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khoa hoc thtr nhat va TS. Nguyén Truong Son, ngudi hudng din thi hai, da tan
tinh chi bao, gitip d& va hudng dan tdi trong qua trinh hoc tap, nghién ctru va
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T61 xin tran trong cdm on cac Quy Théy, Co6 va cac nha khoa hoc da doc va
g6p ¥ cho ludn an cua toi.

T6i xin duge bay to 1ong cam on va tran trong dén Ban Giam déc, Khoa K§
thuat Diéu khién, BO mén K¥ thuat Bién, Phong Sau dai hoc - Hoc vién K¥
thuat Quan sy; Pang ty, Thu truong Tong cuc Cong nghiép qubc phong, Thu
truong BO Tham muuw/TCCNQP d3 ludn tao moi diéu kién tot nhat dé t6i hoan

thanh ban luan an nay.

Qua day, to1 cling xin bay t6 long cam on sau sac dén gia dinh, nguoi than,
ban bé va cac dong nghiép da luén dong vién, chia sé va giup do toi trong sudt

thoi gian thuc hién luan an.

Téac gia luan an

Nguyén Dtrc Thi
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Ki hi¢u Y nghia
APD Avalanche Photodiode
CBLS Cam bién laser
FPGA Field-programmable gate array
FMCW | Frequency modulated continuous wave
TLHK Tén Itra hang khong
TLPK Tén Itra phong khong
TIA Trans Impedance Amplifier
7, Véc-to van toc cua TLPK
. Véc-to van tdc ciia muc tiéu
V. Véc-to van tdc tuong dbi giita tén lira va muc tiéu
v, Véc-to van téc ban ddu cia manh viang khi nd tinh
Voo Véc-to van toc ban dau ciia manh vang khi n6 dong
7 Véc-to van toc bay tan twong dbi (so véi muc tiéu) ctia manh
B vang khi n6 dong bay theo dudng phan giac goc @o-+m
D, Véc-to khoang cach tir TLPK t¢i muc tiéu
D, Véc-to khoang cach ngin nhét tir TLPK t6i muc tiéu
Goc hudng véc-to van toc bay tan twong ddi so v4i muc tiéu cua
ponm manh ving khi nd dong
Pr Cong suit phat ctia nguon laser
Nr Hiéu suét cua hé théng phat laser
“a”’ va “” | Chi s twong tmg chi mat phang xich dao va mit phang kinh tuyén

[ N e 9

ph VA th

Chi s twong g chi bd phan phét va b phan thu laser
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Ki hi¢u Y nghia
Sph, S | Nguon phat laser va dau thu quang
Oph1, Opn2 | Quang tAm cua cac thau kinh phat 1, 2
Ouw1, Omz | Quang tm cua cac thau kinh thu 1, 2
Ophs, Oms | Quang tAm cta man chan phat va man chan thu
Fpni, Foi | Tiéu diém trudc cia cac thau kinh phat 1 va cac thau kinh thu 1
F’pn2, F’m2 | Tiéu diém sau cua cac thau kinh phat 2 va cac thau kinh thu 2
F’ ph2 Xph,
Truc quang ctia h¢ quang b0 phan phat laser va ctia bd phan thu laser
F’th2 xth
Lemeph, | DO rong khe ho (trong mit phing kinh tuyén) ctia man chan phat
lemetn | va ctia man chin thu
lumeph, | Chiéu dai khe ho (trong mit phang xich dao) ctia man chin phat
Ixameth | VA cia man chin thu
Khoang cach tir tAm ctia man chan phat (tir truc quang) dén mép
meph dudi cua khe ho (toa d x khe hé trén man chin phat)
Khoang cach tir tim ctia man chan thu (tir truc quang) dén mép
| G ciia khe hé (toa dé x khe hé trén man chén thu)
Khoang cach tir tiéu diém sau cia cac thau kinh phat va tdm cia
Ymerh man chan phat (tinh theo truc Oy)
Khoang cach tir tiéu diém sau cua cac thau kinh thu va tdm cua
Fmedh man chén thu (tinh theo truc Oy)
Goc mo trong mat phang xich dao va trong mat phang kinh tuyén
Vaam Yien cua bo phan phat laser
Goc mo trong mat phang xich dao va trong mat phang kinh tuyén
Wxd thy, Wktt

cua bd phan thu laser

Liepht, Pt

Céc goc nghiéng trong mit phang kinh tuyén cta bién gan, bién
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Ki hi¢u Y nghia

o2, Beph | Xa va trung binh cua chum laser 10 ra tir bd phéan phat laser

S’ph, S, | Dién tich phﬁn bé mat muc tiéu duge chiéu laser, co thé duge thu
Spt laser va phan giao nhau giita ching

[kt phy L'kt th,

Chiéu rong trong mit phang kinh tuyén twong Gmg ctia cac phan

[kt pt dién tich bé mat muc tiéu
Khoang cach tir giao diém truc quang bd phan phat laser va b
X’oh, X’ | phan thu laser v6i bé mit muyc tiéu dén mép dudi twong ng cua
cac phﬁn dién tich bé mit muc tiéu
dp Puong kinh ngoai TLPK

Iktph 1, Ikt th 1

Kich thudc ctia ngudn phat laser va ctia du thu quang tinh theo mit

phéng kinh tuyén (tai mat phang tiéu cu trude ctia cac thiu kinh)

fon1, fonz | Ti€u cu trude va ti€u cu sau cua cac thau kinh bd phan phat laser
fin1, fm2 | Ti€u cu trude va ti€u cu sau cua cac thau kinh bg phan thu laser.
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MO DAU

Véi su phat trién cua khoa hoc - cong nghé quan su néi chung, khoa hoc -
cong nghé hang khong noi riéng, hién nay & nhiéu qubc gia di c6 su phat trién
vuot bac trong linh vuc cong nghié€p san xuét vii khi, khi tai quan su. Hién nay co
nhiéu du 4n tap trung nghién cuu, thiét ké, ché tao cac loai phuong tién tap kich
duong khong méi v6i nhimg tinh nang vuot trdi, nhu cac loai may bay chién dau
thé hé 4++, thé hé 5 cua Nga, My, Trung Quéc,. .. da dugc thuc hién, thir nghiém
va dat hi€u qua cao.

Bén canh d6, dé tiéu diét cac phuong tién hang khong hién dai ndy, cac
qudc gia cling tap trung phat trién viéc tmg dung cic cong nghé, cac giai phap
k¥ thuat hién dai dé giai quyét mot s6 bai toan then chdt sau:

+ Cai thién kha ning co dong ctia phuong tién bay bang cach tmg dung cac
phuong phap tao luc va moémen diéu khién moi;

+ Tang kha niang chong nhifu bang cac giai phap k¥ thuat nhu: st dung tu
dan thu dong, han ché tdi da thoi gian lam viéc cua dau tu dan tich cuc;

+ Tang téc d6 va do chinh xac xir Iy thong tin trén khoang nhd tng dung
phuong ti€n tinh toan sb tdc dd cao;

+ Tdi vu hda quy dao bay cua tén ltra bang cac phuong phap din méi;

+ Nang cao hiéu qua tiéu diét muc tiéu cua phan tir chién d4u (ning cao
chét luong 1am viéc cua ngodi nd).

Cung véi viée nang cao chat luong diéu khién, cai thién kha nang co dong,
kha nang chéng nhiéu cta tén Iira thi viéc nang cao chat lugng lam viéc cua
phf?m tir chién du cling duoc chu trong véi muc dich tang kha nang tiéu diét
muc tiéu. Yéu tb quan trong anh hudng dén kha nang ti€u di¢t muc ti€u cua phﬁn
tir chién d4u 1a thoi diém ngoi nd kich nd phan tir chién dau. Khi phan chién déu

nd, cac phan tir sat thvong (manh ving, thanh vang,...) dugc tao ra va tac dong



trong mot viing nao d6. Do 16n va vi tri ctia ving nay phu thudc vao két ciu cua
phf?m chién d4u va van tdc mang cua TLPK. Xac suat tiéu diét muc tiéu sé 1on
néu ving d6 tring v4i ving t6n tai cia muc tiéu. Mudn vay ngodi nd phai tao
1énh kich nd phan chién dau & khoang thdi diém nhat dinh, nghia 13 phai c6 su
két hop giita ving tac dong cua cac phan tir sat thuong voi ving phan tng cia
ngodi nd. Néu su két hop dat mirc d6 hop 1y thi hiéu qua sat thuong muc tiéu s&
dugc nang cao.

Viéc nghién ctru phat trién ngodi nd cho vii khi phong khong 1a mot yéu cau
quan trong trong linh vuc dam bao an ninh qudc phong. Pai da s6 ngoi nd lap
trén cac tén lira hién dai ngay nay, ngoai cam bién tiép xtic, con c¢6 cam bién
khéng tiép xtic, nhd d6 hiéu qua sat thwong muc tiéu dugc ting 1én. Cac cam
bién khong tiép xuc thong thuong 1a cam bién ra-da, laser chu dong. Ngoi nd cé
lap cam bién laser thuong duoc goi tat 1a ngodi nd laser.

Véi su phat trién ciia cong nghé, may tinh thi k§ thuat ngoi no laser da dat
dugc nhiéu thanh tyu ddng chd ¥ nhu nang cao kha nang chdng nhidu, do chinh
X4c cao,... Ngoi nd laser ngdy cang duoc (mg dung nhiéu trong cac hé thong vii
khi tién tién, hién dai, do d6 viéc nghién ctru phat trién ngoi nd laser 1a hét stc
can thiét.

Trong ngoi nd laser, hé thong quang hoc thu phét laser dong vai trd quyét
dinh dén kha ning lam viéc ctia hé théng. Nghién ctru, phan tich su anh hudng
1an nhau cua cac tham s cta hé quang hoc dén chit lugng 1am viéc ctia ngoi nd
laser, xay dung biéu thirc va phan mém tinh todn tham sé quang hoc 13 co s& cho
cong tac cai tién, thiét ké hé quang cho ngoi nd laser phu hop véi cac tén lira
hién c6 cua Viét Nam.

Trong tac chién hién nay, diéu kién 1am viéc cua tén lira phong khéng, tén
lira hang khong (hay tén lira khong quin) ngay cang phtec tap, nhiéu dang nhiéu

tac dong dén tuyén thu, phat trén ngodi nd nhu: khoi bui dudng truyén, anh sang



mat troi, cac ngué)n sang phi tu nhién, tdn xa do cac bé mit cua dbi tuong da
dugc xtr 1y, cac nhidu chu dong cua ddi phuong giy ra,... Viéc chéng nhidu cho
ngdi nd 14 bat bude, c6 thé ap dung to hop mot sé giai phap chéng nhidu ddng thoi,
trong d6 tmg dung k¥ thuit ma hoa khi phat chum tia laser ctia ngodi nd dé nang
cao kha ning chéng nhidu va phan nao d6 giai quyét dugc yéu cau khi dau vao
may thu nhan dugc tin hiéu voi ti s tin hiéu trén tap nhiéu nhd, tir d6 gian tiép
trong viéc nang cao chat luong ciia ngodi no. Bén canh do, ngiy nay véi hé thong
may tinh cAu hinh cao, kich thuéc nho, hoan toan c6 thé dua 1én ngoi nd dé thuc
hién nhiing k¥ thuat ma hoa phirc tap.

Xuat phat tir nhimg van dé néu trén, bai toan “Nghién citu ndng cao chat
liong ngoi né cé ldp cam bién khéng tiép xiic” duoc dit ra véi muc dich nham
nang cao chit luong 1am viéc ctia ngodi nd tmg dung cong nghé laser dé cai thién
kha nang chéng nhiéu cling nhu ting hiéu qua tiéu diét muc tiéu.

Co sé khoa hoc ciia bai toan nghién ciru ngoi no laser:

- Ly thuyét dan tén lira phong khong;

- Ly thuyét xir 1y tin hiéu quang - laser;

- Ly thuyét ban tén lira phong khong.

Co sé thue tién ciia bai toan nghién ctru ngoi nd khong tiép xuc laser la:

Nhu cdu ning cao chit luong, hiéu qua cho ngodi nd khéng tiép xac noi
chung va cho ngoi nd laser ndi riéng trong qua trinh thiét ké méi va nghién ctru
cai tién cac hé thong ngoi nd cho tén lira phong khong luon duoc dit ra nhu mot
nhu cau thuce té, c6 tinh cap thiét lién quan t&i sy phat trién khong nglng cia cac
loai myc ti€u duong khong hién dai.

Kha ning ung dung nhiing thanh tyu méi clia cong nghé may tinh so trong
viéc giai cac thudt toan diéu ché tin hiéu phat, tdi vu héa cac hé thong quang
nham nang cao chét luong tin hi€u thu - phat laser,... cho phép hién thuc hoa

céc giai phap ning cao chat luong ngoi sir dung cong nghé laser phuc tap trén co



s& nang cao chét lugng thong tin do duoc vé muc tiéu dic biét khi tén lira tiép
can muc tiéu ¢ cu li gén.
Pham vi, d6i twong nghién ciru ciia ludn 4n:

Pham vi nghién ctru cta luan an duogc han ché trong khudn kho bai toan
nang cao chat lugng 1am viéc cho ngoi nd laser trén tén Itra phong khong khi cai
thién hé thdng quang v6i muc dich t6i uu hoéa hé thong quang dé dam bao phdi
hop ving quan sat va ving sat thuong, dong thoi cai thién chat luong thu va xu
Iy tin hiéu laser. Bén canh d6 nang cao kha ning chdng nhifu bang viéc ma hoa
tin hiéu phat laser dam bao khong bi phat hién dong thoi ting kha niang phan
biét cu li muc tiéu.

Déi tuong nghién ctru cia luan an 1a 16p cac TLPK hodc TLKQ st dung
ngoi no laser chi dong.

Muc dich nghién ctru

Muc dich Iy thuyét:

- Phén tich, danh gia cic tham sb anh hudng dén chat luong 1am viéc ngoi
n6 khong tiép xuc;

- Nghién ctru, tinh toan t6i wu hoa tham s6 cho hé quang ngodi nd laser trén
tén Itra phong khong;

- Ung dung giai phap k¥ thuat ma hoa diéu ché tin hiéu phat dé nang cao kha
ning chéng nhiu, ting kha ning phan biét va do cu li myc tiéu khi & cy 1i gan.

Muc dich thuc nghiém:

- Kiém chimg tinh ding dén cua giai phap dwa ra dé nang cao chit lugng
lam vi¢c cua h¢ quang trong qua trinh thu va xtr 1y tin hiéu laser;

- Kiém chung hiéu qua giai phap luan 4n dua ra trong viéc t6i wu hoa hé
quang phuc vu bai toan thiét ké ngoi nd laser khi tinh dén viéc nang cao kha
ning chéng nhidu bang viéc diéu ché quy luat tin hiéu tin phat, qua d6 nang cao

kha ning phan biét theo cy i, cai thién chét luong tin hiéu dau vao tuyén thu.



Noi dung nghién ciru ciia luin 4n gom:

Can ctr muc dich, pham vi va dbi twong nghién ctru, cin cir phuong phap
xay dung cac bai toan can phai giai, luan an duoc bd cuc nhu sau:
Mé diu: Dit van dé nghién ciru.

Chuong 1 - Tong quan vé ngoi nd khong tiép xic

No6i1 dung chinh cua chuong la xac dinh nhi€ém vu cua luan an, thé hién ¢
phat biéu cac bai toan can giai.

Dé xac dinh rd cac bai toan can gii, trong chuong ndy ngoai phéan tich tong
quan vé thyc trang cac ngoi nd dang duoc sir dung hién nay, trong tm 13 ngodi nd
khong tiép xuc laser, tac gia sir dung cac ngudn tai liéu tham khao [1], [2], [3], [4],
[51, [6], [7], [8], [12], [14], [15], [20], [23], [24], [26], [28], [30], [31], [32] va cOng
cu toan giai tich, phan tich nhitng han ché ctia ngdi nd truyén thong khi tiéu diét cac
muc tiéu co dong. Tir 46 dé xuat hudng nghién ctru nham nang cao hiéu qua cho
ngoi nd khong tiép xuc laser khi myc tiéu co dong cao.

Chuwong 2 - Nghién ctru thiét ké hé quang hoc chuyén dung cho ngoi
no laser

N1 dung ctiia chuong nay tap trung vao viéc xay dung mo hinh, xay dung
biéu thirc giai tich phuc vu tinh toan bo tham sb hop 1y nhat d6i véi hé théng
quang hinh hoc cta ngoi nd laser. Trén co sé bd tham sé nhan duoc lam co s
g dung cho 16p tén lira phong khong hoic tén lira khong quan sir dung ngoi nd
laser. C& so cta ndi dung chuong ndy duoc xuat phat tir cac ngudn tai lidu [8],
[9], [10].

Chuong 3 - Nghién ciru tinh toan tham s6 hop Iy cho hé quang ciia ngoi no laser

Trén co s& cac biéu thic todn hoc nhan dugc & chuong 2, ndi dung chuong
3 s& tién hanh khao sat va dua ra giai phap dé xac dinh bd tham sb quang hoc
hop 1y dé c6 thé phdi hop gitra viing hoat dong ctia ngoi nd véi ving sat thuong

ctia dau dan. Xay dyng bd phan mém tinh toan bd tham s quang hoc lam co s



phuc vu bai toan thiét ké hé quang khi str dung ngoi nd laser. Co so ciia ndi
dung chuong nay dugc xuét phét tir cic nguon tai liéu [8], [9], [10], [37], [38],
[39], [40], [41].

Chuong 4 - Nang cao d9 tin ciy cho ngoi nd laser trén co sé ky thuit ma
hoa xung tham do.

Noi dung ctia chwong tap trung vao viéc phan tich anh hudng ctia nhiéu dén
hiéu qua tiéu diét muc tiéu ctia ngodi nd laser. Trén co s nhimg phan tich nay
dua ra mot giai phap hiéu qua cho viéc chdng nhidu tich cyc bang viéc diéu ché
tin hiéu phat theo phuong phap ma hoa ting dung cho ngoi nd laser. Thuat toan
mi hoa tin hiéu phat duoc kiém chimg thong qua viéc tinh toan bang cac biéu
thirc giai tich ciing nhu théng qua thuc nghiém. Cac két qua nhan dugc cung cho
mot két qua 13 nang cao duoc kha ning chdng nhifu cling nhu ning cao kha
nang do cu li, phan biét theo cu li muc tiéu dac biét ¢ giai doan tiép can g?m muc
tiéu. Co so cia ndi dung chwong ndy duge xuat phat tir cac ngudn tai lidu [6],
[71, [8], [11], [12], [13], [14], [18], [19], [21], [28], [32], [33], [35].

Phan két ludn

Khiang dinh va néu 1d nhitng két qua nghién cru d dat duoc trong lun an.
Chi ra nhiing dong gép khoa hoc méi cua luan &n va nhitng cong trinh khoa hoc
ma tac gia di cong bd. Kién nghi, dé xuit hudng tng dung va phat trién nhiing
két qua nghién ctru.

Panh gia tinh thyc tién, tinh khoa hoc va déng gép méi ciia luin an.

Tinh thuc tién:

- P4 sir dung cong cu toan hoc tng dung cho mo hinh quang hoc ngoi nd
laser dé dua ra dugc thudt toan tinh toan va toi wu bd tham s cho hé quang ap
dung dugc cho ngoi no laser trén tén lira phong khong;

- Lam rd duogc bai toan ngoi nd laser tng dung cho tén lira phong khong;



- Nang cao kha niang chong nhidu cho ngoi nd bang thuat toan mé héa tin
hi¢u xung phat laser;

- Két qua nghién ctru ctia luan an 13 tai liéu tham khao, c6 tac dung tich cuc
phuc vu nghién ctru va giang day trong cac hoc vién, nha truong.

Tinh khoa hoc va dong gop mdi cia ludn dan.

a) Luan an co6 nhitng dong gop hoan thién va dé xuat mot thiét ké hé quang
st dung trong ngodi nd laser tmg dung cho tén lira phong khong. Cung véi thiét
ké nay, luan an da dé xuit hai thuat toan dé xac dinh cac thong s6 hinh hoc cua
hé nham dat duoc goc lam viéc tdi vu dé nang cao kha nang tiéu diét muc ti€u
bdi ngoi nd laser.

b) Luan an dua ra mot giai phap chdng nhiéu hiéu qua bang thuét todn ma
hoa xung do, thuat toan dua ra c6 kha ning chdng nhidu cao dbi véi cac tin hiéu
nhiéu tich cyuc, nang cao kha ning phan biét va do chinh xac do cuy li.

¢) Vé thuc nghiém d3 xay dung dugc phdn mém tinh toan b tham sé quang
hoc lam co s& phuc vu cho bai toan thiét ké ngoi nd laser. Khao sat, mo phong trén
phin mém Matlab-Simulink va thyc nghiém trén KIT FPGA Spartan 3E dé kiém

chung giai phap va thuat toan ma hoa chong nhi¢u ma luén an dé xuat.



Chuong 1
TONG QUAN VE NGOI NO KHONG TIEP XUC
1.1. Tong quan vé thiét bj chién dau ciia tén lira phong khong c6 diéu khién
So d6 khdi don gian cua thiét bi chién dau (phan chién déu) co dang nhu
hinh 1.1 [2].

Tu phan dicu
Co cau bao hiém e 2 khién
I Ngo1 no
- chap hanh

Pau nd

Hinh 1. 1. So d6 khéi co ban ciia phdn chién ddu

Tén lira phong khéng co diéu khién trong thanh phan cta minh khong thé
thiéu phan chién diu (bao gdm ngdi nd va dau nd). Pbi vai cac loai tén lira hién
dai, ngoai ngodi nd tiép xuc con co thém ngodi nd khong tiép xuc; khi tén lira tiép
can muc tiéu, ngdi n6 khong tiép xuc s& xac dinh thdi diém nd c6 hiéu qua nhét
va diéu khién kich nd dau nd théng qua co cdu bao hiém - chap hanh (thiét bi
bao hiém).

Thiét bj bao hiém chi cho phép kich nd dau nd khi c6 ddy du cac diéu kién
an toan. Trong truong hop té€n ltra khong tiép can dugc muc tiéu, dé tranh nod
nguy hiém khi tén lira hét didu khién hodc hét nhién liéu va c6 kha ning nd
trén mit dat, thiét bi bao hiém s& thuc hién viéc kich nd gay tu huy dau nd theo
nguyén tic 6-t6-ndom.

Ngoai ra trong cac ché d6 ban dic biét, dau nd c6 thé duogc kich nd bang cac
1énh dua t6i tir xa qua thiét bi bao hiém ma khong can t6i ngoi nd khong tiép xuc.
Trong truong hop khan cap thiét bj bao hiém ciing tién hanh kich nd dau nd hoic
1a theo 1énh tir xa hodc theo nguyén tic 6-t6-ndm (cac trudng hop khan cap co thé
1a do nhimg tryc tric k§ thuat ma sau khi phong tén lra khong bay vé phia muc
tiéu ma bay 1éch khoi hudng ban dau va c6 kha ning gy nguy hiém cho phia

phong tén Iura).



Khi duoc kich nd dau nd s& nd va bang cac phan tir sat thwong cta dau nd
c6 thé tiéu diét muc tiéu véi xac suat yéu cau.
1.2. Phan loai ngoi no

C6 nhiéu cach dé phan loai cac ngdi nd. Tuy nhién, ta c6 thé chia cac loai
ngoi nd thanh 3 loai khac nhau:

- Theo nang luong dé 1am ngoi no:

+ Ngoi co khi: Sy kich dong mach nd duoc thyc hién bai dong nang cua
cac chi tiét ngoi;

+ Ngoi dién: Su kich dong mach nd duoc thuc hién bﬁng nang luong dién.

- Theo vi tri lip vao dau dan:

+ Ngoi dau;

+ Ngoi day;

+ Ngoi dau - day.

- Theo tac dung cua ngoi:

+ Ngoi cham nd (ngoi nd tiép xtc): La ngoi hoat dong khi d¢au dan va cham
vao muc ti€u hay cac chuong ngai vat;

+ Ngoi hen gio: La ngdi gy nd dau dan tai mot diém xac dinh trén quy dao;

+ Ngoi khong tiép xtic (ngoi nd can dich).

Pdi véi cac loai tén Itra phong khong hién dai, hau hét déu c6 lép ngoi
khong tiép xtc. Do d6, dbi tuong nghién ciru trong khudn kho luan 4n tap trung
vao ngdi nd khong tiép xuc.

1.3. Ngoi né khong tiép xic.

Ngoi n6 khong tiép xtc (Proximity Fuzes) 1a tap hop céc thiét bj dung dé
kich nd dau n6 & thoi diém thich hop nhét cach muc tiéu mot khoang xac dinh
sao cho hiéu qua tiéu diét muc tiéu 16n nhat. Ngoi hoat dong dua vao ning luong

phéan xa hay phat xa tir muc tiéu.
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beé kich n6 dau no trong cac loai tén Itra phong khong co6 thé dung cac loai ngoi
nd nhu: ngoi nd tir tinh, ngoi nd quang hoc, ngdi nd am, ngodi no vo tuyen, ...
Tuy cac ngoi nd nay ung dung cic hiéu ung khac nhau nhung cau trac

chung c6 dang nhu trén hinh 1.2.

Cam bién can . . £
dich » Bo xu ly tin » Mach phat hoa » Ongnd »| Co cau bao
A A
\ 4
o Vi diéu :
Pin duy trix . Tram no
khién

Hinh 1. 2. So d6 chirc ndng chung ciia ngoi né khéng tiép xiic

Tuy thudc vao dang muc ti€u, kiéu dang ngoi nd ma so do trén c6 thé ¢ hoic
khong c6 khéi ngudn chiéu xa. Cac thanh phan chirc nang cua hé théng ngdi nd gom:

- Cam bién can dich: dung dé xac dinh cac tham sb trang thai ciia muc ti€u
(cu 1i, goc) dua vao nang lugng phan xa hay phat xa tor muc tiéu;

- BO xtr 1y tin hi¢u: C6 nhiém vu so sanh tin hi€u cu ly tir cdm bién cén dich
v6i tin hiéu chuan tuong ung. Tu két qua so sanh s€ tao ra tin hiéu kich hoat
mach phat hoa.

- Mach phat hoa: Tao ra xung dién dé kich hoat éng nd khi nhan duoc tin
hiéu tir b xtr 1y tin hi€u. Mach phat héa 1a mét céng ngan tin hi¢u, dugc mé sau
mot khodng thoi gian dat trude hoac co 1€nh tur vi diéu khién.

- Co ciu bao hiém: C6 nhiém vu ngin cach dudng truyén giita dng nd va
tram nd, khong gy nd ngau nhién cho dén khi co cau khoi dong an toan thuc
hién mé bao hiém.

- Vi diéu khién: Kiém tra trang thai an toan, mé mach diém hoa vao thoi diém

thich hop. Céc b vi diéu khién phirc tap con thuc hién chirc ning xtr 1y tin hiéu.
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1.3.1. Phan logi ngoi né khéong tiép xiic

Pé phan loai ngoi nd khong tiép xtic ¢6 thé can cr vao nhiéu dau hiéu khac
nhau. Cin ctr vao noi phat ra ning lwong ma ngodi nd khéng tiép xuc sir dung dé
xac dinh thoi diém kich nd thuong chia ra ba loai: Ngoi nd khong tiép xtc chu
dong, ngoi nd khong tiép xtc thu dong va ngoi nd khéng tiép xuc ban cha dong.

- Ngoi n6 khong tiép xtc chi dong 13 ngoi nd chi dong phat ning lugng
chiéu xa vao muc tiéu va kich nd dua vao nang luong phan xa trd vé tir muc tiéu.

- Ngoi n6 khong tiép xtc thu dong 1a ngoi nd chi thu ning luong phan xa
tir muc tiéu dé kich nd dau dan.

- Ngoi nd khong tiép xtic ban chi dong kich nd dua vao ning lugng phan
xa tlr myc tiéu, nhung ngudn ning lugng nay khong phai do ngdi nd va muc tiéu
phat xa ra ma do ddi twong khac (dai diéu khién, may bay,...) phat xa ra va
chiéu vao muc tiéu.

Can cr vao cac dang niang luong ma ngodi nd khong tiép xtc sir dung dé
kich nd, ¢ thé chia ngoi n6 khong tiép xuc ra thanh céc loai sau:

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

- Ngoi tir truong, ngdi cam ung: dung nang lugng tu trudng;

- Ngoi vo tuyén: dung ning luong trudng dién tir & dai song vo tuyén;

- Ngoi quang hoc: dung ning luong truong dién tir & dai séng tir hong
ngoai to1 cyc tim.

Trong céc loai ngodi nd khong tiép xtc ké trén thi ngoi nd vé tuyén va ngoi
n6 quang hoc dugc sir dung rong rai nhat. Can cir vao dai song 1am viéc ngdi nd
quang hoc co thé duoc chia thanh cac loai sau:

- Ngoi nd hdng ngoai;

- Ngoi nd quang truyén hinh;

- Ngoi no laser.
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1.3.2. Mt sé yéu ciu doi véi ngoi no khéong tiép xiic

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

- Pam bao dugc ban kinh kich né theo yéu ciu;

- Ngoi nd khong tiép xtc phai thiét 1ap dugc mbi lién hé voi do tin cay cao
v6i muc tiéu trong sudt thoi gian hinh thanh tin hiéu kich nd phan chién déu va
kich nd phan chién dau & thoi diém hop 1y dam bao hiéu qua sat thuong cao nhét;

- bam bao hiéu qua sat thuong muyc ti€u cao:

Hi€u qua sat thuong muc ti€u W [%] la ty ) gitra di¢n tich muyc ti€u bi tac
dong boi cac phan tir sat thuong cua phan chién déu S stfm?] voi dién tich 16n nhit
ctia muc tiéu co thé bi tic dong trong diéu kién tiép can cu thé Sst.mex [M]:

W= SST

.100% (1.1)

ST .max

-Co do chéng nhiéu cao (dic biét 1a ddi voi cac loai nhiéu ¢o to chirc);

- Pam bao kich nd tu huy phan chién dau;

- Pam bao an toan tuyét ddi cho ngudi va cac trang thiét bi.
1.3.3. Cic dic trung co bdn ciia ngoi né khéng tiép xic lip cho TLPK

Céc dic trung cha yéu cua ngoi nd khong tiép xuc anh huong dén hiéu qua
chién d4u cua TLPK 1a [8]:

- Mit kich né;

- Ban kinh kich nd;

- b6 chinh xéac;

- D6 chdng nhidu;

- B0 tin cdy hoat dong.

a. MGt kich né ciia ngoi né khéng tiép xiic

Mot dic trung quan trong ctia ngodi nd khong tiép xuc lap trén TLPK 1 mat
kich n6. Mit kich no 1a tap hop quy tich cac diém xéac dinh vi tri trung binh tdm

khoi cua phan chién dau doi véi muc tiéu ¢ thot diém kich n6 ciia ngoi nd.
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Véc-to van toc tuong ddi cia tén lra so v6i myc tiéu 7, [m/s] dugc tinh
bd1 cong thure sau:
V=V T (1.2)
trong do: - 7, [m/s]: Véc-to van tdc cia TLPK;
- ¥, [m/s]: Véc-to van tdc cua muc tiéu.

Véc-to van toc tuong doi ciia muc tiéu so vdi tén lira 1, [m/s] s& la:

V_dt: VTu Ve (13)

Trong khoang khong gian kha gan muc tiéu, noi xay ra sy tuong tac giita
ngoi nd khong tiép xuc vo1 muc ti€u, voi1 do chinh xac chép nhan duoc, co thé
coi véc-to van toc tuong dbi ctia TLPK la khong ddi. Do do, néu léy hé toa do
Dé-cac vudng goc Oxyz cb gdc toa do gan véi tam tén lira O, truc Oz hudng
nguoc chidu véi véc-to van tde twong dbi 7, con truc Oy nam trong mit phiang
thang dimg va hudng 1én trén, thi tit ca cac quy dao co thé co ctua muc tiéu s&
duoc biéu thi boi cac dudng thing song song vai truc Oz. Vi tri cua cac quy dao
nay dugc xac dinh boi cac toa do (x, ).

Khoang cach r [m] gitra muc tiéu va véc-to van tdc twong dbi cia TLPK 7,

duoc goi 1a dd truot cia TLPK:

r=4x"+y’ (1.4)

biém trén quy dao TLPK ma tai d6 xay ra sy kich n6 ctia ngoi ndé khong
tiép xuc goi la diém kich nd cua ngoi nd. Vi tri cia diém kich no trén quy dao (x,

y) duoc xac dinh bdi toa do zp [m] (hinh 1.3).
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4 Diém kich no6 cua ngoi nod
Mat kich n6 cia ngoi nd
N4 6 phuong trinh z=zo(x,y)

A(x,y) I':'.:.:.

W
~
>

Hinh 1. 3. Mdt kich né ciia ngoi né khéng tiép xiic [8]

Do su kich nd cta ngoi nd khong tiép xac chiu anh hudng ciia mot sb cac
yéu t6 ngu nhién nén vi tri thuc té cuia TLPK & thoi diém kich nd cta ngdi nd
khong tiép xuc khi ban nhiéu phat TLPK trong nhiing diéu kién giong nhau sé
khong phan b trén bé mit ma chiém mot ving khong gian ndo dé quanh muyc
tiéu. Khi d6 mat kich nd cua ngoi s€ 1a ky vong toan hoc céac toa do z cua diém

o

kich n6. Phuong trinh ctia mat kich nd & dang tong quat ¢ thé viét:

0

zo(x,y) = Iz .f(z‘x,y)dz (1.5)

trong do f(z| x, ¥) 1 quy luat phan bd co6 diéu kién cua toa do z cua diém kich no.
Hinh dang mat kich nd va vi tri ctia n6 déi véi muc tiéu phu thudc vao dac
tinh cua ngoi nod khong tiép xtic, kiéu muc tiéu va diéu kién tiép can muc ti€u
ctia TLPK (gia tri va hudng cta véc-to van tdc twong doi).
Khi ban muc tiéu trén mat dat (mat nudc) mat kich nd cla ngoi nd khong

tiép xuc c6 dang mot mit song song v&i mat dat (mat nude).



15

b. Bén kinh kich né ciia ngoi né khéng tiép xic

Vi cac phan tr nhay cam cta ngoi nd khong tiép xac déu c6 d6 nhay nhat
dinh, nén kich thudc phan mit kich nd trong mat phang tiép can bat ky (mat
phang tiép can chtra quy dao TLPK va truc Oz) duoc xac dinh bang goc gidi han
bdi mot do trugt 16n nhét 7,..(6) [m] ndo d6 cua TLPK. O cac do truot 16n hon
gi4 tri Fmax(6) ngodi n6 khong tiép xuc khong kich nd, vi cuong do tin hidu c6 ich
thap hon gia tri ngudng cta ngdi n6. Gia tri rma(6) duge goi 1a ban kinh kich nd
(ban kinh lam viéc, ban kinh hoat dong) ctia ngoi nd khong tiép xuc. Ban kinh
kich nd trung binh Fma [m] cta ngodi nd khong tiép xuc duoc xac dinh nhu sau:

Foa === [ 70 (0).d0 (1.6)

Khi ban muc tiéu trén mat dit (mat nude) ban kinh kich nd ctia ngodi nd
khong tiép xtic duge xac dinh boéi dd cao kich nd cua ngoi nd so v4i mat dat
(mat nude). Thuce té, do cao kich nd cua ngdi nd khong tiép xuc ciing 1a mot dai
luong ngu nhién va thuat ngir “do cao kich nd ctia ngdi nd” duoc hiéu 1a gia tri
trung binh ctia cac d6 cao ngau nhién d6. Po cao kich nd cta ngoi nd khong tiép
xuc phu thudc vao dac tinh ctia ngoi no, dac tinh dia hinh khu vuc c6 muc tiéu
va diéu kién tiép can cua TLPK véi muc ti€u (tic 1a phu thudc vao véc-to van
toc trong ddi ctia TLPK so véi muc tiéu).

Cin cr vao vung sat thuong dong ctia phan chién déu ddi véi 16p muc tiéu
da cho dé thiét ké ngoi nd khong tiép xtic c6 mat kich nd va ban kinh kich nd
tuong tng sao cho dat hiéu qua sat thwong cta phan chién du 1a cao nhit.

c. Dé chinh xdc ciia ngoi né khéng tiép xiic

Do chinh xac ctia ngoi nd khong tiép xuc 1a dic trung xac dinh gia tri sai
léch cuia diém kich nd thuc té so v6i mat kich nd ctia ngdi nd. Nguyén nhédn cta
su tan mat diém kich nd 1a do céc sai sd khi san xuét cac linh kién, chi tiét, thiét

bi cua ngoi nd, do sy tang gidm dién 4p nguodn cung cap, do ddc tinh ngau nhién
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clia qua trinh tuong tac giira ngodi nd voi muc tidu va nhiéu cac yéu té khac. Vé
mat dinh luong do chinh xac dugc xac dinh boi gia tri sai 1€ch trung binh binh
phuong (phuong sai quan binh) o; [m] ciia cac diém kich nd thyc té so v&i mat
kich né (hoic d6 cao kich nd).

d. D6 chong nhiéu ciia ngoi né khong tiép xiic

Do chéng nhidu ctia ngdi nd khong tiép xuc 1a kha nang chdng kich nd khi
c6 tac dong cua céc tin hiéu gia (duoc goi 1a nhidu). Nhay cam véi nhiéu 13 nhuoc
diém chinh cua ngoi nd khong tiép xuc so véi cac loai ngdi nd tiép xuc.

Nhiéu tu nhién di véi ngoi nd khong tiép xuc 1a cac nhiu nhiét, nhidu cua
nguén dién nudi hodc cac tap nhiéu tao nén béi sy khong déng nhat trong khi
quyén nhu may, mua, suong mul, ...

Nhiéu nhan tao ddi v6i ngodi nd khong tiép xuc 1a nhidu do ddi phuong tao ra
dé gay nd som ngodi nd ¢ cu ly an toan cho muc tiéu. Nhiéu nhan tao duoc cac
ngudn phat nhidu chuyén dung cua dbi phuong phat ra (may phat nhiéu vo tuyén,
dan tao nhiéu héng ngoai, phat laser,...) hodc cac ddm may gém cac phén tor phan
xa (dai 14 kim loai,...) do cac phuong tién phong rai cua d6i phuong tao ra.

e. D tin cdy ciia ngoi né khéng tiép xiic

Do tin cdy ctia ngodi nd khong tiép xuc 1 xac sudt hoat dong binh thuong
(khong hong hoc va khong kich nd sém) ctia nd.

Nguyén nhan hong hoc ctia ngoi nd khong tiép xuc co thé do:

- Co cAu m& bao hiém xa khong lam viéc;

- Mach lira 1am viéc khong binh thudng do dut ddy cau tré cia mdi lira dién
(kip nd dién), thudc hoa thuat hodc thude goi né/truyén nd bi bién chit,. . .;

- C4c linh kién ctia ngo1 nd bi hong: dut mach, thing tu, chay dién tro,
gly chan dén,... trong qué trinh san xudt, 1ap rap, bao quan, van chuyén va trong
qua trinh phong TLPK,..;

- Cac linh kién bj gia ho4, bién chat;
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- Tin hiéu kich n khong di manh.

Nguyén nhan sy kich né sém cua ngoi ndé khong tiép xac trén quy dao
TLPK c6 thé do:

- Sy tang dot bién cua dién ap trong mach dién ngoi nd khong tiép xuc
xuét hién tai thoi diém bit dau bat cho mach hoat dong co su co héng hoc hoac
tai thoi diém c6 linh kién d6t nhién bi hong;

- Céc tap nhiéu nhiét, cac tap nhiéu do chan dong rung, cac tap nhiéu do
ngudn nuodi.

Céc tap nhiéu chin dong rung xuét hién do cac qua tai chan dong rung cta
TLPK khi bay trong khong khi tac dong 1én céc chi tiét, do dong co TLPK lam
viéc hodc do cac chi tiét khac chuyén dong & bén canh ngodi nd khong tiép xtc
(may 141, may phat dién,...).

Céc tap nhiéu ngudn nudi 1a cac dao dong cua dién ap ngudn nudi. Chung
xudt hién nhiu nhét khi bat dua ngudn nudi vao hoat dong.

Xéc suat hoat dong binh thudng cua ngdi nd khong tiép xuc p phu thude
vao d6 truot » [m] cua TLPK. P truot » cang ting thi xac suit p(r) cang giam.
Su phu thudc ndy mang dic tinh ngudng, néu biét su phu thudc nay thi c6 thé

tim ban kinh kich né trung binh Fmax [m] cta ngdi nd khong tiép xuc:

;max ZJp(I").dI/' (1.7)
Khi tinh toan hiéu qua bin ta thudng coi ham p(r) c6 dang bac thang:
") 1 khi 0<7<Fmar 18)
pP\r)= - :
0 khi 7> 7ma

1.4. Ngoi no khong tieép xuc sir dung cam bien laser
Ngoi no laser str dung tia laser dé chi€u xa muc tiéu sau doé thu tia laser tan
xa tr muc ti€u va xu ly tin hi¢u thu dugc dé€ dua ra cac tham so trang thai cua

muc tiéu ro1 dua ra tin hi€u dén thiét bi chap hanh cua h¢ thong ngoi nd.
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Laser c6 kha ning tao ra xung ngan cong suit cao, do rong ¢& na-nd gidy.
Kha ning nay di duoc tmg dung dé ché tao cac ra-da laser xung dung lam cam
bién can dich trong ngodi nd. Ngoi nd can dich laser dua trén co so may do xa
laser xung, nho cac thudc tinh dac biét ctua laser tao nén ngoi nd can dich laser
co tinh wu viét so voi cac ngoi can dich ra-da song diéu tan lién tuc FMCW.
Cong ngh¢ ngoi laser xung c¢6 kha nang dat dugc do chinh x4c va d§ phan giai
vé cu ly rit cao, cu thé:

- D$ phdn gidi cu ly va dg chinh xdc: Ra-da xung ngin c6 kha ning phan
giai cy ly & muc cao va rat chinh xac. PO chinh xac cua ra-da, duwa trén k¥ thuat
phat hi¢n suon xung thu vé o ty 1€ tin/tap tdt, c6 thé dat dén nho hon 15cm [7].

- Cu Iy t6i thiéu: Do xung ngan, ra-da c6 thé dung & cu ly ngén. Ra-da xung
10ns c6 thé do cu ly ngan téi ¢& 1,5m tham tri con nhé hon [7]. P6 phén giai cu ly
t6t cho phép mdi tAm diém clia timg muc tiéu phan tan dugc phan biét.

- Kha ndng chong ché dap dién tir (ECCM): Ra-da xung ngan co thé vo
hi¢u hoa hoat dong cia mot sb6 bo ché ap dién tr hodc bo gy nhiéu lip lai. Dai
bang thong rong cua ra-da xung ngan c6 wu thé dé chéng lai cic may gay nhiéu
[1]1, [2], [10].

Cac may phat laser c6 kha ning tao dugc cong sudt dinh rat cao vdi cac
xung na-nd gidy. Cac diot laser xung cong suit cao 1am viéc & budc song 0,8 pm
dén 0,9 um c6 kha ning tao cong suét dinh téi 100W. May phat laser 10W véi
xung 10ns, nang luong xung 1a 0,1 wJ, v6i cong suat trung binh 10mW va do
dién day xung 0,1% thi s& do dugc cu ly t6i hang chuc mét. Dung cong thirc tinh
toan chi tiét cho thay, voi cu ly khoang 50m thi can ngudn phét laser voi muc
ning luong chi khoang 1mlJ; rat nhiéu ngudn laser ban din thuong mai co thé
dap Gmg duoc yéu cau nay.

Viéc dung laser dé do cu ly c6 hai uu diém: (i) Dung hé quang phu hop c6

thé lam gon chum tia laser thich hop véi cac thiét bi c6 yéu cau dic biét; co thé
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tao ra cic chum tia dang “bat chi”, chum tia hinh dng rdng. (ii) Cac hé théng
laser rat kho bi phat hi¢n bdi cac b ché ap dién td ECM.

V& co ban, c6 hai k¥ thuit do cu ly duge dung cho ngdi can dich laser: Do
thoi gian xung va do diéu ché chum tia.

1.4.1. Phwong phap do thoi gian xung.

Phuong phap do thoi gian xung st dung bd phat laser c6 d0 rong hep va
cong suit dinh xung cao, nhu bd phat dung diot laser va bo phat laser chuyén
mach Q. Cac h¢ théng laser do cu ly nay dugc st dung dé do cu ly gitra nguén
(tai noi dat hé do cy ly) va mot sé d6i twong duge do (1a muc tiéu). Chung dugc
thuc hién theo trinh tu sau:

- Chiéu xa muc tiéu bang xung laser tir may phat;

- DO phan xa cua chum tia tir muc ti€u;

- Po thoi gian dé tin hiéu laser di tir ngudn phat téi muc tiéu va tro ve.

So db khéi ciia hé do cuy ly laser duoc trinh bay trén hinh 1.4.

Théu kinh Tao xung Bo tach
- L \ne g
aser song quang

truc chuan

e Xung |
‘ két BY g
. Thau kinl Bo tact . . | thie o
A thaukniol 0 befach | éch dai > khoang cach
‘ thu song quang dlél; o

v

Kip nd <«——Mach kich nd |« BO tinh cu ly

Hinh 1. 4. So do cdu tric hé do cur ly cua ngoi can dich laser [7]

H¢ do bam cu ly do thoi gian gilt chdm gitra tin hi€u may phat véi tin hiéu
phan xa vé va bién ddi thanh cu ly. Thiét bi & ddu ra may phat va dau vao may
thu la cac hé quang. H¢ quang ¢ thiét bi phat hoat dong nhu ang ten c6 nhi€ém vu
thu hep gdéc mé cuia chum tia phat va huéng chum tia t61 muc ti€u. Hé quang &

thiét bi thu hoat dong nhu dng ten thu dé thu cac phan ctia chim phan xa, hoi tu
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vao cam bién. Tin hiéu thu dugc tach song badi cac bo tach song cod tdc do va do
nhay cao. Tin hi¢u dau ra cta pho t6 diot dugc khuéch dai nho bo khuéeh dai so
bo va sau d6 dwa sang hé do cy ly dé tir d6 tinh toan cu ly dén muc tiéu.
1.4.2. Phwong phdp do diéu ché chim tia

Do xa bang diéu ché chum tia (Beam Modulation Telemetry), dung laser
lam song mang. Théng tin vé cu ly duoc mi hoa trong séng mang phu & dai tan
UHF hoic dai tan vi ba. Song mang phu diéu ché ngudn laser CW, thudng ding
diot laser. Song mang phu trong hé thdng ra-da 1a tin hiéu song lién tuc RF, tin
hiéu RF FMCW hodc tin hiéu RF diéu ché pha hodc RF diéu ché tap. Hé thong
song mang phu CW, vé co ban, c6 thé tach duoc thong tin Doppler. Viée diéu
ché phirc tap nhu FMCW va cac hé thong diéu ché khac ciing tach duoc thong
tin cu ly. Tia laser phan xa c6 bién d da duoc diéu ché bai song mang phu duoc
tach ra boi pho t6 diét phu hop va duoc khuéch dai trong hé thong laser xung.
Thong tin Doppler va thong tin cy ly trong tin hiéu diéu ché sau d6 duogc xir Iy
dé tach thong tin vé tbe d6 va cu ly. Cac h¢ théng do xa diéu ché tia co 2 dic
diém:

(a) K& thira moi didc diém cua hé thdng ra-da dung dang séng FMCW hoic
dang song ma hoa - pha.

(b) Vi thong tin séng mang phu duoc mang trong tia laser, cac hé thong do
c6 d6 mién ché ap dién tir cao.

Tuy vay, hé thong do xa diéu ché tia cling van con mot s6 han ché. Khé co
thé diéu ché truc tiép diot laser tin s6 trén 1 GHz. Viéc dai thong bi giam s& han
ché d6 chinh xéac do cu ly cua ngoi. Dai thong c6 thé duogc ting 1én nhd st dung
hé théng diéu ché phuc tap, voi cong nghé cii nhu trude ddy s& qua cong kénh

dé c6 thé dua vao mdt ngoi can dich can két cau nho gon.
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1.4.3. Nguyén Iy va két céu co bén ciia bp do cw ly laser xung
Céac khdi co ban trong may do cu ly (do xa) laser xung (LRF) nhu trén

Hinh 1.5, gdm: Khdi phat laser, khéi thu laser va khdi do khoang thoi gian [7].

Fa . .
Dén dng ten Khoi phat
/]
(—(J: A& Diét Lade Tx
Khéi thu
R ¢ Hb dannguoc Bé tach thoi
Dau thu PIN > : ¥ 1 |
Sl G2 © Khéi do thoi gian
Kénh START ——: B¢ do khoang e lyE
+ thoi gian
| e
i { 5 E e e
! 5 .| Hé dannguoc Bé tach thoi
’—}(: \d Dau thu APD " rram AMP > e —
| Tir mye tiéu Kénh STOP

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Hinh 1. 5. So d6 cdu triic LRF

Céu tao cua khdi phat gdm hai phan chinh 14 hé kinh quang va bo phat laser.
Céc tham sb co ban cta bd phat laser chi phdi ddc trung cua may do xa laser
xung 13 cong suit phat ra, 6 rong xung, do doc cia cic xung laser va tan sb lap
lai ciia xung. Cac yéu ciu vé cong suit xung ctia ngudn laser thay doi tir mot vai
W téi vai kW.

Phén 16n cic ngodi nd can dich laser yéu ciu cong suat tir vai W t6i vai tram
W. Céng suit phat dugc xac dinh bang cac yéu cau vé cu ly ddi voi may do xa
laser, ban chit cua muc tiéu, dién tich phan xa hi€u dung cia muc ti€u, cac diéu
kién nhin théy duoc ma ngoi dugc thiét ké dé hoat dong va do nhay cua bd thu.
Do rong xung cua ngudn laser duge xac dinh bang cic yéu cdu vé do phan giai
ctia LRF va d6 dc suon xung. Do rong xung cua ngudn laser thuong tir trong
khoang tir 1ns dén 5ns, duoc xac dinh bf?mg dd chinh xac cu ly. Tan sb lap lai

ctia xung bj chi phdi boi yéu cau sé lugng xung hop 1y dé dam bao ty sb tin/tap,
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d6 chinh xac cy ly va bao dam khong co canh bao sai. Tan s lip lai bién thién
tir vai chuc kHz dén 100kHz.

Bd phat laser tao ra cac xung vdi do rong nhd hon 10ns. Tin hi€u xung
chuan duoc dua truc tiép téi dau thu PIN (Photodetector PIN). Sau do, xung
chuan duoc khuéch dai va kich tao ra xung khoi dau (Start Pulse). Xung phan xa
tir muc tiéu voi cong sudt vai trim nW duoc thu boi mot PIN hodc dau do quang
APD. Tin hiéu thu ¢ dau ra quang hoc v6i bién dd nho dugc khuéch dai dién ap
dén mot muc nhat dinh (vai V). Khoang thoi gian giita xung khoi dau va xung
phan xa dugc do bang don vi thoi gian va chuyén d6i thanh tham sb cu ly. Bo
phat laser thuong 1a mot diot laser xung tiép giap di thé cong suit cao.

Céu tric ctia bo thu c6 dang nhu hinh 1.6.

_ Khuéch dai

AN

/V\/\’ PIN B tach B tao .
Tir diét lade ‘ Ti4 thoigian || it cham [ B9 Phitsung
Kénh START

M T

APD ‘ ‘ o o

TI4 Boddeh | s onarving > A
Tir muc tiéu ‘ thoi gian trung hop
Kénh STOP
AGC
Mach phdt héa

Hinh 1. 6. B¢ thu laser dung bo do trung hop
Céc tham sb co ban cua thiét bi thu laser bao gdm: d6 nhay may thu, hé sb
khuéch dai, dai thong va dai dong may thu.
1.4.4. Cdc nhwoc diém cia ngoi no laser
Ngoai nhitng vu diém, ngdi nd laser con c6 nhitng nhugc diém:
- Bi anh hudng boi diéu kién méi truong: Trong nhitng diéu kién bui va

khi thudc cua chién truong, trong diéu kién swong mu ngung tu, may mu day
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dac, chum tia laser bi suy giam 1én. Sy tan xa do swong mu, khi thudc hoic
bui day dic ciing co thé giy ra cac canh bao sai.

- Bi anh hudng boi buc xa nén: Véi nhiing ngoi mat dat, thi buc xa nén
13 sy phat tan blrc xa mit troi tir mat dat. Trong nhitng ngoi chéng may bay,
thi van dé birc xa nén anh hudng nhiéu dén bd thu cia ngoi ¢ nhiing diéu kién
hoac nhiing tu thé nhat dinh, c6 thé thu anh sang mat tro1 mot cach truc tiép,
lam bao hoa bd thu quang hoc.

1.5. Tong quan cac hwéng nghién ciru vé ngoi né khong tiép xiic laser dung
cho TLPK
1.5.1. Tinh hinh nghién ciru trong nudc

Tai Viét Nam d3 c6 nhiéu cong trinh nghién ctru va Gmg dung cong nghé
laser cho cic nganh cong nghiép dan dung va mét sé khi tai quan su (kinh ngam,
dng nhom, méy do xa,...) nhung chua c6 cong trinh nghién ctru nao vé ngodi nd
laser n6i chung va ngoi nd laser ding cho TLPK néi riéng. Do d6, nghién ciru vé
ngoi nd laser dung cho TLPK 14 mot van dé méi hién nay.

Hién nay trong trang bi cuia Vi¢t Nam c6 khoang 20 loai tén Itta phong
khong va tén Itra hang khong dé tiéu diét cac muc tiéu trén khong va muc tiéu
trén mat dat, mit nude. Céac loai tén lira ndy déu do nudc ngoai san xuét, duy
nhit chi co tén ltra phong khong Igla do Viét Nam nhan chuyén giao cong nghé
san xut. Trong sb do:

- Pbi voi tén lua hang khong, ngoi nd cua céc loai tén lira tiéu diét muc tiéu
trén khong déu dung hai loai cam bién 13 cam bién tiép xuc va cam bién khong
tiép xtic dang vo tuyén 1am viéc theo nguyén 1y Dopler (trir tén ltta PBB-AE str
dung cam bién quang dién tir [12]); ngodi nd cia tén lta tidu diét muc tiéu trén
mat dat, mat nudc (khong ddi dat, khong dbi hai) chi ding mot loai cam bién

tiép xuc dang co di¢n.
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- P6i v6i tén lira phong khong tam thap, chi dung mot loai ngdi nd tiép xtc,
cac loai tén lira tAm trung va tdm xa c6 st dung thém ngoi nd khong tiép xtc
dang vo tuyén.

1.5.2. Tinh hinh nghién ciru ngoai nwdc

Lién quan dén linh vuc nghién ciru trang thiét bi vii khi noi chung va ngoi
nd trén tén lira n6i riéng 1a linh vuc bi mat quéc gia. Do d0, cic cong bd déu
khong cu thé ma chi chu yéu gidi thidu vé cac 1y thuyét va giai phap k¥ thuat
chung cho ngodi nd khong tiép xtc [7]. Bén canh do, c6 mot sd nghién ciru lién
quan dén linh vuc ngoi nd laser dugc cong bd tap trung theo cac hudng sau:

1.5.2.1. Huéng nghién ciru vé hé quang hoc ciia ngoi né laser

Lién quan dén huéng nghién ctru nay, mot sé cong bd tap trung vao cai
thién cong suat phat, tiét kiém ning luong [27], [28], giam kich thudc va trong
luong hé quang trén ngoi no tiép xuc [15], [33]. Tuy nhién, chua c6 cong bd nao
cho ngoi nd khong tiép xtc laser TLPK.

1.5.2.2. Huéng nghién ciru vé gidi phdp chong nhiéu.

Lién quan dén huéng nghién ctru nay, cic cong b tap trung vao viéc dua
ra mot sb giai phap ky thuat cai thién hé thau kinh bang viéc dit thém kinh loc
v6i muc dich ngin chan nhiéu khong ndm trong dai phd tin hiéu muc tiéu phan
xa [3], [4], [7], [9], [10].

Bén canh d6, mot sé cong b tap trung theo huéng ma héa tin hiéu phat laser
theo nguyén tic gia ngau nhién [20], [21], [22], [23], [24], [25]. Huéng nghién
ctru nay cho két qua khiém ton so v6i ngodi nd xung laser truyén thong vé kha
nang chéng nhiéu.

Trong [28] cac tac gia dd dé xuat hudng xdy dung hé thdng thanh mo-dun
phat, mo-dun nhan, hé théng quang hoc va mo-dun xur 1y thong tin.

Tai li¢u [13] nghién ctru vé hiéu suét cta tin hiéu ra-da dugc ma héa véi

mot chuoi gid ngau nhién. Cac tin hi€u 1a song lién tuc (continuous wave - CW),
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dugc ma hoa theo pha bdi mot ma tuan hoan c6 do dai tdi da tuyén tinh nhi phan,
duoc tao ra boi mot thanh ghi dich chuyén 8 bit va sau d6 duoc téng quat hoa
cho ma c6 do dai tuy y.

Tai liéu [19] d& dé xuat viéc sir dung ma gia ngiu nhién sir dung chéng
nhiéu cho thiét bi tham do laser dang lién tuc CW.

Céc cong trinh nghién ciru theo hudng nang cao kha ning chong nhidu cho
ngodi nd laser dd co nhimg két qua nhét dinh, nghién ctru theo hudng ma héa tin
hiéu xung do cho tin hi¢u laser dang lién tuc; mdt $6 cong trinh c6 dé cap dén
viéc ma hoa theo nguyén tic gia ngau nhién. Tuy nhién, két qua nghién ctru con
& mirc han ché va van dé dua ra chua duoc tuong minh.

1.6. Dat bai toan nghién curu.

Mot trong nhitg nhiém vu quan trong 13 phai chon cho ngoi nd khéng tiép
xuc thoi diém kich nd thich hop, hay néi cach khac 1a phai chon vi tri kich nd
phan chién dau sao cho c6 loi nhét. Tt nhién, tac dong sat thuong muc tiéu con
phu thudc vao tinh chit ciia phan chién dau va ctiia muc tiéu. Déi voi muc tiéu co
van tdc cang 16n thi yéu cau nay cang phurc tap.

Néu viéc sat thuong muc tiéu ctia phan chién diu c6 tinh dinh hudng khong
cao thi rd rang kich nd phan chién dau ¢ khoang cach t6i muc tiéu nho nhat 1a co
loi nhat. Khi d6, nhiém vu cua ngodi nd khong tiép xtc 13 xac dinh thoi diém téi
han ma luc d6 khoang cach t6i muc tiéu Di[m] dat gia tri nho nhét, nghia la:

dD,(t)
=0 (1.9)

Véi trudong hop ndy, dé xac dinh thoi diém kich nd phan chién dau co loi
phai do khoang cach gitta TLPK va muc tiéu Dy (t).

Trong truong hop phan chién déu c6 tinh dinh hudéng sat thuong khdng cao
thi mat d6 manh ving trong ving ban kinh sat thuong thip hon nhiéu so véi truong

hop phéan chién dau c6 tinh dinh hudng sat thuong cao. Vi vdy, phan chién dau cta
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TLPK thudng c6 tinh dinh hudéng sat thwong & nhitng muc d6 nhit dinh nao do.
Khi d6, viéc kich nd phan chién dau ¢ khoang cach cuc tiéu t6i muc tiéu khong con
co loi nhét nira.

Gia st ving ving manh dan khi né dong ctia phan chién dau c6 dang hinh
ré quat quay xung quanh truc doc phan chién dau (hinh 1.7), tén lta chuyén

dong tuong doi so voi muc ti€u va dang ¢ khoang cach nhé nhat so vo1 muc ti€u

(diém C).

’

Miit phan gi4c ving N

N
g \
R \\ 1
- 2 : A dl\ L N ~ \,
vang manh khi n6 dong Ul IR :
[N LN NN 1 J
PN AN ! S I\ i
AN Nyt S LAY ’
\ ~ [N B

’
P

Hinh 1. 7. So @6 chon thoi diém kzch no phan chién ddu

Giai thich cac ky hiéu trén Hinh 1.7:

V, [m/s]: Véc-to van toc ciia muc tiéu;

[m/s]: Véc-to vén toc ciia TLPK;

]

- 7, [m/s]: Véc-to van téc ban dau ctia manh vang khi nd tinh;
V.., [m/s]: Véc-to van tdc ban ddu ctia manh ving khi nd dong (c6 tinh
dén véc-to van toc mang ciia TLPK) bay theo duong phan giac goc go- pu (bay

trong mit phan giac cta ving vang manh khi nd dong);



27

- 7y poy [M/s]: Véc-to van tbc tuong ddi ban dau cua manh ving khi nd
dong bay theo duong phan gidc goc ¢o+ pu (bay trong mdt phan giac cua vung
vang manh khi n6 dong);

- D, [m]: Véc-to khoang cach tor TLPK t&1 muyc tiéu;

-D

o [m]: Véc-to khoang cach ngin nhat tir TLPK téi muc tiéu;

- @o+ pu [d0]: GOc hudng véc-to van tbc twong dbi so véi muc tiéu cia
manh ving khi né dong (c6 tinh dén véc-to van téc mang cua TLPK) bay trong
mit phan gidc ciia ving vang manh khi n6 dong;

- ¢ pu [d0]: Goc huéng tir TLPK dén muc tiéu.

Néu & thoi diém nay ta kich nd phan chién dau thi toan bd manh sé& bay vao
vung khong c6 muc tiéu, tirc 1a s€ khong ¢6 manh nao bay trung muc tiéu.

Thoi diém kich nd ¢6 lgi nhat 14 khi muc tiéu ¢ diém E va s& gap nhimg manh
dan bay theo mit phan gic ving ré quat ving manh khi nd dong (phan giac cta
g0¢ powd) VOi vée-to van tde cua ching 7, [m/s] c¢6 tinh dén van tdc mang cla
TLPK 7, [m/s] tai diém D. Piém D chinh 13 giao diém cta quy dao bay muyc tiéu
vGi mat phan gidc ving ré quat vang méanh khi n6 dong. Ta co:

Vorp = O+I7P (110)

Nhu vay, dé xac dinh thoi diém kich n6 phan chién du c6 loi nhat ta phai
giai bai todn gdp (va cham) gilra manh vang va muc tiéu.

Trong truong hop chung, ta phai biét cac dic trung ving ving cia manh dan va
cac tham sb chuyén dong cta muc tiéu so véi TLPK (véc-to van toc tuong ddi ciia
muc tiéu so voi TLPK 7, , véc-to khoang cach tir TLPK dén muc tiéu D, ):

—  dDm
Vu=—" (1.11)
Do d6, dé xac dinh thoi diém kich n6 phan chién déu c6 loi nhit ta chi can

do khoang cach D, va toa d goéc cua muc ti€u trong h¢ toa do lién két.
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Thong thuong, ta giai bai toan gap cho truong hop trung binh: khong tinh
dén tan mat cta cac loat TLPK khac nhau va muc tiéu c6 cac tham s trung binh
trong toan dai thay doi.

Khi d6, nhiém vu cta thiét bi do chi 1a xac dinh khoang cach Di(t) trong hé
toa do lién két gan voi TLPK. Pay la bai toan do khoang cach thong thuong co
thé giai quyét bang cac thiét bi do (ra-da, do xa quang hoc,...) dit trén TLPK
hoic tai noi diéu khién TLPK (tai noi phong TLPK). Tuy nhién, do khoang cach
Din(t) rat nho so véi khoang cach tir dai diéu khién TLPK (tir noi phong TLPK)
t61 muc tiéu va do phai do Dm(t) trong hé toa do lién két nén thuong dat thiét bi
do ngay trén TLPK.

Trén co s& cac tham sd chuyén dong muc tiéu do duoc, thiét bi tinh toan
ctia ngodi nd khong tiép xtc phai xac dinh thoi diém kich nd phan chién dau c6
loi nhit va tao 1énh kich nd. Pé lam duoc diéu dé phai giai bai toan gip cua
manh va muc tiéu.

* Piéu kién dé manh phdan chién dau gdp muc tiéu
va

Gia thi€t trong vang gap véc-to van toc cua TLPK v, ctia myc ti€u v

cta manh khi nd dong v ,, 1a khong doi.
bé dam bao cho manh gap dugc muyc ti€u thi véc-to van toc tuong doi cua

manh khind dong so v6i myc ti€u v, [m/s] phai huéng vao muc ti€u.

—

Vorprr = Vour ~ Vg = Vo tVp —Vy (1.12)
Vay diéu kién gap cua manh voi muc ti€u la:
@ Prp = (@ 0+P-1y (1.13)
Piéu kién gip cia manh chién d4u thé hién trén Hinh 1.8, trong do:
- op* [d0]: Goc tan cua TLPK;
- o [d0]: Goc hudng véc-to van tde bay tan ban ddu ciia manh vang khi nd

tinh (khi TLPK dét tinh, khong bay);
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- go+p [d0]: Goc hudng véc-to van tde bay tan ban dau ctia manh ving khi
nd dong (khi TLPK dang bay, c6 tinh dén véc-to van tc mang ctia TLPK);

- @o+py [d0]: Goc hudng véc-to van toc bay tan twong ddi ban dau cia
manh vang khi nd dong so voi muc ti€u;

- gpu [d0]: Goc hudng tir TLPK dén muc tiéu (goc xac dinh véc-to duong
ngam cua TLPK);

- Oy [d0]: Goc hudng véc-to van tdc cua muc tiéu.

Hinh 1. 8. So d6 tinh diéu kién gdp ciia manh phan chién dau

Ta co:

Vorr. Pl
18 Ppp= —0 (1.14)

0+P Xp,
trong do:
- Vo, (V8] Hinh chiéu trén truc Oxp clia véc-to van tc ban dau cia
manh ving khi n6 dong;
- Vo, [MVs]: Hinh chiéu trén truc Oypi ciia véc-to van téc ban dau cua

manh ving khi n6 dong.
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Theo hinh 1.8 va chiéu cong thirc (1.12) 18n truc Ox p; thi (1.14) c6 dang:

. _ vV, .8ing;+v, sing, —vy.sing
g¢O+P-H_ 9 (1'15)
V) .COSQy+V,.cOSa, —Vy.cos O
Vi goc tan cia TLPK ap rat nho nén c6 thé coi ap ~= 0. Khi do:
. _ V,.sing,—v.sing,
& Pop1y = 0 (1.16)
V) .COS Py +V, —Vy.cos 0,
Y v
0 . L[ .
—>-.sin@, ——.sin 6
__" Ve
18 Yoo = N " (1.17)
- cos p,——.cos G +1
VP vP

Ta nhan thay cac tham s6 cua phan chién dau, TLPK va van tdc cua muc
tiu 1a déu c6 gidi han nén néu Gy c6 bién thién trong ca pham vi (0° + 360°) thi

18 Py,p 1udn hiru han. Tac la ¢, chi dao dong trong mot gidi han xéac dinh:

Pop-1ymin = Posp-11 SPosp-11 max (1.18)
7 e . o« g A \ r 9. A VO vu \
CaC gla trl g101 han ¢O+P-u .min ¢O+P-L1.max phu thuOC vao cac ty SO V_D V_ va
P Vp

goc hudng véc-to van toc cua manh vang khi no tinh ¢, .

Vi du, v6i 22 =2, <0,5 va 9,=60" ta cd 37° <@y, <53°. Nhur vy,
V, VP

P
khoang thay doi cta Po.pyy 12 16°.

Khi d6, néu géc md ving vang manh khi nd tinh cta phan chién dau
0y > 20° va dam bao diéu kién gip cua manh sao cho goc hudng trung binh
g_00+P_H [d0] ctia véc-to van tdc twong d6i cia manh vang khi nd dong so véi muc

ti€u co gia tri @, ~45° thi du goc 6 c6 gia tri nao (muc tiéu bay véi bat cir

huéng nao so véi TLPK) manh dan van trum 1én muc tiéu.
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Nhu véy, dé dam bao sat thuong muc tiéu chi can kich n6 phan chién ddu &
thoi diém sao cho goc hudng véc-to duong ngdm cia TLPK ¢py bing goc
huéng trung binh cua véc-to van tdc tuong ddi ciia manh vang khi nd dong so

VOl muc ti€u @, -

§_00+P-u = Opy (1.19)

Véi cac thong sd vé phan chién dau, TLPK va muc tiéu khic nhau thi
(;0+P-u s€ khac nhau.

* Phoi hop déc trung ciia ngoi né khong tiép xiic va ddc trung ciia phan
chién dau

Ngoi nd khong tiép xuc (ngodi nd vo tuyén, ngoi nd quang hoc) thu tin hiéu
phan xa hodc phat vé tir muc tiéu. Néu tin hiéu thu duoc du 16n ngdi nd sé kich
n6 phan chién d4u, néu khong thi phan chién dau s& khong dugce kich né.

Nhu vay, d6i voi ngoi nd khong tiép xuc s& ton tai ving kich nd (ving lam
viéc) va vung phan ing (vung quan sat, vung nhdy cam).

Vung phan ung ciia ngodi nd khong tiép xuc 1a ving khong gian quanh
TLPK néu muc tiéu nam & do thi ngoi nd s& bit dau nhan thong tin vé muc tiéu.
Dbi v6i ngdi nd vo tuyén ving phan tmg duoc xac dinh bdi canh song an-ten
thu. D6i véi ngoi nd quang hoc ving phan tmg duge xac dinh béi ving quan sat
(trudng nhin) clia cac phan tir thu quang.

Néu muc tiéu nam & ving phan Gng nhung & khoang cach xa qua hodc
dinh hudng ctia muc ti€u ing véi gia tri nang lugng thu dugc nho (do dién tich
phan xa hiéu dung nho,...) khong du 16n dé tao tin hiéu kich n6 phan chién dau.
Do d6, c6 thém khéi niém vé ving kich nd ctia ngoi nd khong tiép xuc.

Vung kich nd cta ngoi nd khong tiép xtc 1a ving khong gian bao quanh
TLPK ma khi trong tdm ctia muc tiéu ¢ vao ving d6 thi ngoi n6 sé kich nd phan

chién dau.
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Vung kich nd ctia ngoi nd khéng tiép xac 13 mot phan cia ving phan tng.

Theo yéu cau cia ngdi nd khong tiép xtic, mudn sat thuong duge muc tiéu
trude tién ngodi nd khong tiép xtc phai thu duge tin hiéu thong tin muc tiéu sau
d6 kich nd phan chién ddu & thoi diém c6 loi, nghia 1a chi kich nd phan chién
dau khi muc tiéu & ving ma néu tiép tuc bay thi myc tiéu s& gip manh trong
vung ving manh. Néu ving ndy lai chinh 13 ving kich nd thi ¢6 nghia 1a ving

sat thwong da dugc phdi hop véi ving kich nd cta ngodi nd khong tiép xuc.

hat thu
p- - XP1
R Vmin A -

Vung sat
thuong

Fmax

Vung quan
sat muc tiéuy

Hinh 1. 9. Viing quan sdt muc tiéu va viing kinh né ciia ngoi né
Ttr nhitng phén tich cac yéu cau dat ra d6i véi ngodi nd khong tiép xuc lap
trén TLPK va nhiém vu nghién ctru, c6 thé xac dinh nhitng bai toan co ban can
phai giai nhim nang cao chit luong lam viéc cua ngdi nd st dung cong nghé
laser trén dan TLPK hién c6 nhu sau:
Bai toan thir nhit:
Xay duyng mo hinh toan hoc, cac biéu thirc tinh toan cic tham sb phuc vu

bai toan thiét ké quang hoc cho ngoi nd laser.
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Dbi v6i mdi loai tén ltra phong khong sir dung ngoi nd laser co kich thudce
khac nhau thi gia tri goc f ciing s& khac nhau. Néu tai thoi diém kich nd, gia tri
goc 4 khong phu hop vai gia tri goc ¢ thi hidu qua kich n6 tiéu diét myc tiéu s&
thip. Do d6, can phai c6 duoc mo hinh hé quang tudng minh mé ta cac mbi
quan hé phuc vu viéc tinh cac goc . Trén co s& cac biéu thirc toan hoc nay s& dé
ra giai phap tinh toan, t6i wu héa cac tham sé quang hoc ngodi nd laser dé dam
bao phdi hop bai toan ving kich nd véi ving quan sat ctia ngoi nd.

Bai toan 2:

Ti wu hoa cac tham sb quang hoc ngoi nd laser dé dam bao phdi hop bai
toan vung kich nd voi viing quan sat ctia ngdi nd.

Bai toan ndy duoc dua ra xuit phat tir viéc phan tich mdi quan hé giira
vung kich nd va ving quan sat caa ngdi nd laser trén hinh 1.9. Bé dam bao phbi
hop duoc giira ving kich nd véi ving quan sét thi trong qua trinh thiét ké hé
quang ngdi nd laser can phai dua ra duoc bo tham sb hop 1y dé dam bao phdi
hop gitra cac goc S va goc ¢ trong qua trinh tiép can muc tiéu.

Giai quyét duoc bai toan nay (t6i wu hoa cac tham sb quang hoc) s& dam
bao duoc trong qué trinh kich nd, s6 lugng manh ving s& nam tbi da trong ving
sat thuong va sé tiéu diét muc tiéu voi xac suat 16n nhat.

Bai toan 3:

Nang cao kha ning chong nhiu cho ngoi nd laser bang viéc dwa ra mot
thuat toan ma hoa tin hiéu phat laser véi muc dich chéng céc loai nhiéu tich cuc
cho ngoi nd laser, ddng thoi nang cao kha ning do va phan biét theo cu li, tir d6
nang cao duoc chat lugng lam viéc cua ngoi nd laser.

1.7. Két luan chwong 1
Tir nhitng nghién ctru tong quan vé& ngodi nd khong tiép xtc, cac dic trung cla

ngoi no ta rat ra mot so két luan sau:
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1. Nghién ctru bai toan nang cao chét luong 1am viée cta ngdi nd khong tiép
xic n6i chung va ngdi nd laser ndi riéng 1a co tinh cap thiét va thuc tién cao trong
giai doan hién nay trong viéc 1am chu cac trang bi khi tai tén lira thé hé méi. Qua do
dua ra dugc cc giai phap k¥ thudt ning cao chét lugng lam viée ciia ngdi nd laser,
tang kha nang ti€u diét muc tiéu.

2. Can thiét phai dua ra dugc mo hinh toan hoc cho viéc tinh toan hop 1i cac
tham s ctia hé quang ngoi nd laser dé dam bao nang cao d6 nhay cho tuyén thu, ting
kha ning do va phan biét muc tiéu theo cu li dé dam bao phdi hop bai toan ving
vang manh dan vé1 vung sat thuong.

3. Nang cao kha ning chdng nhiéu bang viéc dua ra thuat toan ma hoa tin hiéu
xung do may phat laser, dam bao chéng nhiéu tich cuc dic biét khi lam viée & cu li
gin muc tiéu.

Trong nhiing chuong tiép theo 1a nhitng ndi dung lién quan tryc tiép tdi viée

giai ba bai toan da néu va mo phong danh gia két qua ctia timg bai toan.
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Chuong 2
NGHIEN CUU THIET KE HE QUANG HQC
CHUYEN DUNG CHO NGOI NO LASER

Ngay nay, ngoi nd laser dugc str dung trén nhiéu loai TLPK. Hoat dong cta
ngodi nd laser dugc dya trén viée chiéu tia laser tir ngudn phat dit trén ngoi nd
1én bé mat muc tiéu, ngoi nd nhan va xir 1y chum tia dugc tan xa lai tir bé mat
muc tiéu, tir d6 xac dinh chinh xac khoang cach tir TLPK dén muc tiéu va tao ra
tin hi¢u kich no.

Nhu di dé cap tai chuong 1, dic trung quan trong cua vung quan sat cua
ngoi nd laser 1a goc nghiéng S pi, goc ma tinh theo mit phang xich dao ¥ p va
cac cu ly quan sat 7min, Fmax.

Pé tao ra vung quan sét tot, voi kich thudc ciia TLPK khong 16n nén trong
ngoi no laser lap trén TLPK thuong phai str dung laser ban dan 1am viéc & ché do
xung. Dé str dung laser ban dan can phai lip thém hé quang chuyén dung dé tao ra
chum laser c6 thiét dién dang vét thang, c6 goc mo trong mit phang kinh tuyén - la
mat phéng cadt theo truc doc ciia TLPK nho (téi da 1a mdt vai do) va goc mo trong
mit phang xich dao - la mdt phang cdt ngang theo dwong kinh ciia TLPK 16n (trén
90°) va xién trong mit phang kinh tuyén (xién so voi mat phang xich dao) mot goc
Pit ph. D& dam bao ving quan sat 360°, ngodi nd laser thuong co 4 dén 6 cip phat -

thu laser b6 tri déu theo mit phang xich dao.

Vi tri ldp bo phan phat va bo
phan thu ctia ngoi nd laser

Hinh 2. 1. Vi tri ldp ngoi né laser trén TLPK tam thdp “Hena-1” (Nga)
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Theo cach bo tri nhu trén, ving quan st cua ngoi ndé dugc tao ra la vung
xung quanh cuta hinh chop cut déu (hinh 2.2). Khi St phi, Skt 1 khd nho (mot vai
dd) va Fimax >> Ik pr (gap vai lan) thi fipe = 0 va mat quan sat cua ngoi nd laser co

thé dugc xem 1a hinh vudng bi khuyét hong & giita.

Fonax

Frmin

Viing (bé mdt) quan
sdr ctia ngdi né
Hinh 2. 2. Viing quan sdt ciia ngoi né (biéu dién trong mdt phang xich dao)
Bing 2. 1. M{t s6 tinh nang chinh ciia TLPK tam thdp “Hena-J]” (Nga)

T Tinh ndang Don vi Gia tri
1 | Chiéu dai mm 1635
2 Duong kinh than mm 72

Vi tri
thu,
phat
cua
ngoi

no6
laser

Hinh 2. 3.Vi tri ldp ngoi né laser trén TLPK tam gin AIM 9L Sidewinder (My)
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Bing 2. 2. Mot sé tinh nang chinh cia TLPK AIM 9L Sidewinder (My)

T Tinh nang Don vi Gia tri
1 | Chiéu dai mm 2830
2 | Buong kinh than mm 127

Vi tri lap bo phan phat
va bd phan thu cua ngoi [~
nd laser

Hinh 2. 4. Vi tri ldp ngoi né laser trén TLPK tam gan V3C Darter (Nam Phi)
Bing 2. 3. Mot s6 tinh nang chinh ciia TLPK V3C Darter (Nam Phi)

T Tinh nang Don vi Gia tri
1 | Chiéu dai m 2,74
2 | buong kinh than mm 157

Trén co so khao sat, do dac cac thong so két cau hinh hoc ctia ngoi no

laser lap trén TLPK tAm thip “Urma-J]” (Nga) va trén TLPK tdm gan AIM 9L

Sidewinder (M¥) ta co:
Bing 2. 4. Két qua do mét s6 théng s6 két cau hinh hoc theo hinh vé
dp Ly Itpt | Litpt | *ept | diiph | diitn
[mm]| [mm] | [mm]| [mm]| [mm]| [mm]| [mm]
“Urna-J1” (Nga) 72 1635 | ~23 | ~46 | ~35 | ~12 | ~12
AIM 9L Sidewinder (My) 127 | 2830 | ~25 | ~65 | ~45 | ~20 | ~20

Bai toan dit ra luc nay 1a can phai cé nhitng tinh toan hop 1y d6i véi cac
tham s6 hé quang dé sao cho chum phat tia laser c6 dang hinh kim, c6 géc mé
trong mit phang kinh tuyén nho va géc mé trong mat phang xich dao 16n.

Bai toan dit ra ¢ trén néu giai quyét dugc s& dong gop khong nho trong

viéc xac dinh, do chinh xac cac tham s6 muc tiéu (cy li, van toc ti€p can...) cling
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nhu ting kha niang phan biét theo cu li. Tir d6, gop phan nang cao chit luong
lam viéc cho ngoi nd laser va ting kha ning xac suét tiéu diét muc tiéu.

Tir nhimg phan tich va danh gia ¢ trén, ndi dung ctia chuong s& dé xuat mot
hé quang chuyén dung cho ngoi nd laser, déng thoi dua ra mot sb biéu thic toan
hoc, tinh toan bo tham s quang hinh dé phuc vu bai toan tdi wu héa dbi véi goc .
2.1. Co sé tinh toan hé quang hoc chuyén dung cho ngoi no laser [6], [8]

Déi v6i bat ky mot hé quang chuyén dung thong thuong bao gdm cac thanh
phan sau:

- M6t hé thau kinh va mot man chin (man chin c6 khe ho hep va dai cho
anh sang laser di qua);

- Mot hé thdu kinh duge che kin mot mat (dé khe hé hep va dai cho anh
sang laser di qua);

- M6t thiu kinh dic biét (1a mot phan hinh tru va c6 dang thanh dai).

O ngoai cung ctia hé quang con c6 tim kinh phang, mong c6 tac dung loc chi

cho &nh sang laser nam trong phd xéc dinh di qua va c6 tac dung lam kin dé bao v¢.
g 1 5%
2 L |

G J,O

4 . ! S 1

4 S N

3’ /wa F ‘3Jp F ¥
kX /w >0

(a) (b)

vaf f

Rl
F s
-

(c) (d)

Hinh 2. 5. Nguyén ly tao chum tia 6 song song va chum tia 16 phan ky

(a) Nguon sang ¢ dang diém, nam trén mat phang tiéu cu; (b) Nguon sang ¢ dang
diém, dich chuyen ra khoi mit phang tiéu cu vé phia thau kinh; (¢) Ngudn sang c6
chiéu rong, nam trén mat phang tiéu cu; (d) Nguon sang cO chiéu rong, dich chuyén ra
khoi mat phang tiéu cy vé phia thau kinh.
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Khi nguén sang duogc dat chinh xac tai mat phéng tiéu cu cta thau kinh va
kich thudc ngudn sang khong dang ké (chum tia sang di tir mot diém sang trén
mat phang tiéu cu) thi tia 16 ra sau thau kinh 13 chum tia song song (Hinh 2.5.a).

Tuc 13, dé c6 dugc chum tia sang 16 ra sau thau kinh 14 chum tia song
song thi ngudn sang phai & dang diém va phai dugc dit chinh xéac tai mit phing
tiéu cu cta thau kinh.

Ngoai ra, s& c6 hai cach dé tao goc mé cho chum tia 16 nhu sau: (i) Piéu
chinh dwa vi tri dat ngudn sang ra khoi mit phing tiéu cu, dich vé phia thau kinh,
di mot doan nho (Hinh 2.5.b va 2.5.d); (ii) Tang kich thudc cua ngudn sang
(Hinh 2.5.c va 2.5.d).

Vi duong di cua anh sang c6 tinh thuan nghich nén nhitng két luan nay
dung cho ca ngudn phat laser cta thiét bi phat laser ciing nhu ctia dau thu quang
ctia thiét bi thu laser.

Trong ngodi nd laser, ngudn phét laser va dau thu quang gan nhu nam trén
mat phang tiéu cu ciia cac thau kinh twong tmg. Theo cic tai liéu tham khao [6],

[8], ndi dung cua céc tai lidu ndy trinh bay rat so luoc hé quang chuyén dung cta

ngodi nd quang hoc nhu hinh 2.6:
Phit Thu

Hinh 2. 6. Nguyén 1y cdu tao ctia hé quang ngoi nd quang hoc
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Dua trén co s& nay, ludn an dé xuat nghién ctru va phat trién mot thiét ke
chi tiét hé quang chuyén dung ¢ dang gdm hai thau kinh va mét man chan nhu

hinh 2.7.

Ngudn phat laser —_ Sph=Fph1 It me ph
ThAu kinh phat 1 - Xme ph
ph /
Théu kinh phat 2
O,
Xph
, Foha 7 Y P
Man chan phat
P Joo g Tmem
/ V/ lxd me ph
/
A
Wit ph
ﬁkt ph1i
£ «t ph
ﬁ kt ph2 Z : dph
Ykt ph o /
./'
/
YAa ph /
4
Phin bé mit muc tiéu _,"
duoc chicu laser (S, ' e
,. -
——— ° °
,/
/;Ph /1 ktph / a).
o r f Ngudn phat laser Sonl = Flpn
o Théu kinh phat 1
£ z ) ph
Op Thau kinh phat 2
N
F’ph . "ph2
N Man chén phat 3
[ [ Opns
ﬁ kt phl Y xdph
—_— o)
ﬂkt ph2 Bé mat muc tiéu ¥/ xdptf> 90
‘[ \ N oL 3 v
Phan bé mat muc tiéu Vph
Yrph duoc chiéu laser
b). 9)

Hinh 2. 7. Neuyén Iy cdu tao ciia hé phat laser diing man chdn dwoc dé xudt
trong do :

- Chi 86 “4¢” va “i” twong tmg chi mat phang xich dao va mat phang kinh tuyén.
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- Chi s6 “,n” va “a” twong tmg chi thiét bi phat va thu laser;

- Sph, Sth: Ngudn phat laser va dau thu quang/PIN/APD;

- Oph1, Opn2: Quang tAm ctia cac thau kinh phat 1, 2;

- Om1, Omz2: Quang tdm cua cac thau kinh thu 1, 2;

- Oph3, Oms: Quang tdm ctia man chan phat va man chan thu;

- Fpn1, Fini: Tiéu diém trude cta thiu kinh phat 1 va cac thu kinh thu 1;

- F’pn2, F'uno: Tiu diém sau ctia thdu kinh phat 2 va thau kinh thu 2;

- Fpn2xph, F o xm: Truc quang cua quang thiét bj phét va cta thiét bi thu laser;

= Ikt me phy Ikt me m[m]: DO rong khe hé (trong mit phang kinh tuyén) ctia man
chan phat va ciia man chan thu;

= Lxd me phy Ixd me n[m]: Chiéu dai khe ho (trong mit phang xich dao) cia man
chén phat va ctia man chin thu;

- Xme ph [m]: Khoang cach tir tAm ctia man chan phat (tr truc quang) dén
mép dudi cua khe hd (toa @6 x khe ho trén man chin phat);

- Xme n [m]: Khoang cach tir tim cta man chan thu (tr truc quang) dén mép
dudi cua khe ho (toa do x khe ho trén man chin thu);

- Yme ph [m]: Khoang cach tir tiéu diém sau cua cac thau kinh phat va tdm
ctia man chan phat (tinh theo truc Oy);

- yme i [m]: Khoang cach tir tiéu diém sau ctia cac thau kinh thu va tm cua
man chin thu (tinh theo truc Oy);

- Wxd phy Wit ph [d0]: GOc md trong mit phang xich dao va trong mat phang
kinh tuyén cta thiét bi phat laser;

- Wid th, Wit [d0]: Goc mo trong mit phang xich dao va trong mit phang
kinh tuyén cta thiét bi thu laser;

= Brt pht, Pt pha, P ph [d0]: Cac goc nghiéng trong mit phang kinh tuyén cta

bién gan, bién xa va trung binh ctia chum laser 10 ra tir thiét bi phat laser;
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- Bt Pz, Pt [d0]: Cac goc nghiéng trong mit phang kinh tuyén cua bién
gﬁn, bién xa va trung binh ctia chum laser co thé duoc thu vao thiét bi thu laser;

- 8", S’tn, S’pt [m?]: Dién tich phan bé mat muc tiéu duoc chiéu laser, c6
thé dugc thu laser va phan giao nhau gitra ching;

- Ikt phy Ukt thy ke pe [m]: Chiu rong trong mit phang kinh tuyén twong tng
cua cac phﬁn dién tich bé mat muc tiéu S’pn, S, S pt;

= Ixaphy 1" xd thy, I’ xd pt [m]: Chiéu rong trong mit phang xich dao twong tng
cua cac phﬁn dién tich bé mat muc tiéu S ohy S thy S pts

- X o, X't [m]: Khoang cach tir giao diém truc quang thiét bi phat laser va
thiét bi thu laser véi bé mit muc tiéu dén mép dudi tuong ting cua cac phén dién
tich bé mat muc tiéu S’pn, S, S’pt (toa d6 ctia cac phan dién tich do);

- dp [m]: DPuong kinh ngoai TLPK.

Céc thau kinh phat 1 va 2 1a cac thau kinh ghép ddi ¢ tac dung nhu mot
thau kinh hoi tu, thudng cé céu tao tir hai thdu kinh 16i - phang (hai mat phang
dugc ghép sat nhau) hodc 1a cac thau kinh tiéu sic gdm hai thau kinh hoi tu 151 -
16i ¢ giita va hai thdu kinh phan ky (16m - phang) ¢ ngoai cung.

Man chén c6 thé c6 mot trong hai dang cAu tao nhu sau:

- La mdt tim phang, mong, trong sudt. Mot mit duoc phu mot 16p can
quang. Trén bé mit can quang ta dung phuong phép khic axit dé tao mot khe ho
nhé va dai cho anh sang laser di qua.

- La mot tAm phang, mong, duoc lam tir vat lidu can quang. Trén man chin
c6 mot khe hd nho va dai cho anh sang laser di qua, duogc tao ra bang phuong
phap khic axit. Tai vi tri khe ho, bé day cia man chin cang nho cang tot (trén
dudi 0,5 mm).

Man chin duoc dat cach mat phéng tiéu cu trudc cla cac thiu kinh mot
khoang yme ph. Truc cia man chin va truc quang cac thiu kinh tring nhau. Mép
dudi cua khe ho gan sat véi tim ctia man chan, cach tAm cta man chin Xme ph.
Mép trén ctia khe hd cach tdm cua man chin mot khoang bang Xme ph + lkt me ph.
Ngudn phat laser ndm trén tiéu diém sau cta cac thau kinh.

Theo tinh chit ctia phan xa 4nh séng ta phai dung hé quang cta thiét bj phat

laser va hé quang cta thiét bi thu laser d6i xtng v6i nhau qua mot mit phang
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xich dao, chi c6 mot diém khac 1a tai vi tri cua ngué)n phat laser ¢ thiét bi phat
laser 12 dau thu quang cta thiét bi thu laser (hinh 2.8).

Ngu on phat lade x\_\‘ Sa=Fa  Sa=Fu bién tro quang
r fe=es

He thau kinh phat 1~/ Quif \ |!Oa1 __— Heé thau kinh thu 1

Heé thdu kinh phat 2| O, Y | 1'0p _— He théu kinh thu 2

Mang chan phit

Mang chan thu

Phin bé mat muc tiéu .,/

dugc thu lade (S7) ;\J{:’;
._.?._ — il

Phén g’aé nhau rén bé mat muc tiéu (S)
(Phdn bé mat myc tiéu duge chigu lade giao v6i phin bé mit muc titu duge thu lade)

/__Phén bé mat muc tiéu
dugc chi€u lade (S)

Hinh 2. 8. Nguyén 1y hé quang diing man chan trong thiét bi thu - phdt laser
2.2. Xay dung biéu thirc tinh toan mét s6 tham s6 quang hinh hoc quan
trong ciia ngoi no laser

Trén co s& moi quan hé giita cac tham sd quang hinh hoc luan 4n tién hanh
xay dung biéu thtrc tinh toan mot s6 thong sé quang hinh hoc cia ngoi nd laser.
Lu4n 4n xét ddi véi trudng hop kich thude ngudn laser rat nho va phai st dung
hé quang dé ting goc mo.

Nhu di phan tich & phan trén, di v6i ngoi nd laser lap cho TLPK, khi myc
tiéu ndm trong ving quan sat, phan dién tich muyc tiéu duoc chiéu laser va phan

dién tich muc tiéu duogc thu laser s€ co phﬁn giao nhau. Mot phén chum tia laser
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tan xa trén phan giao nhau d6 s& di qua hé quang cua thiét bi thu laser. Mudn
vay, truc chum tia laser cta thiét bi phat laser va truc chum tia laser cua thiét bi
thu laser phai nghiéng trong mit phing kinh tuyén so véi tryc ctia ngdi nd mot
g0¢ P ph, Prith [6].

Céc phuong an tao goc nghiéng cho chum tia laser nhu sau:

Phuong an 1: Dt ngudn phat laser va thiét bi thu 1éch khoi truc quang cua
cac hé quang (theo mat phing kinh tuyén). Phuong 4n nay phu hop véi nhitng
truong hop khong yéu cau khit khe vé kich thude ngudn phat laser.

B§ phan phdt xa B§ phdn thu xa
Af,,  Ax, I Ax, A,

phy kipt

ktpt ] Jtth

max

~ Vi /2

Bé mat muc tiéu

\

0

ph xdih

Hinh 2. 9. Nguyén 1y tao ciia hé quang ngoi né quang hoc chii dong PAl
(biéu dién mot cdp phat- thu trong mdt phang kinh tuyén)
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Phuong 4n 2 (hinh 2.10): Nghiéng ca thiét bi phat laser va thiét bi thu laser
trong mit phang kinh tuyén. Ngudn phat laser va thiét bi thu c6 dang vét manh dai
(kich thudc theo mit phing kinh tuyén ~ 0,1 mm, kich thuéc theo mit phang xich

dao ~10 mm) duoc dit trén truc quang cia cac hé quang tuong ung.

*
Bo6 phan phat lade lklpt B0 phan thu lade
0 pha R Y
) Ngudn thu lade
Nguodn phat lade ! £
Stf=Fih
Théu kinh phat Théiu kinh thu
Othy |- -
7 x> J ] ] .
;s WOm2 Q
! 7 I'min
i kt th
S | Jv
i | Prtph1 B
i . N Lkt th
ﬂkt th2 r I'max
‘}P ’ \
— IR
N
Mat lam viéc : Y
: "
A il / “\ﬁ "
Voh § Vi Y ,
: ! = ¥
E 14 Ikz‘pt : m 1
_A—i' ______ l 1;
|
' I '
l.\’drh 1 S SPh l.\-dph
|
V Jeeemeca- /
lknh - '
B lklph R

Hinh 2. 10. Nguyén Iy tao ciia hé quang ngoi né quang hoc chii dong PA2
(Nghiéng ca thiét bi phat va thu laser)
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Phuong 4n 3 (hinh 2.11): Ding mang chin c6 khe hé manh va dai dat & cac
dau ra cua cic hé quang. Ngudn phat laser va thiét bi thu ¢ dang diém nho, duoc
dat trén truc quang cua cac hé quang tuong tng. Kich thuéc khe ho theo mat

phang kinh tuyén ~ 0,1 mm, theo mit phing xich dao ~10 mm.

B0 phan phat e B phan thu
lkt 2l < lkt thl
Sph = thl Sth = F;hl
f phl I 4 I ftlhl
7 <> p
phz 3 F F $ th2
Ay ymcph ph2 h2 #@/ Aymcth
mcph \4 .
,,,,, 7 oy X
Ik; 7, ‘ Zkz wol 1 ?
ch ph> lkt me ph A / I xmc " Ikt e th min|
Vit ph v -
| r
ﬁkt 7MY “al Baw r
ng[ ph | / { B\ | ﬂkt "
B N\ G\ H
Bra e \LL L
i — ! kt th?
/

xdph

Hinh 2. 11. Nguyén Iy tao ciia hé quang ngoi né quang hoc chii déng PA3

(Sor d6 tinh todn véi ngoi né laser trong mdt phang kinh tuyén)
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Nhan xét:

- Phuong 4n 1 va phuong an 2 ¢6 wu diém 1a ding hét toan bo niang lugng cua
chum tia laser. Tuy nhién cé nhuoc diém 1a kho khan trong viéc hi€u chinh vi tri
ctia ngudn laser va APD photodiode dé dat chinh xac goc nghiéng theo yéu cau.

- Phuong 4n 3 ¢ wu diém 1a d& dang thay doi goc 1éch chum laser theo yéu
cau, linh hoat trong viéc diéu chinh huéng cua chum tia phat. Tuy nhién c6
nhuge diém la khong tan dung hét ning luong ngudn laser do mot phan buc xa
laser bi chin béi man chan.

Phuong 4n 3 phu hop voi bai toan dang xét. Véi cu ly lam viée ciia ngoi
can dich, chi cin laser céng sudt trung binh, mic du bj suy gidm ning luong
nhung véi cu ly gan van dap tng duoc. Phuong an 3 c6 thé md rong hudng
nghién ctru sau nay d6i v6i truong hop tén lira vira bay vira diéu chinh goc cua
chum tia.

*) Xét mot cp phdt - thu laser trong mat phdng kinh tuyén:

Ta s& dung phuong an quang hinh nhu phuong an 3 (hinh 2.11) dé tinh toan.

Hau hét cac thong s6 quang hinh hoc cua thiét bi phat laser va cua thiét bi thu

laser 13 twong tu nhau va twong (mg x4p xi bang nhau nén ta chi can thiét 1ap cac

cong thirc tinh cho thiét bi phat laser sau d6 thay chi s6 “,n” (phat) thanh chi sd
“4” (thu) dé nhan duoc cong thirc twong tng cho thiét bi thu laser.

Tt cac quan hé hinh hoc nhu hinh 2.7, ta ¢6 cac cong thirc tinh kich thudc

Ikt ph 2 clia anh ngudn phat laser va lm 2 cia anh dau thu quang tai mat phang tiéu

cur sau cua cac thau kinh twong tmg, tinh theo mit phang kinh tuyén nhu sau:

I .=1 Jmz =1 Ju> 2.1)
kt ph 2 ktphl* > “ktth2 ktthl*® .
’ T o S

trong do:
- i ph 1, I v 1 [m]: Kich thude nguén phat laser, dau thu quang theo mat

phang kinh tuyén (tai mit phang tiéu cy trudc cia cac thau kinh);
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- foh 1, fpn2 [m]: Tiéu cy trude va sau cia cac thau kinh thiét bi phat laser;
- fin1, fin2 [m]: Tiéu cu trudc va sau cla cac thau kinh thiét bi thu laser.

+ Cac goc nghiéng L ph va [ cua vung quan sat. Theo hinh 2.11 ta co:

Xooon = biona /2
Brpn = arctg "hy i 2.2)
mc ph
Xooon T hoonn/2+ 1000
Prapna = arctg—t i b (2.3)
ymc ph
ﬂktph ~ ﬂktph 1 +ﬂktph2 ~ arctg xmcph + Zktmcph /2 (24)
2 ymc ph
Xoom = bama /2
P = arctg thy k:“ (2.5)
mc t]
Xoow T lhiwr/2+1
ﬁkt hy = aI‘Ctg mc th ktth2 kt mc th (26)
ymc th
Bew 1+ Xoom T himen /2
ﬁknh ~ IZktth 1 5 ktth2 arctg th kt mc th (27)
ymc th

+ C4c g6C MG Wii ph VA Wit CUA VUNG quan sat trong mat phang kinh tuyén
dugc xac dinh theo cac cong thirc gan ding sau:

Wtph = Pieph2 = Pieph ;o Ykt = fam2 - P (2.8)

+ Truong hop bé mit muc tiéu song song voi truc doc TLPK, chiéu rong

I’ ph cUia thiét bi phat laser duoc tinh nhu sau:

Ta co:

['keph=CH - CD (2.9)
CH ~ (7 + Yme ph) - t€ Bic ph2 (2.10)
CD = (¥ + Ymeph) - t€ Preph1 (2.11)
Vay:  [kiph® (7 + Ymeph) . (t€ Priph2 - t€ Priph1) (2.12)

Tuong tu véi thiét bi thu laser:

Ukith = (7 + Ymeth) - (1€ Preth2 - t€ Preth 1) (2.13)
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+ Khoang cach r* dugc xac dinh gan dang bang cach giai tam gidc

Fpn2FimoM nhu sau:

cos f3
F._M =F_F_ .— b 214
ph2 pha 2 sin(B,, ph T Biwn) ( )

oS B on - €08 B
r * = thZM . Cosﬁktph _ymcph - A.ymcph ~ thZFch : . :
sin( S, ph T Biw)

+ Tuong tu, khodng cach rmin x4c dinh viing mu ctia ngodi nd laser dugc

(2.15)

tinh gan dung bang cach giai tam giac FpnoFnA nhu sau:

* *
o €oS Sy - €08 By N L N Lo
~ ktpt * . ~ ~
P sin( 3, I Biw) 2.tgfy, ph 2.tgB

COS
thzA = th2Fth2 - lBkt 2
sin(f3,, ph2 T Biina)

FPoin = (thzA + 1, lade ph2 /2+ Iktdtq ph2 /2). CosﬁktphZ ~ Vincph _Aymcph (2.18)

¥

(2.16)

(2.17)

COSﬁktphZ . COS B2

rmin ~ F F : . 219
pha” 2 sin( B, ph2 + Bin2) ( )
" COS .COS
Vay: -~ 2 ﬂktph2 Piiina (2.20)
sin( B, ph2 T Brinz)
I I
Hoiac: r,  ~ —= i (2.21)

min ~ ~
2.tgf, ph2 2.8 o
+ Tuong tu, khodng cach rmax xac dinh gidi han xa cua ving quan sat ctia ngoi

no laser duoc tinh gan dang bang cach giai tam gidc FonoFunoK nhu sau:

COS
F th _ F th ‘ ﬁktthl
P p th2 .
sin(B,, ph1 T Briw)

rmax ~ (thlA + lkt lade phl /2 + lktdtq phl /2) . COSIBktphl _ymcph _Aymcph (223)

(2.22)

. AT Cosﬂktph]‘cosﬂktthl

ma ph2~th2 * .
’ sin(f3,, ph1 T Bin)

(2.24)
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x Cosﬂktphl . COS By

Vay: r =
DO max ktpt * .
sin(f3,, ph1 T Bawm)
I N
- kt pt kt pt
Hoac: r, = — I
2.tgf, phl 2.8

+ Khoang lam vi¢c Ar ctia ngoi no laser sé€ la:

A¥ = Fmax - "min

(2.25)

(2.26)

(2.27)

Céac dai luong #min, max va Ar khong phu thudc vao vi tri twrong doi ciia bé mat

muc ti€u so véi TLPK ma chi phu thudc vao cac thong s6 cuia ngoi nd laser.

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

Hinh 2. 12. Xdc dinh géc mé trong mdt phang xich dao Wea ph
cia thiét bi phat (thu) laser, truong hop coi Bupn = Pmn ~ 0

Mit phang d6i xtmg (truc ddi xtng) cta ngudn phat laser va truc quang cua

thau kinh tat ca cac thiét bi phat laser gan nhu cing nam trong mot phang xich

dao (goi 1a mit phang xich dao chura thiét bi phat laser). Mat phang d6i xtimg
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(truc dbi xtmg) ctia dau thu quang va truc quang cua thau kinh tit ca cac thiét bi
thu laser ciing gan nhu cling nam trong mot phang xich dao (goi 1a mit phang
xich dao chira thiét bi thu laser).

+ Trudc hét, ta co cac cong thire tinh kich thudc L ph 2 clia anh ngudn phat
laser va I 2 clia anh dau thu quang tai mat phang tiéu cu sau cta cac thau kinh
tuong ng, tinh theo mat phang xich dao nhu sau:

Zxdphl . @; Lama=lam: - Ju:
f@l ﬁm
+ Goc md trong mat phang xich dao yia pn cia thiét bi phat laser va yia m cla

thiét bi thu laser (hinh 2.12) s& la:

[

xdph2 —

(2.28)

[

X ph2+l

x mc ph

Wy pn =2 .arctg

/ (2.29)
2 kt mc ph 2
2'\/'xmcph+(ymcph+ t2P )
l/jxd "= 2 . arctg lx th2 + Zx mc t;l (2 30)
2 x2 + + ‘ktmeth 2 .
\/ mc th (ymcth 2 )

+ Ving mu trong mit phang xich dao:

Vi giita cac thiét bi phat laser c6 khoang cach tinh theo duong tron xich dao
nén trén mat phang xich dao chira thiét bi phat laser van ludn c6 4 ving mu.
Tuong ty, trén mat phéng xich dao chtra thiét bj thu laser cling luon c6 4 vung
mu [8].

Ban kinh ving mu trong mat phang xich dao cua thiét bi phat laser la:

dp . SINT —W 4,/ 2)

D= & sinOCD = -
sinODC 2.sin(7/4 -y, ./ 2)

d,. sin(t//xdph /2)
2.8in(w /4=y 4/ 2)

OD =
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d,.sin /2
rminxd h — DB=0OD-0B= -P (y/xdph ) . ﬁ
p 2.sin(m/ 4 -y 4, /2) 2

' /2
rminxd h — ﬁ : . SIH(l//Xdph ) - 1 (231)
T2 |sin(z /4y, /2)

. l//xdph
- ﬁ \/E'COSﬂktph - 2 - 1
2 \/1+cosz,5ktph W apn 1 ¥ xaph €08y pn
:Bktph- Sin — Cos ) 2
i 2 \/1+cos Brion 2 \/1+COS Bon
Hay:
W N
2 .sin e
4 V2 sin= B (2.32)
minxdph ~ : l// l//
sin e _ cos"—zdph . cosé’ktph

/

Nhu da néu, vi S phrat nho nén cosfiiph~ 1 va sinfiipn= 0 va ta co:

~

rminxdph NE' l//d .
n ke

~1 (2.33)

Tuong ty, ta c6 ban kinh viing mu trong mit phing xich dao cia thiét bi thu
laser s€ la:

~

Fninxdth =

1 (2.34)

sinm - cosm . o
2 2
Va cling vi Sk m rat nho nén cosfim= 1 va sinfam= 0 va ta co:

x/z.sinl/lxz‘hh

. deth
SiIn——

< D

v_. < —
min xd th .
2

1 (2.35)
l//xdth
0SS —

2

—C

Ta co: Vmin xd ph = V'min xd th (236)



53

Do duong kinh TLPK kha nhé so véi kich thudce bé mit muc tiéu nén khi
muc tiéu d3 nam trong ban kinh lam viéc cta ngdi nd laser thi trén bé mit muc
tiéu ludn c6 phan dién tich dugc chiéu laser va thu laser. Ngoai ra, phan dién
tich nay thuong 16n hon kha nhiéu so véi phﬁn dién tich bé mat muc tiéu ndm
trong ving mu, diéu ndy duoc thé hién trén hinh 2.12: doan NP nam trong ving
mu, doan NG nam trong vung chiéu laser va thu laser, diéu nay chtng to ving
mu trong mit phang xich dao hau nhu khong anh huéng toi su kich nd ciia ngoi
n6. Do d6 ta chi quan tim dén ving mu trong mat phang kinh tuyén.

+ Chiéu dai tinh theo mat phang xich dao ctia phan bé mit muyc tiéu duoc
chiéu (thu) laser I’k pn duoc x4c dinh theo so dd da don gian hoa (hinh 2.13)

nhu sau:

1 & - e
 Be mdatr muc rneu
Xph +

Hinh 2. 13. So doé xdac dinh chiéu dai tinh theo mdt phcfng xich dao cua

phan bé mdt muc tiéu dwoc chiéu (thu) laser 1w pn (vé twong trung)

Vi duong kinh dp cia TLPK khong 16n nén doan AH c6 thé coi 1a khoang
cch tir TLPK dén bé mit muc tiéu r, tic 1a: AH ~ r
Ta c6: AD = AH/cosjdpn= r/cosyxaph; KE =~ HD = AH . tgydaph = 7 . t€%d ph
AD r

AE = ~
cosf3,, ph cosf,, ph *COSY dpn
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KAE = arsmE ~ arSlIl(COSﬂktph-SmV xdph)

KAB = yxaph /2 + KAE =yiapn / 2 + arsin(cos S ph . SN J%d ph)
KAC = yiaph/ 2 - KAE =yxiapn / 2 - arsin(cos St ph . SN %d ph)

r’ r?.sin’y,
AK = JAE’-KE? ~ — ~ dph o
COS” ¥ apn

2 2
COsS ﬂktph'coS ]/xdph

2 c 2
r.\/l—cos Bicon- SNV g0

COSIBkt ph 'Cosyxdph

KB = AK.sinKAB ~
2 - 2 . . .
r.\/l— COS” Byon - SIN Yy - SIN[Y oy /2 + arsin(cosf, - siny ;)]

Cosﬁkt ph 'Cosyxdph

KC = AK.sinKAC =

2 c a2 : . .
N r.\/l— COS™ By - SIN Y - SIN[W, /2 — arsin(cosfy, - siny, )]

Cosﬂkt ph 'COS?/xdph

BC=KB+KC=

~ r.\/l— COS” B - SIN"Y gy 2. 8IN(W 1 /2).cOs[arsin(cos B, , - siny,, ;)] -

Cosﬂkt ph ‘Cosyxdph

2.r.sin /2).(1- cos® .sin’
l’xdph — BCz (l//xdph ) ( ﬂktph }/xdph) (237)
Cosﬂktph 'Cosyxdph
Vi TLPK thuong quay quanh truc doc nén ludn cé thoi diém cos yxda ph = 0,
khi do:
2.r.si /2
SN, 4p/2) 038)

cosf3,, ph

2 ~
l xdph ~

Ky hiéu goc gitta cac truc quang cia cip phat - thu laser va phép tuyén véi

bé mat muc tiéu 13 yxa pn (hinh 2.13). Hinh dang cta cac phan dién tich S, S’
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va S’y con phu thude vao vi tri twong dbi giira bé mat muc tiéu va TLPK (phu
thudc vao goc %ad ph). Khi apn= 0 thi cac phan dién tich Sy, St va Spila cac dai
hinh chir nhat, khi y%aph> 0 thi chiing 1a cac dai hinh thang.

Theo hinh 2.11 va cac cong thic (2.3), (2.6), (2.20), (2.21), dé giam khoang
cach xac dinh ving mu 7min ta phai ting cic goc nghiéng trong mat phang kinh
tuyén Su ph2, St 2 hodc giam khoang cach gitra hai truc quang ctia cac thau kinh
I¥y p; cOn dé ting cac goc nghiéng fi pho, S w2 ta phdi ting khoang cach tir tim
ngudn phat laser dén truc quang cua thau kinh xmeph hodc gidm cac gia tri tiéu cur
Jfoh2, fin.

Theo hinh 2.12 va cac cong thic (2.28), (2.29), (2.30) dé tang cac goc Yxd
oh, Wxd th ta phai ting bé rong trong mit phang xich dao ctia ngudn phat xa va cia
dién tré quang lxd phi, Ixd 1 hodc gidm cac gid tri tiéu cu fon1, fin1 VA tang fono, fino.

2.3. Két luan chwong 2

Trén co s& mdi twong quan gitta cic tham s6 quang hinh, luan an da ting
budc phan tich, danh gia anh hudng cta cic tham sé hé quang dén ving quan sat,
ving mu, ving lam viéc cta ngoi nd laser trong 2 mit phang kinh tuyén va mat
phang xich dao.

Bén canh d6, luin 4n d3 dé xuit mé hinh toan hoc cho hé quang chuyén
dung ngoi nod laser, xay dung cac biéu thirc toan hoc tinh toan mét sé tham sb
quang hinh hoc quan trong ctia ngoi nd laser. Cac biéu thiic toan hoc nay sé& lam
tién dé cho viéc khao sat, danh gia anh hudng cua tham sé quang hinh hoc dén
thong sb 1am viéc cta ngodi nd laser; dong thoi, ludn an s& dé xuat cac phuong
phap va thuat toan xac dinh cac tham sb hop Iy cho hé quang (s& trinh bay trong
chuong 3).
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Chuong 3
NGHIEN CUU TiNH TOAN THAM SO HQP LY CHO HE QUANG CUA
NGOI NO LASER

Nhu d3 d& cap ¢ phan két luan chuong 2, ndi dung cua chuong niy sé tién
hanh khao sat, danh gia anh hudng cua tham sé quang hinh dén cac thong s6 1am
viéc ctia ngoi nd laser. Tir d6, dua ra giai phap toi wu héa tham sé hé quang dé
nang cao kha niang quan sat cho ngodi nd, dam bao phdi hop ving quan sat voi
vung lam viéc ctia ngoi no laser.
3.1. Nghién ciru, khio sat sy anh huéng ciia tham sé quang hinh hoc dén
thong s6 1am viéc ciia ngoi no laser.

3.1.1. Mbi quan hé ciia cdc tham sé quang hinh hoc.

Duya trén mdi quan hé giita cac tham s6 quang hinh hoc nhu da dé cap &
chuong 2, ta c6 mot s6 nhan xét nhu sau:

[- Vi thiét bi phat laser va thiét bi thu laser ¢ ciu tao gﬁn tuong tu nhau va
gan nhu ddi xtng véi nhau qua mot mat phang xich dao, nén da sb cac két qua
khao sat cho thiét bi phat laser co thé ap dung dugc cho thiét bi thu laser va
nguoc lai.

2- Hai cip thong s lph 1, Ldph 1, foh 1, foh2 (cap thong s6 1) va lawm 1, ka1, fin1,
fin2 (cdp thong sb 2) s& x4c dinh twong Gng hai cip thong s6 ki ph2, laph2 (cap thong
8O 3) va Kt ph2, L ph 2 (cip thong sb 4) rdi théng qua d6 anh hudng dén cac thong sd
khac ctia ngoi nd laser. Vi vdy, thay vi phai cho hai cap thong sb 1, 2 thay doi (v6i
8 thong s6 thay d6i) ta chi can cho hai cap thong s6 3 va 4 thay doi (v6i 4 thong sb
thay d6i). Gia tri bat ky cta hai cip thong s6 3 va 4 hoan toan c6 thé nhan duoc
bang cach thay d6i hop 1y gid tri ctia hai cip théng sb twong tng 1 va 2.

3- Hai cip thong sb két ciu (thong sb dau vao) (cip thong sd 1: hiph1, ldph1,

Sont, foh2, [Fpt va cap thong sO 2: ki1, kath 1, fh 1, fth 2, ¥k pr) VA hai cdp thong so
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dau ra (cap thong s6 5: Wad phy St phy Fminy Fmax VA cAp thong s6 6: Wxawm, Sitth Fmin,
Fmax) dugc quan tdm nhiéu nhat trong ngodi no laser.

Ta s& nghién ctru, khao sat s anh huong 14n nhau cia mot vai théng sd doi
v&i ngoi nd laser ciia TLPK tAm thép. Céc s6 liéu phuc vu cho viéc khao sat dugc
léy tur ngué)n thong tin khoa hoc quan su. Co s¢ dé phuc vu khdo sat dua trén mot
s6 ching loai TLPK c¢6 ldp ngodi nd laser va cong thire 2.1, tién hanh c6 dinh mot
thong s6 va khao sat su phu thudc cua hai thong s6 con lai (Bang 3.1- 3.4).

Bing 3. 1. Vi du su thay déi ciia Lapn 2, I 2 (la i 2, L 2) theo fon 1 (fon 1)

TT | fon1(mm) |fon2(mm) l;’;"mh)l It ph 1 (mm)| Ixa pn 2 (mm) | It ph 2 (mm)
1 3,0 0,25 0,25
2 3,5 0,21 0,21
3 4,0 0,19 0,19
4 4,5 0,17 0,17
5 5,0 0,15 0,15
6 55 >0 013 013 0,14 0,14
7 6,0 0,13 0,13
8 6,5 0,12 0,12
9 7,0 0,11 0,11
10 7,5 0,10 0,10

Bdng 3. 2. Vi du sy thay doi cuia Lapn 2, iph 2 (ban 2 It 2) theo fon 2 (fin 2)

TT | fon1(mm) | fon2 (mm) \lxaph 1 (mm)|li pn 1 (mm)|lxa ph 2 (mm)| I pn 2 (mm)
1 3,0 0,09 0,09
2 3,5 0,11 0,11
3 4,0 0,12 0,12
4 4,5 0,14 0,14
5 5,0 50 0,15 0,15 0,15 0,15
6 5,5 0,17 0,17
7 6,0 0,18 0,18
8 6,5 0,20 0,20
9 7,0 0,21 0,21
10 7,5 0,23 0,23
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Bang 3. 3. Vi dy sir thay déi ciia Laph 2(lam 2) theo Lapn 1 (Iam 1)

TT | fon1(mm) | fon2 (mm) Ixaph1 (mm)| kipn1 (mm) | Lapn2 (mm) | lcpn2 (mm)
1 0,10 0,10 0,15
2 0,11 0,11 0,15
3 0,12 0,12 0,15
4 0,13 0,13 0,15
5 5,0 5,0 0,14 0,15 0,14 0,15
6 0,15 0,15 0,15
7 0,16 0,16 0,15
8 0,17 0,17 0,15
9 0,18 0,18 0,15
10 0,19 0,19 0,15

Bing 3. 4. Vi du su thay doi ciia I pn > (It 2) theo upn 1 (ke 1)

TT | fon1(mm) | fon2 (mm) |{Ixapn1 (mm)| lcpn1 (mm) | apn2 (mm) | b pn2 (mm)
1 0,10 0,15 0,10
2 0,11 0,15 0,11
3 0,12 0,15 0,12
4 0,13 0,15 0,13
5 5,0 5,0 0,15 0,14 0,15 0,14
6 0,15 0,15 0,15
7 0,16 0,15 0,16
8 0,17 0,15 0,17
9 0,18 0,15 0,18
10 0,19 0,15 0,19
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3.1.2. Anh huéng ciia tham sé quang hinh dén théng sé lam viéc ciia ngoi no
laser

Tir cac cong thirc s6 (2.29), (2.30) va theo sb liéu khao sat trong bang 3.1
dén 3.8 ta c6 d6 thi mé ta su phu thudc ciia gdc md trong mat phang xich dao

vao kich thudc ngudn phat laser ¢ dang nhu hinh 3.1.

97,50
97,40
97,30
97,20
97,10

97,00
96,90 /
96,80
96,70 yad

96,60 | /"/

e
96,50
96,40

0,10 0,12 0,14 0,16 0,18 020 0,22 024 0,26 0,28

W xdph 4 I xdph [dé]

Liaoh2 s Ixa tho [mm]

Hinh 3. 1. D6 thi sw phu thudc cia W ph, Wedn Va0 Lapn 2, L2
Nhan xét:

1- Kich thudc la ph 1 ctia anh ngudn phat laser va lam 1 cia anh dau thu
quang tinh theo mit phang xich dao (thong qua kich thudc I pn2 ctia anh ngudn
phat laser va Iy m2 cia anh déu thu quang tai mat phing tiéu cu sau ctia cac thiu
kinh twong mg, tinh theo mit phang xich dao) chi anh hudéng dén géc mé ving
quan sat trong mit phang xich dao widph clia thiét bi phat laser va wiam cua thiét
bi thu laser.

2- Khi tang [ xa ph 1, [ xa th 1 tic 1a tang [ xa ph 2, [ xd th 2 thi Wxd ph, Wxd t cling
tang 1én. Sy phy thudc ndy duoc thé hién trén Hinh 3.1.

3- C4c gia tri Wxd ph, Wadth 160 hon 90° dam bao ving quan sat ciia bdn cip

phat - thu laser phi kin mat phang xich dao.
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Bdng 3. 5. Két qua khdo sat anh huong ciia céc kich thw6e Lapn2 va Lam2dén mét sé tham sé quang hinh khdc ciia ngoi né laser

IT| Lapn2 | heph2 | IPept | Dameph | Ixd meph | Xmeph | Ymeph | Sitpht | Pitph2 | Skeph | Wieph Wid ph Fmin Fmax Ar r [kt ph I’xd ph
(nm) | (mm) | @om) | om) | gnm) | @m) | um) | @0) | @) | @) | @) | @ | o | o | o | o m | m
1| o010 0,29 | 11,04 | 566 | 10,75 | 96,54 0,09 350 | 341 0,57 4,50
2 0,11 0,29 11,04 | 5,66 | 10,75 96,58 0,09 3,50 341 0,57 4,50
3| 012 0,29 | 11,04 | 566 | 10,75 | 96,63 0,09 350 | 341 0,57 4,50
4| 013 0,29 | 11,04 | 566 | 10,75 | 96,68 0,09 350 | 341 0,57 4,50
5 0,14 0,29 11,04 | 5,66 | 10,75 96,73 0,09 3,50 341 0,57 4,50
6| 0,15 | 0,15 [3500| 0.80 | 12,00 | 0,10 | 5,00 | 0,29 | 11,04 | 5,66 | 10,75 | 96,77 0,09 350 | 341 | 3.00 | 057 451
7 0,16 0,29 11,04 | 5,66 | 10,75 96,82 0,09 3,50 341 0,57 4,51
8| 017 0,29 | 11,04 | 566 | 10,75 | 96,87 0,09 350 | 341 0,57 451
9 0,18 0,29 11,04 | 5,66 | 10,75 96,91 0,09 3,50 341 0,57 4,51
10| 0,19 0,29 11,04 | 5,66 | 10,75 96,96 0,09 3,50 341 0,57 4,51
IT| bLam2 | hem2 | Ppt | Mtmeth | Ixd meth | Xmeth | Ymeth | Pt | Pam2 | Pt | Wi Wid th Pmin Fimax Ar r ki th I’xa th
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm)| (d0) | (d6) | (d9) | (d9) (d0) (m) (m) (m) | (m) | (m) (m)
1 0,10 0,29 11,04 | 5,66 | 10,75 96,54 0,09 3,50 341 0,57 4,50
2 0,11 0,29 11,04 | 5,66 | 10,75 96,58 0,09 3,50 341 0,57 4,50
3 0,12 0,29 11,04 | 5,66 | 10,75 96,63 0,09 3,50 341 0,57 4,50
4 0,13 0,29 11,04 | 5,66 | 10,75 96,68 0,09 3,50 341 0,57 4,50
5| 0,14 0,29 | 11,04 | 566 | 10,75 | 96,73 0,09 350 | 341 0,57 4,50
6 0,15 0,29 11,04 | 5,66 | 10,75 96,77 0,09 3,50 341 3,00 0,57 4,51
71 0,16 12,00 0,29 | 11,04 | 566 | 10,75 | 96,82 0,09 350 | 341 0,57 451
0,15 | 35,00 0,80 0,10 | 5,00
8 0,17 0,29 11,04 | 5,66 | 10,75 96,87 0,09 3,50 341 0,57 4,51
9| 0,18 0,29 | 11,04 | 5,66 | 10,75 | 96,91 0,09 350 | 341 0,57 451
0] 0,19 0,29 | 11,04 | 566 | 10,75 | 96,96 0,09 350 | 341 0,57 451
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Bdng 3. 6. Két qua khdo sat anh hwéng ciia cac kich thuée lupnz va lum> dén mot sé tham sé quang hinh khdc ciia ngoi né laser

IT| Laph2 | haph2 | Papt | Iemeph | Ixd meph | Xmeph | Ymeph | Sipht | Sieph2 | Piaph | Wkiph Wid ph Pmin Fimax Ar r Dkeph Uxdph
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | mm) | @) | @) | @) | @) | @) | m | m | m | m | o | @

1 0,10 0,57 | 10,76 | 5,67 | 10,19 | 96,77 | 0,09 | 1,75 | 1,66 0,54 | 4,51
2 0,11 0,52 10,82 | 5,67 | 10,30 96,77 0,09 1,94 1,85 0,55 4,51
3 0,12 0,46 | 10,87 | 567 | 1042 | 96,77 | 0,09 | 2,19 | 2,10 0,55 | 4,51
4 0,13 0,40 10,93 | 5,67 | 10,53 96,77 0,09 2,50 2,41 0,56 4,51
5 0,14 0,34 10,98 | 5,66 | 10,04 96,77 0,09 2,92 2,83 0,56 4,51
6| 015 | 0,15 [3500] 080 | 12,00 | 0,10 | 500 | 029 | 11,04 | 5,66 | 10,75 | 96,77 | 0,09 | 3,50 | 3.41 | 3.00 | 057 | 4,51
7 0,16 0,23 11,10 | 5,66 | 10,87 96,77 0,09 4,38 4,29 0,58 4,51
8 0,17 0,17 | 11,15 | 5,66 | 10,98 | 96,77 | 0,09 | 583 | 5,74 0,58 | 4,51
9 0,18 0,11 | 11,21 | 566 | 11,09 | 96,77 | 0,09 | 875 | 8,66 0,59 | 4,51
10 0,19 0,06 11,26 | 5,66 | 11,20 96,77 0,09 17,50 17,41 0,59 4,51
TT| Lawmz | kw2 | Pfapt | hameth | Ixd meth | Xmeth | Ymeth | Pkt | Brewz | Preen Wkt th Wid th Pmin Fimax Ar r Ukt I’xdth
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm)| (dO) | (dO) | (d9) | (d9) (d0) (m) (m) (m) | (m) | (m) (m)

1 0,10 0,57 | 10,76 | 5,67 | 10,19 | 96,77 | 0,09 | 1,75 | 1,66 0,54 | 4,51
2 0,11 0,52 | 10,82 | 567 | 1030 | 96,77 | 0,09 | 1,94 | 1,85 0,55 | 4,51
3 0,12 0,46 10,87 | 5,67 | 10,42 96,77 0,09 2,19 2,10 0,55 4,51
4 0,13 0,40 | 10,93 | 567 | 1053 | 96,77 | 0,09 | 250 | 2,41 0,56 | 4,51
5 0,14 0,34 10,98 | 5,66 | 10,04 96,77 0,09 2,92 2,83 0,56 4,51
6 0,15 0,15 | 35,00 0,80 12,00 | 0,10 | 5,00 0,29 11,04 | 5,66 | 10,75 96,77 0,09 3,50 3,41 3,00 0,57 4,51
7 0,16 0,23 | 11,10 | 566 | 10,87 | 96,77 | 0,09 | 438 | 4,29 0,58 | 4,51
8 0,17 0,17 11,15 | 5,66 | 10,98 96,77 0,09 5,83 5,74 0,58 4,51
9 0,18 0,11 | 11,21 | 566 | 11,09 | 96,77 | 0,09 | 875 | 8,66 0,59 | 451
10 0,19 0,06 | 11,26 | 566 | 11,20 | 96,77 | 0,09 | 17,50 | 17,41 0,59 | 451
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Theo cong thie (2.2) dén (2.7) va can clr trén bang s6 3.5 va 3.6, ta c6 d6
thi biéu dién sy phu thudc cta goc nghiéng trong mit phang kinh tuyén va kich
thude ngudn phat, thu trén hinh 3.2. Theo céng thirc s6 (2.2) va (2.26) ¢6 su phu

thudc cia rmax vao Ik pn 2, ke m 2 dugce biéu dién trén Hinh 3.3.

[
g 050 \‘\
; 0,40 \
= TN
;‘ 0,30 \\
i 0,20 \

0,10 \
b

0,00
0,10 o411 0,12 013 0,4 0,415 0,16 0,17 0,18 0,19

Ixiph2 s lxmo [mm]

Hinh 3. 2. D6 thi su phu thudc ctia Bupni, B mi vao lupn 2, b2

18,00 )
16,00
14,00
12,00
10,00 /

£ o800 /

6,00 /
4,00 ///
200

0,00
0,10 o011 o012 013 0,14 015 0,16 0,17 0,18 0,19

ax [m]

tpn 2 s Lken 2 [mm]
Hinh 3. 3. Do thi su phu thudc cua rmax vao liph 2, Ikt i 2
- Kich thudc ngudn phat laser /i pn va kich thudc déu thu quang f i tinh
theo mit phang kinh tuyén (thong qua kich thudc anh ngudn phat laser /i pn2 va
kich thudc anh déu thu quang / m2 tai mit phang tiéu cu sau cua cac thau kinh
twong tng, tinh theo mat phang kinh tuyén) chi anh huéng dén cac théng sé quang
hinh ctia ngoi nd trong mit phang kinh tuyén. Cac kich thudc nay anh hudng rat
nhiéu dén cac goc nghiéng trong mit phang kinh tuyén cia bién gan chum tia

laser 16 ra tir thiét bi phat laser S ph1 va clia bién gan chim tia laser di vao thiét
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bi thu laser S w1, gidi han xa ving quan sat ctia ngoi nd rmax (qua d6 anh hudng
dén doan quan sat clia ngodi nd Ar), va anh huong khong nhiéu dén goc nghiéng
trung binh trong mat phang kinh tuyén cua cac chum tia laser S ph, Skt ph.

- Khi tang I «iph 1, [ ket 1 tc 1a tang [ ki ph 2, [k th2 thi Pieph 1, Pien 1 gldmM va
Fmax, Ar tang.

- Khi ché tao, 1ap rap va hiéu chinh ngoi nd laser ta phai dic biét cha y
dén do chinh xac cac thong s6 anh huong dén hai kich thudc 7 ph2 va Ik m 2 (cac
tiéu cu, vi tri dat ngudn phat laser va dau thu quang, kich thudc tinh theo mat
phang kinh tuyén ctia ngudn phat laser va ctia dau thu quang,...).

Twr cong thirc (2.26) va bang s6 liéu (3.7) tacd dd thi su phu thudc cua cu

ly quan sat 16n nhat 7pax vao /¥ pr.

4,0

a8 e

3,6

Fmax [m]

3,4

3.2

3,0
30 32 34 36 38 40

-
Hinh 3. 4. D6 thi su phu thudc cua rmax vao *u p:

- Khoang cach [* p clia mot cdp phat - thu laser tinh theo mat phang kinh
tuyén chi anh huong dén cac thong sd quang hinh ctia ngodi nd trong mit phang
kinh tuyén. Pai lugng nay anh huong nhiéu nhat dén khoang cach xac dinh giéi
han xa ctia viing quan sat ctia ngoi nd rmax (qua d6 anh huong dén khoang lam
viéc ctia ngodi nd Ar).

- Khi ting [* p thi rmax, A7 ting. Su phu thudc ndy duoc thé hién trong
Béng 3.7 va trén hinh 3.4.
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64

IT | Laph2 | Ikeph2 | I*xept | Iemeph | fxd meph | Xmeph | Vmeph | Sapht | Piaph2 | Piiph | Wiiph Wxd ph Pmin Fmax Ar r Ikt ph [’xd ph
(mm) | (mm) | (mm) | @om) | (mm) | @om) | o) | @) | @) | @) | @) | @) | () m | | | om | m)
1 30,00 0,29 | 11,04 | 566 | 10,75 | 96,77 0,08 3,00 2,92 0,57 | 451
2 31,00 0,29 11,04 | 5,66 | 10,75 96,77 0,08 3,10 3,02 0,57 4,51
3 32,00 0,29 11,04 | 5,66 | 10,75 96,77 0,08 3,20 3,12 0,57 4,51
4 33,00 0,29 | 11,04 | 566 | 10,75 | 96,77 0,08 3,30 3,22 0,57 | 451
5 34,00 0,29 11,04 | 5,66 | 10,75 96,77 0,09 3,40 3,31 0,57 4,51
6| 015 | 0,15 [3500] 080 | 12,00 | 0,10 | 500 | 029 | 11,04 | 566 | 10,75 | 96,77 0,09 3,50 341 | 3.00 | 057 | 451
7 36,00 0,29 11,04 | 5,66 | 10,75 96,77 0,09 3,60 3,51 0,57 4,51
8 37,00 0,29 | 11,04 | 566 | 10,75 | 96,77 0,09 3,70 3,61 0,57 | 451
9 38,00 0,29 | 11,04 | 566 | 10,75 | 96,77 0,10 3,80 3,70 0,57 | 451
10 39,00 0,29 11,04 | 5,66 | 10,75 96,77 0,10 3,90 3,80 0,57 4,51
IT| Lamz | hewmz2 | Papt | Iemeth | Ld meth | Xmeth | Ymeth | Pt | Bum2 | Bum Ukt th Wid th Pmin Pmax Ar r [ Isdth
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (d6) (d6) | (d0) | (d9) (d) (m) (m) (m) | (m) | (m) (m)
1 30,00 0,29 | 11,04 | 566 | 10,75 | 96,77 0,08 3,00 2,92 0,57 | 451
2 31,00 0,29 11,04 | 5,66 | 10,75 96,77 0,08 3,10 3,02 0,57 4,51
3 32,00 0,29 11,04 | 5,66 | 10,75 96,77 0,08 3,20 3,12 0,57 4,51
4 33,00 0,29 | 11,04 | 566 | 10,75 | 96,77 0,08 3,30 3,22 0,57 | 451
5 34,00 0,29 11,04 | 5,66 | 10,75 96,77 0,09 3,40 3,31 0,57 4,51
6| 015 | 0,15 [3500] 080 | 12,00 | 0,10 | 500 | 029 | 11,04 | 566 | 10,75 | 96,77 0,09 3,50 341 | 3.00 | 057 | 451
7 36,00 0,29 11,04 | 5,66 | 10,75 96,77 0,09 3,60 3,51 0,57 4,51
8 37,00 0,29 | 11,04 | 566 | 10,75 | 96,77 0,09 3,70 3,61 0,57 | 451
9 38,00 0,29 | 11,04 | 566 | 10,75 | 96,77 0,10 3,80 3,70 0,57 | 451
10 39,00 0,29 11,04 | 5,66 | 10,75 96,77 0,10 3,90 3,80 0,57 4,51
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Bdng 3. 8. Két qua khdo sat so bé anh hudng ciia cdc kich thie6c by meph, T mendén mot s6 tham sé quang hinh khéc ciia ngoi né laser

IT | Laph2 | Ikeph2 | I*xept | Iemeph | fxd meph | Xmeph | Vmeph | Sapht | Piaph2 | Piiph | Wiiph Wxd ph Pmin Fmax Ar r Ikt ph [’xd ph
(mm) | (mm) | (mm) | @om) | (mm) | @om) | o) | @) | @) | @) | @) | @) | () m | | | om | m)

1 0,00 0,29 | 201 | 1,15 | 1,72 | 101,13 0,50 3,50 3,00 0,09 | 4,63
2 0,10 0,29 3,15 1,72 2,86 100,57 0,32 3,50 3,18 0,15 4,62
3 0,20 0,29 4,29 2,29 4,00 100,01 0,23 3,50 3,27 0,21 4,60
4 0,30 029 | 543 | 2,86 | 514 | 99.46 0,18 3,50 3,32 0,27 | 458
5 0,40 0,29 6,56 3,43 6,28 98,91 0,15 3,50 3,35 0,33 4,57
6| 015 | 0,15 [3500] 0,50 | 12,00 | 0,10 | 500 | 029 | 7,69 | 3,99 | 741 | 9837 0,13 3,50 337 | 3.00 | 039 | 455
7 0,60 0,29 8,82 4,55 8,53 97,83 0,11 3,50 3,39 0,45 4,54
8 0,70 0,29 | 993 | 511 | 9,64 | 97,30 0,10 3,50 3,40 0,51 | 4,52
9 0,80 0,29 | 11,04 | 566 | 10,75 | 96,77 0,09 3,50 3,41 0,57 | 451
10 0,90 0,29 12,14 | 6,21 | 11,85 96,25 0,08 3,50 3,42 0,63 4,49
IT| Lamz | hewmz2 | Papt | Iemeth | Ld meth | Xmeth | Ymeth | Pt | Bum2 | Bum Ukt th Wid th Pmin Pmax Ar r [ Isdth
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (d6) (d6) | (d0) | (d9) (d) (m) (m) (m) | (m) | (m) (m)

1 0,00 0,29 | 201 | 1,15 | 1,72 | 101,13 0,50 3,50 3,00 0,09 | 4,63
2 0,10 0,29 3,15 1,72 2,86 100,57 0,32 3,50 3,18 0,15 4,62
3 0,20 0,29 4,29 2,29 4,00 100,01 0,23 3,50 3,27 0,21 4,60
4 0,30 029 | 543 | 2,86 | 514 | 99.46 0,18 3,50 3,32 0,27 | 458
5 0,15 0,15 | 35,00 0,40 12,00 | 0,10 | 5,00 0,29 6,56 3,43 6,28 98,91 0,15 3,50 3,35 3,00 0,33 4,57
6 0,50 029 | 7,69 | 399 | 741 | 9837 0,13 3,50 3,37 039 | 455
7 0,60 0,29 8,82 4,55 8,53 97,83 0,11 3,50 3,39 0,45 4,54
8 0,70 0,29 | 993 | 511 | 9,64 | 97,30 0,10 3,50 3,40 0,51 | 4,52
9 0,80 0,29 | 11,04 | 566 | 10,75 | 96,77 0,09 3,50 3,41 0,57 | 451
10 0,90 0,29 12,14 | 6,21 | 11,85 96,25 0,08 3,50 3,42 0,63 4,49
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Theo cong thirc (2.3), (2.6), (2.21) c6 dd thi sy anh hudng cua kich thudce

man chin dén goc nghiéng trong mat phang kinh tuyén va cu ly rmin.
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Hinh 3. 5. Po thi sw phu thudc cua fon 2, fin2 vao i me phy Ui me ih
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Hinh 3. 6. D6 thi su phu thudc cua Ly vao li me ph, lit me tn
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Hinh 3. 7. Do thi sy phu thudc cua rmin vao i me phy bt me h
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Nhan xét:

1- Bo rong khe hd man chin thiét bi phat laser va do rong khe ho man
chan thiét bi thu laser tinh theo mit phang kinh tuyén l me ph, ki me o chtl yéu anh
hudng dén cic goc nghiéng trong mit phang kinh tuyén ctia bién xa chum tia
laser 16 ra tir thiét bi phat laser i ph2 va ctia bién xa chum tia laser di vao thiét bi
thu laser B 2, qua d6 anh huong dén:

- Goc nghiéng trung binh trong mat phang kinh tuyén ctia cac chum tia
laser S ph, Bkt th;

- Gi6i han xa ving quan sat ctia ngoi N Fmax.

2- Khi tang /it me ph, Ikt me t thi:

- Bxitph2, Pxith2, Biiph, Pkt th tANg;

- Vmin g1aM;

- Ar tang nhung khong dang ke.

3- Néu tang d6 rong khe hd man chan thiét bj phat laser va do rong khe ho
man chdn thiét bj thu laser tinh theo mit phang kinh tuyén l me ph, /i me o thi gioi
han xa ving quan sat ctia ngoi nd rmax ting nhung gbc mé ving quan sat cia mot
cdp phat - thu laser trong mat phang xich dao giam (géc mé nay phai 16n hon 90°
dé dam bao ving quan sat ctia ngdi no bao kin dudng tron xich dao), goc md ving
quan sat ciia mot cip phat - thu laser trong mat phang kinh tuyén ting (Iam giam d6

chinh x4c ctia ngoi no). Vi vay, cac thong SO i me ph, Ikt me th phai dugc chon hop 1.
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Bdng 3. 9. Két qua khao st anh hieong ciia cdc kich thid'c Lia meph, L men dén mét sé tham sé quang hinh khdc ciia ngoi né laser

TT| Laph2 | hepn2 | Piept | Iemeph | Ixd meph | Xmeph | Ymeph | Bkepht | Breph2 | Bxeph | Wiiph Wxd ph Pmin Pmax Ar r Dkt ph I’xd ph
(mm) | (mm) | (mm) | (mm) | @mm) | (mm) | @om) | @) | @) | @) | @) | @) | ) m | | | om | m)

1 9,00 0,29 | 11,04 | 566 | 10,75 | 80,58 0,09 3,50 3,41 0,57 | 3,90
2 9,50 0,29 11,04 | 5,66 | 10,75 83,60 0,09 3,50 3,41 0,57 4,02
3 10,00 0,29 11,04 | 5,66 | 10,75 86,48 0,09 3,50 3,41 0,57 4,13
4 10,50 0,29 | 11,04 | 566 | 10,75 | 89,23 0,09 3,50 3,41 0,57 | 423
5 0,15 0,15 | 35,00 0,80 11,00 | 0,10 | 5,00 0,29 11,04 | 5,66 | 10,75 91,86 0,09 3,50 3,41 3,00 0,57 4,33
6 11,50 0,29 | 11,04 | 566 | 10,75 | 94,37 0,09 3,50 3,41 057 | 4,42
7 12,00 0,29 11,04 | 5,66 | 10,75 96,77 0,09 3,50 3,41 0,57 4,51
8 12,50 0,29 | 11,04 | 566 | 10,75 | 99,06 0,09 3,50 3,41 0,57 | 4,59
9 13,00 0,29 | 11,04 | 566 | 10,75 | 101,25 0,09 3,50 3,41 0,57 | 4,66
10 13,50 0,29 11,04 | 5,66 | 10,75 103,34 0,09 3,50 3,41 0,57 4,73
IT| Lamz | hewmz2 | Papt | Iemeth | Ld meth | Xmeth | Ymeth | Pt | Bum2 | Bum Ukt th Wid th Pmin Pmax Ar r [ Isdth
(mm) | (mm) | (mm) | @mm) | @mm) | (mm) | @om) | @0) | @) | @) | @) | @) | () m | | | om | m)

1 9,00 0,29 | 11,04 | 566 | 10,75 | 80,58 0,09 3,50 3,41 0,57 | 3,90
2 9,50 0,29 11,04 | 5,66 | 10,75 83,60 0,09 3,50 3,41 0,57 4,02
3 10,00 0,29 11,04 | 5,66 | 10,75 86,48 0,09 3,50 3,41 0,57 4,13
4 10,50 0,29 | 11,04 | 566 | 10,75 | 89,23 0,09 3,50 3,41 0,57 | 423
5 0,15 0,15 | 35,00 0,80 11,00 | 0,10 | 5,00 0,29 11,04 | 5,66 | 10,75 91,86 0,09 3,50 3,41 3,00 0,57 4,33
6 11,50 0,29 | 11,04 | 566 | 10,75 | 94,37 0,09 3,50 3,41 057 | 4,42
7 12,00 0,29 11,04 | 5,66 | 10,75 96,77 0,09 3,50 3,41 0,57 4,51
8 12,50 0,29 | 11,04 | 566 | 10,75 | 99,06 0,09 3,50 3,41 0,57 | 4,59
9 13,00 0,29 | 11,04 | 566 | 10,75 | 101,25 0,09 3,50 3,41 0,57 | 4,66
10 13,50 0,29 11,04 | 5,66 | 10,75 103,34 0,09 3,50 3,41 0,57 4,73
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Theo cong thic (2.29), (2.30) va bang s6 liéu khao sat (3.13) ta co db thi
su phu thudc ciia gbc m& Wid pn vao kich thudec man chin trong mat phang xich

dE}O lxd mc ph.

i e
85 /
e

90 95 10,0 10,5 11,0 11,5 12,0 12,5 13,0 13,5 14,0

Liameph 5 Lxamen [mm]

Hinh 3. 8. D6 thi sw phu thudc ciia Wdph, Wd i VA0 Lidme phy Lxd me th
Nhan xét:

1- Chiéu dai khe hd man chén thiét bi phat laser va chiéu dai khe hd man
chin thiét bi thu laser tinh theo mit phéng xich dao /d me ph, lkt me 1 chi danh hudng
dén gbc mé ving quan sat trong mit phiang xich dao ia pr ctia thiét bi phat laser
Va Wiam cla thiét bi thu laser.

2- Khi tang /xd me phy fkt me th thi Wid ph, Wxd h cling tang 1én. Sy phu thudc nay
duogc thé hién trong Bang 3.9 va trén Hinh 3.8.

3- Cac gid tri Wsd ph, Wadth 160 hon 90° dam bao ving quan sat ctia bn cip

phat - thu laser phu kin mat phang xich dao.
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Bang 3. 10. Két qua khdo sat so bé anh huong ciia cdc kich thud'c Xme ph, Xme i dén mét so tham so quang hinh cia ngoi no laser

TT | Laph2 | hepnh2 | Pkept | Iemeph | Ixd meph | Xmeph | Ymeph | Bkepht | Breph2 | Breph | Wieph Wxd ph Pmin Fmax Ar r Ikt ph [’xd ph
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (d6) | (d6) | (d9) | (dO) (do) (m) (m) (m) | (m) | (m) (m)
1 0,08 0,06 | 1082 | 544 | 10,76 | 96,78 0,09 1750 | 17,41 0,57 | 4,50
2 0,09 0,17 | 10,93 | 555 | 10,76 | 96,77 0,09 5,83 5,74 0,57 | 451
3 0,10 0,29 | 11,04 | 566 | 10,75 | 96,77 0,09 3,50 3,41 0,57 | 451
4 0,11 0,40 | 11,15 | 5,78 | 10,75 | 96,77 0,09 2,50 241 0,57 | 451
5| 015 | 0,15 [3500| 080 | 12,00 [ 0,72 | 500 | 052 | 11,26 | 589 | 10,74 | 96,77 0,09 1,94 1.86 | 3,00 | 057 | 451
6 0,13 0,63 | 11,37 | 6,00 | 10,74 | 96,77 0,09 1,59 1,50 0,57 | 451
7 0,14 0,75 11,48 | 6,11 | 10,74 96,76 0,09 1,35 1,26 0,57 4,51
8 0,15 0,86 11,59 | 6,23 | 10,73 96,76 0,09 1,17 1,08 0,57 4,51
9 0,16 0,97 11,70 | 6,34 | 10,73 96,76 0,08 1,03 0,94 0,57 4,51
10 0,17 1,09 11,81 | 6,45 | 10,72 96,75 0,08 0,92 0,84 0,57 4,51
IT| Lawmz | hew2 | Puept | Iimeth | Id meth | Xmeth | Ymeth | Bretn1 | Btz | Bren Wkt th Wid th Pmin Fmax Ar r Iktth Uxdth
(mm) | () | (um) | Gom) | (mm) | @om) | o) | @) | @) | @) | @) | @) | () m | | | m | m)
1 0,08 0,06 10,82 | 5,44 | 10,76 96,78 0,09 17,50 17,41 0,57 4,50
2 0,09 0,17 10,93 | 5,55 | 10,76 96,77 0,09 5,83 5,74 0,57 4,51
3 0,10 0,29 11,04 | 5,66 | 10,75 96,77 0,09 3,50 3,41 0,57 4,51
4 0,11 0,40 11,15 | 5,78 | 10,75 96,77 0,09 2,50 2,41 0,57 4,51
51 015 | 0,15 [3500| 080 | 12,00 [ 0,72 | 500 | 0,52 | 11,26 | 589 | 10,74 | 96,77 0,09 1,94 186 | 3,00 | 057 | 451
6 0,13 0,63 | 11,37 | 6,00 | 10,74 | 96,77 0,09 1,59 1,50 0,57 | 451
7 0,14 0,75 | 11,48 | 6,11 | 10,74 | 96,76 0,09 1,35 1,26 0,57 | 451
8 0,15 0,86 | 11,59 | 6,23 | 10,73 | 96,76 0,09 1,17 1,08 0,57 | 451
9 0,16 0,97 | 11,70 | 6,34 | 10,73 | 96,76 0,08 1,03 0,94 0,57 | 451
10 0,17 1,09 | 11,81 | 6,45 | 10,72 | 96,75 0,08 0,92 0,84 0,57 | 451
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Hinh 3. 10. Pé thi sy phu thudc cua vmax VAo Xme phy, Xme th

- Khoang cach tir tim ctia man chin phat dén mép dudi cia khe ho (toa do
x khe ho trén man chin phat) xme pr va khodng cach tir tim ctia man chin thu (tir
truc quang) dén mép dudi cua khe ho (toa do x khe ho trén man chan thu) Xme
cht yéu anh huong dén cac thong sd quang hinh cta ngodi nd trong mit phang
kinh tuyén. Céc kich thudc nay anh hudng rat nhiéu dén cac goc nghiéng trong
mat phang kinh tuyén cta bién gan chum tia laser 16 ra tir thiét bi phat laser S ph 1
va clia bién gan chum tia laser di vao thiét bi thu laser Sk m 1, gidi han xa ving
quan sat ctia ngoi nd rmax (qua d6 anh hudong dén khoang 1am viée ctia ngoi nd Ar),
va anh hudong khong nhiéu dén goc nghiéng trung binh trong mat phang kinh
tuyén cuia cac chum tia laser S ph, St th.

- Khi tang Xme ph, Xme th thi Sicph 1, Pt th 1 tANG VA Fmax, Ar giam.

- Khi ché tao, 1ap rap va hiéu chinh ngoi nd laser ta phai dic biét chi y

dén do chinh xac cac thong s6 anh hudng dén hai kich thudc xme ph Va Xme th.
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Bdng 3. 11. Két qua khdo sat anh hwéng ciia cdc kich thudc Yme ph, Yme i dén mot sé tham sé quang hinh khdc ciia ngoi né laser

TT| Laph2 | hephz | Piept | Iemeph | Ixd meph | Xmeph | Ymeph | Bkepht | Breph2 | Breph | Fheph Yid ph Pmin Pmax Ar r Ikt ph I’xd ph
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (dO) (d6) | (do) | (d9) (do) (m) (m) (m) (m) (m) (m)
1 2,00 | 072 | 26,00 | 13,36 | 2529 | 136,92 0,04 1,40 1,36 143 | 573
2 2,50 0,57 21,32 | 10,94 | 20,74 129,00 0,04 1,75 1,71 1,14 5,51
3 3,00 0,48 18,01 | 9,25 | 17,54 121,57 0,05 2,10 2,05 0,95 5,30
4 3,50 0,41 15,57 | 7,99 | 15,16 114,64 0,06 2,45 2,39 0,82 5,10
5 0,15 0,15 | 35,00 0,80 12,00 | 0,10 | 4,00 0,36 13,71 | 7,03 | 13,35 108,21 0,07 2,80 2,73 3,00 0,71 4,90
6 4,50 0,32 12,23 | 6,27 | 11,91 102,26 0,08 3,15 3,07 0,63 4,70
7 5,00 0,29 11,04 | 5,66 | 10,75 96,77 0,09 3,50 3,41 0,57 4,51
8 550 0,26 10,06 | 5,16 9,80 91,71 0,10 3,85 3,75 0,52 4,32
9 6,00 0,24 9,23 4,74 9,00 87,05 0,11 4,20 4,09 0,48 4,14
10 6,50 0,22 8,54 4,38 8,31 82,76 0,12 4,55 4,43 0,44 3,98
TT| Lawmz | hepn2 | Paeee | Iemeth | Ixd metph | Xmeth | Vmeth | Bkt | Biiwz | P Yt th Yidth Pmin Pimax Ar r Uktth Dxdth
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (dO) (d6) | (do) | (d9) (do) (m) (m) (m) (m) (m) (m)
1 2,00 | 072 | 26,00 | 13,36 | 2529 | 136,92 0,04 1,40 1,36 143 | 573
2 2,50 0,57 21,32 | 10,94 | 20,74 129,00 0,04 1,75 1,71 1,14 5,51
3 3,00 0,48 18,01 | 9,25 | 17,54 121,57 0,05 2,10 2,05 0,95 5,30
4 3,50 0,41 15,57 | 7,99 | 15,16 114,64 0,06 2,45 2,39 0,82 5,10
5 0,15 0,15 | 35,00 0,80 12,00 | 0,10 | 4,00 0,36 13,71 | 7,03 | 13,35 108,21 0,07 2,80 2,73 3,00 0,71 4,90
6 4,50 0,32 12,23 | 6,27 | 11,91 102,26 0,08 3,15 3,07 0,63 4,70
7 5,00 0,29 11,04 | 5,66 | 10,75 96,77 0,09 3,50 3,41 0,57 4,51
8 550 0,26 10,06 | 5,16 9,80 91,71 0,10 3,85 3,75 0,52 4,32
9 6,00 0,24 9,23 4,74 9,00 87,05 0,11 4,20 4,09 0,48 4,14
10 6,50 0,22 8,54 4,38 8,31 82,76 0,12 4,55 4,43 0,44 3,98
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Hinh 3. 15. Pé thi sy phu thuoc cua Fapn, Fram vAO Yme phy, Vime th

Nhén xét:

1- Khoang céach tir tiéu diém sau cac thau kinh phat va tim man chan phat
(tinh theo truc Oy) yme ph, khodng cach tir tiéu diém sau cac thdu kinh thu va tim
man chin thu (tinh theo truc Oy) ymew (Vi tri dit cac man chin phat, thu) c¢6 anh
hudng nhiéu dén cac thong sb ngoi nd laser ca trong mit phang xich dao va ca
trong mit phang kinh tuyén;

2- Céc khoang cach Ve ph, Vme tn anh hudng nhiéu dén cac goc nghiéng trong
mat phang kinh tuyén cua bién gan chum tia laser 16 ra tir thiét bi phat laser S ph 1

va cua bién gan chum tia laser di vao thiét bi thu laser S 1, 2161 han xa vung quan
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sat ctia ngoi nd rmax (qua d6 anh hudng nhidu dén khoang 1am viéc ctia ngdi nd Ar).
Khi tang yme phy, Ymeth thi Sieph 1, Peth1 1AM VA 7min, Ar tang.

3- Cac khoang cach Vime ph, Yme 1 anh hudng nhiéu dén cac goc nghiéng
trong mat phang kinh tuyén ciia bién xa chum tia laser 16 ra tir thiét bi phat laser
Bt ph 2 VA clia bién xa chum tia laser di vao thiét bi thu laser S 2, qua d6 anh
hudéng nhiéu dén géc mo theo mit phing kinh tuyén ctia cic chum tia laser.
Nhung, vé mat gia tri tuyét ddi chiing anh hudng khong nhiéu dén giéi han gan
ving quan sat ctia ngoi nd 7min, do d6 anh hudong khong nhiéu dén khoang lam
viéc ctia ngdi nd Ar). Khi ting yme phy Yime t thi Bic ph 2, Bic th 2, Pie phs Phe th gidm
dang ké; rmin, Ar ting khong dang ké.

4- Cac khoang cich yme ph, Yme ; anh huong nhiéu dén géc mo theo mat
phang xich dao clia cac chum tia laser %sa ph, Fed . Khi tAng yime ph, Yme tn thi Pra
oh, Pram giam dang ké (c6 thé xudng dudi 90°, ddn dén ving quan sat ctia ngoi
n6 khong quan sat hét ca duong tron xich dao).

5- Pdi voi TLPK ¢6 kich thudc va ban kinh sat thuong dii 16n co thé 1ap
nhiéu hon bdn cip phat - thu laser trén mdt mat phang xich dao (mot sé TLPK lap
to1 tdm cdp phat - thu laser), khi d6 vira dam bao tang duoc gidi han xa vung quan
sat clia ngoi N0 7max vira dam bao ngdi nd quan sat kin duong tron xich dao.

3.2. Tinh toan tham sb hop 1y cho hé quang hoc trén ngoi no laser

MJi loai tén lira c¢6 kich thude khac nhau (dudng kinh than, khéi luong
phf?m chién d4u, loai thudc nd,. . .) dan t&i ban kinh sat thwong khac nhau, ngoai
ra cong suét phat va do nhay thiét bi thu ctia mdi loai tén lira cling khac nhau, vi
vay thong sb 1am viéc ctia mdi loai tén 1ra (B, rmax, Fmin, ¥) cling yéu cau khac
nhau. Viéc lra chon tham sd quang hinh thich hop s& cho phép tang cy ly lam
viéc cua ngoi nd, giam kich thudc ving mu, nang cao kha ning tiéu diét muc

ti€u cua tén Itra.
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Do cac thong s6 lam viéc phu thudc vao tham s quang hinh ctia hé quang
(nhu d3 khao sat ¢ phan trén, tir bang 3.5 dén bang 3.15). Vi viy rat can mot bo
tham sb ctia hé quang dé thong sd 1am viée tiém can gan nhit véi gia tri t6i wu
da duoc tinh toan, ddm bao sao cho xac suét tiéu diét muc tiéu 13 1én nhét.

Theo bai toan phéi hop gitta ngoi nd laser va ving ving manh dan, d6i voi
tung loai tén lra, do tbe do tiép can, duong luong dau nd khac nhau ma c6 goc
B, S€ Phai ti wu cho ting truong hop cu thé [6].

Pé nhanh chéng tim ra cac tham s quang hinh phu hop cho timg loai tén
Itra, luan an dua ra duoc bo phﬁn mém tinh toan tham sb t8i wu cho hé quang.
Bo phf?m mém nay dua trén co so cac biéu thurc toan hoc dé xac dinh cac tham sb
Ikt me ph, Xme phy Vime ph ddm goc nghiéng f trong mit phang kinh tuyén tiém cn gan
nhit toi gia tri goc nghiéng ti wu theo yéu cau cho trudc Broph - Dbi voi phuong
trinh ¢6 3 bién trén, viéc giai tim nghiém giai tich chinh xac 1a khong thé. i ¢6
rat nhiéu phuong phép khac nhau da duoc dé xuat dé tim nghiém gan ding cho
cac bai toan thiéu thong tin vé sy rang budc giita cac an sb. Trén co s& phén tich
s anh hudng cua cac tham s trong hé quang chuyén dung, luan an dé xuat ap
dung cac phuong phap sau:

- Phuwong phap binh phuong cuc tiéu;

- Thuét toan di truyén.

3.2.1. Phwong dn teng dung phwong phdp binh phwong cwc tiéu

Tham s6 can t6i vu 1a goc nghiéng S pr trong mit phang kinh tuyén, S ph

duoc tinh bdi cac cong thirc dudi day:

mcph_lktphZ/ xmcph+lktph2/2+lk

2
> Prepnz = ArCtg meet (3.1)

X
B oh1 = arctg
y mc ph y mc ph

ﬂktph ~ ﬂktphl+ﬂktph2 ~ al‘ctg xmcph + lktmcph/z (32)
2

ymc ph
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Do yéu cau vé kich thudc cua hé quang nén cac tham s x A

meph > Lrameph o Vmeph
chi thay d6i trong cac khoang tir gia tri dau “gtd” dén gia tri cudi “gtc” xac dinh
theo géc mé cua hé quang, theo yéu cau cho trudc phu thudc vao muc dich st
dung dau nd [6], tuong tGng:

Xt = Xeon = Xgie 5 Vatad < Voneph = Vet > lgtd = lktmcph < lgtc (33)

Ung voi mdi loai tén lira, dé dam bao phdi hop ving hoat dong va ving sat
thuong cua ngoi nd, hé quang c6 mot gia tri B t6i uu riéng, can xac dinh cac
tham s6 diéu khién Xt > Limeph > Vineph dé thoa man phuong trinh (3.2). Bao dam
phéi hop & day chinh 13 dam bao tao ra goc Brh t6i wu, goc nay 1a nghiém cua
bai toan phéi hop ving hoat déng ctia ngdi nd va ving sat thuong.

[

ktmeph 2

D@ dang nhan thiy phuong trinh (3.2) s& c6 vo s6 bo nghiém x

meph >
Ve » tUC 12 VO sO t6 hop tham sé quang hoc cho mdt goc nghiéng nhét dinh. Tir
vo sb nghiém do, chung ta can xac dinh chon mot bd nghiém gén trung tam cua
cac khoang trong diéu kién (3.3). Hay noi cach khac, ta can tim bo tham sé diéu
khién t6i wu c6 thé. Tir diéu kién (3.3) cac gia tri nghiém trung tdm duoc xac
dinh nhu sau:

X, —X /

c . y c_y . c_l
xozxgtd+ « 9 o s yozygtd-i_gtTgtda lozlg,d+ £ 5 g (34)

Bo tham s (x,, y,,7,) chinh 13 gia tri “trung tim” trong khoang thay ddi cho
phép. Binh phuong d6 1éch cta nghiém phuong trinh (3.2) dén gié trj trung tAm
duoc xac dinh nhu sau:

d = (X, = X6)" + Vg™ Y0) "+ Ui = 10)’ (3.5)

Pé thuan loi khi thuc hién bién d6i toan hoc, ta tién hanh ky hiéu lai nhu
SAW X =X, s V= Voo > | = Limep - DU VAY, van d& xac dinh bo tham sd t6i uu cho
hé quang trén ngdi nd laser s& 12 vin dé giai bai toan toi vu sau: Tim bd nghiém

x, ¥,/ sao cho do léch nghiém d 1a nhé nhét, tac 1a:
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d=(x—-x,)"+(y-y,)" +(~1,)> - min (3.6)
Khi do, tir (3.2) va (3.6) s€ xac dinh duoc:

x+1/2
By = arctg . 3.7

Vi dicu kién bién x,, <x<x, 3y, <y<y,. il <I<I,.
Tu (3.7) d€ dang suy ra:

X [
- 3.8
g g (ﬂklph ) " 2tg (:Bkrph) ( )

Cac bién s6 x va [ thay doi trong cac khoang [x,,, x,.1, [/,,,,] thibién s0

y theo (3.8) sé& thay ddi trong khoang:

+lg,d

:[xgtd /2 xgtc+lgw/2

) ]
g (ﬂk[ph) g (ﬁktph )
D& dang nhdn thiy néu khoang tinh theo cong thirc (3.9) va khoang

[Yth ’ YZtc ] (3 9)

[Va> Vel theo cong thirc (3.3) giao nhau thi viéc giai bai toan t6i vu méi co gia
tri. Ciing dé dang nhan thiy diéu kién hai khoang trén khong giao nhau la:
yzni > ygtc hOéC ygtd > y;tc (3 * 10)

Thay biéu thirc (3.8) vao (3.6) ta duoc:

x+1/2

) U—1,) 3.11
TG (3.11)

d=(x—x0)2+(

chi con phu thudc hai tham s6 x va /.

Tir (3.11), diéu kién dé khoang cach 4 dat gia tri nhé nhat (min ) 1a:

od 2 x+1/2
X (x— ) =0 3.12
ox S XO)+tg(ﬁktph)(tg(ﬂktph) » ( )
od 1 x+1/2
-, ) =0 3.13
ol ( )+tg(ﬂktph)(tg(ﬁktph) %) ( )

Giai hé phuong trinh (3.12) va (3.13) dé tim cdp (x,/) toi vu. Tir phuong

trinh (3.12) 6 thé rat ra:
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1 x+1/2

X—Xx,)+ -,)=0
( o) tg(ﬁktph) (tg(ﬁktph ) ’
== 2tg2(ﬂktph)x0 +2t2(Bypn) Vo — 2(1g* (Bp) +Dx (3.14)
Tt phuong trinh (3.13) ta c6:
2=l ——— (2o (3.15)

18 (ﬂktph) g (:Bkzph)
Két hop biéu thirc (3.14) va (3.15) chiing ta nhan dugc:

2(2tg2(ﬂktph)(x0 —X) +2tg(ﬂktph)y0 —2x—1y)

1 x+tg2(ﬂk[ph)(x0_x)+tg(ﬂk[ph)y0_x (316)
+ yo) =0
1g (ﬂktph ) g (ﬂktph )

Ttr (3.16) it ra biéu thire cho tham sb x, sau d6 thay vao (3.14) ta duoc
tham s6 / va thay chung vao (3.8) rit ra biéu thirc cho tham sé y. Qua mét vai
bién d6i, phuong trinh x4c dinh céc tham s x, y, I nhu sau:

= 41g° (ﬂktph )X, + 4tg(ﬂktph )Yy — 21, +x,

3.17
[418° (By,n) +5] G.17)
[= 2tg2(ﬁk[ph )Xo+ 2tg(ﬂk[ph Yo
) 4tg2(ﬁkt %o+ (L) Yo =21, +x, (3 1 8)
-2 ktph 1 . 2 =
(8 Bu)+D (412" (B) +5]
_ 4tg2(ﬁktph )X, +4tg(ﬂktph )Yy =2, +x, L 2tg2(ﬂktph)x0 +2tg(ﬁktph)y0
41g” 5 | 2

tg(ﬁktph N4tg (ﬂktph) +5] tg(ﬁktph) (3 . 19)

4tg2 (ﬂktph )Xy + 4tg(ﬁktph Vo =2, +x,
208( By N418” (Byy) +5]

Nhu viy, ba biéu thirc (3.17), (3.18), (3.19) chinh 1a nghiém cua viéc giai

- 2(l‘g2 (:Bkzph) +1)

bai toan tim gia tri téi wu cta cac tham sd théa man phuong trinh (3.2) va co
khoang cach ngin nhat dén tim ba khoang gidi han (3.3). Cac tham sb trén phy
thudc vao, xo, yo, lp, tirc 1a phu thudc vao gia tri bién cta chung theo (3.2), déng

thoi phu thudc vao goc Siph.
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Pay co thé coi 1a bo tham sd tdi wu cho hé quang ctia ngoi nd laser. Tuy nhién,
bd tham sd ndy phai khong thoa man diéu kién loai trir (3.10), do d6 can qua

trinh tinh va thir nghiém theo luu d6 thuat toan trén hinh 3.16.

o
<%
¥

1
Nhap vao Lg; Lo Xqral
Xetcs Vetds Yates Hetph
¥

Tinh xg; yp: Iy (3.6)

Thay doi dai
tham so y
cua hé quang

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

Pura ra bo tham so hé
quang X, v, |

Hinh 3. 16. Luu dé thudt todn phan mém tinh todn tham sé t6i wu cho hé quang
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4. GUI_update_04052020 - <
TiNH TOAN THAM SO TOI UU
HE QUANG NGOI NO LASER
THAM SO PAU VAO GOC MO’ TIA LASER VOI BETA TiNH DUOC
B_ktph_yc 567 Sai sé yc 0.1

Gia tri dadu  Gia tri cubi

|_ktmcph 0.1 2
x_mcph 0.01 0.2
y_mcph 1 10

THAM SO DAURA

B_ktph_dd 565386 Sai s6 tinhtoan 0.01614

I_ktmcph

x_mcph

y_mcph =

Hinh 3. 17. Tinh todn tham sé hé quang ngoi né laser TL tam thdp,

ﬂktph—yc = 5670

4 GUI_update_04052020 - X

TiNH TOAN THAM SO TOI UU
HE QUANG NGOI NO LASER

THAM SO PAU VAO GOC MO’ TIA LASER VOI BETA TiINH DUQC
B_ktph_ yc = 182 Sai sé yc 0.1 N
I B,
Gia tri dau  Gid tri cubi : i ]
I dﬂmA
I_ktmcph | 0.1 2 ! VA
x_mcph | 0.01 02 | 4
|
y_mcph 1 5 :
|
THAM SO PAURA :

B_ktph_dd [18.2002 Sai sé tinh toan 0.00023

Z
-
-

-
-
PR

|_ktmcph

|
|
—m—m e —————
< |
———
|
|
i
I
v

x_mcph

y_mcph 33

Hinh 3. 18. Tinh tham sé hé quang ngoi né laser TL tam trung, Brhye =18.2°
Két qua tinh toan tham sb t6i wu hé quang cho 3 loai tén ltra khac nhau thé
hién trong Bang 3.12. Qua ba trudng hop cho thidy phan mém di tim ra bo ba
tham s quang x, y, [ t6i wu, giup hé quang ctia ngodi nd laser dat dugc goc
nghiéng S, bang goc nghiéng yéu ciu Brpnre - TrONg cac truong hop trén, sai

s0 16n nhat 1a 0,28%, sai s0 nay kha nho so v6i yéu cau sai sO ctia bai toan gap.



Bing 3. 12. Céc tham s6 quang hop Iy cho ngoi né laser ldp trén ba logi tén lira

VOi cac goc nghiéng khac nhau.
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ﬁktp e Tham sb tdi wu (mm) ,Bktphf w )
STT Sai sO
(d9) * Y ! (d9)
1 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 8.349 0.13 4.23 0.98 8.3425 0.0025

3.2.2. Phuwong dn ieng dung thudt todn di truyén:

Giai thuét di truyén 1a phuong phap tur tim kiém dya trén 1y thuyét tién
héa ctia Darwin. Khi d6 toan b khong gian chira nghiém ctia bai toan dugc coi
1a quan thé, trong d6 mdi mot kha ning nghiém cia bai toan duoc xem nhu mot
c4 thé dugc dic trung béi nhiém sic thé. Tuong tu nhu trong tu nhién, cac ca thé
trong quan thé trai qua cac giai doan can thiét cho su phat trién va tién hoa nhu
qua trinh chon loc, qua trinh lai ghép, qua trinh dot bién. Trong sut cac qua
trinh d6, chi nhitng ca thé c6 kha nang thich nghi t6t nht s& dugc nhan 1én va
gen cua cac ca thé duge s& duoc truyén cho cac thé hé sau. Nguoc lai, nhitng ca

thé khong c6 kha ning thich nghi s& bi dao thai, loai bo.

Quan thé
dac trung bdi cac
g
nhiém sac th¢)

Thé hé méi
Thé hé cha me
Phép toan di truyén .
(lai tao/dot bién) banh gia quan thé
v
Chon loc

Hinh 3. 19. Qud trinh Idp ciia quan thé ty nhién
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Trong Hinh 3.19:

- Chon loc: La budc dau tién dé chon ra céc ca thé cho céc qua trinh tiép
theo cua sy tién héa. Viéc chon loc duge thuc hién theo xac suét ty 1¢ thuan véi
d6 thich nghi, tirc 1a cac ca thé nao co sy thich nghi tt hon thi kha ning duoc
chon cao hon.

- Phép toan di truyén: Céac cé thé duoc chon s& dugc lai ghép dé tao ra thé
hé con cho quan thé. Tuong tu nhu trong ty nhién, trong qué trinh lai ghép tao ra
cac thé hé con co thé xay ra nhitng dot bién, nhimg dot bién nay tao ra ngudn
gen moi, lam ting tinh da dang ctia quan thé.

- Céc thé hé con dugc dua vao quén thé dé thay thé thé hé trudc d6 va tro
thanh thé hé cha me moi.

- Tuong tu voi thé hé trude do, kha nang thich nghi, tdn tai cac thé hé cha
me mdi nay s& dugc danh gia boi ty nhién theo mot tiéu chi nao do dé tir do
chon ra dugc nhitng ca thé t6t nhit cho cac qua trinh lai ghép/dot bién tiép theo.
Vong lap dugc tiép tuc.

Khi giai cac bai toan tdi uu, GA c¢6 thé dugc thuc hién theo luu dd thuat

toan sau [38]:
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A 4

Khéi tao quan thé

.

Panh gia quan thé

Thoa man diéu kién Sai
dung? [

Panh gia quan thé
v
Chon loc
Lai ghép

v

Dot bién

Tang s6 dém thé hé
7'y

Hinh 3. 20. Luu do thuc hién thudt toan GA

- Khéi tao quin thé: Céac ca thé trong quin thé s& dugc khoi tao ngau nhién.
Tuy nhién, dé 4p dung dugc GA vao bai toan cu thé thi cac bién can tim cua bai
toan toi wu d6 phai dugc biéu dién dudi dang 1 chudi nhiém séc thé. Qua trinh d6
dugc goi la qué trinh ma hoa.

Vi bai toan dang xét, cac tham s i me ph, Xme ph, Yme ph NhAn cac gia tri 13
s6 thuc va lién tuc trén dai gid tri cho phép, dé don gian ta chon phuong phéap
mi hoa sb thuc dé biéu dién 3 tham sb nay. Khi d6 mdi c4 thé trong quan thé

duoc dic trung béi mot nhiém sic thé co chira 3 gen nhu sau:

lkt mc ph Xmc ph Yme ph

Mot tham sb quan trong trong budc khai tao quan thé do6 1a sé luong ca
thé cua quﬁn thé, N. Néu sb luong cé thé quéa nho sé& dan téi thiéu su da dang cua

ngudn gen cho quan thé. Di€u nay c6 thé khién GA hdi tu vé cac nghiém t61 uu
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cuc bo. Nhung néu sé luong cac thé qua 16n s& dan t6i khéi luong tinh toan ting
lén rat nhiéu, 1am giam tinh hiéu qua caa GA. Sau khi thyc hién cic phép thi,
luan an chon s6 luong c4 thé N cho quan thé 1a 50.

-Panh gia quan thé: Boi vi ban ddu quan thé dugce khdi tao ngiu nhién
nén khong thé loai trir kha ning quan thé ban dau d6 chinh 13 quan thé téi vu
mic du x4c sudt xay ra 13 rat nho. Do d6 phai danh gia quan thé ban dau do, hay
no6i cach khac 1a danh gia b tham s6 cua bai toan véi gia tri duoc khoi tao ngau
nhién thong qua ham thich nghi (ham muc tiéu). DPbi véi bai toan dang xét, myc
tiéu 1a di xac dinh gia tri ctia ba tham SO Ji me ph Xme ph Yme iy 530 cho gbc nghiéng
B i tiém cin gin nhat t6i goc nghiéng toi wu yéu cau Bu .. Hay néi cach khac
1a cuc tiéu dai luong: A=|f - B phyel (3.20)

Tuy nhién dé phu hop véi yéu cau vé ham thich nghi cia GA, luan an xéc
dinh ham thich nghi nhu sau:

1 1
f itness = = (3 2 1 )
! ‘ﬂktphyc - IBktph

[
[.chph B ktr;phj

Yy mcph

Bipiye — arctan

- Piéu kién dirng: La tiéu chi phy thudc vao ting bai toan cu thé, nd quyét
dinh dimg hay tiép GA. Thong thudng diéu kién ding dwoc dit dwa trén do
chinh xac cua nghiém hoac s6 thé hé cua quﬁn thé. P6i véi bai toan dang xét,
GA s& dimng khi quan thé trai qua 100 thé hé hodc sau 30 thé hé ma ham thich
nghi thay d6i khong qué gia tri € = 106. Néu diéu kién ding khong xay ra, GA
s& danh gia lai quan thé théng qua ham thich nghi fimess.

- Chon lge: Chon loc 14 quy tic co ban nhat cua ty nhién, tic 13 trong quan
thé, ca thé nao co kha ning thich nghi t6t nhat s& dugc chon cho cic qua trinh tai
t6 hop gen tiép theo. Trong GA, kha nang thich nghi duoc biéu dién théng qua
ham thich nghi, ca thé ndo c6 ham thich nghi cao hon thi xac sut dugc chon cho
qué trinh tai td hop gen cao hon. Chon loc c6 thé duoc thuc hién theo céc

phuong phép ngiu nhién, phuwong phap tit dinh, hoic phdi hop ca hai phuong
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phap. Tiéu biéu cho phuong phap chon loc ngiu nhién 1a phuong phap banh xe
rulet. Trong d6 mbi ca thé cia quan thé s& chiém mot phan cia banh xe rutlet
tuong Ung voi gia tri thich nghi ctia ca thé d6. Sau d6 banh xe rulet s& duoc quay
va khi n6 dimg lai va kim chi vao phan banh xe cta ca thé nao thi ca thé d6 duoc
chon cho qué trinh tai to hop gen. Theo phuong phap nay, xac suat duoc chon P;
ctia ca thé i trong quan thé co N cé thé dugc xac dinh nhu sau [39]:

fﬁtnees (xi )

N

Z fﬁtnees ('xi)

P= ,i=12,...N (3.22)

Nhuoc diém ctia phuong phap chon loc banh xe rulet 14 GA c6 thé s& hoi
tu s6m vé nghiém cuc bd. Chon loc sép hang tuyén tinh 1a phuong phap két hop
giita phuwong phap ngau nhién va tat dinh cho phép khic phuc dugce nhuge diém
trén cuia chon loc banh xe rulet béi vi n6 cho phép duy tri 4p luc chon loc khong
d6i 1én quan thé. Trong chon loc tuyén tinh, ca thé c6 d6 thich nghi cao nhat
duoc gan thir hang cao nhat 1a N. Nguoc lai, ca thé c6 do thich nghi thip nhat s&
duoc gan thtr hang béng 1. Khi d6 x4c suét duoc chon P; cla céa thé i duoc gan
tuyén tinh theo hang turong tng nhu sau [39]:

i—1
N -1

P =%{ﬂ—2(ﬂ—l) }’: L2,..N (3.23)

Trong d6 tham sO S duogc chon trong doan [0, 2].
Boi vi nhitng vu diém caa chon loc sip hang tuyén tinh, luan 4n 4p dung
phuong phép nay cho qua trinh chon loc ctia GA gan véi bai toan dang xét.

- Lai ghép: La qua trinh tai t6 hop/trao d6i gen gilta hai c thé cha me
trong quan thé dé tao ra t6 hop gen mai cho cac ca thé con. Di véi GA, lai ghép
dong vai tro tim kiém t6 hop nghiém co thé c6 trong khong gian nghiém tir
nhirg nghiém di biét. Phuong phap dugc st dung dé thuc hién qua trinh lai
ghép phu thudc viao phuong phap ma héa nhiém sic thé [39]. Pbi voi ma hoa

nhi phan hodc thap phan thi lai ghép mot diém, lai ghép 2 diém, lai ghép nhiéu
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diém, hodc lai ghép déu 1a cac phuong phap lai ghép phd bién. Trong trudng
hop GA sir dung ma hoa s6 thuc, mic du cac phuong phép lai ghép trong trudng
hop mé héa nhi nhung cac phuong phap nay khong phat huy dugce hét uvu diém
ctia ma hoa s thuc. Do d6 d6i v6i ma hoa sb thyc, phwong phap lai ghép phd
bién thuong 13 lai ghép sb hoc, lai ghép hinh hoc, lai ghép BLX- « , lai ghép
BLX- a—f, lai ghép phong doan Wright, lai ghép BGA tuyén tinh, hodc lai
ghép mo phong nhi phan. Cac phuong phép niy duoc gidi thiéu chi tiét trong tai
li¢u [39]. Luan an chon phuong phép lai ghép BLX-« 1a phuong phép lai ghép
cho GA gén véi bai toan dang xét. Gia st ¢, = (cll,c;,c;) va ¢, = (cf,cj,c?) 1a hai
nhiém sic thé (dai dién cho 2 ca thé) dugc chon cho qua trinh lai ghép. Khi d6 2

nhiém sic thé con duoc tao ra la H . :(hl"hfhf)k =1,2 trong d6 A’ la mot sb
dugc chon ngau nhién theo phan bd chuén tir doan [Cmin —Ila,C_ +1 a] \(GI

= min (c.l,c.z );I =c__—c_ va o la tham s6 nhan gia tri
l 1 m min * .

ax

¢ =max (cil,c[2 );cmin
trén doan [0, 1], cu thé o = 0.5.

- Pot bién: Khac v6i phép lai ghép, qua trinh dot bién chi can 1 ca thé dé
tao ra cac thé con cho quan thé. Qua trinh dot bién lam ting su da dang ngudn
gen hoidc khoi phuc lai cac gen di mat cta quan thé. Trong tu nhién, qua trinh
dot bién co thé xay ra boi gen bi thay thé, x0a bo, nhan d6i, dao nguoc, hoac
chén moi. Trén mot chudi nhidm séc thé, dot bién c6 thé xay ra trén 1 gen hodc
c6 cling co6 thé xay ra trén nhiéu gen dong thoi [41] . Trong khudn kho bai toan
dang xét, luan an chon qua trinh dot bién thay thé xay ra trén 1 gen. Ttc 1a mot
gen trén chudi nhiém sdc thé s& dugc chon ngau nhién va bi thay thé boi mot
gen khac. D6i véi ma hoa s thuc, 2 phuong phap duoc sir dung dé xac dinh gen
d6t bién thay thé cho gen duoc chon trén chudi nhiém sic thé 1a dot bién dong

nhdt va dot bién khéng dong nhdt:
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+ Dot bién déng nhat: ¢; = (c1, ¢z, c3) 1a mot chudi nhiém sic thé cua quan
thé tng v6i bai toan dang xét, khi d6 cac gen ¢, k=1, 2, 3 ¢6 co hdi nhu nhau
trong qua trinh dot bién. Khi d6 gen c¢x s& bi thay thé bai gen méi ¢, 1a mot gia
tri ngAu nhién trén dai bién thién cua tham sé twong tng.

+ Dot bién khong dong nhat: cho phép tuy chinh qua trinh dot bién. Goi

cf = (cl,cz,c3) 1a nhiém séc thé cua quan thé ¢ thé hé thir g. Néu gen ¢, k=1, 2,
3 duge chon dé thuc hién dét bién thi gen ung véi vi tri d6 trén nhiém sac thé
nhan duoc sau qua trinh dot bién khong dong nhat 1a:

, {ck +A(g,¢; max —¢, ) NEUham sinh gid tri ngéu nhién bang 0

¢ —A(2.¢, —C¢mn ) néu ham sinh gi4 tri ngau nhién bang 1

b
voi A(g,c)=c|1- r( G/ |, trong d6 G 14 so thé hé toi da, b 1a tham sb hé thong

xéac dinh mirc do khong dong nhét ctia qua trinh dot bién.

- Ting s6 dém thé hé: Sau khi quan thé trai qua cac phép toan di truyén
(chon loc, lai ghép, dot bién), quﬁn thé s& duoc thay thé boi quﬁn thé moi.
Tuong tu, quan thé méi s& duge danh gia do thich nghi thong qua ham thich
nghi va vong lap ctua GA tiép tuc khi diéu kién dimng cta thuat todn thoa man.

e VGi goc nghiéng toi wu yéu cau: S pnve= 5,67°.

x10*

/\ﬂ.NJAM

0 10 20 30 40 50 60 70 80 90 100
generation

Hinh 3. 21. D6 thi ham thich nghi ciia cd thé tot nhdt trong quan thé qua cdc thé hé
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C4 thé t6t nhat sau khi dimng GA duoc cho nhu sau:

Ikt me pp=0,575158514093658;

Xmepn=0,094492108813316;

Ymeph = 3,848253011640023.

Ung véi bd nghiém d6, gia tri goc nghiéng nhan dugc: S n ~ 5,6699935.
Nhu vay GA xac dinh bd tham s6 can tim voi sai s6 giira goc nghiéng tinh toan
so voi goc nghiéng yéu cau 13 6.5E-6.

e Véi goc nghiéng toi wu yéu cau: Bu pn e = 18,2°.

3><105‘

251

0 10 20 30 40 50 60 70 80 920 100
generation

Fitness
P

Hinh 3. 22. D6 thi ham thich nghi ciia cd thé tot nhdt trong quan thé qua cdc thé hé

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

Lkt me ph=1,379027895931647,;

Xme ph = 0,064654560677289;

Yme ph=2,293793596267997.

Ung v6i bd nghiém d6, gia tri goc nghiéng nhan duoc: fu »~ 18,20017.
Nhu vay GA xac dinh bd tham s6 can tim voi sai s6 giira goc nghiéng tinh toan
so voi goc nghiéng yéu cau 1a 1.7E-4.

Ca hai phuong phap néu trén déu tim duoc goc nghiéng tdi wu co sai sb rat
nho. Tuy thudc vao ing dung va timg trudng hop cu thé ta co thé chon 1 trong 2
phuong phép dé trién khai. Phuong phap GA c6 mot sé wu diém noi bat 1a:

- C6 thé tim dugc diém hdi tu (cuc tri) nhanh va loai bé dugc cac diém cuc

tri cuc bd khong mong mudn.
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- Pay la phuong phap co tinh linh hoat cao. C6 thé dé dang thém vao/thay
d6i cac diéu kién tdi vu co rang budc gitra cac bién dau vao néu co.

- Vi bai toan c6 tap dir liéu tim kiém 16n thi GA rat phu hop do co thé
giam duoc s6 budc tim kiém rat nhiéu dwa vao co ché tién hoa.

Trong khi d6 phuong phap binh phuong cuc tiéu 1a phuong phap giai tich
dé tim ra cong thuc tinh toan cac bién dau vao dé co duoc gia tri t1 wu. Mot sd
dic diém cta phuong phap nay 1a:

- D& dang trién khai, cac bién dau vao da duoc cong thirc hoa.

- P6 linh hoat khong cao, mdi khi c¢6 thay doi s6 bién dau vao hodc co diéu
kién rang budc chéo giira cac bién thi can thyc hién lai cac phan tich giai tich dé
xéac dinh duoc cong thire tinh todn cac bién theo diéu kién tbi uu.

3.3. Két luin chwong 3

Noi dung cta luan an & trong chuong nay da tién hanh khao sat danh gia
anh huong ctia cac tham sd quang hinh dén chét lugng lam viéc cta ving quan
sat, anh huong td1 ving mu cling nhu gioi han xa ctia vung quan sat. Tur nhiing
khao sat va phéan tich nay di tién hanh xay dyng va dua ra duoc hai phuong
phap tinh toan tham s6 t6i wu cho hé quang, xdy dung thuat toan va phin mém
gitip qué trinh tinh cac tham sé nhanh va chinh xac. Céac két qua khao sat khoa
hoc duoc phan tich ti mi trén cac thong sd cu thé 1 tu liéu quy bau cho qua trinh

dé xuat cac phuong an cai tién, thiét ké doi1 vdi ngoi nd laser.
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Chuong 4
NANG CAO PO TIN CAY CHO NGOI NO LASER
TREN CO SO KY THUAT MA HOA XUNG THAM DO

Tén ltra phong khong 1am viéc trong diéu kién rat phic tap, nhiéu dang
nhidu tac dong dén tuyén thu, phat trén ngoi nd nhu: méo séng do hiéu Gng
Doppler, khoi bui duong truyén, anh sang mit trdi, cic ngudn sang phi tu nhién,
tan xa do cac bé mit cia dbi tuong di dugc xir 1y, cac dang pha séng chi dong
va thu dong ctia d6i phuong dang bi tén lira bam theo,... Chinh vi vdy viéc trang
bi thém k¥ thuat ma hoa cho chum tia laser phat, nhiam hd trog bo phan thu laser
tach dugc chum tia c¢6 ich ra khoi mot sé chum tia ctia cic ngudn nhiu quang
hoc khéc ¢ ¥ nghia vo cling quan trong trong viéc nang cao chat luong ctia ngoi
nd. Bén canh d6, ngdy nay v6i hé thong may tinh siéu nhé c6 céu hinh cao, hoan
toan c6 thé dua 1én ngoi nd dé thyc hién nhiing k¥ thuat ma hoa phic tap. Trong
chuong nay, luan an dé& xuat mot giai phap str dung k¥ thuat ma hoéa xung phat,
cho phép nang cao kha niang chdng nhidu duong truyén ctia ngdi nd laser trén
tén Itra phong khong.
4.1. Anh huéng cia nhiéu dén hoat dong ciia ngoi nd laser

Nhu ta d3 biét, tin hiéu phan xa vé thiét bi thu, ngoai tin hiéu tir muc tiéu,
ngodi nd laser con chiu anh hudéng cia tac dong tir nhidu nhu: dam may, mua,
mit dat, rung, mat bién,...va cac tin hiéu tao ra tir ché ap truc tiép cia dbi
phuong, nhiéu tap ndi bo trong hé théng thiét bi thu.

Ta c6 thé phan chia céc loai nhiéu thanh 2 loai: nhiéu chi dong (tich cuc)
va nhiéu thu dong (tiéu cuc). Trong d6:

- Nhiéu thy ddng 1a nhitng loai nhiéu do méi trudng va ban than noi bo
thiét bi gay ra. Cac loai nhiéu do méi trudng bao gdbm: may, mua, anh huong
cua mat dat, mat troi, rung, mat bién... gdy ra. Cac loai nhiéu nay vé co ban
s& duoc xtr 1y bang cac giai phap chon loc theo khong gian, thoi gian trong

tuyén thu.
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Trong cac loai nhiéu nay, nhiéu do hiéu img phét xa tr mit trdi anh hudng
dang ké d6i véi ngoi nd laser trong sudt qua trinh tiép can muc tiéu.

Dé giam thiéu hiéu Gng phat xa mit trdi truc tiép vao mdy thu laser, trong
ngoi tén lira phong khong ¢ thé thyuc hién mot sd giai phap sau:

(a) Trudng nhin (FOV) cta thiét bi thu phai nho nhat co thé trén mit
phang chira tryc dau dan.

(b) Dai thong ctia bo loc quang hoc phai dugc giam hon nita bang cach 6n
dinh nhiét do cua didt laser.

(c) Dé bu d6 nhay di bi giam cua bd thu PIN, thi cong sudt bo phat phai
tang dang ké bang cach dung vi mach Laser cong suit cao.

Céc loai nhiéu do ban than noi bo thiét bi giy ra c6 thé bao gdm: nhiéu tap
am trong may thu quang (bao gom nhiéu do cac diode quang va cac bo khuéch
dai cong suat) gay ra. Nhidu tap 4m may thu c6 thé gy méo tin hiéu muc tiéu,
anh hudng dén dd chinh xac xac dinh tham s6 muc tiéu.

- Nhiéu chu dong 1a nhiéu do dich chu dong giy ra. Nhiu nay véi muc
dich ché ap, tao muc tiéu gia dé danh lira, gdy sai s cac phép do tham sé muc
tiéu. Nhiéu nay 1am cho ngoi khong nhan biét dugc muc tiéu trong tin hi¢u thu.
Gay ra nd sém ngoai ving gy hai ctia dau dan. Déi voi ngoi mat dat, nhidu chu
dong lam cho dau dan nd sém vi néu ngan can duge chic ning giy nd can dich
thi ngoi van s& nd khi va cham véi mat dat. Trong truong hop khéng thé gay nd
som, phai lam cho ngoi khong hoat dong. Pdi voi ngoi dan phong khong, viée
gy nhiu tap trung vao viéc ngin gay nd can dich, khong tap trung vao viéc gay
nd sém vi néu chirc nang gay nd can dich khong duogc thuc hién, dau dan s& chi
bay suot qua, kha ning tring vao muc tiéu 1 rat nho.

Dé chéng lai cac loai nhifu nay, mot sé giai phap c6 thé dua ra d6i véi thiét
bi ngoi no laser nhu sau:

(a) Thay ddi c4u triic, md hoa tin hiéu phat xung tham do;

(b) Thay doi chu ky lap lai cua tin hiéu phat xung thim do;
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(¢) Str dung mot s giai phap loc tin hiéu nhiu trong may thu laser.
4.2. Cac phuwong phap chdong nhiéu cho ngoi né laser

Trén co sé phan tich ¢ trén, mot s giai phap chéng nhidu ddi voi ngodi nd
laser ¢ thé nhu sau:

- Pt ngudng bién do cho tin hiéu kich nd. Néu tin hiéu kich né6 do CBLS tao
ra thip hon mirc ngudng nay thi co cAu bao hiém - kich nd s& khong kich nd ngoi
nd. Khi do, ta sé loai trir dugc xung dién tu kich hoat khi cdp ngudn ciing nhu
nhitng nhiéu do nguén burc xa tu nhién yéu (phong nén,...) tao ra.

- bit kinh loc & dau vao cua bd phan thu laser twong dong voi budce song
chum tia laser phat ctia b phan phat laser. Khi d6 ta s& chan duoc cac pho nhidu
quang hoc khong c6 budc song tuong tmg chiéu vao bd phan thu laser.

- Chon hé quang vdi bd phan phat va bd phan thu laser c6 trudng nhin theo
mit phing kinh tuyén rit hep. Piéu nay cling gitp giam xac suit cic ngudn
nhiéu quang hoc chiéu vao bo phan thu laser.

- Dé)ng bo thoi gian 1am viéc cua bd phan thu laser va cua bd phan xur 1y tin
hi¢u theo bg phan phat laser. Chi khi nao bg phéan phat laser lam viéc thi b phan
thu laser va bd phan xtr Iy tin hi¢u mdi canh truc dé sin sang nhan va xu ly tin
hiéu. Qua do, ta ciing giam duogc xac sut cac ngudn nhidu quang hoc chiéu vao
bd phan thu laser tao ra tin hi¢u kich nd khong mong mudn.

- Chon dac tuyén bién dd - tan sd cua khau khuéch dai tin hiéu sao cho hé
s6 khuéch dai rat nho véi cac tin hiéu c6 tan sb thap. Vi giai phap nay gitp ta
giam duoc tic dong ctia nhitng ngudn nhiéu cé thoi gian tic dong 16n nhu buc
Xa ctia mit troi, cta ludng phut dong co phan luc, ciia phong nén, ...

- Tao xung ctra & b0 phan xtr ly tin hi¢u. Trong khoang thoi gian xac dinh,
bang do rong xung ctra, néu bd phan xur 1y tin hiéu dém dugc sb lugng xung dat
yéu cau ngudng bién do nam trong giéi han quy dinh (min < 7 < Nmax) thi bO
phan ndy sé tao ra tin hiéu dua sang co ciu bao hiém - kich nd dé kich n6 ngoi

nd. Bang giai phap nay ta s& loai dugc nhitng ngudn birc xa nhiéu c6 thoi gian
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tac dong lon (nhu blrc xa cuia mat troi, cua lué)ng phut dong co phan luc, cua
phéng nén,...vi ching c6 do rong 10n), ciing nhu loai duoc cic ngudn bic xa
nhiéu c6 do rong nho.

Tuy nhién, cac phuong tién tap kich dudng khong di c6 nhitng tién bd vuot
bac vé kha ning ddi khang va chdng dbi khang, chung st dung cac bién phap
gay nhiéu tich cuc cho ngodi nd laser. Chinh vi vy ngdi nd laser st dung cac
phuong phap mi hoa truyén thong rat c6 thé dé dang bi gy nhidu, giam kha
nang danh tring muc tiéu.

Do vy, bai toan ma hoa xung tham do ctia ngodi nd laser can phai dit ra. Bo
phan ma hoda tao tin hi¢u ma hoa, sau do6 dua dén tﬁng khuéch dai va dua dén
tang diéu khién ngudn phat laser. Bo phan xt 1y s& so sanh tin hiéu nhan duoc
v6i tin hiéu c6 quy luat ma hoa cho trude, néu dung quy luat s& tao ra tin hiéu
dua sang co cdu bao hiém - kich nd dé kich nd ngoi nd.

Noi dung tiép theo ctia luan an sé& tap trung xay dung thuat toan ma hoa gia
ngau nhién theo nguyén tic ma hoa tin hiéu theo ma Gold nham muc dich nang
cao kha ning chong nhiéu tich cuc do dich gay ra.

4.3. Nang cao chat lwong ngoi nd laser bang ky thuat ma hoa

Ban chét cta qué trinh mi hoa 13 qua trinh tao ra cac chudi gia ngiu nhién
(chudi m3 hoa). Chudi ma hoa 14 cac chudi sb dugce tao ra theo cac ham xac dinh
(deterministic function), sit dung mot gid tri khoi tao ban dau (initial seed). Khi
da biét duoc gia tri ban ddu va ham, ta c6 thé tai tao lai dugc chudi da sinh. Tuy
nhién, néu khong biét duge céc thong tin nay, ta s¢ rat kho du bao duge céc gia
trj s& tiép tuc duoc sinh ra. Vi vay day dugc goi 1a chudi ma gia ngau nhién.

Pé ma hoa tin hiéu, ta chi can nhan bit cAn m3 héa véi ting bit cia chudi
PN (s6 luong bit tao thanh s& bang chiéu dai caa chudi PN):

d —s,(..ky=d, -PN(l...k)

Trong do d,=

n

1  khi data bit=1
—1 khi data bit=0
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Pé giai ma tin hiéu:
s,(1...k) > §,(1...k)=5,(1...k)- PN(1...k) > d, = sign(_5,(1...k))

Céc budc hoat dong chinh cta qua trinh ma héa va gidi ma dugc minh hoa
bo1 vi du sau:
Gia thiét hé thong c6 ngudi sir dung A véi chudi gia ngiu nhién
PN,=[1 0 0 1 0 1]
va ¢ ngudi sit dung B v&i chudi gia ngau nhién
PNy=[1 1 0 0 1 1]
Khi A gti di chudi Data=[0 1 1] thi timg budc s& duge thue hién nhu
sau:
1. Chuyén mrc tin hiéu: 0 —>-1; 11
-1

Data — Data2=| 1]|;
1

PNA—>PNA2:[1 -1 -1 1 -1 1]
2. Nhan ting bit v6i khoa gia ngau nhién:
-1 1 1 -1 1 -1
Data3 =Data2OPN = 1 -1 -1 1 -1 1
I -1 -1 1 -1 1
Céc bit trong Data3 s& duogc truyén di. Cha ¥ rang sé luong bit di bi ting
1én 6 1an (bang d6 dai bit ctia chudi gia ngau nhién). Khi bo thu nhan dugc sé
tién hanh giai ma theo cac budc sau:
3. Phan doan chudi nhan duoc thanh cac doan con c6 d6 dai béng do dai
ctia chudi gidi ngau nhién va nhan ting bit véi chudi.
-1 -1 -1 -1 -1 -1

Data3 — Data4 = Data3OPN,=| 1 1 1 1 1 1
1 1.1 1 1 1
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4. Giai ma céac hang da nhan:
-1
Data4 — Data5=| 1
1
Trong truong hop B mudn giai ma ban tin (st dung chudi gia ngiu nhién
ctia B) ta c6 cac két qua nhu sau:

PNy=[1 1 0 0 1 1]>PNyp=[1 1 -1 -1 1 1]

Data3 — Data4 = Data3®Q PNz, =| 1 -1 1 -1 -1 1

Ta c6 thé nhan thay trong vi du don gian nay, chudi Data4 khong con biéu
thi dugc bit s liéu ban dau. Tai cac vi tri ma PN4 va md PNg khac nhau, gia tri
bit bi dao ngugc. Néu bén giri sit dung ma PN, du dai thi xac suat dé do ra dugc
chudi PN gan gibng v6i PNy s& thap. Trong thuc té con sir dung phuong phép
sinh khoa lién tuc, c6 nghia 1a md PN, dugc thay d6i lién tuc trong qué trinh
hoat dong dé 1am giam kha nang do khoa.

Mot vu diém tht hai cta phuong phap nay d6 1a néu phat sinh 15i trén
duong truyén, ban tin nhan dugc Data3' bi sai léch so v&i ban tin chuyén di
Data3 s& dan t&i ban tin sau khi gidi md Data4' ciing khong 1y twéng. Tuy nhién
néu sé lugng phat sinh 18i d thap thi van c6 thé dé dang khéi phuc lai ban tin
gbc ban dau. Vi du nhu ban tin bi 16i duong truyén khién cho 2/6 sb bit bi dao
(day 1a ty 1& 151 16n so v6i chat luong cac duong truyén hién nay) nhu sau:

-1 1 1 -1 1 -1

Data3=| 1 -1 -1 1 -1 1

I -1 -1 1 -1 1

-1 1 -1 -1 -1 -1

— Data3=| 1 -1 1 -1 -1 1
-1 -1 -1 1 -1 -1
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Khi do6 ban tin giai ma duoc s¢€ la:
-1 -1 1 -1 1 -1
Data4' = Data3 ©PN,,=| 1 1 -1 -1 1 1
-1 1 1 1 1 -1

Ta thiy rang ban tin sau khi giai ma cling s& bi nhay bit tai cac vi tri bi
nhidu. Néu sb luong nhidu nho, ta c6 thé ap dung lay ngudng da sd dé thu duogc
ban tin gdc chinh xac tir ban tin gidi md Data4'.

-1
Data4 — Data5=| 1
1

4.3.1. M héa va truyén roi rac tirng bit ma.

Déi véi cac thiét bi ngodi nd laser lam viée véi thiét bi phat don xung voi
chu ky khong ddi, wu diém 1a thiét bi gon nhe d& trién khai, nhung nhugc diém
1a dé bi phat hién va dé bi ché ap bﬁng viéc thu tan sb va tao muc ti€u gia dé gay
sai s6 do cu li muc tiéu. Do d6, dé dam béo viéc chéng nhiéu c6 hiéu qua va
hién thuc héa duoc trén cac 16p tén ltra phong khong st dung ngdi nd laser ta co
thé thuc hién qua trinh ma hoa xung do theo mot quy luat biét trude dé gay kho
khin cho viéc giai ma ciing nhu ché ap do dich gay ra.

Giai phap ma hoa:

Qua trinh ma héa duoc thyc hié€n boi n bit ma hoa trong mot khoang thoi
gian xung (s bit ma hoa cang 16n thi kha ning chéng nhifu cang cao). Tuy
nhién, s6 bit ma hoa ma cang 16n thi kha nang dép Gmg ctia phan cing dé dam
bao tinh thoi gian thyc cang giam.

Mdi 1an xac dinh cy ly (ldy mau cy ly) thiét bi phat di n bit dir liéu theo
dinh nghia cho mdi loai tén lira/ muc tiéu, trong mdi bit dit liéu gém 1 bit start, 1
bit stop va chudi bit ma héa theo ma Gold c6 do dai 2™ — 1 bit. Bit dir liéu va bit
mi c6 murc logic 14 1 s& duoc truyén di, cac bit 0 khong dugc truyén.

- Gian d6 tong quéat nhu trén hinh 4.1 sau:
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Chudi dik li€u DI D2 D3

v

start + 2"m -1 bit m3 + stop start + 2"m -1 bit m3 + stop start + 2"m -1 bit m3 + stop

Chudi bit ma — - —_—

v

Hinh 4. 1. Goi dir lieu ma hoa boi 31 bit ma

Giai phap tinh toan tham sb ci 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 tiéu giéng nhu ddi véi tin hiéu phat
dang don xung. Sau khi phat mot bit ma va thu duoc tin hi¢u muc ti€u ta do thoi
gian gilt cham va tinh duoc cu li myc tiéu. Ctr nhu vay, sau mdi chudi bit ma
cia mot bit dit liéu truyén va xt 1y thanh cong thi cu ly dén muc tiéu dugc xac
dinh theo phuong phép trung binh céc cu ly tinh duogc.

Ta lay mot vi du cu thé sau, chudi ma phat di c6 d6 dai 1a 31 bit, trong d6
sO bit 1 va bit 0 thay ddi sau mdi khoang nhip tao ma Gold. Do b dém thoi gian
xung chi dém duogc thoi gian ctia xung truyén di (tirc cac bit 1) nén tong s6 bod
dém thoi gian xung c6 thé luu lai luén ludn nhod hon 31.

Gia str trong chudi 31 bit ma ¢ 20 bit 1 va 11 bit 0 thi tong sd bo dém thoi
gian xung t0i da thu duoc 13 20 bd. Trong trudng hop c6 nhifu ma bi mat bit
(truyén di nhung khong thu dugc) thi s6 bo dém thoi gian xung sé chi bang sb
bit phat - thu thanh cong.

- Truong hop tong quat, goi thoi gian xung truyén thanh cong ciia mdi bit
trong chudi ma 31 bit 1an luot 1a AT, ATy, ..., AT

- Khoang cach dén muc tiéu c6 thé tinh duoc tir chudi thoi gian xung trén

lan luot 13: Dy, Dy, D3;. Trong do:

ceey

8
D, :AZ.3'120 (m) (4.1)
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-Cu ly dén muc tiéu sau khi truyén xong chudi bit md duogc tinh theo
phuong phap 13y trung binh cac mau do dugc. Cu ly dén muc tiéu duge xac dinh
nhu sau:

AD=XD;+/Tong s6 cu ly tinh dugc (4.2)

trong do:

D, 14 cac cy ly c6 thé tinh dugc

Tong sb cu ly tinh duoc: 13 s6 cu ly hay s6 bit 1 truyén thanh cong.

Vi du: trong chudi bit ma chi ¢6 3 bit 1 truyén thanh cong 1a D, , Dyq, Dy
thi cu ly dén muc tiéu tinh dugc 1a:

Dy + Dyg+ Dy

- 3 43)

AD

Chudi dit liéu & ddy duoc ma héa trong 3 khoang nhip DO, D1, D2. Tuy
thudc vao tinh chit ctia muc tiéu (cu li lam vi¢c cua ngoi nd, dién tich phan xa
hi€¢u dung ctia muyc ti€u...), qua trinh ma hoda trong cac khoang nhip nay s€ thay
d6i (s6 lwong bit 1 s& thay d6i). Trudc khi ban ta s& thiét 1ap cu thé sb bit ma
trong cac khoang nhip.

Nhu vay dé ciu hinh khung truyén mé hoa xung do ta can phai ¢ céc tinh
toan lién quan dén do rong ctia xung ma hoa, chu ky xung ma hoa va sb luong
lugng bit ma hoa trong mot khoang nhip.

Do rong cia xung ma héa.

Do rong ctia xung ma hoa 13 tham sb anh huong dén kha ning phan biét
theo cu 11, kha nang do duoc cu li nho nhét c6 thé. Do d6, do rong cua xung ma
héa duoc tinh theo biéu thirc sau:

r = 2Dmin (4.4)

! c
D61 vai ngoi no laser, voi kha nang cong nghé¢ hién nay cho phép tao dugc
cac xung do c6 do rong cd ns. Do do, voi ngoi nd laser ban cac loai tén lura

phong khong véi cy ly phat hién cyc tiéu 1m thi d6 rong xung do 1, = 6,7ns.
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Chu ky cua xung ma hoa.

Chu ky cua xung ma hoa lién quan dén cy 1i phat hién ctia ngoi nd laser.
Trong do, cu li phat hi¢n ctia ngoi nd phu thudc vao nhiéu tham sd, mét trong
nhing tham sd quan trong 14 céng suat phat ctia ngodi nd laser.

DPé dua ra dugc tham sb chu ky ctia xung ma hoa, trude hét ta c6 mot sb
danh gia, khao sat cu li quan sat hidu qua ctia ngoi nd laser véi su thay doi cia
ning luong cta xung do may phat va anh hudng cia tuyén thu laser.

Pbi v6i cac may do xa laser thong thuong dung trong phao binh, phong
khong khong quan hay hai quén,... cu ly can do thudng tir vai trim mét dén hang
chuc km, do d6 ngudi ta thuong sir dung cac laser rin phat don xung véi ning
luong xung 1én dén hang chuc mJ hodc sir dung laser ban dan (laser diode)
nhung phat chudi xung 1én dén hang nghin, tham chi hang chyc nghin xung dé
do khoang cach theo phuong phap cong don tin hiéu. Tuy nhién, ddi v6i ngoi
khong tiép xtic sir dung laser, khoang cach can do thudng tir vai mét cho dén vai
chuc mét nén hoan toan c6 thé sir dung laser ban dan dé lam ngudn phat. Bén
canh do, laser ban dan chuyén dung duoc dong goi nhé gon, chiu dugc xung luc
rat 1on, phu hop véi ing dung quén su.

Dé tao cac xung laser ngdn ¢& nano, thim chi dén pico gidy, sir dung cac
mach driver chuyén dung cho cac laser ban dan.

Mot sd laser chuyén dung quan sy dung cho may do xa laser ciing nhu ngoi

khong tiép xtic ciia hang Exelitas Techonologies (www.exelitas.com) dugc biéu

dién trong bang 4.1:

Bing 4. 1. Thong sé mét s6 mdy do xa laser

, QPGA QPGA
Thong so PVGR4S12H
S3S09H S2S09H
Cong suat trung binh cuc dai W 100 300 200
Do rong xung laser ns 150 100 100
Tan lap phat xung kHz 1 1 1
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Théng sb PVGR4S12H QPGA QPGA
S3S09H S2S09H

Budce song laser nm 1550 905 905
Kich thudc vung phat xa laser pum 300 x 350 225x400 | 225x200
G6c m¢ chum tia trong mat bo 19 10 10
phang kinh tuyén
G6c md chum tia trong mat bo 38 25 25
phang xich dao

Cong suit trung binh cua cac laser ban dan dung trong do xa laser co thé

dao dong tir vai W cho dén vai tram W, day 1a mién pho rat rong dé nguoi su

dung c6 thé lia chon ngudn phat dap tng yéu cau.

Goc mé cua chum tia laser ban din phu thudc vao dién tich ving phat xa.

Theo bang trén c6 thé thiy, goc md cta chum tia laser ban din theo chiéu rong

1én dén 38° va theo chiéu dai dén 19°. Go¢c mé cua chum tia laser con ¢6 thé mé

rong hay thu hep bang cach st dung hé quang két hop véi khe ho. Gia sir ring

sau khi di qua hé quang phat, chum tia laser c6 goc mo trong mit phang xich

dao la ¥4 = 90° va gbc md trong mat phéng kinh tuyén 1a Yy, = 10°.

Khi chiéu chum tia laser, tai cu ly R, vét laser co dang hinh elipse véi do

dai truc 16n va truc nho tuong tng la:

2a = 2R.tg(%%) (4.5)

2

2b = 2R. tg(2) (4.6)

Dién tich vét laser s8 14 A = m.a.b = m. R2.tg (%) : tg(q;—“)
O day chiing ta s& xét hai truong hop:

1. Kich thudc vét laser nhd va nam tron trong vung dién tich bé mat muc

tiéu duoc chiéu dén. Khi do, toan bd nang lugng laser s€ dugc tdn xa tai bé mat

muc ti€u. Truong hop nay co thé xay ra khi muc ti€u ¢ rat gan té€n Itra c6 gan

cam bién laser.
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—
= R
o .

: - Ei.._.,,_Am=nab
Atmosphere il

Trong truong hop nay, nang luong cua xung laser tai bé mat muc tiéu duoc

xac dinh boi cong thure:
E; = Tpnae- E.exp(—oR) 4.7)

trong d6 E = P.7 1a ning lugng cua xung laser phat ra tir ngudn phat voi P 13
cong suit trung binh cua ngudn laser ban dan va tx 1a do rong cua xung laser;
Tphat 12 h€ s6 truyén qua ctia hé quang phat (thong thuong hé s truyén qua cia
hé quang phat 1én dén 95%); ¢ (km™') 12 hé s6 suy hao cia méi trudong khi quyén
dbi véi buc xa laser.

2. Kich thude vét laser bao trum 1én dién tich bé mit muc tiéu duoc chiéu
dén. Trudng hop nay chi mot phan ning luong laser tan xa tir bé mit muc tiéu.

Ning luong cua xung laser chiéu dén bé mit muc tiéu trong truong hop nay

duoc xac dinh badi biéu thire sau:

E, = :fTTE. exp(—oR).A..cos(8) (4.8)
A =1/4nD?
- R
fD ,_.- | B -'_) : Af
Atmosphere s

trong d6 A, 1a phan dién tich muc tiéu tan xa laser; 8 1a goc tao boi giita phap

tuyén bé mat muyc ti€u va hudng quang truc cia chum laser.
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Coi bé mit myc tiéu 1a bé mat phan xa khuéch tan véi hé sb phan xa 1a p.
Khi do, toan b nang luong do xung laser chiéu dén muc tiéu s& chi phan xa mdt
phan trd lai. Toan bd phan ning lwong phan xa trd lai bang:

pr =p.Eq; (4.9)

O day, chi s6 1,2 twong Gng véi hai trudng hop 1 va 2 & trén.

Tuy nhién, khong phai toan bo ndng luong E,, quay tro vé va di vao dau
thu. Do bé mit muc tiéu phan xa khuéch tan nén burc xa laser sau khi phan xa s¢
truyén theo moi hudng trong goc khdi 2m (ban cau). Va do vay chi co mot phan
nho ning luong birc xa laser nam trong goc khdi cua hé quang thu duoc dau thu
tiép nhan. Goc khdi do 1a:

.Q — Athy — nD?
thu R2 AR2

(4.10)
Véi Ay, 12 dién tich cta hé quang thu; D 1a duong kinh cua hé quang thu.
Nhu véy, nang luong xung laser phan xa vé ma dau thu nhan duogc s& 1a:
Enu(R) = Tenye Epyes Qepy-cos(0) . exp(—oR) (4.11)
Két hop cac biéu thuc (4.6), (4.7) va (4.8) ta co:
Einu(R) = Tenu- p- 51,2-% .cos(8) .exp(—oR) (4.12)

Biéu thirc (4.9) chinh 1a cong thirc x4c dinh phan ning lwong cta xung
laser ma dau thu nhan dugc. Ning lwong nay cin phai 16n hon mét gia tri
ngudng nhét dinh thi dau thu méi cam nhan duoc va sau khi xu ly tin hi¢u cho
két qua 13 khoang cach tir tén lira dén muc tiéu.

Gia tri ngudng cua nang lugng phan xa vé dau thu duogc xé4c dinh bai:

Engufmgz Nf.NEI.Eph (413)

Trong d6, NEI 1a s6 photon ma dau thu can nhan dugc dé tao ra mot tin

hiéu c6 ty 1é tin/tap bang 1 (SNR = 1); E,n = hc/A 1a nang luong ciia mot photon;
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N; 14 hé sb dé bao dam tin hiéu thu 14 tin higu c6 ich (khong phai nhiéu). Thong

thuong Ny c6 gid tri trong khoang tir 6 dén 10.

Nhu véy, khoang cach 16n nhat ma may do xa laser do dugc mot cach tin

cay la khoang cach ma tai do, nang luong buc xa laser tré vé dau thu béng voi

gia tri nguong, hay noi cach khac ty $6 Eny, (Rmax)/Enguing = 1.

Céc thong sb ctia hé do xa laser cho trong bang sau duogc sir dung dé khao

sat moi quan hé gitra cong suat phat cia laser va cu ly quan sat:

Bing 4. 2. Y nghia théng sé hé do xa laser

Théng s6 Y nghia Gia tri
Ay Kich thudc muc tiéu 1x1 m?
Yxa Goc mé chum tia laser trong mit phang xich dao 90°
Vit Goc mé chum tia laser trong mat phang kinh tuyén 10°
P Cong suat trung binh ciia nguon laser S50W
T Do rong xung laser 6,7 ns
o Géc tdi cua tia laser chiéu dén muc tiéu 30°
p Hé s6 phan xa cta bé mat muc tiéu 30%
Hé s6 cho qua burc xa laser cua hé théng quang hoc kénh
Tphat: Tthu 0,95
phat va kénh thu
o Heé sb suy hao ciia birc xa khi lan truyén trong khi quyén 0.1km'!
Puong kinh thong quang cua h¢ quang thu 21 mm
Ny Ty I¢ tin/tap 8
NEI Tin hiéu vao twong duong nhiéu 33 photon
A Budc song laser 1550 nm

Vé6i goc mé cua chum tia laser trong mat phang xich dao va mit phiang

kinh tuyén nhu trén, kich thudc ctia chum tia laser ting 1én rat nhanh khi khoang

cach R ting. Vi R=2m, dién tich vét laser da 1a 1m?, tuong duong véi dién tich

cua bé mat muc tiéu ma ta dang xem xét. Do do, chung ta c6 thé chi can xét

truong hop 2, 1 truong hop kich thude vét laser bao trim 1én muc tiéu.
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Trén hinh 4.2 biéu dién su thay doi cua ty $6 Einy (R)/Engusmg theo khoang

cach R tir may do xa laser dén muc tiéu. Céc thong sb can thiét phuc vu tinh toan
duoc liét ké trong bang 4.2. Dya vao hinh 4.2, ¢6 thé d& dang nhén thiy rang véi
cam bién khong tiép xtic st dung méy do xa laser v6i cac thong sd nhu trén cé
cu ly quan sat khoang 50m.

Pé thay doi cu ly quan sat cia cam bién khong tiép xuc nay dé phu hop véi
cac loai tén lira khac nhau, c6 thé don gian bang cach thay d6i ning luong cua
xung laser théng qua viéc thay d6i cong suat phat ctia ngudn laser. Trén hinh 4.3
biéu dién sy thay ddi cua cu ly quan sat ciia cam bién laser khi thay ddi ning
luong xung laser. Ung véi cc gia tri ning luong cta xung laser 1a 1puJ, 5pJ va

20uJ, cu ly quan sat ctia ngodi cam bién laser twong Gmg bang 53m, 75m va 113m.

40 . .

= x Ethu(R)
— Tys0 ———
Engl.rfmg B

Puong thing y =1

100 150

R(m)
Hinh 4. 2. Sy phu thudc cua ty 56 Esny (R)/Epguimg vao khodng cach R tir may do

xa laser dén muc tiéu.

Céc thong sd dung dé tinh toan dugc liét ké trong bang 4.2.
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20 = .
Ethu(R) y
— | ] ]

B siing i 2 8 E,=10° ()

\
15} L E,~5x10° () A

: )
: E;=2x10" (3)

10 " :

R(m)

Hinh 4. 3. Cu ly quan sat ciia cam bién laser ting khi ndng lwong xung laser ting

Nhu vay, qua khao sat bai toan ning luong cta cam bién do xa laser, chung
ta co thé nhan thay, voi cu ly quan sat ciia cam bién khong qua 16n, chi can xung
laser v6i ning luong ¢& mot vai uJ cho dén mot vai chuc pJ. Rat nhiéu ngudn
laser ban dan thuong mai co thé dap tng duoc yéu cu nay.

Dbi v6i cac ngoi laser duge trang bi trén Tén ltra phong khong, nang luong
ctia xung laser thuong & mac dudi Sul, do d6 cu li quan sat ctia ngodi nd cyuc dai
1a 100m. Ttr d6 ta tinh dugc chu ky cia xung ma héa T; = 6,7ps.

Giai phap thay doi @6 dai chudi ma

S6 luong bit ma, s luong bit 1 trong mot khoang nhip phu thudc vao tinh
chit ctiia muc tiéu, cu thé 1a phu thudc vao cu li muc ti€u, kha nang xu ly, tinh
toan cta tuyén thu. Néu sd luong bit ma ma Ién thi thoi gian xir 1y ¢ tuyén thu s&
16n va kha nang méat muc tiéu s& cao. Do d6, néu muc tiéu & cu ly xa thi s6 bit
ma hoa s& 10n, khi myc tiéu gan véi ngoi laser thi sé bit ma hoa s& giam dan. Do
d6 viéc thay doi s bit mé hoa trong khoang nhip s& phu thudc vao cu li tir ngoi

no6 dén muc tiéu.
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Nhu d3 dé cap ¢ trén, dé dam bao tinh thoi gian thyc trong qua trinh xac
dinh cac tham $6 muc tiéu ma van dam bao tinh bao mat, chéng lai ché ap dién
tir ciia dbi phuong, luan an dé& xuat mot giai phap thay doi lién tuc d6 dai chudi
ma ngau nhién nhu di trinh bay & muc 4.3 theo cong thirc sau:

d, =kT(t) (4.14)

trong d6: 4, - 46 dai chudi ngiu nhién, & 1 hang sd:
0<k=<1 (4.15)
7(t) 1a khoang thoi gian bay dy kién cua tén lira tir thoi diém hién tai

dén khi gdp muc tiéu. Khoang thoi gian nay ¢ thé duoc tinh bai:

()= ’;m (4.16)

D
O day Dm 1a cu ly giita tén lira va muc tiéu, tham s6 nay do chinh ngoi nd
laser do duoc, Vp 1a tbe do thay doi cua tham sb cu ly. Vi khong cé thiét bi do
tde do thay doi cu ly, nén can c¢6 thuat toan danh gid tham ) nay trén co s& xu
1y bd dir li¢u vé cu ly do chinh ngoi nd laser do duoc.
Gia st & thoi diém ¢ =iAT c6 day sb liéu vé cu ly giira tén lira va muc tiéu:
D, D,,D,,...,D,, dugc do & cac thoi diém AT, 2AT,3AT,... iAT . Tix day sb li¢u nay
chung ta c6 dugc do thi mo ta mbi quan quan hé giira cy ly va thoi gian D). O
mdi thoi diém ¢=iAT ching ta xdp xi d0 thi 46 bang duong thang:
y(t)=a, +bt 4.17)
v6i m sb liéu cu ly do duoc trude dé: Dij(j =1, 2, ..., m); tirc 1a céc s6 liéu Dy,
Dia, ...., Dij, ..., Dim. Can tim hai sé a,b, sao cho duong thing nay gan dudng
cong D(f) theo nghia: Tong binh phuong khoang cach & cac thoi
diém j=0,1,2,...,m gitta dudng cong D(¢) va dudng théng y(¢) 1a nho nhét, tic 1a:

L= Dy ;,~(a+bjAT)] = min (4.18)

Jj=0
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L phu thudc vao diy s liéu cu ly do ngdi nd laser do dugc va hai tham s6

a,b. Trién khai cong thuc (4.18) ta co:

L=i[ D, ; —(q, +b,jAT)]?

m

=Y[D}_,+a}+b}j’AT*~2a,D,_,—2bjAT D;_, +2ab jAT]

i (i-))
j=0
hoac:

L= Z [D}_,+a;+b}j’AT*~2a,D,_, —2bjATD,_, +2ab jAT]

Z o ])+Za +Zb2 PAT? — ZZal i) i2bl.jATD(ifj)+i2aibl_jAT
Jj=0

Jj=0
hoac:

L= ZD(, sFal(m+1)+b; ATZZJ —2a, ZD(I j)—%iATZm:jD(ifj)+2aibiATZm:j (4.19)

7=0 j=0 j=0

Gia tri L 1a ham sd phu thudc vao tham s6 a. va b,, can tim hai tham sd

nay dé L dat gia tri nho nhat, tic 13 1am cho ham tuyén tinh y(z) gﬁn nhét véi
duong cong D(r). DPé tim hai tham sb nay can giai hai phuong trinh sau:

9L oy, Ly (4.20)
oa ob

Theo yéu cau cta (4.20) va tir (4.19) co:

a—L:ai2(m+l)—2ZD(H) +b2ATY j=0 (4.21)
; j=0 Jj=0
oL
a—b—bZAT ZJ —2ATZ]D(U)+a2ATZ] 0 (4.22)
i Jj=0 j=0

Tién hanh giai hé phuong trinh tuyén tinh (4.21), (4.22) dé xac dinh hai 4n s6 q,
va b,. Tir (4.21) c6 thé rut ra:
Z D(i—j) —bA TZ J

a =22 o (4.23)

Tu (4.22) co:
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(4.24)

a = (4.25)

j=0 Jj=0 Jj=0 j=0 j=0 j=0 j=0

CES) Wi

a(m+1)ZJ —ZJ ZDM SN D, e Y Y (4.26)

Jj=0 j=0 Jj=0 j=0

Thay tong Z j bang mm+1) +1) va tir (4.26) nhan dugc:

j=0

ZJZZD< =2 i JD

j=0  j=0 j=0  j=0

a. =

1

(m+l)2j —m*(m+1)*/4

hoac:

g =00 0 0 4.27)
m*(m+1)* /4—(m+1))_ j*
Jj=0

Thay a, & vé phai phuong trinh (4.24) nhan dugc:
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m

m ZJIZJD(H)_A jZZD(i—j) m
sz(i—./)_FO = T Zj

j=0 m*(m+1)*/4—(m+1)) j*
b= =
AT j?
j=0
Thay tong > j bing @ nhan duogc:
j=0
m(m+1) & . A
RN D, - D, .
D, 2 Z] " ZJ Z D m(m+1)
(-j) m
=0 i (m+ 1) /A= (m+ )Y 2
b= _ =0 (4.28)
ATY j?
j=0

T (4.27) va (4.28) cho thiy tir tham sé cu ly giita tén lira va muc tiéu
D.D._.D.,,...D_ , dugc do & cac thoi diém (i—m)AT,(i—-m+1)AT,...,AT c6 thé
xéac dinh dugc cac hé sé a,b cua ham tuyén tinh (4.17). Tt (4.17) cho thay c6

thé coi b, 1a gia tri van toc bay thay d6i cu ly, tirc 1a:

m(m+1) m . m 5 m
SN D, =Y YD,

Z] G-j) m 2

j=0 m*(m+1)* /4=(m+1))_ j°
VD = m =

ATY
j=0
Thay tong Ve bang m(m+1)6(2m+1) nhan duoc:

Jj=0

y _Sm+ 2)>jDy_j—6m(m+2)> D, +18m>  jD_,
b m(m+1)(2m+1)(m+2)AT (4.29)

Tham s6 7, 1a tham s0 ngoai viéc dung vao hi¢u chinh d6 dai chuoi ma gia
ngau nhién nhu trén da trinh bay, con c6 nhiém vu cung cap thong tin cho thiét

bi tao 1énh diéu khién chuyén dong trén Itra. Trén hinh 4.4 1a thuat toan xac dinh
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cu ly gitra tén Itra va muc tiéu, tbc do thay doi cu ly va do dai xung phat tia laser
mi héa. Trong thudt toan nay can dua vao cac tham sd ban dau: AT, k, m, T(0).
O day AT 1a khoang céach thoi gian ctia bo vi xir 1y, phu thudc vao chung loai
chip vi xtr 1y dién tir; &, m 1a cac sb tuy chon théa man (2) va phu thudc vao yéu
cu bao mat va téc do tinh toan cia chip xir 1y (néu chip xir 1y nhanh thi hai
tham sb nay c6 thé 16n); 7(0) 1a khoang thoi gian bay cua tén ltra du kién tir vi

tri hién thoi dén khi gip muc tiéu.
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Mi=1i+1
Lap day D i
A i=1,2,...,m
Nhap vao AT, k, m, T(0)
\ 4
‘ .
] Xac dinh V (16)
1=m \
va T(ti) (3)
j=1 , o
Phat xung laser ma hoa
g voi dé dai T(ti)
\4
Phat xung laser ma hoa v
51 d6 dai T(0) (1
vei do dai T(0) (1) Thu xung laser
dtng ma hoa
A
Thu xung laser dung \ 4
3 hé
fafioa Xéc dinh cu ly D,
l A4 o
Xac dinh cu ly D; / DuaraD.V / Cho h¢ 1ap trinh
? D diéu khién tén lira
v Doc Iénh Tir hé théng diéu
j=j+1 ket thue (KT) /< khién chuyén dong
tén lua
. Kiém tra
Co ;
j=m 1énh (KT)

Khong

Hinh 4. 4. Luu do thudt todn phat chubi ngcfu nhién va xdc dinh vin téc tié}) can
4.3.2. M héa va truyén lién tuc chudi ma.
Diém khéc biét ctia phuong phap nay so véi phuong phap & phan trén 1a cac

bit ma dugc truyén lién tuc, ngay sau 1 bit vira truyén ma khong can doi dén khi bit
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d6 duoc nhan va xir Iy xong, nghia 1a ta truyén ca mot goi dir liéu 33 bit gdm bit

start, bit ma va bit stop cling mét lac. Gian d6 xung theo thoi gian nhu sau:

L3

Kénh phat Start q :‘ q :‘ oL ;‘ :‘ Stop

T Start T =t leksung | T =t lckxung | T Il=t lcksung Lu:L]nkxung| T I=t leksung | T =t lckxung | T =t lckung |

Keénh thu Start ﬁ ’j F H o F ’: Stop

Thii gian xir Iy 31 *t_lckxung+ T_Start + T_Stop

5
Thot gian

Hinh 4.5. Géi dir liéu mé héa béi 31 bit ma truyén lién tuc

Tong thoi gian xtr Iy xong 1 bit dit lidu:

T pal =31 *t Ickxung + T start+ T stop

So sanh 2 phwong phap

- Sai sb cu ly: do cu ly déu dugc tinh sau mdi bit ma nén sai sb cu ly ctia 2
phuong phép 1a nhu nhau.

- b6 phan giai cy ly:

Xét twong quan thoi gian xir Iy cua 2 phuong 4an cho truong hop chudi ma
m bit:

AT =T pa2—-T pal
=m*T ll-(m-1) *t lckxung

Phuong 4n 1 ¢6 thoi gian xt Iy phu thudc nhiéu vao cu ly do, cu ly cang xa
thi thoi gian can dé truyén bi nhan 1én theo s bit sir dung. Trong khi phuong 4n
2 thi thoi gian nay phu thudc nhiéu vao tan sd lip lai cta bit ma.

Bang cach tang tan s6 1ap lai ctia bit mi ta ¢ thé giam dugc do phan giai vi
tri muc tiéu (do giam dugc thoi gian 1dy mau cu ly).

Tuy nhién, T » bi gi6i han vao cong nghé ché tao cic bo thu, phat laser.
Cong suat thu phat cang 16n thi T ; cang 16n. Céc bo laser do cu ly xép vao dai
do xa ¢& vai chuc km thi tin s6 13p lai chi tir 0.2 - 1 Hz (T s 1a 5s — 1s), cac b

cong suat thap va nho cho tng dung do gan (vai chuc m) thi tan sé xung lip lai
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t6i da cling chi vai MHz. Di vai bo laser nhom tac gia tim kiém va st dung 1am
tham chiéu cho thiét ké c6 tan s6 lip lai tdi da la 10MHz (T ;13 0.1 us).

Céc van dé can quan tam khi trién khai phuong 4n 2:

- Phai nang tan s6 ldp lai xung phat 1én cao hon: Kho trién khai xudng phan
ctimg hon do can thiét ké phan cimg dam bao tin hiéu tan sé cao hon, kha ning
chéng nhidu phan cing & tan s cao ciing kho hon, d& méo xung.

- Khéi thu va phét s& c6 thoi diém giao thoa gitra tin hiéu phat va thu c6 thé
gay ra nhiéu, méo tin hiéu.

Nhén xét: Dé cin bang giita yéu cau vé sai sb, cu ly sat thuong,... va kha
ning trién khai thuat toan trén phan cing cling nhu cong nghé laser hién tai.
Luan an dé xuét phuong an truyén chudi bit roi rac (tirc mdi bit ma truyén nhan
xong s& truyén tiép bit tiép theo), theo phuong an nay thi cac tiéu chi vé do
chinh xé4c phép do 1a pht hop véi ing dung ma d¢é tai dang hudng t4i.

4.4. Giai phap hién thwe hoa ky thuat ma héa xung tham do.

Mot trong céc tiéu chi quan trong nhit vé chdng nhiéu ddi véi ngoi nd laser
d6 1a: xtr Iy tin cdy, bao mat va co thé trién khai duogc trén phan cimg. Nhu da dé
cap & trén, luan an dé xuidt mot hé thong ma hoa stra 16i ding trén ngoi nd laser
nhu mé ta trong hinh 4.6. Trong pham vi ludn an, chi giai quyét vin dé mi hoa

tao tin hi€u di€u che.

. . ~ Pau
D liéu Nén Ma ) ~ ) -
= 5 Khuéch phat
———>» dit —» stta —»( < —> . |
i : dai quang y,
liéu sai =
T hoc
Tao ch
déy 2
PN ‘ “r
Gilr
v cham §
Pau
M,aCh Po cy Giai Giai ¢ Khuéch thu
kich «— . — . )
2 ly nén ma dai quang y
no
hoc

Hinh 4.6. So d6 chirc nang hé thong ma héa ding trén ngoi né laser



115

Trong hé théng ndy, c6 hai thanh phan chinh 1a tuyén phat va tuyén thu.
Tuyén phat c6 chirc ning phat tin hiéu di duoc ma ho4, tuyén thu c6 chirc ning
thu va gidi ma tin hi€u co ich thu dugc phuc vu cho vi¢c phat hién muc ti€u va
kich nd dau nd. Chudi dit liéu sau khi duge s6 hoa thanh chudi dir lidu s6 (0, 1)
s& dugc chén vao cac doan ma stra sai va chudi mé hoa dé tang dugc do tin cay
dir liéu xur Iy va dic biét nang cao kha ning bao mat va stra 16i duong truyén.
Bang k¥ thuat nay thi chudi dit liéu duwoc ma hoa dé dua 1én kénh truyén s& duoc
mo rong pho 1én gap nhiéu 1an tuy thudc vao do dai cua chudi sira 16i va chudi
ma hoa.

Nguyén 1y hoat dong kénh phat: Chudi dit liéu s6 hoa sau khi dugce chén
ma stra 16i va chudi ma hoa s& duoc diéu ché va khuéch dai cong suit dau phat
laser. Cac xung cong sudt phat sau d6 dugc thuc hién dua trén bd tao xung nhip
d6ng bo cuia khéi xir 1y laser.

Nguyén 1y hoat dong kénh thu: Tin hiéu thu tir dau vao kénh thu duoc
khuéch dai 1én muc tin hiéu trong dai hoat dong cua dau thu, sau khi giai diéu
ché, tin hiéu s& két hop voi bd gitta cham va chudi bit ma hoéa va chudi sta 16i
biét trude sé giai ma ra chudi dit liéu phat di. Bo giit cham dugc tinh toan dwa
trén do tré tin hiéu giita xung phat va xung thu do thoi gian truyén soéng trén
kénh truyén.

4.5. Mo phong va thuc nghiém phwong phap ma héa.

Trong noi dung nay, lugn dn tdp trung vao cdc ngi dung sau:

- Tinh toan, thiét ké hé thong;

- Xay dung mo hinh trong mé phong va thyc nghiém;

- Khao sat, danh gia kha niang khang nhiéu ctia phuong phap;

- Khao sat, danh gia anh huong ctia chudi tao va giai ma ngau nhién;
- banh gia kha nang bao mat, pha ma;

- Trién khai giai phap cu thé trén phan cimg.
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4.5.1. Tinh todn thiét ké
- Théng sb dau vao:

Bing 4. 3. Thong sé ddu vao

STT Théng sb Gia tri Pon vi
! Van toc anh sang, Vas 3*108 m/s
2 Cu ly do xa nhat, D, 100 m
3 Do phan gidgicu ly, D, 1 m
4 Van tdc i da gitra tén lira va muc tiéu, v,_ 1700 m/s

Xay dung cong thtrc tinh toén:
- Thoi gian tin hiéu truyén trong méi trudng tir luc bat dau phat dén khi

nhan duogc tin hi¢u thu & cu ly Dy, (m) la:

D
ttruyen = 2’ X - (430)

c
Eeruyen_xanhat = 2 * —3 * 107° = 666.67 ns (4.31)

(4.32)

Utruyen_gan_nhat = 2 * 3 103* 107% = 6.67 ns

Chu ky xung 1 bit ma chon la: T Il =t_Ickxung = 666.67 ns

Do rong xung 1 bit ma chon 1a: A; 5= 6.67 ns

Sai s cu ly: gdm 2 thanh phan giy sai s6 14 d6 rong xung phat va sai sé hé
thdng do tré dap Gmg cua phan cimg (khdi xtr 1y, khéi thu, khdi phat, khuéch dai
cong suat). Theo khao sat mot sb thiét bi thuc té trén thi trudng thi thoi gian dap
mg clia toan b phan ctng trong dai 1 = 6 ns (nhé hon sai s do d6 rong xung
phat 6.67 ns), tuy nhién thanh phan nay c6 thé duoc bu tinh bang giai phap thuc
nghiém, thuc hién cac phép do dé xac dinh sai sb tinh sau d6 bu trong tinh todn
cu ly. Thanh phan sai s6 do do rong xung phat 6.67 ns twong Gng v&i Dyg = 1m.

- Thoti gian cho xtr Iy 1 bit dit li¢u (hay 31 bit ma hoa) 1a:
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leit_du[ieu = Nbit_ma * tlckmﬂg = 31+666.67 = 20.67 ps (4.33)

- Thoi gian cho xtr 1y ca chudi 3 bit dir lidu 1a:
Ttaﬂg_bit_dulim = Ndu[ieu * leit_du[im =3*20.67=62.01 us (434)

- Véi phuong phap xac dinh cy ly dya vao trung binh cu ly thu duoc & moi
bit ma phat di thi d¢ dich chuyén vi tri muc tiéu so vai thot gian thuc t6i da duoc
tinh nhu sau:

ﬂddich_chuyen = leit_du[igu * Vi me = 20.67+1700+ 107°
(4.35)
= 0.035m
Trong d6, van tdc giita tén lira va muc tiéu (xét trong tuong hop bay nguoc
huéng chinh dién, truong hop giy ra sai sé 16n nhat) duoc xac dinh nhu sau:

Vs =Vy TV, (4.36)

tl-mt
Van toc tén lira 1a: vtl; van tbc muc tiéu 1a: Vi
- Cu ly do t4i thiéu dé dam bao duoc truyén du chudi 3 bit dir liéu, chudi
ma 31 bit:
dgan_ﬂ.hat = d'pg + I’?timr * Ttong_bit_du[ieu (437)
=1+6201=1700* 105 =11m
Tan sd xung nhip cua chip xt 1y yéu cau t6i thiéu (Pinh Iy

iy ma i 2 (4.38)
lay mau Nyquist-Shannon): f, , =——

truyen
- Tén s6 xung nhip cua chip xir Iy Iya chon yéu cau khéng nhé hon f,, ., .
Gia st chon 13 £, . va s6 xung nhip phan cting cn dé xir xong 1 xung
phat di - thu vé 1a N , Xung nhip, tirc thoi gian phan ctng xir 1y xong 1

xung phat - thu la:
2xN,

txulyF =
f;:lockF

Luu d6 thuat toan thé hién trén hinh 4.7

(4.39)
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Hung nhip hé thing

w

Tao chisli dirliu ciin truydn

Data

!

Charp€n me tin hidu chuli o lidu

Datal

Chryén midec tin higu chisi ma

Lo P

¥
So sdndy, tinh Ty B 15 bit

[

h J

w

50 v di g truyn &

Ty 8 05 it ivhudh e
ngudmg cho phép?

Ding
i aing 18

Tinsh todn o by mpc tidu

v

Kidm tra Filu kidn kich nd:
+ Cyrly: <r_max?

+ Biing gidin 4B dinh hedng?

Mitesin Dirng bt i liu vod chuwbi md

Datad = Data ] FN

h 4

Kigmh truy@n

v

Chubi di it mhdin i vao xirly

Daiad= Daall PN,

'

Mty tirng bit o lidu voi chuli ma
Dara3 —» Duiaed = Deta3] PN

'

Gidi m3 cac ot dirlidu

v

Tinh ty 1 xudt hién cac gdi gidi m3

v

Tim g chirlidu o6 17 B xudt hign ke nhdt

L Chuydn ma tin hidu

Sai

Dir lidu sai => Bd mbu do

v

Tao miu do mdi

Yy

Hinh 4. 7. Lwu do thudt todn chong nhiéu
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Bing 4. 4. Tong hop cdc thong sé tinh todn

. L. Don N R A Cong
Thong so6 Gia tri . Ky hi¢u thong so i
vi thire
Thoi gian truyén trong moi
truong 1 xung & cu ly do xa| 666.67| ns tiruyen_xa_nhat (4.31)
nhét
Thoi gian truyén trong moi
truong 1 xung & cu ly do gan 6.67 | ns tiruyen_gan_nhat (4.32)
nhat
Chu ky xung 1 bit ma chon
. 666.67 | ns T1
(bit ma Gold) -
D0 rong xung 1 bit ma chon 6.67 | ns Ay xung
S6 bit ma hoa 31| bit Nbit ma
Thoi gian cho xu 1y 1 bit dir
. y L y, 20.67 | us Tibis_dulieu (4.33)
liéu (hay 31 bit ma hoa)
Thoi gian cho xir 1y ca chudi 3
nersm Y 62.01 | s | Tiong bicdutien | (4.34)
bit dir li€u
Van toc tén lira_ muc tiéu (xét Vil mt
trong truong hop bay nguoc 1.700 | m/s vi: 1.200m/s (4.36)
hudng chinh di¢n) Vime: 500 m/s
Do dich chuyén v1 tri muc ti€u
so voi thoi gian thyc tdi da| 0.035| m Adgich_chuyen | (4.35)
duoc tinh
Cu ly do t6i thiéu dé dam bao
duoc truyén da chudi 3 bit dir 1.1| m dgan_nhat (4.37)
liéu, chudi ma 31 bit
Tan s6 xung nhip phan ctn
0 59 XURg NP PRAl CHIE | 300 | MHZ ook (4.38)
toi thi€u (y€u cau toi thicu)
Tan s6 xung nhip clock FPGA
310 | MHz SelockF

t6i thiéu (chon)(*)
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4.5.2. Xay dung moé hinh mo phong
Mo hinh thiét ké trén Simulink:

=

T P Unipolar to
Random Bipolar
Integer Converter

Bipolar to
Unipolar
Converter

86 tao dz iéu 86 tron dir liéu

Gold Sequence Unipolar to
Generator Bipolar
Converter

k
0

B4 tao chubi ma

Hién thi két qua Tinh todn 181 bit
o

Kénh truydn| AWGN

L1

- Dirlgigems o Khéi gitr chdm g5 6, chudi mi
Error Rate

[ Re
Calculation Bipolar to Inie < ;@
; | grate % Unipolar to im
Rx Unipol =y and Bump Bipolar

nipolar
Converter Converter

Hinh 4. 8. So d6 Matlab-Simulink ciia hé théng sir dung ma héa

Mo hinh sir dung cac khdi chirc nang dé thé hién lai toan bd qua trinh
truyén va giai ma dir liéu theo nhu ndi dung ctia phuwong phép trinh bay & cac
phﬁn trudce. Cac thanh phﬁn chinh gé)m: Bo gia 1ap tao dir li€u truyén di, bo tao
mi ngiu nhién, bd tong hop dir liéu, kénh truyén, bo giai diéu ché, b giit cham
tin hi€u kénh truyén, bo giai ma, bo so sanh dir liéu phat va thu.
4.5.3. Khdo sdt, ddnh gid kha ning khdng nhiéu
a. Dt liéu m6 phdéng

Bdng 4. 5. Dir liéu mé phong

STT | Théng so Gia tri Don vi
1 Tan s6 bd tao ma Gold 3 | MHz
2 | Po dai ma Gold 31 | bit
3 | Tan sb dir liéu phat 97,98 | kHz
4 | S6 bit truyén di 1024 | bit
5 | Ty s6 Tin/ Nhiéu kénh truyén 4,5 | dB

B0 tao ma chudi gia ngiu nhién: Str dung ma Gold, hai bd m = 5 thanh

ghi, d6 dai ma 1a N =2™-1 = 31 nhu hinh sau:
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e SO ——1{]

gD)y=1+D%+ D’

I Gold

<+>—b code
output

h
|- * ] ‘ =) ‘ =] .|
< =) € Ll g S g U1 4]

gDy=1+D?+D?+D*+ D>

Hinh 4. 9. So d6 khéi hé sinh ma Gold chiéu dai 31 bang 5 thanh ghi dich
b. Phan tich két qua

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

DI liéu phat
T

i T
B 1
I
|
|
|
|
|
|
021
|
|
1
06
Time (seconds)
X ~ JeA
a) Chudoi dir liéu
Chugi ma
\1 ‘\LZJ T T
P L S ‘ S _ | |
|
08 |- - <
|
|
06 |- o
I 4
a1 ! 8
[
I
02| 1 —3
I
|
o — T —
Il | | I I
0 02 04 a6 08 1
Time (seconds) gt

b) Chudi PN (Ma Gold)
Hinh 4. 10. Dang xung dit liéu truyén di va ma Gold
Dit liéu sau khi dugc ma hoa & may phat, két hop gia 1ap nhiéu tring trén

duong truyén va nhan duoc & may thu nhu sau:
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Tin hiéu trén kénh truyén =
T

| | | |
0 0z 04 08 08 1
Time (seconds) x10%

Hinh 4. 11. Tin hiéu dwoc ma héa két hop nhiéu

Dt li¢u giai ma dugc:

Chu6i méa nhén dugc

| I | |
04 06 08 1
Time (seconds) x10*

a. Tin hiéu tai kénh thu

D@ lidu d3 giai ma
I T

=
=

08 —

08—

04

02—

I I | |
04 08 08 1
Time (seconds) x1gt

=]
=
5}

b. Chudi dir liéu gidi ma
Hinh 4. 12. Dang xung dit liéu sau khi dd dwoc gidi diéu ché ché ¢ may thu
V& 161 bit, ta thay trong 1024 bit dit liéu truyén thi c6 8 bit dir liéu bj 13i,
turong g 0,7% tong s bit truyén di. DAy 1a mirc 15i bit rat thap.
DPé danh gia duoc muc d6 anh huong cua nhidu 1én 15i bit ta thuc hién
khao sat trén toan dai nhifu theo ty s6 SNR. D6 thi bidu dién bit 15i twong tng

vo1 muc nhi€u thé hién trén hinh sau:
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[=)]
o

= (5]
o (=]
______...-'"

o\

Ty 18 bit18i/ %

e t
o o
L—
/—io
&
(=]

4.6 349
22 23 48 n 0% 65 65 B B8 v v w
2 05 1 15 2 25 3 35 4 45 5 55 6 65 8
TY s6 SNR/ dB

=05 =5

Hinh 4. 13. Khdo sdt 16i bit khi thay déi nén nhiéu
Khi tang SNR thi s6 bit 15i giam dan, voi SNR > 5,5dB thi ty s bit 18i giam
dan vé 0. Piéu nay ching t6 kha ning chéng nhiéu tt ctia phuong phéap d& xuat.
4.5.4. So sanh siv dung va khong sir dung chudi ma
Pé danh gia duoc muc d6 anh huong cua nhidu 1én 15i bit ta thyc hién
khao st trén toan dai nhidu theo ty sd cho ca 2 trudng hop co sir dung méa Gold
va truong hop khong str dung ma Gold. D6 thi bidu dién bit 18i trong tmg voi

murc nhiéu thé hién trén hinh sau:

60

1.3
50 +}

R —
\

==(( Md Gold
1\

9
=Khong cd md Gold
\o

N
o

Ty 1& bit 16i/ %
w
o

[
o

10 4.6
>72.92.31.91.41.20.90.70.60.50.10.1 0
T I BB AT R T B T BT T, R R
n o — o %) < n [6)

Ty s0 SNR/ dB

Hinh 4. 14. So sanh ty 1é 16i bit giita sir dung va khéng sir dung ma Gold
Bing 4. 6. So sanh ti 1é 16i bit

Ty 18 16i bit (%)
Mirc nhiéu SNR (dB) Dung ma Khong dung
Gold 31bit ma Gold
-55 51.3 47.6
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Ty 18 16i bit (%)
Mirc nhiéu SNR (dB) Dung ma Khong dung
Gold 31bit ma Gold

-5 17.9 48.9
2 10 48.4
0.5 4.6 46.5

1 3.9 46.4
1.5 29 46.2

2 2.3 45.9
2.5 1.9 44.9

3 1.4 45.2
3.5 1.2 44.9

4 0.9 44
4.5 0.7 44

5 0.6 442
5.5 0.5 42.7

6 0.1 42.6
6.5 0.1 42.2

8 0 41.2

Dé nhan thay khi khong sir dung chudi ma stra 16i thi ty 18 16i & cung miic
nhiéu 1a 16n hon rat nhiéu so véi viée sir dung chudi ma. Két qua khao sat cho

thiy duong truyén chi can 1an 1 lugng nhidu nhé di bt dau xuét hién 13i bit voi

trudng hop khong sir dung chudi ma stra 1.

4.5.5. Khdo sdt, dinh gid anh hwéng ciia chudi tgo va gidi ma ngdu nhién
Theo phuong phap nay, ta co thé thay dbi rat nhidu loai md ngiu nhién

khac nhau cho phu hop véi tirng yéu cau cu thé nhu: tinh bao mat, loai tén lua,

nén tang phan cing. Pé 1am rd thém anh hudng khi thay d6i ma ¢ day ta khao

sat thém truong hop st dung cing loai ma Gold nhung c6 do dai chudi ting gip

d6i 1a 63bit. Cac két qua, phan tich duoc tong hop nhu sau:

- Thong sb tinh toan:
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Chudi Poly 1: [6 1 0]
Chudi Poly 2: [6 52 1 0]
Dit liéu truyén: 1024 mau.

Bing 4. 7. Bang tong hop mét s6 két qua ¢ cdc mire nhiéu khéc nhau

— Ty 1& 16i bit (%)
SNR (dB) Ma 15 bit Ma 31bit Ma 63bit
_55 47.6 51.3 50.9
5 25.1 17.9 7.7
2 18.6 10 2.6
0.5 13.1 4.6 2
1 12 3.9 1
1.5 10.6 2.9 0.1
2 9.2 2.3 0.1
2.5 8.1 1.9 0.1
3 7.3 1.4 0.1
3.5 5.4 1.2 0
4 5.1 0.9 0
4.5 4.7 0.7 0
5 3.8 0.6 0
5.5 2.8 0.5 0
6 2.7 0.1 0
6.5 2.6 0.1 0
8 1.6 0 0
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Do thi khao sat bit 16i theo nhiéu

—715bit

=31 hit

64 bit

0 T T

55 5 -205 1 15 2 25 3 35 4 45 5 55 6 65 8

Ty s8 SNR/ dB

1

Khi str dung ma Gold dai hon thi kha ning chdng nhiu tét hon tirc s bit
16i nho hon. Tuy nhién s& lam ting bang thong kénh truyén va sé 1am ting yéu

cau vé toc d6 xir 1y 1 khung dir liéu ma hoa dé dam bao thoi gian xtru Iy mot chu

Hinh 4. 15. Do thi khdo sat 16i bit theo nhiéu

ky (tir khi phat tin hiéu dén khi thu tin hiéu vé va xir 1y xong).

4.5.6. Khao sat, danh gid tinh bdao mdt va pha ma

Khao sat 2 truong hop ngudn pha ma sir dung bé ma ngau nhién 31bit va

st dung chinh ma Gold 31bit nhung khéng biét chudi khdi tao ciia ma, cac diéu

kién mo phong khac giéng nhau (SNR 9dB). Két qua khao sat nhu sau:
M6 hinh m6 phong nhu Hinh 4.16

Bing 4. 8. Két qua danh gid

. x x Ma Gold Ma gold
S0 mau Ma ngau nhién i i
(Khong biét ma) (Biét chinh xac ma) Ghi chi
thir (%)
(%0) (o)
1 50.1 42 0 SNR 9dB
2 51.8 34.5 0 SNR 9dB
3 53.5 35.2 0 SNR 9dB
Trung
51.8 37.2 0
binh
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«—
g Unipolar to
Random » Bipolar Bipalar lo
Integer Converter »> Unipolar
Converter
B tao dir ligu B tron di ligu R L
" im
Unipolar to
Gold Sequence > Bipolar
Generator Converter
B tao chudi ma W -ID
Gag Sequence > Urgﬁgg’m Kénh truyén| AWGN
AHree Converler
B tac chudi ma 2
Hidn thi két qua Tinh toan 161 bit
0.466) Tx ] D ligu gidi ma sign Khoi gilr chdm g trén chudi ma =
466) Error Rate Sincirt Esic] miE
¢ Calculation ipolar to =
1000 Rx b4 Unipolar  f« — al:lda r:r;ep ‘1«( x : UrgFo{!g{lo i
Converter Ccrfver[er

Hinh 4. 16. So d6 mé phong ddnh gid tinh bdo mdt va phd ma

Nhan xet:

Truong hop ddi phuong ciing sir dung ma Gold. Ty 18 15i bit 1a 37% cua 31
bit tuong tmg va&i 11 bit 18i, dé do ra ma dang phai thir 2711 1an nén khong du
thoi gian do tén lira d3 tiép tuc di chuyén dén vi tri khac. Néu ddi phuong khong
biét ma dung dé m3 hoa thi s& khong thé tao gia duoc chubi tin hiéu phan xa tir
muc tiéu vé dau thu laser. Nhu vay, day 1a phuong phap c6 do bao mat rat cao.

So véi viée sit dung cac phuong phap ma hoéa stra 16i khac nhu CRC,
Hamming thi giai phap ndy c6 mot s uu diém:

+ C6 thé thay ddi chudi PN dugc nén kha niang bi do va pha cha dong s&
kho hon.

+ BO ma va tao ma don gian, dé 1ap trinh, dé cai dat tham s6 va trién khai
trén phan cing.

Nhuge diém:

+ Pé dam bao kha ning bao mat va ty 1 161 bit nho thi can sir dung chudi

bit da 16n (8, 16, 32 hodc 64 bit) tiy vao loai dau nd va yéu cau cu thé. Diéu nay

¢6 nhugc diém 14 1am tang bang thong cia duong truyén.
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+ Dbi voi phuong phap st dung ma sira 181, vi du nhu ma Hamming (11,7)
thi dé truyén 7 bit dir liéu chi can chén vao chudi dit liéu thém 4 bit 12 di dé sta
16i ban tin. Do vay, phuong phap nay sé& ton it bing théng dudng truyén hon, tuy
nhién d¢ bao mat lai khong cao br;'lng viéc str dung chudi ma PN.

4.5.7. Trién khai gidi phdp trén phdn cirng

Céu hinh phan ctimg: Sir dung 2 KIT FPGA Spartan 3E lam khéi phat va

khéi thu dir ligu.

Hinh 4. 17. KIT FPGA Spartan 3E lam khoi phat va khoi thu dir liéu
Thiét ké khéi phdt

]

Hinh 4. 18. Thiét ké khoi phat trén FPGA
Thanh phan chinh bao gom:
e Khéi tao dit liéu nhi phan truyén di:
o Téan sb tao mau ngau nhién: 97.97 KHz
o Tylébit 0/ ‘1°: 60%

e Khdi tao md Gold nhi phan truyén di:
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o Tan sd tao mi: 3 Mhz

Chudipoly 1:[100101],(D"+D"? +1)

o Chudipoly2:[111101],(D5+D" +D" +D? + 1)
o Do dai bit ma Gold: 31 bit

(@)

e Céc khéi chirc niang va tinh toan duoc thuc hién theo hudng mé phong va

chay thuc nghiém dong thoi trén KIT FPGA Spartan 3E (Harward Co-

Simulation)

"Bl System Generator: BESK_FOGA CoSim o
by o o |
& & @
EJ = |

Compilation  Clocking General

Compilation :
[>]|psss_sparTanse Settings .. |
Part:

= ||Spartan3E xc3s500e-4fg320
Synthesis tool : Hardware description language :

XST - WHDL -

Target directory :

Inetiist Browse... ‘
Project type :

Project Mavigator -

Synthesis strategy :

XST Defaulis®

[] Create interface document

Implementation strateqgy :

ISE Defaults™

[T create testbench

Model upgrade

Import as configurable subsystem

|Der|nrmannanps| IGenerateI I oK ‘ [ Apply ] | Cancel I [ Help ]

Hinh 4. 19. Khai bdo khéi phat
* Thiét ké khoi thu

Hinh 4. 20. Thiét ké khoi thu trén FPGA
- Thanh phan chinh bao gom:
e Khéi nhan tin hiéu da didu ché tir khdi phat: tin hiéu nhan duoc s& duoc
nhan vé6i tin hiéu song mang dé giai diéu ché ra tin hiéu trai phd duoc

truyén tir khéi phat.
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e Khdi gidi ma di li¢u: tin hi€u trai phé nhan duogc s¢ dugc gidi ma dé loc
mi Gold ra khoi chudi dit liéu nhan duoc. Phan dir liéu cudi cung la dir
liéu da duoc truyén tir khéi phat.

* Két qua thwc nghiém

- So d6 dau ndi phan ctng thuc té:

pa— S = T
_ . W
| Mat phat Lasel 3 - i R

LN 3 DIU

|‘ B “-i.
{ PR <1 Bl
1ﬁ,--- i .su:mnu:.snl Mt
| 0-APE {1 9 =

A RE
I\1t FPGA Spartan 3E e

110 T

Hinh 4. 21. M6 hinh thuc nghiém trén Kit FPGA Spartan 3E
- Céc db thi biéu dién tin hiéu thu duoc tir viée trién khai cac thuat toan trén KIT

FPGA nhu sau (Hardware Co-Simulation):

DULIEU TRUYEN DI

1

: T T
R el fi-1f Al Re e [ et el o ] [ e T e el -
1 e s : B e L
B Ma GOLD n5
: - : ‘ ‘ e ‘ ‘ ]
= W R A A A R A A e o e A 3
I | | | | I |
: Gy g s - B & e Y L
CHUQI NHI PHAN TRUYEN DI “5
‘ ) J T
G o T 1 IEEE L1 B =
1 5 ! E ; 2 ! & L
TIN HIEU KENH TRUYEN [PHIA KHOI PHAT) “us
: T T I .
LILIAVA & AVIVAVAVA, ZVAVAV L AVE RAVARE LY L IVAVE L NAVAVI I NATAVE (VA | VAVE A4
T
Y I i b N SO 1 (VO NRVIRNY ¥ W Y I B L [ -V b .
ALR AVA AVAVAVAIAYA AVAVA\AVAVAVAVAVAYA AVAVAVAVAVAVA A AVAVAVA 'SVAVAVAVA \I/V'W LAV AVA AVATEVAVA 'S AVAVAVAVAVA'LL ‘A AVAVAVAVAVAVA A\ AVAVA A 'AVAVAVAVA 'AVAVAVAL
PN WL MR NE KM RECMML B WAIE 1L I
G
L ! = ! e L
S
0 0 B | i T e e 0111t 8 IR | RN
] i 18 e [ A1 1T 0 A i e [ [ [0 [
i

Hinh 4. 22. D6 thi phdn tich tin hiéu trén KIT FPGA
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Dénh gia do tré xur Iy cua FPGA:

MEE IR e

| | 1 | |

TMIEERIIEEE

Hinh 4. 23. Chudi dit liéu phdt va gidi ma dwoc

Toan bo chu trinh xir 1y s6 tir tao dit liéu, chudi ma gia lap dén ma hoa, giai ma
déu thuc hién duoc theo céac thong s thiét ké. Nhu vay, ta théy viée trién khai thuat
todn mé hoa sira 161 nay trén phin ctmg nén tang FPGA 1a hoan toan dap tmg duoc.
4.6. Két luan chwong 4

Noi dung cta chuong di dé xuit dugc mot thuat toan ma héa xung phat
laser bang chudi ngiu nhién c6 kha ning chong nhidu ché ap dién tir. Pong thoi
dé xuat thudt toan xac dinh toc do thay déi cu ly gitra tén lira va muc tiéu bang
dau do laser & giai doan cin dich.

Thuét toan ma luan an dé xuat gitp ting cuong kha niang chong nhidu va
cho phép thu dugc cac thong tin c6 ich mot cach chinh xac. Piéu nay gitp nang
cao chit luong hoat dong cua cac ngodi nd laser, giam kha niang ché ap dién tu
ctia d6i phuong.

Thuét toan ludn an dua ra di duoc kiém chung dua trén cac két qua mo phong
boi phan mém mé phong Matlab-Simulink va thuc nghiém trén KIT FPGA.

Cac két qua mo phong va thuc nghiém cho thiy, k¥ thuat ma hoa cho phép
nang cao dang ké do chinh xac trong truyén tin, ti 16 16i do nhidu gay ra la khong
dang ké. Trén co s& cac két qua dat dugce, co thé mé ra kha ning ing dung cho cac
ngoi nd laser nhim nang cao do6 tin cdy, cling nhu nang cao xac sut tiéu diét muc

tiu cho cac tén Itra phong khong hién dai.
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KET LUAN

Luan 4n di tién hanh nghién ctru xdy dung mé hinh hé quang hoc cta ngoi
nd laser. Xay dung cac cong thirc tinh toan cac tham sd quan trong cua hé quang,
tir 46 phat trién thanh phdn mém tinh cac tham s6 quang hinh, cac tham sb nay
c6 thé diéu chinh duogc trong qua trinh thiét ké, hiéu chinh ngoi nd laser. Tién
hanh thu thap dit liéu va khao sat sy anh huong 13n nhau cia cac thong s quang
hinh, dua ra nhitng nhan xét khoa hoc, phuc vu cho viéc lya chon tham s6 ti wu
cho viing quan sat ctia ngdi n6 khi nghién ctru phat trién ngoi nd laser sau nay.
Dong thoi, 43 dé xuat mot giai phap chdng nhidu cho ngodi n laser dé nang cao
kha nang chdng nhidu, dam bao ti sd tin/tap & dau ra may thu 16n dé tir d6 ting
hiéu qua tiéu diét muyc tiéu cho tén lira phong khong st dung ngodi nd laser.

Tir viéc phan tich d6i twong nghién ciru 1a ngdi nd laser trén tén Lira phong
khong, phan tich vu nhuoc diém cia cac cong trinh trong va ngoai nudc da cong
b c6 lién quan dén nodi dung luan an, ludn an da xac 14p muc tiéu nghién ctru
cing voi cac 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:

- Xay dung mé hinh hé thong quang ctia ngoi nd laser trén tén lira phong
khong, xay dung biéu thirc tinh toan cic tham sé quang hinh trén hai mat phang
kinh tuyén va mat phang xich dao.

- Khao sat sy anh hudng ciia cac tham s quang hinh dén thong sé 1am viée
clia ngodi nd, tir d6 xay dung phan mém tinh toan cac tham sd thich hop cho hé
quang khi thiét ké va hiéu chinh chinh hé quang cta ngoi nd laser lap cho tén lira.

- P& xuat mot giai phap ma hoa chong nhiéu cho ngoi no laser cua tén la
phong khong.

- Tién hanh khao sat va mo phong trén phan mém Matlab-Simulink va
thuc nghiém trén KIT FPGA Spartan 3E dé kiém ching. Cac két qua mo phong

va thuc nghiém da cho thay tinh dung din cua giai phap chong nhiéu da dé xuit.
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Nhitng dong gop khoa hoc mdéi cia ludn dan:

Dbi chiéu v6i hai bai toan di dat ra trong chuong 1 cho thay luan an da
hoan thanh dugc muc tiéu dé ra, thé hién qua cac diém:

1. Xay dung dugc mé hinh hé quang, bd cong thirc tinh toan cac thong sb,
khéo sat dugc su anh hudng 1an nhau cta cac tham sb, trén co s& do xay dung
dugc bd phan mém tinh toan cac tham s quang hinh ctia ngoi no laser.

2. Bé xuét duogc giai phap chdng nhidu méi cho ngodi nd laser trén tén lira
phong khéng. V&i phuong phap dé xuit, luan an da mo phong khao sat va tién
hanh thyc nghiém, thong qua két qua cho thdy tinh kha thi cua giai phap.

Huwéng nghién civu tiép theo ciia ludn dn sé la:

Mic du da c6 nhitng ¢ gang nhat dinh, tuy nhién luan an méi chi ding lai
& viéc nghién ctru dudi dang 1y thuyét va tién hanh mé phong trén phan mém
Matlab va thuc nghiém trén KIT FPGA Spartan 3E. Chua duoc kiém chtng trén
khi tai thye, do vy muc tiéu tiép theo cta ludn an sau nay sé& la:

- Hién thuc hoa, tng dung duoc két qua nghién ctru vé phuong phap chng
nhiéu vao tén ltra ctia Viét Nam.

- Hoan thién phan mém tinh toan tham s6 tdi uu cho hé quang ctia ngodi nd
laser va thay ddi goc nghiéng cta ving quan sat trong qué trinh tén lira tiép can

muc tiéu.
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