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Abstract: A contrast test measurement system of minimum resolvable was built. For the low illumination
MTV-1881-EX CCD and the super low illumination NOCTURN XL CMOS imaging system, the
minimum resolvable contrast was measured and discussed; the range of those low illumination modules
were predicted and discussed under the conditions of the same focal length, the same instantaneous field
of view and the same view of imaging system. The results show: 1) The super low illumination CMOS
has a better low illumination imaging quality; 2) The range model can predict the range of imaging system
more effective, because the range model based on Minimum Resolvable Contrast considers the system
signal-to-noise ratio, the Modulation Transfer function and the contrast of scene; 3) under the condition
of the same imaging field or instantaneous field of view, the super low illumination CMOS imaging system
has a better range. The method of this paper is expected to play an important role in the development of
the application , that is the range model of optical imaging system based on minimum resolvable contrast.
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Fig. 2 Interpolation reflectance curve of different gray values
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Fig. 3 Eight different contrast three stripe resolution test target patterns
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Table 1 Low illumination CCD/CMOS imaging component performance parameters
Parameters MTV-1881-EX CCD NOCTURN XL CMOS
Pixel number 795 X596 1280X1 024
Pixel size 8 pmX 8 pm 9.7 pmX9.7 pm
Detector size 1/2" 1"
Working illumination(lowest) 2X10*1x (F1.2,5600K) 1X107%1x
SNR >48 dB =60 dB
Video mode CCIR digital video, progressive scanning
Frame frequency 25 Hz 30,50,60,100 Hz
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Table 2 Minimum resolvable contrast measurement data of CCD
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Spatial frequency(cyc/mrad)

Contrast 0. 0051x 0.0111x 0. 0561x 0. 581x 4,01 1x 13.8 Ix
Horizontal Vertical Horizontal Vertical Horizontal Vertical Horizontal Vertical Horizontal Vertical Horizontal Vertical
0.03 0 0 0 0 0.467 0.467 0. 875 0. 875 0. 875 0. 875 0. 955 0. 955
0.05 0 0 0.191 0.191 0. 700 0. 700 1. 050 1. 050 1. 050 1. 050 1. 050 1. 050
0. 10 0 0 0. 300 0. 300 0. 875 0.875 1.167 1.167 1.167 1.167 1.313 1.313
0.14 0 0 0.323 0.323 1. 050 1. 050 1. 167 1. 167 1. 313 1.313 1. 500 1. 500
0.19 0 0 0.420 0.420 1.313 1.313 1. 500 1. 500 1. 500 1. 500 1.750 1. 750
0.23 0 0 0.525 0.525 1. 313 1. 313 1. 500 1. 500 1. 750 1. 750 1. 909 1. 909
0.35 0.323 0.323 0. 700 0. 700 1. 500 1. 500 1. 909 1. 909 1. 909 1. 909 2.100 2.100
0. 50 0.323 0.323 0. 875 0. 875 1. 750 1. 750 1. 909 1. 909 2.100 2.100 2.100 2.100
0. 60 0.467 0.467 0. 955 0. 955 1. 750 1. 750 2.100 2.100 2.100 2.100 2.333 2.333
0.72 0.525 0.525 1. 050 1. 050 1. 750 1. 750 2.100 2.100 2.333 2.333 2.333 2.333
0.82 0. 600 0. 600 1. 050 1. 050 1. 750 1.750 2.100 2.100 2.333 2.333 2.333 2.333
0.93 0. 700 0. 700 1. 050 1. 050 1.750 1.750 2.333 2.333 2.333 2.333 2.625 2.625
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Table 3 Minimum resolvable contrast measurement data of CMOS

Spatial frequency(cyc/mrad)

Contrast 0. 0051x 0.011lx 0. 0561x 0. 581x 4,01 1x 13.8 1x
Horizontal Vertical Horizontal Vertical Horizontal Vertical Horizontal Vertical Horizontal Vertical Horizontal Vertical
0.03 0 0 0.323 0.323 0. 600 0. 600 0. 600 0. 600 0. 840 0. 840 0. 875 0. 875
0.05 0.323 0.323 0.467 0.467 0. 840 0. 840 0. 875 0.875 0.955 0.955 1. 050 1. 050
0.10 0.323 0.323 0. 600 0. 600 0.955 0.955 0.955 0.955 1.167 1.167 1.167 1.167
0.14 0.467 0. 467 0. 840 0. 840 1. 050 1. 050 1. 050 1. 050 1.313 1.313 1. 500 1. 500
0.19 0. 600 0. 600 0. 840 0. 840 1. 050 1. 050 1.167 1.167 1. 500 1. 500 1.750 1.750
0.23 0. 700 0. 700 0. 875 0. 875 1.167 1.167 1.167 1.167 1. 500 1.500 1.750 1.750
0.35 0. 840 0. 840 0. 955 0. 955 1.313 1.313 1.313 1.313 1. 750 1.750 1.909 1.909
0. 50 0. 840 0. 840 1. 050 1. 050 1.313 1.313 1.313 1.313 1.750 1.750 2.100 2.100
0. 60 0. 840 0. 840 1. 050 1. 050 1. 313 1.313 1.500 1. 500 1.909 1.909 2.100 2.100
0.72 0.875 0.875 1.167 1.167 1.313 1.313 1. 500 1. 500 2.100 2.100 2.333 2.333
0. 82 0.955 0. 955 1.167 1.167 1. 500 1.909 1.909 1.909 2. 100 2.100 2.333 2.333
0.93 1. 050 1. 050 1.167 1.167 1. 500 1. 909 1. 909 1. 909 2.333 2.333 2.333 2.333
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Table 4 Detection distance and Recognition distance estimation of Low illumination CCD/CMOS imaging systems

NOCTURN XL CMOS

MTV-1881-EX CCD

Tllumination/ - — — - — —
Ry/km K Detection/km Recognition/km Recognition/km Detection/km Recognition/km Recognition/km

h (50%) (50%) (95%) (50%) (50%) (95%)

1 11 1. 264 0.410 0. 249 1.538 0. 445 0. 257

2 10 1. 381 0. 500 0. 298 1.596 0.515 0. 296

1.38X10! > 8 1.756 0.633 0.363 1. 868 0.622 0. 349
10 5 2.161 0. 745 0.416 2.193 0.716 0.394

20 5 2.581 0. 832 0.451 2.535 0. 788 0.423

1 11 1.251 0.319 0.164 1.534 0. 387 0.196

2 10 1. 257 0.330 0.173 1.537 0.394 0.203

1.0X10* ) 8 1.297 0.361 0.194 1.562 0.417 0.219
10 5 1.399 0. 406 0.216 1.634 0.453 0.237

20 5 1.508 0.433 0.227 1. 717 0.475 0. 246

2.3 STt
LY B FERE AT LA AR AR L 1. 2 15 5 ) MRC
Sypr e as [ARR f BB E A8 4k, 1D

frw=2 10 ®)
Dy T LBy
E..=E, {<fl>A/[H4 (ﬁ”} (7)

Dy 1 /Dy\*
(7)) 1)

XA Lol fon MBI £, 288 f) TS 23 )
Wi EE s Eg F1E,. 53 51 O £5 B8 28 40§ U5 1Y 38 5
(D,/ fORCD,/ £ 43510 45 B AR A0 R IS #Y 90 Be AR
L. K, e HZXTE 6 fTiEl 7 59 MRC i 26 1%
A AR e 3K (6D FE AT — A 2o AR 4, I 4 1 v ot 4 % i
1) B 85 HRRE e X (7)) AT 78 d gl T LA B 6T R ) B
TR R G MRC il 26, 4% BEAT IR (9 77 1% 3 47 X R
1Y R 45 48 IR B Al

TEH A Hr b W BE R HE £, =50 mm. F $ F,
S F1.8. i1 TR BE B CCD #£ #% A K IR CMOS
PRI 25 19 5050 ROST RO B ROE 4R —#E L Bt 36 ]

MRS TR 37 #5518 R 3 45 T 2E AT MR Ar A, T T
A b BB B R AR L B AL AR R R
Ap PR B HEAT 20 (6) 1 35 R I

iz HR B B 9037 Ffg A0 s SO 0 4 2R vk RS X &R
454 75 [a) B0 R 248 kA o eR IR TR RS DG 2 R
G0 £5 IR e . SR 4 BE R [R) B AL 4 A 0 R R AT
P T B AR IR B CMOS 18048 2 55 19 ) 85 8 FE 434
4 60. 625 mm. [ F, R 42 B A AR L3 A i oK
PEAT FE #5. CCD 45 1 28 % 1/2 35 ~F (6. 4 mm X 4. 8
mm) ,CMOS & £/ 1 F~F(12.4 mm X 9.9 mm),
CMOS B4 & e /) )i L FE XS ik 96. 875 mm.

TSR 1.38X10" Ix &k F . BAK
B CMOS % %% 5 CCD 1id% 2 8 43 i B AT A1 [7)
BEiT AL A IFOV FAR [F] 45 90 3 /i FOV B 32 51
FEE b, T LUE . B & R FE 1S K, B B CMOS
TR R S R 2P AR K AE AR R TFOV FiAR A Y FOV 2%
P 1V I S 4 TR S I BE B CCD iR & 58 78 4%
RE T B IR E CMOS #B 142 HLAY PEfE.

F 5 #BILERE CMOS 748 5 B B 91 45 0 B 5 M 45 A B B9 1R 51 BE 55 (E, = 1. 38 X 10" Ix)
Table 5 Recognition distances of Low illumination CMOS in the same IFOV and FOV (E,=1,38X 10" Ix)

The same IFOV (f; (=60. 625 mm) The same FOV (f; = 96. 875 mm)

Ry /km K Recognition/km Recognition/km Recognition/km Recognition/km
(probability 50%)  (probability 95%)  (probability 50%)  (probability 95%)
1 11 0.520 0.299 0.775 0.434
2 10 0.599 0. 346 0. 868 0.502
5 8 0.727 0.410 1. 057 0. 606
10 5 0.841 0. 466 1. 235 0.697
20 5 0.933 0.504 1.394 0.767

J& MRC i . 9 1) 3 T f /0 7] 23 60 LERE O |

3 HiR 7 At T B T v BB T 5
A% 2R e TR 85 000 07 o 43 00045 5 T AR 1) 4 B A

AR SR X AL ) AIG BR EE CCD i IE IR B CMOS
SEARPLHEAT 1 552 56 2 0 1 38 PR 85 R ) e /N W] 23 B X L

[ IFOV FiA R FOV £ TR RGE/EHEE 458 %
W EEAM R AR AT BARE R S IR MR IR CCD
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