BOQ GIAO DUC VA PAO TAO BO QUOC PHONG
HQC VIEN KY THUAT QUAN SU

NGUYEN DPUC THI

NGHIEN CU'U NANG CAO CHAT LUQNG NGOI NO
CO LAP CAM BIEN KHONG TIEP XUC

Chuyén nganh: K5 thuat diéu khién va tu dong hoa
Ma s6: 9 5202 16

TOM TAT LUAN AN TIEN ST KY THUAT

HA NOI - 2020




Cong trinh dugc hoan thanh tai:
HOQC VIEN KY THUAT QUAN SU - BQO QUOC PHONG

Ngudi huéng dan khoa hoc:
1. PGS. TSKH Tén Hoai Linh
2. TS Nguyén Truong Son

Phan bién 1: PGS. TS Buos Xuan Khoa

Phan bién 2: GS. TS Phan Xuan Minh

Phén bién 3: GS. TS Nguyén Hong Lanh




1
o ‘ MO DAU
1. Tinh cap thiét caa de tai

Trong ngdi nd laser, hé thdng quang hoc thu phat laser dong vai trd quyét dinh
dén kha ning 1am viéc ctia hé thong. Nghién ctru, phan tich su anh hudng 13n nhau
ctia cac tham sb ciia hé quang hoc dén chat lugng 1am viéc cta ngoi nd laser, xay
dung biéu thic va phin mém tinh toan tham sé quang hoc 1a co s& cho cong tac cai
tién, thiét ké hé quang cho ngdi nd laser phu hop véi cac tén lra hién c6 cua Viét
Nam.

Trong tac chién hién nay, Vviéc chéng nhiéu cho ngoi nd 1a bit budc, co thé ap
dung t6 hop mot sb giai phap chdng nhidu dong thoi, trong d6 tmg dung ki thuat ma
hoa khi phat chum tia laser ctia ngoi nd dé nang cao kha ning chdng nhiéu va phan nao
do giai quyét duoc yéu cau khi dau vao may thu nhan dugc tin hi€u voi ti s6 tin hiéu
trén tap nhidu nho, tir d6 gian tiép trong viéc nang cao chat luong cia ngodi nd. Bén
canh d6, ngdy nay voi hé théng mdy tinh cdu hinh cao, kich thudc nho, hoan toan cé
thé dua 1én ngodi nd dé thuc hién nhitng k¥ thuat ma hoa phirc tap.

Xuét phat tir nhitng van dé néu trén, bai toan “Nghién ciru ndng cao chat lwong
ngoi né cé ldp cam bién khéng tiép xic” dugc dit ra véi muc dich nham nang cao chét
lwong 1am viée ctia ngdi nd tng dung cong nghé laser dé cai thién kha niang chéng nhidu
cling nhu tang hiéu qua ti€u diét muc tiéu.

2. Muc dich cia dé tai

Phén tich, danh gia cac tham s6 anh hudng dén chat luong lam viéc ngodi nd
khong tiép xtc; tinh toan ti wu hoa tham sb cho hé quang ngoi nd laser trén tén lira
phong khong; tmg dung giai phap k¥ thuat ma hoa diéu ché tin hiéu phat dé nang cao
kha nang chéng nhiéu, ting kha nang phan biét va do cu li muc tiéu khi ¢ cy li gan.

3. Pdi twong nghién ciru

Déi tugng nghién ctru cta ludn an 1a 16p cac TLPK hoidc TLKQ sir dung ngoi nd

laser chu dong.
4. Pham vi nghién ctru
Nghién ctru bai toan ning cao chét luong lam viéc cho ngoi nd laser trén tén lta

phong khong khi cai thién hé théng quang v6i myc dich t6i uvu hoa hé thong quang dé



2

dam bao phdi hop ving quan sat va ving sat thuong, dong thoi cai thién chat lugng
thu va xu 1y tin hiéu laser. Bén canh d6 nang cao kha ning chong nhiéu bang viéc ma
hoa tin hiéu phat laser dam bao khong bi phat hién dong thoi ting kha nang phan biét
cu li muc tiéu.

5. Co sé khoa hoc va thuec tién

- Co 56 khoa hoc: Ly thuyét dan tén lira phong khong; Ly thuyét xt 1y tin hiéu
quang - laser; Ly thuyét ban tén ltra phong khong.

- Co s6 thuc tién:

Nhu cau ning cao chit luvgng, hiéu qua cho ngoi nd khong tiép xtic néi chung va
cho ngoi no laser ndi riéng trong qua trinh thiét ké madi va nghién ciru cai tién cac hé
théng ngoi nd cho tén lira phong khong luon dugc dat ra nhu cau thuce té, 6 tinh cép
thiét.

6. B0 cuc ciia luin 4n

Luan an gé)m: Mé dau, 4 chuong, két luan va phu luc. N6i dung luan an duogc
trinh bay trong 153 trang in kho A4.

Chuong 1. Tong quan vé ngoi nd khong tiép xuc

Chuong 2. Nghién ctru thiét ké hé quang hoc chuyén dung cho ngoi nd
laser

Chuong 3. Nghién ctru tinh toan tham s hop 1y cho hé quang ctia ngdi nd laser

Chuong 4. Nang cao d¢ tin cdy cho ngoi nd laser trén co s ki thuat ma hoa
xung tham do.

Chuong 1
TONG QUAN VE NGOI NO KHONG TIEP XUC
1.1. Tong quan vé thiét bi chién dau ciia tén lira phong khéong c¢6 diéu khién

So d6 khdi co ban cua thiét bi chién dau (phan chién ddu) c6 dang nhu hinh 1

Tt phan diéu
khién

Co cau bao hiém
bauno - chap hanh

Hinh 1. So dé khoi co ban ciia phan chién dau

Ngoi nod
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Tén ltra phong khong c6 diéu khién trong thanh phan ctia minh khong thé thiéu
phan chién déu (bao gdm ngoi nd va dau nd). Pbi vai cac loai tén lira hién dai, ngoai
ngdi nd tiép xtic con c6 thém ngodi nd khong tiép xuc; khi tén lira tiép can muc tiéu,
ngoi nd khong tiép xuc s& xac dinh thoi diém nd c6 hiéu qua nhat va diéu khién kich
nd dau nd thong qua co ciu bao hiém - chip hanh (thiét bi bao hiém).

1.2. Phén loai ngoi nd

C6 nhiéu cach dé phan loai cac ngoi nd. Tuy nhién, ta co thé chia cac loai ngoi
nd thanh 3 loai khic nhau: Theo ning luong dé lam ngoi nd; theo vi tri lap vao dau
dan; theo tac dung cta ngoi.

1.3. Ngoi nd khong tiép xiic.

Ngoi nd khong tiép xuc 1a tap hop cac thiét bi dung dé kich ndé dau nd & thoi

diém thich hop nhat cdch muc tiéu mot khoang xac dinh sao cho hi€éu qua tiéu diét

muc tiéu 16n nhat. Ngoi hoat dong dua vao ning luong phan xa hay phat xa tir muc

tiéu.
. Bo xir 1y tin Ao1a
Cam bién cén > . > L » - . »| Co cau bdo
dich hiéu Mach phat héa Ong no "
hiém
A A
\ 4
Vi diéu

Pin du trir Kkhién Tram no

Hinh 2. So d6 chirc ning chung ciia ngoi né khéng tiép xiic
1.3.1. Phén loai ngoi né khéong tiép xuc

Cin cr vao noi phat ra niang luong ma ngodi nd khéng tiép xuc st dung dé xac
dinh thoi diém kich n6 thudng chia ra ba loai: Ngoi nd khong tiép xtic chu dong, ngoi
n6 khong tiép xtc thu dong va ngoi nd khong tiép xtc ban chu dong.

Cin ctr vao cac dang nang luong ma ngoi nd khong tiép xtc st dung dé kich no,
c6 thé chia ngoi nd khong tiép xtc ra thanh cac loai sau:

- Ngoi nd tinh dién, ngoi nd dién dung: dung ning lugng dién trudng;

- Ngoi tur trrong, ngoi cam ung: dung nang lugng tur truong;

- Ngoi vo tuyén: dung ning lugng trudng dién tir ¢ dai song vo tuyén;
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- Ngoi quang hoc: dung ning lugng truong dién tir & dai song tir hdng ngoai t6i
cuc tim.

Cin ctr vao dai song lam viéc ngdi nd quang hoc c¢6 thé duoc chia thanh cac loai
sau: Ngoi nd hdng ngoai; Ngoi nd quang truyén hinh; Ngoi nd laser.

1.3.2. Mt s6 yéu cau ddi véi ngoi né khong tiép xic

Ngoi n6 khong tiép xuc phai dam bao cac yéu cau k¥ - chién thuat sau:

Pam bao dugc ban kinh kich nd theo yéu cau; dam bao hiéu qua sat thuwong muc
tiéu cao; dam bao kich nd tu hiy phan chién diu; dam bao an toan tuyét ddi cho
ngudi va cac trang thiét bi.

1.3.3. Cac dic trung co ban ciia ngoi nd khong tiép xic lip cho TLPK

Céc dic trung chu yéu ciia ngoi nd khong tiép xtic anh huong dén hiéu qua chién
d4u cua TLPK 1a [8]: Mat kich nd; ban kinh kich nd; d6 chinh xac; do chéng nhiéu;
dod tin cay hoat dong.

1.4. Ngoi nd khong tiép xiic sitr dung cam bién laser

Ngoi nd laser sir dung tia laser dé chiéu xa muc tiéu sau d6 thu tia laser tan xa tir
muc tiéu va xu 1y tin hiéu thu duoc dé dua ra cac tham sb trang thai ciia muc ti€u roi
dua ra tin hiéu dén thiét bi chip hanh cua hé théng ngoi nd.

1.5. Tong quan cic hwéng nghién ctru vé ngoi no khong tiép xuc laser diung cho
TLPK
1.5.1. Tinh hinh nghién ctru trong nuéc

Tai Viét Nam di c6 nhiéu cong trinh nghién ctru va tng dung cong nghé laser
cho cac nganh coéng nghiép dan dung va mot s6 khi tai quan sy (kinh ngdm, 6ng
nhom, may do xa,...) nhung chua c6 cong trinh nghién ctiru ndo vé ngoi nd laser néi
chung va ngoi nd laser ding cho TLPK noi riéng. Do d6, nghién ctru vé ngoi nd laser
ding cho TLPK 12 mot van dé méi hién nay.

1.5.2. Tinh hinh nghién ctru ngoai nuéc
1.5.2.1. Huéng nghién ciru vé hé quang hoc ciia ngoi né laser
Lién quan dén hudng nghién ciru ndy, mot s cong bd tip trung vao cai thién

cong suat phat, tiét kiém ning lugng [27], [28], giam kich thudc va trong lwong hé
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quang trén ngodi nd tiép xuc [15], [33]. Tuy nhién, chua c6 cong bd nao cho ngdi nd
khong tiép xtc laser TLPK.

1.5.2.2. Huéng nghién ciru vé gidi phdp chéng nhiéu.

Lién quan dén hudng nghién ciru ndy, cac cong bd tip trung vao viée dua ra mot
sO giai phap k¥ thuat cai thién hé thiu kinh bang viéc dat thém kinh loc v6i muc dich
ngan chin nhidu khong nam trong dai phd tin hiéu muc tiéu phan xa [3], [4], [7], [9],
[10]. Bén canh d6, mdt s6 cong bd tap trung theo huéng ma hoa tin hiéu phat laser theo
nguyén tic gia ngau nhién [20], [21], [22], [23], [24], [25]. Hudng nghién clru ndy cho
két qua khiém t6n so v6i ngoi nd xung laser truyén thong vé kha ning chdng nhiéu.

1.6. Dat bai toan nghién ctru.

Bai toan 1: Xay dung mo hinh toan hoc, cac biéu thirc tinh toan cac tham sb
phuc vu bai toan thiét ké quang hoc cho ngoi nd laser.

Bai toan 2: Ti vu hoa cac tham s6 quang hoc ngoi nd laser dé dam bao phdi
hop bai toan ving kich nd voi viing quan sat ciia ngdi nd.

Bai toan 3: Nang cao kha ning chdng nhidu cho ngoi nd laser bang viéc dua ra
mot thudt toan ma hoa tin hi¢u phat laser voi muc dich chéng cac loai nhiéu tich cuc
cho ngoi nod laser, ddng thoi nang cao kha ning do va phéan biét theo cy li, tir d6 nang
cao dugc chat luong lam viéc cua ngoi nd laser.

1.7. Két ludn chwong 1

1. Nghién ctru bai todn ning cao chat luong lam viéc ctia ngoi nd khong tiép xic ndi
chung va ngdi nd laser ndi riéng 13 ¢6 tinh cap thiét va thuc tién cao trong giai doan hién
nay. Qua d6 dua ra giai phap k¥ thuat nang cao chat lugng lam viéc ctia ngdi nd laser.

2. Can thiét dua ra mo hinh toan hoc cho viéc tinh toan cac tham sb cua hé quang
ngdi nd laser & dam bao ning cao do nhay cho tuyén thu, ting kha ning do va phan biét
muc tiéu theo cu li ddm bao phdi hop bai toan ving ving manh dan véi ving sat thuong.

3. Nang cao kha ning chong nhidu bang viéc dua ra thuat toAn ma hoa tin hiéu
xung do may phét laser, dam bao chdng nhiéu tich cuc dic biét khi lam viée & cy li

gan muyc tiéu.



Chwong 2
NGHIEN CU'U THIET KE HE QUANG HQC
CHUYEN DUNG CHO NGOI NO LASER

2.1. Co s& tinh toan hé quang hoc chuyén dung cho ngoi no laser

Ngudn phat laser — Sph=Fpn1  Iitmeph
I —/—c: S —
,'/ /
Thau kinh phat 1 . 7 " Xme ph
- A //
Thau kinh phat 2 /
— Opn /
4 Xph
. Fonz 7 — ’y &>
Man chin phat ;
P e o Ymenh
7 4 lxd mc ph
7
Wit ph
Dt ph1 /
ﬁ kt ph
kt ph2 /75
P p I’ aph
Wit ph o
7
YAd ph //
Phan bé mit muc tiéu ‘,-"
duoc chiéu laser (Sph) T~
/
J
—— e —— . _7 o o —
A ,ph / / kt ph a)
Bon = 11, Ngudn phat laser Sonl= T
o ThAu kinh phat 1
A ’ , ph
Op Thau kinh phat 2
™ ™
F poh N c " ph2
Man chén phat R
. Oph3
,Bkt phl W xdph
_ o
ﬂkt ph2 Bé mat muc tiéu Y/ xdpi| > 90
,,,,,,, 3 AR
X
v AN AT Ao A
Phan bé mat muc tiéu Vph
Yph duoc chiéu laser
b). C).

Hinh 3. Nguyén Iy cdu tao ciia hé phat laser dimg man chdn
Luan an dé xudt nghién ctru va phat trién mot thiét ké chi tiét hé quang chuyén

dung & dang gém hai thau kinh va mot man chan nhu hinh 3.
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2.2. Xay dung biéu thirc tinh toin mdt sé tham sé quang hinh hoc quan trong

cia ngoi no laser

A A . ) N
B0 phan phat hpt | B phéan thu
lkt phl ol le— lkt thl
Sph = }'phl Sth = Fu
fphl |\ I ft/zl
I D P
<M

Y VY

fp/12§ 7 F IV' $ fmz

y | Ve DY e
Aymcph meph B mc mci
AL, Z o
Zkt glﬂa / ‘: l lkz th2 7 I T T

xmcph’]ktmcph A /I xmc th’lktmc " min|
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Vi | Vit r p
ﬁkt 2 —« vy | '\ ﬂkt thl p
ﬂkt ph ) / | ﬁkt th
B G\ H l'
l o
s \LLLL L 4 .,
o . t th2
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P e
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J - \'/
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B " Ikl ph

Hinh 4. Nguyén Iy tao ciia hé quang ngoi né quang hoc chii déng PA3
(So d6 tinh todn véi ngoi né laser trong mdt phang kinh tuyén)
Trén co sé mdi quan hé giira cac tham s quang hinh hoc lun 4n tién hanh xay

dung biéu thirc tinh toan mot s6 thong sd quang hinh hoc ctia ngodi nd laser. Ludn an
xét dbi véi truong hop kich thude ngudn laser rat nho va phai sir dung hé quang dé
tang goc md. Phuong an tao goéc nghiéng cho chum tia laser hinh 4.

*) Xét mot cap phdt - thu laser trong mdt phang kinh tuyén:

Tur cac quan hé hinh hoc nhu hinh 3, ta ¢6 cac cong thuc tinh kich thudc i ph 2
clia anh ngudn phat laser va /> ca anh dau thu quang tai mat phang tiéu cy sau

ctia cac thau kinh tuong tmg, tinh theo mit phang kinh tuyén nhu sau:



fh2 f
Zktphzzlktphl' ]j;m ;Zktth2:lktth1' ft:;j (2.1)

+ Cac goc nghiéng Lk ph va Lkt cua vung quan sat. Theo hinh 4 ta co:

X / /2

mc ph - ktph2

Pripn1 = arctg (2.2)

ymcph

xmcph+lktph2/2+l

Bragnr = arctg e 2.3)
ymc ph
Biionr T Brion 2 Xmeph T Detmepn / 2
Beop ® — = x arctg—2 L 24
K 2 ymcph ( . )
- 2
B, =arctg Xmetn ~ hawa/ 2.5)
ymc th
+ 2+
B, = arctg Xmew + hema /2 + himew (2.6)
ymcth
Bw ~ ﬂktthl—;ﬂktch ~ arctg Yot T himern /2 @2.7)
ymc th

+ Cac gbc mO Wieph VA Wit 1 clia ving quan sat trong mat phang kinh tuyén duoc
xéc dinh theo cac cong thirc gan dung sau:

Wkiph = Pitph2 = Baph1 Utth = Preth2 - Pt (2.8)

+ Tuong tw, khoang cach rmin xac dinh ving mu cta ngoi nd laser dugce tinh gan
dung bang cach giai tam giac FonoFin2A nhu sau:
[ [

~ kt pt kt pt

rmin ~ ~
2.tgf,, ph2 2.t2B >

+ Tuong tu, khodng cach rmax xac dinh gidi han xa cua ving quan sat cua ngoi nd

* *

(2.9)

laser dugc tinh gan dung bang céach giai tam giac FpnoFuK nhur sau:
* *
r ~ Zkt pt ~ Zkt pt
max
2.tgf, phl 2488
+ Khoang 1am viéc Ar cua ngoi no laser sé la:

AV = Pmax - "min (211)

(2.10)
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Céc dai luong #min, #max va Ar khong phu thudc vao vi tri twuong doi cua bé mat muc
tiéu so véi TLPK ma chi phu thudc vao cac thong so cua ngoi no laser.

*) Xét cdc thiét bi phdt laser (thu laser) trong mdt phang xich dao:

Hinh 5. Xac dinh géc mé trong mdt phang xich dao Wia
ciia thiét bi phdt (thu) laser, trwong hop coi Puph = Pin ~ 0
+ Trudc hét, ta c6 cac cong thic tinh kich thudc kapn2 ciia anh ngudn phat laser
va lxa 2 ctia anh dau thu quang tai mat phing tiéu cy sau cua cac thiu kinh tuong tng,

tinh theo mit phang xich dao nhu sau:

fhz Ji
R S L U L . 2.12
dph2 dphl fph] dth2 dth1 1 ( )

+ Goc mé trong mit phang xich dao y4a ph ctia thiét bi phat laser va wia m cia thiét
bi thu laser (hinh 5) s¢€ a:

+1/

lx ph2 x mc ph

l mc
2 : \/‘xicph +(ymcph + & 2 i )2

=2 .arct
de ph g (2.13)
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+1/

lx th 2 X mc th

2 : \/xﬁlcth_’_(ymcth +lkt;cth)2

n=2.arct
l//xd h g (2.14)

+ Ving mu trong mit phang xich dao:

Bén kinh viing mu trong mat phang xich dao cua thiét bi phat laser l:

d \/E.sinm

7 ~ 2
: ~ P . 1 2 . 1 5
min xd ph 2 V/xd oh cos l//xd oh ( )

2

Tuong tu, ta ¢6 ban kinh ving mu trong mit phang xich dao cta thiét bi thu

laser s€ la:
d \/5 sinM
Finxatn - - 2 -1 (2.16)
sin xan _ o Wxam
2
Ta co: Vmin xd ph = "'min xd th (217)

2.3. Két luan chwong 2

Luan an dd phan tich, ddnh gia anh huéng cua cac tham sé hé quang dén ving
quan sat, ving mu, ving 1am viéc cta ngodi nd laser trong 2 mat phang kinh tuyén va
mit phang xich dao. P& xuat mo hinh toan hoc cho hé quang chuyén dung ngoi nd
laser, xdy dung cac biéu thirc toan hoc tinh todn mét s6 tham sé quang hinh hoc quan
trong cuia ngdi no laser.

Chuong 3
NGHIEN CUU TiNH TOAN THAM SO HQP LY
CHO HE QUANG NGOI NO LASER

3.1. Nghién ciru, khao sat sy anh hwéng ciia tham sé quang hinh hoc dén thong
s0 1am viéc ciia ngoi nd laser.
3.1.1. Méi quan hé ciia cac tham sé quang hinh hoc.

I- Cac két qua khao sat cho thiét bi phat laser c6 thé ap dung dugc cho thiét bi

thu laser va nguoc lai.
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2- Hai cap thong s laph 1, I ph 1, fph 1, fph2 (cap thong s6 1) va ka1, ka1, fin1, fin2
(cap thong s6 2) s& xac dinh twong ng hai cip thong $b ki ph2, kaph2 (cip thong sb 3) va
It ph 2, Ixa ph 2 (cp thong s6 4) roi thong qua d6 anh hudng dén cac thong sb khac ctia ngoi
nd laser. Vi vy, thay vi phai cho hai cip thong sd 1, 2 thay ddi (véi 8 thong s thay d6i)
ta chi can cho hai cip thong s 3 va 4 thay doi (v6i 4 thong s6 thay doi).

3- Hai cap thong s6 két cdu (théng sb dau vao) (cap thong s6 1: Kiph1, haphi, fohl,
foh2, P pr va cip thong s6 2: ka1, ka1, fin 1, f1n 2, ¥ pr) va hai cdp thong sb dau ra
(cap thong s6 5: Wsd ph, Pt phy Fmins Fmax VA ¢Ap thong s6 6: Wiam, St thy Fminy Far) dUQC
quan tim nhiéu nhét trong ngoi no laser.

3.1.2. Anh huéng ciia tham sé quang hinh dén théng s6 1am viéc ciia ngoi nd

laser
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16,00

14,00 //
12,00

10,00 /

rmax [m]

6,00
4,00 /
2,00 e -
0,00

0,10 0,11 012 0,13 0,14 0,15 0,16 0,17 018 0,19

Livph 2 5 Lo 2 [mm]

Hinh 8. D6 thi sw phu thuoc cua rmax vao liuph 2, it 2
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Hinh 9. D6 thi su phu thuoc cua rmax vao [ p
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Hinh 10. Po6 thi sw phu thuoc cua fpn2, fin2 vao lume phy ki me i
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Hinh 11. Do thi su phu thuoc cua Ly vao lkime ph, ke me in
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3.2. Tinh toan tham s6 hop 1y cho hé quang hoc trén ngoi nd laser

Dé nhanh chéng tim ra cac tham sd quang hinh phu hop cho timg loai tén lira,
luan 4n dua ra duoc bo phan mém tinh toan tham s téi wu cho hé quang. B phan
mém nay dua trén co s cac biéu thirc toan hoc dé xac dinh cac tham 86 Jk me phy Xme ph,
Yme ph d4m goc nghiéng S trong mat phang kinh tuyén tiém cin gan nhat toi gia tri goc
nghiéng tdi wu theo yéu ciu cho trudc Bipis - Tré€n co s6 phan tich sy anh hudng cua
cac tham sb trong hé quang chuyén dung, luan 4n dé xuit 4p dung cic phuong phap
sau: Phuong phap binh phuong cuc tiéu; Thuat toan di truyén.

3.2.1. Phwong an ing dung phwong phap binh phwong cuc tiéu

|
=

v
Nhap vao Lg: Lo Xgia
Hopes }'retu:l;fr'-zt-:: Bctpn

Tinh x;: o3 Ly (3.6)

Thay d{;ii_ dai
tham so y
cua hé quang

Xac dinh x, vy, | theo
(3.17:3.18; 3.19)

Bing

Pura ra bd tham so hé
quang X, v, 1

Hinh 3. 12. Luu d6 thudt todn phan mém tinh todn tham sé toi wu cho hé quang
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4 GUI_update_04052020 — x

TiNH TOAN THAM SO TOI UU
HE QUANG NGOI NO LASER
THAM SO DAU VAO GOC MO’ TIA LASER VOI BETA TINH BUOC

B_ktph_yc 567 Sai sé yc 0.1 P A
laph |~ i

Gia tri ddu  Gia tri cudi

I_ktmcph 0.1 2
X_mcph 0.01 0.2
y_mcph 1 10

THAM SO PAU RA

B_ktph_dd (565386 Sai sé tinhtoan [0.01614

I_ktmcph 0.65

X_mcph 0.17
y_mcph &

Hinh 13. Tinh todn tham sé hé quang ngoi né laser TL tam thdp, Brphye =5-67°

<4 GUI_update_04052020 - X

TiNH TOAN THAM SO TOI UU
HE QUANG NGOI NO LASER

THAM SO DAU VAO GOC MO’ TIA LASER VOI BETA TiNH BUOC
B_ktph_yc 18.2 Sai sé yc 0.1 N
I B,
Gia tri ddu  Gia tri cubi 1 ViYY 4
| < 2 T
I_ktmcph | 01 2 i A
Il 1
x_mcph | 0.01 02 i A
! 1
y_mcph 1 5 : ! '.
| ! I
THAM SO DAU RA : il

B_ktph_dd [18.2002 Sai sé tinh toan |0.00023

I_ktmcph \ \l
A
x_mcph N
y_mcph

Hinh 14. Tinh tham s6 hé quang ngoi né laser TL tam trung, Brphre =18.2°

Bing 1. Céc tham s6 quang hop 1y cho ngoi né laser ldp trén ba logi tén lira véi cdc goc

nghiéng khdc nhau.
By o Tham s6 toi ru (mm) By ?
STT i Sai s0
(d9) % 4 ! (d9)
i 5.67° 0.17 5 0.65 5.65386 0.01614
2 18.20 0.16 3:3 1.85 18.2002 0.00023
3 8.340 0.13 4.23 0.98 8.3425 0.0025
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3.2.2. Phwong an @ng dung thuit toan di truyén:

Eh#i tzo quén thé

|
L 4

Diénh gis quén thé

|

Thoa mén diéu kitn
dimg?

Biénh gis quén thé
+
Chon loc
+
Lai ghép
+

Bat bifn

Ting 56 dém thé hé
h

Hinh 15. Luu do thuc hién thudt todn GA
e Véi goc nghiéng toi wu yéu cau: B phye = 5,67°.

C4 thé t6t nhét sau khi ding GA duoc cho nhu sau:

Ikt me pn=0,575158514093658;

Xme pr=0,094492108813316;

Ymeph = 3,848253011640023.

Ung voi bd nghiém d6, gia tri géc nghiéng nhan duoc: S pn = 5,6699935. Nhu
vy GA xac dinh bo tham s can tim véi sai sd gilta goc nghiéng tinh todn so v&i goc
nghiéng yéu ciu 13 6.5E-6.

e Véi goc nghiéng tdi wu yéu cau: Bi pnye= 18,2°

C4 thé t6t nhét sau khi dimg GA duoc cho nhu sau:

Lkt me ph=1,379027895931647,

Xme pr=0,064654560677289;

Yme ph = 2,293793596267997.
Ung v6i bd nghiém d6, gia tri goc nghiéng nhan dugc: S =~ 18,20017. Nhu
vy GA xac dinh bo tham s can tim véi sai sd gilta goc nghiéng tinh toan so véi goc

nghiéng yéu cau 14 1.7E-4.
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3.3. Két luan chwong 3

No6i dung cta luin an trong chwong ndy di tién hanh khdo sat danh gia anh
hudng cua cac tham sd quang hinh dén chét lugng lam viéc cta ving quan sat, anh
huong té1 viung mu cling nhu gidi han xa cua vung quan sat. Tur nhitng khao sat va
phan tich nay da tién hanh xay dung va dwa ra dugc hai phuong phap tinh toan tham
sd toi wu cho hé quang, xay dung thuit toan va phan mém giup qua trinh tinh céc
tham sd nhanh va chinh xéc.

Chuwong 4
NANG CAO PO TIN CAY CHO NGOI NO LASER
TREN CO SO KY THUAT MA HOA XUNG THAM DO
4.1. Anh huéng ciia nhiéu dén hoat dong ciia ngoi nd laser
Nhu ta da biét, tin hiéu phan xa vé thiét bi thu, ngoai tin hiéu tir muc tiéu, ngoi

nod laser con chiu anh huéng cta tac dong tur nhiéu nhu: dam may, mua, mat dét, rung,
mat bién,...va cac tin hiéu tao ra tir ché ap truc tiép ctia doi phuong, nhiéu tap nodi bo
trong hé thong thiét bi thu.
4.2. Cac phuong phap chong nhiéu cho ngoi no laser

bat ngudng bi€n do cho tin hiéu kich nd; Dit kinh loc & dau vao cua b0 phan thu
laser twong ddng véi bude song chum tia laser phat ctia bd phan phat laser; Chon hé
quang v6i bd phan phat va bo phan thu laser co truong nhin theo mit phang kinh
tuyén rat hep; Dong bo thoi gian 1am viéc cua bd phan thu laser va ciia bd phan xir 1y
tin hi€u theo b phan phat laser; Chon dac tuyén bién dd - tin s6 cua khau khuéch dai
tin hi€u sao cho hé s6 khuéch dai rat nho vai cac tin hiéu c6 tan s6 thép; Tao xung
ctra & bd phan xur ly tin hi€u. Tuy nhién, cac phuong tién tap kich duong khong da co
nhimg tién bd vuot bac vé kha ning d6i khang va chdng dbi khang, chung st dung
cac bién phap gdy nhiéu tich cuc cho ngoi nd laser. Chinh vi vdy bai toan mi hoa
xung thim do ctia ngdi nd laser can phai dit ra.
4.3. Nang cao chat lwong ngoi no laser bing ky thuit ma héa

DPé mi hoa tin hiéu, ta chi cin nhan bit cAn md hoa vdi ting bit clia chudi gia
ngau nhién PN (s luong bit tao thanh s& bang chiéu dai caa chudi PN):

d, —s,(1..k)=d,-PN(l...k)



17

1 khi data bit=1
—1 khi data bit=0

Trong dé d,= {
Pé giai ma tin hiéu:
s,(0...k) > 5,(1...k)=5,(1...k)- PN(1...k) > d,, = sgn(D_5,(1...k))
4.3.1. Giai phap ma hoa:

Dbi v6i cac thiét bi ngoi nd laser 1am viée véi thiét bi phat don xung véi chu ky
khong doi, wu diém 1a thiét bi gon nhe d& trién khai, nhung nhugc diém 1a dé bi phat
hién va dé& bj ché ap béng viéc thu tan sb va tao muc tiéu gia dé gay sai sb6 do cu li
muc tiéu. Do d6, dé dam bao viée chéng nhiéu c6 hiéu qua va hién thuc héa duoc
trén cc 16p tén lira phong khong str dung ngoi nd laser ta co thé thuc hién qua trinh
mi hoa xung do theo mot quy luat biét trude dé gay kho khan cho viée giai ma ciling
nhu ché ap do dich gay ra.

Qua trinh ma héa dugc thyc hién boi n bit ma hoa trong mot khoang thoi gian
xung (36 bit ma hoa cang 16n thi kha ning chong nhifu cang cao). Tuy nhién, sb bit
mi hoa ma cang 16n thi kha ning dap umg ctia phan cing dé dam bao tinh thoi gian
thuc cang giam.

MG&i 1an xac dinh cu ly thiét bi phat di n bit dit liéu theo dinh nghia cho mdi loai
tén lira/ muc tiéu, trong moi bit dir 1iéu gdm 1 bit start, 1 bit stop va chudi bit ma hoa
theo ma Gold c6 do dai 2™ — 1 bit. Bit dir li€u va bit ma c6 muc logic 1a 1 sé duoc
truyén di, cac bit 0 khong duoc truyén.

Tinh toan tham s cw ly:

Cu ly dén muc tiéu duoc xac dinh sau mdi bit ma truyén va xu ly thanh cong.
Nghia 13, viéc xac dinh cu ly dén muc ti€u giéng nhu ddi véi tin hiéu phat dang don
xung. Sau khi phat mot bit ma va thu dugc tin hi€u muc tiéu ta do thoi gian gitr cham
va tinh duoc cu li muc tiéu. Ctt nhu vay, sau mdi chudi bit ma cta 1 bit dit liéu truyén
va xtr 1y thanh céng thi cu ly dén muc tiéu duge xac dinh theo phuwong phéap trung

binh céc cu ly tinh duoc.
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Giai phap thay doi do dai chudi ma
S6 luong bit ma, sé lwong bit 1 trong mot khoang nhip phu thudc vao tinh chat
cua muc ti€u, cu thé 1a phu thudc vao cu 1i muc ti€u, kha nang xtr 1y, tinh toan cua
tuyén thu. Néu s6 luong bit m3 ma 16n thi thoi gian xtr Iy & tuyén thu s& 16n va kha
nang mét muc tiéu s€ cao. Do do, néu muc tiéu o cu ly xa thi s6 bit ma hoa sé& 16n, khi
muc tiéu gan véi ngoi laser thi s6 bit ma hoa s& giam dan. Do d6 viéc thay doi sb bit

ma hoa trong khoang nhip s€ phu thudc vao cu li tr ngoi nd dén muc tiéu.

>i=i+1
v
Lap day D )
3 i=1,2,....m
Nhiap vao AT, k, m, T(0)
A 4
\ 4 ]
Xac dinh V_ (16)
1=m AT 3
va Ty (3)
1=1 , s
Phat xung laser ma hoa
> voi d6 dai T(ti)
\4
Phat xung laser ma héa v
v6i 86 dai T(0) (1) Thu xung laser
ding ma hoa
Thu xung laser dung \ 4
ma hoa Xéc dinh cy ly Di
l \ 4
Xéc dinh cu ly D; / PuaraD,V /—> Cho h¢ lap trinh
i D diéu khién tén lira
v Doc lénh Tir hé thong ditu
i=i+1 ket thic (KT) khién chuyén dong
tén lra

1énh (KT)
Khong

Hinh 16. Luu do thudt todn phat chudi ngcfu nhién va xdc dinh van téc tié}) can
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4.3.2. M héa va truyén roi rac tirng bit mi.

Sau khi truyén, nhan xong 1 bit ma thi bit tiép theo s& dugc truyén, qua trinh lip
lai cho t&i hét chudi bit
4.3.3. Mi hoa va truyén lién tuc chudi ma.

Diém khac biét ctia phuong phap nay so voi phuwong phap & phan trén 13 cac bit
mi duogc truyén lién tuc, ngay sau 1 bit vira truyén ma khong can doi dén khi bit d6
duoc nhan va xir Iy xong, nghia 14 ta truyén ca mot goi dit 1iéu 33 bit gdm bit start, bit
ma va bit stop cung mot Itc.
4.4. Giai phap hién thuc hoa ky thuat ma héa xung tham do.

Mot trong cac tiéu chi quan trong nhit vé chéng nhiéu dbi véi ngoi n laser do 1a:
xtr Iy tin cdy, bao mat va co thé trién khai dugc trén phan cimg. Nhu da dé cap & trén,
luan an dé xuit mot hé théng ma hoéa stra 16i dung trén ngoi nd laser nhu mé ta trong

hinh 4.6. Trong pham vi luan an, chi giai quyét van dé ma hoa tao tin hi¢u diéu ché.

Dau

Di¥ ligu ‘ Nén M3 ‘ i
Diéu : Khuéch | .| phat

— ! dit > sta —bf><>—>

‘ lidu = ché ‘ dai guang
| ______________________ | hoc
ka
Tao &
ddy
PN B tao 3
N o
Gitr £
¥ cham o v°©
fAsich ‘ _ bau
ac Do cv | Giai Giai Giai | | khuéch thu \
kich «— e 4—@&)‘— didu | S e
= ly nen ma dai quang
i ‘ ché | hoc

Hinh 17. So do chirc ndng hé thong ma héa ding trén ngoi né laser
4.5. Mo phong va thuc nghiém phwong phap ma hoa.

4.5.1. Tinh toan thiét ké
Bdng 2. Théng s6 dau vdo

STT Thong 0 Gia tri Pon vi
1 Van téc anh séng ¢ 3 %108 n's
2 Cu ly do xanhat. D_ ot ki 100 m
3 Do phén giai cy ly, ng 1 m
4 Vién toc t6i da giita tén lira va muc tiéu, v,_ 1700 m/s
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BAt d%u miu do ‘,:

v
Tao thn o dir iéu

& i chasi md

Y

.

Tao chiedi dir lidu ciin truydn Tao chiebi ms
Data B
Charyln mi tin higu chudi dir libu Chiurydn mde tin higu chibi ma
Datal =N
¥
i Dirneg bt ol 1y vod chudi mé
= Datad = Datal ] PN
¥
Kénh truyln
h 4 s
So sdnh, tinh vy 18 Bt | l
o0 v i libu trin@n i [
Chishi di idu nhdin Eu vao xiely
Darad = Daall PY,,
T 8 15 it nhé hem ¢
ngurdmg cha ? AL
ks Mifusin birmg bt ol lidu voi chubi ms
Data3 — Degtsd = Dara3l PN,
oing_ !
“"'5“““‘,;5 Aty Gidi m3 cAr cbt dirlibu
Tindh todn oy by e tidu ,L
" Tinh 1§ B xut hidn cic g g ma
Tim @i di i o6 1 I8 xudt hidn kn nhat
¥l tra didu kb kich nd:
+ Cply: <r_max? i
+ Duing gidn 0B dinh hedng?
L— Chuyén mic tin hide |f-Dong
g
J, Sai
h 4
HennG Dir liéu sai => Bb mbu do
h 4 o +
“] Taemdudoma

Hinh 18. Luu d6 thudt todn chong nhiéu
4.5.2. Xay dung mo hinh mo phdéng

M6 hinh thiét ké trén Simulink:
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D ‘
le—,
fra gt Unipolar to
Random Bipolar Bipolar to
Integer Converter Unipolar
Converter
B9 tao di ligu B9 tron i ligu = |
im
Gold Sequence Ug%"o'?a’r“’
Generator it q O
B4 tao chudi ma } T i
Kénh truyén| AWGN
Hién thi két qua Tinh toan 131 bit
| = b D liéu gidi ma Sign Khéi gitr cham B{ tron chudi mi =
e Elornals Bipolar to Lo
alculation, f | Integrate Unipolar to Im
Rx inipoisr and Dump X le Bipolar |
chvefter Converter

Hinh 19. So d6 Matlab-Simulink ciia hé thong sir dung md héa
4.5.3. Khio sat, danh gia kha niing khang nhiéu

Chudi dit liéu truyén dau vao kénh phat va dir liéu ma:

O pa — o fn g ]
< i = Time (semun‘;s) 5 ‘ w10 ¢ = b - Time (!ﬂmu:ds) - ot
a)Chudoi dir liéu b)Chuoi PN (Ma Gold)
Hinh 20. Dang xung dit liéu truyén di va ma Gold
. u ‘:M i Tin hiéu trén kén‘h truyén : i 1
i
1
- : |
: z ) - —
Hinh 21. Tin hiéu duoc ma hoa ket hop nhiéu
Chuéi ma nhan duoc DI lidu da giai ma
[z | I T i [ ‘:w |
! | 08— i —
M B - _ |
| I R |
04 | 04l : b
1 : ]
° i : : ’ : ! . .,; . —
‘ - * Time (Beuuﬂriis) N ! 10 Time (seconds) o

a)Tin hiéu tai kénh thu b)Chudi dir liéu gidi ma

Hinh 22. Dang xung dit liéu sau khi da dwoc gidi diéu ché ché & mdy thu
Két qua mo6 phong cho thiy thoi gian giit cham giita 1 bit dir liéu phat di va thu

vé 14 0,325 us (tire tan sb dir lieu 2,997MHz) thoa man voi cac thong s6 tinh toan,
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thiét ké. V& 161 bit, ta thdy trong 1024 bit dit liéu truyén thi c6 8 bit dit liéu bi 13i,
turong tng 0,7% tong s bit truyén di. Pay 1a murc 18i bit rat thap.

4.5.4. Khao sat, danh gia anh hwéng ciia chudi tao va giai ma ngiu nhién

Do thi khao sat bit 16i theo nhiéu

60
X 50
\
~
zzé 40 __\
5 30 ——15bit
@ 20 31-bit
'iZ' 10 __\\ 64 bit
\ \
O [ [ [ [ | | | | | | | | | | | I* 1
-55-5-2051152253354455556 65 8
Ty s6 SNR/ dB

Hinh 23. Do thi khao sat 16i bit theo nhiéu
4.5.6. Khdo sat, danh gia tinh bao mat va pha ma

la—
_— Unipolar to
Random Bipolar Bipolar to
Integer Converter x » Unipolar
Converter
B6 tao dir ligu BA trén dir ligu = |
| —im
Unipolar to
Gold Sequence
Bipolar
Generator Converter
B6 tao chubi ma |E
Gold Sequence > Urgﬁ]{:}ig{to Kénh truyén| AWGN
Generator Converter
B tao chudi ma 2
BER
Hién thi két qua Tinh toan 18i bit
0.456] = M DolRugsimE o Knéi gitr chm g tran chubi ma -
466) g"}‘" \R[gle Bipolar to |1
alculation
- o e e s R Unpotr o 2
Convortee Converter

Hinh 24. So d6 mé phong déanh gid tinh bdo mdt va phd ma
Trudng hop ddi phuong ciing sir dung ma Gold. Ty 18 15i bit 1a 37% cta 31 bit

tuong tng voi 11 bit 161, dé do ra ma dung phai thir 2411 1an nén khéng du thoi gian do
tén lira da tiép tuc di chuyén dén vi tri khac. Néu dbi phuong khong biét ma dung dé
ma hoa thi s¢ khong thé tao gia duoc chudi tin hiéu phan xa tir muc tiéu vé dau thu

laser. Nhu vy, day 1a phuong phép c6 do bao mat rét cao.
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4.5.7. Trién khai giai phap trén phin cirng
Céu hinh phan ctng: St dung 2 KIT FPGA Spartan 3E lam khéi phat va khoi

thu dir lidu.

Hinh 25. KIT FPGA Spartan 3E lam khéi phat va khoi thu div liéu
Thiét ké khéi phat

Gsteway Out

Gateway O

;
v —
T = L]

In2

FPGA_CoSim
Puczsim

Hinh 26. Thiét ké khoi phdt trén FPGA
Thiét ké khoi thu

Hinh 27. Thiét ké khoi thu trén FPGA
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Hinh 28. D6 thi phan tich tin hiéu trén KIT FPGA
4.6. Két luan chwong 4

Noi dung ctua chuong da dé xuit duoc mot thuat toan ma hoa xung phat laser
bang chudi ngau nhién c6 kha ning chéng nhidu ché 4p dién tir. Pong thoi dé xuit
thuat toan xac dinh toc d6 thay doi cu ly giira tén lira va muc tiéu bang dau do laser &
giai doan can dich. Két qua giup tang cuong kha ning chéng nhiéu va cho phép thu
duogc cac thong tin ¢6 ich mdt cadch chinh xac. Thuat toan luan an dua ra da duoc
kiém ching dua trén cac két qua mo phong boi phan mém moé phong Matlab-

Simulink va thyc nghiém trén KIT FPGA.

KET LUAN

Luan 4n di tién hanh nghién ctru xy dyng moé hinh hé quang hoc ctia ngoi nd
laser. Xay dung cac cong thirc tinh toan cic tham sb quan trong ctia hé quang, tir 6
phat trién thanh phan mém tinh cac tham sé quang hinh, cac tham s nay c6 thé diéu
chinh dugc trong qua trinh thiét ké, hiéu chinh ngoi nd laser. Tién hanh thu thap dir
lidu va khao sat sy anh hudng 14n nhau cua cac thong sé quang hinh, dua ra nhing
nhan xét khoa hoc, phuc vu cho viéc lua chon tham s6 tdi vu cho vung quan sat cua
ngodi nd khi nghién ctru phat trién ngoi nd laser sau nay. Pong thoi, di dé xuit mot

giai phap chong nhiéu cho ngoi nd laser dé nang cao kha nang chong nhi¢u, ddm bao
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ti s6 tin/tap & dau ra may thu 16n dé tir d6 ting hiéu qua tiéu diét muyc tiéu cho tén lira
phong khong sir dung ngoi no laser.

Tir viéc phan tich dbi twong nghién ctru 1a ngdi nd laser trén tén ltra phong
khong, phan tich wu nhuoc diém cua cac cong trinh trong va ngoai nudc di cong bd
co lién quan luan an da xac 1ap muc ti€u nghién ctru cung véi cadc nhiém vu can phai
giai quyét dé dat duoc muc tiéu dé ra. Cac két qua co ban ma luan an da dat duoc la:

- X4y dyng m6 hinh hé théng quang ctia ngoi nd laser trén tén lira phong
khong, xdy dung biéu thirc tinh toan cac tham sd quang hinh trén hai mit phing kinh
tuyén va mit phang xich dao.

- Khao sat sy anh hudng cia cac tham sé quang hinh dén thong sb 1am viée
ctia ngodi nd, tir 46 xay dung phan mém tinh toan cic tham sd thich hop cho hé quang
khi thiét k& va hiéu chinh hé quang ctia ngdi nd laser lap cho tén lira.

- Pé xuit mot giai phap mi hoéa chéng nhidu cho ngoi nd laser cia tén lira
phong khong.

- Tién hanh khao sat va mé phong trén phan mém Matlab-Simulink va thyc
nghiém trén KIT FPGA Spartan 3E dé kiém chimg. Cac két qua mo phong va thuc
nghiém di cho thiy tinh dung dan cta giai phap chdng nhifu da dé xuat.

Nhitng dong gop khoa hoc mdi cua ludn dn:

Dbi chiéu voi hai bai toan di dit ra trong chuong 1 cho thiy ludn an da
hoan thanh dugc muc tiéu dé ra, thé hién qua cac diém:

1. Xay dung dugc mo hinh hé quang, bo cong thire tinh toan cac thong s,
khao sat dugc sy anh hudng 1an nhau cua cac tham s6, trén co so d6 xay dung dugc
bd phan mém tinh toan cac tham sé quang hinh ctia ngoi nd laser.

2. Dé xuat duoc giai phap chdng nhiéu méi cho ngoi nd laser trén tén lira
phong khong. Vi phuong phép dé xuit, luan an dd mé phong khao sat va tién hanh
thuc nghiém, thong qua két qua cho thay tinh kha thi cta giai phap.
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