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ABSTRACT

Synthetic Aperture Radar (SAR) can provide various advantages,
especially its function as an Earth surface observation sensor, it is
becoming a very important technology in the remote sensing field.
Currently, the demand for employing a SAR sensor onboard a small and
low-cost satellite is highly increasing. Therefore, this paper presents
research on the relationship between the parameters of the SAR system to
design the SAR system on small satellites at low-cost. The paper also
presents the advantages and disadvantages while choosing the operational
frequency and suitable small size antenna for operational frequency.
Moreover, with a small SAR, high quality of image can be achieved
through the implementation of transmitter with high duty cycle.

TOM TAT

Hé théng Ra da Khau dé Téng hop (RKT) c6 thé cung cap rat nhiéu wu
diém khdc nhau, ddc biét la chirc nang cam bién quan sat bé mat Trdi dat
nén né dang tro thanh mot cong nghé rdt ‘quan trong trong linh vic vién
tham. Hién nay, nhu cau sir dung cam bién RKT trén vé tinh nho voi chi
phi thdp dang gia tang manh mé. Vi vdy, bai bdo trinh bay nghién ciru vé
moi quan hé giita cac tham 6 ctia hé thong RKT nham muc dich thiét ké
hé thong RKT trén vé tinh nho véi chi phi thip. Bdi bdo di chi ra wu diém
va nhuoc diém khi chon lya tan sé lam viéc va sw phu hop cua dang ten cé
nhé doi véi tan sé lam viéc. Hon nita, bai bdo ciing phdn tich va dé xudt
dé mét hé thong RKT nhé vin c6 thé cung cdp hinh anh véi chat lwong cao
thong qua viéc dat chu trinh lam viéc cua may phat ¢ mirc cao.

1 GIOI THIEU

Heé théng cam bién RKT 1 cong nghé tién tién

minh nén hé théng ra da cho phép chup anh ca
ngay lan dém.

nhit dugc sir dung trén cac vé tinh vién tham hién
nay, nd co nhiéu wvu diém so véi viée sit dung cam
bién quang hoc va hong ngoai. Khac voi cac hé
thong chup anh quang hoc va hong ngoai su dung
ngudn nang luong tir mat troi, hé thong ra da su
dung ngudn ning lugng cua chinh né dé tién hanh
chup anh va do d6 dugc goi 1a hé thong chup anh
chu dong. Do sir dung ngudn ning luong cta chinh
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V6i nhimng wu diém riéng c6 cam bién RKT tro
thanh mét cong nghé dic biét phu hop phuc vu
nhiém vu quan sat bé mat Trai dat voi rat nhiéu
ung dung khac nhau nhu: theo doi thuy van, tham
thuc vat, bién, dia chit, khi twong...Vi vy, nhu
cau phat trién cam bién RKT vé6i gia thanh thip
dang gia ting nhanh chong. Pic biét 1a su két hop
giita vé tinh nho va cam bién RKT s& cung cp mot
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cong cu cuc ki hi€u qua dé quan sat Trai dat véi
mdt chi phi hop ly.

Bai bao s& trinh bay vé& nhimg dic diém cua
RKT phu hop véi vé tinh nho dong thoi nghién ciru
mdi quan hé giita cac tham s cua hé thong RKT,
dic biét 1a mbi lién h¢ giira kich thude dng ten, tan
sO hoat dong va chu trinh 1am viéc ctia may phat
nham muc dich thiét ké hé théng RKT trén vé tinh
nho voi chi phi thip. Nhiing két qua, kién nghi va
hudng nghién ctru tiép theo ciing s& dwoc trinh bay
trong phan cudi cia bai bio.

2 LY THUYET RA PA KHAU PO TONG HQP

Nguyén ly co ban cua hé théng chup anh ra da
la st dung ang ten dat trén may bay hodc vé€ tinh
phat ra cac song dién tir co budc song tir 1 mm toi
1 m (hay c6 tan s6 tir 300GHz t6i 300MHz) t6i bé
mit trai dat sau d6 nhan lai nang luong phan xa cia
cac song nay sau khi di twong tic voi bé mat trai
dét bang ang ten thu. Thong thudng dng ten cia
may thu cling 1a ang ten may phat. May thu st
dung cuong do cua nang lugng phan xa thu duoc,
su phan cuc cta séng dién tir cling nhu thoi gian
truyén song dé tao ra anh ra da. Cuong do va tinh
chat cua nang luong dién tir tan xa nguoc t6i may
thu cua hé thong ra da s& cho biét cac thong tin vé
kich thudc, hinh dang, cAu tric va dic tinh dién tir
cta bé mat hodc cac dbi tuong trén bé mat. Co thé
n6i ra da 1a hé théng chyp anh dua vao khoang
cach duge do bang thoi gian truyén tin hiéu di va
nhan lai tin hidu phan hoi tir myc tiéu, ddi twong
cang gan véi dng ten s& duoc ghi nhan trén anh
trude, d6i twong & xa dng ten s& dugc ghi nhén sau.
Ciing chinh vi nguyén nhan nay nén hé thng ra da
luén chup nghiéng va vé mot phia cua vit mang
(may bay hoac v¢ tinh) vi néu nhu ang ten dugc dat
& chinh giita va cac bup séng ra da dwoc phat ra vé
ca hai phia thi s& khong thé phan biét dugce nhimg
d6i tuong c6 khoang cach dén ang ten bang nhau
nhung ndm vé hai phia cta ang ten.

So @ hinh hoc hé théng RKT dugc thé hién
nhu Hinh 1, trong d6 H 1a d0 cao co sd giira mat
dét v6i quy dao bay (quy dao vé tinh), R 1a cu li
trung binh (trong trudng hop tong quat duoc coi 1a
cu li gitra v¢ tinh t61 muc ti€u quan sat), R, va Ry la
cu li gin nhit va xa nhat tr vé tinh t6i ving
quan sat, y, la géc quan sat, w 1a goc 1a, 6; 1a goéc
toi va Wy, 1a chidu rong ving quan sat trén mat dat.
Goc nira cong sudt theo hudéng cu li 6, tinh theo
cong thuc:

0,,=0.886— (1)
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Trong do A 1a budc song hoat dong cua ra da va
W1a d¢ rong ang ten.

Chiéu rong viing quan sat trén mit dat W, theo
goc chicu 6, dugc tinh theo cong thic:

0.R
(e

@)

cos 6;

Quy dao vé tinh

Cam bién RKT

A {

gr

Hinh 1: So d6 hinh hoc hé thong RKT

Trong hé théng RKT, cong suét thu trung binh
Prx.ave tinh theo cong thirc sau:

p TX—-ave 0A
= G 3

4nR? ° 4nR%B ®)

Trong d6 Pry.ave la cong suét phat trung binh, &
1a ti€t dién ra da myc tiéu, 4 1a dién tich dng ten
cua RKT, £ 1a ton hao may thu, 0 la hi¢u suat ng
ten va G 1a hé so khuyéch dai ang ten tinh theo
cong thtc:

PRX—ave

0A

G = 4n/1—2 4

Cong suit phat trung binh Pry.q. dugc xac dinh
nhu sau:

Pryx_ave = PrT,PRF = Pdr (5)

Trong d6 P, 14 cong suat phat dinh, 7, 1a d6 rong
xung phat, PRF la tan so 18p xung, dr 1a chu trinh
lam viéc ciia may phat.

Xung phat véi tin sb 1ap xung cua nd duogc
minh hga nhu Hinh 2. Trong hinh nay IPP la
khoang thoi gian giita cac xung, 7, 1a thoi gian
nhan phan hdi tir di twong, N hay N+ tuong tmg
cac xung phat.
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L0

yi
—> /f
IPP =1/PRF

Hinh 2: Minh hga PRF va 1w

Pé tranh su khong rd rang giita huéng phuong
vi va huéng cu i, cac khai niém giéi han PRF t6i
thiéu (PRF i) va PRF t6i da (PRF e duoc dua ra
va tinh toan nhu sau:

2v
PRF,;n = T“ (6)
PRE, = d = ! 7
M 2, 4T, 2T, T — Ty )

Trong d6 L 1a d6 dai ang ten, vy 1a van tde g:ﬁa
v¢ tinh, 7 va 7, dugc xac dinh tuong Umg bang
2Ryc va 2R, /c v6i ¢ 1a van toc anh sang.

Béng cach thay (4) vao (3) chung ta dugc:

_ PTX_av:GiaAZ ®)
(41m)°R*B

Téng mirc nang luong tin hiéu £ ma hé thong

RKT thu thap dugc la:

PRX—ave

E= PRX—avetA (9)
Trong d6 14 1a thoi gian hinh thanh khau do
téng hop va dugc tinh theo cong thirc sau:
AR (10)
sztpaz
Véi viée két hop (8), (9), (10) ching ta c6
duoc:

tA=

_ PTX_;,W,;GZJA3 (11
2(47T) R ﬁvstpaz
Tap am cia may thu RKT dugc xac dinh nhu
sau:

N = kT F (12)

Trong d6 k 1a hang s6 Boltzmann (k = 1.381 x

107 JK™), T, 1a nhiét tap &m may thu tinh theo

thang Kenvil, F 1a h¢ s6 tap am may thu. Khi d6 ti

s0 tin trén tap cua h¢ thong RKT sé la:
E Pry—apeG20A3

SNR =—=
N 2(4n)3R3Bvstpasz0F

(13)
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Xét véi mot khu vuce phﬁng, o xac dinh nhu
sau:

_ 0°prpa;
~ cosy
Trong d6 ¢° la tiét dién ra da muc tiéu trén
mdi don vi dién tich, p, va pg, twong ung la do
phan giai cu li nghiéng va d0 phéan giai phuong
vi. Tu cac phuong trinh (4), (13), (14) o trén ta
nhan duoc:

(14)

PTX—aueAzazaopr (15)
8TR3AKT F BV, cosy
Trong co s& thiét ké hé théng RKT trén v¢ tinh,
thuat ngir tiét diép ra’da tap &m tuong duong, ooE,
duoc sir dung pho bién khi SNR trong (13) bang 1,
do do ta co:

SNR =

8TR3AKT FBvs, cos
p TX- aueA azpr
Pé dat duoc p, trong mot birc anh chup boi
hé thong RKT phai thuc hién nén xung trong tién
trinh loc thich tng, két qua 14 p, c6 thé dugc tinh
nhu sau:

0
ONE =

(16)

c

Pr zﬁ (17)

Trong do6 B la dai thong xung phat. B phan dai
cu li mat dat p,.,duoc tinh nhu sau:
Pr
cosy (18)
Do phén giai phuong vi p,, duoc tinh theo
(19), nhan dugc théng qua mot ng ten duge tong
hop va xu li nhét ‘quan gia tri pha cua cdc tin hiéu
quay vé tir rat nhidu xung lién tiép.

Prg =

Paz = (19)

Nt~

3 MOI QUAN HE GIUA CAC THAM SO
HE THONG RKT

Trén co so Iy thuyét RKT, mdi quan hé giita
céc tham sd cta hé théng RKT dugce minh hoa nhu
& Hinh 3. Dya trén méi quan h¢ giita cac tham )
ctia hé théng RKT va két qua phan tich mbi lién hé
giita chung , nghién ciru dé xuét cac phuong an phu
hop nhim hudng tdi viée thiét ké hé théng RKT
trén v€ tinh nho.
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Hinh 3: Méi lién hé giira cac tham s6 ciia hé
thong RKT

4 KET QUA VA PE XUAT

Thong thudng cac vé tinh vién tham c6 quy dao
¢6 d9 cao 16n hon 500 km do vay trong nghién ciru
nay (tham khao [6]) dé xudt mot sd gid tri cia tham
s6 dau vao nhu sau: R = 550 km, 5 = 0.6, To =290°
K, F=2dB, =3 dB, vy = 7600 m/s, agy = -21
dB, prg=2mval=4m. Dé cong suét phat thip
ta lua chon y, = 21°. Cac tan sb hoat dong dugc lua
chon twong ung lan lugt voi cac bang tan L,C, X
la: 1.27 GHz (A =24 cm), 5.3 GHz (A = 5.7 cm) va
9.65 GHz (A =3.1 cm).

Pé tim ra tin s hoat dong phu hgp véi hé
théng vé tinh ¢& nho ta gia thiét ring Pryae = 30
W. Khi d6 theo (16) ta c6 mbi quan hé gitra A4 va A
duogc thé hién nhu Hinh 4.

Tir Hinh 4 ta thdy ring dé dat dugc cing mot
gia tri o thi cAc Ang ten nhé phai sir dung cac tan
$0 ¢6 budc song ngan.

30

o
P

o

[
S

Dién tich Ang ten A (m?)

o

N

5 .
1 4 7 10 13 16 19 22 25 28
Bugesong A (cm)

Hinh 4: Mdi quan hé giira 4 va
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Nhu vdy, v6i cing mdt cong sudt phat trung
binh Prx.me trong hé théng vé tinh ¢& nho vai kich
cd ang ten gap nhiéu han ché, viéc sir dung cac tan
sO hoat dong c6 budc song ngin s& gitp cho ang
ten dat hiéu sudt cao hon. Tiép tuc xét theo (16) ta
thdy khi vé tinh str dung ang ten c& nho hoat dong
& dai tan sb cao thi dé tang dugc tiét dién ra da tap
am tuong duong a,SEthi Prx.ave nén & muc thip. Do
vy, can phén tich moi quan h¢ gita Prra. va
budc song A, mdi quan hé nay duoc biéu dién nhu
Hinh 5.

t phat trung binh P, .. (W)

Ong sua

Ci

19 22 25 28

16
Butdc song A(cm)

1 4 7 10 13
Hinh 5: Mdi quan hé giira Prx-ae va A

bén day ta tha”iy ré'mg viéc chon lya tin s hoat
dong trong 3 bang tan L, C va X duoc quy hoach
cho vé tinh da tré nén dé dang. Tuy nhién, khong
phai don gian nhu vay, lua chon bing tin cao thi
c6 loi vé cong suat phat va higu qua sir dung ang
ten nhung sir dung bang tan cao ciing c6 nghia 1a
Wy s& hep lai. Dya trén (1) va (2), mdi quan hé
giita bé rong cua ang ten va W dugce thé hién nhu
Hinh 6.

200
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Bé rong Ang ten W(m)
Hinh 6: Mdi quan hé giira W va W,,
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Theo Hinh 6, khi hé thong str dung ciing mot
ang ten thi & tan sb cang cao chiéu rong viing quan
sat ciia hé thdng cang giam.

Dbi véi vé tinh ¢& nho, kich thude dng ten co
nhidu gii han, mdi lién hé giira bé rong ang ten
v6i chiéu rong ving quan sat da dugc trinh bay &
trén. Xét dén chidu dai ang ten, theo (19), dé hé
thong c6 d6 phan giai phuong vi p,, cao thi chiéu
dai ang ten phai nho, diéu nay 1a rat phu hop véi
yéu cau kich thuéc ang ten cho vé tinh nhé. Tuy
nhién, voi d0 phan giai cu li lai khac, muébn do
phan giai cy li tién toi nhu d6 phéan giai phuong vi
thi ta cin xem xét dén cac yéu t6 khac.

Theo (17) va (18), dé dat dugc yéu cau trén thi
dai thong xung phat B phai lon Diéu ndy tuong
dwong véi viée dé dat duoc 09z khong dbi thi can
phai tang Prxave. Theo (5), Prxave €0 thé tang bang
cach ting P, Dé ting P, thi trong qua trinh ché tao
phin cimg phai thém vao cac b khuyéch dai cong
suét, thé nhung didu d6 s& lam tang kich thudc va
khéi lugng vé tinh do do can mot phuong phap
khac hi€u qua hon. Xet tong quat, trong qua trinh
thiét ké hé thong luén mong mudn hé théng co P; &
mirc thap, c6 nghia 18 Prx.a. ciing & mic thap. Tir
(16) ta thdy rang dé giam Prx... thi phai tang kich
¢ ang ten, mdi quan hé gitia chung dugc chi ra
nhu Hinh 7.

1800
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g 400 - - Biang C
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~ % -
a ' e Bing L
= *
= 1200
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| |
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= 400 K, a2
@ A Tem,
aﬂ 200 F “a . LATE
@ “ SR
0 . h T 4
08 1 1.2 1.4 16 18 2

Bé rong Ang ten W (m)
Hinh 7: Méi quan hé giita W va Prx.ave

Do vay, yéu céu dat ra 1a phai lam nhu thé nao
de Prx.ave ting ma van gitr P thip.Theo (5), ta thay
rang dé Pry.a. ting ma van giit P, thap thi chu trinh
lam viéc cia may phat dr phai tang. Hinh 8 chi ra
rang khi dr ting 2 1an thi P, giam 2 1an.
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Hinh 8: Mbi quan hé giita W va P, khi dr thay déi

Nhu vay, theo cach nay s€ gitp ta dat dugc yéu
ciu dit ra, tuy nhién trong qué trinh thiét ké hé
thong thyc té can phai xem xét mirc ting dr hop ly
vi dr ting ciing c6 nghia 1a tao ra nhing thay doi
v0i T, va PRF kéo theo anh huong téi IPP va 7,
nhu minh hoa trén Hinh 2. Dya trén nhitng phén
tich va danh gia mdi lién quan gitra cac tham so
nhu & trén, nghién ctru dé xut cac tham sd thiét ké
ddi voi hé théng RKT trén vé tinh ¢& nho dugc thé
hién chi tiét nhu Bang 1 (mg vdi cac yéu cau ban
dau: W=1m, oz =-21dB, P, =~ 350 W.

Bang 1: D¢ xuit cic tham sb k§y thuit hé thong
RKT trén vé tinh ¢4 nhé

Tham s Gia tri
Tan s6 (GHz) 9.65 (Bing X)
Do cao quy dao (km) 510
Goc quan sat (°) 21
b6 rong xung (MHz) 209
oog (dB) 21
Do phan giai phuong vi (m) 2
Do phan giai cu li (m) 2
Chiéu rong ving quan sat (km) 16
Kich thuéc ang ten (m) 4x1
Cong suat phat dinh (W) 342
Cong suat phat trung binh (W) 137
Nhiét tap am may thu (K) 290
Sai s6 hinh hoc (dB) 2
Tén hao hé thong (dB) 2
Hiéu suét dng ten 0.6
Chu trinh lam viéc may phat 0.4

5 KET LUAN VA HUONG PHAT TRIEN

Nghién ctru di chi ra mbi quan hé giita cac
tham sb phuc vu nhiém vu thiét ké ché tao hé théng
RKT trén v¢ tinh ¢& nho. Nhitng phéan tich da dugc
thuc hién, dé xuit dua ra st dung bang tan X, viéc
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lwra chon bing tdn nay phi hop véi mot dng ten nhod
gon, ¢ cong suit phat trung binh ¢ muc thap phu
hop véi muc tiéu thiét ké. Nghién ctru da dé xuat
phuong phap dat duoc do phan giai t6t voi P, thap
bé‘mg viéc lya chon chu trinh 1am viéc ciia may phat
dr mot cach hop ly.

Hudng phat trién tiép theo 1a dya trén két qua
dat dugc, thyc hién mo phong hé thong nham phuc
vu cac danh gia va thir nghiém céac thuat toan xur li
anh cua hé thong.

LOI CAM TA

Tac gia xin chan thanh cam on sy giup do va
tao diéu kién nghién ctru cta Trung tdm V¢ tinh
Quéc gia, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam.
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