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NANG CAO HIEU QUA QUAN SAT BAN PEM TRONG SUONG MU
BANG NGUYEN LY LASER XUNG CHU PONG

Nguyén Hong Hanh'", Nguy&n Ngoc Son', Ha Cong Nguyén®

Tém tit: Ning cao hiéu qud quan sat dém trong diéu kién thoi tiét khdc nghiét
nhw swong mu, muwa, khoi, tuyét la mot van dé rat can thiét trong tdac chién hién dai.
Quan sdt trong thoi tiét khdc nghiét trén la mét van dé 1om do sw tieong tac giita dnh
sang va cdc hat vat chat trong moi truong. Mot mé hinh tinh toan xac dinh do tan xg
nguwoc gdy ra béi swong mii 1y sé trén nhiéu da dwoc giGi thiéu. Cdc két qua tinh
toan theo mé hinh trén da chi ra rang dé thu dwoc anh quan sdt trong swong mil co
d¢ twong phan tot thi can thiét phai loai bé dnh sdng tan xa ngwoc va ndng cao 1y sé
tin hiéu trén nhiéu. Bé loai bé dwoc cdc dnh sang tan xq nguoc do, hé quan sat dém
sir dung nguyén Iy laser xung chii dong véi sw déng mo cira s6 camera vao da dwgc
gidi thidu. Hé quan sat dém trén gitip cdi thién va ndng cao dang ké kha ning quan
sdt ban dém trong diéu kién thoi tiét khdc nghiét so véi cdc thiét bi quan sdt dém siv
dung nguyén Iy khuéch dai anh sang mo va anh nhiét da dwoc nghién ciru tai Viét
Nam hién nay.

Tir khoa: Nang cao hiéu qua quan sat ban dém, Thiét bi nhin dém, Laser xung chi dong, CCD camera, Nhin
Xuyén suong mu.

1. PAT VAN PE

Hiéu qua quan sat ban dém bi giam dang ké trong diéu kién méi truong khi quyén
khong thuan loi nhu trong thoi tiét mua, tuyét hodc suong mu. Dé danh gia mirc do suy
giam cua anh trong diéu kién méi trudng, chung ta cin tinh toan do choi tan xa anh sang
nguoc va su truyén anh sang trong méi trudng khi quyén. Mot mé hinh toan hoc véi duge
xay dung véi hé phat va thu tin hiéu da duoc xay dung [1]. Cac phan tich, tinh toan tin
hiéu nhén dugce tir myc tiéu va tin xa nguoc gay ra boi moi truong da dugce gidi thiéu.

Ngay nay, voi sy phat trién manh mé cua Khoa hoc ky thuat, cac thiét bi quan sat dém
sir dung nguyén 1y laser xung chu dong da thé hién rat nhiéu vu diém vuot troi so sanh voi
hé quan sat thy dong trude day [2, 3].

Trong bai bao nay, chung t6i nghién ctru cac diéu kién swong mu trong ban dém dic
biét 1a anh hudng cua swong mu trén sy truyén anh sang va phan xa dé tim ra giai phap
néng cao hiéu qua quan sat trong suong mu. Swong mu c6 hai tac dong chinh anh huong
t6i sy truyén cta anh sang d6 1a hiéu Gmg tin xa mét mat va hiéu ng tan xa anh sang
nguoc [4]. Su két hop cia hai tac dong nay gop phan lam giam d6 twong phan cia muc
tiéu quan sat trong moi trudng suwong mul.

Trong phan dau cia bai bao nay, ching t6i gidi thidu cac mo hinh tinh toan tin higu
nhan dugc tir muc ti€u va phan tich tan xa nguoc tac dong tdi viéc quan sat hinh anh trong
mdi truong swong mu. Trén co s& cic yéu t6 anh hudng t6i kha ning quan sat, ching toi
dua ra mot thiét bi str dung nguyén 1y laser xung chu dong c6 kha ning loai bo dugc tan xa
nguoc tir moi trudng va nang cao dugc chat lugng dnh quan sat trong diéu kién swong mu.

2. NGUYEN LY HE NHIN PEM LASER XUNG CHU PONG

So db khéi ciia mot thiét bi quan sat bang nguyén 1y laser xung chu dong da duoc trinh
bay trong cong trinh [5]. O day, ching toi trinh bay rd thém vé nguyén 1y ndy nhu trong
hinh 4. Thiét bi nay hoat dong dwa trén sy diéu khién ddng bd héa (Synchronisation
Control) cia xung laser phat ra va sy déong mé ctra sap thu nhén hinh anh trén sensor thu
hinh anh [6]. Thay vi chiéu vao méi trudng chim sang lién tuc thi chum laser lai chiéu dén
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muc tiéu voi cac xung laser cyc ngin voi do dai xung 1a tir vai trdim ps (pico gidy) dén vai
us (micro gidy) va anh sang laser tr myc ti€u s€ phan xa tré lai camera thu hinh anh. Khi
xung anh sang laser trén dudng quay tré lai dau thu camera va ctra sap phia trudc camera
dang ¢ vi tri dong (off) thi camera sé khong thu dugc xung anh sang dé va trong truong
hop nay cira sap da che cac anh sang tan xa ngugc tir cic hat vat chat lo limg trong khi
quyén [6]. Khi anh sang phan xa dén dau thu camera dting thoi diém cira sip phia trude
camera & vi tri mé (on) thi anh sang phan xa tir muc tiéu sé di vao dau thu camera nhu trén
hinh 1. Thoi gian mo ctra sap phai phu hop vdi cac xung anh sang laser. Do d6, hinh anh
muc tiéu cha yéu lién quan dén 4nh sang phan xa trong pham vi khoang thoi gian range-
gating. PO phan giai theo khoang cach s& duoc quyét dinh boi d6 rong xung laser phat va
d6 rong cuia khoang thoi gian thu nhan hinh anh cua camera. Vi du nhu véi laser phat ra c6
d6 rong xung 1 ns va két hop d6 rong xung 1 ns cta dau thu ICCD camera thi c6 thé cung
cap cho d6 phan giai & khoang cach 0.2 #én 0.3 m .
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Hinh 1. Nguyén Iy hoat déng ciia ky thudt nhin bang nguyén Iy laser xung chii dong.

3. ANH HUONG CUA TAN XA NGUQC VA TiNH CHAT
CUA PAU THU TOI CHAT LUQNG ANH THU BUQC

3.1. Xay dyng mé hinh hé dau thu, phat

M6 hinh cua mét hé théng hoat dong & dang chii dong dugc dua ra trong hinh 1. M6
hinh gdm mét ngudn don sic c6 ban kinh ¥, phat ra mot chim sang ddng nhit voi ntra goc
phat 1a 6,, va mot h¢ thu nhan voi ban kinh Y; véi ntra goc nhan 1a 6, véi 6, <6,.
Khoang cach r 1a dugc do tir may thu nhan. Cac tdm ctia ngudn phat va may thu nhan duoc
phan cach bai mot khoang cach D. Goc ¢ giita dudng tim cta ngudn phat va duong tim

cuia may thu nhan.
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Nguon phat dugce gia thiét chi 1a mdt ngudn chi€u sang; moi truong suong mu dugc gia
dinh 1a thong nhat, do d6 hé so0 tan xa u va hé so suy giam a chi 1a cac ham cua budc song.
Tan xa trong moi truong swong mu dugc gia dinh 1a dang hudng.

Hé thu

( Muc tiéu

Ngudn phat

Ngudn phét /

Hé Thu? B S, .. PO . .. . OO W NP

Hinh 2. M6 hinh hoc cua hé thu phat tin hiéu vao moi truong.

3.2. Xay dung m6 hinh tin xa ngwoc

Ta hiy xét mot phan khong khi v6i d6 day Ar & khoang r so voi hé théng. Do su suy
giam, thong lugng chium tia 1a e dwoc phat ra tir nguon. Mot phan uAr 1a ndm rai rac
trong phan khong khi trén, va f{r) nim trong méi truong thu nhan. Néu r 1a du 16n so voi

Y, va gia tri le /4r* cua ning luong tin xa huéng dén may thu nhan, va gia tri ning

lwong nay mot 1an nita bi suy yéu boi hé sé e ™. Vi vy, coi nhu chi c6 hiéu tng tan xa
nguoc thi phan ning luong phat ra duge may thu nhan tan xa nguoc tir phan khong khi ¢
trén sé cua c6 gia tri bang:
2 —2ar
aB(r) = 1L )ue™ M
4r
Do d6, phan niang lugng tan xa nhan duoc tir ngudn phat trong khoang cach nhé hon
hodc bang r dugc tinh bang biéu thirc sau [1]:

r le —2as
= j-o F f(s)ue~“ds )

Twong tu nhu vy, phin ning lwong nhan duge do ning luong tir ngudn phat ra téi bia
va phan xa tir muyc tiéu vé dugc tinh nhu sau [1]:

S(r)=(Y /) f(r)e™” 3)

3.3. Anh huong ciia hé thong dong mé cira sip dau thu
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Mot phuong phap nhim lam giam su tin xa nguoc vao dau thu 1a st dung hé thong
dong mo cira sap trong dau thu. Khi d6 hé théng ngudn phat va du thu s& phai hoat dong
theo dang chu ky chtr khong phai 1a lién tuc. O chu ky ban dau, ngudn phat s& phat xung
vao méi trudng con cira sap cla dau thu ¢ trang thai dong. Cira sap cia dau thu s& mo &
chu ky thir hai va nhu vay dau thu s& nhan duoc it tan xa nguoc. Néu g(7) 1a phan phan xa
tr lai ma dau thu nhan duoc tir khoang cach r, thi céng thire (2) va cong thire (3) s& dugc
tinh nhu sau:

r )712 —2as
B(r)= J.O 4—S2f(s) g(s)ue>“ds 4)
S(r)=(Y/r*)f(r)g(r)e™ (5)
Mdi quan hé giita ham g(r) voi ngudn phat xung va dau thu dugc trinh bay k§j hon

trong [1].

Anh hudng cia sy déng mé cira sap c6 anh huong tdi cira s6 thu nhan hinh anh. Bat ky
phan ning luong nio quay tré lai ddu thu trong khi cira sdp van con dong thi phan ning
luong do déu khong dugc thu nhan. Ngoai ra, véi mot hé thu nhét dinh, hinh anh thu duoc
s& sic nét néu giam do rong cua xung phat. Khi d6, anh tir muc tiéu s& duoc dau thu tiép
nhan con cac tan xa nguoc s€ bi loai bo & bén ngoai dau thu qua ctra sap [1].

3.4. Xay dung ty s6 tin hiéu trén nhiéu S/N ciia diu thu

Ty s6 tin hiéu trén nhiéu (S/N) 1 ty s6 cho phép chung ta danh gia chat lugng anh cua
hé thu. Néu ty s6 S/N cang lon, tic la ph::fln tin hiéu ma dau thu nhan duoc s& lén hon
nhiéu 14n so v6i phan tin hiéu nhiéu nén cia moi truong gy ra bai cac tan xa nguoc tir
moi truong thi hé thu s& thu dugc chét luong hinh anh tot. Do d6, muébn thu duge chét
luong anh tt thi chiing ta phai tim cach tang ty s6 S/N.

S6 lwong trung binh cua cac photon nhén dugc trong khoang thoi gian quan sat 7 gidy
do sy phan xa tir mot muc ti€éu hinh vuéng véi kich thudc / va phan xa p; tai khoang cach r
duoc tinh nhu sau [1, 7]:

A :[12 /7zy12 (r)]qkrW[plS(r)+B(r)] (6)

Trong do, ¢ 1a hiéu suét lvong tr nhan duoc, y;(r) 1a ban kinh cua trudng nhan dwoc
tai khoang cach r, ngudn phat ra cong suit W (oat), k 1a s6 photon/J dugc sinh ra do
ngudn phat.

Néu muc tiéu duge gia dinh la chéng lai mdt nén déng nhét cta hé sb phan xa py, sau
do, trong su Véng mit cia mot muc tiéu, mot sb trung binh dugc tinh nhu sau:

A :[12 |y} (r)]qkrW[pOS(r)+B(r)] (7)
Tinh hiéu hinh anh thu dugc tir myc tiéu phan xa vé dugce tinh nhu sau:
S:/L—/10:[lzqur/ﬁylz(r)](pl—pO)S(r) (®)

S6 photon nhén dugc 1a ngau nhién, v6i mot phan phdi ma cé thé tinh xap xi nhu phan
bb Poisson véi gia tri A, néu mot muc tiéu 1a hién tai va 4, néu khong c6 muyc tiéu 1a hién
tai. P9 1&ch chuin ctia phan phdi Poisson 14 cin bac hai cua trung binh cta né; Do d6, do
léch chuan trong s6 photon nhin thiy, néu khéng c6 muc tiéu 1a hién nay (tirc 1a nhidu ciia
phong nén méi truong) duge tinh nhur sau:
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N:(’io)
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Y,

(r)

gktW [pOS(r)+B(r)]

Do do, ty s tin hi¢u trén nhi¢u dugc tinh nhu sau:

S Ak _ I

N (/10)1/2 -

gktW

1/2

)

(p=po)S(r)

by (r

)

[

T

jl/Z

[pS(r)+B(r)]”

(10)

Tir cong thirc (10) ta thay ty sb tin hiéu trén nhidu (S/N) phu thudc vao hai thira sd.
Thira s6 thtr nhat 1a [l /'y, (r)](qkrW/ 7r)1/2. Thira s6 nay chira cic anh huong ciia cong

suét nguén phat W, kich thudc bia muc ti€u / va hi¢u qua tiép nhan tin hiéu cta dau thu

Yi(r). Thita 6 thi hai 1a (o, — p,) S (r) /[ poS (r)+ B(r)]"" . Thira s6 nay chita céc yéu

t6 anh huong nhu: anh hudng clia tan xa moi trudng S(r), su suy giam dan p,-p,, su phan
xa tor myc ti€u va tr moi truong B(r).

Dua vao két qua tinh toan & cong thirc (10) ta c6 d6 thi dic trung cua ty sb S/N dbi voi
mdt hé c6 ngudn phat & bude song A = 400 nm (hinh 4.a) va & bude song A = 800 nm (hinh
4.b). O day, ta dua ra mot s gia thiét nhu sau: Cong suat ngudn phat = 100 W, d6 phan xa
tor muc tiéu bia = 0.2, 6 phan xa to moi truong = 0.1, kich thudc bia myc tiéu = 1 m’,

ngudn phat c6 géc phat 6, = 12.5°, may thu tin hiéu véi géc thu = 10°,
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Hinh 3. Do thi ddc trung ty s6 S/N doi voi 1 hé thu phat
tai buoc song A = 400 nm (a) va . =800 nm (b).

Trén hinh 3 ta xét & hai truong hop: duong nét dut (---) (no gating) thé hién hé dau thu
khong co cira sap dong mé va duong lién () (perfect gating) thé hién dau thu c6 cira
sap dé dong mo. Ta thdy & ca hai budc song 400 nm va 800 nm déu cho két qua 1a khi str
dung hé dau thu cé ctra sap dong md co chét lugng hinh anh thu duge t6t hon. Tic 1a &
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cung mot khoang cach quan sat muc tiéu thi ty sé S/N & hé dau thu sir dung ctra sap 16n
hon nhiéu 14n so v&i hé dau thu khong ¢ ctra sap. C6 nghia 13, cira sdp trudc camera cla
dau thu giup loai bo cac nhifu tan xa nguoc bén ngoai dan dén ty s tin hiéu thu duogc trén
nhiéu 13 1én. Vi vay, ma hé dau thu co st dung ctra sap thu duoc chét lugng anh tbt.

4. PHUONG PHAP CAI THIEN NANG CAO HIEU QUA QUAN SAT
TRONG LASER XUNG CHU PONG

Tir cac phan tich nguyén 1y hoat dong ctia hé laser xung chii dong & phan 2 va anh
huong clia tan xa nguge va nhidu dau thu & phan 3 ta nhan thay: D6i v6i hé laser xung chu
dong thi chung ta phai diéu khién duoc d rong xung laser phat ra va do rong xung cuia hé
thu (tin s6 dong mo cira sap trude dau thu) mot cach hop 1y dé nang cao duge chit luong
anh quan sat, loai bo duoc cac tan xa nguoc trd lai thiét bj bang cach nang cao dugc ty sb
tin hiéu trén nhiéu S/N.

Laser - : » Héquang phat [
4 Tin hiéu diéu khién vai
tan sb va do rong xung | |
¢O thé thay doi duge
] R ix
o : B diéu khién
Mach xac dinhcur i |« —™ z
Biaw g (Thiét 1ap tham sd)
voitansovado
Man hinh rong xung laser co
2 R > . . s
4 thé thay doi duogce Xac dinh cur li

Déng mo ICCD va
tin hiéu diéu khién ML

Hé quang thu  |&—

Y

Thu anh va xtr ly Camera

A
A

Hinh 4. So d6 khéi ciia hé thong laser xung chii déng.

Dé giai quyét vin dé nay, ching toi da xay dung mot hé laser xung chu dong ma co
thé diéu khién dong bo xung laser phat ra va tin sé dong mo cira sap dau vao trude dau
thu nhu trén hinh 4 nham nang cao chét lugng anh, loai bd tan xa nhiéu trong suwong mu,
tang ty s6 S/N. Hé thdng gdm ngudn phat laser, dau thu, hé théng xac dinh khoang cach
va hé théng diéu khién déng bd. Nguodn phat laser phai dat dugc mot s6 yéu cau sau: cd
cong suét dinh xung 16n, do rong xung hep, c6 hé sb truyén qua swong mu, khong khi 1a
t6t nhat (it bi suy giam trong swong mu). Hé dau thu can phai dat yéu cau: C6 cira sap
dong mé man chén phia trudc camera dau thu, camera c6 do phén giai cao, bi anh hudng
boi tin hiéu nhiéu thap, khiu do thu 1on. Hé thong didu khién ddng bod c6 tac dung phdi
hop ddng bd, nhip nhang giira xung laser phat di va tan s dau thu trén ICCD camera dé
thu duogc anh rd nét bang cach khdi tao xung dong bo giita khoang thoi gian dé xung
laser truyén di tir thiét bi t6i muc tiéu va phan xa tro lai, sau d6 bo khoi tao xung dé cura
sdp chuyén sang trang thai mo trong khoang thoi gian xac dinh dé thu nhan hinh anh.
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Mach ddng bd nay co6 thé didu khién dugc ca tan sb va dong rong xung laser phat ra va
diéu khién tin hiéu dong mé cua ctra sdp camera. Hé laser xung chu dong phat cac xung
laser voi do rong xung chi 20 dén 30 ns nén tin hiéu laser rat d& bi suy yéu va giam
manh trong mdi truong nhiéu manh. Vi vy, trong hé trén phai s dung thém mach phat
hién khoang cach khi phat xung laser. Néu ca d6 rong xung laser phat ra va do rong
xung range-gating (d6 rong xung doéng/mé cira sap cua dau thu ICCD camera la rat hep
thi thiét bi s& chi phat hién duogc anh sang phan xa tir muyc tiéu vé va nhu vy ty s giita
tin hiéu trén nhiéu sé ting lén rat 16n [8].

4.1. Lua chon laser phat

Tir cac phan tich & trén, ching t6i lya chon laser ban dan cong sut cao véi bude song A
= 808 nm. Budc song hong ngoai cé tac dung it bi suy giam bdi méi trudng va mit ngudi
khong quan sat dugc. DO rong xung va tan sd phat cua laser da duoc thiét 1ap v6i do rong
xung 1a 15 ps, tan s6 phat xung laser 1 10 kHz.

4.2. Sir dung mach xac dinh cu ly

Mach xac dinh cy ly duoc str dung nham xac dinh khoang céach hoat dong ctia h¢ so voi
muc tiéu. Thong qua viéc thu thap cac dir liéu khoang cach dén muc tiéu dé dua vao mach
diéu khién dong bo.

4.3. Sir dung diu thu Khuéch dai anh ICCD

Str dung dau thu ICCD véi cira sap dong md & ngay trude ndi vao, cac hinh anh khuéch
dai thu duoc trén dau thu do ctra sdp dong mo trong mot thoi gian rat ngén, 6 thé dat
dugc ¢& nano gidy nhip nhay. Khic voi CCD camera thong thudong, ICCD c6 hé sd
khuéch dai tin hiéu hinh anh 16n. Diéu nay giup cho cac tin hi¢u thu dugc sau camera dugc
khuéch dai nén hang tri¢u 1an. Hinh anh thu dugc sé ¢ do phan gidi rd nét.

5. KET LUAN

Bang viéc xdy dung md hinh va dua ra két qua tinh toan di 1y giai hién tuong twong tac
gifta tn xa moi trudng cua anh sang. Pong thoi tinh toan cic tham sb anh hudng t6i ty sd
tinh hiéu trén nhiu. TUr viéc phén tich cac nhan t6 anh hudng toi quan sat dé dwa ra hé
quan sat str dung laser xung chii dong. Dya trén sy dong bo giita cac xung laser phat di voi
su dong, mod ctra s6 tiép nhan anh sang vé CCD trén thiét bi quan sat laser xung chu dong
da loai bo duogc cac tan xa anh nguoc clia moi truong truyén vé va nang cao ty s tin hiéu
trén nhiéu. Diéu nay gitp ning cao dang ké kha ning quan sat muc tiéu trong moi trudng
suong mu khéc nghiét so vdi cac hé thu dong hoat dong theo nguyén ly khuéch dai anh
sang mo va anh nhiét.
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ABSTRACT
IMPROVED EFFECTIVE OF NIGHT VISION THROUGH FOG
BY USING ACTIVE LASER RANGE IMAGING PRINCIPLE

Improving the efficiency observed in the night of severe weather conditions such
as fog, rain, smoke, snow is an essential issue in modern warfare. Observation of
severe weather on a big problem because of the interaction between light and matter
particles in the environment. A computational model determines the backscatter
caused by fog and the signal-to-noise ratio were introduced. The calculation results
in this model have shown that to receive observation images in fog with good
contrast, it is necessary to remove backscattered light and increase the signal-to-
noise ratio. To eliminate the backscattered light, the night vision system using
principle of active laser range gated imaging laser pulses with the close and open
window on the camera has been introduced. This Night Vision System on improving
and significantly enhance nighttime visibility in inclement weather conditions
compared with the night vision devices using light amplification and thermal
imaging principles have been studied in Vietnam present day.

Keywords: Improved effective of night vision, Night vision, Active imaging, Range gated imaging, CCD
camera, See through fog..
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