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PanCam on the ExoMars Rover

NAVCAMS
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PanCam Specifications

Mastcém-' 00 NASA/JPL/ASU/MSSS

Wide Angles Cameras (WACs) MSL Mastcam M-100
Optics Optics
[38.3x38.3 FOV (°)] 6.8x5.1 FOV (°)
f# 10 f# 10
21.85mm Fixed-Focus 100mm Fixed-Focus
11-slot filter wheel per camera 8-slot filter wheel per camera
Detector Detector
Star 1000 Radiation Hard Kodak KAI-2020
Monochrome Sensor RGB Bayer Sensor
[CMOS APS 3T| CCD Frame transfer
1024x1024 pixels 1600x1200 pixels
15um Pitch 7.4um Pitch
10-bit ADC 11-bit ADC
Filters : .
6 RGB Broadband (3 per WAC) Key Diiferences:

4 Solar Narrowband (2 per WAC) Wide Angle: Break down of uniformity assumptions

12 Geology Narrowband (6 per WAC) CMOS APS: No shutter-smear, Nonlinear electron-

voltage transfer function




Problem Statement

Performance Metrics -
, . Digital Image:
What do these properties mean for performance metrics? Simulated
Fr- -
S, [, J]

Image Quality

What do these performance metrics mean for image quality?

fC’am

Image Interpretation and Derived Products

How does the image quality effect quantitative analysis of
these image data sets?

Operations

How do the camera properties impact operational sequences?

Scene Radiance:

Can we have a neat function that receives camera Discrete Representation
specifications, and then helps us to answer these _ TR
questions? L. = L. 0.[,7, A



Simulation Module Overview
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Simulation Software Key Features

Angular Spectral Transmission

NN oo Centre Wavelength
Measured Data

Key Features
— — — Algorithm Fit
OpthS: — — — Gaussian Fit

- Angular Spectral Transmission

Transmission

- Modelled or Data-constrained
Detector:

- Temperature Dependent Reset Noise

- Log-Normal Dark Signal Non-uniformity

- APS 3-Transistor Conversion Gain Model CMOS APS 3T Conversion Gain Model
Sense Node Conversion Gain Model
- Standard Conversion Gain Models L
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Synthetic Test Scenes

Synthetic Test Scene Direct lllumination

3,0x107||{|||!|I1I|11I

[T

OD 0.93, Airmass 1

Illumination o 4 1
Sun : Zenith g; f
Mid-Summer, Equator o E
Sky: SPD from Bell etal 2006 JGR = 1 *

TSI N S WU N T T B
¥ 0.6 0.8 1.0
Wavelength, um o
360 410 460 510 560 610 660 710 760 810
Wavelength (nm)

*
STTT

N

0.35

Meridiani

Surface Material Reflectance \

0.3

Ground
Refl. Spec from Bell et al 2007
Bright Soil (bl, bc)

Telescopic Bright
s MPF Bright I
w— Telescopic Dark
= MPF Disturbed

Dark Rock (br) — e
White Rock (cl)

Bright Dune (cc) Gusay
Dark Rock (cr) : ;

350 450 550 650 750 850 950 1050 350 450 550 650 750 850 950 1050
Wavelength (nm) Wavelength (nm)

Calibration Target Reflectance

Calibration Target

Refl. Spec from Aber U.
Size simulated by Aber U.

——WCT2065 ——Pyroceram ——RG610 06515 ——BG18 ——BG3 ——NG11 ——NG4



Synthetic Test Scene: WAC RGB




Applications: Exposure Predictions

Predicted Optimal Exposure Times

‘Optimal’ defined by scaling Region of Interest Max. Radiance to ~75% Full Well

Expected Exposure Time [ms]
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Applications: Simulated Algorithm Evaluation r

Image Processing Algorithm
Optimisation:

Processing pipelines have a goal of
enhancing some property of the final
image.

The goal is usually to give a more

accurate representation of the scene
radiance.

We can directly compare image
products to controlled, well-defined,
input Test Scenes.

We can compare image products from a
set of candidate algorithms and
parameter values to an ‘Ideal’ image
product.

This poses a convex optimisation
problem.
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Applications: Algorithm Analysis

Example — Auto-Exposure: Observed; | Target

* Optimise settings for an Auto-Exposure w i
algorithm. 2 | <> Tolerance
o i
* Process over 1x10° parameter combinations ¥ Image '
Histogram

* Search for optimal combinations

* Find parameter — performance dependencies

i Outliers

Pixel Level (DN)

Target vs Outliers P-SNR Target vs Seed Exposure lterations
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iIneering Model

PanCam Eng
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Validation of Auto-Exposure: LWAC RGB (Raw Stack) o
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CONCLUSIONS:
- PanCam: 3 Camera system, enabling stereo,
multispectral, and high-resolution VNIR imaging. UK SPACE
AGENCY
- Camera Response simulation software has been .
developed, from spectral radiance to raw DN. Q% @:
- Applications include performance predictions, and ’“-ﬂ;{::%f
system comparisons. Sl
- Simulation scenes can be synthesized and visualised. o

- Image processing algorithms can be evaluated across
large combinatorial spaces.



