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MO PAU
1. Dit vén dé

Viéc phat hién cac muc tiéu trong khong gian duoc xac dinh
dua trén nguyén tic buc xa dinh hudng nguén nang lugng siéu cao
tan v6i mirc cong sudt du 16n vao ving quan sat va thu tin hiéu phan
xa veé. Cac tham sb toa do muc tiéu duge xac dinh bﬁng phuong trinh
ra da. Trong phuong trinh ra da, “di¢n tich phan xa hi¢u dung”,
DTPXHD, ky hiéu 1& Gy, tjey 14 tham s6 duy nhit mang thong tin vé
muc tiéu. Dé ting cuong kha ning sdng so6t cho muc tiéu, viée giam
d0 100 G,y piey 12 yéu cau tat yéu. My 1a qudc gia dau tién sir dung
“cong nghé tang hinh - Stealth technology” dé giam &, ¢jey,. Sau do,
hang loat phuong tién bay ké ca phuong tién bay khong nguoi lai sur
dung cong ngh¢ nay da ra doi dé lam giam déng ké cu ly phat hién
bang cac hé thong ra da truyen thdng. Va cac phuong tién bay co
Om.tieu™ 10_ ..1073[m?] 1a cac muc tiéu dau vét nho (MTDVN).
Khi do, neu glam Om.tieu 10 50% dén 70% thi cu ly phat hién cling
s& giam xudng tir 20% dén 40% tuong tmg, va lam giam kha ning
san sang tng phoé cia cac lue luong bao vé quéc gia.

Phat hién va xac dinh toa d6 muc ti€u la nhiém vu hang dau cua
céc hé thong ra da. Do cac MTDVN thudng hoat dong két hop véi
cac muc tiéu théng thuong, nén trong s6 cic phuong phap ra da thi
mo hinh ra da da chtic nang st dung hé thong anten mdng pha 1a
cach giai quyét phu hop va c6 tinh cap thiét trong diéu kién thuc té
cua Viét Nam. Tu day, tén dé tai duoc xac dinh 1a “Nghién ciru
néng cao kha nang phat hi¢n va xdac dinh toa dp cic muc tiéu diu
vét nhé cho hé thong dinh vi vé tuyen st dung anten mang pha”
nham muyc tiéu tim kiém cac cach tiép can méi, cac phuong phap,
giai phap k¥ thuat, cong nghé khac nhau dé ting cuong kha ning
phat hién, xac dinh toa d6 16p cac MTDVN noi trén.

2. Poi twgng, pham vi nghién ciru va phwong phap nghién ciru.
Déi twong nghién ciru: 1a hé thong anten mang pha s (AMPS) tich
hop béi tip cac mod dun thu phat s (MDTPS) bd tri trén mit mo
trong ra da da chuc nang khi thuc hién bai toan phat hién, xac dinh
toa do cac muc tiéu ¢ Gy iy = 1073[m?].

Pham vi nghién ciru: Thudc chuyén nganh Vit Iy vo tuyén va
dién tir voi linh vuc hep 1a k¥ thudt va cong nghé ra da



2

Phirong phdp nghién ciru: Puoc xdy dung trén co so cua ly thuyét
vat ly vo tuyén thng ké, anten truyén song, anten mang pha va
mang pha s0; nguyén ly ra da; ky thuét thu va xur 1y tin hi¢u, dir liéu
sO va khai thac dir lidu tién toi dé xuat phuong phap luan giai quyet
xdy dung mo hinh hé thng, kiém dinh thong qua mo hinh hoa két
hop thuc nghiém va sir dung phuong phép gian tiép dé danh gia hiéu qua.
3. N§i dung nghién ciru

Céc ndi dung nghién ciru cu thé trong luan an gom:

+ Phan tich dic diém ctia MTDVN, md hinh AMPS dé hinh thanh
phuong phap ra da nang cao chat luorng phat hién, xac dinh toa do
cAc MUC tiéU €O Ty tiey, = 1073 [m?]trén co sé hinh thanh GDH. ph Va
GDH,, dam bao kha nang tich lily khong gian — thoi gian gop phan
tang SNRy

+ Hoan thién ciu tric MDTPS dugc tong hop trén co s diéu ché
va giai diéu ché cau phuong tmg dung trong AMPS. Trong do,
duong phat dam bao kha ning khuéch dai tuyén tinh. Puong thu
duoc hoan thién theo mo hinh loc phéi hop hoan toan c6 tinh téi viée
xtr 1y tich lity && SNRs, > 1 dap tng cac yéu cau phat hién MTDVN
va muyc tiéu thong thuong .

+ Nghién ctru ndi dung ndng cao chat luong do, hiéu chuin
AMPS tai co s& ché tao va tai vi tri trién khai.

+ Nghién ctru ndi dung tong hop hé con tu dong do, hiéu chuin
noi thoi gian thue MDTPS dé giam thiéu cac 18i vé pha va bién do
tin hiéu nhdm ning cao chét luong xtr 1y tich lity dé ting SNRy dap
ung cac yéu cau phat hién va xac dinh toa d6 toa d6 cac MTDVN.

Vi cac ndi dung da xac dinh, luan an cé bd cuc gém:

M dau.

Chuong 1: Ra da da chirc ning sir dung AMPS va vén dé phat
hién, xac dinh toa d6 cac MTDVN

Chuong 2: Cai tién MDTPS nang cao kha ning phat hién va xéac
dinh toa d6 cac MTDVN

Chuong 3: Cac giai thut hiéu chudn AMPS gop phan dam bao
kha nang phat hién cac MTDVN

Két lun.
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4. Tinh thyec tién, tinh khoa hoc va nhirng déng gép méi ciia luin
an

Tinh thuc tién: Cac két qua nghién c6 thé duoc ung dung trong
thiét ké ché tao méi ra da da chirc ning sir dung AMPS. Cac két qua
nghién ctru doc 1ap c6 thé sir dung dé cai tién, hoan thién va lam méi
nhiéu thanh phan trong céc ra da str dung AMPS thé hé cil.

Tinh khoa hoc ciia ludn dn: Gop phan bd sung, hoan thién nhiing
giai phap tiang cuong chét lugng phat hién, xac dinh toa do cac muc
tiéu noi chung va MTDV N noi riéng cho ra da hién dai dung AMPS.

Nhitng dong gop méi cua ludn an
1. Hoan thién viéc téng hop, hinh thanh cac dang khac nhau cua
GDHS¢p 5, GDHSpp 5 theo thoi gian thyc. Ung dung phuong phép
don xung k¥ thuat s6 d6i véi AMPS trong viéc ning cao chét luong
xéc dinh toa d6 goc cac muc tiéu, ké ca MTDVN.

2. Cai tién cdu tric MDTPS véi dudng thu dugc tong hop theo mo
hinh loc phéi hop toan phan nhim dam bao khong bi mat mat, méo
dang cac tin hiéu yéu phan xa tr MTDVN dé dam bao diéu kién
SNRs| s ~23[cm?] > 1 8O phan cao chét lwong phat hién céc loai
muc tiéu

3. Pé xuét méi phuong phap hiéu chudn AMPS tai co s san xuat va
tai vi tri trién khai trong méi truong nhleu ngoai nham dam bao cac
tham s6 cua bup song chinh theo yéu cau k¥ thuat va giam thiéu cac
bup song phu nham nang cao va duy tri chat lugng phat hién va xac
dinh tham s6 toa d6 cua cac muc tiéu noi chung va MTDV N néi ri€ng.

4. Pé xuit méi giai thuat tu dong do, hiéu chuén duong thu cua cac
MDTPS (sau hoan thién cdu triic) dé duy tri diéu kién phat hién
SN RZ'Umt ~23[cm?] > 1 trong qua trinh khai thac, van hanh gop
phan nang cao chét lugng phat hién va xac dinh tham s toa d6 goc.

CHUONG 1. RA PA PA CHUC NANG SU DUNG ANTEN
MANG PHA SO VA VAN DPE PHAT HIEN, XAC PINH TQA
PQ CAC MUC TIEU DAU VET NHO
1.1. Muc tiéu d4u vét nhé — déi twgng cin quan Iy ciia h¢ thong

canh gi¢i phong khong qudc gia

1. Tir viéc dién giai ban chat vat 1y clia qué trinh phét hién cac
muc tiéu bang ra da (hink 1.1), c6 thé hinh thanh biéu thirc x4c dinh
mirc cong sudt thu tin hidu phan xa tir muc tiéu toi dau vao may thu:
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P L&, )X G?x 2% x G, 1.2
P (Boe f) = pn (B f3) : m.e(f) (1.2)
(4m)3 xr*(B,e,f) X L
Trong do, Pph(ﬁ &f), G, A, r(B,¢& ) val - tuong ing la cong
sudt phat, h¢ s6 khuéch dai anten, budc séng, cu ly phat hién muc
tiéu va hé s6 ton hao.

Déu do phdt xa ndng heong
Vi mdit dg le: Ep;(ﬂ £ Uj) Q.. (B.8)

Gde khoi G, () (ﬂfﬂf}h chén
bai muc mn 6 DIPXHD la &, ,(f}

Gdc khdi bi chén boi: Ay, (ﬁ."ﬁj] : E O

Hinh 1.1. Minh hoa hinh hoc phuong trinh ra da phat hi¢én muc tiéu.
Dé phat hién, P, (B, €, f) phai 16n hon ngudng xéac dinh:
Pen(B,€ f) 2 Ptnmin = (SNR) X Prqp (1.3)
Trong d0, Ppmin, Pmp va SNR tuong tmng la mic cong suat thu
t6i tiéu, mirc tap may thu va ty so tin/tap.

Phuong trinh ra da xac dinh cu ly cuc dai phat hién s€ c6 dang:

ey [Per (e ) X 62 X A2 X () (14
a8 )= [T am) X PrpinBr e 1) X L

V6i diéu kién tién quyét dé phat hién.

| SNR = Pepmin/Peap = 1 (1.5)

2. Tu (1.4), ta co, r(B, €, f) \/amt(f) V6i dang diéu kién do,
cu ly phat hién phu thuoc cha yéu vao &, ,. Trong ra da, c6 mot sb
giai phap giam dau vét ra da (giagm DTPXHD &, ;) nhu: hoan thién
dang khi dong muc tiéu; st dung vét li€u hép thu (hoac trong sudt)
song dién tu; giam dau vét cho cac hé théng dién tir trén muc tiéu;
hiéu tmg dam may hap thu séng dién tir hodc giam kich thudc v.v
thudc cong nghé “Stealth” hoac cong nghé ché tao UAV, drone v.v.

3. Phan tich, lya chon phuong phap ra da va giai phap ky thuat
dam bao viéc phat hién cac MTDVN cho thiy: phuong phap tong
hop dua trén ting kha nang néng luong (fang kha nang tich liy
khong gian — thoi gian) két hop voi nang cao chat lwong xur 1y tin
hiéu (itng dung tin hiéu phirc tap, xir 1y s6 tin hiéu v.v.) 1a cach tiép
can c6 y nghia thuc tién. Theo d6, ra da sir dung mo hinh AMP néi
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chung va AMPS noi riéng c6 tinh uu viét hon. H¢ AMPS cho phép
hinh thanh GDHS,p, 5 va GDHS,p, s mot céch dong thoi, doc 1ap vé vi
tri khong gian, da bup, da hinh dang dap ung cac yéu cau cua tich
lily khong gian.
1.2. Tong hop thich nghi GDHS va phép bién d6i Fourier

1. Cac biéu thirc hinh thanh gian d6 hudéng sé6 (GDHS) hai mo
hinh ctia AMPS tuyén tinh va phang (hinh 1.5, 1.6) c6 dang sau:

N“T‘\\“
2 I\\
[ dsina
Lo} ‘&\
@ {sina
oL 1L
Hinh 1.5. AMP tuyén tinh Hinh 1.6. AMP phing
. N-1, 2mndsina (1.9)
Y(a) = Z W, X, exp [—] T]
) n=0
Y(a) (1.11)
N-1, 2mndsina, 2mndsina
= Z W, X,, exp [—] —] exp [—] —]
A A
2nndsin(a, — a
Z W, X,, exp [—] @ )]
n=0 A

Trong do, N, W, va Xn — tuong ung 1a s6 cac phan tir trong
mang, trong ) phuc can thiét dé hinh thanh GDHS va tin hiéu phic
cua phan to tha n; A,d, a va a, — tuorng ung la budc song, khoang
cach gitra cac phan i, géc lan truyén cia mat song toi va toa do goc
dé thiét lap bup song trong GDHS.

Khi bé qua W, thi (1.9) va (1.11) 1a phép bién d6i Fuorier roi
rac d6i vé6i tin hiéu X

2. Két qua hinh thanh GDHS cua AMP tuyén tinh (hinh 1.7) N
phan tr va AMP phing v6i N X M dugc téng hop theo hai thuat toan
(1.20) va (1.21.a), (1.22.5):

Fo= f(t— 1) X expliQ2nFy + ¢)] (1.20)
X

NI, exp [Znn (dcji)] exp [—j (2711) nr]

Fr,s
(1.21a)
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) S )y exp - (22 o]

m=0

II
Z
II
——

0

i

F,=U() ZO 2 Wn S(n, m) exp [—]( )nr]} (1.21b)
X exp [—j (%) ms]

Heomg plm}
tu wll Miit song toi
a i
Chiéu true X

0 '/ N-1
[ A N B

| Bao vé&, loc, chuyén phd, khuéch dai |
A A A A AT TN |

Loc trung tan, AD, hinh thanh cau phuong |

A A N A AT

Hinh cac bup song s6 cho GBH |

I

F, R 7, F\-l
F.=f(t—t.)exp[j(2nF, +<p)'|ZW exp[j2;rmd 2 )]xexp[ j(—]m]

M hinh mang tuyén tinh

0
T I
Tfmng tin' vé . Thng tin vé Thira 56 p!mu
~p s F Trongsd™ . 8.0 o Hhieo Ingcne ¢
arlyva F, tin higu t6i pha theo hieong

Hinh 1.7: So d6 tong hop thuat toan hinh thanh
GDHS ciia AMPS tuyén tinh
Trong d6, hai biéu thirc (1.21.a) va (1.21.5) chi ra cac diém
manh cua AMPS phing nhim nang cao kha ning phat hién cac
MTDVN. Nho vdo phép bién doi Fourier, AMPS c6 kha ndng tao
dong thoi GDHpp zva GDHyp 5 doc lap, nhanh chong, chinh xdac cho
phép ra da quan sat ca hai mdt phang phwong vi va goc ta.
1.3.Phwong phap tao GDHS ning cao chit lwgng xac dinh toa dd
muc tiéu.
1.Phuong phap don xung dd duogc xac dinh la phuong phap do
toa dd co6 do chinh xac cao va thuong dugc dung cho cac ra da diéu
khién hoa luc. Vi AMPS c¢6 N hang va M cét , thi tin hiéu & hudng
B tiews Em.tien 101 ddu vao AMPS 1a:



Fs=
ANAN 2 (SN tien) (COS B sien)
Td, (SINEm tiew ) (COSBm.ti
z Z U X eXp [](n _ 1) X m.tl;u m.tieu (122)
n m
xexp [j(m—1)
27‘[dx (Singm.tieu)(Sinﬁm.tieu)]
1
Viéc tao cac tin hi¢u tong -hiéu tuong ung theo hang va cot s€ la:
UZ‘. hang — F X WZ UZ cot — F X WZ (1 27)

UA.hang = Fr X WA UA.cot = Es X WA"

Va toa d6 goc muc tiéu duoc xac dinh theo bicu thuc:

Bcien = RH{RelF25 }iép, o = R Refptzey} - (130

Trong do: F, g, UZ.hang:UA.hangs UZ.got UA.cota WZ va WA - tuong
ung la QDH cua ’AM‘PS , cac tin hi€u tong va hiéu theo hang, cot va
cac hé so trong so diéu theo hang ¢t twong ing.

Viéc mod phong xac dinh gia tri trung binh sai s6 do Bp.cieus
Em.tien VO1 MO hinh AMPS gdm [6 X 6] phan tir da chimg minh ring:
la ham ty 1€ cua SNRy: voi SNRy cang tang thi do

Em.tieu O-gm-tieu
chinh xac do ciing tang theo. Tir ddy, co thé tién luong 1a khi chat
leong phdt hién dwoc ndng cao nho xir Iy tich liiy dé ting SNRy tai
dau vao bo phat hién thi chat luwong (Ao chinh xac do) xdc dinh toa
do ciing tang theo.

2. Ban chat cac giai thuat tao GDHS 1a to chirc lién két xir ly
gitta caic MDTPS dudi sy dleu hanh cta bo didu khién va xir Iy trung
tam (DK &XLTT) Viée tong hop GDHS trong bai toan phat hién
MTDVN v6i GDHSpp, 5 va GDHSyy, 5 tich hop dang bong hoa duoc
thuc hién theo hai bleu thirc hai thuét toan (1.21.a), (1.21.5) chinh la
tién dé dé tong hop phuong phap don xung trong AMPS.

a) Tao GDHSyp, 5: Theo N hang va M ¢4t cac MDTPS, tin hi¢u
duong phat s€ duge xu Iy boi theo (1.21 a) va (1.21 b).

b) Tao GDHS,;,5: Toéng hop tin hiéu theo hang véin = 1 + N;
lay tong cac bd cong theo hang trén dé tao bip song thu trung tim
ciia GDHS,y, 5. Tin hiéu diu ra cua timg bo 14y dugc tong theo hang
(n =1+ N) dua t6i hai b nhan hang. Mot trong s6 d6 dugce thuc
hién phép nhan dé bd sung lwong pha can thiét vao tin hiéu ding cho
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viéc hinh thanh bup song trén. Bo nhan hang con lai bd sung luong
pha can thiét vao tin hi¢u ding cho viéc hinh thanh bip séng dudi;
thyc hién lay tong cac két qua ctia phép nhan hang & trén hinh thanh
bup song trén va bup song dudi trong GDHSyy,. Thyc hién tuong tu
dbi véi cac cot dé tao cac bip song phai, trai trong GDHSp,. Hinh
1.14 ¢6 trinh bay so d0 tong hop theo phuong phap xir Iy song song
tao GDHy dang bong hoa ung dung trong ra da don xung nang cao
chét lugng phat hién va xac dinh toa do cac MTDVN.

Tir bus d irR'Fil ién

:j Z Dich trén h
L@ Tren

¥ k [onu
W3 7
N @ Trg.tim
L ZD\:hlﬁi
W A —

@ Trg.tim
Il ¥ 0ich phai

SOTri
ey g D
i é ;; Bigp singphit

Hinh 1.14. So dérténg hop tao GDHy, dang bong hoa nham
nang cao chat lugng phat hién va xac dinh toa do

1.4. Van @@ xir ly khong gian —thoi gian tin hi¢u yéu phén xa tir MTDVN

Van dé xur ly khong gian — thoi gian tin hiéu khong phai 1a noi
dung méi. Tuy nhién, v6i cac tin hidu yéu phan xa tir MTDVN, thi
tich lily theo thoi gian (tich lily mau tin hiéu trong khoang thoi gian
tuong Ung voi thoi gian thiét 1ap mAu) va theo khong gian (tich liy
mau tin hiéu thu nho vao ting $6 lugng cac tin hi€u phan xa vé dua

—T | T 1

Tir bus diéu khién

Tichus |
dién fien —)

trén tang thoi gian chiéu xa lai chinh 13 ndi dung can dugc quan tam.
1.5. X4y dung ndi dung nghién ciru ning cao chat lwgng phat
hién MTDVN

Noi dung nghién ctru tai cac chuong tiép sau 1a: “nghién ciu dé
C g ng : g ucp g



dam bao SNRy |5 ~23[cm?] > 1 tai ddu vao b phat hién va duy tri
né trong toan bé thoi gian van hanh hé thong”
1.6. Két luan chwong 1.

Trén co s6 phéan tich dac diém cua MTDVN, chuong 1 tép trung
xem xét tong quat cac diém manh cia AMPS, nhim dé khai thac
trong vigc phat hién cac muc tiéu c6 gy, ~ = 4[cm ]. Nén tang 1y
thuyet cua cac phuong phép dugc trinh bay trong chuong khong 1a
moi. Tuy nhién, viéc trién khai tong hop cic giai phap ky thuat dé
giai ba1 toan phat hi¢n, xac dinh toa do cac muyc tiéu c6 gy ~ =
4[cm 2] theo muc tiéu, yéu cau dugc trinh bay tai phan M dau c6
thé xem 1a méi.

Céc két qua nghién ctru cia chuong 1 gdm:

1. Trén co sé nghién ciru ly thuyét dd g dung phép bién doi
FFT trong hinh thanh GDHSph): va GDHSch cua AMPS dap ting
yéu cau xu ly khong gian — thoi glan tin hi€u. Pac biét trong
chuong, da phat trién so dd dung xit Iy song song tao GDHS.px
dang kim dé tang cuorng kha nang phat hién, theo déi cac MTDVN;
da tong hop mdi cdu triic mat mo anten voi cac MDTPS dé thuc hién
xtr 1y tich liy thoi gian dam bao yéu cu phat hién cac muc tiéu c6
Tt ~ = 4[cm?].

2. Pamota glal phap cu thé tang cuong tich Ity khong gian dua
trén viéc ting sb lan tich liy dé ting SNRg|,q, > 1 dam bao kha
nang phat hién MTDVN.

3. Da imng dung giai phap ra da don xung ky thudgt s6 dung cho
AMPS nham nang cao chat lwong do toa d0 cac muc tiéu co
Tmt ~ = 4[cm?].

4. ba xay dung cac ndi dung can thuc hién cho céac chuong tlep
theo, trong do6 viée cai thien MDTPS va bai toan hig¢u chuén 13 nhiing
ndi dung quan trong dam bao SNRy|,, » 1 dé ning cao chét lugng
phat hién cac MTDVN.

CHUONG 2. CAI TIEN MO PUN THU PHAT SO NANG CAO
KHA NANG PHAT HIEN VA XAC PINH TQA PQ
CAC MUC TIEU DAU VET NHO
2.1. Bai toan tong hgp md hinh MDTPS
1. Yéu cau cao trong hinh thanh GDHS,, va GDHSy, tat yéu

dan t6i su can thlet hoan thién céu trac M DTPS Trong do6, viéc déap
g cac tham sé k¥ thuat, trong lugng, kich thudc, ning luong tiéu
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hao déng vai tro quyét dinh téi cac dic trung chu yéu nhu: dai tan
cong tac, cong suat tin hiéu tham do, ciu trac duong thu trong viée
dam bao biéu thirc (1.5) v.v. Trén co so phan tich mé hinh truyén
thong (hinh 2.1) va céc két qua nghién ctru cau triic cia MDTP (g
dung trong k¥ thuat thong tin k¥ thuat sb, co thé d& xuat mo hinh
MDTS ciia AMPS (hinh 2.2) dung trong ra da. Uu diém quan trong
ctia mo hinh MDTS d& xuét 14 loai bo duoc hé thong chia va truyén
tin hiéu cao tan téi tng md dun, giam thiéu cac 15i pha va bién do
cla tin hiéu, gop phan ting hiéu qua tich liy. MDTPS d& xuét sir
dung ky thudt diéu ché va giai didu ché cau phuong (DCCP,
GDCCP) trong tao tin hi¢u phat, thu va xur 1y tin hi¢u thu. MDTPS
g6m hai duong thu, phat doc 1ap. Mdi duong c6 hai phan: phan k¥
thuat s6 va phan tuong ty. Bo vi diéu khién (VDK) tich hop trong
mé dun thuc hién chic ning tiép nhan cac lénh diéu khién tir
DK&XLTT diéu hanh hoat dong ctia moi phan tir trong mo dun

hkhien Dikhien
\m gam ' _wavpha s &
Viwing phiE - N |
| Xoay pha Suy gnm T|u1
: dkhién s dikhicn 55 koes | Do _g o
_— e = S — < @
——————————————————————————— G~
Diring phat | Phian s&
Suy giam Xoay ph1 KbCT \Imh | .
dkhién 56 cI.LhLin»n mplhap bao vé I
ey gyl S SPI: Giao difn ngoai oi el tep
sy gian oy pha %\T{?’E Efc’;'; i:;l;;::; i
Hinh 2.1. So d6 cau trac MDTP Hinh 2.2. So d6 céu trac
truyén thong MDTPS dé xuat

2. Tai phan tuong ty cua duong phéat (hinh 2.4), bd diéu ché
ciu phuong 1 phan tir quyét dinh su phan b bién do — pha & ché do
phat. Hai ddu vao b bién d6i sé — twong ty thudc phan sb 1a cac dir
liéu I va Q chtra théng tin vé tham sd c4u truc tin hiéu can tao.

Phan kénh

Ghép dinh
hutng

Hinh 2.4. So d6 céu truc dudng phat trong MDTPS
Vi tin hi€u dau ra cia bd DCCP ¢6 dang:
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s(t) = I(t) X cosmfyt + o) + Q(t) X cosrfot + o) (2.1)

Trong do, fo, ¢, I(t) va Q(t) — tuong tmg la tan s6 mang, pha
dau va hai tin hiéu dong pha va cau phuong.
Néu lay chuan héa I(t) = Q(t) = 1, thi ddi v6i MDTPS thu
n, m trong AMPS, biéu thirc (2.1) c6 dang:
Sum (£) = 1(t) X exp(2rfot + @o.nm) (2.2)
Nhu viy, viéc thay ddi toa do gbc cua bup song s€ phu thude
vao su thay doi dit liéu @, dugc 14y tir bd nhé thuoc DK&XLTT.
3. Trong AMPS, GDH,, s dugc tong hop ¢ dang cac bup song
s6. Bé phat hién cac MTDVN, mét trong nhiing yéu cau do6i voi
duong thu s 1a dai dong phai 16n. Tir d6, mé hinh dudng thu sb
dugc dé xuét 1a mo hinh ma trong d6, phan tuong ty duoc tong hop

theo so d6 may thu siéu ngoai sai (hinh 2.5)
KDT:T (IFA)

Phiin tuong tu / G diéu ché’

Phiin sé°
[)EUII

urg =~
Clk
§ LO Clk @
SPLype SPI

DOM
KDCT, tap thap: Khuéch dai cao fin tap thip, LNA
KDTrT: Khuéch dai trung fin, IFA

Hinh 2.5. So d6 cau triic duong thu trong MDTPS dé xuat.

4. Phan tich tir viéc tong hop céu trac hai duong thu phét cho
MDTPS d xuit cho thy rang, dé giam thiéu cac 156i pha va bién do
clia tin hiéu tac dong tdi chit lwong tich lity, can thiét phai cai tién,
hoan thién thiét ké bd khuéch dai cong suit (KDCS) trong dudng
phat va hoan thién trong thiét ké duong thu theo mé hinh loc phdi
hop toan phan.

2.2. Nghién ciru tong hop bd KDCS ciia dwong phat trong
MDTPS

1. Viéc thiét ké bo UHF KDCS hién dai dua trén sy két hop
gitra tinh toan va thyc nghiém véi cac tham $6 gém: dai tan lam viéc,
cong suét ra, hé sb khuéch dai, hiéu sudt cong suét bd sung (PAE) va
dic biét 1a d6 méo phi tuyén Nonlinear Distortion (ND). Cach tiép
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can giai quyét & dy 1a timg dung coéng cu md phong cao tin Keysight
ADS két hop ky thuat kéo ngudn tai (Source/Load pull) dé thuc
hién.

2. Luan 4n da st dung viéc téng hop b6 UHF KDCS & bang tan
X dé& minh hoa tinh ding dén cua cach tiép can. Tai cac hinh 2.15,
2.16 va 2.17 c6 trinh bay két qua tong hop bd UHF KDCS bing X sir
dung linh kién TGF2977-SM cong nghé¢ HEMT. Tinh dung dan ciia
céch tiép can trén tao tién dé trong bai toan nghién ciru thiét ké méi
phan do, tw dong hiéu chuan dudng phat.

er [dBim

t Paw
PAE [%]

Outpu

quency [GHz) @ Frequency [GHz] b

Hinh 2.16. Cac két qua mo phong va do thyc nghiém
Poutls (), PAE|f (b) va Gp|s cia UHF KDCS bang X

22.5mm 30 800

vL(v) [
VDC's 20 [
0\ /) 400
X oy /N
TGF2STT-SM / :
i 0 ko
it 10 f
15 mm s “.": il ol \v [--400
IIMC : - a0
i ' oe 0 20 40 60 80 100 120 140 160 180 200 220
! : time, psec b/
Hinh 2.15. So @6 sap datctia ~ Hinh 2.17. Dang song cualva U
UHF KDCS bang X trén tai ra cuia UHF KDCS bang X

2.3. Téng hop chu tric dwong thu trong MDTPS cia AMPS
dam bao kha nang phat hién cac MTDVN

1. Dya trén cac két qua tlnh toan dinh tinh (Bang 2.4), da chiing
minh rang: ¢ tat ca cdc bang tan cia ra da, cong sudt tin hiéu phan
xa tir cdc MTDVN (twong tng voi G, nam trong dai tir 0.01[m?]
t61 0.05[m?]) ludn nhé hon murc ndi tap phan twong tu.

Trong d6: Pnoitap, Penuvd Penump — tuong mg 1a cong suat
ndi tap duong thu, cong suat dau vao may thu so cia ra da st dung
anten thong thudng va cong sut dau vao duong thu:
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Pth .MD
5NRvao.dg.thu|p = SNRvao.tg.tulp =K1 (2.10)

Pnoi.tap.

U thu.MD

SNRvao.tg.tu|U = ~(107*..1073) < 1 (2.12)

Gnoi.tap.MD

Bang 2.4. Két qua wéc luong dinh tinh P,o; rap., Pena Va Penump

Tham sb Bing VHF Bing L Bing X

Ppoitan. (W] | ~(6..9) x 10715 ~10715 ~(1..4) x 10719
Pepy, [W] ~10715 ~(8.9)x 1071 | ~(1..3)x 10715

Perump[W] ~107"° ~10720 ~10721

Trong  do, SNR SNRyqo.tq.cul va
SNRygo.tq. tu| — tuong ung ky hleu la ty sO tin/ndi tap theo cong
suét tai dau vao duong thu (ddu vdo phan twong tir) va ty sb tin/noi
tap theo 4p tai dau vao phan tuong ty dudng thu.

2. Dé giai quyét bai toan phat hién cac MTDVN, bicu thie (1.5)
c6 thé viét lai duoi dang SNRy = 1.

Pé xuit g1a1 quyét cua luan an vé Van dé da néu gom: giam
thiéu cac 15i vé pha va bién d6 tin hiéu yéu phan xa tir cic MTDVN
dua trén viéc diéu chinh khéi niém ddi dong duong thu 56

+ Ddi dong phan twong tir 13 dai nam trong gidi han cdn duwdi
Ue. duoi va can trén Ug tren cua dién ap ngi tap tinh chuyen doi téi
ddu vao twong g véi khodng tuyén tinh trong ddc tuyén bién d¢

Dph.tg.tu - 201g (Uc.tren/Uc.duoi) (2-14)

+ Dai dong phd‘n $6 dwoc la dai danh dinh dau vao ciia ADC

AUypc va phdi I6n hon dai thang gidng & dau ra phan twong tw
AUra.tg.t.‘u'

AUppe = AUrqtg.tus hapc = (AUapc)/2P (2.15)

Trong d0, hupc 14 budc lugng tir twong tmg voi bit thip dam
bao kha nang “nhan di¢n” dugc cac tin hi€u phan xa yéu. Puong thu
s& chuyén tir mo hinh loc t6i wu sang loc phéi hop toan phdn

3. Bé duong thu s xir 1y ca muc tiéu thong thuong va
MTDVN, luan 4n dé xut diéu khién thich nghi dai dong phan twong
ty trong dwong thu dya trén viéc b6 sung mach phan hoi tir dau ra
ctia ADC t6i dau vao phan tir tién khuéch dai trung tn. M6 hinh d&
Xuat cai thién cau tric duong thu va diéu khién thich nghi dai dong
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dugc trinh bay trén hinh 2.20 va 2.21. Trong d6, bd cong cao tin
dong vai tro 1am phan tir di€u khién diém lam viéc cua phan tir tién
khuéch dai trung tan.

Trong pliin tuomg . f,‘/ ‘P/ ’
o |
: £
e = CO
DSP b
1]
Hinh 2.20. M6 hinh dé xudt cai ~ Hinh 2.21. D& x4c dinh dai dong
thién céu trac duong thu (a), diéu khién thich nghi diém
lam viéc OP dén téi diéu khién
thich nghi dai dong

4. So dd cau triic duong thu @& xuat duoc trinh bay tai hinh 2.22.

Pliiin s Pliin fwong fe
- e
Pl

Ghép dinh
hudng

Bao v va
lopc so by
| ser QDM - Gidi diéu ché citu phuong
| 9M  INA - KD cao fiin tap thip

L

X ) PrFA - Tién khuéch dgi trung fin
L _______ g M&CU - Vi xii bj vit Digu khién

Hinh 2.22. So d6 c4u trac duong thu co diéu khién
thich nghi dai dong phan tuong tu.
2.4. Kiém chirng hiéu qua cia dieu khién thich nghi dai dong

*1. Muyc tiéu chinh ctia ndi dung hoan thién ciu trac duong thu
la tin hi€u phan xa tir muc ti€u thong thuong va MTDVN khi di qua
duong thu déu dwoc xir ly dé sao cho chung thoa min:
SNR|squxiyx = 1. Khi do, céc 16i vé pha va bién do cua tin higu
duoc giam thi€u dam bao cho bai toan tich liy.

2. Do c4u trac hai kénh I va Q 1a tuong dong, nén viéc mod
phong dugc thuc hién cho mét kénh. B0 tao tin hiéu co diéu khién
CSG tao tin hiéu diéu ché ma pha M vi tri va ndi tap (hinh 2.24). Véi
gia thiét khong c6 nhiu ngoai tic dong thi tin higu thu c6 dang:

Sthu(M) = Scse(n) + N(n) (2.22)



Bién df ch uin hoa

3000 3500 4000

500 1000 15 500 1000 150 3000 3500 4000
a Cl b Chi n N

N
b /7. 24; Uy, / Gy = 0.1 Tyn  Tg , =0.05

Hinh 2.24. Két qua md phong hén hop cong tinh tin hiéu didu ché
theo ma PSK 1024 vi tri va ndi tap v6i Usin /0rqp = 0.1 (a) va
Utin/atap = 0.05 (b)

Tron d6 Scs(n), N(n) = N;(n) + jNo(n) — tuong tng la tin

hiéu do va noi tap. Viéc xir Iy twong quan cho phép xéac dinh 13i :
8 X O (tap+logr) n 6‘/§J(tap+logr)) (2.32)
M VM
3\/20'(&1 +logr) (2.33)
8y = |Arg(F)| = Arg[1 + j — 2292
o 9(F) g[’ J N {

Cac bang 2.3 va 2.4 la ket qua xac dinh 6y [dB] 6, trude (*)
va sau tong hop, hoan thién (**) duong thu. Hinh 2.25 biéu dien d6
thi danh gié sai so bién d6 (a), va pha (b) v6i M trudc va sau tong
hop, hoan thién dudng thu.

1
5y[dB] = 20lg (1 +

Bang 2.3. Sai s bién d¢

Sai $6 bién dg [dB]
M= (x) x 10 35| 40 |45]|50|55[60(65|7.0|7.5
(*) 10.91| 0.88 {0.86/0.85(0.83|0.78/0.79(0.78|0.77
(**) 10.72] 0.69 |0.68[0.64|0.64|0.63|0.62]0.61{0.61
(*) 10.61| 0.57 {0.52|0.50{0.45|0.43|0.41|0.40|0.38
(**) (0.44] 0.42 |0.41]0.38]0.38/|0.36|0.35]0.34|0.35
Bang 2.4. Sai s0 pha

Utin/o-tap ~0.1

Utin/gtap ~0.05

Sai s6 pha [d3]
M = (x) x 10 351 40 [45]50(|55|60(65[7.0]7.5
(*) |7.67| 6.85 |6.776.66|6.52|6.31|6.46|6.26|6.27
(**) 16.51| 6.25 |6.13|5.88/|5.86(5.62|5.55|5.61|5.63
(*) [6.15] 5.84 |5.63|5.33|4.77|4.52|4.26(3.89(3.81
(**) |5.16| 4.88 |4.72|4.33|4.21|3.93|3.56|3.33|3.24

Utin/gtap ~0.1

Utin/0tap~0.05
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Sai s3 bién d6 &, [dB]
Sai s& pha &, [deg]

w
=

T T S
LRI B A S R
Solan gp il ich Iy, M 8 Tin lgp xtr 1 tih ki, M.
Trudc tong hop hoan I g =
thign duong thu X Uy (6 =01
Sau tong hop hoan
T thién dudng thu

Hinh 2.25. Sai s6 bién d6 va pha tin hiéu
trudc va sau hoan thién duong thu.

V6i Upin/0tap~0.1, thi SNRygoag.cnu| ~0.01. V6i gia thiét
muc tiéu ¢6 Tpyc.tiey~1.0 m* va dicu ki¢n S R,,aoldg_mu|p =1¢o
the coi mdé phéong dugc tién hanh véi muc ti€u co
Omuc.tiew~1 [dm?] (hinh 2.25.a). Tuong tw, v&i Upin/0¢qp~~0.05,
thi muc tiéu s& c6 Fmyc tien~2.5 [cm?] (hinh 2.25.b).

Két qua md phong tich liiy tin hiéu khi M~6 x 10% trudc va
sau khi tong hop hoan thién duong thu véi hai tinh hudng:
(Uthu.MD)/( O'noi.tap.MD)NO-I tuong lﬁl’l’lg voi 5muc.tieu~0-01 [mz]
(hinh 2.27a,b) va (Uipymp)/( Onoitapmp) ~0.1 tuong ung voi
Fmuc.tien~0.025 [m?]. (hinh 2.27). Nhu vdy, viéc hoan thién cdu
trac duong thu theo hinh loc phdi hop (khdp toan phan) co diéu
khién thich nghi dai dong dd cho phép lam ting hiéu qua tich lity
mach lac tin hi€u phan xa yéu. Theo cac két qua m6 phong minh
hoa cho thdy, Vvéi Gmyctien~1[dm?], M =6x 103, thi
SNRyprpsly = 1.7 va voi Fmuc.tieu~2-5 [cm?] thi
SNRyprpsly = 1.1 > 1. Vakhi s6 lugng cic MDTPS 1a Np,oq
thi SNRy tai diu vao bd phat hién c6 thé ting tiém cén toi
(SNRuyprps) X 10log (Npmoq) thoa man SNRsls  >3iemz) > 1
dong thoi thoéa man yéu cau nang cao chat lugng phat hién va xac
dinh toa do

XUy, /5, =005

tin



—_—
|

=3
=3l

—— Noise
Signal

Noise
Signal

M~6x10° M ~6x10°

WWWMWNWM\W

400 800 1200 1600 2000 2400 2800 3200 3600 0 400 800 1200 1600 2000 2400 2800 3200 3600 4000
Chi's6 mau xung con N c Chi s6 méu xung con N

tin Togeon =1024, Uy /6 =011 i Trgeon = 10245 Uy 13, =005

fin ! Txg.con tin" ©tap tin ! “xg.con

=
=

=
[}

Bién d¢ chuan hoa
S

Bién d§ chuan hoa

iS5

=
=]

Noise

Noise
Signal Signal

400 800 1200 1600 2000 2400 2800 3200 3600 4000 0 400 800 1200 1600 2000 2400 2800 3200 3600 4000
Chi s mau xung con N

/644, =0.1 ¢ lin Tgeon <1024, U, /7, =0.05

tin tin

M ~6x10° M~6x10°

=
=

=

S

Bién d¢ chuan hoa
S

Bién do chuan héa
=

Chi 5§ mau xung con N

b 1/ T, o0y =1024,U

Hinh 2.27. Két qua m6 phong tich lity tin hiéu khi
M~6 x 103 tru6c va sau hoan thién dudng thu theo dé xuat.

2.5. Két ludn chwong 2

Chuong 2 nghlen cuu ndi dung tong hop MDTPS ciia hé théng
AMPS trong giai quyet bai toan quan trac, phat hién cic MTDVN da
dat duogc cac két qua sau:

1. Ung dung phu'orng phép dleu ché va giai diéu ché cau
phuo‘ng dé hoan thién vigc tong hop cau tric MDTPS nham loai trir
cac 101 khong mong mudn do hé thong chia va truyén tin hiéu tir mot
ngudn t&i dau cia timng mo dun gay ra.

2.ba tong hop so dd céu trac dudng phat; hoan thién phuong
phap thiét ké ky thuat va nguyén 1y bd KDCS dau ra duong phat dap
Umg céc y€u cau ky thut. Dac biét trong d6 dam bao hé s6 map mo
trong dac tuyen bién d — tan sb ciia K DCS, AG|f gop phan giam 16i
bién do va pha cua tin hi¢u phat xa. két qua nghién ctru da duoc
cong bd tai Tap chi cua cac truong dai hoc Nga. Dién tir vo tuyén,
2022, tap 25, s0 5, trang 5666 (Journal of the Russian Universities.
Radioelectronics. 2022 vol. 25, no. 5, pp. 56—606).

3. ba hoan thién céu trac duong thu dya trén viée dleu chinh mé
hinh may thu so loc tdi wu sang dwong _thu s6 loc phoi hop hoan
toan; diéu khién thich nghl dai dong phan tu'O’ng tu duong thu gop
phan dam bao (khong giy 16i) cho tin hidu yéu phan xa tir cac
MTDVN dap Gng bai toan loc va tich liy tin higu. Két qua nghlen
ctru ¢ bang tan L trudce va sau khi hoan thién duong thu cho thay, sai
s6 bién d6 giam 2.1 dB con sai s6 pha giam 4.8°.
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4. Két qua nghién ciru, hoan thién ciu trac duong thu cho phép sau
tich luy twong can thdéa min diéu kién SNREI G ~33[cm?] > 1, gop
phan nang cao chat luong phat hién va do tham s6 toa do goc cac
MTDVN. Mot phan két qua nghién ctru da duoc trich ding 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, ISSN: 2079-9292, no. 21: 4161, (WoS, Q2).

Viéc nang cao chét luong phat hién va xac dinh toa d¢ cac
MTDVN khéng chi mang tinh nhit thoi ma con can duge duy tri
trong toan bd qua trinh hoat dong cua ra da. Qua trinh nay dugc thuc
hién dua trén viéc do dac va hiéu chuan AMPS. Két qua nghién ciru
ndi dung nay duogc trinh bay trong chuong 3.

CHUONG 3. CAC GIAI THUAT HIEU CHUAN ANTEN
MANG PHA SO GOP PHAN PAM BAO KHA NANG PHAT

HIEN CAC MUC TIEU DAU VET NHO
Noi dung cua chuong 3 tip trung trinh bay cac két qua nghlen
ciru mdt sO giai thudt hiéu chuan AMPS tai co sd san xuat va trong
qua trinh khai thac, st dung, nham dam bao hiéu chuan dat d6 chinh
xé4c cao voi hé s6 khuéch dai tai bap séng chinh 16n, d6 16n cac bap
phu thap g6p phan nang cao chat lu'O’ng hinh thanh GDHS;p,y, y.

3.1. Téng hop glal thuat hi¢u chuan hé thong AMPS st dung
phuong phap xéc dinh diém cuc tiéu ciia h¢ s6 mang

Viéc tong hop GDHS ma dac biét 1a GDHSth phu thudc vao su
dong bo cua ting MDTPS trén khong gian mat m¢ anten dé dam bao
sai lech vé bién do va pha cua tin hi¢u 1a nho nhat. Giai thuét hiéu
chuan AMPS duoc nghién clru dé xuat trong muc nay la phuong
phap udce lucmg diém cyc tiéu ciia ham hé s mang.

Bén chét phuong phap tim diém cuc tiéu ciia ham hé s6 mang la
ude lugng do bu pha Ym theo phuong phap tim diém cuc tiéu (xac
dinh diém cwec tri ciia ham), can xac dinh goc y; ma & do, ham hé sb
mang AFy — min.

Yl Y;anAF ) + 1800 = 00 3600 (3 6)

Phu:ong phap rotating-element electric-field vectors (REV) dé
xuit dugc ap dung cho AMPS va so sanh v6i phuong phéap vecto
truong dién phan tir quay truyén thong Klem chimg thyc nghiém mo
hinh todn hgc cua phuong phap dé xuét cho thiy: phuong phéap tim
diém cuc tiéu xac dinh d6 léch pha chinh x4c hon phuong phap tim
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diém cuc dai cua hé sO mang, phuong phap dé xuét cho thay culy
phat hién t6t hon trén mdi 1an thay doi pha twong tng voi do phan
giai cao hon 35 dB (hinh 3.9). Pham vi 16i cia phuong phap tim
dlem cuc tiéu va cuc dai lan luot 1a 5° va 70°. Dinh cua bup song
tong khi sir dung phuong phap tim diém cuc tiéu cao hon phuong

phap tim diém cuc dai 14 3,7 ... 4,1 dB (Bang 3. 1)
Bang 3.1. Dir liéu két qua do mirc khuéch
dai dinh (dB)cta GDHpy, trong phang E theo ba kich ban

PP. do Chi s6 lan do
1 2 3 4 5 6 7 8 9 10
K.h.chun | -9.8 [ -9.6 [ -95]-97]|-98]-96]-97]-97[-96[-98
REVmax | 49 | -48 | -50 | -4,1 | -50 | -49 | -50 | -5.1 | -4.8 | -4.9
REVmin | -10 | -09 | -1.1 | -12|-1.0]| -1.0 | -09 | -1.0 | -1.1 | -1.0

S21 (dB)

6 T e e S T
0 50 100 150 200 250 300 350 400
Phase Difference (Deg.)

Hinh 3.9. Két qua do mtrc cong suat thu phuy thudc vao
d6 bu pha cua anten 1 va 2 v6i: REVmax (mau xanh nudc bién) va
REVmin (mau do).

3.2. Hiéu chuin AMPS tai vi tri trién Khai theo giai thuit ty
tuong quan

Muc nay dé xuédt phuong phap hiéu chuan truong xa méi dua
trén thuat toan ty tuong quan (TTQ) cho phép giam thiéu tac dong
cua moi truong nhiéu phirc tap trong qua trinh trién khai tai vi tri
lam viéc d6i v6i dau do ra da. Nguyén 1y co ban cua phuong phap
hleu chuin truong xa du:a trén thudt toan 770 la xac dinh trong so
can bu cho su sai 1éch vé pha va bién d6 sau khi tim dugc gia tri cuc
dai ctia ham TTQ cua tin hiéu nhan duoc tai mdi kénh thu va tin hiéu
tham chiéu. Trong s6 a; can bu cho tin hiéu dau vao khi lay tin hi¢u
tham chiéu lam kénh chuin duogc xac dinh nhu sau:



20

_wp _ max(Xo(1)) _ max(xg () xx(#)) _
Cow o max(X;(0)  max(x; () x xo (1) 3.10)
_ max(sq () x 50 () + 50 (1) x 1o (1) + ng (£) x50 (1) + ng (£) x ny (1))
- max(s; (¢) x so (£) + 5; (1) x ny () + n; (£) x o (£) + n; (£) x ngy (¢)) -
- max(s2g (£) + 25 (£) x g (£) + n% (1))
- max(s; (1) x 5o (¢) +5;(t) x ny (t) + n; (t) x s (¢) + n; () x ngy (¢)) ’

Trong d6, X;(t) 1a ham 7TTQ cua tin hiéu thu dugc x;(t) va tin
hiéu tham chleu x0(8); x;(t) = s5;(¢) +n;(¢), Sl(t) — tin hiéu c¢6 ich
dang phtrc ¢ chén tir thir i tai thoi diém t,i = 1,2,...,N; n;(t) —
nhiéu; x, () = so(t) +ny (t) Sp(t) — tin hi€u tham chleu dang phuc
tai thoi dlem t; ny(t) — ndi tap dugc tao ra trong qua trinh tao tin
hiéu va truyén t1n hiéu dén bo nhan.

Khi d6, hé s6 mang & diu ra bd cong c6 dang sau:

AF =10+ H(O+ B0 +..+ Yy (1) ZY (3.12)

i=l

) % (53 (6) x 50 (£) + 85 (6) x 1y (£) + 1:(£) % 50 (£) + iy (1) x my () x max(s % (£) + 250 () x mg () + % (1))
| max(s; (£) x sq (£) +5; () x ng (£) + n; (1) x 50/ (£) + 1; (£) x gy (£)) '

)

Hinh 3.18. Két qua tong h0’p GDchu > sau hleu chuan mang 2 chan
tir bang cac phuong phap khac nhau véi cac gia tri D va goc Otr
(TTQ — d6; REVmin — xanh 14 cay; REVmax — xanh nudc bién).

Phuong phap dé xuat duoc so sanh voi cac phuorng phap vecto
truong dién phan to quay truyén thong, bao gom viéc xac dinh cac
diém tong vecto cue dai REVmax va cyc tiéu REVmin (Hinh 3.17
va 3.18). Hé théng d& xuat dugc thyc hién & tan s6 3 GHz. Két qua
mo phong va thye nghiém cho thiy phuong phap TTQ xéc dinh bién
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do va do bu pha chinh xdc hon cdc phuong phép truyén thong. Do
lgi dinh do dugc cua bup séng trong mat phang E tang tir 7,83 1én
8,37 dB va 3,57 1én 4,36 dB so véi cac phuong phap REVmax va
REVmin, va 15i pha dugc cai thién tuong ung tir 47° 1€n 55,48° va
19,43° 1én 29,16°.

SNR =048

Hinh 3.19. Két qua hiéu chuan khi sir dung cac phuong phap khac
nhau: phuong phap dé xuét (d6) va phuong phap théng thudng (xanh 14 cay).
3.3. Giai thudt ty dong hi¢u chuin AMPS thoi gian thue

1. Diém han ché chung cua cac phuong phap da cong bd 1a
quan tim nhiéu 161 sy can bang gilra hai kénh I va Q cua duong thu.
Ngoai ra, cac van dé& vé hiéu chuin thoi gian thuc chua dugc dit ra
mot cach 1o rang.

2. Giai thuat ty dong hiéu chuan AMPS thoi gian thyc nhim
dam bao kha nang phat hién cac MTDVN theo nguyén ly tu dong can
chinh phan b bién d6 — pha cta truong dién tir trén mit mé anten
nhu sau: tai tu’ng duong thu, thuc hién nhan bién d6 phuc cuia tin
hiéu d4u ra véi hé 0 hi¢u chuan phuc dugc udc luong cho chinh
duodng thu do6. H¢ s6 hi¢u chuan dugc xac dinh dya trén so sanh tin
hiéu déau ra cua chc tt ca MDTPS véi tin hiéu dau ra cia MDTPS
tham chiéu “40” véi cac di liéu duoc theo tinh toan 1y thuyét.

Vi tin hleu md ma nip pha M vi tri dé woc lugng chinh xac cac
tham s hé s6 hiéu chuan tin hiéu déu ra duong thu phai duoc xu ly
tich lily theo tham s6 M, ¢y Viéc tao gia tri hidu chuan cua bién do
phirc tin hidu dau ra dbi véi tung mo dun dugc hinh thanh bang cach
nhén bién d phtre tin hi€u ra véi hé s6 higu chuan tuong u’ng Gia tri
bién do phuc da duoc hiéu chuan cua tin hiéu di téi dau vao duong
thu d6i véi MDTPS thit i duge ky hidu 1a SF4*"" va c6 dudi dang:
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Spemhet = |Solexp (o) (3.31)
Hoac:
Re(S7auwel) = |So| x cos(gp) ; Im(SF4"-<) (3.32)
= [So| x sin(go)
Trong do, |SO| va @ — tuong ung la bién do va pha tin hi¢u da
tich Ity do6i voi duorng thu. Két qua nghlen ctru ¢ bang tan L cho
thay 13i bién d6 giam con 3,79 dB, 16i pha giam con 5,67°.

3.4. Két luan chwong 3

1. Pa phan tich va lya chon phwong phap hiéu chuan min of
rotating-element electric-field vectors — REV,,, dé thyc hién hiéu
chuan AMPS tai co s& san xuat (nha may). Xay dung mo hinh toan
hoc cua phuong phap REV,p,. Két qua mo phong va thyc nghiém ¢
bang tan L cho thiy: phuong phap REV,y;, x4c dinh sai s6 pha chinh
xac hon phuong phap REVyq,; phuong phiap RE me c6 pham vi
phat hién tot hon trén m01 lan thay d6i pha twong ung véi do phan
g1a1 cao hon 35 dB; sai sb pha cia phu'orng phap REV,,;,, 1a 5°, con
voi phuong phap RE Vinax — 70° muc khuéch dai dinh cta btp song
tong bang phuong phap REVmin cao hon REV,,,, 1a 3,7..4,1 dB.
Két qua nghién ctu da dugc 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. V.38, N.2, pp. 854~864, ISSN:
2502-4752, Scopus, Q3.

2. Pi ung dung phuong phap hiéu chuin truong xa rotatlng—
element electric-field vectors — REV béng g1a1 thuat TTQ dé giai
quyet bai toan do, hi¢u chuan AMPS tai co s& san xuat va déc biét la
tai vi tri trién khai c6 tinh t6i tic dong cta cac ngudn nhiu ngoai.
Sai s6 bién do va pha cua két qua hiéu chuan khi sir dung phuong
phap TTQ dé xuat dam bao theo ti€u chuan ky thuét tlrong ung la
dudi 1 dB va 5°. Két qua nghién ctru da duoc cong bd ¢ cac bai bao
khoa hoc: “Phased Array Antenna Calibration Based on
Autocorrelation Algorithm” dang tai tap chi Sensors 2024, 24(23),
7496; hang Q1; “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. Da téng hO’p g1a1 thuat tu dong do, hiéu chuin bén trong dbi
véi duong thu cia cac MDTPS ma da duoc hoan thi¢n v€ cau trac
duodng phat, duong thu da duge trinh bay ¢ chuong 2. Luge do qua
trinh ty dong do, hiéu chuén duong thu (hink 3.20) va so d6 céu trac
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hé con ty dong hiéu chuan duong thu (hink 3.21) dam bao duy tri tét
kha ning phat hién va xac dinh toa do cia tit ca cac muc tiéu co
Ome~ = 4[cm ] trong qua trinh van hanh, khai thac chién dau. Két
qua nghlen ctru da duge 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).
KET LUAN VA KIEN NGHI

AMP né6i chung va AMPS noi riéng la thanh qua cua sy phat
tnen khoa hoc ky thuat, cong ngh¢ trong linh vyc dién tir va vo
tuyen dién tir. Va la thanh t6 quyét dinh hinh thanh céc t6 hop v
tuyén dién tir da chirc ning hién dai. Nho kha nang hinh thanh
GDHSy, GDHS,, mot cach doc 1ap, véi hinh dang, vi tri khong gian
khac nhau cac he thong ra da da churc nang da va dang giai quyet
duoc cac nhiém vy bao vé Vung troi quoc gla Pé tai ludn 4n
“Nghién ciu nang cao kha nang phat hién va xac dinh toa do muc
tiéu ddu vet nhé cho hé thong dinh vi vo tuyén sir dung anten mang
pha” 14 két qua cta qua trinh tong hop nghién clru ctia nghién clru
sinh khong chi gi¢i han trong thoi gian ba ndm la ma da kéo dai
trong gan nhu toan bd qua trinh hoat dong thuc tlen tai don vi cong tac.

Do noi dung nghién ctru li€n quan téi gan nhu toan bo cac thanh
phan co ban cua doi tuong nghién ctru — h¢ thong AMPS trong g1a1
bai toan phat hién cac MTDVN, nén cach ti€p cén giai quyet cling
theo hudng hé thong trai déu tir vin de hinh thanh GDHS; cai tién,
hoan thién cdu trac duong thu dén van dé hiéu chuan AMPS tai co
s& ché tao, cling nhu trong qua trinh van hanh, khai thac. Cac két qua
nghlen clru nham giai quyet mot s6 diém ton tai mang tinh nguyen
tac cta toan hé thong khi dbi pho voi lop cac MTDVN. Céc két qua
nghién cuu quan trong clia luan 4n da cong bd tai cac tap chi chuyén
nganh trong va ngoai nudc co uy tin.

A. Mot s6 déng gop méi ciia luin in

Tur céc ket qua nghién cuu, mot s6 giai phap ky thuat da dé
xudt, luan an tong hop lai thanh mot sé dong gop méi nhu sau:

1. Hoan thién viéc tong hop, hinh thanh cac dang khac nhau cua
GDHS; 5, GDHS phy theo thoi gian thyc. Ung dung phuong phap
don xung ky thuat sO ddi voi AMPS trong viéc ning cao chat Iugng xéc
dinh toa d6 goc cac muyc tiéu, ké cacac MTDVN.
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2. Cai tién cau tric MDTPS véi duong thu dugc hoan thién theo
mé hinh loc phdi hop toan phan nhim dam bao khong bi mat mat,
méo dang cac tin hiéu yéu phan xa tir MTDVN dé dam bao diéu kién
SNRs|5 ¢ ~24[cm?] > 1 gdp phan nang cao chat lugng phat hién cac
loai muc Ctisu.

3. Bé xuat mdi phuong phap hiéu chuan AMPS tai co so san
Xudt va tai vi tri trién khai trong moi truong nhleu ngoai nham dam
bao cac tham s6 cia bup song chinh theo yeu cau k¥ thuat va giam
thiéu cac bup song phu nham nang cao va duy tri chat luong phat
hién va xac dinh tham s toa do ciia cic muc tiéu nodi chung va
MTDVN noi rleng

4. Pé xuit mé6i phuong phap tw dong do, hi¢u chuan duong thu
clia cic MDTPS (sau hoan thién céu truc) de duy tri diéu kién phat
hién SNRsl5 | ~>afem?; > 1 trong qua trinh khai thac, van hanh gop
phan nang cao chét lwong phat hién va xac dinh tham s toa do goc.

Céc két qua nghién ciru ly thuyét déu dugc minh chung dinh
lugng thong qua m6 phong va tha nghiém thuc té. Cac két qua
nghién clru trén déu thuc hién theo quan diém ra da da chirc nang duoc
thiét ké theo md hinh hé thong tich hop cau hinh mém.

B. Dinh hu’o*ng nghién ciru tiép theo

Vigc che tao moi, cai tién hoan thién hé thong AMPS 1a hoat
dong tat yeu trong luc lugng vii trang ndi chung va by doi Phong
khong quoc gia noi riéng. Mot s6 dinh huéng nghién ciru tiép theo
phat trién trén co sé luan an la:

+ Khao sat, mo rong dai tan cong tac trong qua trinh hoan thién
va dua céc két qua nghién ctru vao san pham thuc theo quy md yéu cau.

+ Tiép tuc hoan thién, t6i uu cic phan mém hé thong va cac
thuat toan xur Iy theo dinh hudng str dung tri tu¢ nhan tao (Al).

+ T1ep tuc nghién ctru, hoan thién bai toan ty dong do, hi¢u
chuin d01 voi cac duong phat dé tién toi hinh thanh hé con tu dong
hiéu chudn bén trong ctia cac MDTPS theo thoi glan thuc.

+ Ung dung phat trién dinh huéng thlet ké, che tao va tong hop
céc trang thiét bi ddu do ra da theo cach tiép can cdu hinh mém nham
phat huy va m¢& rong kha nang da chuc nang cua chiing trong viéc
g pho véi nhiéu chung loai d6i twong can quan tric khac nhau./.



