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TOM TAT

Bai bdo dwa ra gidi phdp tinh todn, thiét ké hé thong quang hoc dnh nhiét hai truong ving
pho (8-14)um chi véi ba thau kinh va mét vit liéu Germanium. Hé quang cé két cau don gian,
chat lwong tao anh tai hai truong nhin gc?n dat gioi han nhiéu xa. Céau hinh va kich thudc hé
quang duwoc thiét ké phii hop g dung trong cdc khi tai quan sat hon hop ngay dém.

Tir khoa: Ong kinh anh nhiét; Hé théng quang hoc hai trudng nhin,
1. MO PAU

Khi tai quan sat hdn hop ngdy dém ngay cang tré 1én phd bién va ung dung rong rai trong ca
dan su va quan su, viéc tich hop cung lc 2 tinh ning quan sat trén cing mot san pham (quan st
ngay va dém) lam san pham tré nén da dung va hiéu qua hon trong tac chién. Pac biét, kénh dém
hoat dong theo nguyén ly anh nhiét giup néng cao kha nang quan sat, phat hién muyc tiéu trong
moi diéu kién. Trong nudc, bén canh cac khi tai thiét ké méi, xu thé cai tién cac khi tai cii quan
sat ngay, dém doc 1ap thanh khi tai hon hop ngay dém ngay cang dugc quan tdm. Giai phap thiét
ké vat kinh dém cho kinh truong xe BMP-1 thanh kinh hdn hop ngay dém [1], trong do, kénh
dém hoat dong theo nguyén ly khuéch dai anh sang yéu. Tuy nhién, kha ning quan sat dém tbi
trong moi diéu kién thoi tiét con han ché.

Hién nay, xe ting T54B, T55 dugc trang bi rit nhiéu trong Quéan doi, trong d6 trudng xe dugc
trang bi kinh quan sat ngay va dém doc lap, yéu cau cai tién thanh kinh hdn hop nga‘ly dém voi
kénh dém hoat dong theo nguyén ly anh nhiét dang dugc dét ra. Kinh truéng xe cai tién ngoai
yéu cau vé kich thudc gidi han, can c6 truong quan sat va cu ly quan sat xa dé phat hién va suc
sao muc tiéu tot hon. Pé thuc hién dugc cic yéu cau nay, hé quang kénh d€m anh nhiét trong
kinh truéng xe cai tién c6 thé thay ddi truong nhin voi két cdu don gian.

Phuong phap thay d6i truong nhin bang cach thém thanh phan thau kinh [2, 3] véi uu diém de
thiét ké, nhugc diém cua phuong phap nay la do on dinh quang tryc khong cao, déc biét can
khoang khong gian 16n dé dam bao ga lip co khi, sb luong thdu kinh 16n (16n hon 5), két cau co
2 dén 3 bé mat phi ciu/nhiéu xa. Phuong phap thay doi truong nhin bang dich chuyén cac thanh
phan doc theo quang tryc (step-motion) [4], uu diém khong can khoang khong gian du trir qua
16n, do 6n dinh quang truc cao, phu hop khi sir dung trong cac thiét bi c6 hé quang bi gidi han.
Tuy nhién, két cdu cua chiing kha phuc tap, trong d6, phan 16n cac hé quang sir dung 2 loai vét
lidu, voi 6 thau kinh, kich thudc hé thdng 16n.

Nghién ctru [2-4] vé hé quang anh nhiét hai truong nhin trén chi ding vé nguyén ly, chua dap
ung duogc yéu cau cu thé vé kich thudc g101 han, két ciu quang hoc str dung cho kinh truong xe
cai tién. Vi vdy, bai bao sé& tap trung vao viéc thiét ké hé thong quang hoc anh nhiét hai truong
nhin véi kich thude, két ciu don gian, phu hop tmg dung cho kinh truéng xe hdn hop ngay dém
trén xe tang T54B, TS55.

2. CO SO LY THUYET HE THONG QUANG HQC CO TRUONG NHIN THAY POI
Trong mét hé thong quang hoc khi khoang cach giita cc thanh phan cua hé quang thay d6i
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thi ti€u cy ctua hé quang ciing thay d6i, dan dép truong nhin cua h¢ thay d6i khi kich thudc dau
thq cd dinh. Do vay, thuc chat cta viéc thay doi trudng nhin 1a thay doi ti€u cy lam viéc cia hé
thong quang hoc.

Theo phuong phap dich chuyén thanh phan trong hé quang, c6 hai cach dé thay ddi truong
nhin [5]:

- Dich chuyén dong thoi 2 thanh phan trong hé quang (hlnh 1). Khi d6, hé quang gdom 4 thanh
phan, trong d6 thanh phan thir nhat va thanh phan cubi c¢b dinh, thanh phan 2 va 3 dich chuyén
theo Cugg quy luat. Uu diém ctia phuong phap nay la két ciu co khi don gian, d6 6n dinh truc
quang tot hon, tuy nhién, mat phang anh bi dich chuyén [5].
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Hinh 1. So d(?‘ nguyén Iy dich chuyén Hinh 2. So do nguyén Iy dich chuyén
2 thanh phan dong thoi cung quy ludt [5]. 2 thanh phan khong cung quy ludt [5].

- Dich chuyén mét thanh phan trong hé quang, khoang dich chuyén cua mit phiang anh duoc
bu lai bang cach dich chuyén moét trong cac thanh phan con lai cta hé quang (hlnh 2). Véi
phuong phép nay hé quang chi gdm 3 thanh phan, trong d6 thanh phan thir nhat ¢6 dinh, thanh
phan 2 dich chuyén dé thay déi tiéu c, thanh phan tht 3 dich chuyén dé bu lai khoang dich
chuyén cia mit phiang anh. Hai thanh phéan nay dich chuyén khong cung quy luat.

Kinh truéng xe hon hop ngay dém anh nhiét trén xe ting T54B, T55 v6i 2 tinh ning trén cling
mot san pham (quan sat ngdy va dém anh nhiét), doi hoi két cAu hé quang don gian, nho gon. Do
vay, hé quang lya chon gdm 3 thanh phan (hinh 2), trong do, thanh phan 2 (B) dich chuyen dé
thay dbi tiéu cu, cac thanh phan khac (A, C) va mat phing anh ¢ dinh. Theo 1y thuyét hé théng
quang hoc [5], ti€u cu cia hé quang dugc xac dinh nhu sau:

f=f1-ﬁ2-,33 1)
Trong dé: f1 1a ti€u cu cia thanh phan thur nhit; B2 va Bs 1a d6 phong dai ngang cua thanh
phan 2 va 3 tuong tmg. Do f1 va B3 khong doi, ti€u cu ciia h¢ quang s€ nhan hai gia tri khac nhau
twong g vai 2 vi tri khac nhau cta thanh phan 2.
3. TINH TOAN, THIET KE QUANG HQC ANH NHIET HAI TRUONG NHIN
3.1. C4c yéu ciu khi thiét ké
V6i yéu cau thay thé hai kinh quan sat ngay dém riéng biét cho trudng xe trén xe tang T54B,
T55 bang mot kinh quan sat hon hop ngdy dém, trong do, kénh dém theo nguyén 1y anh nhiét lam
viéc ¢ 2 truong nhin va ga lap tai vi tri kinh ngay TPKU-2B nguyén ban. Vi vay, h¢ quang kénh
anh nhiét phai dam bao cdc yéu cau vé cu ly quan sat, duong kinh thong quang, kich thudc gidi
han,... Bén canh d6, né phai dam bao cac y€u cau vé chat lugng tao anh va ty 1€ thay doi truong
nhin (bang 1)
Bdng 1. Mot s6 yéu cdu doi Véi kinh trieong xe hon hop ngay dém T54B, T55.

Yéu ciu vé kich thuéc Chi tiéu can dat
Kich thudc cira quang vao, khong 16n hon, mm 62
Khodang cach tir cira quang vao dén hé quang, mm 62 +70
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Chiéu dai hé quang, khong 16n hon, mm 100
Puong kinh thong quang cac thau kinh trong khung ling kinh dau may, khong 56
16n hon, mm

Yéu cau vé chat lwong tao dnh

Gia tri MTF d6i voi tat ca cac diém trong 2 trudng nhin tai tan s6 Nyquist >20%
Méo anh <5%
Cuy ly nhan dang myc tiéu xe (2,3m x 2,3m) truong nhin hep, m 1800
Yéu cau vé ty 1¢ hai trwong nhin, khéng nhé hon, lan 2

3.2. Tinh toan kich thuwéc hé quang anh nhiét hai treong nhin
bé dém bao duoc cy ly nhén dang muc ti€u xe téngﬂ (2,3x2,3)m khi kich th}I(')rC hé quang bi
gi‘éi han can lya chon dau thu anh nhiét c6 kich thudc di€ém anh nhé. Qua tim hi€u, phan tich loai
dau thu dugc lya chon 1a Boson cua Flir [6] (bang 2).
Bdng 2. Cac thong sé chinh cuia dau thu anh nhiét Boson Flir [6].

Théng so Chi tiéu ky thuat
D6 phan giai 640 x 512
Kich thudc diém anh 12 um
Ving pho lam viéc 8—14 um

Do nhay nhiét (NETD) <40 mK

Bdng 3. Céc thong sé bdc nhat chinh cia hé quang trong kénh anh nhiét.
Truong nhin (rong va hep) | (11,7°x 9,4% 5,8° x 4,6°
Tiéu cu (rong va hep) 37mmva 75 mm
F number (rdng va hep) 10vala

T yéu ciu vé cu ly nhan dang, }heo tiéu chuan Johnson [7], cac thong s6 bac nhét cua hé
quang dugc tinh toan, lya chon va thé hién trong bang 3 .

Tiéu cu cia cic thanh phan trong hé quang, dudng kinh théng quang va khoang cach gitra
chung dugc xac dinh dua vao phuong trinh dudong truyén tia qua hé thong quang hoc ly tuéng
nhu sau [8]:

tang, ,, =tang, +h ®, (2)
hk+1 = h( _dk tan(ak+l) (3)

Trong dé: ok va k1 13 goc hop béi tia can truc véi quang truc trude va sau thanh phan k cua
hé quang; hi 13 chiéu cao cua né dén thanh phan k; di 13 khoang cach tir thanh phan k dén thanh
phan k+1 hé quang va @ 13 d6 tu ciia thanh phan k.

So d6 hé quang (hinh 4) gdm 3 thanh phan thanh phan thi nhat (I) va tht ba (III) dung yén,
thanh phan thtr hai (II) dich chuyén dé thay doi truong nhin. Pé dam bao yéu cau trong bang 1,
sau khi lyra chon, tinh toan, cic thong sb bac nhét cia cac thanh phan trong hé quang & 2 truong
nhin dugc thé hién trong bang 4.

O ) M (m

Hinh 4. So do hé quang Iy twéng: a) Trwong nhin rong; b) Truong nhin hep.
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Bdang 4. Cac thong sé bdc nhdt cia cac thanh phan trong hé theng quang hoc.

Thong s6 bic nhit Truong nhin rong Trwong nhin hep

f 78,246 mm 78,246 mm
Thanh phan 1 Dy 55 mm 55 mm

D 48,916 mm 48,916 mm

f -12,379 mm -12,379 mm
Thanh phan 2 Dy 16,5 mm 16,5 mm

D 14,292 mm 14,292 mm

f 14,706 mm 14,706 mm
Thanh phan 3 Dy 56 mm 56 mm

D 25 mm 25 mm

3.3. Thiét ké quang sai hé théng quang hoc

Vit liéu quang hoc thuong dung trong ving phé hong ngoai budce song dai thuong 1a cac tinh
thé nhu Ge, ZnSe va ZnS [9, 10],... Quan nghién ctru, nhan thay rang Ge la vat liéu c6 chiet suat
16n nhat (4,00384 ¢ bude séng 10,6 um) trong toan b vung phd hong ngoai, anh nhiét. Ve do
tan séc, trong ving pho 8 -14 um thi Ge c6 do tan sdc thap nhat, hé sb Abbe ciia n6 1a 850 — 16n
nhat va 16n hon nhiéu so v&i mot s6 vat liéu khac nhu ZnSe hay ZnS. Do d6, Ge duoc lwa chon
dé thiét ké hé théng quang hoc trong ving phd LWIR.

Cac thong s6 két cau so bo ciia thau kinh thtr nhat cin dam bao yéu cau cdu sai bac ba 1a nho
nhat, trong d6 cac ban kinh cong ctia né dugc xac dinh nhu sau [4]:

_2(n+2)(n-1) f

" n@n+1) )
_2(n+2)(n-1)
> n@2n-1)-4 f ®)

Trong d6, f 14 tiéu cy thiu kinh thtr nhit hé quang; n 1a chiét suét cua Ge.

Céc thong sb két cu so bd cia thau kinh thir hai, thi ba trong hé quang duoc lya chon dé
dam bao ti€u cu cuia ching. Trén phan mém ZEMAX, viéc toi uu h¢ quang la thiét 1ap cac ham
muc tiéu va toi uu dong thoi ca 2 cau hinh hé quang:

ZW vV, -T)?
ZW (6)

Trong do: Wi la trong s6 cua toan hang i; Vi la gia tri hién tai cua toan hang va T 1a gia tri can
dat dugc clia toan hang d6. Mdi toan hang trong ham muc tiéu ¢ mobi lién hé vé6i chat luong tao
anh cua hé quang va yéu cau vé kich thudc dugce cho trong bang 1.

Dé nang cao chét lugng tao anh can phai sir dung bé mit phi cau. Tuy nhién, viéc sir dung bé
mat phi cau chi c¢6 thé hiéu chinh cac loai quang sai don sic do hé quang chi st dung Ge. Vi vy,
can st dung thém bé mit nhiéu xa dé hiéu chinh sic sai con du trong hé quang. Dé khong ting
mirc d6 kho khi gia cong thau kinh c¢6 bé mit nhiéu xa thi thong thuong bé mat nhidu xa s& duge
thiét ké trén bé mat phi cAu. Phuong trinh su thay d6i pha theo ban kinh thong quang ctia bé mit
d6 dugc biéu dién c6 dang da thirc sau day [11]:

D(p)=M Y 5,p" %

Trong d6: M 1a bac nhiéu xa; N 1a hé s6 ciia da thirc; Si 1a hé s6 tuong tmg cua biéu thic bac
2i cua p; p la ban kinh chuan hoa ctia bé mat do.
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Bdng 5. Cac thong sé két cdu cua hé quang sau téi wu trén ZEMAX.

TT Béan kinh, mm Chiéu day, mm | Vatliéu | Puong kinh théng quang, mm
1 Kinh bao vé 32 Ge 62

2 Guong 30 82

3 o 45,243 8,5 Ge 26,5

4| Thanhphan 1 =689 T, Khong khi 245

5 | .. . . |-143618 45 Ge 16,5

g | Tnanhphan2 o, o s T, Khong khi 16,5

7 o 67,269 12,0 Ge 315

g | Tnanhphan3 510 37,2 Khong khi 315

Qua trinh ti vu dugc thuc hién bﬁng cach lya chon va cho phép cac thong s6 két cAu cua hé
quang thay d6i d& ham muc tiéu dat gi4 tri nho nhat c6 thé. Hé quang sau t6i wu & hai muc
truong nhin dugc thé hién trén hinh 5. Bang 5 thé hién cac thong sb két cau ctia nd, trong do, Ty
va T2 lan luot 12 khoang céch tir thanh phan thir nhat dén thanh phan thir hai va tir thanh phan thi
hai dén thanh phan thir ba trong hé quang. Cac khoang cach nay twong @ng véi hai truong nhin
dugc thé hién trong bang 6.

Bdang 6. Cac khodng cdch tuwong ung voi hai trieong nhin.

Truong nhin rong

Truong nhin hep

T, mm

16,8

341

T2, mm

20,8

3,5

Cac hé sb phi cau va nhiéu xa duoc thé hién trong cac bang 7 va bang 8.

Bdng 7. Cac hé sé phi cau cia bé mat 7.

K A4 Ab
0 9,118E-7 -1,508E-10
Bdng 8. Cac hé sé phi cau va nhiéu xg cia bé mdt 8.
K A2 A4 M S1
0 -2,278E-3 -1,1E-6 1 -37,672

3.4. Panh gia chit lwong tao anh ciia hé quang sau thiét ké

Hé quang duoc thiét ké co chirc ning tao anh ctia muc tiéu va phong nén trén dau thu. Vi thé,
chat lugng tao anh cta nd sé¢ dugc danh gia trén ti€u chi co ban la ham truyén di€u bién MTF va
gian do kich thudc vét, méo anh [8]....
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Hinh 5. So do hé quang tai 2 truong nhin:
a) Truong nhin rong f'= 37 mm; b) Truong nhin hep f= 75 mm.

Hinh 5 thé hién thau kinh I, I ¢4 dinh, thau kinh II dich chuyén thay di truong nhin.
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T8 -4.9000 mm
T8 0.0000 mm TS 3.5000 mm
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Spatial Frequency in cycles per mm

Spatial Freguency in cycles per mm

a) MTF truong nhin rong.

b) MTF truong nhin hep.

Hinh 6. Ham MTF cua vt kinh tai 2 truong nhin.

Spot Diagram

11.014
581 2 FOV - 21-3.zmx
Configuration 2 of 2

a) Kich thuéc vét tnmng nhin rong.

+ v
® 11.0000

2 FOV - 21-3_ zmx
Configuravion 1 of 2

b) Kich thide vét tru’ong nhin hep.

Hinh 7. Kich thicéc vét ciia hé quang tai 2 truong nhin.

Field Curvature

+Y = B +Y

Distortion

¥’} a0 0.20 b ] 2
Millimeters Dezcent
Ficld umits changed bo field angle

Field Curvature / F-Tan(Theta) Distoztion

18/03/2023
Mawimum Fisld is 7.112 Degress
Wavelengths:  8.000 10.000 11.000

2 FOV - 16-3.zmx
Configuration 1 of 2

Field Curvaturs Distorcion
sy B +¥
w5 s a5 <1 . 0
Millimeters Percens
Field units changed to field angle
Field Curvature ; F-Tan(Theta) Distortion
18/03/2023
Haimn Eiold is 3.744 Degrees.
Wavelsngshs:  5.00 11.000
2 FOV - 16-3 omx
Configuration 2 of 2

a) Méo anh truong nhin rong.

b) Méo anh truong nhin hep.

Hinh 8. Méo anh cua hé quang tai 2 truong nhin.

Tir 2 @6 thi ham MTF (hinh 6) trén nhén thdy, tai tin sé Nyquist 42 cip vach/mm gia tri ham
MTF ciia hé quang déu dat trén 0,2 ddi voi tat ca cac diém trong 2 truong nhin. Poi véi kich
thudc vét anh (hinh 7), binh phuong trung binh (RMS) cac vét anh ¢& 12 pm twong duong voi
kich thudc pixel, @ mép thi gidi trudong nhin hep dat 23 um. Dbi v6i méo anh (hinh 8) & ca hai
mirc trudong nhin, hé thdng quang hoc c6 méo anh déu khong vuot qua 2%. Theo cac tiéu chudn
danh gia [12], vat kinh anh nhiét dugc thiét ké c6 chit lugng tét bao dam bai toan ning luong

cling nhu chét lugng anh thu dugc.
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4. KET LUAN

Bai bao da dwa ra tinh toan thiét ké hé quang anh nhiét hai truong nhin véi chat lugng tao anh

gan v6i gigi han nhiéu xa véi kich thude nho gon, két cau don gian. Piac biét, sé lugng thau kinh
it nhat co thé (3 thau kinh) véi 1 vat liéu Ge, chi str dung 1 bé mat phi cau/nhidu xa va mot bé
mit phi cdu. Ngoai ra, vat kinh anh nhiét dugc thiét ké thoa man cac yéu cau dit ra vé kich thudc
gi6i han, phu hgp cho tng dung kénh anh nhiét trong kinh truéng xe hdn hop ngay dém cho xe
tang T54B va T55.

Léi cim on: Nghién civu nay dwoc thwe hién nho sw hé tro kinh phi cia Pé tai cap Nha nwée trong dé

dn san pham Quéc gia: “Thiét bi anh nhiét ding trong Qudn su” s6 50/2021/HPKHCN ngay 30/12/2021.
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ABSTRACT

Designing the compact dual FOV infrared optical system for the application
in a mixed day and night observation equipment

The article presents how to calculate and design the compact dual FOV infrared
optical system in the spectral region (8 - 14) um with only three lenses and a germanium
material. The optical system has a fairly simple structure, and the imaging quality of the
optical system at the two fields of view is very good, close to the diffraction limit. In
particular, with its compact size, the optical system is designed to be suitable for the
application of improving mixed day and night observation equipment.

Keywords: Thermal imager; Step-zoom optical system.

Tap chi Nghién citu KH&CN qudn su, 89 (2023), 117-123 123


https://www.flir.asia/products/boson/

