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TOM TAT

Bai bdo trinh bay két qua nghién ciru thiét ké, ché tao méi cac chuyén dung, diéu khién géc
mo ong kinh truong nhin va ong kinh ldy nét trong camera dnh sang ngdy cua dai quan sdt
quang dién tir. Co cau chcfp hanh st dung dong co mot chiéu duwoc kiém sodat béi bé dieu khién
PID thich nghi; ludt diéu khién dwoc thuc thi trén mach nhung dsPIC. Thudt toan diéu khién
dwoc dam bdo toan hoc chat ché va moé phong truc quan trén Matlab. San phcfm duoc ap dung
thuee té, dam bdo ky thudt cho dai quan sdt san sang hudn luyén va chién ddu.

Tir khoa: Camera anh sang ngay; Quang dién tir; PPK 37mm-2N; Hé quang anh; Géc mé éng kinh.
1. PAT VAN BE

Camera ngay VSS (Video Survaillance System) 1a mot thanh phan khong thé thiéu trong hé
quang dién tir coa dai quan sat (PQS), tich hop trong hé théng C4I (Command - Control -
Communications - Computers, Intelligence) [1]. Nho ¢6 camera VSS, thong qua céac thuét toan
xtr 1y anh, sai 1éch goc muc tiéu [2] dugc dwa vé hé th()ng diéu khién truyén dong dai quan sat,
phuc vu bt bam muc tiéu trén khong [3]. Qua trinh thay d6i goc ma ong kinh camera duoc thuc
hién théng qua mot giao dién truyén thong bang cac khung 1énh, nh¢ d6 cho phep didu chinh
timg luong géc mo cy thé [4]. V61 phuong thire didu khién nhu vay, ché d6 diéu khién goc mo
camera gidong nhu ché d6 diéu khién nhép (jogging), ma khong phai ché do dleu khién bam. Vi
camera c6 cy ly phat hién myc tiéu xa (trén 15 km) va c6 thé thay ddi goc mod ng kinh tir truong
nhin rong nhat vé trudng nhin hep nhat voi kha ning diéu chinh d¢ nét lién tuc nén gia thanh rat
cao. Khi m6 dun diéu khién goc md camera bi 15i hong, yéu té cong nghé va han ché cua goi
mua cap d6 bao tri khong cho phép ching ta can thiép vao chuong trinh diéu khién nhang cua
thiét bi trong khi khong c6 sy hd trg thay thé tir phia nha san xudt nudc ngoai. Yéu cau huén
luyén va san sang chién dau dat ra bai toan bao dam ky thuat cho hé thong.

Bai bao trinh bay nghién ciru tmg dung, thyc hién thiét ké, ché tao méi cac diéu khién chuyén
dung voi vi diéu khién dsPIC 16 bit, diéu khién goc mo ng kinh truong nhin va éng kinh lay
nét, du phong thay thé cho cac diéu khién cii khi xay ra hu hong trong hé thong C4I [1]. Trong
nghién ctru nay, thuit toan diéu khién PID trong cac diéu khién trude d6 [5] von di can phai diéu
chinh thu céng dugc ning cép phién ban méi PID trugt thich nghi v&i mat trugt hoi tu thoi gian
hitu han, tu dong diéu chinh tham s6 bo diéu khién trén co so ton tai ché do truot va tinh 6n dinh
Lyapunov. Luat diéu khién moi dugc téng hop dya trén mé hinh PID hiéu chinh, dugc dam bao
toan hoc chat ch€ va mo phong tryc quan.

2. HE TRUYEN DPONG PIEN CUA ONG KINH VA CAU TRUC PIEU KHIEN GOC MO
ONG KINH CAMERA ANH SANG NGAY

Camera anh sang ngdy str dung dong co dién mét chiéu diéu khién goc mo 6ng kinh truong
nhin (Zoom) va ong kinh lay nét (Focus). Dong co str dung 14 loai RA-16RM-RMX3 di kém hop
giam tdc co toc do quay 16n nhit 90 Vong/phut [5].

_ Trén hinh 1, dong co diéu khién goc mo 6ng kinh truong nhin va ong kinh 1y nét déu duoc
gan voi co cau mé ong kinh va cam bién do géc (mot loai bién trd quay, tri s6 5 kQ) thong qua
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co céu truyén dong banh ring. Géc md cia ng kinh trudng nhin va éng kinh 14y nét dugce tra vé
dudi dang dién &p roi trén bien trd, nam trong dai dién ap tuong umg vdi goc md 16n nhat va goc
md& nhd nhat dugc gidi han bdi hai cong tac hanh trinh [5, 9].
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a) Hé truyén dong lay nét; b) Hé truyén dong trieong nhin.
Hinh 1. Hé truyén dong dién cic géc mo ong kinh camera.

Hinh 1 ciing cho thiy, dong co ghép ndi voi tai va cam bién boi cac banh rang dan dong. Mo
ta nguyén 1y hé dan dong banh rang nhu biéu dién trén hinh 2. Khao sat thuc té cho thay, s0 bude
rang cua banh rang gan voi truc quay dong co 1 bang véi s6 budc ring cua banh rang gin voi
truc quay cam blen goc 4 (26 budc). Viée truyén mo men tir dong co 1 dén ong kinh 3 va cam
blen goc 4 gian tiép thong qua mot banh ring trung gian 2 ¢ 22 budc. S6 budc ring gin truc
tiép véi dng kinh 3 1a 220 budc.

Hinh 2. M6 ta hé banh ring dan déng.
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Hinh 3. So d6 khoi hé diéu khién cdc géc mé ong kinh camera.

Hinh 3 biéu dién so d khdi hé didu khién cac goc mé dng kinh camera. Xét theo cac khdi
chuc nang, hé dicu khién truyén dong cac goc mo camera anh sang ngay bao gom 2 mé dun diéu
khién chuyén dung: mo6 dun xtr ly trung tam CPU va m6 dun khuéch dai cong suat (KDCS).

M6 dun CPU chiu trach nhiém diéu khién toan bd hoat dong ctia camera ciing nhu két ndi voi
may tinh trung tdm qua dudng truyén thong RS422. M6 dun CPU két ndi voi may tinh trung tdm
dé xac nhan ma 1€nh di€u khién, dong thoi lién tuc giri v€ may tinh trung tadm gia tri goc md va
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trang thai cua camera ngay. Ngoai ra, md dun CPU ciing 1am nhiém vu giao tiép voi cam bién
anh sang WAT-1000 clia camera qua duong truyén thong RS232. M6 dun KDCS nhan va phdi
ghép tin hiéu diéu khién tir mé dun CPU dé dwa ra dién ap cép cho cac dong co truyén dong goc
mé cac 6ng kinh Zoom va Focus.

Céu tric hé didu khién goc mé dng kinh truong nhin va goc mo 6ng kinh 1ay nét tuong tu
nhau, dugc thé hién trén hinh 4. Hé diéu khién nhan 1énh dat gbc mé 6ng kinh tir trung tdm diéu
khién cPPK 37mm-2N dé bo diéu khién thong qua khdi KPCS diéu khién co cdu chip hanh
(CCCH) lam quay 6ng kinh camera. Luong phan hdi goc mé duoc tra vé, so sanh véi lugng dit
goc mo dé dua ra sai 1éch goc lam dau vao cho bo diéu khién hoat dong.

! i
Dt géc mé e | KDBCS CCCH '
énglkinh [ Bodieukhitn [—=1 1)\ pog) DC Motor ||
! '
e oo - -.-- '
Phan héi géc mé&
(Bién tré quay)

Hinh 4. Cdu triic hé diéu khién géc mé ong kinh camera.

Nhu vay, bai toan diéy khiér} gbc mé camera anh sang ngay dong nghia véi bai toan téng hop
va thyc thi thuat toan di€u khién hé truyén dong nhu trong hinh 4, trén mot thi€t bi phan cung
chuyén dung duoc chon. Phan tlep theo trinh bay qua trinh phén tich va tong hop luat diéu khién
PID truot thich nghi cho hé truyén dong goc mé dng kinh camera.

3. TONG HQP BQ PIEU KHIEN GOC MO ONG KiNH CUA CAMERA

3.1. Ham truyén dat ciia hé truyén dong dién véi dau vao diéu khién dién ap

Gia thiét § ong kinh camera 1a mot kh01 dong chét c6 mé-men quén tinh I, (chi sb dudi L dai
dién cho ca dng kinh truong nhin va 6ng kinh lay nét). Goi 8, 1a gdc md cua 6ng kinh, J,, Ia mo-
men quén tinh ctia dong co, 6, 1a goc ra dau truc dong co. Duong kinh banh rang nho gan véi
truc dong co la d, duong kinh banh ring lon gan vai tai trong 1a D. Ti sb truyén cuaa hé truyén
dong banh rang 1a N = D/d, luc truyén dong cua banh rang la F. MG-men xoan cua dong co la
T,,; nhiéu md-men dnh hudng dén tai 1a T, nhiéu mé-men anh hudng dén truc dong co 1a Ty,

9, = N6,, 1)
Phuong trinh chuyén dong gitta banh ring va tai:
d*6, D
L F = E F + TdL (2)
Phuong trinh chuyén dong giita dong co va banh ring:
d?6,, d
IJmn—— a2 =Tn _EF + Tam 3
Phuong trinh dién ap, mé-men cua dong co mot chiu:
di ]
La=u—Rl —keowy, 4
m = k¢l (5)

Trong (4) va (5): wp, 1a téc do dau truc dong co; i la dong dién phan tmg; u 1a dién ap phén
ung; R 1a dién tro phan Gng, L 1a di¢n cam phan tng; k; 1a hang so moé-men, k. 1a hang s6 EMF
nguoc cua dong co.

Tir cac phuong trinh (1), (2) va (3), phuong trinh chuyén dong ciia dng kinh camera nhu (6):

d9

=NT, +(NT,, +T,) (6)
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Khao sat thuc té cho thiy, m6-men quén tinh cua 6ng kinh rat nho, dong co c6 cong suat du
16n, do vay, c6 thé bo qua nhi€u mé-men trong phuong trinh (6). Viét lai (6) nhu (7):

d?6
(Jm+JL)T2L=NTm (7
Két hop (4), (5) va (7), sau khi bién d6i Laplace nhan du'qc (8):

ButI)Lo, Gu+I)R
NK, NK,

—= 150, (s)=U(s) (8)

Phuong trinh (8) biéu dién mdi quan hé giita goc md éng kinh camera va dién ap dat vao phan
ung dong co mot chieu. Trong (8), O, (s) 1a anh Laplace cua @, (t), U(s)la anh Laplace cta u(t).
J,+JI)L. 8, = J,+IDR.

Nk, Nk,

0.(s) _ 1 1

X

U(s) as’+as+a, s

bat: a, = 18, =— , viét lai (8) nhu (9):

9)

Vi dong co thuc té trong hé théng, tham sd dong co nhu sau [10]:
R =0,19Q; L = 0,0005H;
ke = 0,0323 (V/rads/s); k; = 0,0323(Nm/A); J,, = 7,5%10kgm?;
Tham s tai: J, = 2J,,
DPuong kinh banh ring ti 18 véi s6 budc rang, do dé ti sd truyén: N = 220:26
Vi L rt nho nén a, ~0, vi thé ¢ biéu dién gan dung cong thirc (9) nhu (10). Hé (10) khong
6n dinh, do vy can thiét co luat didu khién phu hop cho no.

O, (s) 1 1
= X— (10)
U(s) 0,0002s+0,0038 s
3.2. Tong hop luat diéu khién PID thich nghi
a) Hiéu chinh moi mé hinh PID
B diéu khién PID:
t de(t)
u(t) = Kpe(t) + K,f e(r)ydr + Kp It (1)
to
Trong do:
u: Tin hiéu diéu khién;
Kp, K;, Kp: Cac tham s6 cua bo diéu khién;
e: Sai léch géc mo, e = 6, — 6,
04 Géc mo dat;
6: GoOc mo thuec.

Ta biét rang, cac tham sé cua bo diéu khién PID thuong khong chon dugc ngay dé hé théng
diéu khién 6n dinh tiém can, ma can phai chinh dinh (theo tiéu chuan ti uu nao d6). Tuy nhién,
viéc chimg minh tinh 6n dinh cia h¢ théng véi b tham s6 PID duoc chon hién chua dugc dam
bao toan hoc chat ché. Ap dung nguyén ly 6n dinh Lyapunov, bai bao tng dung mét mo hinh
hi¢u chinh PID méi theo [6], trén co s¢ biéu dién sai léch bam cua hé thong dudi dang phuong
trinh trang thai va tim didu kién 6n dinh tiém can caa hé théng hiéu chinh dé lam xuat hién luat
thich nghi tham sé PID.

74 N.T.L.Na, V. Q. Huy, “Nghién civu thiét ké, ché tao méi ... ciia dai quan sdt quang dién tir.”



Nghién ctru khoa hoc cong nghé

Bién doi (11) dudi dang (12), (13):

t
é= i u(t) — K,f e(r)dr — Kpe(t) (12)
Kp to
é =i[u—1<,e — Kpé] (13)
Kp
bat:
X1 =e;x;,=¢ (14)
Phuong trinh trang thai hé (13), (14) nhu sau:
X1 = X7
K; Kp 1. (15)

J.CZZ—EXI KDXZ +K—Du

Hé (15) cho thiy dong hoc cua hé théng méi khong nhitng phu thudc vao trang thai cua no,
ma con phu thudc vao su thay doi caa tin hiéu diéu khién u.

Phét biéu bai toan:

Xét hé thong diéu khién (15) véi gia thiét trang thai x1(t), x5(t) do duwoc va bj chan, di tir
diém hizu han x4 (0), x,(0). Tim diéu kién cua Kp, K;, Kp dé hé thong on dinh tiém cdn.

Nhan xét: Gia thiét cac plen trang théi x,, x, déu Ia’cac tin hiéu vét Iy do dugc va bi chin
hoan toan phu hop véi thuc té; x4, x, cua hé (15) ludn xuat phat tir mot diém hitu han nao do.
Noi dung tiép theo s& tim diéu kién dé hé (15) 6n dinh tiém can, dam bao cho x; = e — 0.
b) Tim diéu kién én dinh tiém cdn
Chon ham truot dau cudi cé dang [7]:

. "/p "/p
S=x;+Ax, " =x,+Ax, ;1> 0 (16)
Véi r, p la cac s6 nguyén duong 1¢, r < p.
) r 2P r =2
S=5C2+?x1p .7.C1=5C2 +?x1p xz (17)
Thay x, tir (15) vao (17):
. K; Kp 1 Ar P
- _ I £ —u+= 18
S = KDX1 KDx2+KDu+px1 Xy (18)
bat
— K . — Kp . — 1 (19)
Viét lai (18) duai dang (20):
) r =B
S =p1x1 + paxz + p3u+ gxlp X2 (20)
Chon ham V va tinh dao ham cua no:
1
V= E52 (21)
V=SS (22)
Thay (20) vao (22):
i ar =P
V=S P1X1 + P2X, + p3ll + ?xlp Xy (23)
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Dé hé (15) 6n dinh thi V phai thyc sy 1a mot ham Lyapunov. Dé V thuc sy 1a mot ham
LyapunovthiV >0vaV < 0.

) V61 myc dich ting tbe d@ tiép‘ can mit truot khi trang thai hé théng Xa mdt truot; giam téc do
tiép cén khi trang thai h¢ thong gan dén mat truot, nghién clru nay st dung luat tiep can mat truot
Gao [8].

S =—uS—Ksgn(S);u>0,K>0 (24)
T (22) nhan duoc:
V =—uS?—KSsgn(S) <0VS (25)
Nhu vay, (25) cho thay V 12 ham ban xac dinh am. Tuy nhién, do V < 0 VS # 0 nén V(t) la
ham don diéu giam véi VS # 0. Diéu d6 c6 nghia 0 < V(t) < V(0), hay V(t) bi chan.
Twr (21) suy ra:

S| = V2V <2V (0) » —/2V(0) < S < 2V (0) (26)
Cong thirc (26) cho thiy S bi chan. Gia thiét trang thai x; (t), x,(t) cua (15) di tur diém hitu
han x; (0), x,(0) ciing cho thay S bi chin, diéu ndy hoan toan phi hop véi thuc té.

Xét dao ham bac 2 cua V:
V = —2uSS — KSsgn(S) (27)
Thay (24) vao (27):
V = 2u®S? + 3Ku|S| + K? (28)
Cong thic (28) biéu dién V 12 ham cua dbi s6 S. Vi V bao gom cac hang ti S bi chan nén V
cling b chdn, do do, V Ia ham lién tuc déu. Bo dé Barbalat dam bao V = —uS? — KSsgn(S) —
0, kéo theo S — 0. Nhu vay, hé thong (15) 6n dinh tiém can.
¢) Tinh toan cac tham sé thich nghi:
Dé (15) 6n dinh tiém can thi luat tiép can mat truot can ¢ dang (24). Tur (20) va (24) thanh
lap dugc phuong trinh (29):
r =P
P1X1 + P2z + psu + ;xlp x; = —puS — Ksgn(S) (29)

~ CO nhiéu giai phap dé (29) ton tai, tuy nhién, mot céch tryc quan, ¢6 thé chon cac hang tir &
VE trai ctia (29) theo diéu kién (30) nhur sau:
p1Xx1 = —]ESgn(S)
p2xz = —ksgn(S)

ar BT 30
p3u+;x1p Xy = —uS (30)
LE =K/2
Tur (30) tinh dugc p4, p,, p3 theo (31):
r—p
_ _ s Ar "o
_ —ksgn(s)  —ksgn(S) T4 X2 (31)
1~ X1 y P2 = X, y P3 = 1
Két hop (19) voi (31) tinh dugc:
K —u
D= T 32
us +/1—Tx P x, (32

p
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r=p

_ /17' p
_ ksgn(S) o S + ?xl X2 (33)
! X1 u
Ar %
_ ksgn(S) « HS + R (34)
P Xy u

Thudt todn diéu khién PID thich nghi:

- Buéc 1:  Thiét Igp céc tham sé u, K, A, p, 7 va khéi tao Kp,K;, Kp, e, é.
- Buoc 2:  Tinh u theo (11).
- Bu6c 3: Po luong cdc bién x4, x,, 1.
- Buoc 4: Tinh Kp, K;, Kpy theo (32), (33), (34) va cdp nhat vao
bé dieu khién PID dé tinh u & bude ldp tiép theo.
- Buoc 5:  Quay lai budc 3.

3.3. X4c dinh géc mé ong kinh ciia camera th6ng qua phan hoi dién ap

Goi d6 rong cua g6c mo dng kinh truong nhin, ong kinh ldy nét 1a A8, ABr. Pién ap roi trén
bién trd phan hdi goc md dng kinh trudng nhin va lay net lan luot 1a AVz, AVgp. Goc m6 6ng kinh
truong nhin va lay nét 1an luot 13 6, 0. Dai dién ap tdi da roi trén bién trd 13 V4,

Céac goc mo dng kinh ctia camera dugce tinh nhu (35):

AV AV
92 =V—ZXAHZ;9F= F

max max

x A6 (35)

4. KET QUA MO PHONG VA CHE TAO THU NGHIEM
4.1. Két qua md phéng diéu khién goc mé camera
Mo phong didu kl}ién goc m& 6ng kinh duge thyc hién trén Matlab cho két qua nhu hinh 5.
Ché d6 hoat dong nhap dugc mo phdong ¢ 3 thoi diém.
- Thoi diém 1: Goc mé Ong kinh tir 0,0 rad = 0,2 rad.
- Thoi die::m 2: Goc mo (}ng kinh tr 0,2 rad = 0,4 rad.
- Thoi diém 3: Goéc mo 6ng kinh tir 0,4 rad = 0,6 rad.

0.61 -

k 0.4
£)
£ 04f 7 1 <
o A S o2
8 3
2 0.2 -- Goc do . D 0
@) ] - Goc dat

0 0.2 04
of . | ] Thoi gian (s)
0 0.5 1 1.5
Thoi gian (s)
a) M6 phong véi 3 goc dat (3 lénh dat); b) U khi goc dat = 0,1 rad.

Hinh 5. Két qua mé phong diéu khién géc mé camera.
Két qua mo phong cho thay, & ca 3 lan nhap (jogging) goc md dng kinh da bam sat dugc goc
dat voi thoi gian 50 ms. Thoi gian xac 1dp nay cing phu hop voi thoi gian lay mau diéu khién
chung cho toan hé thong.
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4.2. Hiéu chuin géc mé ong kinh ciia camera

Sau khi thiét ké ché tao phan cimg va thuc thi phan mém diéu khién, viéc hiéu chuan goc mé
ong kinh ctia camera duoc thuc hién bang cach st dung phan mém xac dinh goc muc tiéu dang
hoat dong tot trén may tinh xur 1y trung tdm ctia mot hé thong C4I [1] dang hoat dong tot dé so
sanh doi chig, lam co sé hi€u chinh tham so.

St dung cac 1énh trong bang 1, nghién ciru da thyuc hién 5 phép do goc md dng kinh truong
nhin v&i két qua thé hién trong bang 2. Tur dd, hé so hiéu chuin 6ng kinh trudng nhin xac dinh
dugc k = 19,06. Viéc xac dinh hé s hiéu chuan goc mé ong kinh lay nét cling dugc thuc hién
tuwong tu, tao tin hiéu do luong cho vong di€u khién phan hoi kin.

Bing 1. Cdc lénh diéu khién Zoom va Focus.

STT Lénh Ma 1énh

1 Zoom + 0x3C

2 Zoom — 0x40

3 Focus + 0x14

4 Focus — 0x18

Bing 2. S6 liéu thu thdp hiéu chudn géc mo ong kinh trieong nhin.

Lan do Dién ap phan hoi goc mé (mV) Goc mo dng kinh (mrad)
1 133 6,98
2 333 17,45
3 1663 87,63
4 3326 174,53
5 4990 261,79

4.3. Két qua ché tao

¢) Tich hop va thir nghiém
b) Mo dun KDCS; hé thong.

Hinh 6. Tich hop mé dun vao hé thong va thir nghiém diéu khién géc mo camera.

Hinh anh ché tao méi cac diéu khién gbéc md éng kinh camera thé hién trén hinh 6. M6 dun
CPU dugc xay dung trén nén cong nghé nhung dsPIC 16 bit cua hang Microchip. Viéc 14p trinh
cho mé dun CPU gbém 2 phan: kiém tra duong truyén thong va thu thap sd liéu tir bo phén phan
hoi vi tri, sau d6, xuat xung diéu khién PWM cho m6 dun DCKS dong co. Duong truyén thong
bao I&n may tinh trung tdm hodc giri thong tin vé hé diéu khién quang dién tir nhim cap nhat lién
tuc cac gia tri phan hdi vi tri gdc mo va cac trang thai hoat dong cua camera anh sang ngay.

78 N.T.L.Na, V. Q. Huy, “Nghién civu thiét ké, ché tao méi ... ciia dai quan sdt quang dién tir.”
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5.KET LUAN

Bai bao di trinh bay két qua nghién ctru thiét ké, ché tao méi cac diéu khién goc mé 6ng kinh
camera anh sang ngay trong cac hé thong quang dién tr cia mot trung tam diéu khién C41. Luat
diéu khién PID cii dugc cap nhat phién ban PID tham s thich nghi v6i mit truot hoi ty thoi gian
hitu han, thyc thi trén mach nhting dsPIC 16 bit. So véi cac diéu khién phién ban trudc do, bo diéu
khién cua cac diéu khién méi c6 tinh thich nghi tham s6 va dugc dam béo toan hoc viing chic dua
trén tiéu chuén 6n dinh Lyapunov va diéu kién ton tai ché d6 trugt. Mic du san phém ché tao da
dugc danh gia trén hé théng thue té, phuc vu cong tac huén luyén san sang chién diu & don vi,
song can dugc danh gia thém chat lugng diéu khién dng kinh & céc goc nghiéng khac nhau.

Loi cim on: Xin chan thanh cam on dé tai “Thiét ké, ché tao hé diéu khién xit Iy 56 liéu chuyén dung,
thay thé bg diéu khién camera dnh sang ngay trong cdc hé thong quang dién tir cua tran dia PPK37mm-
2N tac chien ngay va dém” da cho phép sw dung div lieu va doi twong nghién ciru trong bai bdo nay.
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ABSTRACT

Research, design and manufacture of the new card integrated an adaptive PID controller
for the daylight camera lens aperture drive system of the optoelectronic observatory

This paper presents the results of the research, design and manufacture of a new
specialized card, controlling the aperture angle of the field-of-view lens and the focusing
lens in the daylight camera of the optoelectronic observatory. The actuator using a DC
motor is controlled by an adaptive PID controller; the control law is implemented in a
dsPIC embedded circuit. The control algorithm is mathematically guaranteed and
simulated intuitively in Matlab. The product is practically applied, ensuring the technique
for the ready observatory in training and combat.

Keywords: Daylight camera; Optoelectronic; Anti-air turret 37mm; Optical imaging system; Lens angle.
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