Archiving, o

June 1-4, 2010
Koninklijke Bibliotheek
Den Haag, the Netherlands

Scanner and Camera Imaging Performance:

Benchmarking and Workflow Monitoring
Don Williams, Image Science Associates
and Peter D. Burns

d.williams@imagescienceassociates.com
pdburns@ieee.org

Course objectives

This course will enable the attendee to:

* Describe several standards to characterise scanner and
camera performance

¢ Evaluate manufacturers' claims of imaging performance

« Identify sources of performance variation in digital image
conversion

¢ Understand user requirements for analysis software

* Apply summary measures to monitor of imaging performance

* Develop test plans, and apply corrective-action solutions to ill-
behaved performance

* Identify key questions to ask imaging professionals and service
providers

IS&T's Archiving Conference, 2010




Introduction

SNCU'PRESSTHEIBUTTON, WE DO

What makes cultural heritage
imaging so different ?
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L T - Future repurposing
= - Casual viewing
vs. critical information
- Variety of use cases
- Strong scientific component
- Information durability
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Outline

¢ Whatis an imaging capture system ?
- Light, Object
- Lens and Sensor
- Process
What is a digital image ?
Methods and tools for measuring imaging performance
Image speak : Vocabulary : Taxonomy
Performance metrics
- Signal
* Resolution
* Tone/Color
— Noise / Artifacts
¢ Light
* Space
— Worflow Monitoring
— Test plan suggestion

AIC;xx

Reference to AIC Guide page #
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What is a Digital Imaging System? ( for capture)

A collection of optical, software, or electronic functions that
convert, encode, or otherwise act upon images or their optical
or digital derivatives.
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The performance of a digital capture system is influenced by all
of the above, in addition to operator training and environment.
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Types of Digital Capture Systems
- Scanners vs. Cameras -

* Fully Integrated - all capture components combined into a
single plug-and-play scanner unit
- Flatbed scanners — Epson ($), Creo IQSmart3 ($$$)
— Copy Stand - Zeutschel, 12S products, Stokes
— Special Purpose - Kirtas, Treventus, and Qidenus

* D-I-Y Copy stands (i.e. camera-on-a-stick)
— Camera Backs - Betterlight, Hasselblad, Sinar,
— Digital SLRs - Canon EOS, Nikon
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What is animage? How is it characterized ?

- A two dimensional spatial structure of varying light or energy levels.

- Iltis characterized by measuring physically realizable light levels over
a two dimensional space. These levels are often classified into
colors types.

- These variations can occur over short distances, like edges, ( high
frequencies) or larger distances or areas, like sky or facial features
(low frequencies).

Light Level Cross Section
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How is the Reflectance / Transmission
of Objects Characterized ?
1000 units reflected _ 4 5qq reflectance = 0.0 density
Incident 1000 units incident
Illumination -
1000 units .
100%“‘3_“9(1 =0.100 reflectance = 1.0 density
1000 units incident
_ 10units reflected  _ 19 reflectance = 2.0 density
1000 units incident
_ Aunits reflected - 9o reflectance = 3.0 density
1000 units incident
Reflective
or
transmissive /4 T
hardcopy : Density = - log,, (reflectance)
N Like the Richter Scale for measuring earthquake magnitude,
: density is also a “log” based metric. Each unit change in density
a is a 10x change in the magnitude of light ( reflectance). Log based

units are frequently used for gauging equal differences in
perceived magnitude.
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Know your Collection
- Typical density ranges (/ight) for collection content -

B&W Photographic Paper

B&W Photographic Film <«
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The Lens

The most important item affecting resolution in a camera

Lens Elements

(ol

http://Iwww.cambridgeincolour.com/tutorials/camera-lenses.htm
- Aperture (F-number) extremes tend to produce the worse results
- Higher F-numbers increase depth of focus but resolution suffers
- Lower F-numbers tend to perform better but suffer from artifacts
- Always inspect for color misregistration at corners of the field of view
- Some lenses (telecentric design) are optimized for digital cameras

- Zoom lenses are convenient but suffer from design compromises.
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Sensor / Detector Technologies

What is the least expensive way to quickly capture
large amounts of high quality color image information ?
( cost ,speed, volume, quality)

Single detector or one detector for each color - flying
spot scanners, drum scanners.

Linear arrays — one dimensional ordered arrangement of
single detectors

Area arrays - two dimensional ordered arrangement of
single detectors.

Step and Repeat (Macro or Micro) area strategy — capture

and combine several area captures into a single large
image
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2-D Area Arrays
- Color Filter Array (CFA) pattern -

Three filter mosaic pattern ( Red, Green,
Blue) of sensors. Sometimes other
patterns are used but the “Bayer”
pattern ( shown here) is by far the most
popular. Used in virtually all consumer
and professional digital cameras

One shot /one layer, sparsely populated
color capture. Fully populated color
achieved by interpolation algorithms
(de-mosaicing) or micro-stepping.
Color filters integrated onto the sensor
chip at manufacturing.

Occasionally will have subtle
checkerboard artifacts or color aliasing
rainbows in final delivered image.

From : The Focal encyclopedia of photography
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Rainbow artifacts from CFA reconstruction

Usually occurs with fine spaced repetitive patterns
- fabrics, engravings, halftones, target features -

Due to the inability of the processing algorithm to
accurately estimate the missing color pixels of a CFA

AIC;17 IS&T's Archiving Conference, 2010 14




Linear Arrays ( Tri-linear)

* Three filtered ( Red, Green,
Blue) rows of sensors

* The sensor stares at the object
in the row dimension and scans
by the object in other direction.
Sometimes called a pushbroom.

¢ Used in scan back cameras

* (e.g.BetterLight, PhaseOne FX,

Seitz), flatbed scanners and
most film scanners.

* Frequently have different
performance behaviors in the
two different directions.

* Frequent streaking artifacts From : The Focal encyclopedia of photography
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Then a miracle occurs
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Light - electricity > numbers
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ik Bit Depth - Light intensities reaching the

f detector are assigned one of 2" digital

count values for each of M color

channels. For high quality re-purposeable

ik you should be more explicit here in images N= 14-16 bits and M=3 color (RGB)
channels. This is referred to as N bit

byCharles Betz

quantization.

26 =256 values ( 0-255) : 26 = 65536 values (0-65535)
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N bits — M Channels

Raw or Safety Master image files are often delivered as 16 bit/channel
or a total of 48 bit color. These files are often maintained as digital or
safety masters because they allow maximum future utility.

16*3
2063 = 65536 levels for each of three colors. 48 bit color

More commonly, a scanner’s or camera’s software will use the higher
number of bits to provide a “delivered file” of lesser number of bits
that is consistent with a user’s specific application. Future utility of
this finished file is compromised though.

2' =2 levels (0-1) one bit or bi-tonal image
2= 256 levels ( 0-255 ) 8 bit or grayscale image

2®% _ 256 levels for each of three colors. True or 24 bit color.

AIC;37-38 IS&T's Archiving Conference, 2010 17

Image Processing
- the brains -

=g vew Window Help
SFREdge cirl+F

* Image processing functions will affect imaging e o
performance measurements. These include, vl S

- Image resizing, rotation o
Sharpening

Tone/Color adjustments
Color profile changes
Noise reduction

* Two approaches for performance measurement
— Practice - measure the “as delivered”image file
consistent with workflow practices.
— Benchmarking - measure the raw image file with as
many functions as possible set to “null”.

IS&T's Archiving Conference, 2010 18




What is a digital image ?
- general imaging steps -

Interpret
input —  Acquire Process 4 — orland —> output
. Display
N 2 N J
CAPTURE
. N DISPLAY
Encode - Converting light to numbers 1 pecode - Conve, rting numbers to light

“The Delivered Digital Image”

I

I

i A numerically encoded proxy of the original
i object....or intended output display
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A digital image is an oxymoron

E “The Delivered Digital Image”

}
}
i A numerically encoded proxy of the input |
1 original....or intended output display. 1

o O U R R U 1

Once digitally captured, the original image content ceases to exist as
light intensities.

It is now encoded as a numbers ( count or code values ) of a digital file.

The encodings ( numbers) do not become an image until they are
reconstructed and interpreted on the output as light on a display or
ink/toner on print.

Because these numbers are easily manipulated (image processing), ISO
imaging capture performance metrics attempt to trace the data back to
the original scene input intensities ( input referred ) or expected output
intensities ( output referred ).

IS&T's Archiving Conference, 2010 20
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Cameras have always encoded images

- They (encode) object color characteristics.
- Reproduction requires (decoding) the pixel values
to display the image for particular audience or purpose.

Color Negative Film — An Analog Color Encoded Image

Color
Capt .
Source apture Negative Display .
Object Densities
( Encoded)
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Digital Capture Systems Encode Color.
They do not reproduce it.

Color digital camera path

Capti Displ
Source aptare Eg‘;%?]id _____f[’_"_‘{’_* Printed or
Object Values display
Digital negative?
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1 |67 [199] 15
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How are these numbers used to measure image
goodness ?

Accuracy - the captured image values from a target are
compared against established aim values. These values are
typically use-case dependent.

Precision - Tolerances around these
aims are also provided. Small
tolerances imply greater precision but
also higher production costs. The
opposite is true for large tolerances.

* Performance is more about
consistency ( precision) than accuracy.
In imaging, accuracy is often not

Aim - The point or
set of points intended

S t0 be hit
absolute but rather a preference. Iy open
IS&T's Archiving Conference, 2010 23
-Targets -
a requirement for disposable dog biscuit packaging
AIC;20-21
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Understanding through Measurement

Ground Truth + Analysis = Insight

(Copyrght 2008 Image Scence Associstes 2%
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Targets
- object surrogates -

* Intended for both calibration and performance
testing

* Act as an archeological reference for light and
resolution values. Indispensable for change
detection.

* Got software?
» Standards compliant?
* Things to consider:

- How many of these colors are in your collection ?
- Are they spectrally neutral ?

- Are they self described ?

- How much micro-structure ?

KODAK Gray Scale  © @ M

IS&T's Archiving Conference, 2010 26
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Device Target Elements

1) I1SO Frequency Response (SFR) and
resolution over the field of view. (7” x 10”)

2) Human interpretable resolution features

3) Dimensional scales for to confirm “dpi” levels
4) Automated feature detection

5) Neutral gray uniform background

6) Self described colorimetric patch annotations

7) Ten spectrally neutral gray patches

IS&T's Archiving Conference, 2010 27

Object Target Elements

[ [ ﬁﬂ

* Concise version of the device target.
* Enables 100% quality control.
« Calibrated spatial & colorimetric ground truth
to original object ( Think sustainability )
» Same features as device target
- SFR and Resolution
- Spectrally neutral grayscales
- Dimensional scales
- Automated feature detection
- Self described colorimetry

IS&T's Archiving Conference, 2010 28
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- Image Speak -

IS&T's Archiving Conference, 2010 29
Image Speak - Vocabulary
- staying dry in a storm of performance idioms -
Acutance Geometric Distortion
Lateral Color ~ White Wobble
Error Balance ?e%h of Sharpness
el
Shading Delta E Exposure
Sharpening Gamma .
Exposur Noise | Fiare Aliasing Dér;ir;::
Resolution ‘ ‘ ‘ "
Y
IS&T's Archiving Conference, 2010 30
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Imaging Performance Framework

How terminology and metrics are organized

£ Signal .
g? E 8 Noise
N 30
ST
g OECF 5 2 . N
S \ ) SFR [ Light Intensity Distortion
& § (9%%’”5;3;?."'“ (spatial Frequency (& NPS Geometric Distortion
& I Function) Response) (Noise Power Spectrum)
Total Noise Chroma -
& . Noise > g
2 N Temporal | Fixed pattern g g B
2] 0= £ &
g |8 § g 3 el ol il e | el 3 E
5 |2 &85 |d|y Y z A R AR N
Q g3 2 o < £ £ g £ N ol d
RN RS N ) 8| | E| & 5 < HES
= - NS S=|8 [ E g 3 5| B 8 H |8 HEER
o 9 2o | S| 93| 5 Ys [ AR 2 2 |5 |8 g =8
S wlE| e85 S S/]S| @ £ B I A B I I A BN S I S
NN RESTRIE REE NI R
s U El &% |3 RS < £ =
= |8 s |4 x| H g ® 3|5 B
SRR g s § |885|8]f el |dkls
E BEEHEER AR EN
$ © 9|8 8| s
2 £ 5181 %93 3|8
§ 218 | 8 &
* While imaging noise is generally considered to be of a random or stochastic granular nature ( e.g., photographic film grain), it can actually take

many forms. We have chosen to categorize it in both by its deterministic and stochastic behaviors.

Pincushion/Barrel (cetermnstc)
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Understanding through Measurement

= Important Imaging Characteristics -

Signal

Any numerical difference with respect to a chosen reference

- Spatial Frequency Response ( SFR) - spatial interaction of signals

- Opto Electronic Conversion Function ( OECF ) — stimulus/response of
large groups of signals

Noise / Artifacts

Any departure from an idealized or expected signal
- Light intensity distortions
- Spatial or geometric distortions

IS&T's Archiving Conference, 2010 33

- Signal -

SFR - spatial interaction of light

OECEF - stimulus/response behavior of
large (image/object) areas

IS&T's Archiving Conference, 2010 34
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Spatial Frequency Response (SFR)

ISO 16067-1, 16067-2, 12233, 15529

FEDERAL AGENCIES
DIGITIZATION GUIDELINES INITIATIVE

~ HOME
~ NEWS & EVENTS
~ STILL IMAGE WORKING GROUP

~ AUDIO-VISUAL WORKING GROUP

RELATED RESOURCES

Glossary of Tarms

Sustainable Formats

M Ass  E=dE-Mail

would requi

http://lwww.digitizationguidelines.gov/
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Framework Context

/\
FR - Spatial Frequency Response- ( 150 12233, 150 16067-1, IS0 16067-2, 150 15524 )
- Modulation Transfer Function

definitions : 1) A descriptor of an imaging system’s ability to maintain the relative contrast
of input stimuli of a given spatial frequency.
2) A spatial frequency descriptor of an imaging system's ability to maintain the
relative contrast of features within a given spatial proximity.

Primary
Functions

Sampling Rate Resolution Sharpening Acutance Flare Depth of Focus
Definition: The | Definition: Animaging | Definition :Amplification of |  Definition : An Definition:a | Definition: The
" reciprocal of the system's ability to | the SFR by means of image |  objective SFR skirty or wide | distance along the
28 | center-to-center | resolve finely spaced processing to achieve | based metric that is | spreading of | optical axis that
_g 8 | distance between detail. sharper appearing images | used as a correlate light. remains within
8 2 | closest adjacent The level of spatial to perceived image acceptable focus.
pixels. The detail that can resolved sharpness.
number of in an image
samples per unit
distance.
- Megapixels ~ Blurred ~ Qversharpening ( haleing, garish - Sharp ~ Low contrast - Depth of field
o - Dots perinch (dpi) | - Soft edges) — Hazy - Circle of confusion
E 'g el- Pixels per inch (ppi) | - Sharp ~Snap ~ Ghosting - Focus tolerance
10 o i | - Sampling frequency | — In/Out of focus —Edgy, Sharp, Crisp - Veiling flare - Hyperfocal distance
3 i - Spherical aberration ~ Edge enhancement - Glare
v — Spatial detail - Unsharp masking - Integrating cavity
effect (ICE)
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What is Spatial Resolution

....and what are all those related terms ?

* The ability of an imaging component or system to
distinguish finely spaced detail. Specifically, the ability to
maintain the re/ative contrast of finely spaced detail.

* Highest frequency ( smallest distance) at which light and

dark parts of image are reliably distinguishable. Sometimes
called /imiting resolution,

Related Wording

¢ Limiting Resolution, Resolving Power

* Spatial Frequency Response - SFR

* Modulation Transfer Function - MTF
AIC;34-36
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Space and Frequency

* Two ways to look at image details
- ?pac;e: size of the smallest important (signal) feature
mm)
— Frequency: How many small important features/area
will my image store (number/mm, cycles/mm,
dots/inch, pixels/inch)

* Thereis an inverse relation between size and frequency.
Small size implies high frequency.

* Why use space vs. frequency descriptions?

— Compatible with engineering descriptions of
information, bandwidth

— Simplifies some forms of system analysis

— Compatible with several visual image quality
descriptions

IS&T's Archiving Conference, 2010 38
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Spatial Resolution

¢ Two factors in a digital imaging system dictate the level of spatial
resolution or detail that can ultimately be captured.

— Quantity; sampling frequency (i.e. samples per mm, inch)

* Sets the maximum capability limit that can be realistically
achieved.

- Quality; effective optical quality
¢ Defines the level of optical “blur” that the imaging optics,
environmental factors, hardware, and image processing
impose on the captured image.

e These are necessary but insufficient components, by themselves, for
capturing spatial detail. Simply improving one to reconcile

deficiencies in the other will not enhance real resolution performance.

IS&T's Archiving Conference, 2010 39

Understanding optical quality

Three things to remember
* Light deforms
* Lightis conserved

e Lightis additive

IS&T's Archiving Conference, 2010 40

20



We can start with a single spot of light

(before being imaged)

Cross section of ideal light spot
- 10 units of light -

0

| o] of o|l ofiél o/ o| o] of
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Light spots deform, but conserve their energy
(upon being imaged)

- Point Spread Functions -
some ways a light spot can spread

befare after

Light deforms or spreads upon being imaged,
but the total amount of light for each spot remains constant

IS&T's Archiving Conference, 2010 42
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Light energy is additive

Multiple, neighboring spots of light

‘ ]
AN AN A <

[\ [ |/ | J | SFRsignal response = modulation

B A
AN

0 o0 200 a0 00

* The larger the spot, the more it influences neighboring spots.

* It does so by reducing the contrast (signal) between light and dark regions

* This diminishes our ability to differentiate ( resolve) spatial detail both
visually and analytically
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Increasing spot size, same sampling frequency

0 300

N NN NEVAVAVAN 1/ N\
IAVWAWA L/ \ 1/ \
[V VUV 1/ \ W

/ \ I/ \

* Spot size ultimately determines real resolution

The spacing between spots (i.e. sampling frequency or quantity) simply
sets the maximum potential spatial resolution

IS&T's Archiving Conference, 2010 44
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- Hubble Space Telescope -

Same sampling frequency
and pixel count

Different spot size

Different resolution

Before lens modification

After lens modification
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Sampling Frequency vs.
Spot Size...and real resolution

"e
(&= 17|’ resolved 081 Iy

v d

oo <
Wit resolved ¢

0

Cross section lllustration of two lines just
- I | solved resolved (i.e. limiting resolution) according
to the Rayleigh criterion (c. 1879)

peak-to-peak difference = mnodulation= 1.0-0.81 =0.10
peak-to-peak sum 1.0+0.81
IS&T's Archiving Conference, 2010 46

23



How signal is measured for SFR

For a given spot size, the amount of contrast or modulation is
measured as the spatial frequency of spot centers increases.
(i.e the distance between spot centers decreases)

A A N A N AVETA
Ly LT 7
/ \\\ / \\\ /1-'-"\\'\ f / WEN/E | | \

\J\iJ/ |

peak-to-peak difference

peak-to-peak sum =modulation
Q Half-sampling
"~ | frequency
Spatial frequency ———p
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Sampling Frequency is not Resolution

Resolution Wedge Test Feature Example

DPI (PPI) -> Quantity of data
Resolution -> Quality of data (information)

Increasing # lineslinch —200 (line width =1/200 )

_300 (line width=1/300)

Q- === ————

“ _ 400 (line width = 1/400 %)

IS&T's Archiving Conference, 2010 48
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Sampling Frequency (DPI) is not Resolution

real data example : results are not simulated

Limiting resolution = whenever all five lines are undetectable

200 dpi level
( ™ o . st
—

300 dpi level

—
- » Ld -
Resolutic
. 400 dpi level

Frequency

{ 200 dpi 300 dpi 400 dpi | 600 dpijl

Though the sampling rate is increased to 600 dpi the
true resolution for this scanner is only 300 dpi.

IS&T's Archiving Conference, 2010
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How limiting resolution fails to predict quality

& why the SFR is better for doing so.

SFRs for RIT Targets

Spatial Frequency ( cyclesmm)

| | | |

. 07 SFR for right targets | |

2 | | | |

2

] 0.6 | | | |

= | [ | |

§05 SFR for middle targets |

k] I I I I
S 04

B | | | |

208 - - - - o d - — N\ -\ - T 4

| | | |

0.2 | | | |

SFR for left targets | | | |

01 I I [ I

0 | | —_— !

0 2 4 6 8 10
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Different SFR shapes and their meaning

Sharpened

1.0 T

. Normal

- Low contrast - Flare

SFR response

0.5 o
Limiting resolution will generally
correspond to the spatial frequency having
a 0.10 modulation transfer value

0.0

Increasing spatial frequency ———»
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Image Quality is not Imaging Performance

phote courtesy of P.B:

Resolution

0 0.25 0.5
Frequency, cy/pixel
IS&T's Archiving Conference, 2010
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How is the SFR really measured ?

1ISO 12233, 16067-2, 16067-2, 156529

All you need is an image
of a good slanted edge

10 20 30 40 50

sl SCANNER SFR & OECF #1 g Wh!! edges ?

50 100 150 200 250 300 350 400 450 500 550

- Naturally occurring features
- Easy to manufacture targets
- Concise
- Used for visual judgments of sharpness
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Flatbed scanner using a linear array

slow

Leff Yertical Edge Right Verfical Edge
1.000- | 1,000+
: [ Max. measurable frequency b ‘
0.800- . X 0.8007
E | at 600 dpi sampling 1 %
0800° T 1 &
p _l 0. L
fast 0,400 ‘/ 0.4 -
: , N
- — “-&q"""‘—"‘ BO007, 4y b e —
0 20 40 B0 8D 100 120 140159 00 20 40 60 80 100 120 140 153
(Eneige Graph) (Enlenge Graph)
Upper Horizontal Edge Lower Horizonfal Edge
1,000 |
0:800- {
A e
400+ \ 0.400-
oINS CHEA
e e o 000 o ntre o e e e R
00 20 &0 G0 80 100 120 140 153 00 20 40 60 B0 100 120 140 159

The horizontal (slow) scan direction SFRs are lower due to the motion of the linear
array in the scanner. The duplicate edges in both directions measure the same
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What causes SFRs to vary?

* Wavelength : IR, red, green, blue, UV
* Optical quality of lens ( fixed focal length vs. zoom)
* Lens assembly

* Lens F-number

* Lens focus

* Filters in optical path

* Scan speed

* Mechanical instability

* Lens hygiene

* Center-to-Corner field position

* Image processing

AIC;17-18
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Resolution, Spot Size, and SFR
- In Review -

The sampling frequency dictates the highest potential
resolution, but it is the spot size and shape that regulate the
actual resolution.

This spotis known as the Point Spread Function (PSF) because
it describes how light spreads spatially in an imaging system.

Spot sizes much /argerthan the pixel pitch do not take full
advantage of the sampling frequency. Poor optics, mis-focus,
vibration and motion effects contribute to larger spot sizes and
are associated with blurred images. Sampling efficiency is one
way to measure this with a single number.

The Spatial Frequency Response is a mathematical
transformation of the PSF that can be useful for corrective
action, diagnostics, and image quality prediction.

SFRs can vary significantly in an image based on optical,
mechanical and environmental factors.
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Opto Electronic Conversion Function (OECF)
ISO 14545

aka
Tone Transfer Curve
or Tone Reproduction Curve (TRC)

Lavav Select Filter View Window Help

Mode * | sty [Normal o
Levek. culsL
Auto Levels Shift+Ctrl 4+
Duplcate. . AutoContrast  AltaShiftaCalaL
Apply Image..
Caleulations. .. Auto Color Shift+Ctrl +8
Curves. Clrl+M
Image Size... Alt4Ctri+ | Color Balance. cti+e
Canvas Size. Alt+CHi+C Brightness/Contrast...
:':i;s::/::“” : Hue/Saturation, ctriy
Desaturate Shift+Ctri+U
crop Match Coor...
Trm.. Replace Color...
Selective Color...
Charnel Mixer.
Gradient Map...
Photo Filter..
Shadow/Highiight.
_o Exposure...
Invert Ctrl+1
Equalize.
Threshold...
— Posterize.
Variations...
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Framework Context

OECF - Opto-Electronic Conversion Function ( ISO 14545)

- g TTF — Tone Transfer Function
Ed - Tone Repreduction Curve
<72 definition : Average large igital response of an eledtronic imaging device to light stimuli
Sensitivity Tone and Exposure White Balance/Neutrality Color Encoding Error
(ISO 12232)
v . aefinition: The reciprocal definition : characteristic definition : equivalence of large | definition: The difference between
}E = of the amount of light behavior of large area digital | area color channel output selected physically measured input
5y necessary to achievea | output response ( count value) | responses to a range of colors and their intended rendering
o desired output response. to spedrally neutral input spectrally neutral input stimuli | from a given color space.
stimuli ( gray patch)
— Responsivity — Too dark/light - Color cast — Overfunder saturated colors
% — Speed — Under/over exposed - Gray balance — Color balance is wrong
oy — Exposure Index (EI) — No shadow/highlight detail — Memory colors are not correct
%E 2 ~ Clipping ~ Color Accuracy
&5 — Contrast — Color Saturation
ki — Exposure Accuracy
— Gamma
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Graphical Representation of OECF

OECF example

el g \
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average green count viflue ( 8 bit)
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Density

Using Density is more revealing since the data

values tend to be more evenly distributed
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PShop Brightness adjustment effect on OECF

W i |
B §m Bn-
I i i

Under-exposed Over-exposed

AIC;29-32
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PShop contrast adjustment effect on OECF

The
SHROPSHIRE
HAUNTS

o

zﬁROPSHIRE
HAUNTS o

o u s wow EE ZEEE N EY

[Apreview

Under-exposed ? Over-exposed ?
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Standards, Guidelines, Exposure
efficiently assigning density to count values
Typical Aim OECF Curves Collection Specific OECF Aims
- NARA Guidelines -
250 250
200 200 \
§ 1501 g 150 \
“ A
50 50
e
U | ‘%_:: %%
0 0.5 1 15 2 25 0 0 05 1 15 2 25
density density
‘ ——ECIv2 —=-gamma2.2 gamma 1.8 ‘ ‘ ——NARA20max —=—NARA 2.4 max ‘

If most measured data values are above a selected OECF aim curve, over-exposureis
indicated, if most measured data values are below a selected OECF aim curve, under-
exposureis indicated. The native, raw, or unprocessed response of digital cameras

isgamma=1.0
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White Balance / Neutrality
-Keep all of the neutrals, neutral -

@® OECFs can be measured for each color channel
using a target’s neutral gray patches.
@ 85% of good color imaging performance is keeping
the Red, Green, and Blue OECFs the same... Really!

0 o2 oa os 08 1 12 14 15 13 2 22 24 26
Density

This is a good example of a well white balanced capture

Note that all color channel OECFs lie on top of each other
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White Balance / Neutrality

3 B BB EN

B

Camera RGB Cote Vaue
]

8

o B & 8 8

This is an example where the white balance performance is marginal.

Note how the blue channel OECF departs from the red and green

OECF

AIC;27
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White Balance Assessment using Photoshop
Histograms

Though gray patches appear gray, the one patch is actually slightly colored.
All three histogram should align if white balance is correct
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Single Stimulus Visual Assessments of Color and Tone are
Unreliable

Edward H. Adelson
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Workflow Performance Monitoring - OECF

Book Scanner Example

APT Scanner 125, left vs. right comparison
Tonescale Run Chart for three neutral patches

200

150

igital count value

100 -

ln

s ik W it

o '
0 10 20 30 40 50 60
scan event (date : time)

—e—Neutral #11, left —=—Neutral #16, left Neutral #20, left
Neutral #11 right —x— Neutral #16, right —e— Neutral #20, right
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-Workflow Performance Monitoring - OECF
four-day holiday syndrome

APT Scanner 125, left vs. rig
Tonescale Run Chart for three
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What causes OECFs to vary?

Non-standardized software selections
Confusing software driver settings
Individual color/tone preferences
Lighting variability
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OECF - Summary and Recommendations

There is no single bestor standardized OECF. Most are based on policy
maker or user preferences for the “look” of the image with respect to a
particular use case.

Generally, any gamma setting between 1.5 - 2.5 is fine for capturing all
significant image information for common reflection media densities.

The important practice is to document what the OECF is for ease of
future image reproduction and rendering.

80% of good color management relies on keeping the neutrals neutral.
Do not assume that individual color channel OECFs for a gray scale
target will be identical. By documenting the OECF though, any mismatch
can usually be corrected. ( called “corrective action”)

Leave sufficient CV ”buffer” in the OECF for future tone and seatial
image manipulations. D, =15 count value (CV), D_;,,=240C

An alternative to documenting the OECF is to include an image of a
grayscale target in each digital image file and maintain it as part of the
image file. Be sure the optical densities of each patch are somehow
indicated.
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A few words on Color Accuracy, Color Encoding,
and Delta E

* Color accuracy implies that two physically realizable
colors are at hand to compare. Delta E is a measure of
the extent to which they are different (i.e. color error)

* Color spaces are nothing more than standardized code books of
how RGB color triads should be interpreted as real colors.

* Assumptions on how RGB code values will ultimately be
interpreted (i.e. rendered or decoded) as physically reproduced color
are often very wrong. Include documented targets as insurance.

* Delta E metrics for digital capture devices are suitable for
performance consistency monitoring but not as absolute measures
of color accuracy.

* Delta E metrics are also suitable for verifying compliance of
Safety Master files that are likely to be used for creating
derivatives to other color spaces.
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- Noise / Artifacts -

Any departure from an idealized or expected signal

- Spabha) or geometric distactions
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Framework Context

Primary
Function

Light Intensity Distortion —

definition: The deviation of any given spatially imaged point from an aim energy value relative to the input object.

Prirmary
Functiens

Noise Power Spectrum (NPS)

Total Noise

Definition : A spatial frequency descriptor of the sources of radiometric noise
of an imaging component or system

Chromatic Noise
Definition : The inter~color channel radiometric
deviations relative to an identified aim

Derivative
Metrics

Temporal Noise

Fixed Pattern Noise

Color Uniformity

Color SFR uniformity

deterministic)

Random Banding/ Defects Light Falloff
(stochastic) Streaking stochastic; (deterministic
Definition : The {deterministic) Definition : Definition: A
root mean square Definition point or deviation in the
deviation ( std. One clusters of effective illumination
deviation) of both dimensional defective or | over a capture

color channels

Definition : A difference
in light falloff between

deterministic]

Definition: The
differential spread of
light between color
channels.

temporal and fixed patterns poorly device’s field of view;
pattern noise for a corrected pixels | usually with lower
single color illumination near the
channel field's outer extent.
~Temporal noise = Stripes ~Hot, Cold, or ~Vignetting = Rainbows = Colored edges
o 2 - Grain - Banding Dead Fixels - Relative illumination - Color Bleed
S8E - Shot noise - streaking - Wounded Pixels — Fringing
238 - Read noise - Blinkers
kS - White noise
IS&T's Archiving Conference, 2010 73
P - Geometric/Spatial Distortion —
=)
35
2 2 definition: The deviation of any imaged point from its intended or aim spatial position relative to the input object.
g
Field height Regional Color Misregistration Aliasing Spatial SFR uniformit
diagram deterministic deterministic deterministic] (luminancel
dets stic) » » » ) (deterministic)
_g g SlEMmInE Definition :A Definition : color-to-color Definition : A sampling
S5 Definition : A change in locally varying | spatial dislocation of effect that leads to spatial Definition: A difference in
g 5 magnification of an deviation in otherwise spatially frequencies being falsely | luminance SFR as a function of
imaged object as a intended spatial | coincident color features | interpreted as other spatial optical field position
function of field position of an | of an imaged object. frequencies
position. imaged object
— Pincushion - Wobble - Colored edges — Jaggies - Blurred or soft look near corners of
- s — Barrel - Jitter - Chromatic aberration — Moiré image
% = £ — TV distortion - Lateral chromatic error(LCE) — Pixelization - Spherical Aberration
E 5a — Field Curvature — Potential for aliasing - Coma
< - Skew
— Keystonin
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Scanner Noise Characterization

RED Noise.

T s [ N S | [ |

‘GREEN Nofse:

BLUE Noise.

Instead of calculating the average count value
for each neutral patch region, the standard deviation
of the count values is calculated and plotted instead
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Two Forms of Random Noise

Fine-grain noise -> Course-grain noise ->
high frequency fluctuations low frequency fluctuations

e

Both of these images have the same amount of total noise
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One-dimensional random noise
- banding and streaking -

- Often found on devices using linear arrays
- Contrast and equalize enhancements are
useful in detecting such noise behavior

Following contrast enhancement
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A few words on image noise

* Noise values above 5 count values should
be monitored closely.

* Noise values less than 0.5 may be due to
clipping or aggressive noise cleaning

* High ISO speed values yield noisier images
* Sharpening tend to increase noise levels

* Noise cleaning software should be used
cautiously. If applied too aggressively it will
mistake object texture for random noise and
remove the texture in the photographed
object.
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Artifacts

* Odd imaging behavior that seems to defy objective
measurement...for the time being.

— De-texturing

— Checkerboarding

— Localized geometric distortions
- Sensor defects

— Color aliasing

* Many are technology specific. Just knowing what
type of scanner technology was used allows one to
prepare for certain artifacts
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Visual Inspection for Artifacts

Color Misregistration

Red Color
Misregistration
(Lateral Color Error)

Blue Color
Misregistration
(Lateral Color
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Visual Inspection for Artifacts

Visual assessments of spatial artifacts is quite reliable

- # resolution limit due
optical to CFA de-
resolution mosaicing
limit T~ %
L =
- -
= =
- =
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Visual Inspection for Artifacts
=
]
WL
]
Bad Cam in a Linear array scanner
82
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1907 autochrome
d.williams@imagescienceassociates.com

pdburns@ieee.org
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Test plans

* Design plans based on the scanning technology and features
— Linear arrays have streaking artifacts and bi-directional SFR behaviors.
— A3 and larger - lighting non-uniformity, corner SFR performance.
— Inspect for stitching errors on macro step and repeat devices.

- Idnspect for 2x2, or 4x4 blocking artifacts on 4-shot and 16-shot micro-step
evices

— Inspect for objectionable CFA reconstruction errors.
- Lenses and software tend to introduce the greatest variability.
- Forward and backward scan modes

* Test over reasonable and expected resolutions
— Most flatbed scanners will not achieve > 1200 dpi true resolution
— Capture replicate images at different times.

* Consider performance differences due to capture speed, lens
F-number, and different zoom lens positions.
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Test plans (cont.)

Test both “null” and processed ( delivered ) image files.

Explore and evaluate the image for artifacts, especially at edge
transitions and on highly structured target features.

— Color misregistration

— Wavy or scalloped edges

— Near image perimeter

— moiré patterns on halftones (view at 100%)

Have an acceptance test plan for expensive purchases.
- 300, 400, 600, 800 dpi series
— On-site testing by your operators
— Evaluate over entire field of view.
— Archive test plan images for future reference and comparisons

Except for artifacts, use numbers not visual impressions as evidence.
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