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Abstract: Whether they are applied in tactical and strategic investigations in the military, in civil field
mapping, fine agriculture, coastal resource exploration, or map navigation, aerial cameras can be seen
everywhere. This article first exemplifies several typical aerial film cameras of the 20th century and
introduces how they work. Then, the aeronautical digital cameras are divided into three categories according
to their working methods. The principles and characteristics of these working methods are briefly introduced
and some typical examples of aerial digital cameras are given. Finally, the development trend of aerial
cameras is summarized and predicted.
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102

3 KS-116 () 5 KA-95 (f1) 4ME
Fig.3 Aerial camera KS-116 (left) and KA-95 (right)
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Fig.4 The photos of aerial camera KA-95 with sector scanning of different angle
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Table 1  Specificities of push broom and whisk broom camera

Push broom camera Whisk broom camera
Wide field of view

Complex in structure

Narrow field of view
Simple in structure
Complex in optical system | Simple in optical system

Non distortion in image Distortion in image

Long scan time Short scan time
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Fig.9 Aerial camera TYPE-8010 (left) and TYPE-8042 (right)
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Fig.10 Aerial camera ADS40 assembled on Japan PASCO

Cessna Caravan airplane

IZRENLR Y = e HET AL, = 2 QR
KRB AER. T )5 3 M 3 ANk
CCD [Rm4t, e 11w, IXRE B T
DASREL =47 R 25185 2. ADS40 AL AT CCD
K31 5 AL CCD B [A] i3k 1 0y 28.4°, J5# CCD
FEZ 5N CCD FEFIZ AR M 14.2°0 LA B4R 3
X Le CCD [ & AN ZRE CCD. XUEZ [k
CCD 14Ic R~ 6.5 um, %oc¥h 12000, ZkF%E
CCD ZIafg &% (3.25 um) 48N, 1%t
PASR i JUART 3 5 38 o AMEEESFIH |, ADSAQ it %%
T ANESMEHHA 12000 44T RE CCD, 4371 H kid
SEHLTHIZ R RGB 5 R AL AME R . RATES ®AT
B, B —> CCD B FI A7 M Sl s fF— SR
M, fEe B EEGTEE N, TR
T2 1 3k (AT SERF IR IG DLRR AN B IX AR

BSOS T SEES, 08T RBK =4 RS
B 4, ADS40 fEMZ: . K4l i R P 8¢
FE AT T 53] 7 T2 iR,

p—

—

E 11 ADS40 =ZHflim=E
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# 2 DB-110 HHLHAN BB S H Table 2 Parameters of DB-110 camera
Detector type VNIR MWIR
Detector 5120X 64 TDI CCD 512X 484 Indium antimonide medium wave detector
Spectral region 0.4-1.0 um 3.0-5.0um
Data format 10bit 12 bit
Pixel size/um 10 25
First optical system Long focal length optical system (Generally over a distance of 20 miles)
Focus/inch 110 55
Optical system aperture F/10 F/5
Second optical system Short focal length and wide field of view optical system(Generally within 40 miles)
Focus/inch 16 14
Optical system aperture F/10 F/5
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Fig.13  Whisk broom in visible (left) and step-by-stare in IR (right) of DB-110 camera
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Fig.14 Imagery in visible (left) and in IR (right) from DB-110 camera
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(c) Step-scan mirror (d) Schematic of coverage
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Fig.15 Three configurations with step-by-stare scan and the corresponding coverage
3 DHE RS B AL Table 3 EO/IR camera with step-by-stare scan

Type Detector / Band Focus / FOV Scan Range Working Height GSD
VIS/NIR: 50005000 VIS-MWIR: 18 inch Low-Middle Nadir@20000 ft
ROI CA-270 s 180° )
MWIR: 2000x2 6.3°%6.3 altitude VIS: 131t
ROI CA205 VIS: 50005000 VIS: 50-100in sinale side > 70 Low-Middle @NIIRS-5
- . ingle side > 70° .
MWIR: 20002000 IR: 50in g altitude VIS: 40 nmi
VIS: - VIS: 120in, 14.5in @40000 ft NIR-@31 nmi
BAE F-9120 . . - .
MWIR: - IR: 60in, 10.9in 36-90 nmi (estimated)
ELOP Condor VIS:11M x4 VIS: 400 mm, 50 mm 10° Low-Middle
TAC IR: 640x512 x 4 IR: 300 mm, 85 mm altitude
ELOP Conder2 VIS:-
- ~30° 10000-60000 ft -
LOROP MWIR: 2048x16 TDI
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Continued Table 3
Type Detector/Band Focus/FOV Scan Range Working Height GSD
VIS: 42-270 mm . @NIIRS-5
VIS: 2000x2000 Low-Middle
Recce Pod IR: 0.9°x0.7°, .7°%2.8°, 360° ) VIS: 20km
MWIR: 640x512 altitude
24°x18° IR: 16 km
MWIR: 640x512x2 VIS/NIR:1001n, 16 in >NIIRS-5
DB-110 (3rd) VIS/NIR: 6144x128 IR:55in,1in, 2.5in 180° 1000-50000 ft @50 nmi
TDI
VIS: Pan, R, G >NIIRS-7
Same altitude of
SYERS-2 IR: MW, SW1, SW2 >2° U2 @20000 m
MIX: SW, G, Pan
117type: 7 bands
MS-177(A) 90° >37000 ft
117A type: 10 bands
RGB, NIR: Low-Middle 30cm@33251 ft
A3 Edge 300 mm 106° .
78000x9600 altitude

vE: NIIRS: National Imagery Interpretability Rating Scales, in:

(a) USGC-9

(d) KS-153

(e) Lenses arranging in KRB8/24F

gesf, fto R nmi: JEE

(f) Photography shoot by T-3A

K16 2 B0k BRI AR AL A SR AR 5 S A B D5 AN SE 4

Fig.16 Film oblique aerial cameras with multiple lenses, typical shot arrangement and film sample
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(a) PO KSI OSDC-4060

(c) NASAWB-57 ARGUS camera system
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Fig.17 Sector arranged multiple-lens aerial cameras and coverage diagram

(a) Ultracam OSPREY Mark3 premium

(c) Leica RCD30 oblique Penta
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(b) Arrangement of CCD and photography of OSDC

60° FOV

. 11 mile swath

65,000 pixels

(d) 60° < 3.3° schematic of coverage by ARGUS

15300 pix

GSD nadir pan: B4.5"
1180 m o
10 cm @ 1500 m =
i Pl
E
=
Bm |
i o
3 R : 3
157 ;:
a
I . 2 -
al twopx Bl 10300 pix 4
- . E. .h._.. 4 . E
! E 2
-y 1470 m Y -
2
"
1100 m ' 385
=
a
g awn
B0 m 54.5°

10300 pix

(b) Schematic of coverage of OSPREY M3P
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(d) Schematic of coverage of RCD30
Maltese cross arranged aerial cameras and coverage diagram
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(b) Arrangement of the 4 lenses in the middle of DMC

(d) Rolli Metric AIC x4 camera

Fig.19 Block arranged aerial cameras

4 BEOPERLESLBAAEYL  Table4  Multiple-lens oblique cameras with high resolution
Category Type Band Resolution FOV / Focus GSD FMC
R G B Low: 13064x2032 Low: 105°%x14° Low: 30 cm@1054 m
F, B PO KSI OSDC-4060 ‘NI;? Y Mid: 35888x2000 Mid: 100°x4.5° Mid: 30 cm@3229 m
High: 56592x1696 High: 84°x2.3° High: 30cm@6491 m
Low: 15200%1200 Low: 89.11°x11° Low: 30cm@1500 m
F.B PO KSIOSDC-3660 R, G, B Mid: 30500x1200 Mid: 90°x5.6° Mid: 30 cm@3200 m

High: 63000x1200

High: 75°x2.1° High: 30cm@8200 m
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Continued Table 4
Category Type Band Resolution FOV / Focus GSD FMC
NASA WB-57
F,B R,G,B 65000%3744 60°x3.3° 30cm@15000 m -
ARGUS
PAN,
Vexcel UltraCam RGB Nadir: 134708670 Nadir: 47.3°x31.5°
M ] ) 10cm@1538m TDI
Osprey M3P Bayer, Oblique: 10300%7700 Oblique: 45°x45°
NIR,
50 mm
] . RGB, 10320%7752
M Leica RCD30 Oblique 80 mm, - -
NIR 8956x6708
150 mm
RGBI,
30mm
o RGB, 14204x10652 TDI,
M I1GI Penta DigiCAM 80 mm, -
CIR, 116648750 BCM
150 mm
NIR
RGBI,
NIR:30 mm
RGB, Nadir:28200x11500
M IG1 Urban-Mapper ) Other:90 mm 25cm@4891m BCM
CIR, Oblique:11608x8708
110 mm
NIR
RGBI,
. NIR:30 mm Nadir: 20cm
RGB, Nadir:34500x14100 .
M IGI Urban-Mapper-2 . Other:90 mm Oblique: 26.9cm BCM
CIR, Oblique:14204x10652
110 mm @4739m
NIR
PAN,
PAN Channel:
B,V Z/l DMC RGB, 74°x44° 30cm@3000m TDI
13000x8000
NIR
RGBI,
RGB, TDI,
B,V,M IGI Quattro DigiCAM 23350%16400 90 mm -
CIR, BCM
NIR
RGB, 35mm, 47 mm,
B,V Rollei Metric AIC x4 ~135000%10000 - -
CIR 72 mm, 100 mm

#: F B, M: GEAL+7, B: Block, V: F#L Note: F: Fan, M: Maltese Cross, B: Block, V: Nadir/vertically downward

(@) Z/I DMC Il
K 20

(b) LEICA DMC 1l
=G PR 25K T ALAHNL

il

ULTRACAM

N ——==
| 2

(c) UltraCam Eagle Mark3

Fig.20 Three multiple-lens cameras with high resolution

(d) UltraCam Eagle 53k 41 #f1
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Fig.21 UltraCam Eagle full color camera with 9 CCD

Table 5 Multiple-lens direct over flight cameras with high resolution

Number .
Type Bands Resolution FOV/Focus GSD FMC
of lenses
PAN, RGB, PAN:15552x14144
Z/I DMC 11 230 5 50.7°%46.6° 30cm@5000m TDI
NIR MS:6846x6096
PAN, RGB, PAN:16768x14016
Z/I DMC 11 250 5 45.5°%38.6° 30cm@6000m TDI
NIR MS:6846x6096
LAEICA DMC PAN, RGB, PAN:25728x14592 PAN:57.2°x34.4° TDI,
5 30cm@7077m )
11 NIR MS: 8956x6708 MS:61.7°x48.2° Mechanical
PAN:132800x9000 PAN:81.6°x60.7°
Vexcel UltraCam PAN, RGB,
7 RGB:38000x5000 RGB:82.3°x13.1° 10cm@2714m TDI
Condor M1 NIR
NIR:7600x5000 NIR:74.5°x53.1°
UltraCam Eagle PAN, RGB, PAN:26460x17004 120 mm
6 10cm@3000 m TDI
M3 NIR RGB/IR:8820x5668 47.6°x31.6°
UltraCam Falcon PAN, RGB, PAN:26460x17004 120 mm
6 10cm@3000 m TDI
M2 NIR RGB/IR:8820x5668 47.6°x31.6°
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