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UNG DUNG DS-SS VAO PO XA TRONG THONG TIN RADAR

Vii Pinh Thanh, Phan Vin Hiép
Trudng Pai Hoc Bach Khoa — Pai Hoc Quéc Gia TP HCM
(Bai nhdn ngay 17 thdang 05 ndm 2005, hoan chinh sita chita ngay 27 thdng 07 ndm 2005)

TOM TAT: Bai bdo gidi thiéu phuong phdp mé phdng ky thudt trdi ph8 chui truc
tiép ting dung vao linh viec do cy ly xa trong thong tin radar. Tin hiéu phdt tix radar dugc
didu ché bdi mot chudi gid ngdu nhién dinh trudc. O thiét bi thu radar, ham tuong quan
giita chui phdt da bi lam tré va chudi thu dugc tinh todn gid tri. Khi thoi gian tré duoc
hiéu chinh phit hop, gid tri ham tuong quan sé dat dén cuc dai, nhd do cho phép xdc dinh cy
ly vdt thé cdn do. M6 hinh hé théng dugc gidi thigu va mdt s6 mé phdng cung cdp cdc két
qud cé y nghia trong moi trudng truyén séng Iy tudng hodc bi dnh hudng bdi nhiéu.

I. Gidi thiéu

Radar da dudc (ng dung rong rdi trong viéc phdt hién va xdc dinh cdc tham sd cla
muc tiéu nhu cy ly, cdc toa dd goc, van tdc, ....trong d6, Wng dung do cu ly véi d§ chinh
x4c cao clia radar 12 mdt ing dung quan trong. Trudc ddy, phuong phdp do cu ly xa chi
y&u ding radar phdn xa don gidn v6i diéu ché xung. Tin higu (dudi mdt dang dicu ché nao
d6) dugc phét t radar hudng dén vat thé cdn do va dugc phén xa vé phia mdy phit. Dya
vao thdi gian truyén di va v& ndy ciia tin hiéu, ta suy ra dugc khodng cach d€n vit thé cin
do. Phuong phdp nay c6 nhugc diém 16n vé sai s§ gy ra do nhiéu trén dudng truyén.

K§ thuét trdi phd DS-SS ra ddi da gidi quy€t gin nhu triét € nhugc diém néu trén.
K§ thuat trdi ph8 thuc hién viéc diéu ché 1dn thit hai bdi chudi s6 gid ngdu nhién trén tin
hiéu d3 dugc diéu ché. Piéu nay tuong duong viéc hy sinh bién dé (hodc cdng siét) cla tin
hiéu phét dé c6 dugc phd tin trdi rong. Lic nay, dil trong moi trudng ton tai nhi€u bang
hep, tin hiéu mang thdng tin van c6 thé dugc khoi phuc nhd cdc phép nhédn chudi truc giao
[1]. Ap dung k§ thudt trdi phd cho tin hiéu radar khong nhiing cho phép ddm bdo chat
lugng théng tin ma con cho phép xdc dinh cy ly clia myc tiéu dang quan sat. Diéu nay dic
biét c6 ¥ nghia ddi véi cdc muc tiéu trong linh vyc quin sy hodc trong vil tru nhu cdc hanh
tinh, thién thé, ..., ndi ma cdc dang nhiéu c6 thé tdc dong rit manh dén tin hiéu radar.

Hién nay, cdc ting dung thyc t€ cda DS-SS vao radar dang dudc nghién citu trién
khai, nhung chii y&u 12 trong linh vyc k¥ thudt quan sy. Cu thé, phuong phdap AeroAstro’s
Star Ranger (do Phong Thi nghiém nghién cifu khéng quan M§ phdt trién) hay hé thong
radar hdi quan DRS’s SEAL ciia hdi quin My ciing dang st dung phudng phdp nay. Do yéu
cAu bi mit quan su, cdc gidi phdp k¥ thudt chi ti€t khéng dugc cong khai héa. Trong bai
bdo, mot chudng trinh mé phdng di dugc xay dung nhiim thuc hién viéc ki€ém ching cdc
dic tinh trdi phd chéng nhiéu ciia tin hiéu radar. Piéu nay la phit hgp véi xu hudng nghién
cttu va phdt trién hién nay trén th€ gidi cling nhu trong diéu kién Viét Nam.

II. Phudng phép do c ly trong radar ding chudi tryc giao

Cd s8 1y thuy&t dé gidi quy&t van dé dugc chi rd trong sd d6 nguyén 1y & Hinh 1.

Gia sit tin hiéu DS - SS 1a s(t) = /2P .g(1).cos(wf) dugc phat hudng d&n vat thé
cdn do. Tin hiéu dudc phidn xa tir vat thé cin do cu ly va nhén dudc tai ddu thu sau thdi
gian T)+T, 1a tin hi€u r(1): r() = as(i - T, -T,)

=a,[2Ps g(t - By, ).coslmo 01 ~% )]
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=a. 2P, .g(t - TI - T2 ).cos((uot +0)

Trong d6 a ddc trung cho suy gidm tin hiéu va 0 12 géc pha ngiu nhién giy ra do tré;
0= —@, (T] + T2)

e

: : T.(= T)
1 ]
T 15 gt Mach tdi tao séng
1t !
b mang
1 ¥ . s
s(t) V2 cosm (t—Tl—Tz)
4 N LPF
% wFrTIIFE  Hf)y=08(-Ti-Ts)

g} 2P cos(wgyt)

.| Tr& D thay déi

Hinh 1. So dé nguyén Iy ciia phuong phdp
vo(t) =Ry(D)

Mach tdi tao séng mang thuc chdt 12 mot vong Costas [2] [4], c6 nhiém vu tdi tao
séng mang dong bd cd vé& pha va tdn s8: sip(t) =+/2 cos 0yt~ ~T,)

Chudi gid ngdu nhién PN g(t — Ty - T,) dugc tao ra sau b6 loc thong thap LPF.
Tin hi€u gid ngiu nhién g(t — T; — T,) dudc tinh twong quan nhd bd phin tich phan
V6i tin hi€u g(t — D), 1a tin hiéu PN dugc 1am tr€ mdt cdch chi dong mét khodng thdi gian
tré D ¢6 thé diéu chinh dugc.
Ng6 ra clia bd tich phan 1a:
L

vo(t) = Rg(D) = Ig[t - (Tl + T2 )]g(t — D).dt
0
Khodng tich phin trong cong thiic trén dudc x4c dinh bing chiéu dai clia chudi PN, 13
tich s6 cda s bit trong chudi L va chuky bit T..
Ham ty tuong quan Ry(D) dudc viét lai:
T

2
R(D)= [g()g(r+1,)dt

T
1

Véi 1=t—(T1+Ty)
To=(T1+T)-D
Hinh 2 1a dang ctia ham tv tuong quan giffa hai tin hiéu g(t) va g(t + 10 ). Do dic tinh
clia ham ty twong quan, Ry(D) cyc dai khi va chi khi 1= 0 hay D =T, + T, [3].
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Hinh 2 : Po thi ham ty tuong quan ciia chudi PRBS
Né&u xem riing thdi gian truyén séng radar di va vé 1a bing nhau T; = T, = Ty (Vit
thé 12 khong di chuyé&n hodc c6 vin tdc rit thip) thi D = 2T,. Véi vén t&c séng dién tir 1a ¢
=13.10% (m/s) thi khodng cdch d&n diu cudi cin do s& 1a:

1
d= C.To = ~2-CD

Nhu vy, viéc xdc dinh khodng cdch bdy gid trd thanh bai todn tim diéu kién cyc dai
ctia him tu tudng quan giita hai tin hi€u g(t) va g(t + 7).

IIl. XAy dung chuong trinh md phéng
Chuong trinh md phdng cho phép chiing ta thuc hién viéc 14p cdc md hinh tuong ing

trong thuc t&€ clia mot dai radar dugc trdi phd: mé hinh mdy phét trdi phd, mé hinh mdy thu
gidi trdi phd, mo hinh bd tinh tuong quan.
Chuong trinh m6 phdng cin x4y dung phai c¢é cdc yéu cu sau [5], [6]:
» Thdi gian tré D c6 thé thay ddi dugc trong mdt tdm di qua gié tri To.
» Cho phép vé dugc dang séng trong mién thdi gian va tén s& (phd) clia cdc tin
hiéu dudc st dung (séng mang, gi nhiéu, trdi phd...).
» Céc théng s6 clia bai todn md phdng phdi tuong thich véi thyc t€. Vi du tin s&
séng mang cin phai & tim GHz, t8c d chip phdi l1a § tim Mbps, ...
» Bai todn md phdng khong xét dén tdc dong clia hiéu ng Doppler (vi muc dich
chinh cia vin dé dugc trinh bay chi nhim dén phép do cu ly clia vit thé dudc
coi 14 tinh hodic c6 td¢ d6 rit nhd so véi téc do truyén séng).

» Chuong trinh phai d& st dung, c6 thé dugc giao ti€p thdng qua cdc cita s§ hop
thoai. Cic k&t qud md phdng dugc trinh bdy mdt cdch tryc quan.

Luu dd gidi thuit clia chudng trinh dudc trinh bay trong Hinh 3 va Hinh 4.

Chudng trinh md phdng dugc viét bing ngdn ngit 14p trinh MATLAB. Cic két qud md
phdng dugc trinh bay dudi dang clta s6 hop thoai va d6 thi. Thdi gian thyc hién md phdng
¢6 thé thay ddi tiy thudc cdc théng s6 md phdng nhip vao. Hinh 5 va 6 gidi thidu mot s6
k&t qui dang phd va dang séng clia cdc chudi gid ngiu nhién va tin hiéu di diéu ché & noi
phdt va ndi thu trong qud trinh mo6 phdng.
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Tim s6 mAu chudi gid NN phia thu sf2 (lenl)
Tim s8 mau chudi gid NN phia phat gn (len2)

| Tao tin hiéu gid nhiéu.

¥

Tao séng mang. = =
P i e D6 léch mau
Tao tin hiéu diéu ché
dlen = lenl — len2

! )

Tao ué tin hidu dieu ché Xic dinh khodng trugt ciia chudi thém vao
S(t-il"o)- dlen > i >Ky*dlen (Ko< 1) '
¥
Déng bd séng mang phia thu. o] Gidmi
Nhaén tin hiéu thu va séng mang T
dong bb thu. I Tao chudi i zero thém vao trude chudi gn

phét: themtruoc = zeros(1,i)
Tao chudi dlen - i zero thém vio sau chudi
gn phdt:themsau = zeros(1,dlen-i)
3
-+ ‘

Loc thong loai bd tin s& 2wq
Phuc hdi gid ngiu nhién g(t-To)

Tao tré gid nhiéu g(t-D) Tao chudi tinh tuong quan
| gnthem = [ themtruoc gn themsau ]
Tuong quan g(t-To) va g(t-D) v
Tuong quan gnthem vdi sf2
hstq = corrcoef (gnthem,sf2)

Thay ddi D |

L&y tri twdng quan chéo
K = hstq(1,2)

L4y D, hé s6 1q cuc dai
Tinh cif ly va sai s8.

Sai

. bung
Két thic - d
Tim hé s& tudng quan cuc dai va chi s6
tuong quan tuong ing
Hinh 3: Luu dé gidi thudt chinh [ Kinax €s ] =max (K)

v
Tinh thdi gian truyén séng
tgts = (dlen - cs)*Ts

K&t thiic

Hinh 4: Luu do tinh h¢ s6 tong quan cuc dai
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Hinh 5: Phé ciia tin higu gid ngadu

Hinh 6: Chudi gid ngdu nhién é noi phdt va thu
nhién va tin hitu da dugc diéu ché

IV. Phan tich cdc két qua mé phong

Cdc két qui md phdéng dudc thuc hién cho 2 trudng hop: trudng hdp mdi tru'dng
truyén séng 1y tudng va trudng hop cé sy tdc dong cia nhi&u 18n tin hiéu radar. Trong mdi
trudng hgp téc gid lai phin tich dnh hudng cla viéc thay d6i cdc thong s 1én két qud md
phdng. Cic thong s& thay d8i cu thé 1a tin s6 séng mang (KHz), chi€u dai chudi gid ngiu
nhién, thdi gian truyén séng du ki€n (ms), bién do cia nhiéu..

<

- m-a-mam

Hinh 7. Anh huéng ciia tin s6 séng mang Hinh 8: Knh hlfdng ciia chiéu dal
chudi gid ngiu nhién

Biéu dd su phu thudc ciia hé s6 tuong quan cuc dai va sai s cdia phép tinh theo tim
tAn s6 séng mang (tim GHz thda tinh chat diéu ch€ tryc ti€p va thuc t& hoat dong cia dai
radar) dudc gidi thiéu & Hinh 7. Ta nhén thdy véi tan s& séng mang 16n hon 20MHz thi hé
s6 tuong quan cuc dai s& 16n hon 0.8. Khi tin s6 séng mang fc cang 16n thi bd loc thong
thap sit dung trong chudng trinh cing ¢6 kha niing loc bd triét d€ cdc tin s6 2*fc (dugc tao
ra sau bd nhan vdi séng mang tdi tao), nghia 12 tin hiéu gid ngau nhién dugc phuc hdi cang
triét dé.

Su phu thudc clia hé s& tuong quan cyc dai theo chiéu dai chubi gid ngdu nhién dugc
bi€u dién & Hinh 8. Nhu viy, d€ ddm bdo dat dugc hé s6 trong quan cuc dai cao (16n hon
0.7) thi chiéu dai chudi gid ngiu nhién khéng bé hon 100. Chiéu dai chudi gid ngiu nhién
cang ting thi viéc tinh tudng quan s& chiém thdi gian 1du hon bdi s6 miu ciia chuong trinh
phéi tinh todn ting 1én tuong Ung. Bl lai, cang nhiéu miu thi hé s§ twong quan tinh dugc
cang chinh xdc hon. P& gidm thyi gian tinh todn, dong thdi dat dudc hé s tuong quan di
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16n, cdc phan md phdng thuc nghiém cho thdy chi€u dai t5i da cda chudi gid ngiu nhién
nén dudc chon trong khodng 13 400.

Trudng hgp thai gian truyén séng thay ddi, nghia la tudng \@ng véi cu ly hoat dong
clia radar thay d6i, tdc gid nhin dugc két qud mo6 phdng trong Hinh 9.

T 1] Do alel

Cy Iy tinli todn
2118 thurdy |
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Hinh 9. Tdm hoat dong 167 uu ciia radar  Hinh 10: Anh huéng nhifu bing rong

Dua trén dic tuyén néy, nhén thdy radar hoat dong t8i wu & tAm cyt ly tir 3 (km) dén
849 (km) Nhin thay, ngoal tAm cyf ly nay, sai s& sé& ting cao. TAm cu ly hoat dong t6i wu
nay gan véi nhu’ng thong s8 thyc (&€ cda moét dai radar quén sy. Cdc sai s§ gay ra khi cy ly
nim ngoai tim néu trén dugc gidi thich bdi khi ning tinh todn him tuong quan clia chuong
trinh Matlab véi s6 miu tu’dng @ng t6i uu. N&u thdi gian truyén song qud bé (nhd hon 10°
*ms) hay qué 16n (Idn hon 10”ms) thi hiéu s¢ miu gilta chudi gid ngiu nhién phia phit va
thu 1a 16n, do d6 s6 méu zeros phai thém vao dé tinh ham tuong quan cling ting tuong Wng.
Diy 1a 1§ do lam cho viéc tinh tuong quan ¢ do chinh xdc thip. Ngoai ra, do viéc mo
phdng dudc thyc hién v6i mdt s6 ham sin ¢ cia Matlab, nén tdc gid chua thé kiém so4t
dugce qui ludt thay ddi clia ching. Piéu nay ciing 1a mot nguyén nhan gay ra sai sc.

Anh huéng ciia nhiéu méi trudng

M6 hinh nhi€u cdng trén dudng truyén dude khio sit d€ xét anh hudng 1€n tin hiéu
thu clia radar. M6 hinh nhi€u dudc xay dung bao gdm céc loai nhidu bing rong, nhidu don
am va nhi€u nhén tao.

Nhiéu bing rong c6 phé tri rong trén todn bd bing théng cila tin hiéu, théng thudng
12 nhiéu nhiét, nhi€u trding c6 phin b& dang Gaussian. Loai nhiéu nay dudc tao ra trong
chudng trinh mé phdng don gidn cling tf mot chudi gid nhidu (gid ngiu nhién). Hinh 10
gldl thi¢u dnh hudng ciia bién d6 nhiéu bing réng 18n hé s6 tudng quan cuc dai cda chudi

ngiu nhién phdt va thu, 1&n sai s8 ciia cdc k&t qua tinh nay. Ta nhin thdy ring vdi bién do
nhi€u & mic trung binh, cic 4nh hudng nay 1a khong ddng ké.

Nhi€u don 4m thong thudng 12 mat tin hiéu hinh sin ¢6 tdn s& bat ky (1a mot tin hiéu
6 chii dich) xAm nhdp hé théng trén dudng truyén. Tdc gla tao nhi€u don 4m bing mdt tin
hiéu sin c6 chi€u dai bing chiéu dai cda tin hiéu thu va tdn s6 1 bat ky. K&t qud md phdng
dugc bi€u di&n & hinh 11.

Nhi€u nhan tao dugc diéu ch€ dudi dang gin gidng véi tin hiéu phat cia dai radar.
Khdo sdt nhi€u nhin tao v6i chd dich tim hi€u kha ning hoat dong clia hé thong trong
di€u kién d6i phuong gin nhu kiém soit dudc dang di€u ché tin hiéu cla chiing ta. Hinh
12 cho thay dnh hudng cia nhi&u nhin tao lic nay 1 ddng k€.
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Hinh 11: Anh huéng ciia nhiéu don dm. Hinh 12: Anh hudng ciia nhiéu nhén tgo.

Nhin chung, trong khdo sat nh hudng cla cdc loai nhi€u k€ trén, ta nhin thiy ring,
néu bién dd cla cédc loai nhiu niim trong gidi han cho phép (do tin hiéu di dude chudn
héa, nén bién do nhi€u dugc chon nhd hon 1) thi hoat dong clia hé thong khong c6 sy dnh
hudng ndo ddng ké. Khi so sanh . 1h hudng cla céc loai nhiéu khic nhau 1én hé théng, ta
nhin thdy nhi€u nhan tao ¢6 dnh hudng nhiéu nha't (bién nhiu khéng vugt qud bién dd tin
hiéu), trong khi nhiéu don 4m (cho phép bién nhiu khong 16n hon 3 14n) va nhiéu bing
rong (bién nhiéu khong 16n hon 4 14n) 4nh hudng dén hé thong khong dang ké. Trong thuc
t€ thi viéc bién nhi€u 16n hon nhiéu 14n so véi tin hiéu radar 12 hi€m khi xay ra.

V. K&t luin va huéng phat trién

Céc k€t qud mo phdng dat duge da minh hoa kha ning ng dung k§ thuit trdi phd dé
xdc dinh cuf ly ciia vat thé trong radar. K§ thuit trdi phd khong nhitng cho phép bdo toan tin
hiéu mang tin trong moi trudng cé nhi€u, ma cdn cho phép ddm bio tinh bi mit cla hé
thdng, nba't 1a trong cdc itng dung quin sy. Vi tim hoat dong ciia radar dudi 1000 km, cc
thong s di€u ché trdi phd c6 thé dugc xdc dinh trong cdc dii gid tri tuong dng nhu tin s&
s6ng mang tam GHz, t6c d3 chip tim Mbps, ...

Céng viéc mb phéng dudc thyc hién v6i diéu kién thuc t&€ ¢6 dnh hudng ciia céc loai
nt &u thong dung. K&t qué mo phdng thé hién 15 yéu cdu ch6ng nhidu va bio mit cia k§
thuat trdi phd.

Hudng nghién cifu nay con cé thé dude md rong cho cdc phép do vé t6c 46 clia vat
thé (xét d€n hiéu ng Doppler), v& hudng cla vét thé trong khong gian, loai trif cdc dnh

hudng ciia fading séng phdng trong phuong phdp ding chudi gid ngiu nhién dong bd hoic
b4t dong bo,.

APPLICATION OF DS-SS FOR RANGING IN RADAR SYSTEM -

Vu Dinh Thanh, Phan Van Hiep
University of Technology — Vietnam National University — Ho Chi Mmh City

ABSTRACT: In this paper, the application of DS-SS for ranging in radar system is
investigated where the radar signal is modulated by a chosen pseudo-random sequence.
Based on the orthogonal characteristics of the these sequences, the correlation of emitted
and received sequences is calculated and its maximum value is attained when the delayed
time of emitted sequence coincides with the two-way propagation time of the radar wave. By
choosing appropriate temporal scale on the delay unit, the distance of the considered object
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to the radar is deduced. The modelisation algorithm of the system and the simulations are set

up which provide meaningful applied results for cases of noise-free and of noisy propagation
medium.
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