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Tém tat

Bai béo trinh bay cach Iya chon t6 hop vat lidu thich hop dua trén yéu cau vé kha nang khir
sdc sai dong thoi ¢ hai ving phd nhin thdy va hdng ngoai budc song dai. Sau d6 tién hanh
thiét ké hé thong quang hoc cho vt kinh ctia camera quan sat hoat dong & ca hai ving pho
noi trén, trong d6 st dung bé mit phi cdu va nhidu xa dé nang cao chét lugng tao anh.
Hé quang duoc thiét ké nho gon, két cdu don gian, chi gdm 3 thau kinh, chat luong tao anh
t6t, ham truyén didu bién (MTF) 16n hon 0,28 tai tin s6 Nyquist tmg v6i cac dau thu buc xa
pho bién tai hai ving phd 1am viéc. N6 c6 thé dung trong camera quan sat trén cac thiét bi

bay khong nguoi lai.

Tir khéa: Hé thong quang dién tir da ving pho; hé thong quang hoc; bé mdt nhiéu xa.

1. Mé dau

Ngay nay, céac loai hé théng quang dién tir dwoc tng dung ngay cang rong rii, dac
biét trong linh vuc quan su. Thong thudng, chlng chi hoat dong trong mot viing phd nhat
dinh. Tuy nhién, khi cac yéu cau sir dung ngay cang dic biét va theo sy phét trién caa
cdng nghé ban dan, cong nghé san xuét dau thu va cdng nghé vat liéu quang hoc thi viéc
sir dung cac hé thong quang dién tir da ving phd (multi-band) ¢6 st dung céng nghé tron
anh s6 (fusion image) nhan dwoc su chi y nhiéu hon, dic biét trong cong nghé vién tham.
Piéu nay la do viéc tich hop hai hoic nhiéu viing phd lam viéc trong mot hé thng cho
phép ddng thoi nhan dugc nhiéu thong tin hon vé ddi twgng, muc tiéu quan sét trong cac
diéu kién chiéu sang khac nhau, nang cao d¢ tin cdy, nang cao hiéu qua quan sat, phat
hién va dinh danh muc tiéu, diéu nay dic biét quan trong trong céc thiét bi hoat dong hoan
toan ty dong hodc ban tu dong. Hon nita, d6i véi cac hé thong quang dién tir chuyén dung
trén cac thiét bi bay khong nguoi 1ai (UAV), cac tram quan sét trén khéng thi yéu cau vé
kich thudc, khdi luong, cdng suat tiéu thu... 1a rat quan trong, do dé viéc tich hop da kénh,
da ving pho trén mot hé thong cang tré nén cap thiét [1, 2].

Pé tich hop céc hé thong quang dién tir da ving phd, ¢6 nhidu so do nguyén ly khac
nhau: Str dung cac kénh gdbm cac hé quang va cac dau thu hoat dong trong ting ving phé
riéng biét; hodc str dung mot hé thdng quang hoc hoat dong ¢ nhiéu viing phé va tim chia
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chum dichroic dé tach chum tia tao anh trén timg dau thu riéng biét; hoic sir dung hé
thdng quang hoc hoat dong ¢ nhiéu viing phd va mot dau thu bic xa hoat dong & nhiéu
viing phd. Viéc sir dung cac kénh riéng biét s& tang khéi luong, kich thude cua hé thong.
Hon nira, Vviéc tron anh tir cac kénh riéng biét do sé kho khan do duong day tao boi gitra
céc kénh gay sai s6. Cong nghé ché tao dau thu buc xa hoat dong ¢ nhiéu ving phé con
kh& méi. Do d6, dé dam bao kha ning tron anh tir cac dau thu riéng biét, lugng bic xa bi
t6n hao 1a it nhat, mac do gon nhe va gia thanh thi viéc sir dung hé thdng quang hoc hoat
dong ¢ da vang phd va tim chia chum dichroic dé tach chum tia tao anh trén timg dau thu
riéng biét 1a phu hop hon ca [3].

Nhu vay, dé thiét ké, ché tao hé thong quang dién tir da ving phd, can nghién cuu,
thiét ké hé théng quang hoc c6 kha ning lam viéc & da ving phd. Cac hé thong quang hoc
lam viéc & mot ving phd da duoc nghién ctiru nhiéu nhung cac hé quang lam viéc & hai
(hodc nhiéu) ving phé con kha méi. Mot s6 nghién ctu tap trung vao ving hong ngoai
budc séng ngan (tir 0,9 dén 1,7 pm) va hdng ngoai budc song dai (tir 8 dén 14 pm), hoic
ving nhin thay (tr 0,38 dén 0,78 pm) va ving hdng ngoai budc séng trung (tir 3 dén
5 pm) [4-6]. Pa co cac nghién ciu vé hé quang hoat dong trong viing nhin thiy va ving
hong ngoai budc song dai. Tuy nhién, cac hé quang duoc thiét ké trong hai viing nay c6
dang guong-thau kinh. Do st dung cic guong phan Xa trong thanh phan cia minh nén
ching cé nhitng nhuoc diém nhu: ban da chim tia trung tm néu cac guong dong truc,
con néu cac guong khong dong truc thi xuat hién thém quang sai khong dong truc. Vi vy,
chung thuong c6 goc thi gigi nho [7-8]. Ngoai ra, viéc sir dung cac guong sé gay khé
khan cho ga 1ap, hiéu chinh. Nham m¢ rong thi giGi va loai bo cac khé khin khi ga lap
guong, trén co s lya chon to hop vat liéu thich hop, bai béo tién hanh thiét ké hé théng
quang hoc chi bao gom cac thau kinh hoat dong dong thoi trong hai ving pho la ving
nhin thay (VIS) va viing hong ngoai budc song dai (LWIR). Hé quang duoc thiét ké co
thé ing dung cho vat kinh ciia camera quan sat dat trén cac thiét bi bay khong nguoi lai.
2. Lwa chon vat li¢u
2.1. Yéu cdu khi# sdc sai trong mét vaing phé

Lua chon vat liéu dé thiét ké hé thong quang hoc hoat dong trong dai phé cho trudc
luén 1a mét trong nhitng nhiém vu dau tién trong toan bo qua trinh thiét ké. Vat liéu duoc
lya chon can phai dap ung dugc cac yéu cau vé do truyén qua, mirc do phd bién, mic phu
hop véi cdng nghé gia cong, gia thanh... va dic biét 12 yéu cau vé khir sic sai trong hé
thdng quang hoc. Do trong cac ving phd khac nhau, cac vt liéu quang hoc s& thé hién
c4c tinh chat quang hoc khac nhau, vi du nhu chiét suat, sé Abbe, hé sb tan sic riéng...
Do d6, viéc lya chon vat liéu phai dya trén tinh chat quang hoc cia céac vat liéu do trong
chinh viing phd 1am viéc da cho cua khi tai quang dién tir. DSi v6i cac khi tai lam viéc o
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ca hai viing phd, vi du nhu ving nhin thiy va viing hdng ngoai budc séng dai, thi do viing
phd 1am viéc 1a rat rong nén viéc lua chon duoc vat lidu phi hop vai cac yéu cau trén, dic
biét 12 yéu cau vé khir sic sai c6 nhitng kho khan nhét dinh.

Thong thuong, trong viing phd 1am viéc cia minh, cip thau kinh ghép déi duoc khir
sac sai ludn 1a thanh phan co ban trong vat kinh cua bat ky hé théng quang hoc nao. Viéc
lyra chon vt liéu cho cap thau kinh phai tuan theo cac yéu cau khir sic sai nhu sau [9]:

Yéu ciu vé do tu chuin hoa: D, +D, =1 (D)
Yéu cau vé khir sic sai bac nhdt: @1, P2 _ g (2)
Vl V2
Yéu ciu vé khir sc sai bac hai: @, P+ @, P,=0 (3)
A

trong d6: @1, ®; lan luot 1a d6 tu chuan hda caa thau kinh thir nhat va thau kinh thi hai;
v1, v2 Va P1, P2 lan luot & hé s Abbe va hé sb tan sic riéng cua vat liéu quang hoc trong
thau kinh tha nhat va thir hai.

Tir yéu cau trén, nhan thiy rang dé loai bo hoan toan sac sai bac nhat chi can lya
chon hai loai vat liéu c6 s6 Abbe khac nhau. Hon nita, dé giam quang sai don sac, nén lya
chon hai loai vat liéu c6 sy sai khac vé sé Abbe cang Ién cang tét vi khi d6 d6 tu caa cac
thau kinh s& nho (theo gia trj tuyét d6i). Tuy nhién, khir sic sai bac nhat khong c6 nghia 1a
sic sai bac hai s& nho. Dé khur ca sic sai bac hai thi hai loai vat liéu duoc lya chon phai co
cling hé sb tan sac riéng. Didu nay la khong thé, bai khdng ¢ cap vat liéu quang hoc nao
¢6 cting hé s tan sic riéng trong mot vang phd nao d6 [10].

Luong sac sai bac hai dugc xac dinh theo c¢ong thic [9, 10]:

Al=_h=P 1 (4)
v, -V, ©

Do dé, vé nguyén tac, trong mot viing phé lam viéc da cho, cip vat liéu duoc lya
chon tét nhét 1a cap vat liéu c6 sb Abbe sai khac cang nhiéu va hé sb tan sac riéng cang
gan nhau cang tét.

2.2. Lwra chon vt ligu cho hé théng quang hec lam vige ¢ hai viing phé

Déi véi hé théng quang hoc lam viéc dong thoi & hai viing phd: nhin thay (ky hiéu
la E) va hong ngoai budc song dai (ky hiéu 1a T) thi trong ting vang phd, vat liéu dugc
chon cho cap thau kinh phai dam bao yéu cau vé khir sic sai, trudc hét la sic sai bac nhat.
Nghia 1a ching phai thoa man cac yéu cau sau:

D Oy ©
VlE VZE
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Cho rang céc thau kinh c6 chiéu day khong dang ké. Goi do cong cua cac bé mit
thau kinh thir nhat 1a C1 va Cz; d6 cong cac bé mat thau kinh thir hai 12 Cs va Ca. Khi do,
tur cac phuong trinh (5) va (6) nhan dugc:

AWE(Cl_Cz)"‘Aan(Cs_CJ:O (7)

Any; (Cl - Cz) +An, (Ca - C4) =0 (8)
trong do: An,., An,. - su thay d6i chiét suat cua vat liéu thir nhat va thir hai trong ving
phd nhin thdy; An,., An,. - su thay d6i chiét suat ciia chiing trong viing phé hdng ngoai
budc sdng dai.

Nhu vay, dé dam bao khir dong thoi sic sai bac nhét tai hai viing phd, can chon hai
vt liéu thoa man yéu cau:

Ang [ Ang =Any. [ A, ©)

Bang 1. Chiét suat mét sé vat liéu quang hoc 1am viéc ¢ ca hai viing phé VIS va LWIR

Vit Chiét suit tai buée séng A, pm

ligu 12,0 10,0 8,0 3,0 0,6563 0,5461 0,4861

KCl | 1,448196 | 1,456789 | 1,463473 | 1,473758 | 1,48727 1,49319 1,49841
KBr | 1,521649 | 1,526375 | 1,53020 1,536592 | 1,555094 | 1,563927 | 1,57179
Kl 1,616825 | 1,62013 1,622879 | 1,628293 | 1,65809 1,6731 1,68664
NaCl | 1,48004 1,49482 1,50655 1,52434 1,540634 | 1,547371 | 1,553328
CsBr | 1,65976 1,662508 | 1,66477 1,669006 | 1,691108 | 1,701922 | 1,71154
Csl 1,737463 | 1,739163 | 1,740592 | 1,743994 | 1,77773 1,794947 | 1,810559
AgCl | 1,970262 | 1,980339 | 1,988466 | 2,002298 | 2,052596 | 2,078735 | 2,103115
ZnS | 2,170114 | 2,200136 | 2,222782 | 2,257194 | 2,34327 2,38799 2,43091

Nhu da biét, s6 lwong vat lidu quang hoc cho phép bic xa co budc séng trong ca
hai viing phd nhin thdy va hong ngoai budc song dai truyén qua la khdng nhiéu. Trong
bang 1 1a c4c vat liéu dién hinh va su thay ddi chiét suat cia ching theo budc séng [11].
Céc vat liéu nay c6 hé s truyén qua rat cao trong hai ving phd d6 [10]. Bang 2 1a s6
Abbe (v), hé sb tan sic riéng (P) va su thay di chiét suat (An) ciia ching trong hai viing
phd nhin thiy va hong ngoai budc séng dai.

16



Tap chi Khoa hoc va Ky thudt - ISSN 1859-0209

Tir bang 2 nhan thay rang, khdng c6 cap vt liéu nao hoan toan thoa man yéu cau
khtr dong thoi sic sai bac nhit tai hai viing phd. Do vay, cip vat lidu dugc chon s& 1a cap
vat liéu c6 ti 16 vé& su thay ddi chiét suat trong hai ving nhin thiy va hong ngoai budc
s6ng dai gan nhau nhit c6 thé. Nhu vay, theo tiéu chi nay, cap vat liéu 1a ZnS va KBr sé 1a
mét trong nhitng lua chon ti wu nhat. Hon nita, ca ZnS va KBr déu 1 vat liéu tinh thé c6
thé gia cong trén may tién tiép diém kim cwong (diamond turning) nén c6 thé gia cong bé
mat phi cau hozc nhidu xa dé nang cao kha ning khir quang sai cia hé quang duoc thiét
ké. Do do, dé thiét ké hé thong quang hoc 1am viéc & hai ving phé 1a nhin thiy va hong
ngoai budc song dai thi cap vat liéu duoc lya chon la ZnS va KBr.

Bdng 2. Gia tri sé Abbe (v), hé sé tan sac riéng (P), s thay doi chiét sudt (4n) cua vat liéu
quang hoc lam viéc ¢ ca hai viing phé VIS (E) va LWIR (T)

Vit lidu VE Pe A\ Pr Ang /Ant
KCI 44,27199 | 0,531418 | 29,90044 | 0,56248 0,729201
KBr 33,77617 | 0,529049 | 61,55713 | 0,552684 1,95252

KI 23,57618 | 0,525744 | 102,4331 | 0,54592 4,71589
NaCl 43,12045 | 0,530723 | 18,66541 | 0,557525 | 0,478838
CsBr 34,35405 | 0,529268 | 132,2371 | 0,548503 | 4,078244

Csl 24,21478 | 0,524445 | 236,2298 | 0,543305 10,49185
AgCl 21,35306 | 0,517409 | 53,85294 | 0,55356 2,775159
ZnS 15,8374 | 0,510269 | 22,78682 | 0,570024 1,664009

3. Thiét ké hé thong quang hoc lam viéc & hai ving phé

Tir hai vt liéu duoc lra chon 1 ZnS va KBr, tién hanh thiét ké hé thdng quang hoc
cho camera hoat dong ¢ hai viing phd duoc dat trén cac thiét bi bay khong nguoi 14i. Qua
trinh thiét ké mot hé thong quang hoc gom cac bude: 1) Xac dinh cac thong sé bac nhat
co ban cua hé quang; 2) Lua chon vat lidu; 3) Xac dinh hé quang xuét phat; 4) Téi uvu hoa
hé quang xuat phat d& nhan duoc hé quang dam bao chat lwong tao anh theo yéu cau [12].

Céc thong sb bac nhat cua hé thong quang hoc nhu tiéu cu, thi gidi va sb F/# ddi véi
ca hai ving phd dugc xac dinh trén co s& dam bao cu ly phét hién déi véi muc tiéu xe
quan su (2,3 m x 2,3 m) trong viing hong ngoai budc song dai 1a 1800 m va cu ly phat
hién muc tiéu nguoi (1,8 m x 0,5 m) trong ving nhin thay 1a 2200 m. Gi4 tri cua ching
duoc thé hién trong bang 3.
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Bang 3. Mgt sé thdng sé bdc nhat cia hé thong quang hoc

Thong sb Ving pho nhin thay V:)‘E%,cllggnggndg;ai
Tiéu cu 50 mm 50 mm
S6 Fl# 2,5 2,5
Thi gioi 10° 10°

Dé dam bao tidu cu dinh sau du 16n dé cd thé dat tim chia chum dichroic thi dang
vat kinh duoc lya chon 1a vat kinh triplet, gém 3 thau kinh duoc Iam tir ZnS va KBr. Cac
thdng sb két cdu ciia hé quang xuat phat duoc tinh todn hoic hra chon tir céc hé quang cé
san dé dam bao cac théng s6 bac nhat caa né [12].

Hé thdng quang hoc xuét phat dugc téi wu trong diéu kién da cu hinh ung voi hai
viing phé 1am viéc caa nd bang cach sir dung phan mém Zemax [13]. Nguyén Iy téi vu hé
quang la tir hé quang ban dau, thiét 1ap ham muyc tiéu. Ham muc tiéu s& c6 méi lién hé véi
tidu chi danh gia chat lugng tao anh cua hé quang. Sau do6 Iya chon va cho phép céc thong
s6 két cAu cuia né thay doi & ham muc tiéu dat gia tri nho nhat c6 thé. Chat luong tao anh
cua hé thdng quang hoc sau téi uu s& duoc danh gia qua gia tri ham MTF cua n6 [12].

Nhan thay rang, néu chi sir dung cac bé mat cau thi hé quang sau khi t6i wu c6 chat
luong tao anh khé thap do cac bé mat cau khong du kha ning dé hiéu chinh céc loai quang
sai don sac va Sac sai bac hai con du. Piéu nay dugc thé hién qua gia tri ham MTF cua no.
Do d6, can st dung céc bé mat phi cau dé giam quang sai, nang cao chat luong tao anh
cua hé quang.

TS 5.0000 (deg)

Spatial Frequency in cycles per mm

Hinh 1. Ham MTF cua hé quang trong viing LWIR khi si dung mét bé mat phi cau.

Lan luot thay thé ting bé mat cau trong hé quang bang bé mat phi cau bac 2 va toi
wu cac thong s6 cia ching, nhan thay rang, chat luong hé quang thay d6i mot cach dang
ké nhat khi bé mat dau tién ciia hé quang cd dang phi cau. Khi d6, trong viing pho hong
ngoai budc song dai, chat lugng tao anh cia hé quang da co ban dat yéu cau. Tai tan sb
khéng gian 20 cap vach/mm (twong tng vai tan sb Nyquist khi pixel cua dau thu trong
18
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viing phé nay c6 kich thudc 1a 25 um), ham MTF cua né c6 gié tri 16n hon 0,25 (Hinh 1).
Tuy nhién, trong viing nhin thiy, chit lvong cua hé quang van can phai cai thién thém,
dac biét ddi véi cac diém mép thi gisi vi ham MTF cua n6 giam réat nhanh, dat gia trj 0,2
tai tan s6 khong gian chi 1a 20 cap vach/mm (Hinh 2). Trong khi d6, tai viing phd nhin
thdy, véi cac dau thu CCD hoic CMOS c6 kich thuéc pixel 1a 6,9 pm (vi du nhu
IMX287) thi tan s6 Nyquist phai 1a 72 cap vach/mm.

imi TS 5.0000 (deg)
IS U OJUD :‘l
||| JUOJ [

T T T 5
r—— |

Spatial Freguency in cycles per mm

Hinh 2. Ham MTF cuia hé quang trong viing VIS khi siz dung mét bé mét phi cau.

Tiép tuc str dung dang bé mat phi cau bac 2 cho cac bé mat con lai cua hé quang,
nhan thay rang, gia tri ham MTF cua hé quang khéng ting 1én dang ké, nhu vay chat
luong tao anh cua hé quang khong duoc cai thién qua nhiéu. Do do, dé nang cao hon nita
chat luong tao anh cua hé thdng quang hoc, dic biét Ia trong ving nhin thiy, bé mit dau
tién cua hé quang duoc phat trién thanh bé mat nhidu xa.

Bé mat nhiéu xa c6 cau trdc gidng nhu cac cach tir, nd s& 1am thay ddi pha cua bac
xa khi di qua no, tir d6 thay d6i huéng truyén cia chim tia. Trong phan mém Zemax thi
su thay d6i pha theo béan kinh cua bé mat d6 duoc biéu dién theo phuong trinh c6 dang da
thure sau day [13]:

D(p) =M Y Ap® (10)

trong d6: M - bac nhiéu xa; N - hé s6 cua da thirc; Ai - hé s6 twong ng cua biéu thirc bac
2i ciia p; p - béan kinh chuan héa cua bé mat d6. Khi N cang Ién thi cau tric bé mat cang
phuc tap. Bé don gian, véi bé mit duogc thiét ké chon M = 1 va N = 4. Sau khi tdi wu, cac
hé s Ai nhan dugc cO gia tri nhu sau: A; = -4,363; A; = 9,321; Az = -14,594;
A4 = 6,419. Hé quang sau khi t6i wu duoc biéu dién trén hinh 3. Hinh 4 va hinh 5 13 db thi
ham MTF va gian d6 vét ciia né trong hai viing phé lam viéc.
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Hinh 3. Hé thong quang hoc sau toi wu.

So sanh cac dd thi ham MTF trén hinh 1, hinh 2 véi cac d6 thi trén hinh 4 va hinh 5
nhan thiy rang, sau khi sir dung cau tric nhidu xa tai bé mit thir nhat cua hé quang, chat
lwong tao anh cua hé quang dugc cai thién rat nhiéu, dic biét Ia trong viing phé nhin thay.
Trong ving phd nay, véi gia tri ham MTF tai tan s6 72 cap vach/mm 1a 0,38, do vay hé
quang duoc thiét ké co thé 1am viéc véi cac dau thu phd bién co kich thudc pixel 1a
6,9 um (Hinh 4). Tuong ty nhu vay, trong ving phd hong ngoai budc séng dai, chat
luong tao anh ciia hé quang ciing duoc nang Ién bai gia tri ham MTF tai tan s6 20 cap
vach/mm dat 0,28 (16n hon 0,25 so véi chi sir dung bé mat phi cau), hé quang duoc thiét
ké s& c6 chat lugng tao anh tét khi lam viéc véi cac dau thu pho bién co kich thudc pixel
la 25 pm (Hinh 5). Ngoai ra, véi tiéu cu dinh sau ¢ gia tri 1a 19,55 mm, diéu nay cho
phép dit sau thau kinh cudi ciing cua hé quang tim chia chum dé phan tach chum tia toi
timg dau thu riéng biét trong cac viing phd hoat dong cua né.

T5 0.0000 (deg)
|15 278004 5aka) H

Spatial Frequency in cycles per mm

Hinh 4. Ham MTF cia hé quang trong viing nhin thay sau téi wu.

iff, Limil TS 5.0000 (deg)
000

IR R
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T
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Spatial Frequency in cycles per mm

Hinh 5. Ham MTF cua hé quang trong viing LWIR sau téi wu.
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Nhu vay, véi cac dau thu bac xa phd bién trong ca hai viing phd nhin thiy va hdng
ngoai budc séng dai thi hé quang sau tdi wu ¢ gia tri ham MTF tai tan s6 Nyquist tng véi
mdi dau thu déu khéng nho hon 0,28 & tat ca cac diém trong thi gisi. Diéu nay dam bao
chit lwong tao anh cua hé quang trong ca hai viing phd 1am viéc cia minh 13 kha tét. Bén
canh do, v6i két cdu don gian, chi bao gém 3 thiu kinh, trong d6 c6 sir dung mot bé mat
phi cau/nhidu xa, va nhé gon (kich thuéc khong 16n hon 25 mm x 60 mm), hé quang nay
c6 thé duoc st dung trong vat kinh caa camera quan sat dit trén cac thiét bi bay khong
nguoi lai.

4. Két luan

Trén co s& cap vat liéu duoc lya chon 12 ZnS va KBr, da thiét ké duoc hé thdng
quang hoc 1am viéc trong ca hai viing phé nhin thay va hdng ngoai budc séng dai voi chat
luong tao anh kha tot, phil hop véi cac dau thu bac xa théng thuong trong cac ving phd
da cho. Him MTF cua hé quang trong ca hai ving phd déu Ién hon 0,28 tai tan sd
Nyquist trong @ng véi cac dau thu phd bién trong cac ving phd 1am viéc tuong tng cua
nd. Bén canh do, hé quang co kich thuéc nho gon va két cau don gian, chi gom c6 3 thau
kinh, trong d6 bé mat dau tién c6 dang phi cau bac 2 va nhidu xa. Hé quang duoc thiét ké
c6 thé dugc st dung trong vat kinh ciia camera quan sat dat trén cac thiét bj bay khong
nguoi 1ai. P& nang cao hon nita chat luong tao anh cua hé quang, can ting thém sb luong
thau kinh hoic tang thém sb bé mat c¢6 két cau phi cau/nhidu xa.
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DESIGN OF AN OPTICAL SYSTEM OPERATING IN BOTH
VISIBLE AND LONG-WAVE INFRARED SPECTRAL BANDS

Abstract: This article demonstrates how to select an appropriate combination of
materials based on the requirement of simultaneously chromatic aberration reduction in two
spectral bands: visible and long-wave infrared. Then proceed to design the optical system for
the objective of the camera operating in both of the above mentioned spectral regions by using
an aspherical/diffractive surface to improve the imaging performance of optical system. The
designed optical system has a simple structure, consisting of only 3 elements, and high image
guality, modulation transfer function (MTF) at Nyquist frequency is higher than 0.28. It is
suitable for imaging system in unmanned aerial vehicle.

Keywords: Multiband opto-electronic system; optical system; diffractive surface.
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