
Proceedings of SPIE, vol. 8299, Digital Photography VIII, 2012   
 
 

A method for the evaluation of wide dynamic range cameras 
 

Ping Wah Wong a, Yu Hua Lu b 

aPixim Inc., 1395 Charleston Road, Mountain View, CA, USA 94043; 
           bTesting Center for Quality, Ministry of Public Security, BeiJing, China 

ABSTRACT   

We propose a multi-component metric for the evaluation of digital or video cameras under wide dynamic range (WDR) 
scenes.  The method is based on a single image capture using a specifically designed WDR test chart and light box.  Test 
patterns on the WDR test chart include gray ramps, color patches, arrays of gray patches, white bars, and a relatively 
dark gray background.  The WDR test chart is professionally made using 3 layers of transparencies to produce a contrast 
ratio of approximately 110 dB for WDR testing.  A light box is designed to provide a uniform surface with light level at 
about 80K to 100K lux, which is typical of a sunny outdoor scene. 

From a captured image, 9 image quality component scores are calculated.  The components include number of resolvable 
gray steps, dynamic range, linearity of tone response, grayness of gray ramp, number of distinguishable color patches, 
smearing resistance, edge contrast, grid clarity, and weighted signal-to-noise ratio.  A composite score is calculated from 
the 9 component scores to reflect the comprehensive image quality in cameras under WDR scenes.  Experimental results 
have demonstrated that the multi-component metric corresponds very well to subjective evaluation of wide dynamic 
range behavior of cameras. 
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1. INTRODUCTION  
Dynamic range of a camera is a measure of the camera’s ability to handle scenes that simultaneously contain very bright 
and very dark areas.  Saturation typically occurs if the dynamic range of the scene is higher than that of the camera, 
resulting in a loss of image information.  Insufficient dynamic range can also cause various artifacts to appear in the 
image. 

Wide dynamic range (WDR) capability of a camera is a measure of the camera’s ability to accurately produce output 
images for scenes that simultaneously contain very bright and very dark areas.  Approaches for designing wide dynamic 
range digital camera systems include sensor designs tailored for WDR performance 1-5, image processing methods from 
a single 6 or multiple frames 7-10, and a combination of sensor and image processing.  Applications of WDR cameras can 
be found in many consumer, professional, and industrial areas.  It is clear that WDR is particularly important for security 
cameras which are required to perform well under a wide range of difficult imaging scenarios. 

Many methods, including international standards, exist 11-18 for the objective evaluation of image quality of digital 
cameras.  Image quality criteria that are frequently used include exposure control, dynamic range, auto-white balance, 
color accuracy, resolution, false coloring, moiré, false coloring, noise, low light performance, etc.  Although methods to 
measure dynamic range are well known 14-17, evaluation of wide dynamic range image quality performance has not been 
the focus of previous methods.  This paper proposes a method to measure the WDR performance of cameras, and 
presents the details of an objective metric to measure the WDR performance of cameras. 

A popular method to quantify the dynamic range performance of cameras is based on a ratio of highest to lowest level of 
light (often expressed in dB or in f-stops) in the same scene that can be captured with reasonable quality, without 
clipping, by the camera (See, e.g. Section 3.4.3 of ref. 14).  Section C.4.3 of ref. 14 describes in detail a method for 
measuring dynamic range using either a transmissive or a reflective step chart, which consists of steps of constant 
graylevels from low to high.  Dynamic range is given by the range of step chart densities that can be distinguished (e.g. 
difference between neighboring steps should be greater than a specified fraction of the maximum difference of all the 
steps) and the SNR should be no smaller than a specified level.  Generally a transmissive step chart is preferred because 
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the total range of the steps are higher compared to reflective charts, although care must be taken to ensure that the light 
box illuminating the transmissive test chart produces sufficiently uniform illumination across the image plane. 

International standard ISO15739 defines dynamic range in a similar way and specifies that the signal-to-noise ratio for 
the lowest step should be no less than 1 (Section 6.3 of ref. 15).  ISO15739 also suggests a particular test chart that can 
be used for measuring noise and dynamic range performance.  International standard ISO21550 defines dynamic range 
for scanners in a similar fashion 16. 

The Japanese standard JEITA TTR-4602B for quantifying the performance of CCTV cameras includes a method for 
measuring dynamic range, plus an additional quantity called dynamic range extended ratio 17.  The two quantities 
combined are supposed to give an indication of the WDR performance of CCTV cameras.  It is important to note that the 
JEITA method defines dynamic range in a different way compared to the definition used by ISO.  Specifically, the 
JEITA method uses 100 IRE as the reference level for comparing to the level just below saturation.  Note that 100 IRE is 
used in analog video to describe a relatively bright intensity in the video signal.  It differs significantly from the ISO 
definition where the reference level is a dark level where SNR equals one.  Furthermore IRE is used in analog video and 
is not readily extendable to cameras that output digital signals (still image or video). 

 
Despite the difference in the specific steps and definition, the existing standards 14-17 consider dynamic range (or 
dynamic range in conjunction with dynamic range extended ratio) as a description of the performance of a camera under 
WDR scenes.  While a high value in the ratio can indicate one aspect of camera performance, the ratio is not necessarily 
indicative of the camera image quality performance under WDR scenes.  To illustrate the problem, we show in Figure 1 
the output of several cameras using a transmissive gray ramp lit by a light box that can produce uniform illumination of 
about 90000 lux at the imaging plane.  The gray ramp in Figure 1 (a) is made by overlaying 3 layers of photographic 
foils so that the contrast ratio between the brightest and the darkest patch is 106 dB. 

Figures 1 (b)-(e) show the output of four different cameras that indicates a variety of problems including noise, 
saturation, false coloring, sharpness, smearing (bleeding of bright area into the dark area).  Figure 1 (c) and (e) show 
saturation at the high end of the gray ramp in the output of 2 different cameras, indicating a lack of their ability in 
handling wide dynamic range.  While it is possible to adjust the exposure control of the cameras to reduce saturation at 
the high end, this adjustment would shift all or a portion of the saturation to the low end of the gray ramp because the 
dynamic range of the camera is not changed by changing exposure time or sensor gain value.  The lack of dynamic range 

output from several cameras 

original gray ramp (a) 

(b) (c) 

(e) (d) 
Figure 1.  The top image (a) is the original gray ramp on 3 layers of overlapping transmissive media that 
gives 106 dB dynamic range between the brightest and darkest patch.  The bottom 4 images (b)-(e) show 
the output captured from 4 different cameras when the target was lit by a strong light box. 
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can be reflected by measuring dynamic range in the traditional way, i.e. a ratio of the highest illumination without 
saturation to the illumination that results in a signal similar to the noise level in the same scene.  We can expect that 
cameras that do not have a good wide dynamic range handling capability will exhibit a variety of image quality problems 
under wide dynamic range scenes.  Examples of the type of image quality problems include brightness, gray ramp 
response, saturation, color patch rendering, false color, smearing, contrast, blurriness, etc. 

In this paper, we propose a multi-component metric to quantify the performance of dynamic range performance.  An 
approach of integrating different image quality performance measures to arrive in an overall figure of merit is also used 
in DxOMark 18, which was designed to score digital cameras.  The focus of DxOMark is different from that of this paper 
in that DxOMark is aimed at lens and camera performance of typical digital cameras, whereas this paper is aimed at 
wide dynamic range performance of cameras.  As a result, the component criteria are very different between DxOMark 
and those of this paper, and the specifics of combining the scores are also different. 

Specifically, we describe 9 different criteria that include number of perceivable steps in gray ramp, dynamic range in dB, 
linearity of gray ramp, grayness in gray ramp, number of perceivable color patches, smearing resistance, edge contrast, 
grid clarity, and signal to noise ratio.  These 9 components can be measured using a single test chart with a single image 
capture.  Once the image is captured, the 9 component scores can be calculated from various areas of the captured image.  
For the purpose of obtaining a measure of the overall performance of WDR cameras, we propose a composite score 
which integrates the 9 components using a set of weights so that the composite score can give a comprehensive 
quantification of the performance of cameras under wide dynamic range scenes.  Examples of using this metric, both the 
component scores and the composite score, will be given for actual cameras. 

2. WIDE DYNAMIC RANGE TEST CHART AND LIGHT BOX 
The setup that we use for measuring wide dynamic range performance includes a wide dynamic range test chart and an 
associated light source.  In the case that the camera to be tested supports removable lens, it is generally a good idea to 
choose a lens that does not introduce observable pin-cushion or barrel distortion in the output image. 

Since dynamic range is traditionally measured as a ratio of two illumination levels, a step chart or a gray ramp is often 
used as a test target.  The gray steps (gray patches of various graylevels) can be arranged in a linear fashion 14,17 or in 
other geometrical arrangements 15,16.  Our objective in this paper is to provide a simple method for measuring a variety 
of image quality components.  For this purpose we have designed a WDR test chart as shown in Figure 2.  The test 
patterns on the WDR test chart include gray ramps, color patches, arrays of patches at various graylevels, white bars, and 
a relatively dark gray background.  We will describe the usage of various patterns to measure image quality parameters 
in a later section. 

Typical test charts of gray patch patterns such as the standard step chart ISO15739 15 or the Kodak grayscale chart are 
designed to have gray patches over a 20% gray background.  Using 20% gray instead of mid-gray is to account for 
gamma correction in the image rendering procedure.  It turns out that such a design is not suitable for wide dynamic 
range measurements because wide dynamic range cameras are typically designed to render a standard range of gray plus 
a region that is usually called dynamic range extension.  Figure 3 shows the pre-gamma corrected system tone response 
of such a design, which is typical in wide dynamic range cameras.  The curve consists of a linear region from zero up to 
a pre-determined level α, and then follows a logarithmic type response to the highest point of the response curve.  Also 
indicated on the curve is a dashed line showing an extension of the linear portion of the curve to the top of the graph.  
The difference between such a point and the actual highest point on the horizontal axis (i.e. referencing the input values) 
is called dynamic range extension (DRE) of the system.  Good wide dynamic range cameras can have DRE values of up 
to 36 dB. 
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The WDR test chart is designed and professionally made using a photographic process to print on transparencies.  Three 
layers of transparencies are overlaid on top of each other to form a test chart with sufficient contrast ratio so that it is 
suitable to be used as a wide dynamic range test target.  It is important to keep the layers together so that the required 
contrast ratio is achieved within the source pattern when the target is illuminated from the back.  Four horizontal lines 
outside of the imaging area of the test chart are provided to indicate the top and bottom of the field of view for the 
camera.  The four registration marks (crosses) are designed to fit an imaging surface with a 4:3 aspect ratio.  For cameras 
with a different aspect ratio, one should fit the top and bottom of the field of view to the registration marks, and keep the 
test chart in the middle of the image. 

The WDR test chart is designed so that when it is lit by a light source from the back, it provides a wide dynamic range 
scene for testing the camera.  It is important that the light box should provide sufficient light level (strength) and that the 
uniformity on the imaging surface should be good.  Standard light boxes such as DNP boxes 19 are readily available from 
many sources, and these boxes provide an excellent degree of uniformity.  However, DNP boxes typically provide a 
relatively low level of illumination, and hence they are not suitable for wide dynamic range testing.  To sufficiently test 
wide dynamic range performance, we must use a light source with sufficient light level that can produce typical wide 
dynamic range scenes. 

Figure 4 shows a light box designed for this purpose.  The light box has an enclosure of approximately 12x12x21 inches.  
There are two cool white fluorescent bulbs (85 Watts each) installed at the left and right side in the interior of the light 
box just inside the front panel.  A half-cylindrical reflecting surface in white color is installed at the back.  With a lux 
meter at the surface of the imaging plane (where the test target is placed) and the sensor facing towards the inside of the 
box, we can measure light level in the range of 80K to 100K lux.  Output from this light box is near the level of a sunny 
day, which is at around 100K lux 20.  With the half-cylindrical reflecting surface inside the cavity of the light box, we 
can achieve a uniformity better (i.e., smaller) than 3% variation across the imaging surface.  One could have used a half 
spherical reflecting surface similarly as in an integrating sphere 21.  We have found that the half-cylinder reflective 
surface is easier to make and it provides sufficient uniformity for the proposed test. 

Figure 2.  Image of a wide dynamic range chart.  The chart is printed on transparencies.  Three copies of 
transparencies are overlapped to form the chart to produce sufficient contrast ratio for wide dynamic range 
measurement.  
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Figure 4.  Light box designed for WDR testing.  The rectangular opening at the front is the place for 
mounting the test chart.  The reflecting surface at the back is a half-cylinder shape.  Two fluorescent bulbs 
are used inside for illumination. 

Figure 5.  Responses of different cameras to the WDR test system. 

(a) (b) 

(c) (d) 
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3. WDR METRIC 
Before we describe the components of a metric, it is informative to examine the performance of typical cameras using 
the WDR test chart and light box described in the previous section.  Figure 5 shows the response of 4 different cameras 
to the WDR test system, i.e. the WDR test chart and the associated light box described in Section 2.  All the cameras 
were tested under identical conditions, i.e. with cameras set to default setting and with the same test chart and light box.  
As we can see, the four images in Figure 5 are different from each other in many different ways, e.g. brightness, gray 
ramp performance, color patches, false color, smearing, contrast, blurriness, etc.  Because of the large variations of 
different cameras in many different ways, it is essential that we use a multi-component metric with various image quality 
elements to evaluate various performance aspects of the camera.  The method proposed in this paper computes multiple 
performance elements from a captured image of the WDR test chart, e.g. from the images as shown in Figure 5.  In the 
following subsections, we will discuss each image quality component in detail.  In addition, we will also consider a 
scheme where we combine the components to obtain an overall score to quantify the WDR performance of cameras. 

3.1 Number of Resolvable Gray Steps  

As we can see from the WDR test chart of Figure 2, there are two gray ramps located in the chart; one located on the left 
hand side and another one located on the right hand side.  Each gray ramp contains 21 steps.  We calculate the average 
luma value of each gray patch in the two gray ramps, and average the corresponding average luma values from the steps 
in the left and right gray ramps.  This results in a 21-entry array of average luma values 

20,...,1,0;2/)( rightleft =+= nLLL nnn  

where left
nL  and right

nL  are the average luma value in the nth patch of the left and right gray ramp, respectively.  This 
array describes the gray ramp response of the camera. 

One important criterion to measure camera performance is the number of steps that can be distinguished.  To decide if 
two steps (not necessarily adjacent steps) are distinguishable, we use the following decision logic 

Two steps with graylevels a and b (assuming a>b) are distinguishable if (a-b>=T1) or (20*log(a/b)>=T2 and 
a-b>=T3). 

In the above logic, T1, T2 and T3 are threshold values.  In our experiments, we have used T1=5, T2=1 and T3=2 (for 8-bit 
luma values). 

3.2 Dynamic range 

Dynamic range, often expressed as a ratio in dB, is the range of light from the highest to the lowest level within the same 
scene that the camera can produce accurate details in the output image.  Usually the high end is limited by the well 
capacity of the image sensor, and the low end is restricted by noise.  Dynamic range performance can be calculated from 
the response of the camera to the gray ramps of a calibrated test chart.  The WDR test chart can be calibrated using either 
a densitometer or a reference gray ramp with known transmissivity characteristics such as the Stouffer charts 25. 

 

Figure 6.  Calibrated gray ramp response of the gray ramps in the WDR test chart. 
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Figure 6 is a calibrated curve of transmissivity for the gray ramps in the WDR test chart.  Using the calibrated 
transmissivity curve, we can determine the dynamic range of a camera as follows.  For each distinguishable step in the 
gray ramp response of the camera, we will add the corresponding delta dB value from the transmissivity curve.  In other 
words, dynamic range is calculated as 

∑
=

−−=
20

1
1 )(DR

i
iii DTT  

where Ti is the transmissivity value in dB of the ith step from Figure 7, and Di equals 1 if step i is distinguishable and 0 
otherwise. 

It is important to note that dynamic range is not necessarily the difference of the highest distinguishable and the lowest 
distinguishable steps.  If a camera has a response where some steps in between the highest and lowest steps are not 
distinguishable, then the delta dB values corresponding to those steps should not be included in the total. 

3.3 Linearity of Tone Response 

Linearity can be measured by calculating the residual root mean square (RMS) error between the actual tone curve and 
its least square fit.  (See, for example, Chapter 15 of ref. 22)  It is obvious that a smaller RMS error corresponds to a 
higher performance.  In this paper, we will eventually combine the various components to produce a composite score to 
indicate the WDR performance of cameras.  For this purpose, it is convenient to design the performance elements that a 
higher score in each element corresponds to higher performance.  Hence we define linearity as 
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where KL is a pre-defined constant.  The linearity criterion as defined above is normalized so that it falls in the range of 0 
and 1.  For a perfectly linear data set, the linearity value equals 1.0.  The linearity score will be evaluated to 0 for all 
RMS error values larger than KL.  In our experiments, we have chosen 50 as the value for KL. 

3.4 Grayness of Gray Ramp 

Figures 5 (b) and (c) show that cameras can produce false colors in the gray ramp in wide dynamic range scenes.  We 
can measure color error in the gray ramp by calculating an average deltaC value as 
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where ai and bi are the chroma component values (La*b* color space) of the ith patch. 

As done in linearity, we convert the measure of color error into a grayness criterion so that a higher value corresponds to 
a more preferred image.  The grayness criterion is defined as 
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where KC is a pre-defined constant.  The grayness criterion is normalized so that the range is between 0 and 1.  For a 
perfectly neutral gray ramp, the grayness value equals 1.0.  In our experiments, we have chosen 30 as the value for KC. 

3.5 Number of resolvable color patches 

All the color patches in the original test chart in Figure 2 are distinguishable from each other.  The sampled captured 
images of Figure 5, on the other hand, show that some color patches in the camera response are not necessarily 
distinguishable from each other.  For the purpose of quantifying camera performance under a WDR scene, we can 
calculate the number of distinguishable color patches on the captured images. 

To this end, we calculate the deltaE value between the average La*b* values of the pixels in each color patch.  We use a 
criterion that two color patches are distinguishable if the deltaE value between the two patches is higher than a threshold, 
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which was chosen to be 5.0.  In this determination, we drop the color patches that are too bright or too dark, i.e. color 
patches that are either too bright or too dark are considered to be not distinguishable.  Specifically, a color patch is 
considered too bright if the L value of the patch is higher than the L value of the highest usable step in the gray ramp.  A 
color patch is considered too dark if the L value of the patch is lower than the L value of the dark background adjacent to 
the color patch. 

3.6 Smearing resistance 

Some cameras tend to exhibit a smearing problem when they are subject to a high dynamic range scene.  Specifically, 
we can see that the bright spots in the scene will appear to have a bright streak that leaks through the image in the 
vertical direction. For example, the images corresponding to cameras (b) and (d) in Figure 5 exhibit this problem where 
there are bright streaks that go in the vertical direction on both the left hand and right hand sides of the image. 

To calculate a smear resistance value, we first calculate a horizontal profile of the image.  In other words, we calculate 
the column average for each column within the region of interest.  The result is an array of column averages where the 
length of the array equals the width of the region of interest.  For this purpose, we use two dark areas on the left and right 
hand sides of the image as shown in Figure 5.  The difference between the highest and lowest values in the horizontal 
profile is an indication of the extent of smearing.  Similar to linearity and grayness, we define a smearing resistance 
quantity by 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −−
= 0,

)(
maxstancesmear_resi minmax

S

S

K
PPK

 

where KS is a pre-defined constant, Pmax is the maximum value of the profile, and Pmin is the minimum value of the 
profile.  The smear resistance has a range of values between 0 and 1.  A camera that has no smearing, i.e. when Pmax 
equals Pmin, will have a smear resistance value of 1.  In our experiments, we have chosen 40 as the value for KS. 

3.7 Edge contrast 

One issue regarding cameras in a wide dynamic range scene is the ability of the camera to render high contrast edges 
appropriately.  High contrast edges are difficult particularly in wide dynamic range scenes because of a complex set of 
reasons including lens flare, high gain in low graylevel rendering, sharpening artifacts, etc. 

 
We have chosen to use the four corner areas of the test chart area for calculating an edge contrast measure.  Figure 7 
shows an example of one of the corner areas.  The regions of interest in both the original test chart and in the captured 
image are shown.  To calculate an edge contrast criterion, we determine the 95th percentile point of the luma values in 
the region.  The size of the region is designed such that the 95th percentile will guarantee to fall within the pixels in the 
bright object.  Then we calculate the edge contrast by 

∑
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Figure 7.  A region of interest for calculation of edge contrast.  The left side is the region of interest (ROI) in the 
original test chart, whereas the right side is the corresponding ROI of the captured image. 
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In other words, this is an average of the deviation from black for all the pixels that are outside of the bright object in the 
region of interest.  If the image is rendered perfectly, i.e. if the dark areas outside of the bright objects would have value 
zero, and the bright object would have value 255, then the edge_contrast criterion will equal 255.  For images that 
contain leakage of bright areas into the dark background area, the value of edge_contrast is reduced. 

3.8 Grid clarity 

Grid clarity is a measure of the ability of cameras to render rapid transitions (i.e. high spatial frequency content) from 
very bright to very dark areas.  For this purpose, test areas consisting of a rectangular array of bright squares against a 
dark background are used.  The WDR test chart includes 4 different arrays of bright squares, two near the top and two 
near the bottom.  The following figure shows the rendering from camera (b) in Figure 5, which clearly shows that the 
bright squares are not rendered with good quality. 

 
To calculate a measure for grid clarity, we use the two 3x12 regions in the WDR test chart.  We define grid clarity using 
a local contrast measure similar to the one defined by Frazor and Geisler 24.  The procedure begins with determining the 
outside boundary of the 3x12 array of squares.  The luma component of the resulting region of interest is low pass 
filtered using a 7x7 Gaussian filter with a standard deviation of 1 pixel width and height in the horizontal vertical 
directions, respectively.  The local contrast of a region is calculated by 

avgL
LL %5%95rastlocal_cont

−
=  

where L95% and L5% represent the 95th and 5th percentile of the luma component of the low pass filtered image, 
respectively.  Since we use two regions (both 3x12 grids of rectangles), we compute the local contrast for each region, 
average the two values, and divide by a constant normalization factor. 

2
rastlocal_contrastlocal_cont*1tygrid_clari 21 +=

RK
 

In our experiments, we have chosen 1.5 as the value for KR. 

3.9 Signal to noise ratio 

Signal to noise ratio is calculated for the 10 rectangular gray patches in a vertical column in the center of the captured 
images as shown in Figure 5.  For each of the 10 patches, SNR is calculated in a classical way as the square of the mean 
over the variance, and then the ratio is converted into dB.  In this calculation, we only focus on SNR for patches where 
the gray levels fall near mid-tone.  Specifically, we calculate an average SNR as follows 
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where the weight functions iα  are given by 

Figure 8.  Test pattern for evaluation of grid clarity.  The left side is the original region of interest in the test chart, 
and the right side shows the corresponding region cropped from captured images by a camera. 
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and iY  is the  average luma value for pixels in patch i.  Observe that the weight functions are designed so that emphasis 
is put at the mid-tone region that spans approximately 1/2 of the full range. 

3.10  Composite score 

We have considered 9 different components in the previous sub-sections that describe various aspects of camera 
performance under wide dynamic range scenes.  Each of the 9 criteria is a useful measure of camera performance.  In 
this section, we consider an overall metric that integrates the 9 components into a single measure. 

As discussed earlier, constructing a composite score by combining component scores is similar to the approach in 
DxOMark 18, although the components in this paper are designed to measure WDR performance and hence are different 
from those in DxOMark.  To produce an overall score, we assign weights to various components as given in the 
following table. 

Criteria Weight
Dynamic range (dB) 16
Number of distinguishable steps in gray ramp 16
Number of distinguishable color patches 16
Linearity of gray ramp 16
Grayness of ramp 16
Smear resistance 16
Edge contrast 16
Grid clarity 16
Signal to noise ratio (dB) 16  

Note that we have chosen to use a uniform set of weights, although different weights are possible.  Using this set of 
weights, we can calculate an overall score by 

)60/SNR(*16tygrid_clari*16)200/astedge_contr(*16
stancesmear_resi*16grayness*16linearity*16
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It has been suggested to give a name dBIQ for the unit of the overall score (See footnote B near the beginning of the 
paper).  As we know dynamic range measurements in dB is an important, although not sufficient, criterion in accessing 
quality of cameras.  The composite score in this paper integrates dynamic measurements in dB plus a number of image 
quality components.  As a result, it appears that dBIQ is an appropriate name for the composite score. 

Consider as an example the dynamic range (dB) score, which contributes to the overall score using the expression 
16*(DR/100).  That means a camera that can achieve 100 dB dynamic range will score 16 points in the overall score.  A 
camera with a higher or lower dynamic range will score higher or lower points, respectively, in the overall score.  The 
value 100 dB is chosen arbitrarily and it does not really impact the metric for the purpose of evaluating and comparing 
performance of different cameras.  Similarly, there are various reference points in other component criteria that are 
chosen for convenience.  The denominator 21 for the number of gray steps was used because there is a total of 21 steps 
in the gray ramp.  Similar, the denominator 84 in number for color patches is because there are a total of 84 color patches 
used in the WDR test chart.  The denominators 200 and 60 for edge contrast and SNR, respectively, were chosen in a 
similar reasoning as the denominator 100 for dynamic range. 
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3.11  Experimental results 

To use the evaluation method in this paper, we set up the WDR test chart and the light box as described in Section 2, 
align the camera appropriately at the test target.  One should be careful to ensure that only light through the WDR test 
chart would reach the camera.  The camera should usually be set to the default setting with the automatic camera control 
algorithms (e.g. auto-exposure, auto-white balance, etc.) turned on.  For camera with removable lens, it is preferable to 
choose a lens that does not cause geometric distortion.  An image is then captured from the camera. 
 
To calculate the WDR performance score, one needs to identify various regions of interests in the captured image 
corresponding to the various image quality components specified in the previous section, so that appropriate calculation 
can be performed.  For convenience, we have implemented a WDR performance evaluation software with a graphical 
user interface (GUI) so that a user can easily identify the appropriate regions of interests. 

As an example, the individual component criteria and overall score for cameras (a) and (b) in Figure 5 are as follows 

Criteria Camera A Camera B
Dynamic range (dB) 98.73 92.21
Number of distinguishable steps in gray ramp 18 16
Number of distinguishable color patches 63 39
Linearity of gray ramp 0.81 0.63
Grayness of ramp 0.77 0.69
Smear resistance 0.91 0.00
Edge contrast 136.72 82.04
Grid clarity 0.95 0.22
Signal to noise ratio (dB) 82.29 80.74
Composite Score (dBIQ) 129.43 87.11  

Camera (a) scores higher in both the composite score and in many component scores compared to Camera (b).  This is 
not surprising as a subjective observation of the images in Figure 5 would suggest Camera (a) is performing better than 
Camera (b). 

4. DISCUSSIONS 
We have described in this paper a method for evaluating the wide dynamic range performance of cameras.  The method 
is simple to execute in that it requires a single image capture of a WDR test chart, and then executing a piece of analysis 
software to compute a metric that indicates the WDR performance of the camera. 

It is important to note that there are many aspects in the performance of a wide dynamic range formula.  In other words, 
a camera that does not have good wide dynamic range capability will generally exhibit problems in multiple areas.  The 
component criteria described in this report are designed to capture these performance issues in an objective manner. 

One might want to argue that the assignment of weights in the composite score is highly subjective because the weights 
are pre-assigned by a human being and will affect the overall score.  On the other hand, a camera that has good wide 
dynamic range performance will score well in many components, and vice versa for a camera that does not have good 
wide dynamic range performance.  This means that we will not be able to put a poor camera through the test and obtain 
good scores even if we are free to assign the weights differently. 
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