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NGHIEN CU’U,GIAI PHAP MA HOA CHONG NHIEU
CHO NGOI NO LASER CUA TEN LIA PHONG KHONG

RESEARCH ENCODE TECHNICAL FOR LASER FUZE ON AIR DEFENSE MISSILES

TOM TAT

Bai bao d& xuéit mot giéi phap xay dung hé thdng chding nhiéu béng phuong
phap mé hda xung tham do cda ngoi nd laser trén tén Iira phong khong tam
thap. Phuong phap dé xuat duoc trién khai dénh gia trén phan mém md phong
Matlab-Simulink. Két qua md phdng cho théy, k§ thuat ma hoa cho phép nang
cao dang ké tinh chdng nhiéu, gitip nang cao dd tin cdy cho ngoi né laser.

Tir khda: Tén Iiva phong khong, ngdi nd laser, ma héa.

ABSTRACT

The paper proposes a solution to build an anti-jamming system by encoding
the probe pulse of a laser fuse on a low-range air defense missile. The proposed
method is evaluated on Matlab-Simulink simulation software. The simulation
results show that the coding technique allows to significantly improve the anti-
jamming properties, helping to improve the reliability of the laser fuse.

Keywords: Low-range missile, laser fuze, pseudo-random code.
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1.DAT VAN BE

Hién nay, vai tén Ilra phong khong hién dai, dé tang do
tin cay, xac suat tiéu diét muc tiéu, thi bén canh ngoi no
thong thuong con ¢é thém ngoi no laser. Hinh 1 1a tén Ira
IGLA-S 9M342 c6 bb phén thu phét laser.

BG phén thu phat laser

Hinh 1. Tén Iba IGLA-S 9M342
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Trong tac chién, diéu kién lam viéc clia ngoi no laser rat
phtrc tap, nhiéu dang nhiéu tac dong dén tuyén thu, phat
trén ngoi n6 nhuw: khéi bui dudng truyén, &nh sdng mat trai,
cac nguon sang phi ty nhién, tan xa do cac bé mat ctia d6i
twong da dwoc xi ly, cac nhiéu chil déng cla déi phrong
gay ra,... Viéc chéng nhiéu cho ngoi né laser la bat budc, c6
thé 4p dung t6 hop mot s6 giai phap chéng nhiéu déng thoi.
Trong do6 viéc (ng dung ky thuat ma hda xung phat laser da
dugc nhiéu cong trinh nghién ctiu [3, 4, 5, 6], tuy nhién thoi
gian xt ly thuat toan va kha nang bado mat con chwa dwoc dé
cap, khé cé thé hién thuc hoa. Chinh vi vay, nhém tac gia
nghién clru dé xuét phuong phap ma héa méi nham hoan
thién kha nang chéng nhiéu cho ngoi né laser, giam thoi
gian x& ly dé cd thé ap dung vao thuc té.

2. NGUYEN LY HOAT BONG CUA NGOI NO LASER

V& nguyén ly hoat déng ctia ngoi no laser tuvong tw nhu
ngoi nd vo tuyén nhung khéc la st dung tia laser dé chiéu
xa muc tiéu, bang cach: Chiéu xa t¢i muc tiéu véi mot xung
laser tir may phat; Phat hién tin hiéu laser phan xa tlr muc
tiéu; Do thoi gian tia laser truyén tlr may phat té¢i muc tiéu
va trd lai may thu dé tinh khoang cach tir ngoi nd dén muc
tiéu; Lva chon cu li va thoi diém thich hop dé kich no dau
n6. So d6 cdu tric don gian ctia ngoi no laser nhu hinh 2.

Théu kinh Tao xung >
2 f-—
/ truc chuén Laser
Xung
| o= e
s e = thac © do
[ Thd:;]l;mh 5| BOtch || ech dai Fosh khoang cach

song quang dién tir

B0 tach
song quang

Kipné  <«——Mach kich nd f«— B tinh cu ly

Hinh 2. So do cdu trdc don gian clia ngoi nd laser

3. NANG CAO BO TIN CAY CUA NGOI NO LASER BANG
KY THUAT MA HOA

Hién nay trén tén Itra phong khéng tam thap da co
nhitng giai phap chéng nhiéu nhu: dat ngudng bién do, dit
kinh mau, chon trvong nhin, dong bo thoi gian lam viéc,
chon d&c tuyén, tao xung ctra. Tuy nhién, cac phuong tién
tap kich duong khdng déa c6 nhitng tién b vuwrgt bac vé kha
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nang déi khang va chéng doi khang, trong dé c6 ca hé
théng gay nhiéu hdng ngoai va laser. Chinh vi vay ngoi né
st dung cac phuong phap chéng nhiéu truyén théng rat co
thé bi gay nhiéu, giam kha nang danh tring muc tiéu.

Do d6 nhom téac gia dé xuét phuong phap chéng nhiéu
bang gidi phap ma hoa xung tham do clia ngoi né laser. Bd
phan méa héa tao tin hiéu dién da dwgc ma héa dwa dén
diéu khién ngudn phat laser. B phan thu sé so sanh tin
hiéu thu vé véi quy luat ma hoa cho truéc, néu dlng quy
luat sé tao ra tin hiéu duwa sang co cdu bao hiém - kich n6 dé
kich n6 ngai né.

Phuong phap méa héa dwgc st dung rong réi trong cac
hé thong truyén théng vo tuyén, dac biét la trong cac ng
dung quan sy do kha nang chéng nhiéu rat t6t [3, 4, 8]. Nhw
da dé cap, mot trong céc tiéu chi quan trong nhat vé chéng
nhiéu d6i véi ngoi nd laser d6 la:; x& ly tin cay, bao mat va
c6 thé trién khai dwoc trén phan cltng, nhom tac gia dé
xudt mot hé théng méa hoa sira 16i dung trén ngoi nd laser

nhu mo ta trong hinh 3.
bau
Khuéch phét A
dai quang
hoc

Dit ligu Nén M3
dir stra
ligu sai

bau

'\ﬁlac‘;‘h Pocy| | Gii Gidi Khuéch thu N
" ly nén ma dai quang /)
né
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Hinh 3. So do chirc ndng hé thng mé héa diing trén ngoi nd laser

Trong hé théng nay, cé hai thanh phan chinh la tuyén
phat va tuyén thu. Tuyén phat cé chiic ndng phat tin hiéu
da dwgc ma hoa, tuyén thu co chirc nang thu va gidi ma tin
hiéu c6 ich thu dugc phuc vu cho viéc phat hién muc tiéu
va kich né dau né. Chudi dit lieu sau khi dwoc s6 hda thanh
chui dit liéu s6 (0, 1) s& dwoc chén vao cac doan ma sira sai
va chubi ma hoa dé tang dugc do tin cay di lieu xi ly va
dac biét nang cao kha nang bao mat. Bang ky thuat nay thi
chubi di¥ liéu dwoc ma hoa dé dua 1én kénh truyén sé dwoc
mé& rong phé 1én gép nhiéu lan thy thubc vao do dai clia
chudi stra 16i va chudi ma hoa.

Nguyén ly hoat dong kénh phat: Chubi dir liéu s6 hoa
sau khi dwoc chén ma stra 16i va chudi ma héa sé duoc dua
vao bd khuéch dai cong suat dau phat laser. Cac xung cong
sudt phat sau dé duoc thie hién dya trén bd tao xung nhip
dong b ctia khai xt ly laser.

Nguyén ly hoat dong kénh thu: Tin hiéu thu tlr dau vao
kénh thu duoc khuéch dai Ién mic tin hiéu trong dai hoat
dong cla dau thu, sau do két hop voi bd gira cham va
chudi bit ma hoa va chudi sira I16i biét trwdc sé gidi ma ra
chudi di¥ liéu phat di. Bd giir cham dwoc tinh toan dua trén
do tré tin hiéu gita xung phét va xung thu do thoi gian
truyén séng trén kénh truyén.

Ban chéat cac chudi gia ngau nhién (chudi ma hoa) la céc
chudi s6 duoc tao ra theo cac ham tién dinh, st dung mét
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gia tri khdi tao ban dau. Khi da biét duoc gia tri ban dau va
ham, ta cé thé tai tao lai dugc chudi da sinh. Tuy nhién, néu
khong biét duoc cac thdng tin nay, ta sé rat kh6 dv bao
dwoc cac gia tri sé ti€p tuc duoc sinh ra. Vi vay day duoc goi
la chudi gia ngau nhién.

DE m4 hoa tin hiéu, chi can nhan bit d liéu can ma voi
tirng bit ctia chudi PN (s6 lwong bit tao thanh sé& bang chiéu
dai ctia chudi PN):

d, —>s,1..k)=d, ©@PN(...k) (1)
1 khi data bit=1

Trong do: d, = I ata I
-1 khi data bit=0

Dé giai ma tin hiéu:
s,(L...k) > 8§, (1..k)=s, (L..K)OPN(L..k) )
—d, =sign(°5,(1..k))
Céac buéc hoat dong chinh ctia qua trinh ma héa va giai
ma duoc thwe hién nhu sau:
Né&u ngoi nd str dung chudi gia ngau nhién PN,=[1 0 0
1 0 1] va ddi phurong st dung chudi giai ngau nhién PNg =
[110011]
- O tuyén phat, ngoi nd phat di chudi Data=[0 1 1] thi
tirng budc sé duwoc thie hién nhu sau:
1. Chuyén mtkc tin hiéu0 — -1;1 — 1:
-1
Data »>Dataz=| 1{;
L 3)
PN, »PN,,=[1 -1 -1 1 -1 1]

2. Nhan tirng bit véi khoa gia ngau nhién:

1 1 11 1-1
Data3=Data2®PN,, =| 1 -1 -1 1 -1 1|  (4)
1-1-1 141 1

Céc bit trong Data3 s& duoc truyén di. Cha y rang s6
lvgng bit d4 bi ting I1én 6 lan (bang do dai bit ctia chudi gia
ngau nhién).

- O tuyén thu, thu nhan duoc tin hiéu sé tién hanh giai
ma theo céc buéc sau;

1. Phan doan chuédi nhap duoc trjanh cac doan con c6
do dai béng dd dai chia chuoi giai ngau nhién va nhan tirng
bit véi chuoi.

-1 -1-1-1-1-1
111111 ()
11 11 11

Data3 — Data4 =Data3 ©PN,, =

2. Gidi ma cac hang dé nhan:
-1
Data4 — DataS=| 1 (6)
1

Website: https://tapchikhcn.haui.edu.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

- Trong treong hop déi phuong mudn gidi ma ban tin
duwoc két qua nhu sau:

PN,=[1 100 11-PN,=[11-1-111] (7
1 141 1 11
1414 1411 1 @)
14 14141 1

Data3 —Datad =Data3 0PN, =

Nhu vay, chubi Data4 khong con biéu thi duoc bit s6
liéu ban dau. Tai cac vi tri ma PN, va ma PN khac nhau, gia
tri bit bi ddo nguoc. Néu bén gl st dung ma PN, dud dai thi
xéc sudt dé do ra dwoc chudi PN; gan giéng voi PN, sé rat
thap. Trong thuc té con cé thé sir dung phrong phap sinh
khoa lién tuc, cé nghia la ma PN, duwoc thay doi lién tuc
trong qua trinh hoat déng dé han ché tdi da kha nang do
va pha ma ctia déi phuong.

Luu dd thuat toan chéng nhiéu bang giai phap ma hoa

thé hién trén hinh 4.
( Batdsu e

[ ¥

Xungnhiphéthﬁ'ng’—b{ Tao tin 58 ditliéu }4——)@

Tao chudi dirliéu c3n truyén ‘ Tao chubimi

Chuyén mic tin hiéu chudidirliéu Chuyén mic tin hiéu chudima

Nhantimg bit dir liéu véichubima

|

‘ Kénh truyén ‘
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Ding L
Nhan ding dirlié
Lyl
Tinh todn cyly muc tiéu
—>|
l Tinh ty Ié xuét hién céc gdi gidi ma

Tim g6i it liéu c6 ty & xuat hiénlon nhat

!

Kiém tra diéu kién kich n6:
+Cyly:<r_max?
+DUnggén db dih hutng?

Ty léxudt hiénldn hon

L Chuyén mirc tin hiéu |€-Dung nguBngchotGithidu?

Ding
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Klcano Dit liu sai =>B6 mau do
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Hinh 4. Lwu d6 thuét toan chdng nhiéu
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4. KET QUA TINH TOAN VA MO PHONG

M6 hinh m6 phong st dung cac khéi chirc ndng dé thé
hién qua trinh truyén va giai ma dit liéu, cac thanh phan
chinh gdm: Bo gia lap tao di liéu truyén di, bd tao ma ngau
nhién, bd téng hop dir liéu, kénh truyén, bd giai diéu ché,
bd giti cham tin hiéu kénh truyén, bd gidi mé, bd so sanh
dir liéu phét va thu (hinh 5).

iz \
-y

Random
Integer

B 0.0 ey ~ M

Gold Sequence
Generator

A i
BAtao chubima 1 :@
Kenhtuyén| AWGN

Hidn i két qua Tinh todn i bit
(] e | Doesm g g

le ErorRate b 3

Calolaton o Integrate n
Re—e—  Unipolar
Coenti and Dump

Hinh 5. So d6 Matlab-Simulink ctia hé thong st dung mahda

4.1. Tién hanh khao sat, danh gia kha nang khang nhiéu
a) D lieu mo6 phéng
Bang 1. D{ liéu md phong

STT Thong s6 Giatri Ponvi
1 |Tan s0hg tao mé Gold 3 MHz
2 Do dai ma Gold 31 Bit
3 |Tans6 dir liéu phat 97,98 MHz
4 S0 bit truyén di 1024 Bit
5 |Tys6 Tin/ Nhiéu kénh truyén 45 dB

BO tao ma chubi gia ngau nhién: Sir dung ma Gold, hai
bd m =5 thanh ghi, dd dai malaN =2"-1 =31 nhuv bang 1.

b) K&t qua va nhan xét

Chudi dit liéu truyén dau vao kénh phat va dir liéu ma
nhu hinh 6.

D ligu phat
JL |
o ]
T\mzes(ﬁwms) > x108
a) Chuai dr liéu
Chud mé
) e X !

d | I
“ ,
|

I I I I
] os 1 15 25 3 35 . s s
Time (seconds)

b) Chudi PN (M4 Gold)
Hinh 6. Dang xung dit liéu truyén divama Gold
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Dit liéu sau khi dwgc méa hoa 6 may phat, két hgp gia lap
nhiéu trdng trén dudng truyén va nhan dugc & may thu
nhv hinh 7.

e

Tin hiéu phat 48 ma héa
T TV T

osf ‘
o} I
| } |I
a
I | | | | |
° [ 1 15 2 25 3 s 4 4s s
Time (seconds) 10®

a) Chudi dir liéu

Tin hiu trén kénh truyén
B 4 T

b)Chudi PN (M4 Gold)
Hinh 7. Tin hiéu dwoc méhéa két hop nhiéu

D{ liéu gidi ma dwgc nhw hinh 8.

0 as 1 15 2

D Wéu nhén duoc
— A

T2 T T T
E:]
1

25
Time (seconds)

a) Tin hiéu tai kénh thu

D ligu phét
™V T

25 3
Time (seconds)

DO 14y 38 gid ma
vy :

N Ome)

Time (seconds)

.....

Thoi gian gilr cham gifra tin hiéu phat va thu: Két qua
mo phoéng cho thay thoi gian gilt cham gilra 1 bit di liéu
(31 bit ma) phat di va thu vé la 0,33us (tic tan s6 tao ma
2,997MHz) thda méan véi cac thong so tinh toan, thiét ké.

V& sai s6 phép do cu ly: Théng tin cu ly sé xac dinh ngay
sau khi truyén va nhan 1 bit ma. Tuy nhién, d€ xac dinh dugc
¢6 phai la tin hiéu muc tiéu hay khéng, can chd nhan da 31 bit
mé. Vi vay, sai s6 phép do dugc xac dinh béi AD = AD, + AD,.
Trong do, AD, gay ra bai do tré dap (ing clia dau phét va thu
laser khi truyén va nhan 1 bit ma, AD, gay ra béi do dich
chuyén clia muc tiéu gilra 1 chu ky phat va thu 1 bit di liéu (31
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bit ma). V6i gia thiét téc dd may bay la 500m/s, tén Iia la
1200m/s, khi d6 van t6c tvong d6i clia may bay so voi tén Ira
Vieniua mucieu S& 18 t0i da 1700m/s, tdi thi€u la 700m/s. Khi dé
AD =~ 0,8m. V6i sai s6 nay, thod man diéu kién yéu cau déi
vei tén Ira phong khdng c6 ban kinh sat thwong dén vai
chuc mét.

V@ 16i bit, trong 1024 bit dir liéu truyén thi c6 8 bit di
liéu bi 16i, tvong tng 0,7% téng sd bit truyén di (hinh 9).
Pay la mc 16i bit rat thap.

BER
Hién thi két qua ; -
Tinh toan 18i bit DU liéu giai mé
0.007813 ke
—4 ’
8 Error Rate " Bipolar to
Calculation — Unipolar -
Rx Converter

Hinh 9. Két qua hién thi I6i bit trong md phéng

Pé danh gia dwoc miic dd anh huéng cdia nhiéu Ién 16i
bit thuc rJién Ifhéo sé} trén toan dai nhiéu theo~ ty s6 SNR.
D0 thi biéu dién bit 16i twong (ng véi mirc nhiéu thé hién
trén hinh 10.

60
513
50

40

Ty 12 bit15i/ %

46 39
29 23 19 14 12 09 07 06 05 01 01 0

55 5 =<2 05 T AF 2 25 J 35 4 45 5 65 6 65 8
Ty s6 SNR/ dB

Hinh 10. Khao sat 16 bit khi thay ddi nén nhiéu

Khi tdng SNR thi s& bit 16i giam dan, v&i SNR > 5,5dB thi
ty s6 bit I(§i gidm dan vé 0. biéu nay ching té kha nang
chéng nhiéu t6t clia phuong phap dé xuat.
4.2. Khao sat, danh gia tinh bao mat va phama

Khao sat 2 trvong hop ngudn pha ma st dung bd méa
ngau nhién 31bit va st dung chinh ma Gold 31bit nhung
khong biét chudi khai tao clia ma, cac diéu kien moé phang
khac giéng nhau (SNR 9dB). Két qua khao sat nhu bang 2.

Bang 2. Két qua khao sat

« x .. | Mangau MaGold Magold .
S6 mau thiy nhién (%) (Khéng biét ma) | (Biét Ehmh xac |Ghichd
(%) ma) (%)
1 50,1 42 0 SNR 9dB
2 518 345 0 SNR 9dB
3 53,5 35,2 0 SNR 9dB
Trung binh 51,8 37,2 0
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Nhan xét: Truong hop déi phuong cling st dung ma
Gold. Ty I& 16i bit 1a 37% cdia 31 bit twong tng véi 11 bit 16i,
dé do ra ma dung phai thir 2211 1an nén khong dd thoi
gian do tén Ira da tiép tuc di chuyén dén vi tri khac. Nhu
vay, day la phuong phap cé do bao mat rat cao. Néu déi
phuong khéng biét ma dung dé méa hoa thi sé khéng thé
tao gia dwoc chudi tin hiéu phan xa tir muc tiéu vé dau thu
laser. Nhu vay, day la phuong phap cé dd bao mat rat cao.

So voi viéc st dung cac phuong phap ma hoéa stra 16i
khac nhu CRC, Hamming thi gidi phap nay c6 mot s6 uu
diém do la: C6 thé thay d6i chudi PN dugc nén kha nang bi
do va phéa chil dong sé khé hon rat nhiéu; B ma va tao ma
don gian, dé 1ap trinh, dé cai dit tham s6 va trién khai trén
phan clrng.

Dé dam bao kha nang bao mat va ty 1 16i bit nho thi
can str dung chudi bit d 16n (8, 16, 32 hoac 64 bit) tuy vao
loai dau nd vayéu cau cu thé.

5. KET LUAN

Viéc t'ng dung k¥ thuat ma hoé trong céac bd thu - phat
laser gitp tang cudng kha ndng chdng nhiéu va cho phép
thu duwoc céac thdng tin cé ich mot cach chinh xéc. Diéu
nay gidp nang cao chat lvong hoat dong clia cac ngodi nod
laser, gidam kha ndng ché ap dién tr clia d6i phuong.
Phuwong phap dé xuat dugc danh gia trén phan mém mo
phong Matlab-Simulink va tién t&i thuc nghiém trén vi xt
ly. Két qua mo phong cho thay, ki thuat méa hoa cho phép
nang cao dang k& do chinh xac trong truyén va nhan tin
hiéu, ti & 16i do nhiéu gay ra la khéng dang ké. Trén co s&
cac két qua dat duoc, cd thé md ra kha nang (ng dung
trong cac ngoi nd laser nham tang dd tin cay, cling nhu
nang cao xac sudt tiéu diét muc tiéu cho cac tén Ikra
phong khéng hién dai.
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