cu thé
13, nghién ciru d¢ dam bao SNRxls, , saemz) > 1 tai dau vao b phat hién va duy
tri ty 18 ndy trong toan bo thdi gian van hanh hé thong.

1.6. Két luan chwong 1

Trén co so phan tich dic diém ctia MTDVN, chuong 1 tip trung xem xét tong
quat cac diém manh cia AMPS, nham dé khai thac trong viéc phat hién cac muc
tiéu c6 G, ~ = 4[cm?]. Nén tang 1y thuyét cua cac phuong phap duoc trinh bay

trong chuong khong 1a méi. Tuy nhién, viéc trién khai tong hop cac giai phap k¥

thuat dé giai bai todn phat hién, xac dinh toa dd cac muc tiéu c6 &, , ~ = 4[cm?]
theo muc ti€u, yéu cau duoc trinh bay tai phén M¢ dau c6 thé xem 1a méi.

Céc két qua nghién ciru ctia chuong 1 gom:

1. Trén co s& nghién ctru 1y thuyét, da éng dung phép bién déi FFT trong hinh
thanh GDHS,,,, 5 va GDHSy, 5 cia AMPS dap (mg yéu cau xir Iy khong gian — thoi
gian tin hiéu. Pic biét trong chwong, dd phdt trién so 46 dung xir [y song song tao
GDHS,, y dang kim dé ting cuong kha ning phat hién, theo ddi cac MTDVN; da
tong hop méi cau triic mdt mé anten véi cdc MDTPS dé thyuc hién xir 1y tich liy
thoi gian dam bao yéu cau phat hién cac myc tiéu ¢ &, ~ = 4[cm?].

2. Pa mo ta giai phap cu thé tang cuong tich liiy khong gian dwa trén viéc ting
s6 1an tich liy dé ting SNRy|,, > 1 dam bao kha ning phat hién MTDVN.

3. Pa ing dung gidi phdp ra da don xung ky thudt s6 ding cho AMPS nham
ndng cao chdt lwong do toa do cac muc tiéu cd G, ~ = 4[cm?].

4. Pi xay dung cac ndi dung can thyc hién cho cac chuong tiép theo, trong dé
viéc cai thién MDTPS va bai toan hiéu chuan la nhiing nd1 dung quan trong dam

bao SNRy|,, > 1 dé ning cao chat lugng phat hién cac MTDVN.

48



CHUONG 2. CAI TIEN MO PUN THU PHAT SO NANG CAO KHA NANG
PHAT HIEN VA XAC PINH TQA PO CAC MUC TIEU DAU VET NHO

Mot trong nhitng diém khac biét quan trong ctia AMP hién dai so vé6i truyén
thdng 1a tin hiéu thim do duoc tong hop truc tiép tai timg phan tir MDTPS. Tin hi¢u
dua tir DK&XLTT t6i cac MDTPS 1a cac dit liéu s, nham giam thiéu toi da cac 16
bién do va pha so v&i phuong an truyén tin hiéu cao tan d6i v6i cac mod hinh AMP
truyén thong. Do vay, MDTPS 1a mot trong nhimg ddi tuong nghién ctu chinh ciia chuong
2. Trén co s& tom tit nhitng van dé 1y thuyét co ban vé mé hinh MDTPS, trong
chuong 2 s& trinh bay cac két qua nghién ciru hoan thién cau tric MDTPS nham
dam bao yéu cau SN RZ'&,M ~zafem?] > 1 dé phat hi¢n tat ca cac muc tiéu (gém ca
MTDVN). Dic biét trong d6 1 van dé cai tién mo hinh MDTPS; hoan thién ciu triic
duong phat, duong thu va cac két qua mo phong nham ching minh tinh dung din
cta nhitng két luan 1y thuyét.

2.1. Bai toan tong hop md hinh MDTPS
2.1.1. Co s6 1ap luén vé ciu tric cia MDTPS

Nhu di trinh bay tai chuwong 1, nhitg yéu cau cao trong hinh thanh GDHS,),
va GDHS,;, cia AMPS tat yéu dan t6i phai tong hop t6i wu mé hinh céu tric cho
MDTPS. Trong do, viéc dap ung cac tham sb ky thuét, ma dac biét c¢6 li€n quan téi
trong luong, kich thudc, mirc ning luong tiéu hao dong vai trd quan trong quyét
dinh t6i nhitng dic trung cha yéu cua mé dun nhu: dai tin cong tac, kha ning
khuéch dai tuyén tinh va mirc cong suat tin hi¢u thim do dau ra, ciu triic dudng thu
trong bai toan mg ph6 véi MTDVN v.v. D thay, tat ca cac giai phap k¥ thuat dua
ra o phﬁn két luan chuong 1, chi cé thé thuc hién duoc trén co s cai tién, hoan
thién ciu trac MDTPS Gng dung nguyén 1y cau hinh mém, khi d6 viéc thay ddi
chuc nang, ché do va tham sd bat ky s€ dugc thyc hién boi cong cu phén mém.

Véi 1ap luan da néu va trén co s& cia mo hinh MDTP truyén théng (hinh 2.1)
da dugc cong bd rong rii, ¢ thé dé xuat mo hinh tong quat MDTPS cé dang trén

hinh 2.2 [11].
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B.khién B.khién

suy giam xoay pha
Jok Duong phit
Xoay pha Suy giam Tién
dkhiéns [ ] dkhiénss | | KPCT KbCS
- Duong phat
N
&S Suy giam Xoay pha KDCT Mach
= 3§ 2
2 (] ADC f= kit s6 | dkhienss [ tap thip ] baove
D.khién D.khién
suy giam xoay pha

Hinh 2.1. So d6 c4u tric md hinh MDTP truyén théng.

MDTPS gbém c6 hai dudong thu, phat doc 1ap voi nhau. Tai timg duong c6 hai
phan: phan k¥ thuat sd va phan tuong ty. Phan tir vi diéu khién (VDK) duoc tich
hop truc tiép trong mo dun thuc hién chitc ning tiép nhan cac 1énh diéu khién tir
DK&XLTT va trién khai diéu hanh hoat dong cia moi phan tir trong mé dun. Ung
voi moi gia tri tan sd can thiét cho tin hiéu tham do, khoang RAM tinh 1a SRAM,
VXL s& diéu khién bd tong hop ludi tan sb Frequency Grid Synthesizerh (FGS), dé
c6 duoc gid tri tan s6 twong Gng. Do v6i dudng thu, viéc diéu khién tap trung chu
yéu vao cac phan tir ¢6 lién quan t&i dam bao mirc SNRy > 1 tai dau vao bo phat
hién. Diém khac biét quan trong gitra hai so d6 2.1 va 2.2: trong so dd truyén thong,
tin hiéu tham do duoc truyén tr mot nguén. Con & so dd dé xuat, tin hiéu duogc téng

hop tai MDTPS dé giam thiéu céc 15i khong mong mudn trong qua trinh truyén.

B
CCT:RL: Vi [SPLE
dieu khién [=—=)SPI, 3
Ngubn H
8 Duwong phit
S N "
Dyow < . Phan s6 | Cao tan
e IE NI
g Duwdng thu
&} /1\‘: Phan s& | Cao tan
Clk , H
CIY Phan chia cac 3
xung nhip Clky, &
el

SPI: Giao di¢n ngoai vi noi tiép
LVDS: Tin hiéu vi sai dp thdp
CTRL: Bus diéu khién

Hinh 2.2. So dd cAu trac MDTP dé xuit.
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2.1.2. Cii tién céu tric hai dwong phat, thu trong MDTPS

Viéc ing dung nguyén 1y “cdu hinh mém” dé tong hop cac MDTPS dat hiéu
qua cao khi sir dung phuong phéap diéu ché va giai diéu ché cau phuong trong hinh
thanh tin hiéu truyén phat, thu va xu 1y cac tin hiéu thu duoc [16]. Theo cach tiép
can nhu vy, duéi day sé trinh bay két qua tong hop méi so d6 ciu trac dudng phat
va duong thu cho MDTPS tng dung cho AMPS .

2.1.2.1. Téng hop cdu tric duwong phdt

Trong phin tuong tu cua dudng phat, diéu ché cau phuong Quadratic
Modulator (QM) 13 phan tir quan trong quyét dinh viéc diéu khién phan bd bién do
pha ctia AMPS khi & ché d6 phat tin hiéu. V& dinh nghia, QM 1a phén tir dugc thiét
ké dang can béng v6i1 pha va bién do tin hi€u cao tan & dau ra phu thudc vao ty 1¢
bién do cua hai kénh cau phuong I va Q tai dau vao. Céc tin hiéu diéu ché cao tan
dugc dua t6i hai mach tron dong pha I va cau phuong Q. Pau vao tht hai cia
ching 13 tin hiéu dao dong cuc bd véi tan sd ngoai sai fng.sai 1éch pha nhau 90°.
Hai tin hiéu dau ra cua hai bo tron s& dugc dua téi khuéch dai vi sai dé hop nhét
thanh tin hiéu cao tdn dau ra cuia QM. Hai tin hiéu & dau vao I va Q 1a diy cac xung
do bo bién d6i DAC tao ra tir nhitng dit liéu chtra cac thong tin vé ciu tric tin hiéu
cao tan can tao. Pé giam tac dong cia tap phd rong cua DAC, can thiét phai co

mach loc ¢6 tan so cat tuong irng voi gia tri cuc dai cia hai tin hiéu I va Q.

S;(fig.) : biéu ché cau phuong

|

Dy 7 | (fo) '
—“™ DAC Loc W i
|

an>DAC Q

Hinh 2.3. So d6 cu triic tong quat ctia QM
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Do d6, c6 thé thiét 1ap so dd cau trac tong quat cia QM nhu trén hinh 2.3. Va
biéu thirc tin hiéu dau ra cua QM c6 dang:

s(t) = I1(t) X cos(2mfut + @) + Q(t) X cos2mfyt + @,) (2.1)

Trong d6: fy, @,, I(t) va Q(t) twong Gng 13 tin s6 mang, pha dau va hai tin
hiéu dong pha va cau phuong.

Véi gia thiét, 1(t) = Q(t) dugc chuan héa bang 1(t), thi (2.1) c6 thé viét cho
tin hi¢u duong phat cia MDTPS tha nr trong AMPS nhu sau:

$nr(t) = 1(t) X exp(27fot + Ponr) (2.2)

Biéu thuc (2.2) cho thiy viéc thay d6i tham sb toa do goc clia biip séng phat 1a
su thay ddi cac dit lidu cua thira s6 nhan da dugc ghi trong ROM cia MDTPS va dit
liéu diéu khién duoc trich suat tr DK&XLTT. QM duoc ché tao thanh cac phén tr vi
mach (IC) va duoc cung cip rong rai ra thi trudng boi cac hing nhu Analog Device,
Hittite Microwave Corporation va Texas Instruments [51].

Tai phan sb ctia duong phat, bo bién d6i DAC 1a phan tir quan trong hang dau
v6i chic ning bién d6i cac dir liéu sb thanh diy tin xung da muc hai cuc tinh véi
chu ky l3p twong tmg v6i yéu cau vé tde do thay déi GDH Spn.- Trong AMPS, muc
nhay bac thip nhit (mtc rdi rac) cia pha va bién do hoan toan khong phu thudc vao
cAu trac cia QM ma vao phuong thtrc hinh thanh diy xung da murc hai cuc tinh I va
Q. Cu thé 13 phu thudc vao s bit ctia DAC. Theo [44, 47], s6 bit yéu cau cua DAC
c6 thé udc lugng theo biéu thirc:

Npac = [log,(360°/0¢)] + [log,(1/da)] (2.3)

Trong d6: d¢ va da tuong ung la budc rdi rac theo pha (tinh theo dg) va bién
d6 (tinh theo dién ap [V]). Hién nay, cac linh kién DAC thé hé méi véi tan sb roi rac
khoang 400 [MHz] va c¢6 16 [bit], thi ngoai bit diu, ta c6 thé thuc hién véi
0¢~0.352° va da~0.471 [dB].

Ta c6 so d6 ciu tric dudng phat cia MDTPS ¢6 dang nhu hinh 2.4.
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Hinh 2.4. So d6 cu triic dudng phat trong MDTPS dé xuét.

2.1.2.2. Téng hop cau triic duwong thu

Nhitng yéu cu cin ban vé tham sd cua duong thu cia MDTPS 1a hé sb tap
nhd, do nhay cao va dai dong 16n. Riéng viéc dam bao dai dong 16n thi gidi phap ky
thuat t6t nhat 1a cu tric duong thu theo hudng khong thyc hién chuyén pho tan sé
tin hiéu. Tuy nhién, phuong phap ndy ciing c6 mot sé diém han ché c6 lién quan t6i
dam bao kha nang phat hién cac MTDVN nén phuong an khong chuyén phd khong
dugc dé cap trong nghién ctru cia luan an. Thém vao do, viéc khong chuyén pho tan
s6 dn t6i yéu cau lya chon phan tir bién d6i twrong tu sé (ADC) dé sao cho tan sb
101 rac hoa tin hiéu ( fy;s.) it nhat phai 16n hon hodc bang tan s thay dbi trang thai
clia mang; bang thong hiéu dung phai 16n hon hodc bang tan s tin hidu dau vao. Do
vy, phuong 4n kha thi nhat 1a phuong an st dung giai diéu ché cdu phuong co
chuyén phd tin hiéu xudng tan sb trung tan ( ferg.tan)

Véi cach tiép can nhu vay, dé xuat tong hop so d6 ciu tric duong thu co dang
nhu trén hinh 2.5. Viéc tong hop so d6 ciu trac duong thu ciia MDTPS di néu cho
thdy ring, viéc st dung phan tir linh kién giai diéu ché cdu phuong DQM véi hai
dau ra vi sai di cho phép giam duoc cac phan tir tron néu nhu thiét ké so dd bang
cac phén to tron doc 1ap. Hon nira, véi cac linh kién DQM dugc ché tao theo cong
nghé méi co hé s6 tap nho, cho phép dam bao md rong dai dong thém khoang 3 = 5 [dB] so
v6i phuong an dung cac mach tron doc 1ap va giam kich thudc mach in duong thu

trong qua trinh thiét cong nghé.
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Hinh 2.5. So d6 c4u triic dudng thu trong MDTPS.

Tir nhitng ndi dung di trinh bay tom tit & trén vé viée tong hop ciu trac hai
duong phat, thu cia MDTPS, co thé dua ra mot s6 nhan xét nhu sau:

Thir nhdt, v6i cach tiép can st dung giai phap dé xuat didu ché va giai diéu ché
cAu phuong di cho phép hinh thanh so d6 ciu trac duong phat va dudng thu ma
viéc diéu khién cac tham sb tin hiéu dau ra theo ca hai dudng phat va thu déu c6 thé
thay doi duoc trén theo nguyén 1y “cdu hinh mém”. Pic biét 1a d6i v6i duong phat
trong qua trinh diéu khién, hinh thanh trudng vat Iy ctia GDHS,,, v6i cac hinh dang,
vi tri khong gian theo yéu cau ctia bai toan birc xa dinh huéng ning luong SCT phu
hop véi bai toan phat hién

Thit hai, phan tir duoc str dung chung cho ca hai dudng phat va thu 1a bo FGS
c6 chira by dao dong tao dién ap lién tuc co diéu khién, VCO, cung véi mach vong
khoa pha sb Digital Phase-Locked Loop (DPLL) dé hinh thanh dién ap dao dong véi
tan sb ngoai sai fng.sai Phuc vu cho bai toan diéu ché va giai diéu ché 1a ndi dung
khoa hoc mang tinh gido khoa kinh dién va khong thudc pham vi nghién ctru. Vi
vay, khong trinh bay chi tiét trong khuon khé cia luan an.

Thir ba, viéc phan tich, lya chon ddi tuong nghién ctru 1a MDTPS dé nang cao
chét luong phat hién MTDVN c6 lién quan truc tiép dén ca hai dudng phat va thu.
Trong d6, v&i duong phat, van dé dit ra khong chi don gian 1a dam bao sao cho tin

hiéu vat 1y ¢ dau ra cua ting mé dun duoc di€u khién mot cach chinh xac va nhanh
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chéng, ma 1a muc cong suit cua tin hiéu du ra véi yéu cau vé dam bao kha ning
triét hai, khuéch dai tuyén tinh dé khong gay ra cac 15i bo sung vé pha va bién do.
Muc tiép theo s& trinh bay két qua cua viéc tong hop bd khuéch dai cong sudt theo
cach tiép can nay véi minh hoa & biang tan X.
2.2. Nghién ciru tong hop bd khuéch dai cong suit cia dwdng phat trong
MDTPS

Nhu da biét, bo khuéch dai cong suat tan sb siéu cao (Ultra High Frequency
Power Amplifier, UHF PA) 1a thanh phan khong thé thiéu trong duong phat cia
MDTP. Céac két qua nghién ciru di cong bd ching minh duoc rang, sau khi nhiéu
phan tir cia dudng phét trong MDTPS da duoc tong hop bdi chip IC chuan cong
nghé, thi UHF (hay con duoc ky hiéu 1a RF) PA dong vai trd quan trong dam bao
kha nang khuéch dai tuyén tinh giam thiéu 15i pha va bién d6 tin hiéu khi truyén qua
chung [5, 13, 50]. Dudi day trinh két qua nghién ctru thiét ké bo PA bing tan X

Viéc thiét ké bdo UHF PA dua trén sy két hop hop 1y gitta tinh toan, thuc
nghiém véi chit dugce danh gia thong qua cac tham sé nhu: dai tan lam viéc, muc
cong suét ra, hé s6 khuéch dai, hiéu suét cong suat bo sung Power Added Efficiency
(PAE) va méo phi tuyén Nonlinear Distortion (ND). Qué trinh tong hop bd
UHF PA theo cach tiép can nhu vay duoc trinh bay dudi day.

1. Cac dwr lieu dau vao

Gia thiét cac dir liéu tham sd dau vao cho thiét ké dugc trinh bay tai bang 2.1.

Bang 2.1: Bang cac tham s dau vao

STT Tham s Don vi do Gia tri
1 | Dai tan cong tac [GHz] 89 +9.8
2 | Cong suit ra tai diém nén 1[dB], Pigz | [dBm] hodc [W] 36 (~4W)
3 | Hé s6 khuéch dai [dB] 11
4 PAE % ~40

Quy trinh thiét ké bao gém: 1. lua chon phan tir khuéch dai; 2. lya chon so dd
va thiét 1ap diém lam viéc; 3. udc lugng trd khang tai/ngudn; 4. thiét ké mach phdi
hop tro khang; 5. thiét ké mach phéan ap. v.v. Cac biéu thiic co ban cho cac tinh toan

1y thuyét dugc ghi rd trong cac tai liéu thiét ké. Diém khac biét duy nhét trong cac
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budc nay la viéc dam bao su phéi hop t8i wu céac dic diém chinh ctua bd khuéch dai
dua trén 1y thuyét két hop véi cac diéu chinh thuc nghiém.

2. Lwa chon linh kién

Dua trén co s& cac dir liéu linh kién ban dan cia tap doan Quorvo, c6 thé chon
MMIC 14 bong ban din TGF2977-SM véi cong nghé HEMT véi cac tham sé dugc
trinh bay tai bang 2.2 [10]. Qu4 trinh thiét ké d3 sir dung céng cu md phong mach
cao tan Keysight ADS dung cho kiém tra, x4c dinh d6 chinh x4c ciia mé hinh linh
kién [11]. Theo [10, 11], m6 hinh cua TGF2977-SM c¢6 tén HMT-QOR-TGF2977-
SM-01 1a mé hinh phi tuyén tin hiéu 16n. Dé dam bao yéu cau ciia dau bai, no sé
phai dugc lam khdp voi cac dir li€u tinh toan, do ma tran tan xa [S] va dir li€u kéo
tai [LoadPull] d6i voi tin hiéu 16n trong dai tan sd yéu cau ciia dau bai thiét ké.

Bang 2.2. B9 tham s6 ciia TGF2977-SM

STT Céac tham s6 dau vao Don vi do Gia tri
1 Dai tan [GHZz] DC +12.0
2 Cong suat ra tai diém nén 3 dB, Psqp (W] ~5W
3 Hé s6 khuéch dai tuyén tinh [dB] 13| r_g.316H2]
4 PAE tai diém nén 3dB % > 50
5 Dién ap lam viéc [V] 32

Hinh 2.6 va 2.7 trinh bay chan dung cua TGF2977-SM, cac chan chuc nang
ctia nd (hinh 2.6) va mdé hinh HMT-QOR-TGF2977-SM-01 trén mat phang tham
chiéu, cic chan ra cua ban than linh kién. Viéc thiét 1ap mo6 hinh tin hi¢u 16n cho
phép udc lugng dugce chinh xac cac tham s6 bo khuéch dai. B%lng cach st dung kéo
tai ngudn (Load - Source Pull, LSP) véi cac diéu kién dau vao f, = 9[GHz], dién ap
va dong cia cyc mang-ngudn (drain-source) Vps = 32[V], Ips = 25[mA], trd

khang dac trung 15[Q].
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Hinh 2.6: M6 hinh TGF2977-SM.
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HMT_GOR_TGFZGTT_SM_001

A3

self_heat_factor=1
Temperature=25

Hinh 2.7: M6 hinh QOR-TGF2977 trén mit phang tham chiéu (a)

va cac chan ra cua linh kién ().

Zs = 27.849 — j42.543
Zs, = 31.385 + j22.690
Zs, = 10.806 + j0.743

Z,, = 15.190 + j11.058
Z,, = 10.421 + j3.194

3

(2.4)

Tur d6, c6 thé xac dinh tr¢ khang t6i uvu tai f; doi voi mo hinh va doi véi phan

tit UHF PA thuc can thiét ké nhu thé hién tai bang 2.3.

Bang 2.3, Dit lidu tré khang t6i vu ctia mé hinh va phan tr PA thyc

San pham Tré khang Cong suat Tré khang téi wu | PAE,,,,
t6i uu, Q cuc dai, dBm cho PAE,Q %
Model 11.5 —j3.3 37.8 9.5 —j2.8 52.3
Real PA 12 —j2.3 36.9 6.9 —j1.8 51.4

3. Lira chon mach va thiét lap diém lam viéc

bé don gian hoa trong thiét ké va thuan loi trong do dac, diéu chinh, so dd

mach duoc chon 14 so d0 bo khuéch dai don st dung TGF2977-SM co6 nguén chung

cap cho khuéch dai va cong suit dau ra theo ty 1&. Thong thuong, viée xac dinh
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diém cong tac duge thuc hién theo khuyén cdo cua hing. Tuy nhién & day, ché do
hoat dong téi wu duoc thuc hién fir thiét Idp cé tinh t&i viée phan tich cdc két qua
tinh todn mé phong va cdc phép do thir nghiém truc tiégp. Theo d6, da thiét lap Vg = 4[V];
chinh dong t6i gidi han Ipg~30[mA] véi Vg = 32[V]; thuc hién chinh dé Ipg |
25[mA] va thiét 1ap gidi han dong xung Ipps~500[mA].

4. Ubc lwong tré khang tdi/neudn

Viéc uoc lugng, xac dinh tham s6 nay duoc thuc hién bﬁng ky thuat kéo
Source/Load pull, S/PL. Véi trd khang tai, hinh 2.8 a trinh bay so d6 k¥ thuat kéo
tai trong ADS. Va do UHF PA duoc thiét ké voi muc tiéu dam bao hiéu suit cao,
nén can quan tim ti cac gia tri tré khang tai tai f, va cc gia tri hai. Do hién tuong
mat méat cong suat thudng xuat hién phan 16n ¢ hai bac hai, nén ¢ day di loai bo
viéc xac dinh tré tai & nhitng hai 16n hon bac hai dua trén viéc thiét 1ap duong gia
ngan mach d6i véi cac hai bac cao. Hinh 2.8.5 da ching minh rang: tr tai t6i wu
d6i voi cong sudt ra va cho PAE gan gidng nhau tai diém tuwong tmg voi

Z, 5 ~(9.6 — j4)[Q].

Load Pull Instrument 1 Push into instrument
subcircuit to see or
modify bias netwol

Mreedeaaevok. Power

1-Tone !
Source I = Load
{No DC) Bias! —————= Bias2 (No DC)

self_heat_factor=0.1
Temperature=25

. ‘ b/,
Hinh 2.8. So ¢6 md phong ADS (a); mirc cong suat dau ra va PAE trong Smith (b).
Theo [50], tr¢é khang ngudn duoc udc luong dé PAE dat gia tri 16n nhat va
chinh 13 lién hop phtic tap cua tré khang dau vao ddi voi UHF PA. Tham s6 nay
dugc xac dinh sao cho t6n that cong suat phan xa tai dau vao 1a nhé nhéat. Bang k¥
thuat kéo ngudn source pull (SP) trd khang ngudn duogc tdi wu hoa (hink 2.9.a) Hinh
2.9 b mo ta cac dudng dong murc cta cong suat dau ra va PAE. Tro khang ngudn

dwoc chon & miic cong suét toi da va bang Zg £ ~(28 —j96)[Q].
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Source Pull Instrument 1

Push into instrument
subcircuit to see or
modify bias network,
if necessary.

1-Tone

Source
(No DC)_Bias1

)

Load

2 (No DC)

Bias.

T
E‘ ower @ /
| \\\ Z
X2 b
self_heat_factor=0.1
Temperature=25 al.

Hinh 2.9. So ¢6 mo phong ADS (a) va mirc cong suat dau ra, PAE trong Smith (b).
Z,@2f, = 0.13+j67.5 Q

ADS

Z @3f,= 0.45+j15.08 Q2

\( Z.@2f,=0.3-j7.97 Q

Hinh 2.10. Céc két qua x4c dinh: Zs (., Z, » va Z, .
Tuong tu, bﬁng k¥ thuat kéo téi-nguén, LSP, ta xac dinh gia tri tré khang ddi
v6i cac hai cao tir ca phia ngudn va phia tai (hinh 2.10). Do ndm trong ving ranh
gidi trén d6 thi Smith, nén do léch pha giira gi tri tirc thoi ciia dong dién va dién ap

nam trong gidi han +90°, nén ton that vé cong suat ¢ song hai cao c6 thé bé qua.

5. Van dé phéi hop tré khdang

Mach phéi hop tré khang dugc sir dung dé chuyén ddi tré khang vao va ra phu
hop voi tré khang ngudn ciing nhu tai téi wu nham giam tdi da ton hao. Tai hinh
2.11 ¢6 trinh bay so 6 mach phdi hop tré khang dau vao véi ngudn & cip do mach
dai (hinh 2.11.a) va cap d6 mach sap dit (hinh 2.11.b). O cip d6 mach dai (a), cac
duong mach 1y tuong duoc chuyén dbi thanh cac duong dan dai thiét ké vat lidu
mach in cao tin (¢ biang tin X 1a Rogers RO4003C) c6 dit mach phéi hop tro khang
(b). Viéc danh gia chat luong phdi hop tro khang dugc dya vao biéu thire ¢6 dang:
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1—15,4]? 2.5
IL=1OIg< |11|> 2.5)

52112

Trong do: IL dugc goi 1a hé s6 tdn hao chén.

Céc két qua thiét ké thyc nghiém dbi véi bang tan X, bdo UHF PA dugc tong
hop thiét ké c6 IL~(0.37 + 0.28)| ;- (9-11)[¢uz [dB]-

Matchin Voltage
gf() division circuit

Transistor .
Transistor

50 Ohm¢
Adjust 2 f
Matching f

b.
Hinh 2.11. So d6 phdi hop tré khang vao véi ngudn
& cap do mach dai (a) va cap do sap dit (b).

Tai hinh 2.12 trinh bay so d6 mach phdi hop tré khang dau ra ¢ cdp d6 mach
dai (hinh 2.12.a) va cap d6 mach sap dat (hinh 2.12.b). Viéc phdi hop tré khang dau
ra v6i tai dugc tong hop hoan toan twong ty nhu viée téng hop phdi hop trd khang
dau vao voi ngudn. Voi trudng hop cu thé nhu gia tri ciia trd khang dau ra c6 gia tri
laZ; ; ~(9.6 — j4.1)[Q] va tr¢ tai 50[Q] tai fo = 9.4[GHz] co tinh t6i viéc giam t6i
da ton hao & hai bac 2 va 3. Cach thiét ké ¢ day 1a sir dung hai duong truyén mach
ho tir phia ban ddn TGF2977-SM di ra véi d6 dai twong tng bang 1/4 tai 2f, va
3f, duoc ghép ndi tiép v6i nhau va ghép song song v6i dudng truyén chinh (hinh
2.12.q). D6 dai dudng truyén chinh dugc hiéu chinh dé tai cac diém ghép c6 tinh
thuan tro triét tiéu hai thanh phan séng hai. Puong truyén mach ho tiép theo 1a
mach phdi hop cong suat véi tré tai 50[Q] tai tan so f,.

Hinh 2.13 13 db thi biéu dién hé s ton hao chén IL cua manh phdi hop trd
khang dau ra ctua PA véi tai phu thudc vao tan sd va co gia tri kha nho. Vi du nhu

tai f, = 9.4 [GHz], thi gia tri t6n hao trén vao khoang 0.42 [dB].
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Voltage
division circuit

Adjust 3 fg -
,,,,,,, l,,,,,f@,,,} Matching fp

Adjust 2
A /4 couted : fo

from 3/ L1 adjust2.f; 9 ;
TransistorC:I - H — I:> 50 Ohm = _ Adiust3fy ]
ﬂ./4couted Transistor < i
from 21 | !

a.

Matching fo

Hinh 2.12. So d6 phdi hop tré khang dau ra véi tai &
cap do mach dai (a) va cp do sap dit (b).

1.0

Insertion loss IL[d B]

0.0

T T T T T T T T T T T
9.0 91 92 93 94 95 96 9.7 9.8 9.9 100
freq, GHz

Hinh 2.13. Hé s6 IL caa mach phéi hop dau ra véi tai.

6. Van de cap nguon

Hinh 2.14. So 6 mach dai c4p ngudn.
Mach duoc thiét ké duéi dang dudng truyén mach ho kiéu nén lién két véi cac

doan c6 d0 dai béng A4 & tan s fo dong vai la tu nga‘in mach (hinh 2.14). Viéc do
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hiéu chuan mach cap nguén ddi véi UHFPA dugc thiét ké cho két qua S, = —0.03dB| 7, Va
S11 = —43.7dB|, la chap nhan duoc.

7. Két qud mé phéng va thiee nghiém

Hinh 2.15 trinh bay két qué thiét ké UHF PA & cip d¢ sap dat. Hinh 2.16 trinh
bay cic két qua moé phong va do thir nghiém cac gia tri:
POut|f:(8.9+9.8)[GHz];PAE|f:(8.9+9.8)[GHz] (%) va GPlf:(8.9+9.8)[GHZ]' Theo do, ta co
thé danh gia kha nang 6n dinh muc cong suat dau ra, hiéu suat ciia cong suat bo
sung PAE va hé so khuéch dai ctia UHF PA da thiét ké so v6i yéu cau cua dau bai
dit ra. Hinh 2.17 trinh bay két qua dang soéng cua ap va dong trén cuc mang cia
phan vi mach khuéch dai (a) va trén tai ra cia UHF PA (b). Trong d6, dong va ap
trén vi mach b1 méo do su hién dién cua cac thanh phén song hai. Dong bi cit thanh
dang xung & ché d6 AB véi goc tir thong 16n hon 90°. Con dbi véi dong va ap trén
tai co dang sin can hoan toan do song hai bi loai bé bang phuong phap nén song hai
thé hién khi thiét ké, hiéu chuan mach ghép tré khang (hinkh 2.17.b).

22.5mm

N

15 mm
| ouT

Hinh 2.15. So d6 cap do sap dit cia UHF PA bing X duoc thiét ké.
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Hinh 2.16. Cac két qua mé phong va do thuc nghiém cong suit ra Py, | s (a), PAE|f
(b) va hé s6 khuéch dai cong suat Gp| 5 cua UHF PA bang X dugc thiét ké.

80 800 30 800
Vi V) s (MA) ° ] V. (V) -
| I 20—
601 600 ] IL(mA) T 400
10
40 400 0 -0
| -10- r
20 200 —-400
_ 20 i
R R T —L 10 B0+ -800
0 20 40 60 80 100 120 140 160 180 200 220 0 20 40 60 80 100 120 140 160 180 200 220
time, psec al. time, psec b/

Hinh 2.17. Dang song cua dong (d6) va ap (xanh) trén vi mach khuéch dai (a) va
trén tai cia UHF PA biang X duoc thiét ké (b).

Nhu vay, co thé két luan ré“mg, S0 vO1 yéu ciu cua dau bai di néu tai bang 2.1,
thi UHF PA bang X duoc thiét ké c6 cac tham sb co ban da dap Gng. Phirong phdp
ludn thiét ké ¢ trén phit hop & hau hét cac bang tan ra da dam bdo khuéch dai tuyén
tinh tin hidu, giam thiéu 16i vé pha va bién do cia ching. Cac két qua nghién ciru 43
dugc cong bd tai Tap chi cua cac trudng dai hoc Nga. DPién tir vo tuyén, 2022, tap
25, 86 5, trang 56—66 (Journal of the Russian Universities. Radioelectronics. 2022,
vol. 25, no. 5, pp. 56—60).
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2.3. Cai tién céu tric dwong thu trong MDTPS cia AMPS dam béo kha niing
phat hi¢n ciac muc tiéu ddu vét nhé

Ra da da chirc ning sir dung AMPS dugce tich hop bai cac MDTPS két ndi véi
chén tir anten c6 thé phan ra thanh nhiéu “phan tir ra da” hoat dong dong bo ca vé
thoi gian lin khéng gian. Do viy, dé dam bao va nang cao chat luong phat hién
muc tiéu theo yéu cau dugc dua ra 6 muc 1.5 (G, ~ = 4[cm?]), can phai x4c dinh
1d nhitng diém dic biét cua duong thu trong chiing, dé hoan thién, tong hop méi ciu
tric. Pong thoi cling phai duge minh ching bang phuong tién va cong cu thich hop.
Duéi day trinh bay két qua nghién ctru van dé nay.
2.3.1. Mot s6 dic diém ciia dwong thu trong MDTPS

Trong céc hé thong ra da truyén thong, tuyén thu dung k¥ thuat sé dugc goi 1a
may thu s6 [1, 3]. Con ddi véi cac hé théng ra da str dung AMPS hién dai duoc tich
hop boi cac MDTPS b tri trén mat mé thi tuyén thu goi 13 dwong thu sé va gébm ¢
hai thanh phan: phan k¥ thut twong tu (analog part) va phan ky thuat sb (digital
part) duge lién két ndi tiép vai nhau [2, 6]. Trong do, phan twong ty duoc tong hop

theo mo hinh cua mdy thu siéu ngoai sai nhu hinh 2.18.

Pliiin s§ Phdn twong e
Doy | g, " A e KDCT Loc va han ché
N <: ADC [ 9 Trung't a | fln Xuong | tap thdp Kk—{ (Limiter and ﬂ<
a) (IF Amplifier) (Downmixer) (LNA) prefilter)
A N
%)
E{I 5o,y CIK
2

Hinh 2.18. So d6 céu triic cua may thu k¥ thuat s dién hinh véi phan tuong t duoc
tong hop theo mo hinh thu siéu ngoai sai.

1. Pac diém quan trong thi nhat: Mire tin hiéu cé ich phan xg tw cac MTDVN

Iuén nhé hon mirc ni tap ciia dwong thu trong MDTPS & tdt cd cdc bang tan lam
viéc co ban cua ra da.

Nhu d3 trinh bay tai 2.1, MDTPS dugc tong hop trén co sé sir dung giai diéu
ché cau phuong, QDM, sir dung hai kénh gdm kénh ddng pha (I) va kénh ciu
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phuong (Q) (hinh 2.5). Viéc chi ra dic diém nay duoc dua trén phan tich ¢ so sanh
gitta may thu s cua dau do ra da truyén théng voi duong thu trong MDTPS.

Gia thiét rang, ra da truyén thong va ra da sir dung AMPS cing c6 dién tich
mit mo anten S,,,, nhu nhau. Mitc céng sut tong cong phat vao khong gian cia ca
hai hé théng déu cung la Pyp. vOi tin hi€u ¢6 d0 rong tyy, nham phat hién muc tiéu
VO1 O ¢ O cu ly Rpax va dam bao kha nang phéan bi€t theo cuy ly &, . .
Miic tin hiéu phan xa tir myc tiéu toi ddu vao may thu theo biéu thic [2, 4]:

_ Pph. X Gant. X Em.t. X Sh.dung (2'6)
o (47)% X Rihay

Trong d6: Ggpe. = (47/A%) X Sp.qung 12 hé s0 khuéch dai anten, Sy guny =

Y X Sgne. 1a dién tich hiéu dung cua anten va 9 <1 1a h¢ sb sur dung mat md cua
anten.

Diéu kién dé quan st va phat hién duoc muc tiéu trong khong gian ty do s& 1a:

Pthu = Pthu.minNPnoi.tap. (2-7)

Trong d6: Ppymins Proitap. ttong Gmg la mirc cong sudt t6i thiéu cua tin hiéu
phan xa tai diu vao may thu (ddu vao phan twong tir) va mirc cong sut ndi tap cia
may thu.

Do may thu s6 hay duong thu sd trong MDTPS déu co cung chung mot cu
trac nhu trén hinh 2.18, nén murc ndi tap, Py tap., €O thé wdc luong dya trén tu duy
phdi hop gitta dai thong ctia LNA va ciia khuéch dai trung tn IFA vé6i pho bién do
ctia tin hidu. Dai thong tin hiéu co thé udc luong theo kha ning phan biét O ..» NEN
Proi.tap. dugc xéc dinh theo biéu thirc:

Proitap. = kTo X Afphan.tg.tu (2.8)

Trong d6: k = 1.38.1072%,[J/K] va T, = 300[K°] tuwong tng 1& hing so
Boltzman va nhiét d6 tuyét dbi cua tap; A fohan.tg.tu ddi thong cua LNA va cua IFA
duogc ldy ding bang giai thong may thu va dugc xac dinh theo biéu thuc:

Afphan.tg.i:u = C/(25rmin) (2.9)
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Néu lay kha nang phan biét ciia dau do 26, . nam trong dai tir 30[m] dén
200[m], thi theo (2.4) va (2.5) mirc ndi tap nam trong khoang tir 10~1°[W] dén
10~™[W]. Véi cac mo hinh ra da truyén thdng, viéc quan sat va phat hién céc
MTDVN ¢6 &, ~(0.02 + 1.5)[m?] da dat ra mot thach thuc rat 16n. Trong dé, viée
tinh toan, lya chon, cin d6i va phdi hop giita cic tham sb Pyp. va Sgne. 1a mot trong
nhiéu vin dé nan giai vé k¥ thuit va cong nghé dé thoa mén hai biéu thirc (2.6) va
(2.7) trong ung ph6 véi 16p cac MTDVN.

Vi dau do ra da st dung hé théng AMPS duoc tich hop bdi cac MDTPS, vige
tinh toan, udc lwong mitc cong suat tin hiéu phan xa vé tai dau vao dudng thu cia
ting mo dun, Pypy, yp, €O thé thuc hién theo hai cach sau:

Cdch thir nhdt, thuc hién theo biéu thirc (2.6). Trong d6, cac tham sé Gy, va
Sh.aung dugc tuong tng thay bang hé s khuéch dai ctia chéan tir anten G yp gaN
truc tiép véi dau vao/ra cia MDTPS va dién tich hiéu dung cua chan tir anten
Sh.aung.mp- Thong thudng, cac chéan tir anten ciia MDTPS c6 dang 13 cac chan tur
na budc song, phﬁn tir anten loa hodc anten mach dai c¢6 hé s6 khuéch dai
Ganemp ~3, Sh.dung.MDN(SAZ)/LLTC-

Cach thir hai, dua trén gia thiét song phan xa tor muyc ti€u té1 mat mo cua
AMPS 1a song phang. Do d6, muc cong suat cua tin hiéu s& duoc chia déu toi dau
vao cua tung MDTPS. So luong cdc mo dun, Ny,p, dugc xéc dinh dya trén tham sb
Sant. v khoang céch t6i thiéu, d, = d,, = 0.64, giita hai mo dun lién ké (hinh 1.6
muc 1.2). Vi du, & bing tan L (khoang 1 GHz) vé6i hé anten c6 dién tich mit mé
Sane. = 4 X 6[m?], thi s6 luong cac mo dun, N,,p vao khoang 741.

Tu day, chung ta c6 thé uéc luong mot cach dinh tinh cac tham s6 murc cong
suat noi tap, Proitap.; Muc cong sudt tin hiéu phan xa vé tai ddu vao may thu sb cua
dau do truyén théng, Py, va mic cong suét tin hiéu phan xa vé tai dau vao dudng

thu cia mot MDTPS & cac bang tan ra da dién hinh voi diéu kién G,,, nam trong
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dai tir 0.01[m?] toi 0.05[m?]. Két qua udc lugng dugce trinh bay tai bang 2.4 nhu

sau.
Bang 2.4: Két qua u6c lugng dinh tinh cac tham s Proitap. Pthu. V& Pepymp
Tham sd Bing VHF Bing L Bing X
Ppoitap. [W]  ~(6..9) x 1071° ~10715 ~(1..4) x 1071
Py, [W] ~107" ~(8..9) x 107  ~(1..3) x107%®
Penump[W] ~10719 ~10720 ~10-21

C6 thé thay rang ¢ hau hét cac bang tan, d6 16n cia tin hiéu phan xa vé téi dau
vao duong thu cia MDTPS nho hon rat nhiéu 1an so voi muc ndi tap & tit ca céac
bang tan 1am viéc cia ra da.

2. Pic diém quan trong tht hai: Mitc ty s6 tin/tap SNR tai dau vao dwong thu
ciia MDTPS nhé hon 1 rdt nhiéu lan.

Tai dau vao duong thu ctia MDTPS, muc tin cong suit hiéu phan xa so voi
mirc cong suat ciia ndi tap s& nam trong dai ~(1078 ... 107%).

P
thuMD 4 (2.10)

SNRvao.dg.thulp = SNRvao.tg.tulp = P
noi.tap.

Trong do, SNR ..

. duoc hiéu 1a mirc ty s6 tin/tap tinh theo cong suit.

Véi tré khang dau vao cta phan tir khuéch dai cao tan tap thap LNA, trong
duong thu 1a Z;,[€1], thi gia tri trung binh binh phuong dién 4p ndi tap va bién do

cua tin hi¢u phan xa dugc tinh theo biéu thuc:

O-noi.tap.MD = \/ZPnoi.tap. X Zin; Uthu.MD = \/ZPthu.MD X Zin (2'1 1)

Dé dang xac dinh dugc SN Rvao_tg_tulu 1a muc ty s6 tin trén noi tap tai dau vao
phan tuong tu ctia duong thu:

Uthump (2.12)

SNRvao.tg.tu|U = ~(10_4 10_3) K1

Unoi.tap.MD

Trong do, SNR .. U duoc hiéu 1a mirc ty s6 tin /tap theo dién ap.

Dic diém nay cua dudng thu trong MDTPS 1a diém xudt phdt quan trong 1am

co so nghién ctru giai quyét ndi dung tong hop hoan thién ciu trac dudng thu. Phan
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tir nay thuc chét 13 bo loc tin hiéu c6 ich trong hon hop tin hiéu va tap cong tinh. Do
vay, tong hop va hoan thién cdu triic dudng thu cling can xuat phat tir mé hinh loc
va bat dau tir mot trong nhitng dic trung quan trong ctia may thu 1a dai dong.

2.3.2. Piéu chinh khai ni¢m dai dong dwong thu trong MDTPS

2.3.2.1. Piéu chinh khdi niém ddi dong phan twong tur

Theo [1, 5], khai niém dai dong duogc str dung rong rai cho céc thiét bi thu va
khuéch dai 12 dai cac mire tin hiéu ma trong d6 nhitng dic trung hoat dong duogc gitr
nguyén khong doi. Véi may thu, dai dong dugc xac dinh theo ty ) gifra gia tri cuc
dai va cuc tiéu Pipumin cUa tin hi€u thu tai dau vao dé sao cho tin hiéu tai dau ra
khong bi méo dang (hink 2.19). Khi d6, may thu khuéch dai tuyén tinh tin hiéu dau

Pthu.max

\ M4 . hY 4 . . \ P r . /4 14 14
vao. Gia tr1 Pryy min 12 gia tri khi ma = 1. N6i cach khac, Pipy min duoc xac

thu.min
dinh twong (mg véi gia tri n0i tap P tqp. cUa may thu. Gia tri Py max bl g161 han
boi diém trén dic tuyén bién do, ma tir d6 khuéch dai tré nén phi tuyén [13, 47].
Céch tiép can nhu vay phu hop voi da sd cac trudng hop trén thuc t& khi ma

SNR,,. it nhit phai 16n hon hoic bang 1.

Uﬂ

ra

N
2
<

Hinh 2.19. Minh hoa hinh hoc vi¢c xac dinh dai dong.

Puong thu s trong MDTPS gdm c6 hai phan: phan twong ty va phan s6. Trong
d6, phin twong tw duoc xem 1a phan dau vao co SNRvaO_tg_tu|U &« 1 (theo biéu
thirc (2.12)). Nghia 1a muc tin hiéu phan xa vé nho hon rat nhiéu so véi ndi tap. Dé
dam bao tin hiéu yéu khi di qua phan tuong tu khong bi mat mat va méo dang, dai

dong cho phan twong tu duoc diéu chinh 1 dai nam trong giéi han can dudi Uy gyo;
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va can trén Ugyren Khi cac gia tri dién 4p noi tap duoc tinh chuyén doi t6i dau vao
tuong tng v4i ving tuyén tinh trén dic trung bién do.

Do ca tap va tin hiéu déu c6 dang ddi xtmg nhau qua diém cong tic, OP,
tuong tng v6i diém gitta ciia doan tuyén tinh trén dic tuyén, nén c6 thé chon U, 4,0;
va U, ;ren dé sao cho x4c sudt cac budu ndi tap vuot qua chung phai bang 0. Khi do,
do tinh cong tinh tin hiéu + ndi tap ¢ dau vao, nén néu budu tap vuot ngudng s& dan
t6i 1am mat phan ning lugng rat nho cia tin hiéu c6 ich. Cac gia tri cta xac sut

- duoc xac dinh theo bang phan bd chuan

va P | Onoi.tap.MD<Uc.duoi

p | Onoi.tap.MD>Uc tren
c6 gia tri rat nho (1078 ...1077), nén c6 thé bo qua [5]. Cho nén, c6 thé thuc hién

udc lugng nhu sau:

Uc.tren - U0P~(5 6) X Onoi.tap.MD (2'13)

Uc.auoi — Uop~ — (5 ...6) X Gnopitap.mp
Vi viée diéu chinh khai niém vé dai dong nhu vay, phén tuong tu cua dudong
thu s6 con c6 thé goi 1 phan tuyén tinh. Va phan tuong tu can dugc thiét ké sao cho
dai dong cua né phai phoi hop (matched) véi dai thang giang ctia ndi tap va dugc
xéc dinh theo biéu thirc:

Dph.tg.tu = 201g (Uc.tren/Uc.auoi) (2.14)
2.3.2.2. Diéu chinh khdi niém ddi déng phan ky thudt sé ciia dwong thu

Phan k¥ thuat s6 cta dudng thu s voi phan tir bién doi tuong tu — sé ADC 1a
phan tir quan trong nhat. Cach tiép can truyén thong khi dua ra yéu cau ddi véi ADC
c6 lién quan tdi viée gidi han s6 bit ADC va dan téi han ché bién dd tin hiéu tuong
tu tai dau vao (12 dau ra ciia phan tuwong ty). Tuy nhién do tin hiéu dau vao qua nho
so v6i noi tap & phan tuyén tinh, nén yéu cau noi trén chua hin di qua quan trong
d6i voi ADC & phan ky thuat s6. Mit khac, do dai dong phan twong tu duoc xac
dinh 1a dai thing giang toan phan cua ndi tap, ma trén d6 co “cong theo” luong tin
hiéu rat nho. Do viy, cac dic trung cua ADC, trong trudng hop nhu viy, s& phai

phéi hop véi céc tham s tin hi¢u & dau ra phan twong ty nhu dai dién ap toan thang
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danh dinh dau vao AU, va budc lugng tir hype (c6 do 10n 13 gid tri bit thap) phai
phu hop vé6i dai dau ra cia phan tuong tu AUyq tg.tu
AUypc = AUrqtg.tus hapc = (AUgpc) /2P (2.15)
Trong do, p 1a so bit cua ADC.
Khi d6, dai dong cua phan k¥ thuat sé khi phdi hop v6i phan tuong tu 1a dai
dong cua ADC va dugc xac dinh theo biéu thuc:

Dpn.so = Dapc = 2Uabc _ 7p (2.16)
hapc

V& nguyén tic, budc luong tir, hype dong vai tro 1a tham sé danh gia do nhay
cho ADC nén d6 16n cia né phai it nhat bé hon mot bac (~10 1an) so voi bién do dau
vao. Vi du: & bang tan L, thi theo bang 2.4 va biéu thirc (2.16), co thé tinh duoc
Upnump~107°[V]. Va gia su hé sé khuéch dai phan twong tu K;~103, thi hype =
(Ky X Ugpump)/10 = 1077[V]. Ciing theo bang 2.4 va biéu thirc (2.16), c¢6 thé udc
luong dugc mirc do thing giang toan phan cua dién 4p tap & dau ra phan tuong tu:

Oratgrn = Aratgru = 10 X Ky X Onoitapmp ~ 316 X 1073[V] (2,17

Viéc tinh todn dé dai dién ap toan thang danh dinh dau vao AU,p. cia ADC
phai 16n hon 6,444 = AUrgtg chinh 13 thue hién phoi hop phan so véi phan
tuong tu cua duong thu s trong MDTPS. Véi vi du ra da 1am viéc & bang L, néu
dat AU,pc = 3.3 [V] > 3.16 [V] nhu da tinh toan ¢ 2.3.12, ta ¢6 phuong trinh lya
chon sé bit dang:

AUspc = hape X 2P = 3.3 X 1073[V] (2.18)

Néuchonp = 15, thi AU,p. = 3.276 x 1073[V] vanho honsovéi3.3 x 1073 [V].
Néu chon p = 16 thi AU,p. = 6.553 x 10~3[V] 16n hon nhiéu so véi yéu cau. Tuy
nhién, dé phéi hop thuc sy chic chin va cé tinh téi nhitng yéu cau hoan thién thi
viéc chon p = 16 1a phu hop.

Dua vao cac phan tich ¢ trén, co thé dua ra cac nhan xét quan trong nhu sau:

+ Thir nhat, bé'mg mdt s tinh toan mang tinh dinh tinh, luan 4n da chi ra su
khac biét co ban trong qua trinh xt 1y tin hiéu gitra dudng thu sb cia MDTPS véi

may thu s6 trong cac dau do truyén théng stir dung mé hinh loc tbi wu.
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+ Thir hai, viéc tmg dung cach tiép cin ctia md hinh loc phdi hop Matching
Filter Model (MFM) nhiam thuc hién khép du vao véi phan tuong tu va khép phan
sO voi dau ra phan twong ty dam bao khong bi mat thong tin vé tin hiéu yéu phan xa
toe cac MTDVN.

+ Thir ba, diéu chinh dai dong trén co s diéu chinh tir mo hinh loc tdi wu sang
m6 hinh loc khép cha yéu 1a dé dam bao tin hiéu tin hiéu yéu khi truyén qua dudng
thu khong phat sinh 16i vé tham s6 pha va bién d6. Con gia tri SNR,4 yprps ¢6 thé
dugc xem 1 twong duong véi SNR,gomprps. Nhu vdy, dé dam bao yéu ciu
SNRsly. . ~s3iemz; > 1 tai dAu vao b phat hién, tin hiéu phdn xa yéu phdi dugc
tich lity. Pay chinh 1a loi diém quan trong can dugc tinh téi cia hé AMPS.

Tuy nhién, do dudng thu can dong thoi dbi phé tat ca cac 16p muc tiéu, nén
ciu tric duong thu cin dugc hoan thién twong tmg. Phuong an giai quyét s& duogc
trinh bay trong muc tiép theo.

2.3.3. Cai tién céu tric dwong thu trong MDTPS trén co sé kiém soat thich
nghi dai dong

Qua trinh phan tich cdu tric dudng thu cho thay khau khuéch dai trung tan,
KDTrT, déng vai trd quan trong trong dam bao hé sé khuéch dai Ky cho toan tuyén.
Do vdy, cai thién ciu tric duong thu trong muyc nay s& tap trung chil yéu vao phan
tuong tu. M6 hinh dé xuat cua luan an 13 mé hinh tng dung co ché phan hoi véi dix
liéu ddu vao ctia phan hoi 12 dit liéu du ra cua ADC dugce xtr Iy dé tr thanh tin hiéu
diéu khién hoat dong cua phan tuong ty véi ban chat 1a diéu khién thich nghi diém
cong tac cua phan tir tien KDTrT duogc thiét ké bd sung tai dudong thu. Mo hinh
dugce dé xuat nhu trén hinh 2.20. Theo d6, sau khi di qua tron, hdn hop tin hiéu va
nhiéu & ferg.tan dugc dua t61 bo cong dé két hop bd sung v6i dién ap ¢ dau ra cia
bd bién ddi sb - tuwong tw, DAC nidm trong bd tao dién ap bu (Offset Voltage),
OVGU. Hon hop tin hiéu va nhiéu dugc khuéch dai va s6 hoéa boi cac phan tir
khuéch dai va phan tir ADC. Dit liéu sb héa (¢ dinh dang ma) duoc truyén téi bd vi

xtr Iy va diéu khién, Microprocessor and Control UnMir (M&CU) dé xac dinh miu
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dit liéu tai dau ra cua ph'?m tuong tu. Néu dir liéu van nam trong dai khuéch dai
khong bdo hoa (1a dai khuéch dai tuyén tinh) cua phan twong tw, M&CU tao ra mi
thich hop ma d¢ 16n cta n6 twong ing véi gia tri Uygrger do DAC tao ra. Dign ap bu
duoc hinh thanh sao cho khi dugc thém vao hon hop tin hiéu, thi tin hiéu trung tan
tai dau ra cua bod cong dugc khuéch dai boi phﬁn tir tién khuéch dai trung tan,
PrIFA. Phan ta PriFA duoc téng hop theo mo hinh khuéch dai c6 dién ap phan cuc
Upiqs duoc diéu khién thich nghi. Quy trinh nay dugc tiép tuc ddi voi cac mau dir
liéu tiép theo. M dau ra tir ADC va mé dau vao cua DAC cung duogc dua toi bd xu
Iy s6 tin hiéu, DSP dé tong hop va khoi phuc dit liéu. Van dé ¢ ddy chinh 1a viéc
tong hop phan tir cong. Bo cong phai dugc tong hop trén co sd st dung linh kién
khuéch dai thuat todn, Op. amp, c6 toc do doc (slew rate — SR ) 16n:
SR = max[(8Uyq opamp.(t)/ 0t] (2.19)
Trong d6, Urq opamp.(r) 18 ham dién ap dau ra theo thoi gian ctia Op.amp. O
day, SR cua Op. amp. phai thoa man diéu kién:
SR 2 27t ferg tanUpeak (2.20)
Trong 40, firg.tan Upear tuong tng la tan sO trung tan va gia tri dinh ctia bién
d6 tin hiéu dau ra. Khi linh kién Op.amp lam phén tor cong, co thé lua chon SR cua
Op.amp dé sao cho véi gia tri dinh Upeax tin higu dau ra khong bi méo dang.
Trong phiin tiwong tw

KDT:T | | Tién KDTYT f
(IFA) (PrIFA)

ADC K Loc [

\YET ———
v divu khien [ T20 dién dp bl
(M&CU) )

DSP

Hinh 2.20. M6 hinh dé xuét cai thién céu trac dudng thu.
Trong so d6 dé xuét, viéc hinh thanh tin hiéu diéu khién phai duva trén viéc so
sanh gifta gia tri dit lidu ddu ra thuc AU,gupc va gid tri ddu ra danh
dinh AU, apcnorm c0a ADC dé hinh thanh céc tin hiéu diéu khién. Trong do, 1énh

“0” twong tmg v6i khong but va hai 16nh bit “4+Upppser.” va “—Upfpser.”. Lirong bit s
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dugc xac dinh theo hé s& Kype ¢ téc d6 tuong tng véi toc dd 14y mau tin hiéu va
dugc x4c dinh theo biéu thirc:
Kapc = AUra.apc/AUra.apcnorm (2.21)
Pé khop chéc chin giita dai dau vao cta phan sb v6i dai dau ra phan tuong tu
theo yéu cau cua mé hinh loc khép dd duoc trinh bay tai muc 2.3.2, c6 thé ldy
Kapc~(0.6 = 0.8). Véi cach tinh toan nhu trén, chu ky diéu khién s& tuong thich
v6i thoi gian ctia miu tin hiéu dau vao. Viéc dua luong dién ap bu duong U, Ffset.

vao bd cong tuong tng véi khodng thoi gian gid tri dau vao cua dién ap 1a am va

nguoc lai.
A
Ura
3 S
S S
E: OP ¢ t> Sk > ¢
UOP _

_"5 § Uln

3 S

3 > ¢

D =T

t
Hinh 2.21. Biéu dd xé4c dinh dai dong (a) va giai thich viéc diéu khién thich nghi
diém OP dan toi diéu khién thich nghi dai dong (b): AU, > AU, .

Diéu khién thich nghi Uy sfse.. ¢ dau vao bd cong kéo theo diéu khién thich
nghi twong tng dién ap phan cuc Uy;,s cla PrIFA. Nghia la diéu khién thich nghi
diém lam viéc trong phan tuyén tinh cia déic tuyén bién dé cia PrIFA nhu dugc
giai thich trén hinh 2.21. Noi cach khac, két qua nghién ctru trong muc nay da cho
phép duong thu ung pho duogc cac 16p muc tiéu khac nhau. Tai hinh 2.22 trinh bay
so d6 céu trac dudng thu dugc tong hop co diéu khién thich nghi dai dong 13 mot
trong nhiing két qua nghién ciru ciia dé tai luan an. Viéc kiém chimg tac dong tich
cuc cua diéu khién thich nghi dai dong goép phan lam ting SN Rzl5, . ~»a[em?; dua

trén tich lliy tin hi€u dugc trinh bay trinh tai muc tiép theo.
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QDM - Gidi diéu ché’ciu phwong
LNA - KD cao tin tap thip
PrIFA — Tién khuéch dai trung tin
Hinh 2.22. So d6 cau trac duong thu trong MDTPS véi di€u khién thich nghi dai
dong phan tuong tu.
2.4. Kiém chirng hiéu qua ciia diéu khién thich nghi dai dong
Diéu khién thich nghi dai dong dya trén cdu trac lai dudng thu theo mé hinh
loc “khdp hoan toan” cho phép giam duoc cac 18i tham s6 bién do va pha tin hiéu
khi di qua no. Viéc giam thiéu cac 18i pha va bién d6 cua tin hiéu phan xa yéu tir cac

MTDVN gitp tang hi€u qua tich lliy tin hiéu theo c4 khong gian va thoi gian. Do do,

Khau diéu khién
N
Bo tao tin hiéu co Duwong thu trong
diéu khién MDTPS
J
ADC & DSP
N N J
Khau udc *) Khau do tin hiéu
lwong nhiéu
\I/ ~
Luu trit M mau thu va

chudi ma C(n)
N
Tich lay
twong quan

)

Udc luong 16i va
tich Ity theoM

Hinh 2.23. Quy trinh mé phéng. Ky hiéu (*) biéu dién viéc cong tin hiéu
muc tiéu chinh cua cdc mo6 phong dugc trinh bay trong muc nay la chimg minh dinh

tinh hi€u qua cua viéc hoan thién dé xuat doi voi cau truc dudng thu. Muyc tiéu thi
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hai 1a danh gia dinh tinh tac dong cua nhitng cai tién nay ddi véi qua trinh tich liy
tin hiéu va su dong gop tiép theo vao bai toan phat hién. Vi cau tric duong thu cua
MDTPS sir dung giai diéu ché cau phuong, v6i hai kénh I va Q giéng nhau vé chirc
ning, nén chi can tién hanh mé phong cho dudng din twong ty trén mot kénh dé
ching minh cac két qua 1y thuyét. Vi vay, khi xem xét cac khuyén nghi nay va
nhirng két qua di duoc trinh bay trong [66, 67], ¢ thé phat trién mot quy trinh md
phong, nhu hinh 2.23.

Theo d6, dudi su giam sat ciia khau diéu khién, khau tao tin hiéu diéu khién
(CSG) tao ra tin hiéu hudng dén dau vao cia dudng thu sb. Tin hiéu c6 tan sb
ferg.tan duoc sb6 hoa va duogc dua theo hai nhanh, duoc st dung dé do do 16n cua
nhiéu bén trong va tin hi¢u dugc st dung dé diéu chinh muc tin higu so véi nhidu
trong quéa trinh mo phong. Cac dir liéu cia tin hiéu thu va tap twong tng duoc sb
hoa va giai diéu ché sb, ghi dong thdi vao thanh ghi dém duoc chi dinh dé xur 1y
tuong quan. Khi bo dém tich lity du s6 lugng mau M thi qua trinh xr Iy twong quan
duogc tién hanh dé udc tinh 18i pha va bién d6 tin hiéu va tao diéu kién cho viéc
danh gid hi¢u qua cua viéc tich Ity dir li€u cho ca hai kich ban khi "khong" va "co"
diéu khién thich nghi dai dong phan twong tu tai duong thu.

Pé don gian, gia thiét ring mo hinh ra da st dung tin hiéu diéu ché ma khoa
dich pha phase-shift keying(PSK) N vi tri [68]. Nhu vay, tin hi¢u trong duong thu
6 thé dugc biéu dién dudi dang:

Stnu(m) = Scsg(n) + N(n) (2.22)
Trong d6: Scsg (1), N(n) = N;(n) + jNo(n) tuong Gng 1a tin hiéu duoc tao tir

CSG vanoi tap.
Tin hi€u c6 dang:

Scsg = [U X exp (jo)] X C(n) (2.23)
Véi U, va C(n) = +1 twong ung 1a bién do, pha cua tin hiéu trong duong

thu va chudi ma diéu ché pha nhi phan. Dé tach duoc tin hiéu, tin hiéu thu, S,p,, (n),

trong (2.22) s& duoc nhan véi chudi ma C(n) va sé c6 két qua dudi dang:
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St (M) = Sppu(n) X €(n) (2.24)
=UX eXp(jgo) + [Sl.tap (n) +jSQ.tap (Tl)] x C(n)
Sthu(n) =UX exp(j(p) + 51.(tap+lgr) (Tl) +jS~Q.(tap+lgr) (Tl) (2~25)
Gia thiét rang, bé qua nhitng tc nhan khac, S, (n) bao gém thong tin lién
quan t&i bién do va pha cia tin hi¢u khi di qua dudng thu. Ngoai ra, cac thanh phan
St.ctap+igry (M) Va Sy raprigry (M) €6 chira cac 161 do tac dong ctia ndi tap va do giGi
han dai khuéch dai tuyén tinh linear gain range (lgr). Dit Uzz(tap +1gr) V@ Gé(mp +igr)
twong tng 1a phuong sai cia cac chudi mau S; ap+i0gry) (M) VA Sy tap+iogry ().
Nhu vay, cac 161 dugc xac dinh 14 ba 1an d6 1éch chuan va c6 thé viét lai nhu sau:

Sthu(n) =UX eXp(](p) + (30, (tap+logr) +]3UQ (tap+logr)] (2.26)
Theo [68], thi 16i ngiu nhién giam sau nhiéu lan tich liy. Cu thé, v6i M lan

tich Idly, 16i va do léch chuan giam VM.

Nghia la:
= : [307.(tap+10gr)+i300.(tap+iogr))
Senu = U X exp(jo) I.(tap+log )m Q.(tap+logn)]_
3 T . . 300 (tap+loar
= [U X cos(¢p) + 221taptloan 4 irjy i gin(g) 4 —2Ltaptiogn (2.27)

Gia thi€t rang 0y (tap+iogr) = ¢.(tap+logr) = O(tap+logr)> thi (2.27) c6 thé viet

lai nhu sau:

(Sa(tap+logr)) X (1 +]) (2.28)
VM

Bing céch chuan héa mirc cong sut tin hi¢u tir CSG theo néi tap (U? - 02,)

Senu = U x exp(jo) +

va sau do thuc hién bién doi (2.28), ta co:

(Sa(tap+logr)) 7T) (2.29)

Sthu.ch.hoa = exp(jq)) + \/M X exp (]Z

Do vay, biéu thirc (2.29) dudi day sir dung lam co s& dé ude luong sai sé khi

tin hi¢u di qua phan twong tu ctia duong thu trong MDTPS theo hai bién 1a M va
O(tap+logr) VOl hai truong hop trude va sau khi tong hop lai duong thu theo huéng

diéu khién thich dai dong.
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_ Sthu.norm (2'30)
F=—F—
exp(jop)
3v20 1+j T 3v20 1+j T
=1+ (tap+logr)( ]) cos (_ _ QD) i] (tap+logr)( ]) sin (_ _ QD)
R g N 7
Sai s6 bién d¢ c6 dang la:
5y = |F|? (2.31)
T
14 18 X O(tap+logr) n 6\/§U(tap+logr)cos (Z —¢)
- N N VM
Giatri &, dat max khi cos (- ) = 1 voip = Zva
18 X U(tap+logr) 6\/Ea(tap+logr) (2'32)
6y[dB] = 20lg (1
U[ ] ? g ( + ’ M + m ?
Tuong tu, c6 thé udc lugng sai s6 pha dat max khi ¢ = 0 theo bi€u thuec:
3\/EO-(tapHogr) (2.33)
6, = |Arg(F)| = Arg[1+j
o = |Arg(F)| g[1+j N

Hai biéu thire (2.32) va (2.33) 1a két qua nghién ciru wéc lugng sai s6 bién do va
pha cua tin hiéu khi di qua dudng thu trude va sau khi tong hop hoan thién theo dé
Xuat.

Dé minh ching hiéu qua cia giai phap diéu khién thich nghi dai dong duong
thu din t6i ting dugc mic SNRy, dudi day trinh bay mot s6 két qua mé phong.
Hinh 2.24 trinh bay md phong hdn hop cong tinh cta tin hiéu duoc diéu ché theo
ma pha N vi tri PSK v&i N = 1024 va ndi tap voi nhitng gia tri khac nhau cia ty s6

.- Uthu. ~
Utin/o_tap' Vo —2HMl 0.1 = SNRvao.dg.thu|p = SNRvao.tg.tu|p~0-01~ Nhu vay,

Onoitap.MD
néu gia thiét myc tiéu thong thudng 6 Gipyc rien~1.0 M? va v6i SNR 0 ag.thu |p =1 thi
6 thé coi mo phong duoc tien hanh véi muc tiéu €6 Gpyyc tiey ~0.01 [M?] = 1 [dm?]

(hinh 2.25.a). Tuong tu, véi —2=MP_ 0 05, thi ra da phai tng phé véi muc tidu c6
Onoi.tap.MD

G e tien~2.5 [cm?] (hinh 2.25.b).
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Tai bang 2.3 va 2.4 c6 trinh bay cac két qua tinh toan, udc lugng sai sb bién do
va pha tin hiéu di qua dudng thu trude (*) va sau tong hop, hoan thién (**) dudng
thu cua MDTPS.

Tai cac hinh 2.25 va 2.26 biéu dién dd thi danh gia sai s6 bién do (a), va pha
(b) voi M 1a sb 1an tich ity nim trong dai tir 3.5 X 103 d&én 7.5 x 103 trudc (dudng
dut nét) va sau (duong lién nét) tong hop, hoan thién dudng thu. Pudng mau xanh
tmg v6i Ugin /Otap~0.1, duong mau hong tng véi Utin/0tap~0.05.

Bang 2.3. Sai s6 bién do

Sai s6 bién dj [dB]

M = (x) x 10° 35 40 45 50 55 60 65 7.0 175
Uy /60 ~0.1 (*) 0.91 0.88 0.86 0.85 0.83 0.78 0.79 0.78 0.77
tn/=tap T +%) 072 0.69 0.68 0.64 0.64 0.63 0.62 0.61 0.61
(*) 0.61 0.57 0.52 0.50 0.45 0.43 041 0.40 0.38
(**) 0.44 0.42 0.41 0.38 0.38 036 035 034 0.35

1.0

Utin/o-tap~0.05

1.0

Tap

0.8 Tin 0.8
0.6 0.6
s 0.4 P 04
'g 0.2 ﬁ 0.2
«w <g
£ 0 £ 0
g -02 g 02
& $
@ -04] B -

-0.6

-0.6
-0.8

-1.0 - : : -1.0
500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000

a Chi s6 mau xung con N b Chi 8 mau xung con N

Lin | Txgcon =1024 Uy, [ 044, =0.1 Tyin ! Tyg.con =1024; U, /atap =0.05

Hinh 2.24. Két qua mo6 phong hdn hop cong tinh tin hiéu diéu ché theo ma PSK

c N A r:  Uthumb » _ Uthump
1024 vi tri va ndi tap voi —22M2— ~0.1 (a) va —L2M2_ 0,05 (b)
Onoi.tap.MD Onoi.tap.MD

Phan mém mo phong dugc phat trién bang cong cu MATLAB 2024a/Simulink
cua MathWorks [77].
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Bang 2.4. Sai s6 pha

Sai s6 pha [PJ]

M = (x) 10° 35 40 45 50 55 60 65 7.0 75
(*) 7.67 6.85 6.77 6.66 6.52 631 6.46 6.26 6.27

Utin/Otap~0-1 (**) 6.51 625 6.13 588 586 5.62 5.55 5.61 5.63

Ui/ G ~0.05 (*) 6.15 584 5.63 533 477 452 426 3.89 3.8l
(**) 5.16 4.88 4.72 433 421 393 356 3.33 3.24

" 100 bm

z oml TRITTRx = 60

go.aot:j*\*""‘l—l—' %50

;%0.20 33,0

0.0 . T T T ! ! | 3
Y5 10 45 50 55 60 65 70 75x0 2540 45 50 55 60 65 70 7m0
S8 Tan Igp xtr 1y tich lity, M $6 Ian lap xit 1 tich liiy, M
Trudc tong hop hoan ) -
thién dudng thu X Ui /o-'”” 01

Sau tong hop hoan B
thién dwong thu X UII'" /Ulap =0.05

Hinh 2.25. Sai s bién do va pha trudc va sau tong hop, hoan thién dudng thu.

s 15 — Noise & 15 s — Noise
i 3 Signal = _ Signal
< 4l M ~6x10 5 = | M ~6x10 s
i £
S 13} S. 13F
< k1
= <
g 12 < 12
& 2
0 400 800 1200 160(? 2000 2400 2800 3200 3600 0 400 800 1200 1600 2000 2400 2800 3200 3600 4000
a. Chi s6 mau xung con N c. Chi s8 mau xung con N
Lin /Txg,cun =1024; Utin /Gtap =0.1 Liin /Txé’-c“" =1024; Uti" /O-t”P =0.05
15F . 15 .
« - 3 — Noise 3 —— Noise
2 M ~6x10 Signal :é M ~6x10 Signal
e 14} =14}
8] «
2 o]
o 131 I S13f |
< o
oS ]
A A
0 400 800 1200 1600 2000 2400 2800 3200 3600 4000 0 400 800 1200 1600 2000 2400 2800 3200 3600 4000
b Chi s8 mau xung con N i Chi s8 mau xung con N
' ttirl /Txg.con = 1024; Utin /o-tap =01 ' Ltin /Txg.wn = 1024; Utin /O-tap =0.05

Hinh 2.26. Két qua mé phong tich lity tin hiéu khi M~6 x 103 trudc va sau khi tong
hop hoan thién duong thu vai hai vi du:
(Uthwmp)/( Onoitap.mp) ~0.1 (a,b) Va ( Ugny mp)/( Onoi.tap.mp) ~0-05.
Tir cac két qua md phong cho phép dua ra mot s nhan xét nhu sau:
1. Thir nhdt, viéc diéu khién thich nghi dai dong cho phép giam thiéu dugc 15i

bién d0 va pha cua tin hiéu phan xa yéu tir cac MTDVN. Két qua dua trén viéc so
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sanh hang (*) vo1 hang (**) trong céc bang 2.3 va 2.4 tuong tng véi hai kich ban
“khong” va “co” diéu khién thich nghi dai dong.

2. Thir hai, v6i lugng tich lity M cang 16m, thi 16i pha va bién do cang gidm
(bang 2.3 va 2.4).

3. Thit ba, viéc hoan thién ciu tric duong thu theo hinh loc phdi hop (khép
toan phan) c6 diéu khién thich nghi dai dong cho phép lam ting hiéu qua tich liy
mach lac tin hiéu phan xa yéu tir cic MTDVN. Két qua mo phong cho thay rang, khi

M~6x10° va véi gid thiét (Umyump)/( Onoitapmp)~0-1 tuong Gng véi
Fmuctien~0.01 [m?] = 1 [dm?] viéc tich lity tin hiéu khi chua hoan thién céu trac
duong thu (hinh 2.27.a) kém hon rit nhiéu so v&i sau khi dd hoan thién (hinh
2.27.b). Mc SNRyprpsly = 1.7 > 1. Hoan toan twong tu ddi voi truong hop
( Uthump)/( Onoitapmp)~0.05 tuong tng voi Gpyc rien~2.5 [cm?] (cao hon so véi
Y8U CAU Gye iy > 3 [cm?]), két qua tich Iily sau khi dd hoan thién cau tric dudng
thu theo d& xuat da cho: SNRyprpsly = 1.1 > 1.

Theo [11, 19], trong diéu kién t6i wu, SN Ry ting tiém cén t6i gia tri:

) (SNRuyprps) X 10log (Nyoa) ) (2.30)
Bicu thie (2.30) dap ung diéu kién SNRyl5 . ->3cm?) > 1 d€ nang cao chat

lugng phat hién tat ca cac loai muc tiéu da bao g6m MTDVN.

4. Thir tu, tir két qua nhan dugc ¢ bang 1.4 viéc nang cao chat lugng phat hién
cac MTDVN con gép phan nang cao do chinh xac do tham sb toa do goc.
2.5. Két luan chwong 2

Chuong 2 nghién ciru ndi dung tong hgp MDTPS cua hé thong AMPS trong
giai quyét bai toan quan trac, phat hién cac MTDVN da dat dugc cac két qua sau:

1. Ung dung phuong phép diéu ché va giai diéu ché cau phuong dé hoan thién
viéc tong hop ciu tric MDTPS nham loai trir cac 16i khong mong mudn do hé thong
chia va truyén tin hiéu tir mot ngudn téi dau cua timng mo dun gay ra.

2. Pa téng hop so dd cau trac dudng phat; hoan thién phuong phéap thiét ké k¥
thuat va nguyén 1y bo KDCS dau ra duong phat dap tng cac yéu cau ky thuat. Dic

biét trong d6 dam bao hé sé map mo trong dic tuyén bién do — tan s cua KDCS,
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AG| gop phan giam 15i bién do va pha cua tin hiéu phat xa. két qua nghién ctru da
dugc cong bd tai Tap chi cua céac truong dai hoc Nga. Dién tir vo tuyén, 2022, tap
25, 86 5, trang 56—66 (Journal of the Russian Universities. Radioelectronics. 2022,
vol. 25, no. 5, pp. 56—60).

3. Pa hoan thién ciu trac duong thu dya trén viéc diéu chinh mé hinh may thu

sO loc toi wu sang dwong thu sé loc phoi hop hoan toan; diéu khién thich nghi dai

dong phan tuong tu dudng thu gop phan dam bao (khong gay 16i) cho tin hiéu yéu
phan xa tir cac MTDVN dap (g bai toan loc va tich lity tin hiéu. Két qua nghién
clru & bang tan L trudc va sau khi hoan thién dudng thu cho thiy, sai sé bién do
giam 2.1 dB con sai s0 pha giam 4.8°.

4. Két qua nghién ctru, hoan thién cdu tric dudng thu cho phép sau tich lily
twong can thdéa man diéu kién SNRslz, , ~>3pcm?] > 1, 26p phan nang cao chat
lugng phat hi¢n va do tham s6 toa do gbc cac MTDVN. Mot phén két qua nghién
ctru da duogc trich dang trong bai bdo: Nguyen Xuan Luong, Thanh Thuy Dang Thi,
Phung Bao Nguyen, and Viet Hung Tran (2024), “Receiving Paths Improvement of
Digital Phased Array Antennas Using Adaptive Dynamic Range”, Electronics, 13,
ISSN: 2079-9292, no. 21: 4161. https://doi.org/10.3390/electronics13214161,
(WoS, Q2).

Viéc nang cao chét luong phat hién va xac dinh toa d6 cac MTDVN khong chi
mang tinh nhit thoi ma con can duoc duy tri trong toan bd qué trinh hoat dong cua
ra da. Qua trinh nay duoc thuc hi¢n dya trén vi¢c do dac va hi¢u chuin AMPS. Két

qua nghién ctru ndi dung nay dugc trinh bay trong chuong 3.
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CHUONG 3. CAC PHUONG PHAP HIEU CHUAN ANTEN
MANG PHA SO GOP PHAN PAM BAO KHA NANG
PHAT HIEN CAC MUC TIEU DAU VET NHO

Dbi voi hé thong ky thuat da chirc nang dugc tich hop tir nhidu hé con, bai toan
do ludong va hiéu chuin nhim dam bao duoc tinh ning chién — k¥ thuat theo dung
yéu cau 1 ndi dung quan trong. Hon nita, viéc dam bao nay phai duoc duy tri trong
toan b thoi gian van hanh, khai thac hé théng dan t&i yéu cau do, hiéu chuan nam &
cip d6 cao hon thong thuong. Ra da st dung hé thong AMPS duoc tich hop bdi cac
phan tir ra da c6 hat nhan 1a MDTPS cung voi chin tir anten riéng 1a mo hinh hé
théng 16n. Do vay do, hiéu chudan AMPS dé dam bao duy tri tinh ning phat hién,
xac dinh toa do cac muc ti€u c6 SN RZ'E'm. , ~24[cm?] > 1 trong toan bo qua trinh van
hanh, khai thac chién d4u 13 ndi dung can dugc nghién cru. Noi dung ctia chuong 3
s& trinh bay céac két qua nghién ctru mot s6 phuong phap hiéu chuan AMPS tqi co s6
san xudt, tai vi tri trién khai va theo thoi gian thuc trong qua trinh hoat dong.
3.1. Hiéu chuian AMPS tai co s san xuit sir dung phwong phap xac dinh diém
cwe tiéu ciia ham hé s6 mang

Viéc tong hop GDHS ma dic biét 1a GDHS,;, phu thudc vao su dong bod cua

tig MDTPS trén khong gian mit md anten dé dam béo sai 1éch vé bién do va pha
cta tin hiéu 1a nho nhat. Phuong phéap hiéu chuan AMPS dugc dé xuét trong muc
nay la phuwong phap udc luong diém cyc tiéu cia ham hé sé mang. Phuong phap
nay c6 cach tiép can mdi so v6i cac phuong phap truyén théng nhu: dudng hiéu
chuan, dau do cb dinh, quay véc to truong dién phan tir quay rotating-element
electric-field vectors (REV) v.v. va mot s6 bién thé di duoc trinh bay trong nhiéu
cong trinh duoc cong b [36, 42, 45, 55, 69].

3.1.1. Coéng cu todn hoc mé td va ban chat vat Iy

Phuong phap udc luong diém cuc tiéu ctia ham hé sb mang dua trén cac
nguyén tic tong hop phuong trinh hé sé mang [50]. Theo d6, xét AMPS ¢6 N chan
tr 13 nhitng MDTPS nhan tin hiéu phan xa v6i séng t6i duoc coi 1a séng phing

(hinh 3.1). Khi d6, phuong trinh hé s6 mang cia AMPS c6 dang:
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AMPy = xg * Wy + X1 * W1 + X * Wy + ..+ Xy_1 * Wy_q

= Age/Po x Bye/o + A e/P1 x Bie/M1 + A,e/P2 x B,e/ 2 + ...

+Ay_1e/PN-1 x By _ e/WN-1 = A B e/ Pot¥o) 4 A, B e/(B1711) (3.1

+A23261(32+Yz)+_ N +AN_1BN_1eJ'(ﬁN—1+YN—1)

Trong d6, x,, = A,,e/Pm 1a phuong trinh séng t6i dang phirc & chin tir thir m
m=0,1,..(N —1); A, va B, tuong ung la bién d§ va pha cua séng tdi; w,, =
B,,e’¥Ym 1a phuong trinh séng téi dang phurc tai MDTPS tha m, B,,, va y,, tuong ung
la o bu bién do va do bu pha.

Hinh 3.2. Dang hinh hoc ctia mang tuyén tinh.
Xét truong hgp cac MDTPS trong mang tuyén tinh dit cach nhau mot khoang
d. Khi @6, tong chiéu dai ciia mang s& 1a D = (N — 1) X d (hinh 3.2). Pha cia tin
hiéu séng t6i & chan tir tht (m + 1) s& khac pha cua tin hiéu tai chan tir tha m mot

luong 1a @ = kdcos@. Trong 46, k = 2m/A, A tuong tmg 1a hé sb truyén soéng va
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budc song. Ly do 13 séng lan truyén ti diém (m + 1) nhanh hon so véi séng t6i lan
truyén dén diém m mot luong 1a d X cos6. Néu dit diém tham chiéu 1a 0, dé sao
cho B, = 0, thi c6 thé biéu dién hé sb mang (3.1) dudi dang sau:

AMPy = 1+ A1e/? x 0, + 4,67 x wy + o+ Ay_17 VD9 5w
=1 +Alejkdcost9 *Blejyl _I_AzejdecosQ *Bzerz +

A g e o
=1+ AlBleJ(kd C059+Y1') + Asze](de c0s0+Y>)
+ 4 AN_lBN_lej((N—l)kd cos6+Yn—_1)

Gia thiét réng, mdi chén tir cia AMPS dugc nhan béi tin hiéu ¢ cung bién dJg.
Khi do, do khoang cach tir cic MDTPS t&61 DCPU 1a khac nhau, nén pha cua tin hi¢u
thu duoc ¢ cac kénh s& khac nhau. Nhu vy, ham hé s6 mang co thé viét lai dudi
dang:

AMPy =14 e/? x /"1 4 /20 x /P2 4 | 4 /(N9 x oiWN-1 = (3.3)
=14+ ej(kd cos6+Yy) + ej(de cost9+1’2)+ +ej((N—1)kd cos0+YyN_1)

Trén mit mé anten, gid tri ctia 6 co6 thé thay doi tir 0° t6i 180°, nén ¢ sé& thay
d6i tir —kd t6i kd (tinh theo radian). Pé udc lugng d6 bu pha y,, theo phuong
phap tim diém cuc tiéu (xdc dinh diém cwc tri ciia ham), can xac dinh goc y; ma &
do, AFy — min. Nghia la:

N =Ymar,mn T 180°,Y = 0° 360° (3.4)
bay chinh 1a ban chat cua phuong phap tim diém cuyc ti€u cua ham hé so
mang.

3.1.2. Minh chirng phwong phdp dé xudt bang mé phong

Phuong phap dé xuit duoc minh hoa dudi ddy bing moé phong mé hinh toan
hoc duoc trinh bay ¢ muyc 3.1.1.1. Phan tich biéu thirc hé sé mang (3.3) khi bidu
dién sy phu thudc ciia ham hé sé mang vao do bu pha tin hiéu giita cac dudng thu
va vi tri ctia diém cuc tiéu theo gbc td1 6.

Gia thiét rang: N = 2, khi d0, cong thirc (3.3) c6 thé viét lai dudi dang:

AMPS, = 1 + e/(@+1) = 1 4 gJ(kd cost+11) (3.5)
=1+ ej(ZT[d cosG/)l+Y1)’}f1 — W
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Dé udc lugng d6 bu pha y,, theo phuong phap dé xuét, can xac dinh goc y; tai
cac diém cuc tiéu cua phuong trinh (3.5)

Yl = imin AF,(Y) +1800’Y = 0°360° (36)
Két qua mo phong bang cong cu MATLAB duoc thé hién trén hinh 3.3.

30

6=30 8=30
—8=60 —8=60
25 —0=40 2 —0=90
—8=120 —8=120
0=150 6=150

—

1
e
/

|

|

5%
Array Factor (dB)
=

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Phase Difference (Deg.) Phase Difference (Deg.)

(a) (b)
Hinh 3.3. Ham AMP, phu thudc vao ¥; (d0) voi gia tri cac goc téi 8 khac nhau va

voicac giatrid = 0,6254 (@) vad = 1,251 (b).

Hinh 3.3 cho thdy, hé s mang x4c dinh theo lwong sai pha giita hai chan tu
anten, vi tri ctia diém cyc tiéu theo cac goc @ khac nhau ¢ hai truong hop khoang
cach d dé woc lugng goc ¥; tai diém cyc tiéu. Phuong phap dé xuat xac dinh do bu
pha y,,, c6 d chinh xac cao hon so v4i phuong phap tim diém cuc dai (phuong
phap quay véc to truong dién truyén thong). Vi du: véi 8 = 60°, thi theo hinh 3.3.a,
Ym = 70° + 180° = 250°. Trong khi d6, phuong phap tim diém cuc dai xac dinh
¥m nam trong dai tr 235° dén 270° véi d = 0,6251. Truong hop d = 1,252, thi
Yim = 315% + 180° = (495 — 360)° = 135°. Con theo phuong phap tim diém cuc
dai, thi y,, ndm trong dai tir 120° dén 150°. Ngoai ra, véi tit ca cac truong hop 6 # 90° khi
thay do6i khoang cach d giita cic MDTPS, y,, ciing s& thay dbi theo. Riéng véi
phuong phap tim diém cuc tiéu, khi 8 = 90°, thi y,,, = 0°.

Qua trinh m6 phong hiéu chuin bing phuong phap dé xuit v6i mé hinh bao
gém hé AMPS can hiéu chuan va anten tham chiéu duoc dit cach nhau trong ving
truong gan (hinh 3.4). Trong d6, anten tham chiéu duoc diéu chinh giita hai anten

can hi¢u chuan dé xac dinh chinh x4c di€m cuc ti€u cia ham hé s6 mang. Khi do,
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anten 1 va 2 duoc hiéu chuin thong qua anten tham chiéu theo phwong phap dé

xuat.

Hinh 3.4. M6 phong méi trudng hiéu chuian gém: anten tham chiéu (mau cam),

anten c6 dinh (mau xanh 14 cdy) va anten can hiéu chuan (mau xanh nudc bién).
Hinh 3.5 trinh bay céc két qua udc lugng dic trung truyén ciia mé hinh khi sir
dung cac phuong phap udc luong diém cuc dai (REVmax) va diém cyc tiéu

(REVmin).

| 0 50 100 150 200 250 300 350 400
Phase Difference (Deg.)

Hinh 3.5. Két qua m6 phong hiéu chuan dua trén viéc do hé sb truyén S,, bang
REVmax (mau xanh) va REVmin (mau do).

Dai d6 16n hiéu chuan xung quanh gia tri min khoang 60° (tir 150° dén
210°). Két qua md phong cho thay do phan giai ciia phuong phap udc luong diém
cuc tiéu REVmin vao khoang 42 [dB]. Trong khi do, cung voi dai do lon hi¢u
chuan nhu vdy thi do phan giai ciia phuong phap wdc luong theo REVmax la

khoang 2 [dB].
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Azimuth Cut (ele\égtion angle = 0.0°) Azimuth Cut (elevation angle = 0.0°)
920

120 120

150 150

180

180

150 -150

-120 -60 -120 -60
-90 -90
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Hinh 3.6. MAu btc xa cia bup séng tong trong mit phang dién truong E khi st
dung hai phuong phap REVmax (a) va REVmin (b).

Hinh 3.6 trinh bay két qua tong hop bup soéng tong trong mit phiang E khi sir
dung hai phuong phap REVmax (a) va REVmin (b). Két qua hiéu chuan cho thiy
phuong phap hiéu chuan REVmin (b) dam bao do chinh xac cao hon so v6i phuong
phap REVmax (a). Pinh cta bap song tong khi sir dung phuong phap REVmax

1éch so v6i phuong Béc khoang ~15°.

3.1.3. Minh chirng phwong phdp d@é xudt bang do thuc nghiém

Hinh 3.7 trinh bay minh hoa mé hinh do, hi¢u chuan xac dinh dic trung truyén
cua mang khi str dung hai phuong phap REVmax va REVmin. Trong d6, may tinh
diéu khién co cai dat cong cu MATLAB 20224 thyc hién chtc niang diéu hanh va
tinh toan dir liéu; khdi diéu khién quay va bé; hé thong anten tham chiéu va hi¢u
chuan (hinh 3.7 @); khdi (board) xit 1y dit lidu voi cac khau chtrc niang duge mo ta &
hinh » gém céac phan tir: board AD9361 (la board chira 02x02 MDTP c6 tich hop
ADC va DAC 12 bit), board diéu khién va board FPGA ZC706 Xilinx). Anten tham
chiéu va anten thu hiéu chuan dit cach nhau trong ving truong gan nhu hinh a.

Anten tham chiéu dugc can chinh vé vi tri gitta hai anten can hi€u chuan.
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Hinh 3.9. Két qua do mtic cong suét thu phu thudc vao do bu pha ciia anten 1 va 2

v6i: REVmax (mau xanh nudc bién) va REVmin (mau do).
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Quy trinh hiéu chuin gdm céac buédc sau: str dung anten tham chiéu dé truyén tin
hiéu hiéu chuan. Sau d6, sé hoa tin hiéu nhin duoc tir anten thu hiéu chuin bang
board AD9361. Tin hiéu s hoa duge truyén dén board FPGA ZC706 Xilinx dé uéc
luong do bu pha vai 03 kich ban: phuong phap REVmax, REVmin va khong hiéu
chuan. Toan bo qua trinh hiéu chuan dugc diéu khién thong qua giao dién ngudi
dung cong cu duogc thiét ké nhu thé hién trong hinh 3.8.

Céc dit liéu ban dau duogc thiét 1ap nhu sau: khoang cach d = 0.6254; khoang
cach gitra hai anten hiéu chuan véi anten tham chiéu 1a L < % ~0.07[m] dap ung
v6i tiéu chi truong gan & tan s6 3 GHz. Két qua do dugc trinh bay tai hinh 3.9. Két
qua cho thay do phan giai ctia phuong phap udc lugng diém cuc tiéu REVmin va
REVmax tuong (mg vao khoang 36 [dB] va 01 [dB]. Ngoai ra, voi goc 6 = 90°,
viéc hiéu chuén theo REVmin c6 d6 bu pha cuc dai x ~5°, va nhé hon rat nhiéu so
v6i REVmax véi @ bu pha cuc dai ~70°.

Hinh 3.10 trinh bay két qua do GDHpp, tong hop cac bip séng trong mit phang
E véi hai truong hop d = 0.625A (hinh a) va d = 1.25A (hinh b) theo 03 kich ban:
khong hiéu chuan (duong do), hiéu chuan theo REVmax (duong mau vang) va hiéu

chuan theo REVmin (duong mau xanh 1 ciy).

(a) (b)
Hinh 3.10. K&t qua do GDH,,j, 5 tong hop trong mat phang

Evéid = 0.6251 (@) vad = 1.251 (b).
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Béng 3.1 ¢6 trinh bay dif liéu két qua do mirc khuéch dai dinh trong mét phang E .
Bang 3.1. Dit liéu két qua do mirc khuéch dai dinh
(dB) cua GDH,,, trong phang E theo ba kich ban

Phuong Chi s6 lan do
phép do 1 2 3 4 5 6 7 8 9 10
Khg 981 96| 95| 97 | 98| -96|-97| -9.7 | -9.6 | -9.8
h.chuan
REVmax | -49 | -48 | -50| 4,1 | -50| -49 | -50| -5.1 | 48| 49
REVmin | -10 | -09 | -1.1 | -1.2 | -1.0 | -1.0 | -09 | -1.0 | -1.1 | -1.0
Tu cac két qua trén co thé dua ra mot s6 nhan xét sau:

Thir nhat, viéc hiéu chuin hé théng mang anten dam bao cho viéc hinh thanh
GDH,p, 5 v6i chat lugng tét hon rat nhiéu so v6i khong hiéu chuan. Mire khuéch dai
dinh dugc cai thién khoang tir 3.7 [dB] dén 4.1 [dB] khi sit dung giai thuat
REVmax va tir 8.4 [dB] dén 8.8 [dB] khi str dung giai thuat REVmin so voi khong
hiéu chuén.

Thit hai, giai thuat hiéu chuan REVmin dugc dé xuat dam bao do chinh xac va
muc khuéch dai dinh tét hon so véi REVmax.

Thir ba, su ton tai ctia nhiu va hién tuong 1éch pha khong mong mubn trong
hiéu chuan c6 thé do nhiéu nguyén nhan bao gém ca khach quan va chi quan can
duoc tiép tuc phan tich, nghién ctru nham nang cao hon nita chit luong 1am viéc cua
hé AMPS duoc tong hop khi san xuat.

Thir ti, khi ting s6 1an do va hiéu chuan, cac dit lidu vé tham sd nhidu va léch
pha dugc ghi luu hinh thanh dit liéu bu trong hé con tuy dong hi¢u chuin ctia AMPS
trong qua trinh van hanh khai thac.

Két qua nghién ctu di duoc tong hop dudi dang bai bao khoa hoc
“Calibration of phased array antenna with the minimum point finding method of the
array factor”, Indonesian Journal of Electrical Engineering and Computer Science.
Institute of Advanced Engineering and Science Vol.38, No.2, May, pp. 854~864,
ISSN: 2502-4752, DOI: 10.11591/ijeecs.v38.12.pp854-864, (Scopus, Q3).
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3.2. Hiéu chuin AMPS tai vi tri trién khai theo gidi thuat tw twong quan

Trong qué trinh khai thac st dung dau do ra da st dung AMPS, viéc hiéu
chuan bang cac phuong phap truyén thdng dé xac dinh chinh xac dir liéu bu bién do,
bt pha chiu tic dong rat 16n béi ndi tap va nhidu ngoai [48, 49, 58-60]. Muc nay dé
xuat phwong phap hiéu chuin truong xa moéi nham giai quyét nhitng thiéu sot cia
cac k¥ thuat REV va mot sb bién thé cua n6 dd duoc trinh bay trong nhiéu cong
trinh nghién ctiru duoc cong bd [63, 65]. Giai thuat hiéu chuan AMPS dugc nghién
ctru dé xuat 1a phuong phap tu twong quan (TTQ) cho phép giam thicu tac dong cua
moi truong nhiéu phirc tap trong qué trinh trién khai tai vi tri 1am viéc d6i véi dau
do ra da.

3.2.1.1. Céng cu todn hoc mé ta va ban chat vt Iy

Nguyén tic co ban cta phuong phap hiéu chuan trudng xa dua trén thuat toan
TTQ la xac dinh trong s6 can bu cho su sai 1éch vé pha va bién d¢ sau khi tim dugc
gia tri cuc dai ctia ham ty twong quan cta tin hiéu nhan dugc tai moi kénh thu va tin
hi¢u tham chiéu.

So dd phuong phap hié¢u chuin AMPS dya trén thuat toan TT Q, nhu minh hoa
trén hinh 3.11, bao gém cac phan tir sau: N chin tir dng-ten, khoang cach giita cac
chén tir 12 d tao thanh mot mang tuyén tinh co tong chiéu dai D = (N — 1) * d; bd
nhan; bd udc lugng gia tri cuc dai ctia ham & dau ra bd nhan tuong quan w;; khau
tinh toan trong s6 can bu cho tin hiéu dau vao a; dé xé4c dinh luong bu bién do va bu
pha va by cdng.

Duéi day trinh bay mé hinh toan hoc cua phuong phép hiéu chuan dya trén
thuat toan TTQ. Gia thiét rang:
1. Tin hiéu thu nhan tai dau vao duong thu c6 dang:
x;(t) = 5;(t) + n;(t) (3.7)
Trong d6, s;(t) = A;e/Fi® 13 tin hiéu c6 ich dang phuc & chan tir thir i tai thoi diém
t,i = 1,2,...,N; A; vaB;(t) tuong ng la bién d6 va pha cua tin hiéu cé ich;

n; (t) 1a nhiéu.
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Hinh 3.11. So d6 hiéu chuan AMPS dua trén thuét toan tu tuong quan.
2. Tién hanh nhan x;(t) vé6i tin hiéu tham chiéu x,(t) sé thu dugc:
X;(®) = x;(t) X x(t) = (5:(t) + ;(£)) X (50(t) + 1 (D)) (3.8)

= 5;(8) X s(t) + 5;(t) X no () + n;(£) X 50(€) + 1y (£) X o (), ,
Trong d6, xo(t) = so(t) + ng(t) va so(t) = Age’Po® 1a tin hiéu tham chiéu

dang phurc tai thoi diém ¢, Ay va B,(t) tuong tng 13 bién do va pha cta tin hiéu
tham chiéu; ny(t) 1a ndi tap dugc tao ra trong qua trinh tao tin hiéu va truyén tin
hiéu dén bo nhan. Vi truong hop nhidu tring, thi ham twong quan cta nhidu tring
c6 dang: R(t) = ZC—:’T [Z eltdw = Cy8(t), voi Co = C(w) = const va R(t) = 0
tai Vt # 0.

3. Tim gi4 tri 16n nhat ctia ham 770 X;(t) trong khéi dé xac dinh w;

w; = max (X;(£)) = max(x;(t) X x0(¢)) (3.9)
= max(si (t) X so(t) + s5;(t) X ng(t) + n;(t) X so(t) + n;(t) X n, (t))
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Trong d6, X;(t) 1a ham TTQ cua tin hiéu thu dugc x;(t) va tin hiéu tham chiéu
x0(t).
4. Xac dinh trong ) a; can bu cho tin hiéu dau vao khi léy tin hiéu tham chiéu
1am kénh chuan:
wo _ max(Xo(¢)) max(xg(#)x xp(?))
w; max(X;(?)) max(x;(¢)xxq (1))
max(sq (¢) x 5o (¢) + 50 (t) x n (¢) + ng () x 50 (2) + ng () x ngy (¢))
- max(s; (t) x so () +s;(t) x ng(t) + n; (t) x sg (t) + n; () x ng (¢)) N (3.10)
max(s2q (£) + 2sq (£) x o (£) + 1% (1))

 max(s; (1) x 5o (1) + 5; (£) x ng (£) + n; (£) x 5 (£) + n; (£) x gy (1))
5. Thyc hién nhén tin hiéu dau vao x;(t) véi trong sb can bu a;, ta c6:

al-=

Y;(1)=X; () xa; =(s;(£) x50 (2) + 5; (1) x ng (¢) + n; () x 50/ (2) + n; (1) x no (1)) %
max(s2 (£) + 250 (£) x ng (£) + %o (£) (3.11)

max(s; (1) x 8o (¢) +5;(t) x no (¢) + n; (t) x 0 (¢) + n; () x n (1)) '
6. Heé sb mang & dau ra bo cong co thé viét lai dudi dang:

N
AF =R+ L)+ B +..+ Yy ()= Y:(1)=
i=1
% (5;(6) x 80/ (£) + 5 () x 1o (£) + 3 (£) x 50 () + 1 (1) x mg (1)) x max(s2 () + 25 () x mg (£) + % (£)) |
2 max(s; (1) % 50(1) +5;(6) x mg 6) 4 m; (1) <5 0) + m; (1) X m (1)
3.2.2. Minh chirng phirong phdp dé xudt bang mé phéng

(3.12)

Hiéu qua cua hi¢u chuan AMPS dugc danh gia dua trén mo hinh toan hoc cua
thuat toan TTQ, dugc phat trién trong muyc 3.1.1, bing mo phong trong mdi trudng
MATLAB. X¢ét trudng hop N = 2 va duong thu 1 (a; = 1) 13 duong thu chuan thi
trong sd a, can bu cho tin hiéu dau vao cia dudng thu hai va co:

~w; max (X,(6)) max(xl(t) X xo(t)) B (3.13)
7w, T max ((0) - max(x(0) X x0(0)
3 max(s1 (t) X so(t) + 5.(t) X ny(t) + ny(t) X sq(t) + ny(t) X ng (t))

B max(s2 (t) X so(t) + s,(t) X ny(t) + n,(t) X so(t) + ny(t) X no(t))
Doi v6i dudng thu 1, ta co: Y, (t) = x,(t). Sau khi nhan véi trong s6 a, tin

hi€u nhan dugc tai duong thu 2 1a:
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Y,(t) = x,(t) X a, (3.14)
= (5:(8) + 1, () X
max(s1 (t) X so(t) + s1(t) X ng(t) + ny(t) X s4(t) + ny(t) X ng (t))

max(s,(t) X 5o(t) + 55() X 1o (£) + ny(t) X 50(£) + n,(£) X 1y (1))
Suy ra, ham hé sb mang & dau ra bo cong s€ dugc viét lai dudi dang:

AMES, = Y,(6) + Y,(0) = x,(6) + (3.15)
(52(8) + ny(0))max (s, (D)5 () + 51(Ong () + 1y (D) so() + 1y (DM (1))

max [(£) X so(£) + 52(£)ng () + 1z ()50 (2) + Nz (E)ng (2)]
Mo phong hiéu chuan theo phuong phap dé xuat véi mot kich ban hiéu chuan

mau dugc minh hoa tai hinh 3.12. Anten tham chiéu, hai anten can hiéu chuan va
ngudn nhidu duoc dinh vi & cac khoang cach xac dinh véi nhau trong ving truong
xa. Hé anten tham chiéu duoc cin chinh vé phia giita cta hai anten can hiéu chuan
dé phat hién chinh xac lwong bu bién do va bu pha. Nguon nhiéu duoc dinh vi ¢
phia trude hai anten can hiéu chudn. Trong budc nay, anten ctia dudng thu 1 (mau
xanh 14 cdy) va anten ctia duong thu 2 (mau xanh lam) dugc hiéu chuan theo anten
tham chiéu (mau cam) bang phuong phap dé xuat. Pé dam bao do tin ciy cua hé
théng hiéu chuan dé xuit, 10 phép do dd duoc lap lai. Bang 1 va 2 trinh bay toan
dién két qua mod phong cho ca sai s6 bién d6 va pha khi D = 0.6251 =
0,0625m, d6i vé6i truong hop budc song A = 0.1 m. Phuong phap TTO cho
AMPS c6 hiéu qua vuot troi so v6i cac phuong phap REV. Bang 3.2 cho thay rang:
sai sO bién d6 duoc cai thién 1an luot 13 0.4 va 0.19 khi so sanh véi céc phuong
phap REVmax va REVmin, Con bang 3.2, mot lan nita, chirng minh sy vuot trdi
ctia phuong phap REVmin khi so sanh véi phuong phap REVmax vé sai s6 pha
(16.72° K< 42,24°).
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Ngubn nhiéu
ngoai

Hinh 3.12. Kich ban m6 phong hé thé)ng hiéu chuan AMPS tai diém trién khai.

Bang 3.2. Dit liéu vé sai s6 bién d6 [dB] sau hiéu chuan.

Chi s6 1an do 1 2 3 4 5 6 7 8 9 10
o | REVmax | 0.51 | 0.65 | 0.62 | 0.50 | 0.52 | 0.67 | 0.61 | 0.53 | 0.55 | 0.70
% REVmin | 0.39 | 0.37 | 044 | 0.32 | 0.37 | 0.40 | 0.45 | 0.30 | 0.36 | 0.41
=¥ TTQ 0.13 | 0.15 ] 0.17 | 0.25 | 0.10 | 0.20 | 0.27 | 0.25 | 0.21 | 0.17
Béang 3.3. Dir li¢u vé sai s6 pha [d0] sau hiéu chuan.
Chi s6 lan do 1 2 3 4 5 6 7 8 9 10
REVmax | 50.10 | 38.25 | 52.74 | 45.12 | 39.35 | 37.50 | 51.60 | 44.36 | 42.89 | 55.03
j:% REVmin | 25.15 | 17.15 | 24.69 | 17.36 | 13.57 | 19.20 | 8.64 | 25.74 | 27.04 | 23.13
Q’f‘ TTQ 420 | 5.06 | 3.26 1.19 | 3.56 | 298 | 2.10 5.10 | 4.67 | 2.38
0 — 105* 90° 75° .
-10 : 135° 45°
20 7 150° 30°
_30 :
.40 : 165° 15°
o i
= 30 4 Ja0° .
© -40 — ‘
30 :
_20 : 210 330"
-10 : 225° 315°
O : 240° e . 300"

Hinh 3.13. Két qua hiéu chuin GDH,,, 5.
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Tai hinh 3.13 ¢6 biéu dién cic GDH,p,, z md phong cho truong hop N = 2, va
D = 0,6251 véi goc phuong vi cua h¢ AMPS la ¢, = 90° khi st dung cac
phuong phap REVmax, REVmin va TTQ. Két qua mo phong chimg minh ring
phuong phap TTQ (mdu dd) cb dd chinh xac hiéu chuan bién d6 va pha vuot troi
hon so v6i cac phuong phap REVmax (mau xanh nude bién) va REVmin (mau
xanh ld cdy). Cac két qua do cho thdy mirc khuéch dai dinh do duoc trong mit
phiang E duoc cai thién 1an luot 13 8 dB va 4 dB khi so sanh véi cac phuong phap
REVmax va REVmin. Va khi khong c6 ngudn nhiéu ngoai, GDH,, s nghiéng 1°,
5° va 10° tuong tng voi cac phuong phdp TTQ, REVmin va REVmax.

3.2.3. Minh chirng phirong phdap dé xudt bang do thuc nghiém

Dé kiém tra thyc nghiém mo hinh toan hoc dua trén thuét toan TTQ st dung
so d6 hiéu chuin duoc trinh bay tai hinh 3.14. H¢ théng bao gém cac thanh phén
sau: mot may tinh xach tay c6 cai dait MATLAB 2024a; khéi diéu khién quay va bé
quay; nguén dién 12V, 5V; khéi xt 1y tin hi€u, bao gém card Zynq UltraScale +
RFSoC ZCU216 (hinh 3.15a); mot ngudén nhidu; dng-ten can hiéu chuan (hinh
3.15b) va ang-ten tham chiéu (hinh 3.15¢) bao gdm cac bd tri 2x8 va 1x4 tuwong
ung.

Quy trinh hi¢u chuan AMPS duoc thé hién trong hinh 3.16. Pé kiém ching do
tin cdy cua phuong phap dé xuét khi st dung hé thdng hiéu chuan nay, tong cong 10
lan thir nghiém da duoc 1ap lai. Cac gia tri tham sb ban dau sau day duoc thiét lap:
khoang céach gitra hai anten thu hiéu chuan 1a d = 0,6252; khoang cach gitra AMPS
dang hiéu chuan va ang-ten tham chiéu 1a 3 m, dap tng tiéu chi treong xa o tan sb 3
GHz; khoang cach giita ang ten tham chiéu va ngudn nhiéu 1a 2 m; khoang cach
giita AMPS dang hiéu chuan va ngudn nhiéu 1a 4 m; ty 16 SNR = 0, 10 dB. Cac két
qua thuc nghiém udc lugng sai s6 bién do va pha, hé s6 khuéch dai dinh tuong Gng
v6i nhitng gié tri khac nhau D dugc trinh bay tai hinh 3.17. Tai hinh 3.18 va 3.19
trinh bay két qua tong hop GDH,p, s sau hiéu chuan bang cac phuong phap khac
nhau vé6i cac gia tri ciia D va goc hudng hiéu chuan ¢,

Tu cac két qua thuc nghiém, c6 thé dua ra mot s6 nhan xét dudi day:
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Thir nhdt, giai thuat hiéu chuan bang phuong phap TTQ dugc dé xuit dam bao
d6 khuéch dai dinh tot hon so véi cac phwong phap REV. Khi khong c6 ngudn
nhiu sau khi hiéu chuén, bip séng tong & D = 0,62521 bi nghiéng 1°, 8° va 14° so
voi phuong Bic di véi cac phuong phap TTQ, REVmin va REVmax; véi D = 1,252,
goc nghiéng lan luot 14 2°, 12° va 16°.

Thir hai, khi thay d6i gia tri cua D s& dan dén su thay d6i dinh va d6 rong cua
céc bup song chinh va phy. Viéc thay d6i doi goc hudéng hiéu chuin ¢@,, dnh huong
khong dang ké dén do chinh xac d6i v6i qua trinh hiéu chuan, it nhat 1 trong moi
truong thuc nghiém.

Thit ba, 15i bién do va pha ting khi s6 luong phan tir dng ten ting. Dicu nay la
do su phu thudc nhat quan cua viéc lya chon kénh hi¢u chuan. Do d6, vé&i su gia
ting cac phan tir dng ten tir 1 dén 16: khi SNR = 0 dB, 15i bién d¢ ting tir 0.32 dén
0.42 va 16i pha tang tir 20.5 © dén 30°; khi SNR = 10 dB, 15i bién do - 0.15 dén 0.25
va 16i pha ting tir 5.01° dén 9.9°. Trong khi d6, d6i voi phuong phap duoc dé xuat,
cac 18i nay khong thay d6i dang ké so véi gi tri trung binh cia cac 1an do. Vi du,
d6i voi truong hop SNR = 0 dB, 16i bién d6 khong léch dang ké — 0.3 va 15i pha
khong khac biét dang ké — 11.9°; ddi véi trudng hop SNR = 10 dB, 15i bién do
khong 1éch dang ké — 0,14 va 18i pha khong khac biét dang ké — 2.79°. Ngoai ra, tai
mdi budce hidu chuan, bién d6 va 1di pha ciia bén phan tir dng-ten gan nhu bang
nhau.

Thir tu, gian d6 huéng ciia bup song tong bi thay d6i dang ké khi c6 nhiéu loai
nhiéu khac nhau. Thay d6i bién do va dich pha khong mong mudn nay 1a do mét s6
yéu t6 lién quan dén phan cting RF, bao gdm ang-ten, bo dich pha, bd suy hao, bo
khuéch dai, cong tac, dau ndi, cap déng truc va 6ng dan séng. Pha cua tin hiéu thu
duogc phu thudc vao su dich chuyén do kénh thu gay ra va d¢ 1éch pha gitra dau do
va tin hiéu dao dong cuc bd. Tuy nhién, phuong phap TTQ van dam bao gian dd
huéng t6t hon so véi cac phuong phap REV.

Thir nam, két qua md phong bang phuong phap dé xuat phu hop véi két qua

thue nghiém. So sanh két qua do truong xa cho thiy phuong phap dé xuat vira kha
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thi vira hiéu qua. Phuong phap dé xuat 1a giai phap hiéu qua cho hiéu chuan pha quy
mo 16n trong cé tai nha may va trong qua trinh khai thac st dung, bao dudng dinh
ky va tai vi tri trién khai. Cac dit liéu duge ghi luu va dung dé tinh toan trong hé con
tu dong hi¢u chuan cia AMPS trong qua trinh van hanh.

Két qua nghién ctiru da duoc tong hop dudi dang bai bao khoa hoc “Phased
Array Antenna Calibration Based on Autocorrelation Algorithm” dang tai tap chi
MPDI Sensors 2024, 24(23), 7496; https://doi.org/10.3390/s24237496 hang Q1; va
bai bdo khoa hoc “Autocorrelation Method of Phased Array Antenna Calibration

Based on Far-Field Measurement System”. Journal of the Russian Universities.

Radioelectronics. 2025. 28 (3):106-115.

Antennas to be calibrated

Ant. | | Ant.| | Ant, Ant. | | Ant, Ant. Ant. Ant,
1 2 3 4 5 6 7 8
Ant. | | Ant. Ant.| | Ant. | |Ant Ant. | | Ant. Ant.
9 10 11 12 13 14 15 16

= === =

|

12v,5V [} »{[| Power

Rotary control . .
Signal processing block
Encoder
rﬂ ETH
] 2
g 5

Rotary platform

>> 2D\ 5
>> 2D7/A

Reference Antennas
Ref. Ref. Ref. Ref.
1 2 3 4

>> 2DYA

Interference source

Power Supply

~220V/50Hz

~220V/50Hz

Rotary control block

Ethernet

AC
GND

Hinh 3.14. So d6 hiéu chuan thyc nghiém.
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Hinh 3.15. (a) Khéi xir 1y tin hiéu, (b) anten mang pha 2x8
dé thir nghiém va (c) anten tham chiéu (phat) 1x4.

Ant. Ant. Ant. Ant. Ant. Ant. Ant. Ant. Ant Ant Ant Ant Ant Ant
1 2 3 4 5 6 7 8
Ref. Ref. Ref. Ref.

Ref Ref
1 2 3 4
Ant. Ant. Ant. Ant. Ant. Ant. Ant. Ant. Ant. Ant. Ant. Ant. Ant. Ant.
9 10 11 12 13 14 15 16 11 12 13 14 15 16
(@)

Ant. Ant. Ant. Ant.

5 6 7 8
Ref. Ref. Ref. Ref. Ref.
- s o m

Ant. Ant. Ant. Ant.

13 14 15 16
Ref. Ref. Ref. L | Ref. Ref. Ref. Ref.
1 2 3 1 3 5 7

Hinh 3.16. Trinh tu hiéu chuan véi huéng quét ngang trong mit phang x-y: trude khi

v

v

hi¢u chuan (mau trang), dang hi¢u chuan (mau do), sau khi hi€éu chuan (mau xanh la

cy), tham chiéu d4 chon (mau xanh lam), tham chiéu chua chon (mau vang) anten.
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Hinh 3.17. Sai s6 bién d6 va pha ctia két qua hiéu chuan khi st dung cac phuong phap TTQ
khéc nhau: phuong phép dé xuét (mau xanh 14 cay) va phuong phap thong thudng (mau do).

(d
3

195 -

g 65
(b).D=1251;¢, =0°

n (dB
3

180

180
(c).D=0.6352; ¢, =240° (d).D =1.254;¢, =240°

Hinh 3.18. Két qua tong hop GDH,y,, » sau hiéu chuan mang 2 chén tr bang céac
phuong phap khac nhau véi cac gia tri ciia D va goc hudng hiéu chuan ¢,

(TTQ — mau d6; REVmin — mau xanh 14 cdy; REVmax — mau xanh nuéc bién).
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Gain (dB)

180

a) b) <)

Hinh 3.19. Két qua tong hop GD H,p,, » khi st dung cac phuong phap hiéu chuan khac nhau
trong céc truong hop (@) g = 0% (b) @i = 120°% (c) pu. = 240°; (TTQ dé xuat — mau do;
TTQ truyén thong — mau xanh 14 cy).

3.3. Phwong phap tu dong hiéu chuian AMPS thoi gian thue

Cac két qua nghién ctru dugc trinh bay tai hai muc 3.1 va 3.2 caa chuong 3
cho thay y nghia va hiéu qua quan trong ctia van dé hiéu chuan trong viéc dam bao
hé sb khuéch dai anten nhim giam thiéu sai léch vé bién do va pha cua tin hiéu
trong tong hop GDHS,, 5 dé ting kha nang (cy ly) phat hién va chat luong do dac
tham sb toa do muc tiéu. Su phan bd pha bién do cua truong dién tir trén mat mé
anten khong dong déu, dan dén giam hé sé khuéch dai anten va ting mirc canh séng
phu trong cac mo hinh vat ly cia GDHS trong qua trinh van hanh, khai thac. Ba c6
rat nhiéu két qua nghién cru dugce cong bd, nhung chu yéu chi quan tam toi dam
bao su can bang hai kénh ciu phuong trong duong thu [13, 29-31, 50]. Cho nén, tu
dong hiéu chuan thoi gian thuc 1a nhu cau tit yéu d6i v6i hé thdng AMPS cua cac
dau do ra da da chirc nang khi dbi phé véi 16p cac MTDVN.

3.3.1. Phén tich tom tit mdt s6 giai phap di dwoc cong bd

C6 mot sd phuong phéap hiéu chuan di dugc cong bd gan day nhu sau:

1. Phuong phép sir dung anten phy dé phat tin hiéu hi¢u chuan, cac duong thu
ctia MDTPS thyc hién thu va do mirc cong suit tin hiéu ¢ dau ra timg duong thu
dem so sanh v6i mot gid tri cho trudc. Han ché ciia phuong phap nay 1a dé dam bao
cho song tdi tir anten anten phu dén mit mé ciia AMPS phai 1a song phang thi

khoang céch gitta chung phai thoa man diéu kién
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180(130, + 12,) (3.16)

401(pch.phep .
Trong do0, A, @chpheps laoc Va lng twong ung la budc song, mic khong dong

r >

déu cho phép vé pha tin hiéu va hai kich thuéc doc, ngang ciia AMPS. Piéu nay lam
han ché kha niang tng dung cua phwong phap ddi voi cac hé théng dau do ra da co
yéu cau vé kha ning co dong.

2. Phuong phép thir hai dya trén nguyén tic cip tin hiéu hiéu chuan dau vao
lan luot t6i dau vao caa tirng moé dun. Tién hanh uéc luong bién do va pha tai dau ra
va duya trén két qua do dé hinh thanh hé sé hiéu chuan dé diéu chinh hé sé truyén
nham bu lai su phan bd khong déu truong dién tur trén mat mo. Diém han ché 16n
nhat ctia phuong phéap chinh 13 viéc thuc hién do cac tham sé doi hoi thiét bi do bién
d6 va pha cta tin hiéu & dau ra cac moé dun phai c6 d6 chinh xac cao. Nén phuong
phap nay khong phi hop v6i mé hinh dau do ra da sir dung AMPS ¢6 sb luong 16n
cac MDTPS.

3. Phuong phép hi¢u chuén tht ba dya trén viéce sir dung mot MDTPS bat ky
1am phan tir tham chiéu. Tin hiéu hiéu chuin s& duoc dua tdi tirng mo dun. Cac dir
liéu dau ra duogc so sanh véi dit liéu cia mod dun tham chiéu dé tinh toan hé sb
truyén phtc méi doi véi timg md dun nhim wdc luong su sai 1éch vé pha va bién
d6. Piém manh cta phuong phap 1a & cach tiép can cho phép hinh thanh nhiéu giai
phap k¥ thuat ddi véi ting hé thdng dau do ra da cu thé sir dung AMP ndi chung va
AMPS 16i riéng. Tuy nhién, van dé ton tai ctia phuong phap 1 su lién quan truc
tiép gifra mc cong suét tin hiéu hiéu chuin dau vao va viéc ude lugng chinh xac
murc sai I¢ch pha va bién dg. Khi d6 b tham s6 sau hiéu chuin cuia MDTP duoc sit
dung khong phu hop. Dé do chinh xac mtc sai 1éch pha va bién d6 thi cong suit tin
hiéu hiéu chuén phai it nhat 1én hon hodc bang voi mirc ndi tap. Nhu di trinh bay
tai muc 2.3, voi muc SNRvao_dg_thu|p & 1 yéu cau dbi voi muic cong sudt cua tin
hiéu higu chuén 1a rat nho.

4. Phuong phap hiéu chuén tht tu da giam thiéu duoc nhugce diém cua phuong

phép thtr ba dya trén viéc tng dung mau tin hiéu hiéu chuan c6 dang 1a tin hiéu ma
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ma nip pha M,, 4, vi tri. Trong 406, t;, ., — d0 rong cua tin hi€u hi€u chuan dugc xac
dinh theo biéu thirc:

then = My X Txg.con (3.17)
Trong dd, Tygcon — d0 rong xung con c6 mirc cong sudt twong kng vGi mirc

cong suit cua tin hiéu phan xa.

Trong duong thu, tin hiéu duoc xu 1y chuyén thanh dit liéu hai kénh cau
phuong. Dé dam bao gia tri yéu cdu vé mirc SNR, hai thanh phan cau phuong duoc
tich Iily theo M 1an va tién tdi qua trinh hinh thanh ma hiéu chuan.

Phuong phap nay c6 hai han ché nhu sau: Thit nhdt, can thiét phai cap tin hiéu
hiéu chuan t6i dau vao duong thu ma su déng nhét khé kiém soat & dang tin hiéu
tuong ty c6 yéu cau vé muc cong suit nho. Thit hai, viée hinh thanh tin hiéu thim
do dugc thyc hién truc tiép trong mé hinh MDTPS 1a khong phu hop.

Diém han ché chung d6i véi cac phuong phap di dugce cong bd 13 quan tdm
nhiéu t6i van dé can bang cau phuong giira hai kénh I va Q cta duong thu. Nhiing
van dé lién quan t6i hidu chuan thoi gian thuc, song song va dong thoi véi qua trinh
hoat dong cua toan hé théng ra da chua dugc dat ra mot cach rd rang. D6 chinh la
nhirng nodi dung dugc dé xuit va giai quyét trong muc 3.3.2.

3.3.2. Tong hop phwong phap tw dong hiéu chuan AMPS thoi gian thuc gép
phan dam bao kha ning phat hién cac MTDVN

3.3.2.1. Cach tiép cdn

Nguyén 1y tu dong hiéu chuan hé théng AMPS dé can chinh phan b bién do —
pha cua truong dién tu trén mat mo cua anten nhu sau: tai tung duong thu cua
MDTPS, thyc hién nhan bién d6 phirc ciia tin hi¢u dau ra v6i hé s6 hiéu chuan phirc
duogc udc luong cho chinh duong thu cua mé dun. Cac h¢ s6 hiéu chuin phtic duogc
xay dung dua trén viéc so sanh tin hi¢u dAu tin hiéu dau ra cua cac tat ca MDTPS
v6i tin hiéu dau ra ciia mé dun tham chiéu. V& ban chit, ndi dung nay khong phai 1a
méi. Tinh méi duoc thé hién trong luan an nhu sau:

Thir nhat, st dung md hinh MDTPS tham chiéu “40” ma thyc chét 1a cac dir

liéu vé tin hiéu dau vao/ra cta ca hai dudong phat va thu duoc tinh toan theo 1y
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thuyét va dugc cap nhat bd sung, hiéu chinh tur nguén dir li¢u cua qua trinh hi¢u
chudn tai co s& ché tao, vi tri trién khai va van hanh thuc té. Nhu vay, co thé bo qua
MDTPS tham chiéu vat Iy ¢ thé bi 18i trong qua trinh khai thac van hanh.

Thit hai, dua trén su phan tich cac két qua nghién ctru dd dugc trinh bay tai
muc 2.3.1 va phuong phap hiéu chuin tht tu & muc 3.3.1, dé hinh thanh tin hiéu
hiéu chuan duéi dang tin hiéu mi ma nip pha M vi tri v6i cic xung con cao tan co
murc cong sudt ndm trong dai cong suat twong tng véi muic cong sudt tin hidu phan
xa thuc € t6i dau vao dudng thu cia MDTPS thi SNRy,,~(107¢ + 107%). D¢ do
va uoc lugng sy sai léch tham sb tin hiéu sau khi di qua duong thu va dung cho viéc

hinh thanh hé s6 hiéu chuan, can tinh lily dé ddm bdo SNR,q 44.hu > 1.

Thir ba, dé uéc lugng chinh xac cac tham s6 ctia hé sb hiéu chuan, tin hiéu dau
ra duong thu ctia cic MDTPS phai duoc xir 1y tich lity theo tham s6 M,,,,. Viéc
hinh thanh gi4 tri hi¢u chuan cua bién do phtrc tin hiéu dau ra d6i voi trng mo dun
s¢ duoc hinh thanh béng cach nhan bién do phtrc tin hi€u ra voi hé s6 hiéu chuan
tuong Gng. Khi 6 GDHS,,, cia hé théng AMPS dugc tong hop trén co so 13y tong
co trong sb cac gia tri da hiéu chuan cta bién do phtc tin hi¢u dau ra cac duong thu
va dam bao gi tri 16n nhat c6 thé cho hé s6 dinh hudng ddi v6i hé thong.

3.3.2.2. M6 hinh todn hoc gidi thudt qud trinh tu dong hiéu chuin AMPS

Gia thiét c6 hé thong AMPS c¢6 N cac MDTPS véi cau trac duoc tong hop trén
co s& ctia phép diéu ché va giai diéu ché cau phuong. Viéc hinh thanh tin hiéu hiéu
chuan s(t) c6 dang ma ma nip pha nhi phan M, ,, vi tri v4i cac xung con cao tan
dugc tao boi khau tao tin hiéu co diéu khién dugc dwa qua phan tor ghép dinh
huéng, qua phan tir circulator déng vai tro chuyén mach thu phat dé téi dau vao
tung duong thu cia MDTPS thui véii € [1; M, | nhu da chi ra trong hinh 2.23
ctia muc 2.3.3. Khi i = 0 MDTPS 13 md dun tham chiéu “a0”.

Céc tin hi¢u s(t) sau khi di qua phan twong tur, phan sé cia duong thu s& dugc
tach thanh hai phan thuc ReS va phan 4o ImS véi bién do phirc 13 S, ;. Vi muc

SNRvao_dg_thu|p « 1, thi SNR,q.4 tu|p &« 1, nén dé dam bao cho mitc SNR du 16n
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theo yéu cu cho qua trinh xtr 1y tiép theo, cac dit liéu sb duoc tich lity twong can dé

hinh thanh tin hiéu phtic v6i hai thanh phan thyc va do c6 dang:

My ¢ My tr
ReSs; = Z ReS,,, i;ImSy; = z ImSp,, i (3.18)
My tr My tr

Néu ldy M, = M x N, phép tich liiy 1a sy “mé phong” lai qua trinh tong hop
tuong can song song tin hiéu dau ra dudng thu cua tit ca cic MDTPS.
Tir day, ta c6 thé thiét 1ap hé sb hiéu chuan phtic cho tig duong thu thi i, véi
i €[1;(M X N)]
S50 _ |SE.0| X exp (jepo) (3.19)

. Szi |Suil x exp (o)
Trong do, |SE_0| va @, tuong ung la bién d§ va pha cua tin hi¢u phuc da tich

i =

lily d6i voi duong thu ciia md dun tham chiéu; [Sy; | va ¢; — tuong tng 14 bién d¢ va
pha cua tin hiéu phirc di tich liiy ddi voi duong thu cia mé dun tht i can hiéu

chuan. Céc gia tri |SE.i| va ¢; duoc udc luong theo biéu thic:

. — — (3.20)
Ss.:| = [ (ReSg.)? + (ImSg,)
. ImSy; (3.21)
= ar :
P gtg ReSy;

Khi tich lily twong can lan luot theo M, ;- hay theo M, ;- = M X N, thi tri
tuyét d6i ctia bién do phurc c6 thé viét dudi dang:
|Ss.0| = My X [So | hodc [Sgo| = (M x N) x |S, | (3.22)

[Ss.i| = My X |S; | hodc [S5i| = (M x N) x [$] (3.23)
Khi d6, hé s6 hiéu chuan phtc ddi véi timg duong thu tai biéu thuc (3.19) co

thé viét lai nhu sau:

K; = |K;|exp (jAg)) (3.24)
Trong 4o, |K;| = |So |/|S:| dwoc x4c dinh 1a md dun hé s6 higu chuan phirc

d6i voi duong thu thr i; Ag; = @, — @; 13 lugng sai pha can hiéu chuan.
Biéu dién dudi dang ham luong giac, biéu thirc (3.24) duoc viét nhu sau:

K; = |Ki| x [cos(Ag,) + j sin(Ag,)] (3.25)
Phan thyc va phan do cua h¢ so hi¢u chuan phtrc c6 dang:
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Re(K;) = |K;| X cos(Ap)); Im(Ki) = |K;| % sin(Agp;) (3.26)
Khi do, cac bién dg phuc cua tin hi¢u dau ra duong thu viét dudi dang ham mii

va ham luong giac nhu sau:

S = |$i | X exp (jo;) (3.27)
S = |Si| X [cos(g;) + j sin(g;)] . (3.28)
Viéc kiém tra dugc thyc hién trén co s& nhan tin hi¢u dau ra duong thu vaoi hé

s6 hidu chuan phirc cua chinh n6. Nghia 13: Vi # 0 and € (M x N) thyc hién phép
Lt x K;, s& thu duge tin hiéu:
S; xK; = |$i | X |Ki|[COS(<Pi + Ag;) + jsin(g; + Ap;)] (3.29)
Ta co |Kl| = |S’0 |/|S’i | va Ap; = @, — @;, nén cob thé suy ra rang:
S; X K; =[Sy | X [cos(go) + j sin(gy)] (3.30)
Biéu thirc (3.30) 1a gia tri bién d6 phuc da dugc hiéu chuan cua tin hiéu di téi
dau vao duong thu d6i véi MDTPS thit i duge ky hiéu 1a SP*% " va duge viét dudi
dang:
gsauhch — |S‘0|exp (i0o) (3.31)
Hoac:
Re(s§auhchy = |SO| X cos(@,) ; Im(SFawheh) = |$O| x sin(¢,) (3.32)
Cong thuc (3.32) cho thiy rang, tit ca cac MDTPS déu c6 tin hiéu dau ra
gidng nhau ca vé bién do va pha.

3.3.2.3. Tong hop qud trinh tw déng do va hiéu chuan thoi gian thuc dwong

thu

Tai hinh 3.20.a c6 trinh bay lugc d6 tong quat qua trinh tu dong do, hiéu
chuan thoi gian thuc cho cac MDTPS ¢6 ciu tric duge hoan thién tai chuong 2.

Tai trng mo dun, tin hi¢u hi¢u chuan duoc hinh thanh bdi b tao tin hiéu co
diéu khién (CSG) véi cac dit liéu dau vao 1a thong tin vé tin hiéu can dwoc hinh
thanh va cap nhat tir khau tinh todn. B0 tao tin hi¢u CSG s€ hinh thanh tin hi¢u hi¢u

chuén sy ¢ ;(t) dang ma BPSK c6 cac tham SO €y cp, Txg.con VO MUC Py con <

Pnoi.tap-
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Céc tin hiéu sp, o, (t) dugc dua téi dau vao dudng thu qua chuyén mach cao
tan (CMRF) va diéu khién bai 1énh Tx/Rx, va tron vé6i tin hiéu thu trong phén tir
ghép dinh huéng, qua circulator. Phan tt CMRF s& chi cho sy, o, (t) di toi dau vao
duong thu khi c6 1énh RX. Do qué trinh hi¢u chuan duoc thuc hién theo thoi gian
thue, song song voi qué trinh thu, xir 1y tin hiéu, nén dé tranh su tac dong cua céac
tin hiéu phan xa 16n t6i chit lugng hiéu chuén, trong cac MDTPS s& c6 phan tir do
cong suit tirc thoi 13 mirc cong suét tin hiéu dau vao dé hinh thanh tin hiéu chin
s(t) . Khi d6, cac mau cua tin hiéu hiéu chuan s& khong duoc xir 1y tich liy (hink

3.20.b).

Xirly
trung tdm
l
N 1
MDTPS (i) 9 MDTPS (j)
tao s;(n) taos;(n)
Do P, tao Chin
xung chin t.higu lon
l S — Tin hiéu thu
Mi ~ = R "S Con, iwiif kénh thu
BPSK M) Luwu mau tin hiéu thu Dém % —g’%’?“ higu chudn
2 i\ i il I W ‘
= Willea il & H‘ﬂ‘ I i ”
< | ¥
£ ‘ \
1.Tich liy twong can; S ‘ ,
2.Ubc lugng  K; = &
N s = 193 B3 [
3. Hinh thanh di liéu s; ,,,,(n) . ) Chi 56 méu

Hg tao GDHS,,

Hinh 3.20. Luoc d6 tong quat qua trinh ty dong do, hiéu chuan dudng thu (a.)

va gian d6 chan khong cap tin hi¢u hiéu chuan vao duong thu khi c6 nhiéu (b)
Sau xtr 1y loc xung don, tai ddu ra duong thu cia MDTPS tht i, hai thanh phan
cu phuong cua tin hi¢u hi¢u chuin ReS‘i va ImS‘i duoc dua té1 khau tinh toan, hiéu
chinh dé thyuc hién cac phép tich liy (xir Iy tich ity trong can sd) theo yéu cau. Va
so sanh voi cac dit liéu cta tin hiéu tham chiéu dé ude luong cac tham s6 cho hé Va

so sanh védi cac dir li€u cua tin hi€u tham chiéu dé uoc lugng cac tham s6 cho hé so6
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s1(0)

Cic diF lidu bix,dd leu tir Duwong phit T / Rx

CCPU va Re(Sy ), Im(Sy) D’”’V?A”_I_l},_
vé 5y (n) Cs6 Phiin RF
: Phiin so’ twong ti
s - Bl o
[m(SO) RC(SI ) ons huoéng
¥ I ~ nan
Re( Svl.x-au,h.ch ) Im(S,) | Phiin s6 ong b
A — S I MDTPS Nol
A sau.h.cn \ o
fGS fut, ! .§ '§ Dlry{l(e;;l)w Durong thu
3 s5 | =
sauh.ch S ]
RO Re(S))
: < x )
[ sm(Sirem &= In(S,) MDTPS Noi —
= =
= & sau.h.ch ~
sau.n.cl .
= Re(Syrn™ ) Re(Syun
ISy ") In(Syn) MDTPS NoMxN) <

Die ligu v8 51,3 (n)
%—J

Ra cic ditligu o6 s,(n)

Hinh 3.21. So d6 cau triic tong quat hé con ty dong hiéu chuan duong thu.
hiéu chinh. Sau 6, hinh thanh cac dit liéu can thiét dé gui t6i bo tao tin hiéu co diéu
khién. Cac dit liéu sau xir Iy gdm: [Re(S$4Mch), Im (S5 hch)], s& duoc dua téi hé
tao bup song sb. Tai hinh 3.21 trinh bay so d cu truc tong quat hé con tr dong
hiéu chuan duong thu trong cac MDTPS cia AMPS.

3.3.3. Minh chirng két qua nghién ctru bing mé phéng va thwe nghiém

Qua trinh thuc hién minh chimg két qua mo phong da tién hanh tong hop thuc
té: 04 dudng thu, cé tinh t6i phuong 4n cai thién cau tric theo hudng kiém soat
thich nghi dai dong nhu da trinh bay tai muc 2.3.2 va muc 2.3.3; khau tao va phan
phéi dién ap LO; khau tinh todn, hi€u chinh va st dung 01 may tinh dong vai tro bo
xtr 1y trung tdm va cong cy hién thi (hinh 3.22). Bang 3.4 trinh bay tham sb tin hiéu
duogc thuc hién trong qua trinh mé phdong.

Hinh 3.23 trinh bay két qua mo phong tin hiéu cta 04 duong thu trude va sau
khi khoi dong qué trinh ty dong hiéu chuan theo luge d6 da duogc trinh bay & trén.
Qua trinh xtr 1y tich Ity duoc thuc hién v6i M = M,, 1 X Mg py = 256 X 4 = 1024,
tuong ng v6i s6 mau. Dé don gian cho qua trinh mo phong, cé thé gia thiét lay tin
hiéu vao ra ciia dudng dan N,1 1am co so tham chiéu.

Tai bang 3.5 — 3.8 trinh bay két qua udc luong sai léch tham sé bién d6 va pha

tin hiéu trudc va sau hiéu chuan khi chua str dung mé hinh duong thu phdi hop toan
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94 duong thu ciia MDTPS May tinh dong vai tro
Tao va phan phoi LO CCPU va hien thi

Khau tinh todn
va hiéu chinh

Hinh 3.22. So d6 thuc hién mo phong h¢ con ty dong hi¢u chuin
duong thu (04 duong) trong cac MDTPS.
phan c6 diéu khién thich nghi dai dong.

Bang 3.4 Tham sd tin hiéu mo phong

Thams§ | fo[MHz] fio[MHz] | for[MHz] M,

Gia tri 1560 =+ 1590 1470 = 1500 90 256

Tin hiéu cdc kénh trwdc khi hiéu chudn

200 T

T T T
{1 itk A, i, i, e g — Duong thu Nol
100 i “ w‘km W ‘“LIW i i"“\ UM g ""1 . w “n‘ i M‘(M 0y I ; ‘“l “‘l‘. — Duong thu No2 'H
= i jl ! ‘v i !(‘ 'R P 'Jw N A" i I“I‘“ “‘” 4 "’ | ’W ¥ \( 1 0y I’i o Duong thu No3 .
£ o " | ri ‘i‘h Mo i iN roh I \4 v ‘,ﬁ [ A g Dudng thu Nod | |
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Hinh 3.23. Két qua mo phong 04 tin hiéu dau ra trudc va sau khi hiéu chuan.
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Bang 3.5. Cac gia tri sai 1éch bién do tin hié¢u (*)

Trang thai duong thu Duong No2 [dB] No3[dB] No4 [dB]
Trude hiéu chuin 2.2 1.9 2.6
Sau hiéu chuan 0.25 0.34 0.41

Bang 3.6. Céc gia tri sai 1éch pha tin hi¢u (*)

Trang thai duong thu Puong No2 [d9] No3[d0] No4 [d0]
Trudc hidu chuan 6.3 5.5 72
Sau hiéu chuan 1.6 2.0 1.1

(*) So véi dir liéu duong thu tham chiéu.

Bang 3.7. Cac gia tri sai 1éch bién do tin hi¢u (*)

Trang thai duong thu | Puong No2 [dB] No3[dB] No4 [dB]
Trudc hidu chuan 3.1 2.3 2.8
Sau hiéu chuan 0.14 0.13 0.16

Bang 3.8. Cac gia tri sai 1é€ch pha tin hi€u (*)

Trang thai duong thu | Puong No2 [d0] No3[dd] No4 [d0]
Trudc hiéu chuan 4.5 6.3 7.2
Sau hi¢u chuan 0.8 1.1 0.7

Bo tao tin hiéu c6

diéu khién (CSG)

04 chén tir anten
Piiu do v6i 04 duonF® AMPS
thu ciia MDTPS

May tinh dong vai tro
CCPU va hién thi

Hinh 3.24. So d6 do thyc nghiém minh chimg két qua nghién ctru.
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So d6 thuc nghiém (hinh 3.24) bao gom hé dau do véi 04 dudng thu cua
MDTPS duoc ga"m véi 04 chan tir anten mach dai, bd tao tin hiéu c6 diéu khién CSG
voi anten chiéu xa ctia minh, may tinh c4 nhan dong vai tro CCPU va hién thi. Véi
tan sb f, nam trong dai 1560 + 1590 [MHz], khoang cach ving trudng xa 16n hon
2 [m]. Thuc nghiém dugc thuc hién véi khoang céach r gilra anten chiéu xa va hé
chén tir anten mach dai 1a 7.5 [m]. Tuong tu nhu v&i qua trinh mo phong, viéc thuc
nghiém ciing duoc tién hanh sir dung dudng thu Nol 1am dudng thu tham chiéu. Tai
cac bang 3.9, 3.10, 3.11 va 3.12 trinh bay két qua thir nghiém x4c dinh muc sai léch
tham sb bién d6 va pha tin hi€u trudc va sau hi¢u chudn, trude va sau cai tién ung
dung mé hinh dudng thu khép toan phan va diéu khién thich nghi dai dong.

Bang 3.9. Két qua thyc nghiém xac dinh céc gia tri sai 1éch bién do

tin hi€u trude va sau hi¢u chuan va trude khi cai tién duong thu (*)

Trang thai duong thu | Puong No2 [dB] No3 [dB] No4 [dB]
Truéc hiéu chuin 5.5 6.3 7.1
Sau hiéu chuan 0.91 1.34 1.53

(*) So véi dit liéu dudng thu tham chiéu.
Bang 3.10. Két qua thuc nghiém xac dinh cac gia tri sai 1éch pha

tin hi€u trude va sau hi¢u chuan va trude khi cai tién duong thu (*)

Trang thai duong thu | Puong No2 [d]] No3 [d9] No4 [d0]
Trudc hiéu chuan 8.1 9.1 6.9
Sau hiéu chuan 2.2 2.7 1.8

Bang 3.11. Két qua thuc nghiém xac dinh cac gia tri sai 1éch bién do

tin hi€u trude va sau hi¢u chuan va sau khi cai tién duong thu (*)

Trang thai dudong thu | Puong No2 [dB] No3 [dB] No4 [dB]
Trudc hiéu chuan 6.1 6.3 5.5
Sau hiéu chuan 0.41 0.34 0.25

Bang 3.12. Két qua thuc nghiém xac dinh céc gia tri sai 1éch pha

tin hi€u trude va sau hi¢u chuan va sau khi cai tién duong thu (*)

Trang thai duong thu | Pudng No2 [d]] No3 [d0] No4 [d0]
Trudc hiéu chuin 7.6 6.8 7.3
Sau hiéu chuan 0.24 0.21 0.31
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Két qua thyc nghiém ciing duoc thuc hién trén co sé tong hop GDHS,y,, theo
cac goc quan sat khac nhau bang viéc stir dung ban xoay (hinh 3.25) cho hé AMPS
dé so sanh voi GDHS,, sau hiéu chuan. Cac GDHS,y,, duoc tong hop & cac goc
0°,410°, +20° 4+30° va +40°. Két qua tong hop GDHS,y, sau hiéu chuan bang
phuong phap mé phong duge trinh bay hinh 3.26. Con tai hinh 3.27 trinh bay két

qua do va xur 1y dit liéu thuc nghiém.

Hinh 3.25. M6 hinh st dung ban xoay dé tong hop GDHS,,,, & cic gbc quan sat
khac nhau trong qua trinh hiéu chuan.

—Goc0dp
— Géc 10 d§
— G6c 20 d

— G6c 30 d5

— Géc 40 dp

- -Géc-10 46

- -Géc -20 46

- - Géc -30 dp

- - Géc -40 46
>

Bién dj chudn hoa (dB)

Géc (Do)

Hinh 3.26. GDHS,,, duoc tong hop sau hiéu chuin biang mo phong.
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Hinh 3.27. GDHS,,, dugc tong hop sau hiéu chuan bang thuc nghiém.

Ca hai két qua tong hop GDH Sy, 0 trén déu duoc thuc hién véi truong hop da

ci tién duong thu sir dung diéu khién thich nghi dai dong ddi v6i duong thu.

Dua vao cac két qua trén, co thé rut ra mot s6 nhan xét sau:

Thir nhdt, giai thuat duoc tong hop trén co sé nghién ctru mé hinh toan hoc,

trién khai, xay dung lugc dd tong quat va so do cau triac cho qué trinh ty dong do va

hiéu chuan duong thu trong cac MDTPS. Giai thuat da giai quyét duoc bai toan tu

dong hiéu chuan duong thu khi ma muc ty sb SNRvaO_dg_thu|p « 1 tuong ung vbi

muc cong suat tin hi¢u phan xa tor cac muc ti€u MTDVN bé hon rat nhi€u so véi

muc ndi tap. Pidu ndy dan tSi su can thiét phai tong hop cau trac tin hiéu hiéu

chuan phi hop va sir dung phuong 4n tich lily twong can lién tiép véi s 1an tich liy

dugc Iya chon theo yéu cau dé dam bao muc ty sd SNRm_dg_thu|p du 16n cho bai

toan do ludng ma cac thong tin chua trong tin hiéu hiéu chuan bi 16i & muc thip

nhét.

Thit hai, viéc hinh thanh cac hé s0 hiéu chuan dua trén sy so sanh bién do

phtc tin hiéu dau ra dudng thu cia MDTPS tham chiéu “40” véi bién do phtc tin

hiéu dau ra cac duong thu sau tich liy.

Thir ba, tmg dung cach ti€p can “cau hinh mém” trong qua trinh trién khai

thuc hi¢n bai toan tong hop so do cau trac hé con ty dong do va hiéu chuan cac

duong thu. Str dung tdi da cac phan tir linh kién co ban can c¢6 cia MDTPS tham gia
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vao qua trinh do, hiéu chuin. Nén hé con tu dong do va hiéu chuén s& duoc goi la
hé con tich hop ty dong do va hiéu chuin duong thu trong cac MDTPS.

Thir tir, viéc minh chimg két qua nghién ctru bang mé phong va thuc nghiém
d3 minh chung tinh dang din, hiéu qua cta vin dé do, hiéu chuin véi ca hai trudng
hop trude va sau cai tién duong thu ctia cac MDTPS gbp phan giai quyét bai toan
dam bao kha nang phat hién 16p MTDVN.

Két qua nghién ciru trong muc 3.3 dugc cong bd tai bai bao “Automatic
calibratioin of the receiving line of information and control systems in real time”
cua tap chi Scientific and technical journal of information technologies, mechanics
amechanics. 2025,Issue 3, Volume 25, pp. 554-564 (Scopus, Q4).

3.4. Két luan chwong 3

1. Pa phan tich va lwa chon phuong phap hiéu chuan min of rotating-element
electric-field vectors — REV,,in, dé thyc hién hiéu chuin AMPS tai co s& san xuét
(nha méy). Xdy duyng mo hinh toan hoc ctia phuong phap REV,,;,. Két qua mé
phong va thuc nghiém ¢ bang tan L cho thay: phuong phap REV,,;, xac dinh sai s6
pha chinh xac hon phuong phdp REV,,,,; phuong phap REV,,;, c6 pham vi phat
hién tot hon trén mdi lan thay doi pha twong tng voi d6 phan giai cao hon 35 dB;
sai s6 pha ctia phuwong phap REV,,;;, 14 5°, con v&i phuwong phap REV,,,, — 70°; mitc
khuéch dai dinh ciia biip song tong bang phuong phap REV,,;, cao hon REV,,,, 1a
3,7..4,1 dB. Két qua nghién ctru da duoc téng hop dudi dang bai bao khoa hoc
“Calibration of phased array antenna with the minimum point finding method of the
array factor”, Indonesian Journal of Electrical Engineering and Computer Science.
Institute of Advanced Engineering and Science Vol.38, No.2, May, pp. 854~864,
ISSN: 2502-4752, DOI: 10.11591/ijeecs.v38.12.pp854-864, (Scopus, Q3).

2. Pa g dung phuong phap hiéu chuan trudng xa rotating-element electric-
field vectors — REV bang giai thuat TTQ dé giai quyét bai toan do, hiéu chuan
AMPS tai co s& san xudt va dic biét 1a tai vi tri trién khai c6 tinh toi tac dong cua
cac ngudn nhidu ngoai. Sai sd bién d6 va pha cua két qua hiéu chuan khi sir dung

phuong phap TTQ dé xuit dam bao theo tiéu chuan ky thuat twong tng 1a dudi 1 dB
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va 5°. Két qua nghién ctru di duoc tong hop duéi dang bai bao khoa hoc “Phased
Array Antenna Calibration Based on Autocorrelation Algorithm” dang tai tap chi

MPDI Sensors 2024, 24(23), 7496; https://doi.org/10.3390/s24237496 hang Q1; va

bai bao khoa hoc “Autocorrelation Method of Phased Array Antenna Calibration
Based on Far-Field Measurement System”. Journal of the Russian Universities.
Radioelectronics. 2025. 28 (3):106-115.

3. Pa tong hop giai thuat ty dong do, hidu chuan bén trong d6i voi dudng thu
ctia cac MDTPS ma da duoc hoan thién vé cu tric duong phat, duong thu da duoc
trinh bay & chuong 2. Lugc dd qua trinh tu dong do, hiéu chuin dudng thu (hink
3.20) va so d6 cdu tric hé con ty dong hiéu chuan dudng thu (hinh 3.21) dam bao
duy tri tot kha ning phat hién va xac dinh toa do cua tit ca cac muc tiéu c6 G, , ~ =
4[cm?] trong qua trinh van hanh, khai thac chién ddu. Két qua nghién ctru da dugc
cong bb tai bai bao “Automatic calibratioin of the receiving line of information and
control systems in real time” cua tap chi Scientific and technical journal of
information technologies, mechanics amechanics. 2025,Issue 3, Volume 25, pp.

554-564 (Scopus, Q4).
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KET LUAN VA PINH HUONG NGHIEN CUU TIEP THEO

AMP 1n6i chung va AMPS néi riéng 1a thanh qua cua sy phat trién khoa hoc k¥
thuat, cong nghé trong linh vuc dién tir va vo tuyén dién tr. Va 1a thanh t6 quyét
dinh hinh thanh cac t6 hop v6 tuyén dién tir da chtrc ning hién dai. Nho khé ning
hinh thanh GDHS,y,, GDHS,;,, mdt cach doc 1ap, voi hinh dang, vi tri khéng gian
khac nhau céc hé thong ra da da chirc ning di va dang giai quyét duoc cac nhiém
vu bao vé vung troi qudc gia. Dé tai luan an “Nghién citu ndng cao khd ndng phat
hién va xdc dinh toa d6 muc tiéu dau vét nhé cho hé théng dinh vi vo tuyén s dung
anten mang pha” 13 két qua cta qué trinh tong hop nghién ctru cta nghién ctru sinh
khong chi giéi han trong thoi gian ba nim 1a ma da kéo dai trong gin nhu toan b
qué trinh hoat dong thuc tién tai don vi cong tac.

Do ndi dung nghién ciru lién quan t&i gan nhu toan bo cac thanh phan co ban
ciia ddi tuwong nghién ctru — hé thdng AMPS trong giai bai toan phat hién cac
MTDVN, nén céach tiép can giai quyét cling theo hudng hé théng trai déu tir van dé
hinh thanh GDHS; cai tién, hoan thién cau tric duong thu dén van dé hiéu chuin
AMPS tai co s ché tao, ciing nhu trong qua trinh van hanh, khai thac. Cac két qua
nghién ctru nham giai quyét mot sé diém ton tai mang tinh nguyén tic cua toan hé
thong khi d6i pho véi 16p cac MTDVN. Céc két qua nghién ciru quan trong cia luan
an da cong b tai cac tap chi chuyén nganh trong va ngoai nudc cé uy tin.

A. Mot s6 déng gép méi ciia luiin an

Tir cac két qua nghién ciru, mot sd giai phap ky thuat da dé xuat, luan an tong
hop lai thanh mét s6 dong gop mdi nhu sau:

1. Hoan thién viéc téng hop, hinh thanh cac dang khac nhau cua GDHS, 5,
GDHS,p, 5 theo thoi gian thyc. Ung dung phuong phap don xung k¥ thuét sé déi véi
AMPS trong viéc nang cao chat lugng xac dinh toa d§ goc cac muc tiéu, ké cacac MTDVN.

2. Cai tién cau trac MDTPS v&i duong thu dugce hoan thién theo mé hinh loc

phdi hop toan phan nham dam bao khong bi mat mat, méo dang cac thong tin tin
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hi¢u yéu phan xa tr MTDVN dé dam bao diéu kién SNRyls , -safemz; > 1 26p
phan ning cao chat lugng phat hién cac loai muc tiéu.

3. Dé xuit méi phuong phap hiéu chuan AMPS tai co sé san xut va tai vi tri
trién khai trong moi truong nhidu ngoai nhim dam bao cac tham sd cua bup séng
chinh theo yéu cau k¥ thuat va giam thiéu cac bap song phy nham nang cao va duy
tri chat lugng phat hién va xac dinh tham s6 toa do cua cac muc tiéu noi chung va
MTDVN néi riéng.

4. Pé xuit méi phuong phap ty dong do, hiéu chuin duong thu cia cac
MDTPS (sau hoan thién cdu trac) dé duy tri diéu kién phat hién
SNRy Iam_ . ~24[cm?] > 1 trong qua trinh khai thac, van hanh gop phan nang cao chat
luong phat hién va xac dinh tham sb toa d0 goc.

Céc két qua nghién ctru 1y thuyét déu duoc minh chung dinh lugng thong qua
mo phong va thir nghiém thuc té. Cac két qua nghién ciru trén déu thyc hién theo
quan diém ra da da chirc nang duoc thiét ké theo mo hinh hé théng tich hop cau hinh mém.

B. Pinh huwéng nghién ctiu tiép theo

Viéc ché tao méi, cai tién hoan thién hé théng AMPS 1a hoat dong tat yéu
trong luc luong vil trang nodi chung va bo d6i Phong khong qudc gia ndi riéng. Mot
s6 dinh hudéng nghién ciru tiép theo phaét trién trén co s& luan an la:

+ Khao sat, mé rong dai tn cong tac trong qua trinh hoan thién va dua cac két
qua nghién ctru vao san pham thyc theo quy md yéu cau.

+ Tiép tuc hoan thién, t6i vu céc phén mém hé théng va cac thuat toan xur 1y
theo dinh hudng sir dung tri tu¢ nhan tao (AI).

+ Tiép tuc nghién ctru, hoan thién bai toan ty dong do, hi¢u chuan d6i véi cac
duong phat dé tién téi hinh thanh hé con tu dong hiéu chuin bén trong cia cic
MDTPS theo thoi gian thyec.

+ Ung dung phat trién dinh hudng thiét ké, ché tao va tong hop céc trang thiét
bi dau do ra da theo cach tiép can cau hinh mém nham phat huy va mé rong kha
nang da chirc ning ciia chung trong viéc tmg phd véi nhiéu ching loai d6i twong

can quan trac khac nhau./.
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