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Low light level imagery is crucial to operating : « Step1: Amplify signal intensity using a contrast-limited * Intensity transformation applied to low light NVD original image (a)
safely in a nighttime environment. ¢ ' adaptive histogram equalization (CLAHE). with CLHE, resulting in image (b).

Night Vision Devices (NVD) are widely used by , * Ordinary AHE is prone to over amplification.
emergency services and in military applications. ‘ ' « Contrast amplification in the neighborhood of a

' o given pixel is determined by the slope of the
Hardware advancements aim to increase signal ' transfer function. This slope is proportional to the
reliability in low light conditions but often at the , slope of the cumulative distribution function

expense of keeping weight at a reasonable level. (CDF), also known as the mapping function.
A clip limit is determined that limits the slope of
Photocathode Phospher

This project aims to show how Screen the CDF and, as a result, the transformation

leveraging advances in processing Objective Mlcrochannel Eyepiece function is limited.
speed might allow more robust Lens | Plate / Lens That part of the histogram that exceeds the clip - Bilateral filter applied to original image (c) and intensity amplified

algorithms to be used for enhancing limit is redistributed among all histogram bins. image (d). Resultof Bilateal Fitering (Half-width = 2, sigma = [3,0.1)
Signal reliability in IOW Iight Conditions_ \ \\ ) . ; i Result of Bilateral Filtering (Half-width = 2, sigma = [3, 0.1])
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Related Work Processing time fqr this amplification technique is

_ _ _ o _ improved through interpolation whereby each
* Insects in particular have been successful at adapting their visual organs to low light image is partitioned into tiles containing numerous | |+ BM3D filter applied to original image (a), with additive noise (e),
levels. Warrant et al. have investigated invertebrates® abllity to neurally intensity and pixels. The histogram, CDF, and transform and to image (b) with (f) and without (g) additive noise.
sum CO”eCted V|Sua| Slgna|S N bOth tlme and Space- function are then Calculated for eaCh t||e Denoised MV22 Intensified for Filtering, PSNR: 35.314dB  Denoised MV22 Intensified for Filtering, PSNR: 35.459 dB

Denoised MV22, PSNR: 37.956 dB
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13 « Step 2: Once the image undergoes intensity transformation

we look to preserve the increased detail (signal) while
reducing the resultant noise.

| - Bilateral filtering is a relatively simple and fast
Megalopta genalis B <ol methOd

"*' TT * « Block Matching 3D (BM3D) is a powerful filter
Ny ;.ﬂ | e fe | - | option with greater edge preserving
MWVWVW”WW"‘MWMMMMWM , characteristics.
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» Much work has concentrated on motion compensated filtering, edge preservin REFERENCES: * While the Bilateral filter offers speed, it does not preserve edge detail as
P g, eagep 9 : i insects: inci well as the BM3D filter.

_ _ _ _ _ _ E. J. Warrant, O. Magnus, H. Malm, “The remarkable visual abilities of nocturnal insects: neural principles and
anisotropic diffusion, and block matching techniques. bioinspired night-vision algorithms.” Proc. of the IEEE, vol. 102, no. 10, pp. 1411-1426, 2014 . BM3D applied to an intensity amplified image gave by far the best
S. M. Pizer et al., “Adaptive histogram equalization and its variations,” Comput. Vis. Graph. Image Process., vol. 39, reSUItS. Slg na| increased a”OWing more detall in ShadOWS Whlle nOise

pp. 355-368, 1987.
was kept to reasonable levels.

« The biological adaptation above is the inspiration for a spatio-temporal smoothing
technique that borrows elements of those above and adapts them to low light level. MAWTS-1 Night Vision Device (NVD) Manual, 9% Edition, 19 January 2011.




