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1. INTRODUCTION 

The Image Sensor Lab Advanced Analysis package is an add-on library of image sensor and camera 
characterization and analysis routines that augment the Image Sensor Lab Basic product offering.  

The Image Sensor Lab™ Basic package is a combination of sensor interface and test electronics and application 
software that provides complete communications, image capture, and characterization testing, of a variety of 
image sensors. 

The ISL Basic software application offers scripting and plug-in functionality, allowing enhanced graphical user 
interfaces to specific image sensor models as well as customized image processing analysis and 
characterization testing routines.  

The ISL software application is pre-configured with a library of testing and characterization routines, as well as 
processing tools that are typically needed for thorough evaluation and testing of image sensors. 

The Image Sensor Lab Advanced Analysis package is an add-on component to the Image Sensor Lab Basic test 
and measurement platform.  

This document describes the Image Sensor Lab Advanced Analysis package including a discussion of the 
algorithms used and a guide to configuring and using these routines. 

2. CONTACT INFORMATION 

2.1 SALES AND SUPPORT 
Jova Solutions, Inc. 
965 Mission Street, Suite 600 
San Francisco, CA 94103 

415-348-1400 Office 
415-348-1414 Fax 
415-348-1408 Technical Support 
800-755-1400 Toll Free Sales 

http://www.imagesensorlab.com 
info@imagesensorlab.com 

3. REFERENCED DOCUMENTS 

Here are the documents related to the ISL-3200, which you may find useful: 

Description Doc. No Company/Author Rev. Date 

ISL-3200 Product Specification 210-0004-08 Jova Solutions 07/14/2009 

ISL-3200 Basic User Manual 210-0001-08 Jova Solutions 07/14/2009 

ISL-3200 Advanced Analysis Guide 210-0002-08 Jova Solutions 07/14/2009 

ISL-3200 Quick Start Guide 210-0008-02 Jova Solutions 07/14/2009 

ISL-3200 Test and Automation Suite Guide 210-0003-05 Jova Solutions 07/14/2009 



ISL-3200™ DIGITAL IMAGING SENSOR INTERFACE 
Advanced Analysis Guide 

ISL-3200TM Advanced Analysis Guide Doc No: 210-0002-08 Page 6 of 56 

4. GENERAL CONCEPTS 

ISL consists of application software running on a host computer, which communicates with the ISL hardware. 
Users connect image sensors to the I/O connector on the ISL hardware and use the application software to 
control the ISL hardware to communicate with and acquire images from the image sensor. The ISL hardware 
contains all the system components needed to interface many different CMOS image sensors. 

The Image Sensor Lab application software provides flexible image capture, display and analysis capabilities 
and also provides a set of productivity tools that ease the process of communicating with and testing image 
sensors. The application software provides full Bayer image support and includes a variety of built-in Bayer 
decoding and interpolation options. ISL uses four basic image buffer types for Raw, Bayer, RGB, and YCbCr 
(YUV) image types. 

The ISL Advanced Analysis Add On Package provides additional image analysis and characterization test 
panels including uniformity, defective pixels, Bayer analysis, dust and particles, focus accuracy, SFR/MTF 
analysis, Macbeth color accuracy, and several SMIA characterization tests including dynamic range, fixed 
pattern noise, temporal noise, and dark signal. 

The ISL Test and Automation Suite provides an automation application programming interface (API) and 
includes a full library of LabVIEW™ drivers and TestStand™ custom step types. These high level drivers are 
augmented with pre-written automated testing sequences and can greatly accelerate the development of custom 
automated testing suites. 

Figure 1. ISL Instrument and Software Components 
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5. IMAGE SENSOR LAB ADVANCED ANALYSIS 

The Image Sensor Lab Advanced Analysis package provides a suite of image analysis algorithms that can be 
used to characterize the performance of image sensors and cameras. This suite contains analysis routines for 
Bayer images, Color images, and Monochrome images, or for Monochrome image components of other image 
types. 

The Advanced Analysis routines are shown in the table below, and are listed in the order they appear in the 
Image Sensor Lab application Advanced Analysis menu. 

 
Bayer Analysis Color Analysis 

Bayer Plane Uniformity Macbeth Chart Color Accuracy 

Bayer Plane Non-Uniformity  

Bayer Light Field Defective Pixels SMIA Characterization Tests 

Bayer Dark Field Defective Pixels Dynamic Range 

Monochrome Analysis Vertical Fixed Pattern Noise 

Focus Accuracy Horizontal Fixed Pattern Noise 

Spatial Frequency Response (SFR/MTF) Temporal Noise 

Photo Response Uniformity Column Noise 

Non-Uniformity Row Noise 

Light Field Defective Pixels Frame to Frame Flicker 

Dark Field Defective Pixels Dark Signal 

Dust and Particles 

 

Dark Signal Non-Uniformity 

 

The ISL application software utilizes four types of image buffers, although only one of them is active at a time. 
The image buffer type is typically specified in the Capture Configuration screen or within an Image Sensor Lab 
script file. The image buffer types are Raw, Bayer, RGB, and YCbCr (or YUV).  

The Bayer Analysis routines and the SMIA Characterization Tests require Bayer-mode images. You must have 
the Image Sensor Lab application software configured to use the Bayer Image Buffer or these analysis routines 
will be disabled. 

The Monochrome Analysis routines can be used on any monochrome components of any image types. If the 
Bayer Image Buffer is being used, then the Monochrome Analysis routines can be used on any of the four Bayer 
components (Red, Red-Green, Blue-Green, or Blue Bayer planes). If an RGB image buffer is being used, then 
the Monochrome Analysis routines can be used on the R, G, B, Luminance, or on other RGB single-image 
components. 
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5.1 ADVANCED ANALYSIS INSTALLATION AND ACTIVATION 
The ISL Advanced Analysis add-on requires the Image Sensor Lab Basic hardware and installed software and 
that the package be “Activated” with a license, which then “Keys” the attached ISL hardware. 

The Advanced Analysis package is licensed to a specific ISL hardware serial number. Contact Jova Solutions to 
purchase and obtain the license key code that is required to activate the ISL application software and ISL 
instrumentation hardware.  

The Advanced Analysis Add On Package is activated through the ISL application software. Go to the Help menu 
and choose “Activation…” 

The ISL License Activation panel is displayed and the current 
license activation status is indicated for both the Image Sensor 
Lab Basic, and the Advanced Analysis Add On Package. 

To Activate the Advanced Analysis license, enter the license key 
code into the space provided and press the Activate Advanced 
Analysis button. 

The application software will then verify the license key, and if 
correct will “key” the ISL hardware. 

Once the ISL hardware is “keyed”, the Advanced Analysis menu 
will be enabled on any system that the keyed hardware is 
connected to.  

Figure 2. License Activation Window  
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5.2 BAYER IMAGE ANALYSIS 
The Image Sensor Lab Advanced Analysis package contains several panels dedicated to processing Bayer 
image types. The available analysis types for Bayer images are: 

Bayer Image Analysis Panels 

Bayer Plane Uniformity 

Bayer Plane Non-Uniformity 

Bayer Light Field Defective Pixels 

Bayer Dark Field Defective Pixels 

In addition to the Bayer image analysis panels provided in this section, you will find many analysis algorithms for 
Bayer image types in the SMIA Characterization Tests section below. 

Bayer Photo Response Uniformity 

5.2.1.1 Bayer Photo Response Uniformity Overview 

This test measures response uniformity across the surface 
of the sensor. The lens and sensor have non-linear 
responses and most CMOS image sensors have obvious 
visible intensity fall-off in the outer corners, as shown in 
Figure 3. Most CMOS image sensors have on-chip 
correction algorithms to compensate for this effect. 

This test is performed on the raw Bayer planes. Measuring 
the response of the separate color planes can provide 
insight into the color response balance of the color planes. 
Before running this test, take care to select a color 
balanced light source and be sure to use a light meter to 
measure the uniformity of the target setup.  

The results and data are broken out individually for each 
Bayer color plane. This can be helpful in compensating for 
the non-color matched lighting found in the test 
environment. The intensity minimum, maximum, and 
standard deviation intensities can be specified for use as pass/fail criteria. 

This test can also be used to analyze the amount of high-frequency noise in each of the color planes. To use the 
test in this way, enable the background subtraction algorithm to remove lens-shading effects. The standard 
deviations will then more closely relate to the amount of noise in each of the color planes. The image and 
response uniformity graph, shown in Figure 6, does not have background subtraction enabled and the lens-
shading fall off is very visible. 

Figure 3.  Typical uniform light field response 
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5.2.1.2 Bayer Photo Response Uniformity Algorithm 

The ISL Bayer Photo Response Uniformity Algorithm 
calculates the mean and standard deviation of all the pixel 
intensities in the entire image, for each of the four Bayer 
color planes.  

An optional background subtraction image processing step 
can be selected that can help eliminate lens shading effects, 
when using this test as a measure of the pixel noise in the 
image. The correction algorithm uses an nth order filter and 
has user-configurable kernel size and percentile threshold 
algorithm inputs. 

Either row or column averages can be viewed in the graph at 
the bottom of the panel. 

A simple text file that reports the results of this analysis 
panel can also be saved using the Export button.  

Figure 4. Bayer Plane Uniformity Test Panel 
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5.2.1.3 Bayer Photo Response Uniformity Input Parameters 

Name Description 

Input Image A Bayer image type is required for this algorithm. 

Background Subtraction On/Off Specifies if the background subtraction algorithm is enabled. 

Background Subtraction Filter nth 
Order Kernel Size 

Specifies the X and Y grid size of the kernel used for the nth 
order filter. 

Background Subtraction Filter nth 
Order Percentile Threshold 

Specifies the percent threshold used to order the classification 
of the filter. 

5.2.1.4 Photo Response Uniformity Outputs  

Name Description 

Analysis Results Table A results table, formatted as a tab-delimited string, is returned 
with a row of data for each Bayer color plane. The mean 
intensity and intensity standard deviation is reported.  

Bayer Plane Image A drop list allows the selection of which Bayer plane will be 
displayed in the image window. 3D view is also available. 

5.2.1.5 Bayer Photo Response Uniformity Instructions 

The Bayer Plane Photo Response Uniformity graph displays the Average Pixel Intensity for each row or 
column in the image per Bayer color plane. 

The Photo Response Analysis table contains the Mean Intensity and Standard Deviation for each color plane.  

The image display will show one Bayer plane at a time or a 3D view of the Bayer plane (if the 3D checkbox is 
selected). 
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5.2.2 Bayer Photo Response Non-Uniformity 

5.2.2.1 Photo Response Non-Uniformity Overview 

This test measures photo response non-uniformity across the surface of the sensor. The lens and sensor have 
non-linear responses and most CMOS image sensors have obvious visible intensity fall-off in the outer corners. 
Results include maximum intensity non-uniformity between neighboring regions and can help pinpoint regional 
problems that are not geographically identified in the general photo response uniformity test. 

5.2.2.2 Photo Response Non-Uniformity Algorithm 

The non-uniformity test first divides the image into a grid of regions and then calculates the % intensity deviation 
with any neighbor region. The maximum neighbor deviation is then recorded and displayed for each defined 
region in the image. 

5.2.2.3 Bayer Photo Response Non-Uniformity Input Parameters 

Name Description 

Input Image A Bayer image type is required for this algorithm. 

Non-uniformity Grid X cells Specifies the horizontal grid size (in pixels) used for defining 
regions of interest used in the non-uniformity calculation. 

Non-uniformity Grid Y cells Specifies the vertical grid size (in pixels) used for defining 
regions of interest used in the non-uniformity calculation.  

5.2.2.4 Photo Response Non-Uniformity Outputs  

Name Description 

Analysis Results Table A results table, formatted as a tab-delimited string, is returned 
with a row of data for each Bayer color plane. The maximum 
neighbor non-uniformity percentage is reported for each 
region in the image. 

Bayer plane image A drop list allows the selection of which Bayer plane will be 
displayed in the image window. The maximum neighbor non-
uniformity percentage is overlaid on the image. 3D view is also 
available. 

% Deviation Non-Uniformity Image The percentage deviation non-uniformity data can also be 
displayed. 3D View is also available. 
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5.2.2.5 Photo Response Non-Uniformity Instructions 

Configure the grid of regions by specifying a number of 
horizontal cells and vertical cells. 

The Bayer Plane Photo Response Uniformity graph 
displays the average pixel intensity for each column of 
the image. 

The Photo Response Non-Uniformity Analysis table 
shows the Maximum Neighbor Non-Uniformity percent 
for each Bayer color plane. 

The Non-Uniformity Data table shows the Non-
Uniformity % for each region in the image. 

The graph in the lower right part of the screen shows 
the average pixel intensity over the image for each row 
or each column. 

The image display shows each region’s maximum 
neighbor non-uniformity percent. By clicking the 3D 
checkbox, you can also see the non-uniformity data 
plotted on a 3D graph. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Non-uniformity Test Panel 

Figure 6. Non-uniformity overlay showing maximum 
neighbor deviation percentage. 

 Figure 7. Non-uniformity 3D View 
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5.2.3 Bayer Light Field Defective Pixels 

5.2.3.1 Light Field Dead and Defective Pixel Detection Overview 

Light Field dead and defective pixel testing is performed by first exposing the image sensor field of view to a 
uniform light field. Two types or classes of outlier are then identified 

1. Dead Pixels - Any pixel with intensity below a specified % of mean is deemed a dead pixel. 

2. Defective Pixels - Any pixel that deviates from the mean light field intensity by more than 
a specified ± % of mean is deemed defective. 

The defective pixel test is more stringent than the dead pixel test. Many CMOS image sensors have built in 
compensation for dead and defective pixels but are limited as to the total number of bad pixels that can be 
corrected. Individual, isolated, dead or defective pixels are usually tolerated, but since multiple defective pixels in a 
small region would be noticeable or may not be correctable by the built-in processing, limits are typically set, not 
only on the total number of dead or defective pixels, but also on the number of defective rows, columns, and 
clusters.  

5.2.3.2 Light Field Dead and Defective Pixel Algorithm 

The Bayer Light Field Dead and Defective Pixel detection algorithm is a simple thresholding operation that 
classifies any pixel with intensity below a user-specified limit as a dead pixel. The test also detects defective 
pixels, which are defined are pixels that exceed a user-defined percentage threshold above or below the local 
mean.  

The algorithm also allows you to configure the maximum allowable number of defects. The maximum allowable 
number of dead or defective pixels of one color in a 5 by 5 region or of any color in a 3 by 2 region can be 
specified as can the maximum number of defective rows or columns.  

A background subtraction step can be selected that can help eliminate lens shading effects. The correction 
algorithm uses an nth order filter and has user configurable kernel size and percentile threshold algorithm inputs. 

5.2.3.3 Light Field Dead and Defective Pixel Input Parameters 

Name Description 

Input Image A Bayer image type is required for this algorithm. 

Dead Pixel % Mean Specifies the threshold level for the determination of dead pixels. 
Any pixel with intensity below this specified % of mean is deemed 
a dead pixel. 

Defective pixel % Mean Specifies the threshold for the determination of defective pixels. 
Any pixel that deviates from the mean light field intensity greater 
than specified ±% of mean is deemed defective. 

Maximum Defects per Row or 
Column 

Specifies the maximum allowed defects in a row or column. If a 
row or column has more than the specified limit the entire row or 
column is deemed defective. 

Maximum Defects in a 5 by 5 
Cluster 

Specifies the maximum number of defective pixels in any 5 by5 
cluster or region. 

Maximum Defects of Any Color in 
a 3X2 Cluster 

Specifies the maximum number of defects of any color in a 3 by 2 
cluster or region. 

continued 
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Maximum Number of Dead or 
Defective Pixels 

Specifies the maximum total number of dead or defective pixels 
in the entire image. 

Maximum Number of Defective 
Rows 

Specifies the maximum number of defective rows allowed in the 
image. 

Maximum Number of Defective 
Columns 

Specifies the maximum number of defective columns allowed in 
the image. 

Maximum Number of Defective 
Regions with Cluster Defects 

Specifies the maximum number of defective regions allowed with 
cluster defects. 

Maximum Number of 2X3 
Regions with Any Color Cluster 
Defects 

Specifies the maximum number of defective 2 by 3 regions with 
cluster defects of any color. 

Background Subtraction On/Off Specifies if the background subtraction algorithm is enabled. 

Background Subtraction Filter 
nth Order Kernel Size 

Specifies the X and Y grid size of the kernel used for the nth 
order filter. 

Background Subtraction Filter 
nth Order Percentile Threshold 

Specifies the percent threshold used to the order classification of 
the filter. 

5.2.3.4 Light Field Dead and Defective Pixel Outputs  

Name Description 

Dead and Defective Pixel 
Location Report 

A tab delimited text string report output identifies the (X, Y) 
locations of all identified dead and defective pixels. 

Analysis Results Table A table containing the analysis results for each Bayer plane is 
output. The number of dead pixels, defective pixels, row defects, 
column defects and cluster defects are reported. 

Bayer plane image A drop list allows the selection of which Bayer plane will be 
displayed in the image window. 3D view is also available. 

5.2.3.5 Light Field Dead and Defective Pixel Detection Instructions 

Set the Dead Pixel Maximum Intensity as a percent of the mean pixel intensity by moving the blue arrow on the 
upper slide-control or by typing into the numeric control beside it. Set the Defective Pixel Intensity Limits as a 
positive and negative range around the mean pixel intensity by moving the blue arrow on the second slide-control 
or by typing into the numeric control beside it.  

The Light Field Intensity Histogram graph shows pixel intensity information for the image along with the dead 
and defective pixel limits. 

On the Dead and Defective Pixels tab, the Analysis Results table shows the number of Dead and Defective 
Pixels in each Bayer color plane. The Dead and Defective Pixel Locations output shows the locations of each 
dead or defective pixel by Bayer color plane. The graph at the bottom of the screen shows the average pixel 
intensity for each row or column in the image. 
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The Defective Rows, Columns, and Clusters tab allow 
the user to enter limits for how many defects in a 
particular region of the image qualify that region as being 
defective as a whole.  

The Analysis Results table shows the number of 
defective regions for each Bayer color plans. The 
Defective Row, Column, and Cluster Locations 
output shows the locations of defection regions by Bayer 
color plane.  

The row or column average graph at the bottom of the 
screen shows information about the Bayer color plane 
selected in the Display drop-list at the top of the screen. 
The graph allows quick identification of bad rows or 
columns. An example of a bad column can be seen in 
the peaks that rise significantly above the means of the 
other rows or columns. 

A standard 2D image display is also output, which can 
show each Bayer color plane or defects in each Bayer 
color plane. Selecting the 3D checkbox shows a 3D 
graph of the selected Display-plane. 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Uniform light field pixel defects test 
panel 

Figure 9. Defective row, column and cluster 
details 
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5.2.4 Bayer Dark Field Defective Pixels 

5.2.4.1 Dark Field Dead and Defective Pixel Detection Overview 

Dark Field defective pixels are characterized as pixels that are “hot” or lighter intensity than other pixels 
with the same exposure. Most CMOS image sensors have on-chip algorithms to correct bad pixels and 
defects, but the processing of these pixels is limited. Testing and limiting the number of bad or defective 
pixels will ensure that the algorithm can accurately compensate for the defects. 

This test is performed by shielding the image sensor from all light and then acquiring an image of the uniform 
dark field.  

5.2.4.2 Dark Field Dead and Defective Pixel Detection Algorithm 

The Bayer Dark Field Dead and Defective Pixel detection algorithm is a simple thresholding operation that 
classifies any pixel with an intensity exceeding the specified limit as a defective pixel. The test should be 
performed with the sensor shielded from all light. These pixels also called “Hot Pixels”. The (X, Y) locations of all 
detected outliers are reported. 

5.2.4.3 Dark Field Dead and Defective Pixel Input Parameters  

Name Description 

Input Image A Bayer image type is required for this algorithm. 

Pixel Intensity Maximum Specifies the maximum pixel intensity allowed before a pixel is deemed 
defective. 

5.2.4.4 Dark Field Dead and Defective Pixel Outputs  

Name Description 

Defective Pixel Report A tab delimited text string report output identifies the (X, Y) locations of 
all identified defective pixels. 

Analysis Results Table A table containing the analysis results for each Bayer plane is output. 
The mean intensity, intensity standard deviation and the dead and 
defective pixel count are returned. 

Bayer Plane Image A drop list allows the selection of which Bayer plane will be displayed in 
the image window. 3D view is also available. 
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5.2.4.5 Dark Field Dead and Defective Pixel Instructions 

The defective pixel maximum intensity can be 
configured for this test and every pixel with intensity 
greater than the specified limit is deemed defective. Set 
this limit by dragging the blue arrow on the Defective 
Pixel Minimum Intensity Threshold slide control or by 
typing into the numeric next to it. 

The Dark Field Intensity Histogram shows pixel 
intensities and vertical line indicating your current 
threshold value. This graph should help you select an 
appropriate value for the threshold. 

The Defective Pixel Summary table reports the mean 
intensity, standard deviation, and defective pixel count 
for each Bayer color plane. Each defective pixel’s 
location is also reported by Bayer color plane. 

A row or column average graph at the bottom of the 
screen shows information about the Bayer color plane 
selected in the Display drop-list at the top of the 
screen. The graph allows quick identification of bad 
rows or columns. An example of a bad column can be 
seen in the peaks that rise significantly above the 
means of the other rows or columns. 

A standard 2D image display is output, which can show 
each Bayer color plane or Defects in each Bayer color 
plane. Selecting the 3D checkbox shows a 3D graph of 
the selected Display-plane. 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Uniform dark field defects test panel 

 Figure 11. Dark field defects 3D view 
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5.3 MONOCHROME IMAGE ANALYSIS 
The Image Sensor Lab Advanced Analysis Add On Package contains several analysis panels dedicated to 
processing Monochrome image types or Monochrome components of other image types. The available analysis 
types for Monochrome images are:  

Monochrome Analysis Panels 

Focus Accuracy 

Spatial Frequency Response (SFR/MTF) 

Photo Response Uniformity 

Non-Uniformity 

Light Field Defective Pixels 

Dark Field Defective Pixels 

Dust and Particles 

The Photo Response Uniformity, Non-Uniformity, and light and dark field defective pixel tests are very similar to 
the Bayer image tests, the difference being that the monochrome version of these tests are only performed on 
the monochrome images or monochrome components of other image types. 

The Dust and Particle analysis detects larger clusters of contiguous dark pixel defects, rather than the isolated 
pixels detected in the light and dark field pixel defect tests. These defects are indicative of dust and particles on 
the surface of the image sensor. 

Focus Accuracy analysis measures image sharpness by means of measuring the edge steepness of a cross 
sectional profile taken through a sharp black-to-white or white-to-black transition on the test target. 

Spatial Frequency Response (SFR) is another measure of image sharpness combined with resolution. This ISO 
12233 specification implementation uses data from a slanted black-to-white edge on the test target.  

IMAGE COMPONENTS AVAILABLE FOR MONOCHROME PROCESSING 

RAW BAYER RGB YCbCr 

32-bits/pixel 16-bits/pixel 32-bits/pixel 16-bits/pixel 
Byte 1 
Byte 2 
Byte 3 
Byte 4 
Lower 16 bits 
Upper 16 bits 

Bayer Red Plane 
Bayer Red-Green Plane 
Bayer Blue-Green Plane 
Bayer Blue Plane 

RGB Red Plane 
RGB Blue Plane 
RGB Green Plane 
Hue 
Saturation 
Luminance 
Value 
Intensity 

YCbCr - Y Component 
YCbCr - Cb Component 
TCbCr – Cr Component 
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5.3.1 Monochrome Focus Accuracy 

5.3.1.1 Focus Accuracy Overview 

Focus accuracy can be characterized by measuring the sharpness, or edge steepness, in an image. Targets 
containing sharp dark-to-light edges are typically used when performing focus measurement tests. Checker 
patterns or bar patterns are common. The example in Figure 5 shows a portion of checker pattern and the 
intensity profile extracted from a horizontal line through its center. 

The focus within an image is not usually uniform and it is common to take measurements in various regions 
throughout the image. The focus in the center of the image is usually the most critical and often has stricter 
acceptance requirements than regions near edges. 

Focus testing is often performed on the luminance plane or 
possibly on a Bayer color plane. Raw, unaltered data is best for 
this test and the image sensor or camera should be configured 
to disable any edge enhancement or other automated image 
enhancement routines. 

 

5.3.1.2 Focus Accuracy Algorithm 

The ISL focus algorithm measures edge steepness from 
horizontal and vertical intensity profiles that are extracted from 
the image. Users can specify ROIs for focus accuracy reporting. 
The algorithm works best with a sharp-edged checkerboard 
pattern target, in which sizes of the black and white squares are 
smaller than the user defined measurement regions. 

Edge steepness calculations are based on the number of 
horizontal or vertical pixels it takes to change (rise or fall) from 10% amplitude to 90% (or 90% to 10%) amplitude 
(black to white edge or white to black edge.) The intensity along the profiles is first interpolated for improved sub-
pixel accuracy.  

ISL provides a pattern-matching option for improved accuracy. When this option is selected, the algorithm first 
searches the user-defined regions for the specified image template and then extracts intensity profiles that are 
precisely aligned in the middle of the square edges. In this manner, profile-data from near the corners is avoided, 
which would adversely skew the results. When this option is not selected, the algorithm searches for edges in 
every row and column of the specified regions, then statistically removes outliers before averaging the results.  

Figure 12. Close-up view of checker pattern and edge profile 

Figure 13. 3D view of image sharpness 
variations across sensor 
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5.3.1.3 Focus Accuracy Input Parameters 

Name Description 

Input Image An 8-bit monochrome image (usually the Luminance Plane) is required 
for this algorithm. 

Grid Size # horizontal cells Specifies the horizontal grid size (in pixels) used for defining regions of 
interest. 

Grid Size # vertical cells Specifies the vertical grid size (in pixels) used for defining regions of 
interest.  

Process and Display 
Options 

Specifies processing and display of either the center region only or all 
regions in the image. 

Minimum Score – Center 
Region 

Specifies the minimum acceptable edge steepness score for the center 
region. (The edge steepness score is 100 – actual edge steepness in 
pixels.) 

Minimum Score - All Other 
Regions 

Specifies the minimum acceptable edge steepness score for all regions 
in the image other than the center image. (The edge steepness score is 
100 – actual edge steepness in pixels.) 

Use Pattern Matching If this option is enabled, a pattern match search is performed on each 
region using the image specified in the pattern match template image 
input. 

Pattern Matching Template 
Path 

Specifies the absolute path for the pattern matching template image file 
on disk. 

Edge Types Species the use of horizontal only, vertical only, or both horizontal and 
vertical edges in the calculation of the reported focus score. 
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5.3.1.4 Focus Accuracy Outputs 

 

Name Description 

Results Table A results table formatted as a spreadsheet string is returned and includes 
columns for Cell #, Edge Score, ROI X1, Y1, X2, Y2. 

Edge Statistics Detailed statistics from the measured edges are reported including: 

1. Black-white row mean. 
2. Black-white row median. 
3. White-black row mean. 
4. White-black row median. 
5. Black-white column mean. 
6. Black-white column median. 
7. White-black column mean. 
8. White-black column median. 

Focus Score Overlay 
Image 

The original input image with an overlay containing the specified regions of 
interest with the focus score is provided as an output. 

3D Focus Map Image A 3D Focus Map image is also available that shows the focus score 
calculated in a series of grid cells across the image. 
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5.3.1.5 Focus Accuracy Instructions 

The target must have patterns with high contrast 
edges in the specified regions. The focus routines 
report the edge steepness measured at the black-to-
white or white-to-black edge transitions within the 
specified regions. To accommodate checker or bar 
target patterns, the algorithm is configurable to use 
horizontal edges, vertical edges, or both. 

The Focus Scoring Results table shows the focus 
score and position of each ROI in the image. 

The Center Focus Score indicator shows the focus 
score of the center (most important) ROI. It also 
shows the best focus score achieved for the center, 
the current center focus score and the minimum 
focus score allowed for a “pass”. If the current focus 
score is above the minimum limit, the fill bar will be 
green; otherwise it will be red. 

The graph at the bottom of the screen can show 
either a histogram of aggregate edge data or a 
histogram of edge data by type. 

Real-time focus score overlay capability is provided 
to aid in manual and automated focus procedures. 
Figure 15 shows the real-time focus score overlay in 
user-defined regions. 

You can also view a 3D graph of the focus 
information.  

Edge steepness is measured with black-to-white and white-to-
black intensity profiles that are extracted from the 
checkerboard pattern in the various regions of interest (ROI), 
delineated by the red and green boxes. 

 

 

 

Figure 14. Focus Accuracy Test Panel. 

Figure 14. Non-uniformity 3D View 
Figure 15. Focus scores can be overlaid 
on image display. 
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Click on the Configure Region Measurements 
button to change the ROI configuration information for 
this test, the screen in Figure 4 will open.  

The Process and Display drop-list allows you to 
calculate the focus score for all regions, or just for the 
center region for faster performance. The Grid Size # 
horizontal cells drop-list allows you to configure the 
number (and therefore size) of cells that the image will 
be divided into. The Grid Size # vertical cells works 
in the same way. The Minimum Score numbers are 
used to determine whether each focus score is a Pass 
or Fail. If a cell’s focus score is below the minimum 
allowed score, then it will be drawn in red on the 
image.  

The Focus Scoring Edges drop-list allows you to 
configure whether vertical, horizontals, or all edges 
are used in calculating the focus score.  

The Checker Pattern Match options allow you to use 
a template file to define a pattern to find in the image. 
After selecting Enable Checker Pattern Match and 
entering a template file location, click the Learn From 
Region button. 

Edge steepness data is broken down and 
independently calculated for black-to-white and white-to-black edges for both columns and rows. An optional 3D 
focus map can be displayed (Figure 13, Page 20). When this option is selected, the focus score is calculated for 
every cell in the specified grid. The resultant focus scores are then drawn as a 3D surface map in the image 
display. 

5.3.2 Monochrome Photo Response Uniformity 

5.3.2.1 Monochrome Photo Response Uniformity Overview  

This test is usually performed to check for non-uniform illumination or lens shading. The lens and sensor array 
will have a non-uniform response, which can result in a number of effects, the most prevalent of which is dark 
corners. A correction algorithm is implemented in some sensors to improve this characteristic. 

Relative illumination is the illumination at any point, with reference to the maximum illumination.  

Relative Illumination = (Measured Intensity)/(Maximum Intensity) multiplied by100 

5.3.2.2 Monochrome Uniformity Algorithm 

The Monochrome Uniformity Algorithm first divides the image up into 9 regions. The pixel intensities within each 
region are then statistically analyzed and the mean, standard deviation, minimum and maximum are reported. 

Figure 16. Focus Accuracy Algorithm Settings Panel 
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Figure 17. Examples of ROI percentage settings variations (large, medium, and small) 

The region sizes are user configurable, with the center region being circular and the outer regions rectangular. 
The size of each region is controlled through one common ROI percentage panel control. The figure below 
shows ROI percentage setting of 33%, 25%, and 10%. 

         ROI Percentage = 33%                  ROI Percentage = 25%           ROI Percentage = 10% 

The ratio of the mean intensity of each region to the mean intensity of the center region is calculated and 
reported. These ratios are then compared to acceptance limits to ensure that the expected fall-off is within 
reason. 

The four corner regions are also compared and the standard deviation calculated. This part of the test is 
performed to ensure even fall-off in each corner and to check that unacceptable image “tilt” is not present. 

The optical center of the image is also calculated during this test. The optical center is defined as the intensity 
weighted center of mass of the image. 

5.3.2.3 Monochrome Uniformity Input Parameters 

Name Description 

Input Image An 8-bit or 16-bit monochrome image or image component is required. 

ROI Percentage Specifies the % of the entire images X and Y resolution used for each 
sub-region. 

Uniformity Limits Separate limits for the maximum % deviation from center are available 
for the upper left, upper center, upper right, center left, center right, 
lower left, lower center, and lower right regions. 

Optical Center Limits Upper and lower limits for both the X and Y image center location are 
user configurable. 

5.3.2.4 Monochrome Uniformity Outputs  

Name Description 

Uniformity Results Table A table report output contains the intensity mean, standard deviation, 
minimum and maximum for each defined region. 

Uniformity Region Ratio 
Results Table 

A table, containing the ratio of each region’s mean intensity to the 
center mean intensity, is also output. 

Optical Center The (X, Y) location of the optical center of the image is also output. 
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5.3.2.5 Monochrome Uniformity Instructions 

Set the ROI Size as a percent of the entire image size 
by moving the blue arrow on the top slide-control or by 
typing into the numeric control beside it.  

RIO Ratio Information table shows the ratio of the 
mean intensity in each outer region to the mean 
intensity of the Center region (Relative Illumination). It 
also shows the standard deviation of these ratios. 

Optical Center X and Optical Center Y report the 
location of the intensity-weighted center of mass of the 
image. 

The image display can show the raw image, the raw 
image with the Uniformity Regions and their mean pixel 
intensity values, the Optical Center of the image, or a 
3D graph of the image pixel values. These display 
options are controlled by the 3D checkbox and Display 
drop-list in the top right corner of the screen. 

 

 

 

 

 

5.3.3 Monochrome Photo Response Non-Uniformity 

5.3.3.1 Monochrome Photo Response Non-Uniformity Overview 

This test measures photo response non-uniformity across the surface of the sensor. The lens and sensor have 
non-linear responses and most CMOS image sensors have obvious visible intensity fall-off in the outer corners. 
Results of this test include maximum intensity non-uniformity between neighboring regions and can help pinpoint 
regional problems that are not geographically identified in the general photo response uniformity test. 

5.3.3.2 Monochrome Photo Response Non-Uniformity Algorithm 

The non-uniformity test first divides the image into a grid of regions and then calculates the % intensity deviation 
with any neighbor region. The maximum neighbor deviation is then recorded and displayed for each defined 
region in the image. 

Figure 18. Monochrome Uniformity Test Panel 
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5.3.3.3 Monochrome Photo Response Non-Uniformity Input Parameters 

Name Description 

Input Image A Bayer image type is required for this algorithm. 

Non-uniformity Grid X cells Specifies the horizontal grid size (in pixels) used for defining 
regions of interest used in the non-uniformity calculation. 

Non-uniformity Grid Y cells Specifies the vertical grid size (in pixels) used for defining 
regions of interest used in the non-uniformity calculation.  

5.3.3.4 Monochrome Photo Response Non-Uniformity Outputs  

Name Description 

Analysis Results Table A results table, formatted as a tab-delimited string, is returned 
with a row of data for each Bayer color plane. The maximum 
neighbor non-uniformity percentage is reported for each 
region in the image. 

Bayer plane image A drop list allows the selection of which Bayer plane will be 
displayed in the image window. The maximum neighbor non-
uniformity percentage is overlaid on the image. 3D view is also 
available. 

% Deviation Non-Uniformity Image The percentage deviation non-uniformity data can also be 
displayed. 3D View is also available. 
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5.3.3.5 Monochrome Photo Response Non-Uniformity Instructions  

Configure the grid of regions by specifying a number of 
horizontal cells and vertical cells. 

The Bayer Plane Photo Response Uniformity graph 
displays the average pixel intensity for each column of 
the image. 

The Photo Response Non-Uniformity Analysis table 
shows the Maximum Neighbor Non-Uniformity percent 
for each Bayer color plane. 

The Non-Uniformity Data table shows the Non-
Uniformity % for each region in the image. 

The graph in the lower right part of the screen shows the 
average pixel intensity over the image for each row or 
each column. 

The image display shows each region’s maximum 
neighbor non-uniformity percent. By clicking the 3D 
checkbox, you can also see the non-uniformity data 
plotted on a 3D graph. 

 

 

 

 

 

 

 

5.3.4 Monochrome Light Field Defective Pixels 

5.3.4.1 Light Field Dead and Defective Pixel Detection Overview 

Light Field dead and defective pixel testing is performed by first exposing the image sensor field of view to a 
uniform light field. Two types or classes of outliers are then identified: 

1. Dead Pixels - Any pixel with intensity below a specified % of mean is deemed a dead pixel. 

2. Defective Pixels - Any pixel that deviates from the mean light field intensity by more than a 
specified ± % of mean is deemed defective. 

The defective pixel test is more stringent than the dead pixel test. Many CMOS image sensors have built-in 
compensation for dead and defective pixels but are limited to the total number of bad pixels that can be corrected. 
Individual, isolated dead or defective pixels are usually tolerated, but since multiple defective pixels in a small 
region would be noticeable or may not be correctable by the built-in processing, limits are typically set not only on 
the total number of dead or defective pixels but also on the number of defective rows, columns, and clusters.  

Figure 19. Monochrome Non-uniformity Test Panel 
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5.3.4.2 Light Field Dead and Defective Pixel Algorithm 

The Bayer Light Field Dead and Defective Pixel detection algorithm is a simple thresholding operation that 
classifies any pixel with intensity below a user-specified limit as a dead pixel. The test also detects defective 
pixels, which are defined are pixels that exceed a user-defined percentage threshold above or below the local 
mean.  

The algorithm also allows user configurable maximum number of defect specifications. The maximum number of 
allowable dead or defective pixels of one color in a 5 by 5 regions or any color in a 3 by 2 region can be specified 
as can the maximum number of defective rows or columns.  

A background subtraction step can be selected that can help eliminate lens shading effects. The correction 
algorithm uses an nth order filter and has user configurable kernel size and percentile threshold algorithm inputs. 

5.3.4.3 Light Field Dead and Defective Pixel Input Parameters 

Name Description 

Input Image A Bayer image type is required for this algorithm. 

Dead Pixel % Mean Specifies the threshold level for the determination of dead pixels. Any 
pixel with intensity below this specified % of mean is deemed a dead 
pixel. 

Defective pixel % Mean Specifies the threshold for the determination of defective pixels. Any 
pixel that deviates from the mean light field intensity greater than 
specified ±% of mean is deemed defective. 

Maximum Defects per Row or 
Column 

Specifies the maximum allowed defects in a row or column. If a row or 
column has more than the specified limit the entire row or column is 
deemed defective. 

Maximum Defects in a 5X5 
Cluster 

Specifies the maximum number of defective pixels in any 5 by 5 cluster 
or region. 

Maximum Defects of Any Color 
in a 3X2 Cluster 

Specifies the maximum number of defects of any color in a 3 by 2 cluster 
or region. 

Maximum # of Dead or Defective 
Pixels 

Specifies the maximum total number of dead or defective pixels in the 
entire image. 

Maximum # of Defective Rows Specifies the maximum number of defective rows allowed in the image. 

Maximum # of Defective 
Columns 

Specifies the maximum number of defective columns allowed in the 
image. 

Maximum # of Defective 
Regions with Cluster Defects 

Specifies the maximum number of defective regions allowed with cluster 
defects. 

Maximum # of 2X3 Regions with 
Any Color Cluster Defects 

Specifies the maximum number of defective 2 by 3 regions with cluster 
defects of any color. 

Background Subtraction On/Off Specifies if the background subtraction algorithm is enabled. 

Background Subtraction Filter 
nth Order Kernel Size 

Specifies the X and Y grid size of the kernel used for the nth order filter. 

Background Subtraction Filter 
nth Order Percentile Threshold 

Specifies the percent threshold used to the order classification of the 
filter. 
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5.3.4.4 Light Field Dead and Defective Pixel Outputs  

Name Description 

Dead and Defective Pixel 
Location Report 

A tab delimited text string report output identifies the (X, Y) locations of 
all identified dead and defective pixels. 

Analysis Results Table A table containing the analysis results for each Bayer plane is output. 
The number of dead pixels, defective pixels, row defects, column 
defects and cluster defects are reported. 

Bayer plane image A drop list allows the selection of which Bayer plane will be displayed 
in the image window. 3D view is also available. 

5.3.4.5 Light Field Dead and Defective Pixel Detection Instructions 

Set the Dead Pixel Maximum Intensity as a percent 
of the mean pixel intensity by moving the blue arrow 
on the upper slide-control or by typing into the numeric 
control beside it. Set the Defective Pixel Intensity 
Limits as a positive and negative range around the 
mean pixel intensity by moving the blue arrow on the 
second slide-control or by typing into the numeric 
control beside it.  

The Light Field Intensity Histogram graph shows 
pixel intensity information for the image along with the 
dead and defective pixel limits. 

On the Dead and Defective Pixels tab, the Analysis 
Results table shows the number of Dead and 
Defective Pixels in each Bayer color plane. The Dead 
and Defective Pixel Locations output shows the 
locations of each dead or defective pixel by Bayer 
color plane.  The graph at the bottom of the screen 
shows Average pixel intensity for each row or column 
in the image. 

 

 

 

 

 

 Figure 20. Monochrome Light Field Test Panel 
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The Defective Rows, Columns, and Clusters tab allow 
the user to enter limits for how many defects in a particular 
region of the image qualify that region as being defective as 
a whole.  

The Analysis Results table shows the number of defective 
regions for each Bayer color plans. The Defective Row, 
Column, and Cluster Locations output shows the 
locations of defection regions by Bayer color plane.  

A row or column average graph at the bottom of the screen 
shows information about the Bayer color plane selected in 
the Display drop-list at the top of the screen. The graph 
allows quick identification of bad rows or columns. An 
example of a bad column can be seen in the peaks that rise 
significantly above the means of the other rows or columns. 

A standard 2D image display is output, which can show 
each Bayer color plane or Defects in each Bayer color 
plane. A 3D graph of the selected Display plane can be shown by selecting the 3D checkbox. 

5.3.5 Monochrome Dark Field Defective Pixels 

5.3.5.1 Dark Field Dead and Defective Pixel Detection Overview 

Dark Field defective pixels are characterized as pixels that are “hot” or of lighter intensity than other pixels 
with the same exposure. Most CMOS image sensors have on-chip algorithms to correct bad pixels and 
defects, but the processing of these pixels is limited. Testing and limiting the number of bad or defective 
pixels ensures that the algorithm accurately compensates for the defects. 

This test is performed by first: shielding the image sensor from all light, and then acquiring an image of the 
uniform dark field.  

5.3.5.2 Dark Field Dead and Defective Pixel Detection Algorithm 

The Bayer Dark Field Dead and Defective Pixel detection algorithm is a simple thresholding operation that 
classifies any pixel with an intensity exceeding the specified limit as a defective pixel. The test should be 
performed with the sensor shielded from all light. The (X, Y) locations of all detected outliers are reported. 

5.3.5.3 Dark Field Dead and Defective Pixel Input Parameters  

Name Description 

Input Image A Bayer image type is required for this algorithm. 

Pixel Intensity Maximum Specifies the maximum pixel intensity allowed before a pixel is deemed 
defective. 

 

Figure 21. Defective row, column, and cluster 
detail 
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Figure 23. 3D View of Dark Field Pixel 
Defects 

5.3.5.4 Dark Field Dead and Defective Pixel Outputs  

Name Description 

Defective Pixel Report A tab delimited text string report output identifies the (X, Y) locations of 
all identified defective pixels. 

Analysis Results Table A table containing the analysis results for each Bayer plane is output. 
The mean intensity, intensity standard deviation and the dead and 
defective pixel count are returned. 

Bayer Plane Image A drop list allows the selection of which Bayer plane will be displayed in 
the image window. 3D view is also available. 

5.3.5.5 Monochrome Dark Field Dead and Defective Pixel Instructions 

The defective pixel maximum intensity can be configured 
for this test and every pixel with intensity greater than the 
specified limit is deemed defective. Set this limit by 
dragging the blue arrow on the Defective Pixel Minimum 
Intensity Threshold slide-control or by typing into the 
numeric next to it. 

The Dark Field Intensity Histogram shows pixel 
intensities and vertical line indicating your current 
threshold value. This graph should help you select an 
appropriate value for the threshold. 

The Defective Pixel Summary table reports mean 
intensity, standard deviation, and defective pixel count for 
each Bayer color plane. Each defective pixel’s location is 
also reported by Bayer color plans. 

A row or column average graph at the bottom of the 
screen shows information about the Bayer color plane 
selected in the Display drop-list at the top of the screen. 
The graph allows quick identification of bad rows or 
columns. An example of a bad column can be seen in the 
peaks that rise significantly above the means of the other 
rows or columns. 

 

 

 

 

 

 

A standard 2D image display is output, which can show 
each Bayer color plane or Defects in each Bayer color 
plane. A 3D graph of the selected Display plane can be 
shown by selecting the 3D checkbox. 

Figure 22. Monochrome Dark Field and 
Defective Pixels Test Panel 
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5.3.6 Monochrome Dust and Particle Detection 

5.3.6.1 Dust and Particle Detection Overview  

The particle detection test identifies 
dust, dirt, and other foreign materials in 
an otherwise uniform image.  

Background correction algorithms are 
employed to increase the sensitivity of 
the algorithm. Configurable algorithms 
settings allow further tuning of the 
algorithm for the desired sensitivity.  

A report of each found particle is 
returned that includes the total number 
of particles found and the X and Y 
coordinates and the particle area of 
each particle.  

This test is typically performed on 8-bit monochrome luminance plane image types. 

5.3.6.2 Dust and Particle Detection Algorithm 

The Dust and Particle Detection algorithm contains a background subtraction step that can be selected to help 
eliminate lens-shading effects. The correction algorithm uses an nth order filter and has user configurable kernel 
size and percentile threshold algorithm inputs. 

A user specified deviation from mean threshold is used to detect the darker particles in the image. Another user 
input controls the minimum size threshold for particles and can be used to eliminate isolated pixels defects from 
the final report.  

User configurable size threshold settings are available, as well as configurable regions and total allowable 
particle settings. The particle detection algorithm usually ignores single defective or dead pixels, as they are not 
usually dust or particle related. 

The maximum allowable number of detected particles can also be configured for use in Pass/Fail testing.  

Figure 24. Uniform Light Field Image and Detected Dust Particles 
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5.3.6.3 Dust and Particle Detection Input Parameters 

Name Description 

Input Image An 8-bit monochrome luminance image is required for this test. 

Particle Detection Method Specifies Standard or Background Corrected method of particle 
detection. 

Background Subtraction On/Off Specifies if the background subtraction algorithm is enabled. 

Background Subtraction Filter 
nth Order Kernel Size 

Specifies the X and Y grid size of the kernel used for the nth order 
filter. 

Background Subtraction Filter 
nth Order Percentile Threshold 

Specifies the percent threshold used to the order classification of 
the filter. 

Particle Threshold Specifies the pixel intensity deviation from background threshold 
for classifying detected particles. 

Maximum Number of Particles Specifies the maximum number of allowable particles. 

5.3.6.4 Dust and Particle Detection Outputs  

Name Description 

Detected Particles Table A table report output contains statistics on every detected particle 
including particle area, width, height, center of massX and center 
of massY. 

Detected Particle Image An output binary image is available with a black background and 
with every detected particle shown in white. Text with the total 
particle count is also overlaid on the image. 

5.3.6.5 Dust and Particle Detection Instructions 

There are two parameters to the algorithm that determine when a defect is considered a particle. Any defect 
having a mean intensity greater than the set Pixel standard deviation minimum and is larger than the size you 
have specified with “Ignore particle smaller than” is considered a particle. The Total number of particles is 
report as are the Area, Width, Height, and the particle center of mass. 

5.4 COLOR IMAGE ANALYSIS 
The Image Sensor Lab Advanced Analysis package contains a 
color accuracy analysis panel that utilized a color Macbeth chart 
(Fig. 25). 

 

 

 

 

Figure 25. Macbeth Color Chart 
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5.4.1 Macbeth Color Accuracy 
5.4.1.1 Macbeth Color Accuracy Overview  

The Macbeth Color Accuracy test is used to 
evaluate how accurately the image sensor is 
capturing color information. It requires the use of 
a standard 24 square Macbeth color chart as a 
target. The test will automatically locate this 
pattern in the input image and will then return 
the RGB, and HSL values measured from each 
of the differently colored squares. It will also 
report how accurate these RGB and HSL values 
are. 

5.4.1.2 Macbeth Color Accuracy Algorithm  

ISL uses pattern matching to locate the Macbeth 
pattern in the image and also provides built in 
capability to create new pattern matching 
templates from drawn regions in acquired 
images. This functionality enables a size and 
location variations in the target Macbeth chart.  

Once the Macbeth region is located in the 
image, individual color samples are acquired 
from the center regions of each Macbeth color 
patch. The RGB values are extracted and listed 
in the output table along side the Macbeth 
specification target value. The delta RGB values 
are also calculated and displayed. 

5.4.1.3 Macbeth Color Accuracy Input 
Parameters 

Name Description 

Input Image RGB image type is required for performing this test. 

Macbeth Template File Path Specifies the file path of the Macbeth image template file that is used 
for the pattern matching operation. 

Color Accuracy Limits Specifies the minimum and maximum RGB values for each of the 
colored squares of the Macbeth pattern. 

5.4.1.4 Macbeth Color Accuracy Outputs  

Name Description 

Macbeth Color Test Results A table report output contains the measured R, G, and B mean intensity 
and standard deviation values. 

Detected Macbeth Pattern 
Image 

An RGB output image is generated with an overlay, highlighting every 
region used for the color accuracy measurements. 

Figure 26. Color Accuracy Test Panel 
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5.5 SMIA SENSOR CHARACTERIZATION TESTS 
The Standard Mobile Imaging Architecture (SMIA) standard is an open complete standard used by companies 
making or specifying miniature integrated camera modules for use in mobile applications. For more information 
on this standard go to http://www.smia-forum.org/ 

The SMIA specifications cover raw Bayer output image sensors and camera modules. 

Image Sensor Lab includes several SMIA characterization tests from the SMIA 1.0 Part 5 Camera 
Characterization Specification. 

 
SMIA Characterization Tests 

Dynamic Range 

Vertical Fixed Pattern Noise 

Horizontal Fixed Pattern Noise 

Temporal Noise 

Column Noise 

Row Noise 

Frame to Frame Flicker 

Dark Signal 

Dark Signal Non-Uniformity 

 

Image Sensor Lab utilizes advanced floating-point image buffers for both running average and running per pixel 
standard deviation image buffers. The SMIA characterization tests that utilize these advanced buffers allow for 
much more accurate and higher resolution measurements than are possible by analyzing just a single frame 
capture. 

Many of the SMIA tests require the Full Scale Deflection (FSD) as an input. The FSD is defined as the 
maximum pixel output minus the minimum pixel output (pedestal). It is important to note that the maximum pixel 
output might not be 2n-1 (where n is the bit depth of the sensor) and the minimum pixel output is unlikely to be 0.  

It is also very important to properly configure the image sensor or camera as described in each test section, or 
the test results may be invalid and misleading. Pay particular attention to the AutoExposure, AWB, sensor gains, 
and shutter timing (integration timing). 
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5.5.1 Dynamic Range 
The Dynamic Range test of an image sensor or camera measures the range of light levels that may be present 
within one scene and reproduced faithfully.  

The upper usable limit of the light response of the camera is termed the full-scale deflection (FSD) of the sensor 
or camera. It is assumed that the pedestal has been subtracted from the maximum pixel value as per the 
definition (i.e. the FSD is the maximum relative response value of a pixel). The minimum discernable response is 
taken to be at one standard deviation of the noise, including dark noise, above the noise floor. 

The dynamic range is usually expressed logarithmically in terms of power levels and is stated mathematically as 
follows: 

DynamicRange(dB) = 20Log10(FSD/σnoise) 

Where /σnoise is the standard deviation of the noise level.  

5.5.1.1 Dynamic Range Test Conditions 

Illumination = Dark Field (No Light) 

Frame Rate = Default 

Integration Time = 50% of Maximum 

Analog Gain = Per your test plan 

 

5.5.1.2 Dynamic Range Instructions 

The SMIA Dynamic Range test panel is available from the 
Image Sensor Lab application software Analysis menu. 
The Dynamic Range test panel is shown to the right. 

When this test panel is selected from the menu, it opens 
and performs an immediate analysis on the currently 
captured and displayed image. If Continuous Capture 
mode is enabled in the main application window, then this 
test panel will automatically analyze and display the 
results for each image as it is acquired.  

The only required input on this test panel is the FSD 
numeric input in the Test Parameters center section of the 
panel.  

The Dynamic Range in dB is calculated for each new 
image frame and displayed just above the graph.  

The image pixel intensity mean, standard deviation, 
maximum intensity, and minimum intensities are also 
displayed on this test panel.  

Figure 27. SMIA Dynamic Range Test Panel 



ISL-3200™ DIGITAL IMAGING SENSOR INTERFACE 
Advanced Analysis Guide 

Advanced Analysis Guide Doc. Number 210-0002-08 Page 38 of 56 

5.5.2 Fixed Pattern Noise 
Vertical and Horizontal Fixed Pattern Noise is a measure of the vertical or horizontal striping and banding that 
can be seen in an image especially at low light levels. 

The input image should be the mean image produced from a number of images to reduce the temporal noise 
component. 

The extent to which Fixed Pattern Noise is present in an image can be found by taking the variation between 
column or row averages.  

FPN(Level) – This uses a simple difference between adjacent columns or rows to identify the average extent of 
column-to-column or row-to-row variations. It can be described mathematically as the RMS of the column-to-
column difference or row-to-row difference.  

FPN(Max) – This takes the deviation of a given column or row average from the local mean to identify the 
extremes of the distribution 

The local column or row average mean is calculated by 
taking the mean over all pixels in the 10 adjacent 
columns or rows (i.e. 5 columns to the left and 5 to the 
right of column. If the column lies outside these bounds 
the mean of valid columns should be used, where a 
valid column is one that is inside the frame). 

An example of fixed pattern noise is shown in the image 
at the right. A false color lookup table is used to 
highlight the fixed pattern noise.  

The top image is a single frame dark field image. The 
bottom image shows the average of 100 frames. As can 
be seen, the affect of image averaging is to average out 
the temporal noise and to expose the fixed patterns 
within the pixel intensities. 

The Fixed Pattern Noise test uses dark field images, 
which can be very difficult to view in the image display 
of the Image Sensor Lab application software. Since 
most of the pixel intensities will be very dark and all 
nearly the same, a fully uniform black image is usually 
what seems to be displayed in the image display 
window. For 16-bit images, there is a way to adjust the 
display mapping to better visualize the dark results. But 
the display-mapping tool is not available for floating 
point image types, such as that used for the SMIA 
characterization tests. For that reason it is common to 
use the Palette type control on the main application 
software panel to apply a false color lookup table to the 
image data to better visualize and distinguish the darker 
pixel values.  

Figure 28. (above) Single Frame Dark Field Image 
Capture 
Figure 29. (below) The same Dark Field showing 
the effects of 100-frame image averaging 
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5.5.2.1 Fixed Pattern Noise Test Conditions 

Illumination = Dark Field (No Light) 

Frame Rate = Default 

Integration Time = 50% of Maximum 

Analog Gain = Per your test plan 

Number of Frames = 100 

5.5.2.2 Fixed Pattern Noise Test Instructions 

The SMIA Fixed Pattern Noise test panel is available 
from the Image Sensor Lab application software 
Analysis menu and is shown to the right. 

One required input on this test panel is the FSD 
numeric input in the Test Parameters center section of 
the panel. 

The number of images to acquire and use for this test 
is also adjustable via the numeric input just below the 
FSD input in the center section. The SMIA 
specification recommends using 100 images for these 
measurements. 

Vertical and horizontal Fixed Pattern Noise are both 
calculated by this test panel and the results are 
displayed at the bottom of the test panel, above the 
graphs.  

 Figure 30. SMIA Fixed Pattern Noise Test Panel 
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5.5.3 Temporal Noise 
Temporal Noise is a measure of the "Speckle" component of an image. Temporal noise is seen as a pixel level 
that varies randomly from frame to frame. 

Temporal noise is measured by capturing a number of frames, and calculating the standard deviation of the pixel 
intensities at each location. The pixel standard deviations represents the noise in an individual pixel, which are 
then root mean squared to give a temporal noise value for the camera. 

Image Sensor Lab utilizes several floating-point buffers to efficiently and flexibly calculate the running standard 
deviation at each pixel location. The SMIA specification recommends sampling and calculating over 100 images, 
but the number of images to use is adjustable and virtually unlimited. 

5.5.3.1 Temporal Noise Test Conditions 

Illumination = Dark Field (No Light) 

Frame Rate = Default 

Integration Time = 50% of Maximum 

Analog Gain = Per your test plan 

Number of Frames = 100 

5.5.3.2 Temporal Noise Test Instructions 

The SMIA Temporal Noise test panel is available 
from the Image Sensor Lab application software 
Analysis menu and is shown to the right. 

One required input on this test panel is the FSD 
numeric input in the Test Parameters section in the 
center of the panel. 

The number of images to acquire and use for this test 
is also adjustable via the numeric input just below the 
FSD input in the center section. The SMIA 
specification recommends using 100 images for these 
measurements. 

The overall image Temporal Noise measurement is 
displayed above the graph, along with several other 
statistical calculations computed over the course of 
the image sampling. The mean intensity variance is 
calculated from the intensity variance values of each 
pixel location.  

The image displayed is a floating-point image in which each pixel value shows the calculated pixel intensity 
variance for that specific pixel location. While watching this image during the acquisition and processing of the 
frames, the “quiet” pixels will fall in intensity and blend into the background while the noisy pixels will grow in 
intensity and “pop” out from the background. 

Figure 30. SMIA Temporal Noise Test Panel 
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5.5.4 Column and Row Noise 
The Column and Row Noise test for an image camera is a measure of the temporal noise present in column and 
row averages. These manifest as flickering columns or rows when imaging in low light conditions. 

The measures of column and row noise reflect the general column or row flicker and that of the worst-case 
column or row. 

COLUMN or ROW NOISE LEVEL is measured by taking the standard deviation of the column or row 
means over a large number of images then taking their root mean squared value.  

COLUMN or ROW NOISE Maximum is measured by taking the maximum standard deviation of the 
column or row means over a large number of images.  

5.5.4.1 Column and Row Noise Test Conditions 

Illumination = Dark Field (No Light) 
Frame Rate = Default 
Integration Time = 50% of Maximum 
Analog Gain = Per your test plan 
Number of Frames = 100 

5.5.4.2 Column and Row Noise Test Instructions 

The SMIA Column and Row Noise test panel is 
available from the Image Sensor Lab application 
software Analysis menu and is shown to the right. 

One required input on this test panel is the FSD 
numeric input in the Test Parameters center section of 
the panel. 

The number of images to acquire and use for this test 
is also adjustable via the numeric input just below the 
FSD input in the center section. The SMIA 
specification recommends using 100 images for these 
measurements. 

Overall column and row noise levels are displayed 
above the graphs along with the noise maximum 
values. The graphs on this test panel show the column 
and row average calculated variances for each column 
or row. 

 
Figure 31. SMIA Column and Row Noise Test Panel 
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5.5.5 Frame-to-Frame Flicker 
The frame-to-frame flicker for a camera module is a measure of the stability of the imaging system. The definition 
used here is intended to catch internal module effects, rather than those caused by interference from external 
sources. 

Determination of frame-to-frame flicker is mathematically established by taking the mean pixel values from a 
series of frames and generating their standard deviation (i.e., the standard deviation of the frame means.)  

5.5.5.1 Frame-to-Frame Flicker Test Conditions 

Illumination = Dark Field (No Light) 
Frame Rate = Default 
Integration Time = 50% of Maximum 
Analog Gain = Per your test plan 
Number of Frames =  100  

5.5.5.2 Frame-to-Frame Flicker Test Instructions 

The SMIA Frame-to-Frame Flicker test panel is 
available from the Image Sensor Lab application 
software Analysis menu and is shown to the right. 

The number of images to acquire and use for this 
test is adjustable via the numeric input in the center 
section of the test panel. The SMIA specification 
recommends using 100 images for these 
measurements. 

The overall Frame-to-Frame Flicker is calculated by 
dividing the standard deviation of all frame means by 
the overall mean intensity. This value is displayed 
above the graph. 

The graph shows the mean intensity of each 
captured frame. 

 

 

 

Figure 33. SMIA Frame-to-Frame Flicker Test Panel 
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5.5.6 Dark Signal 
The Dark Signal of a camera is the increase in black level with respect to integration time. 

The Dark Signal is defined in terms of two image means µ1 and u µ2, taken with different integration times, 
Tint1 and Tint2. 

DarkSignal = (1/FSD)( µ1 - µ2)/(Tin1 - Tint2) 

The method of obtaining the integration time, in seconds, from the camera parameters is defined in the functional 
specification for the module. 

5.5.6.1 Dark Signal Test Conditions 

Illumination = Dark Field (No Light) 
Frame Rate = Default 
Integration Time = 50% of Maximum 
Analog Gain = Per your test plan 
Number of Frames = 2 (MAX and MIN 

integration time) 

5.5.6.2 Dark Signal Test Instructions 

The SMIA Dark Signal test panel is available from 
the Image Sensor Lab application software Analysis 
menu, and is shown to the right. 

The Dark Signal test uses two images for its 
calculation, one with a low integration time and one 
with a high integration time.  

This test requires two different known integration 
times to be used. The biggest challenge for the user 
is to provide two ISL script files and their associated 
integration times (in seconds) to the test panel 
before running the test. 

Another required input on this test panel is the FSD. 

It is critical that the image sensor be properly 
configured for this test. You must ensure that the 
specified ISL script files perform the image sensor 
setup properly and that the script files turn off auto 
exposure, set the sensor gains, and set the integration time properly. Do not specify sensor integration time by 
setting the shutter timing as “number of rows”. Rather, specify the shutter timing directly in seconds. You may 
have to refer to the sensor specification and look at several register values in order to determine the proper 
integration time in seconds.  

The measured DarkSignal (sec-1) is displayed at the bottom of the test panel along with the MAX and MIN 
integration times and their associated image mean intensities. 

Figure 34. SMIA Dark Signal Test Panel 
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5.5.7 Dark Signal Non-Uniformity 
The Dark Signal Non-Uniformity (SDNU) test is a measure of the variation in the dark signal across a camera. It 
is defined as the standard deviation of the dark signal over all the camera's pixels divided by the integration time.  

Dark signal non-uniformity is defined in terms of the standard deviation, sigma, of a difference between an 
average image generated from a large number of frames taken at integration time Tint1, and an average image 
generated from the same number of frames at a different integration time Tint2. 

The method of obtaining the integration time, in seconds, from the camera parameters is defined in the functional 
specification for the module. 

5.5.7.1 Dark Signal Test Conditions 

Illumination = Dark Field (No Light) 
Frame Rate = Default 
Integration Time = 50% of Maximum 
Analog Gain = Per your test plan 
Number of Frames = 100 at MAX integration 

100 at MIN integration time 

5.5.7.2 Dark Signal Non-Uniformity Test Instructions 

The SMIA Dark Signal Non-Uniformity test panel is 
available from the Image Sensor Lab application 
software Analysis menu and is shown to the right. 

The Dark Signal Non-Uniformity test use images from 
both a MAX and MIN integration time for its calculation. 
It is recommended that 100 images at each integration 
time be averaged for this test. 

This test requires two different known integration times 
to be used. The biggest challenge for the user is to 
provide two ISL script files and their associated 
integration times (in seconds) to the test panel before 
running the test. 

Another required input on this test panel is the FSD. 

It is critical that the image sensor be properly configured 
for this test. You must ensure that the specified ISL 
script files perform the image sensor setup properly and 
that the script files turn off auto exposure, set the sensor 
gains, and set the integration time properly. Do not 
specify sensor integration time by setting the shutter 
timing as “number of rows”. Rather, specify the shutter 
timing directly in seconds. You may have to refer to the 
sensor specification and look at several register values 
in order to determine the proper integration time in 
seconds. 

The measured DarkSignal Non-Uniformity = 
DSNU(sec-1) is displayed at the bottom of the test panel along with the MAX and MIN integration times and their 
associated image mean intensities. 

Figure 35. SMIA Dark Signal Non-uniformity Test 
Panel 
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5.5.8 Signal to Noise Ratio 
The Signal to Noise Ratio (SNRlight) for a camera module is a measure of the amount of speckle within an 
image of an illuminated frame. 

The SNRlight can be defined as a noise power level for a standard uniform illumination, which, along with an 
exposure, results in an average output of 50% ± 5% of FSD. 

As with the dark temporal noise, the SNRlight is measured by taking a number of frames and finding the standard 
deviation of the pixel level over these frames for each pixel. The pixel standard deviations represents the noise in 
an individual pixel, which are then root mean squared to give a temporal noise value for the camera. 

5.5.8.1 Signal to Noise Ratio Test Conditions 

Illumination = Tungsten Halogen. Supplier to 
test at 10 approximately 
evenly-spaced points in 
luminance range specified in 
Table 7 of the SMIA 
specification, unless otherwise 
specified in test plan. 

Frame Rate = Default 
Integration Time = set for 50% of FSD.  
Analog Gain = Per your test plan 
Number of Frames = 100  

5.5.8.2 Signal to Noise Ratio Test Instructions 

The SMIA Signal to Noise Ratio test panel is 
available from the Image Sensor Lab application 
software Analysis menu and is shown to the right. 

The number of images to acquire and use for this 
test is adjustable via the numeric input in the center 
section of the panel labeled “Test Parameters”. The 
SMIA specification recommends setting this value to 
100 images. 

After the “START TEST” button is pressed, the 
application software then acquires continuous 
images and then calculates and displays the Signal to Noise Ratio.  

Figure 36. SMIA Noise Ratio Test Panel 
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5.5.9 Sensitivity 
The Sensitivity Characterization test measures the response of a camera module to a stimulus of a known 
brightness (luminance). The sensitivity of the module is taken to be white-light sensitivity to a standard source of 
measure luminance. 

The white-light sensitivity of a Bayer patterned color is best evaluated in terms of the color channels (RGrGbB). 
Given that the color response of the module is to be characterized elsewhere, the sensitivity to light levels can be 
assessed using one color channel only (e.g., Green) without loss of information on module performance. 

The sensitivity of a module can be measured by taking the difference between an illuminated frame and a dark 
frame, captured with the same integration time. To give realistic information on system performance, the 
integration time should be adjusted to give (50 ± 5)% FSD. 

Mathematically, the sensitivity of the device is given by: 

Sensitivity (1/cdm-2 sec) = (1/FSD*B)( (µ (image1) – µ (image2))/Tint) ). 

Where the means are taken from image 1, the image of an object of luminance B (Cd/m2), and image 2, the 
image taken in the dark. 

5.5.9.1 Sensitivity Test Conditions 

Illumination = Tungsten Halogen. Supplier to test 
at 10 approximately evenly-spaced 
points in luminance range specified 
in Table 7 of the SMIA specification, 
unless otherwise specified in your 
test plan. 

Frame Rate = Default 

Integration Time = set for 50% of FSD.  

Analog Gain = Per your test plan 

Number of Frames = 1 illuminated frame per 
luminance level and integration time. 
One dark frame per integration time 

5.5.9.2 Sensitivity Test Instructions 

The SMIA Sensitivity test panel is available from the 
Image Sensor Lab application software Analysis menu and 
is shown to the right.  

This test requires two different images – a uniform light 
field and a uniform dark field (no light). The luminance, 
integration times, and full-scale deviation (FSD) must be 
known in advance and entered in the center “Test 
Parameters” section of the test panel. 

The script file paths for both the uniform light field and the 
uniform dark field are also required on this test panel.  

Pressing the “START TEST” button causes the application program to execute the specified script files and then 
calculate and display the measured sensitivity. 

Figure 36. SMIA Sensitivity Test Panel 
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5.5.10 Maximum Illumination 
Maximum Illumination is taken to be the highest light level at which an image can be formed. It is assumed that 
an image of acceptable quality can be formed at the FSD. 

The maximum illumination for cameras is best stated as brightness, or luminance (units of Cd/m2). This can be 
calculated from the sensitivity of the device and the minimum integration time using the equation: 

Bmax (Cdm-2) = (1/Sensitivity)(1/Tint min) 

Where Tint min is the minimum integration time greater than zero for the device. 

5.5.10.1 Maximum Illumination Test Conditions 

Illumination = Tungsten Halogen. Supplier to test at 
10 approximately evenly-spaced 
points in luminance range specified in 
Table 7 of the SMIA Specification, 
unless otherwise specified in test plan. 

Frame Rate = Default 
Integration Time = set for 50% of FSD.  
Analog Gain = Per your test plan 
Number of Frames = 1 illuminated frame per 

luminance level and integration time 
and one dark frame per integration 
time. 

5.5.10.2 Maximum Illumination Test Instructions 

The SMIA Maximum Illumination test panel is available from 
the Image Sensor Lab application software Analysis menu 
and is shown to the right.  

This test requires two different images – a uniform light field 
and a uniform dark field (no light). The luminance, 
integration times, and full-scale deviation (FSD) must be 
known in advance and entered in the center “Test 
Parameters” section of the test panel. 

The script file paths for both the uniform light field and the 
uniform dark field are also required on this test panel.  

Pressing the “START TEST” button causes the application program to execute the specified script files and then 
calculate and display the measured Maximum Illumination. 

 

Figure 37. SMIA Maximum Illumination Test Panel 



ISL-3200™ DIGITAL IMAGING SENSOR INTERFACE 
Advanced Analysis Guide 

Advanced Analysis Guide Doc. Number 210-0002-08 Page 48 of 56 

5.5.11 Minimum Illumination 
Minimum Illumination is taken to be the lowest light level at which an image can be formed. It is assumed that 
an image of acceptable quality can be formed at one standard deviation above the noise floor. 

The minimum illumination for cameras is best stated as brightness, or more accurately luminance (units of 
Cd/m2). The can be calculated form the sensitivity of the device and the noise level for maximum integration time 
using the equation: 

Bmin (Cdm-2) = (1/Sensitivity*FSD)( /σnoise /Tint min) 

Where /σnoise is the standard deviation over the image of a dark frame of integration time Tint max, representing the 
temporal and spatial noise in the camera, and Tint max is the camera maximum integration time for the device. 

NOTE: we ignore the effects of relative illumination/vignetting in this calculation, thus only the central portion of 
the image need be of acceptable quality. 

5.5.11.1 Minimum Illumination Test Conditions 

Illumination = Dark 
Frame Rate = Default 
Integration Time = Max. 
Analog Gain = Per your test plan 
Number of Frames = 1 Frame 

5.5.11.2 Minimum Illumination Test Instructions 

The SMIA Minimum Illumination test panel is 
available from the Image Sensor Lab application 
software Analysis menu and is shown to the right. 

This test requires two different images – a uniform 
light field and a uniform dark field (no light). The 
uniform light field image is taken with an integration 
time set for 50% FSD. Integration time and object 
luminance must be known and entered into the test 
panel before starting the test. The uniform dark field 
is taken at the maximum integration time, which must 
also be known and entered into the test panel. The 
script file paths for both light and dark fields must also 
be entered into the test panel. 

Pressing the “START TEST” button causes the 
application program to execute the specified script 
files and then calculate and display the measured 
Minimum Illumination. Figure 38. SMIA Minimum Illumination Test Panel 
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5.5.12 Module Response Non-Linearity 
Camera Response Linearity is a measure of the response of the module as a function of integration time. 

By using a series of integration times at a standard illumination and quantifying the differences between the 
resultant images, one can evaluate the linearity of the camera response to different signal levels. At each 
integration time, two frames are taken: one of a target of known luminance and the other in the dark. The 
average pixel value for the dark frames is subtracted from the average pixel value for the light frames to give the 
response level. 

To be faithful to the linear part of the camera response, this is done over the part of the curve with response 
levels 10% to 60% of FSD. 

Linearity is taken to be the deviation of the response versus integration time from a straight line. To measure the 
linearity we must first generate a best-fit straight line using linear regression analysis. It is anticipated that the 
inclusion of results from the upper part of the curve could skew the fitted line such as to impose an inherent 
slope on the integral non-linearity.  

The linearity is now measured with respect to the straight line fit using both an integral and differential non-
linearity metrics. 

The integral non-linearity measure is defined as: 

INL(Tint) = (A(Tint) – F(Tint)) / FSD, 

Where A(Tint) and F(Tint) are the actual value of the response curve and the value of the best-fit straight line at 
Tint, respectively. 

The differential non-linearity at a given integration time is defined in terms of the deviation of the actual gradient 
from the straight-line gradient. 

DNL(Tint) = (Grad(A(Tint))-m)/m 

Where Grad(A(Tint)) at Tint represents the local gradient of A(Tint) and m is the gradient of the fitted straight line 
F(Tint). 

Numerically the local gradient of the actual response curve can be found using consecutive integration times; 

Grad(A(Tint))n = (µ  n- µ  n-1)/(Tint n – Tint n-1) 

Where µ n is the image mean calculated over the required ROI, for the integration time Tint n. Note that it is 
assumed that the differences between consecutive integration times are approximately equal.  

For the purposes of comparison maximum values of the linearity measures are the easiest to handle. These are 
simply defined as follows: 

 INLmax = MAX(|INL(T_int)|) 

and DNLmax = MAX(|DNL(T_int)|) 

Note the range over which this measure is assessed is from 1% to (98 ± 2)% of FSD. 
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5.5.12.1 Module Response Non-Linearity Test Conditions 

Illumination = Tungsten Halogen – Test at approx. 10%, 50%, and 90% of luminance range specified in 
Table 7 of the SMIA specification, unless otherwise specified in your test plan. 

Frame Rate = Default 
Integration Time = Set to get F evenly spaced points in output range 1% to (98 ± 2)% of FSD.  
Analog Gain = Per your test plan 
Number of Frames = 20 Frames 

5.5.12.2 Module Respone Non-Linearity Test Instructions 

The SMIA Response Non-
Linearity test panel is available 
from the Image Sensor Lab 
Analysis menu and is shown to 
the right. 

Image Sensor Lab script files 
that control the integration time 
need to be prepared in advance. 
These script files need to set the 
image sensor integration time 
from a minimum value through 
the maximum value, in evenly 
spaced increments. The 
application software also needs 
the specific integration time 
associated with each script file in 
order to properly calculate the 
Response Non-Linearity. The 
mechanism used for this is to 
include the integration time in the 
script file name. 

Here is an example of a valid script file name for this test: 

Once the paths to the script files have been specified, you can start the test by pressing the ““START TEST”” 
button. The software then automatically cycles through all the script files taking a uniform light field image at 
each integration time. After all integration times have been tested the operator is prompted to block all light to 
provide a uniform dark field and then all integration times are again cycled through and dark field images are 
acquired and processed. At the conclusion of the testing the non-linearity is calculated and the bottom two 
graphs showing both Integral and Differential Non-Linearity are then updated. 

Figure 39. SMIA Response Non-Linearity Test Panel 

Be sure to save this as 
a text file (.txt). 

 0_695_MT9M111_Integration_20_rows.txt 

This is the index, which controls 
the order in which each script file 
is executed. 

This is the integration time in µsec (in this 
example the integration time is 695 µsec.) 

This part of the file name is descriptive only 
and not used for any of the calculations. 
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5.5.13 Photo Response Non-Uniformity 
The Photo-Response Non-Uniformity (PRNU) test measures pattern noise across the array. 

PRNU is defined in terms of the standard deviation, σ, of the difference between an average image generated 
from a large number of frames taken at integration time, T, in the light, and an average image generated from the 
same number of frames at the same integration time in the dark. 

The dark frame is then subtracted from the light frame to remove effects such as fixed pattern noise to give a 
difference image, Δimage. 

The resultant frame is now used to calculate the PRNU using the equations 

PRNU% = 100*[σ local (Δ image)]/[ µ (Δ image)] 

Where µ (Δimage) is the mean of the final difference image and σlocal(Δimage) is its local deviation.  

5.5.13.1 Photo Response Non-Uniformity Test Conditions 

Illumination = Diffuse. (300 ± 30) Cd/m2 
Frame Rate = Default 
Integration Time = Set to obtain (50 ± 5)% FSD in lit scene.  
Analog Gain = Per your test plan 
Number of Frames =100 lit frames and 100 dark frames  

5.5.13.2 Photo Respone Non-Uniformity Test Instructions 

The SMIA Response Non-Uniformity test panel is 
available from the Image Sensor Lab Analysis menu 
and is shown to the right. 

Two script file paths are required for this test. One 
script file needs to set the sensor integration time for 
approx. 50% FSD response when provided a 
uniform light field. The second script file needs to set 
the image sensor for the same integration time but 
provide a uniform dark field (no light) condition. 

The number of images to acquire can also be 
adjusted using the numeric control to the left of the 
““START TEST”” button. The SMIA specification 
recommends setting this control to 100 frames. 

At the completion of the test the calculated Photo-
Response Non-Uniformity (PRNU) is calculated and 
displayed at the bottom of the test panel. 

 Figure 40. SMIA Response Non-Uniformity Test Panel 
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Figure 41. SMIA Relative Illumination Regions 
of Interest (ROI)   Figure 42. SMIA Relative Illumination Test Panel 

5.5.14 Relative Illumination 
Relative Illumination is a measure of the lens/pixel induced shading at the corners of an image.  

Relative illumination is measured by comparing the worst-case (i.e., darkest) corner pixel average with that for 
the center, under uniformly lit conditions. 

Mathematically, the relative illumination (Rel Illum) is given by 

Rel Illum (%) = 100*(Darkest Corner)/(Center) 

where the Darkest Corner is the lowest pixel mean value for the ROIs in the corners of the image and Center is 
the pixel mean value for the same size of ROI at the center of the image. 

5.5.14.1 Relative Illumination Test Conditions 

Illumination = Diffuse. 300 ± 30 Cd/m2 
Frame Rate = Default 
Integration Time = Set to obtain 75±5% FSD at the center ROI in the lit scene.  
Analog Gain = Per your test plan 
Number of Frames =1 Frame then use ROI(2), ROI(3), ROI(4), ROI(5), ROI(6),from SMIA Specification. 

5.5.14.2 Relative Illumination Test Instructions 

The SMIA Relative Illumination test panel is available 
from the Image Sensor Lab application software 
Analysis menu and is shown at the right. 

The image sensor integration time must be set for a 75% 
FSD sensor output.  

This test panel continuously acquires images and 
calculates the relative illumination values shown on the 
panel. In addition the optical center coordinates of the 
image are calculated and displayed. The “Display” drop-
list can be used to toggle between the standard image 
display and the image display shown below with the test 
results overlaid. 
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5.5.15 Spatial Frequency Response 
Spatial Frequency Response, or “Resolution” is a measurement of the ability of a camera system, or a 
component of a camera system, to depict image detail. 

The Spatial Frequency Response (SFR) measurement used for SMIA camera characterization is based on the 
method described in ISO 12233. This ISO standard specifies that the resolution measurement is normally 
performed on the camera luminance signal (either directly available or formed from an appropriate combination 
of the color signals in a reconstructed image). However the SMIA method calculates separate SFRs for each of 
the camera’s Bayer channels, treating each channel as a separate virtual pixel array. 

On-axis horizontal and vertical SFR measurements are required. For the horizontal SFR measurement, a black-
white edge inclined at 5º to the vertical is used, and for the vertical SFR measurement an edge at 5º to the 
horizontal is used. 

A graph of SFR vs. relative spatial frequency should be plotted for each measurement. For this plot, relative 
spatial frequency is defined as the frequency relative to the sampling frequency of one Bayer channel. The SFR 
at a relative spatial frequency of 0.25 should also be reported. Again, this is relative to the sampling frequency of 
one Bayer channel. 

To ensure accurate measurements of resolutions, the camera module should be placed at the nominal focused 
distance and the optical axis of the camera must be perpendicular to the plane of the test chart.  

The output from each channel of the SMIA camera may be a non-linear function of the luminance. This non-
linear response will have an effect on the calculated SFR, therefore the captured data must be linearized before 
the SFR calculations are made. This is accomplished by applying the inverse of the camera OECF to the 
captured data. The OECF is calculated using the Camera OECF measurement method specified in ISO 14524, 
but instead of using RGB pixel data, the calculation is run four times, once for each Bayer channel. 

If a suitable method for deriving a luminance image from the full Bayer image is agreed in the test plan, then 
SFRs can also be calculated for this image. Possible methods of obtaining this luminance image from the full 
Bayer image may include: a color filter array (SFA) interpolation algorithm or a Bayer channel normalization. 

5.5.15.1 Spatial Frequency Response Test Conditions 

Illumination = Tungsten Halogen 
Frame Rate = Default 
Integration Time = Set to a value that ensures no saturation of white values and that dark values are 
above the noise level.  
Analog Gain = Per your test plan 
Number of Frames =One Frame. 
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5.5.15.2 Spatial Frequency Test Instructions 

The SMIA Spatial Frequency Response test panel is available from 
the Image Sensor Lab application software Analysis menu and is 
shown at the right. 

A test target with a slanted black-to-white edge is required for this test. 
It is common to use the slanted edge portions of a standard ISO test 
chart (as shown in the screen capture below).  

It is important to configure the image sensor so that the white part of 
the target is not saturated and the dark areas are above the noise 
floor. Also ensure that edge enhancement and other image processing 
functions are disabled for this test.   

The user must draw a rectangular ROI in the image display of the main 
Image Sensor Lab application software panel. The user should first 
click on the rectangular ROI tool in the tool palette at the upper left 
side of the image display).  

The blue drop-list located between the image display and graph on the 
Spatial Frequency Response test panel can be used to view, not only 
the final SFR plot, but also several interim calculations that comprise 
the SFR algorithm.  

 

 
Figure 43. SMIA Spatial Frequency 
Response Test Panel 

Figure 44. SMIA Spatial Frequency Response 
Uses Slanted Edge from ISO Test Chart 

Figure 45. Region of Slanted Edge Used 
for Spatial Frequency Response Calculation 
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The example shown at the right shows the Edge Profile and Line 
Spread Function option. This graph displays the line profile for any 
row, and additionally calculates and displays the Line Spread 
Function as calculated per ISO 12233. 

The slider at the bottom of the graph is used to adjust the currently 
selected row address.  

The center of the line-spread function is also calculated and 
displayed in the numeric display overlaid on the graph.  

 

 

 

 

 

Once the line spread function centers are calculated, a second 
order fit is performed on the data. This is shown in the screen 
capture to the right. The SFR algorithm uses the deviations of the 
line spread function centers from this 2nd order fit for the 
calculation. 

 

 

 

 

 

The distance between the edge (line spread function centers) and 
the 2nd order fit is also charted and available for view. As can be 
seen from this graph, the number of rows contained in the ROI is 
just over 100. The user drawn ROI should contain as many rows 
as possible in order to improve the accuracy of the algorithm.  
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The super-sampled line spread function is calculated by binning 
the differences between the centers of the original line spread 
functions and the 2nd order fit. This process basically quadruples 
the resolution achieved by the SFR algorithm. 

 

 

 

 

 

 

 

The final Spatial Frequency Response is then calculated and 
displayed, as shown in the example screen capture to the right.  

 

 


