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Abstract In ISO 18844:2017, measurement type C [&ling glare is
The dynamic range (DRdefined as the range afxposure measureo‘rom chartsthat containblack cavitiesn alarger white

between saturation and 0 dB SNB recent High DynamiRange ~ field.

(HDR) image sensorgsan be extremely high: 120 dB or more. But _ o

the dynamic range of real imaging systeimat include lensess OQQIMES®Q pmPO]O h x EAQBH

limited by veiling glare (susceptibility to flare liglitom reflections

inside the lens), and hence rarely approaches this level. Standard Ygis the average lumance inside the dark cavity awgis the

veiling glare measurements, such as ISO 18844, riradecharts  average luminance of specified white areas near the cBuatl.Y-

with black cavities on white fields, yield numbers (expressed as values are déved from the linear or line&ed pixel level best

percentage of the pixel leviel nearby Ight area$ that aremuch ~ converted from raw format[570e777% 20005 037

worsethan expected faactual camera dynamic range. with gamma = 1 \g‘&_}m% \g‘o:{m%

Camera dynamic range is typically measured from grayscale
charts,and isstrongly affected by veiling glare, which is a function reportedas a percentage value
of the lens,chart design and the surroundingfield. Many HDR it can also be expressed i|3 ““““ 20,
systems employpne mapping which enablesHDR scenes to be decibels (dB) for convenient \!0-14%
rendered in displays with limited dynamic ranigg compressing comparison  with  dynamic Figure 1. Portion of ISO 18844 veiling

Although it is normally

372

(flattening tones over large areas while attemmgt to maintain range glare density
local contrast in small areas. Measurements of {or@mped images '
from standardgrayscale charts often show low contrast over a wide ©QOUNREGIME ¢ T £ W @)

tonal range,and giveno indication of local contrast, which is
especiallyimportant for the autontive and security industries,
where lighting is uncontrolled and the vidity of low contrast
features in shadow regions is critical.

This measurement ignores effects of the GSF. For a high
quality camera and lens (Sony A7Rii with theelBmentCanon
90mm T/SE f/2.8lensat /5.6 the mean veiling glare isTB7®%6 =

We discuss the interaction between veiling glare and dynamib5 dB. With a consumegradezoomlens (Canon 78300 /45.6 at
range measurements am@ propose a new transmissive test chartf/5.6) veiling glarevas0.130% =58 dB.

and dynamic range definition that directly indicates the visibilfty o Veiling glaremeasurementsan be thought of aan extreme

low contrast features over a wide range of scene brightness. worstcaseof dynanic range Measured values are far below sensor
dynamic rangeThis is hardly a realistic use case, but as we shall

Introduction see, neither is the standard technique for measuriage sensor

Although severalauthors have discussed the relationshipdynamic range.
between veiling glare and dynamic rar{de 2], they are usually )
testedseparatelyThis may be reasonable for imagensors with ~ Sensor and ¢ amera dynamic range
limited dynamic range, but is no longer tenable for the new-gene  Image &nsor dynamic rangelefined at the ratio of illumia
ration of high dynamic range (HDR) sensors, where camera perfotion just under sensor saturationilomination whereSNR = 1(0
mance is limited by veiling glafeom the lens dB), is typically meauredfrom a set offlat field imagesfor calibra:

A dynamic range race (somewhat akin to the automotive horsded lightlevels projected on the imagensoy using equation (18)
powe race of the 1950s) seems to be devielppvheremarketing  from section 24 ofthe EMVA 1288 standard [4Each image used
departments expe&ngineers to produce camera dynamic rangefor this meaurement has zero dynamic ranghis is a best case
measurements comparable to HDR sensor specificatiémfertu- measurement since there are no losses from lens flare.

nately ths can lead tdighly misleadingnarketing material Camera dynamic range is typically measured fiorages of
transnissive grayscale & charts that have a relatively large number
Ve|||ng gl are measurements of patches (2€86) with a wide range of densiti@maxi DminO .3 )

Veiling glare is a measure of the average susceptibility to flard "€ Patches may be arranged in a linear or circular patténough
lightd fogging or ghost images causy light originating inside or cwculqr patterns are preferrc_ed because they are less _susc_eptlble to
nearthe image. Flare can be thought of as having tboegments !ens wgne_ttlng and are easier to frame (especially with distorted
1. overallimage fogging 2. ghost images, typally arising from  images), linear charts are quite common.
small, intense light sourcgnportant, but beyond the scope of this For linear sensorsjriage sensor dynamic range can also be
paper) 3. stray lightthat decays with distance from a point Source,measurecfrom transnissive grayscale _charts if t_he image is mini
characterizedy a glare spread function (GSF). The GSprapi- mally processed (_nmlor correction, noise reqluct_lon_, gamma curve,
mates an exponentidecaythat may varyover the image surface. offsets,etc.) The image is analyzed and noise is fit to an equation

As we shall see, the GSF can cause errors in dynamic ran@rived from section 2.2 of the EMVA 1288 standard.
measuremest
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Camera dynamic rande defined bytwo criteria:the range of

illumination where(1) the scenereferenced Signéb-Noise Ratio EOS:6DNQ08S BN S/VCR2

SNRceneref i s above a S p eci fied amo L gcr::;;cl\;cpma:ﬁsn-mopjSNRdBforR.G‘B.andYoerchannels O
gua it Yy, 1 or 0dB for Al owo q Ref: Last file: HOR_1st_reference_Aug-2015.txt to sen
dynamic range measments) and (2) the slope of the log pixel ~ g°°f
level vs. log exposure curve is greater than a specified fraction of &
the maximum slope H 1 Pivel offeat =0 (min=0)
SNReeneref is calculated by dividing the standard SNR by the g SDR.38.ConfinAulo
slope of the tonal response curve, resulting in a valuewbaid be = o 2T Now 2017 23:41:54
visible in the scene factor of two change in illumination is called ~ 3-15F, Dynariic Range (from sbpe) = 828 08 |
one fstop (or zone or EV for Exposure vajuequivalent to
logz(exposur®) by photgraphersand can be usesk a perceptual ’ Ref: HDR_lst_reference_ug-2015.t4t ‘ Expasure error = (.92 f-stops
unit for noise measrement. 50 "
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Figure 2. Typical results of dynamic range analysis
Veiling glaredegradeslynamic range bjogging dark areas of )
the image Although t increases thénonscene referencedjNR ~ Problems with standard grayscale charts
measured in the camerareducesSNRceneret in the darker portions Standard grayscale charts hame important issughat can
of the imageby decreasing(pixel level)/d(exposure) affect meaurement accuracilediumrange flardight that falls off

The second dynami@nge criterion, the range of illumination with increasing distance from lighaitchesbut may extentb large
wherethe slopel(pixel level)/d(exposurés greater than a specified distances over the imageanaffectdynamic rangeneasurments
fractionof the maximun{we have been using 0.075, which may be It is easiest to detect on linear charts, bimaa similar (and pos
lower than optimum)is called the slopdased dynamic range sibly worse) effecon circular charts.

DRsiops It is frequentlylarger than dynamic range based3iiRcene
ref, 1.€., SNRceneret may be well under 1 (0 dBjt the lower limitof
DRsiops Mmeaning o features of interest are likely to be visible.

Typical results
Figure 2 shows the density responsesgehereferenced SNR I
for the Canon EOS 6D a full-frame Digital SLR with a high
quality (linear, noFHDR) sensad at ISO 100 with a 100mm /2.8
macro lens at f/8. It was converted to abiBTIFF file with dcraw
(which applies no noise reduction).
The uppr plot shows log Pixel level as a function of exposure
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('Chart density) in units of decibels (dB = 2@pt|ca| Density). 200 400 600 800 1000 1200 1::00 1600
gi?‘g? is close to the expected value for Adobe RGB (1/2.2 = Figure 3. Xyla chart image and horizontal cross-section
DRiiopeis 82.9dB. Aits lower limit SNRceneretisa 1 0 ul0dB 1 The top of Figure 3s an image of a DSC Labs Xyla chart

for this imagé much too low for image detail to be visinte  Which has at least 21 precise patches with an optical density (OD)
results to be repeatabl8ome engineers report this nen as the  step of 0.3from a security camenahose technicaletailswe don 6t
fitotal o dynamic range of t he J09.tBelow thewghart gnage i\ sorgorkal,ceossgentipnyof then t h e
sense since no details are distinguishable where SNR is below Odgxel levels, displayetbgarithmically.

This practiceis apparentlyencouraged by marketing departments, ~ The brighter patches have flare light diffusing around them
who want to report the highest possiblenamic range for their ~Vvery visible when the image is lightened, and quite obvious in the
products We discouageit. crosssection plot (see the red arrow). This flare light can affect

The lower plot ShowSNRceneref in dB. Dynamic range is 41.8 readings irdarkpatches at large distances from the lightest patches.
dB at high quality (2@B), increasing to 66.8B for low quality (0 ~ Note also that the pzh leves seem to flatten oaround x = 500 to
dB). The image sensor dynamic range, derived from a minimall$50. This § likely caused by tone mappinghereis no way of
processed version of this image, is 11.9 EV = BB7 knowing thelocal contrast osmallobjects in this exposure range.



Figure 4 is a crosssection plot taken jusbelow the chart
(inside the parallel red horizontal lineshowing the effects of flare,
which affects pixel levelsat large ditances from the brighst
patchesAs flare increaseddr low qudity lenses) it becomes likely
that its effect at a distance will increase the slbased dynamic
range.
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Figure 4. Cross section taken just below Xyla chart

Figure5 shows the density responskthis imageon top and
SNReeneref at the bottomDynamic range is quite good.
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Figure 5. Density response and SNRscene-ref. for the Xyla image

The oddlyshaped density plot with low gamma (0.208rsus
0.454 for standardRGB) indicates that torenapping has been
applied. Tone mapping is intended to redgtEbal contrast while
maintaininglocal contrast, but there is no way @étermininghow
well local contrasts maintainedvith this type of test chart

A new approach to dynamic range
measurement

A practical measurement of dynamic range mustvanghe
question,
of i1 | u Wrobuatmeasurefeshouldgivea reliable indi
cation of local contrasivhen tonemapping has been applied and
mustbe immune tceerrors caused bgnedium range flare lightas
described above

To meet these goals we have developed atestichart called
the Contrast Resoltion chart that containgairs ofrelatively low
contrast (2:1 atio = 6dB)gray patchesnside twenty largegray

patchesvhoseOptical Densities (ODs) rargrom base + 0.15 to
base + 4.90 in steps of 0.25, equivalent to 95 dB. (If the lightest and
darkest small patchesgere included, the total density rangeuld
be5.05 OD =101 dB.) Figure 6 illustrates the overall chancept

Figure 6: Contrast resolution chart concept

The physical Contrast Resolutiomart is made from two layers
of 8x10 inchcolor photographic film. Thdeft side of thelarge
patches are used for noise measurements because the small patches
are usually too small for good noise statistiise mean values of
the pairs of light and dark grayscale patches (as well as the means
of the blue and red patcheacluded for visubanalysi§ have the
mean pixel level as the surrounding patch. This ensures that the
small patches will have a minimal effect on tone mapping.

As with all transmissive dynamic range charts it must be photo
graphed in a completely dark veronment. Opaqueblack cloth
(velvetor felt) should cover any objects that might refi@ghificant
amounts oflight back to the chart, which would compromise
measureents.

Contrast resolution results

Figure 7 contains results for an image of the Contrast Resolu
tion chart takerwith the Sony A7R full -frame mirrorless camera
at Exposure index= 1SO 100 The lens was the-8lement Canon
90mm TSE /2.8 set to f/5.6Sensor gnamic range, measured from
a minimally-processed Cdrast Resolution chart image, is 13 EV =
78 dB.Many of the results are identical to standard grayscale charts,
but the results shown in magenta are uniquely defined for the
Contrast Resolution chart.

The upper plot in Figure 7 contains two thick curves. The gray
curve is thdogarithm of thestardard signab the pixel levelof the
larger gray pathes. The magenta curve (below the gray curve) is the
logarithm of theContrast Resolution signal Gcr), defined as the
differencein pixel levelbetweenthe small light and dark gray pat
ches (which have a 2:1 contrast ratio or 6 dB difference on the chart).

The lower plot shows the standard SNR as a gray curve and the
Contrast-Resolution SNR ENRcr), defined ashe ContrasReso
lution signalScr divided by the noise measured in the @&argray

fi H o-wontrast abjedtsiveea wede @nge 0 putch) as a bold magenta curve.



or= T T T T e ==
SNR (dB) for R, G, B, and Y or Gb'channels. Grayscale patches.

05 |- Signal (8}is the Y-channel.- SNR (dB} = 20"log 10(S/N}}

Ref: Default values

i -1 | __ Signal for SNR derived from normal patch L

@ =

2 A

8.5 oyl

2

g

= 2 Pivel offsat =0 min=0) 7
o

] | " GContrast-Resclution-Confim-Aute |
£-25 0,-4' 28-Now-2017 01:36:12

= Gamma = 0.438 = 1/2.28
]

[}
.,
.

Dynamic Range (from siope) = 81.2dB 7

s
35T ' 15 10 5 1
R“’U"&: Default Exposure error = 0.72 fstops
4 H 2 . H . H i h H
50 T T T T T
28-Now-2017 01:36:12 10 1

5320x7968 Pixels 48-bit color
40 I Gamnia = 0.438 = 1/2.28

Pixel offset =0 {min =0}

SNR (dB)
[
=]

o

=)
h%

o Red
- Green
! . Blue
! =@~ {luminanca)

===fl == Contrast Resolution

20 L L L L L L
100 90 80 70 60 50 40 30 20 10 0

Exposure in dB (-20*target density) Nominal values

Figure 7. Results for the Contrast resolution for the Sony A7Rii, showing
Contrast Resolution signal and SNR.

Figures 8illustratesthe visibility of low contrast femre® the
small light and dark gray patchdsis createdby adjusting the mean
pixel level of eachlargepatch(including all innerpatche} so that
they allhaveidenticalmean pixel levels(This would be mening-
lesswith traditional gragcale charts.)Ve have had the best results
usingthe Y (luminance) chamel from CIE 1931 xyY spac€Y is
linear)to adjustthe image
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Figure 8. Image adjusted so large patches have
equal average luminance level.

The first number irthetop line of each patch is the standard
signal level(normalized to th maximum level for the bit depth),

displayed as the gray curve in the upper plot of Figure 7. The second
number is the Contrafesdution (light-dark patch) signal level

Scr, normalized to the standard signal level, displayed as a dotted
magenta curvén Figure 7. This number is closely related to the
visible patch contrast in Figure 8, which is effectively normalized.

The bottom line of each patch displays the stan&A& and
ContrastResolution SNRSNRr, (as ratios). These numbers are
displayed in the lower plot of Figure 7 in dB as gray and magenta
curves, respentely.

For this image, which maintains good contrast in the dark
patches (as far as patch 17), feature visibility is dominated by
SNRr. Patchl5, which is the darkest patch where the inner squares
are clearlydistinguishabldhasSNRr = 1.40 (3 dB).

When the chart was acquired with the Canor8@6 f/45.6
zoom lens at f/5.@he standardsignalin the darker pahestended
to be slightlylighter because of addeatiling glare but the Con
trastResolution signatcr and visible color saturatiomeresignifi-
cantly reducedSNRr is comparable to the 90mm lens image, but
feature visibility is lower, especially in patches 13
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Figure 9. Portion of equal luminance image for the
75-300mm lens for patches 9-17.

For this imagethereducedContrastResolution signafcr sig-
nal plays a significant role in reducing feature visibility. More-per
cepual testing is needed to developediable visibility metric but

at least we have a clepath forward whichis n 6 t awithi | abl

standard grayscale chattet lacklow contrast features

Contrast Resolution with added veiling glare

Figure D shows the test chart photographed in frdra targe
LED lightbox. The light surrounding the chart (which we kept in its
mount) significantly increases veiling glare.

Figure 10. Contrast Resolution chart in front of large lightbox
for measuring veiling glare.
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Figure 11. Portion of equal luminance image for the Contrast Resolution chart
in front of large lightbox. 75-300mm lens, patches 9-17.

have different scales (minimum values-dfand-3, respectively),
so they diffetby more than they appear at first glance.

Note the decrease in visibility of low contrast features as we go

from Figure8 (a high quality prime lens) to FiguB(a consume
gradezoomlens to Figure 1 (the zoomenswith light surrounéhg
the chart shown in Figure @). The extraflare light improves the
standard SNR (the number on the lowight of each patch
measured from the large gray agdy) starting in patch 14but
degrades the Ctnast Resolution SNRThis is a good example of
how using standard SNR measurements can bkeadisg in the
presence of flare lightUnfortunately we found some problems with
reflections whenwe tried thisapproach with camera phes that
need to be close to the chart, soame &génerally recommenid

HDR mode in a high quality camera phone

The Google Pixel phone hasswitchable high dynamic range
mode called HDR+ that perfornseme remarkable imageoces-
ing [5] thatincludesnoise reduction antbne mappingtarting with
multiple underexposed imagésat are resistant to highlight satu
ration We usel the Contrast Resolution chart to study lesfor-
mance of HDR+

Figure 12. Portion of equal luminance image for the
Google Pixel phone with HDR+ OFF (linear mode) for patches 9-17.

Figures 2 and 13 show crops of the equal luminance image for
HDR+ OFF and ON, respectively. Differences are highly visible.
HDR+ had much better visibeppearance as well as SN both
standard and Contraflesolution measurementdote the blurring
in patches 13 and 1of the HDR+ image (Figure3). Blurring (low
pass filtering) is a common strategy for reducing noise.
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Figure 13. Portion of equal luminance image for the
Google Pixel phone with HDR+ ON for patches 9-17.

Figures 14 and 15 show tonal response and SNR for HDR

OFF and ON, respectively. Note that the upper (log pixel level) plot

Figure 14. Contrast resolution results for the
Google Pixel phone with HDR+ OFF (linear mode).

Figure 15. Contrast resolution results for the Google Pixel phone with
HDR+ ON. Note that the scales of the upper plots of Figures 15 and 16
are different: minimum values = -4 and -3, respectively.

Portionsof the two plots are grayealt because either standard
SNR orSNRer is well below zero, hence thesesultsare neither
reliable nor repeatable.

Gamma for HDR+OFFis 0.434, close to the ideal emiiog
value for sSRGB. Gamma for HDR3N is 0.285, indicative of much
lower contrast daused bytone mapping), but the Contrast Reso

gution signal is consistently higher by about 0.5 {jagnits), which



