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NGHIEN CUU GIAI PHAP NANG CAO PQ TIN CAY CHO NGOI NO LASER
CUA TEN LUA PHONG KHONG

Nguyén Pirc Thi', Nguyén Trudng Son’, Tran Hoai Linh®, Trin Xuan Tinh? Duong Hoa An*’
YTéng cuc Cong nghiép Quéc phong, *Hoc vién Ky thudt Qudn sw
3Tvwong Pai hoc Bach Khoa Ha Noi, *Triwong Pai hoc Ky thudt cong nghiép - DH Thdi Nguyén

TOM TAT

Bai bao dé xudt mot giai phap chong nhidu bang phuong phap ma héa trai phd cho ngoi. nd laser
trong tén lira phong khong. Giai phap dé xuat cing véi cac bién phap chong nhiéu truyen thdng
cho phép cai thién hiéu qua chét lugng lam viéc cua ngoi n6 laser khi bi ddi phuong gay nh1eu chu
dong, nhiéu trung phd. M6 phong trén phan mém Matlab-Simulink cho két qua véi ti s6 tin/tap
bang 5,5dB thi sb bit 16i bang 0, sai sé do khoang cach bang 0,015m. Qua mo phong nhan thay,
giai phap nay cho dd tin cdy cao, sai s6 nho, co thé phat trién dé ung dung cho tén lira phong
khong hién dai.

Tir khéa: Tén hira phong khéng tam thap, ngoi né laser, ma héa trai phé, diéu ché dich pha nhi
phén
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A SOLUTIONS TO IMPROVE RELIABILITY
FOR LASER FUZE IN AIR DEFENSE MISSILES
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ABSTRACT

The paper proposes an anti-interference solution for the laser detonator of the anti-aircraft missile
by universal spread coding. The proposed solution together with traditional anti-noise measures
has improved the working quality of the laser detonator when being subjected to active
interference, spectral noise interference. Simulation on Matlab-Simulink software results in a ratio
of credit/noise equal to 5.5dB, the number of error bits is 0, the error of measuring distance is
0.015m. Through simulations, this solution offers high reliability, small errors, can be developed
to apply to modern air defense missiles.
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1. Pat van dé

Hién nay, vdi tén lta phc‘)ng khong hién dai,
dé tang do tin cay, xac suét tiéu dlet muc tiéu,
thi ben canh ng01 n6é vo tuyén can co thém
ngodi n6 khong tiép xtic st dung cam bién
laser (CBLS). Trong khi d6 diéu kién lam
viéc cta tén lira phong khong rat phiic tap,
nhiéu dang nhiéu tac dong dén tuyén thu, phat
trén ngdi nd nhu: méo song do hiéu ung
Doppler, khoi bui duong truyén, anh sang mat
troi, cac nguén sdng phi tu nhién, tdn xa do
cic bé mit cua ddi tuong da dugc xu ly, cac
dang pha séng chi dong cta dbi phuong dang
bi t€n lra bam theo,... Chinh vi vay viéc
trang bi thém k¥ thudt ma hoéa cho chum tia
laser phat, nham hd trg bd phan thu laser tich
duoc chum tia c6 ich ra khoi mot s6 chum tia
cia cac ngudn nhidu quang hoc khac c6 ¥
nghia v6 cung quan trong trong viéc nang cao
chat luong ciia ngodi nd. Bén canh d6, ngay
nay véi hé théng may tinh siéu nhé ¢ ciu hinh
cao, hoan toan c6 thé dua lén ngoi nd dé thuc
hién nhitng ky thudt ma héa phuc tap [12
14,15]. Trong bai béo ndy, cic tic gia dé xuat
mdt phuong an su dung ma trai phd cho phep
nang cao kha ning chéng nhidu dudng truyén
ctia ngdi nd laser trong tén Itra phong khong.

2. Nguyén ly hoat dong ciia ngoi no laser
lip trén ngoi nd

Nguyén ly hoat dong clia ngoi nd laser gidng
voi ng01 nd vo tuyén, chi khac 1a str dung tia
laser dé chiéu xa muc tiéu (Hinh 1), bang
cach: Chiéu xa toi muc ti€u voi mdt xung
laser tir may phat; Phat hién chum tia phan xa
tir muc tiéu; Po thoi gian tia laser truyén tir
ngudn téi muc tiéu va tré lai may thu dé tinh

khoang cach tir ngoi nd dén muc tiéu, lua
chon cy li thich hop dé kich nd dau no.

3. Nang cao d9 tin cdy ciia ngoi no laser
bang k¥ thuit ma hoéa trai phd

Hién nay trén tén ltta phong khongdd co
nhing bién phap chong nhiéu sau:

1- Pdt nguong bién do [1,2]: Pat ngudng
bién d cho tin hiéu kich nd. Néu tin hi¢u
kich né do CBLS tao ra thip hon ngudng nay
thi co cdu bao hiém - kich n s& khong kich
nd ngoi nd. Khi do, ta s& loai trir duoc xung
dién ty kich hoat khi cip ngudn ciing nhu
nhitng nhidu do ngudn biic xa ty nhién yéu
(phong nén,...) tao ra.

2- Pat kinh mau [4,6]: Dat kinh mau ¢ dau
vao ctia bo phan thu laser tuong dong voi
budc séng chum tia laser phat cua by phan
phat laser. Khi d6 ta s& chin dugc cac phod
nhiéu quang hoc khong c6 budc séng tuong
g chiéu vao bd phan thu laser.

3- Chon truong nhin [4,6]: Chon hé quang
cua by phan phat va bo phan thu laser cé
truong nhin rat hep. Piéu nay ciing gitp giam
xac suit cac ngudn nhiu quang hoc chiéu vao
bd phén thu laser.

4- Pong bé thoi gian lam viée [3]: Pong bd
thoi gian lam viéc cua b phan thu laser va
cua bd phan xur 1y tin hi¢u theo b phan phat
laser. Chi khi ndo by phan phat laser 1am viéc
thi bo phan thu laser va bd phan xu 1y tin hi¢u
moi canh trye dé sin sang nhan va xir 1y tin
hiéu. Qua do, ta cling giam dugc xac sut cac
ngudn nhidu quang hoc chiéu vao bd phan thu
laser tao ra tin hiéu kich nd khong mong mudn.
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Hinh 1. So d6 chirc ning ciia ngoi né laser
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5- Chon ddc tuyén [3]: Chon dic tuyén bién
d0 - tan s6 ctia khau khuéch dai tin hi¢u sao cho
hé s6 khuéch dai rit nho véi céc tin hiéu c6 tan
s6 thap. Vi giai phap nay giup giam duoc tac
dong cua nhimg nguén nhiéu c6 thoi gian tac
dong 16n nhu buc xa cia mat troi, cla luéng
phut dong co phan Iyc, ctia phong nén,...

6- Tao xung cwa [3]: Tao xung ctra & by phan
xtr ly tin hi¢u. Trong khodng thoi gian xac
dinh, bé‘mg dd rong xung cua, néu bd phan xu
ly tin hiéu dém duogc s luong xung dat yéu
ciu ngudng bién d6 nam trong gidi han quy
dinh (npmin < n < npay) thi b phan nay s€ tao ra
tin hiéu dwa sang co ciu bao hiém - kich nd
dé kich nd ngoi nd. Bang giai phap nay ta s&
loai dugc nhiing nguén bc xa nhiéu cé thoi
gian tac dong 1én (nhu blrc xa ciia mat troi,
ctia ludng phut dong co phan luc, ciia phong
nén,...vi chung c6 do rong 16n), ciing nhu loai
duoc cac nguén birc xa nhiéu c6 do rong nho.
Tuy nhién, cac phuong tién tap kich duong
khong da cé nhiing tién bd vuot bac vé kha
ning d6i khang va chéng ddi khang, trong d6
¢6 ca hé thong gay nhidu hong ngoai va laser.
Chinh vi vy ngoi nd st dung cic phuong
phap mi hoa truyén thdng rat c6 thé bi gay
nhiéu, giam kha ning danh trang muc tiéu.

Do d6 bai biao dé xuat phuong phap chong
nhidu s6 7 1a mi hoéa xung thim do cia ngodi
nd laser. Bo phan ma hoa tao tin hi€u dién da
dugc mi hoa dua dén diéu khién ngudn phat
laser. Bo phan xtr 1y s€ so sanh tin hi€u dién
duoc tao ra véi quy luat ma héa cho trudce,
néu ding quy luat sé tao ra tin hiéu dua sang
co céu bao hiém dé kich no.

Phuong phap ma héa trai phd dugc sir dung
rong rdi trong cac hé thdng truyén thong vo
tuyén, dic biét 1a trong cc (mg dung quén sy
do kha nang chéng nhidu rat tét [12,14,15].
Trong hé thong truyén thong cd rat nhiéu
ngudn nhiéu va nhiéu loai nhiéu khac nhau.
Ta c6 thé gip cac nhidu duong truyén, nhidu
trung phé, nhiéu tich cyc,... K§ thuat ma hoa
trai pho s& mo rong pho truyén tin hidu dong

thoi v6i viée ha thip mirc ning lugng trong
ting dai pho s& lam cho tin hiéu phat c6 muc
nang luong thap, trong nhiéu truong hop con
thip hon ca cac mirc nhidu nén nén viéc phat
hién s6ng mang tin hiéu s€ khé khan hon cho
cac ddi tugng ngoai hé thong. C6 3 loai hé
thong trai phd co ban: day tryc tiép (Direct
Sequence — DS), nhay tan (Frequency
Hopping — FH) va nhay thoi gian (Time
Hopping — TH).Ciing c6 thé két hop cac loai
nay voi nhau. Hé théng DS/SS dat duoc trai
ph6 nho nhan ngudn voi tin hiéu gia ngiu
nhién. Hé théng FH/SS dat dwoc trai phd
bang cach nhay tan s song mang ctia nd trén
mot tap 16n cic tan s6. MAu nhay tan la gia
ngiu nhién. Hé thong TH/SS, khdi cac bit dir
liéu duoc nén va phat di mét cach gian doan
trong mot hodc nhiéu khe thoi gian trong
khung gdm moét s6 10n cac khe thoi gian. Mau
nhay thoi gian gia ngdu nhién xac dinh khe
thoi gian nao dwoc dung dé truyén trong mdi
khung. Trong ba hé thong trén, ky thuat
DS/SS don gidn hon, nhung cho hiéu qua bao
mat cao hon nén tac gia dé xuat str dung trén
ngoi nd. Trong d6, mdi bit s6 lidu dugc ma
thanh mot chudi bit méi (c6 do dai bfmg do
dai bit cia mi chudi gida ngau nhién) nén
chudi két qua s& co6 do dai dai hon (hao ton
dudng truyén hon) nhung bu lai co thé ting
duogc kha nang chdng nhiu, do tuyén thu phai
sir dung dung mi di khoa méi c6 thé giai ma
chinh x4c. Mot trong nhitng phuong phap ma
hoa dir liéu 1a diéu ché dich pha nhi phan
(Binary Phase Shift Keying — BPSK) [5].
Trén co s¢ st dung ky thuat DS/SS — BPSK
nhu di dé cap, cac tac gia dé xuidt mot hé
thdng ma hoa trai phd dung trén ngoi nd laser
nhu mo ta trong Hinh 2.

Trong hé thdng nay, c6 hai thanh phan chinh
la tuyén phat va tuyén thu. Tuyén phat co
chirc nang phat tin hiéu da dugc ma hoa su
dung ky thuat BPSK nhim chéng nhiéu.
Tuyén thu ¢ chirc ning gidi mi tin higu co
ich thu dugc phuc vu cho viéc phat hién muc
tiéu va kich né dau no.
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Hinh 2. So d6 chirc ning hé thong ma héa trdi phé ding trén ngoi né laser

B9 diéu ché BPSK

Tin tire nhi phén b(t) B

>

v

Tin higu DS/SS-BPSK
s(t) = Ab(t) c(t)sin(2z f .t + 6)

Tin hi¢u PN nhj phan c(t)

Bo tao tan sb phat

Asin(2z f t+6)
Hinh 3. May phat hé DS/SS-BPSK

So d6 khdi cta tuyén phat DSSS-BPSK [12]
dugc mo ta nhu Hinh 3. Tuyén phat laser diéu
ché tin hiéu dudi dang ham b(t) nhan cac gia
tri +1, ¢6 thé biéu dién nhu sau:

b= Y bp (k) (D)

O day b, = +1 1a bit dir liéu thir k va T 1a do
dai cta né (ttc toe do dir liéu 1a 1/T bps). Tin
hiéu b(t) dugc trai ra bdi tin hiéu PN
(Pseudo-Noise - gia tap am) c(t) qua phép
nhan. Vi c(t) c6 dang:

=Y ept-k) (@

Tin hiéu két qua b(t), c(t) sau d6 didu ché
song mang dung BPSK, tao nén tin hi¢u
DS/SS- BPSK nhu sau

s(t) = Ab(t)c(t)sin(2z f.t +6) )
O day A la bién do,f; 1a tan sb phat cua laser
va @ 1a pha ban dau.
So do khbi cta tuyén thu DS/SS-BPSK [5]
dugc mo ta trén Hinh 4. Muc dich cua tuyén

thu 1a khéi phuc tin tac b(t) tir tin hiéu thu
duoc gém tin hiéu phat phan xa vé cong véi
tap Aam. Vi c¢6 do tré 7 trong truyén song nén
tin hi€u thu duoc la:
s(t—7)+n(t)

=Ab(t-7).c(t—7).sin(2z fc (t—7)+6)+n(t)

(4)

Trong d6 n(t) 1a tap am tir kénh va tr front-
end ctia tuyén thu.

Pé thuc hién khoi phuc tin hiéu phat, gia st
rang khong c6 tap am, dau tién tin hiéu thu
duoc giai trai dé dua bang rong vé bang hep,
sau do n6 duoc giai diéu ché @ nhan dugc
tin hiéu bang gbc. Pé giai trai, tin hiéu thu
dugc nhan véi tin hiéu PN c(t - 2) tao ra tai
tuyén thu, két qua duoc:

w(t) = Ab(t—7)c*(t—7)sin(2z f t+0)

= Ab(t—7)sin(2z f.t+6)

Vic(t) = %1, con 6 =0-2xf . Day la tin
hiéu bang thong dai hep véi dai thong 2/T.
Dé giai didu ché, gia s rang tuyén thu biét
duoc pha 0 va tan sb f, cling nhu diém bit
dau ctia mdi bit. Bo giai diéu ché BPSK gom

(®)
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bé nwong quan theo sau 1a thiét bj ngurong.
bé phat hién bit dit li¢u tht i, by twong quan
tinh toan nhu sau:
ti +T .

[ w(t)sin(2z fct +6 )dt

t.
1
4+T

=A j b(t—7)sin?(27 f.t+6)dt
g

. =
|

(6)

t+T

=’—; j b(t - )1 cos(4z f,t+ 26) it

Trong d6, t; = iT + T 1a diém d4u cua bit thir
i. Vi b(t -t) bang +1 hodc -1 trong mdi bit, nén
s6 hang dau tién trong tich phan c6 gia trila T
hodc -T. S hang thir hai 1a thanh phén tin s
gip doi co gia tri xap xi bang khong sau tich
phan. Do d6 két qua 1a z; bang AT/2 hoic -
AT/2. Cho tin hiéu nay di qua thiét bi ngudng

(hodc bd so sanh) v6i ngudng bang 0 s& duoc
tin hiéu ra nhi phan 1 (logic “1”) hoac -1
(logic “0”).

Tin hiéu PN duoc dua ca dén tuyén thu va
tuyén phat. Vi tuyén thu trén tén lra biét ma
nén c6 thé giai trai tin hiéu SS dé khoéi phuc
tin tirc. Mat khéc, tuyén thu cua dbi phuong
khong biét mé c(t) do do trong diéu kién binh
thuong né khong thé giai mat tin tirc.

Ngoai ra, ky thuat nay con c6 vu diém nira la
¢6 kha ning truyén tin & ché do da diém,
chdng 1an phd. Tuc 1a cung lac, nhidu tuyén
phat truyén dir liéu, mot tuyén hodc nhiéu
tuyén thu cung nhéan dit liéu. Mo ra kha ning
g dung bao mat nhiéu 16p cho ngodi nd bang
cach ting sb tuyén phat 1én va mdi tuyén cé
mot ma gidi khac nhau.

=

Khoi phuc

dinh thoi
| symbol

v

[
|
L
|

Khoi phuc
séng mang

sin(2zft+0)

s(t-7) = Ab(t-7) c(t-7)sin(27 fc'1l+ 0,
: > ?
|
v c(t-7)

Pongbd [~ >
PN l— —

Tao PN
tai chd

Bo giai diéu ché BPSK

Hinh 4. May thu hé DS/SS-BPSK

4. M6 phéng va danh gia két qua

Dé sinh mi chudi gia ngiu nhién PN, tac gia sir dung ma Gold, sir dung hai bd m = 5 thanh ghi,

d6 dai ma 1a N =2"-1 = 31 nhu trén hinh 5.

Tién hanh mo phong cho hé thu — phét ctia ngoi nd laser véi k¥ thuat ma hoa trai phd, so sanh
chat lwong tin hiéu thu duoc trong cac diéu kién ti s tin/tap (SNR) khac nhau.

L' %) (=} (=

WD =1 s DY p*

Cold

(_-"——. .;:.d:w
P N N ——
e D s Ul e € .)_’[.:.'_J—in )_‘{: ’_"_*{T'"

gunmteni o’ ot 0t

Hinh 5. So d6 khoi hé sinh mé Gold chiéu dai 31 bang 5 thanh ghi dich
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=

—~SIEF
)
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E s il

Hinh 6. So @6 Matlab-Simulink ciia hé thong 1 thu — 1 phéat DSSS

A UTRURAGLULIBTEAL
TR

Thei gian [s]

Hinh 7. Dang xung dir liéu truyén di va ma Gold;
a) Chuéi PN (Ma Gold); b)Chudi dit liéu

Dit liéu sau khi duogc trai phd & may phat, két

hop gia lap nhidu tring trén dudng truyén véi

ty s6 SNR = 4,5dB va nhéan dugc & may thu

dugc mo ta trong Hinh 8.

AUHHIR
Rl MY BT

THoigian s

Hinh 8. Di liéu dwoc trdi phd va tin hi¢u may thu
nhdn duwoc (a) Dit liéu trai Hho”; b) Tin hiéu trén
kénh truyén)

Tién hanh khao sat 15i bit khi thay d6i nén
nhiéu: Thay d6i dai nhidu qua hé sb SNR trong
dai: 0:0,5:50 dB. D) thi bidu dién bit 13i twong

(g v6i mirc nhidu thé hién trén Hinh 9.

oS3 bit

s i/t (48]

Hinh 9. Khdo sdt 16i bit khi thay déi nén nhiéu

AT AR

Mat d6 phd cong suit cua dit liéu can truyén
va tin hiéu trai pho thé hién trong Hinh 10. Dir
liéu sau khi da dugc giai diéu ché ché & may
thu dugc mo ta trong Hinh 12.

Tir két qua mo phong trén Simulink, ta thdy
trong 1000 bit dir li¢u truyén, voi SNR =45
dB c6 8 bit dir liéu bi 16i, twong tng 0,8% tong
s bit truyén di. V&i SNR < 1 thi sai s6 khong
16n hon 8%. Khi ting SNR thi s6 bit 15i giam
dan, voi SNR > 5,5dB thi s bit 16i bang 0. Diéu
ndy chimg t6 kha ning bao mat cao va chéng
nhiu t6t cta phuong phéap d& xut.
Chu_d]irtl_truyn '

ThRi gian [gidy]
10 Mt d phel cong sult

Magn2/(rad/giay)

Ten B [rad/gidy]
Mt dB phel cong su2t (Pha)

o -

(L -

Thn s [rad/gidy]

Hinh10. Mat do phé cong sudt tin hiéu goc va trai
pho cua dir liéu truyén di;

16

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Nguyén Purc Thi va Dtg

Tap chi KHOA HOC & CONG NGHE DHTN

208(15): 11 - 18

Qua Hinh 12 cho thiy giit chdm giita tin higu
phat di va thu v&, u6c luong khoang 0,01.10°
% (74 =107s). Thoi gian giit cham tai cac
khau phat va khau thu da dugc tinh toan trén
co s& toe do xur Iy cia hé théng va duogc bu
Khir dé khong anh huong dén do chinh xac do
khoang cach. Véi téc d6 anh sang C=
3.10%m/s), c6 thé tinh ra khoang cach tuong
g voi sai s6 do cho ngoi laser la:
8 -10
age e J3A0°10 b e m)
2 2
Day 14 sai s6 rat nho cho nhiing tén Iira tam
cao va tim trung c6 ban kinh sat thwong 16m,
1én dén hang chuc m.
5. Két ludn
Viéc Gng dung ky thudt md hoa trai phd
DS/SS-BPSK trong cac bd thu — phéat laser
gitip ting cuong kha nang chdng nhiéu va cho
phép thu dugc cac thong tin c6 ich mdt cach
chinh xéc. Diéu nay giup nang cao chat luong
hoat dong cua cac ngoi no laser, giam kha
ning ché ap dién tur cua d6i phuong. Phuong
phap dé xuat duoc danh gia trén phan meém
mo phong Matlab-Simulink va tién téi thuc
nghiém trén vi xtr ly. Két qua md phéng cho
thiy, ky thuat mi hoa trai phd cho phep nang
cao dang ké do chinh xac trong truyen tin, ti
1¢ 18i do nhidu gay ra la khong dang ké. Trén
co sO cac két qua dat duogc, co thé mo ra kha
nang ung dung ky thuat DS/SS trong cac ngoi
nd laser nham ting do tin cdy, ciing nhu nang
cao xéac suét tiéu diét muc tiéu cho cac tén lira
phong khong hién dai.

Chufi da tri phel
|

Vén

MEit d& phi cong sult

Magn2/(rad/gidy)

T s@ [rad/giay]
MEit d@ phi cong sut (Pha)

i

b) TBn s@ [rad/gidy]

Hinh 11. Mat do phé cong sudt tin hiéu goc va
trdi pho cua dir liéu duoc trdi pho

Ul
U UMM OLATGLI

Thiiganly

b

Hinh 12. Dang xung dit liéu sau khi da dwoc giai
: diéu ché che o may thu
a) Chuoi dit liéu truyén di; b) Chuoi dir li¢u giai ma
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