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Ethical	  Figure	  Adjustments	  for	  
Publica=on	  

Bob	  Maronpot	  
Beth	  Mahler	  

Eli	  Ney	  

Image	  Acquisi=on	  &	  Ethics	  
(Photomicrographs)	  

•  Image	  Acquisi=on	  
–  Köhler	  Illumina=on	  

•  Historical	  Photomanipula=on	  (1860’s)	  
•  Increase	  in	  Scien=fic	  Fraud	  Involving	  Images	  
•  CSI	  Digital	  Forensics	  
•  Image	  Adjustment	  Ground	  Rules	  
•  Some	  Ethical	  Image	  Adjustments	  

–  Correc=ng	  uneven	  illumina=on	  
–  White	  balancing	  
–  Remove	  color	  cast	  
–  Cropping	  
–  Sharpening	  

•  Image	  Adjustment	  Guidelines	  
•  Toxicologic	  Pathology	  Guidelines	  for	  Figures	  

Kohler	  Illumina=on	  

August	  Köhler	  
1866-‐1948	  

Kohler	  Illumina=on	  

•  Place	  a	  slide	  on	  the	  stage	  
and	  focus	  the	  specimen	  
using	  10X	  objec=ve	  

•  Flip	  in	  element	  on	  top	  of	  
condenser	  (if	  there	  is	  one	  
on	  your	  microscope)	  

•  Stop	  down	  the	  field	  
diaphragm	  

•  Focus	  the	  condenser	  up	  
or	  down	  un=l	  the	  edges	  
of	  the	  aperture	  are	  sharp	  
(may	  be	  reddish)	  

Kohler	  Illumina=on	  
•  If	  the	  aperture	  opening	  is	  not	  

centered,	  center	  the	  aperture	  
by	  adjus=ng	  the	  set	  screws	  

Kohler	  Illumina=on	  

•  Open	  the	  field	  
diaphragm	  so	  that	  it	  is	  
no	  longer	  visible	  

•  Remove	  one	  eyepiece	  
and	  look	  down	  the	  
barrel	  

•  Adjust	  the	  condenser	  
diaphragm	  so	  that	  it	  is	  
at	  the	  outer	  edge	  of	  the	  
objec=ve.	  
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Photomanipula=on	  in	  the	  1860’s	  

Lincoln’s	  head	  on	  John	  Calhoun’s	  body	  
(original)	  

(original)	  Photo	  by	  famed	  photographer	  Mathew	  Brady	  
showing	  General	  Sherman	  posing	  with	  his	  generals.	  
General	  Francis	  P.	  Blair	  (far	  right)	  was	  added	  to	  the	  
original	  photograph.	  

There	  are	  Photoshop	  Limita=ons	   Scien=fic	  Fraud	  Involving	  Figures	  

•  ~1995	  6%	  of	  accusa=ons	  submieed	  to	  the	  U.S.	  
Office	  of	  Research	  Integrity	  involved	  image	  
fraud.	  

•  2005	  44%	  of	  accusa=ons	  involved	  image	  fraud	  

•  As	  of	  2010,	  if	  you	  apply	  for	  a	  Na=onal	  Science	  
Founda=on	  grant,	  you	  must	  agree	  to	  provide	  
ethics	  training	  for	  students,	  post-‐docs,	  and	  
staff	  
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Scien=fic	  Fraud	  Involving	  Figures	  

•  Journal	  of	  Clinical	  Inves=ga=on	  
– 6%	  of	  accepted	  ar=cles	  have	  evidence	  of	  image	  
tampering	  

•  Journal	  of	  Cell	  Biology	  
– 250	  papers	  accepted	  since	  2002	  have	  
ques=onable	  figures	  

– 25%	  of	  these	  involve	  image	  manipula=on	  that	  
violates	  journal	  policy	  

– 1%	  have	  been	  rejected	  because	  of	  image	  
manipula=on	  

Scien=fic	  Fraud	  Involving	  Figures	  

Scien=fic	  Fraud	  Involving	  Figures	  

2/24/12 5:55 PMDigital Forensics: 5 Ways to Spot a Fake Photo: Scientific American

Page 1 of 5http://www.scientificamerican.com/article.cfm?id=5-ways-to-spot-a-fake

This image has been modified in several places. The
digital forensic techniques described on the
following pages could be used to detect where
changes were made.
Image: SciAm Staff

This story is a supplement to the feature
"Digital Forensics: How Experts Uncover
Doctored Images" which was printed in the
June 2008 issue of Scientific American.

Lighting 

Composite images made of pieces from
different photographs can display subtle
differences in the lighting conditions under
which each person or object was originally
photographed. Such discrepancies will often go unnoticed by the naked eye.

For an image such as the one at the right, my group can estimate the direction of the
light source for each person or object (arrows). Our method relies on the simple fact
that the amount of light striking a surface depends on the relative orientation of the
surface to the light source. A sphere, for example, is lit the most on the side facing the
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A perceptual metric for photo retouching
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In recent years, advertisers andmagazine editors have beenwidely
criticized for taking digital photo retouching to an extreme. Impos-
sibly thin, tall, and wrinkle- and blemish-free models are routinely
splashed onto billboards, advertisements, and magazine covers.
The ubiquity of these unrealistic and highly idealized images has
been linked to eating disorders and body image dissatisfaction
in men, women, and children. In response, several countries have
considered legislating the labeling of retouched photos. We de-
scribe a quantitative and perceptually meaningful metric of photo
retouching. Photographs are rated on the degree to which they
have been digitally altered by explicitly modeling and estimating
geometric and photometric changes. This metric correlates well
with perceptual judgments of photo retouching and can be used
to objectively judge by how much a retouched photo has strayed
from reality.

photo manipulation ∣ photo analysis

Advertisers and fashion and fitness magazines have always
been in the business of creating a fantasy of sorts for their

readers. Magazine covers and advertisements routinely depict
impossibly beautiful and flawless models with perfect physiques.
These photos, however, are often the result of digital photo
retouching. Shown in Fig. 1 are three recent examples of photo
retouching in which the models were digitally altered*, in some
cases almost beyond recognition.

Retouched photos are ubiquitous and have created an idea-
lized and unrealistic representation of physical beauty. A signifi-
cant literature has established a link between these images and
men’s and women’s satisfaction with their physical appearance
(1–8). Such concerns for public health has led the American Med-
ical Association (AMA) to recently adopt a policy to “discourage
the altering of photographs in a manner that could promote unrea-
listic expectations of appropriate body image.”† Concern for public
health and for the general issue of truth in advertising has also led
the United Kingdom to consider legislation that would require
digitally altered photos to be labeled.‡ Perhaps not surprisingly,
advertisers and publishers have resisted any such legislation.

A rating system that simply labels an image as digitally altered
or not would have limited efficacy because it would not distin-
guish between common modifications such as cropping and color
adjustment and modifications that dramatically alter a person’s
appearance. We propose that the interests of advertisers, publish-
ers, and consumers may be protected by providing a perceptually
meaningful rating of the amount by which a person’s appearance
has been digitally altered. When published alongside a photo, such
a rating can inform consumers of how much a photo has strayed
from reality, and can also inform photo editors of exaggerated and
perhaps unintended alterations to a person’s appearance.

Popular photo-editing software, such as Adobe Photoshop,
allows photo editors to easily alter the appearance of a person.
These alterations may affect the geometry of the subject and may
include slimming of legs, hips, and arms, elongating the neck,
improving posture, enlarging the eyes, or making faces more sym-
metric. Other photometric alterations affect skin tone and texture.
These changes may include smoothing, sharpening, or other opera-
tions that remove or reduce wrinkles, cellulite, blemishes, freckles,
and dark circles under the eyes. A combination of geometric and

photometric manipulations allows photo retouchers to subtly or
dramatically alter a person’s appearance.

We have developed a metric that quantifies the perceptual im-
pact of geometric and photometric modifications by modeling
common photo retouching techniques. Geometric changes are
modeled with a dense locally-linear, but globally smooth, motion
field. Photometric changes are modeled with a locally-linear filter
and a generic measure of local image similarity [SSIM (9)]. These
model parameters are automatically estimated from the original
and retouched photos as described in Materials and Methods.
Shown in Fig. 2, from left to right, are an original and a retouched
photo and a visualization of the measured geometric and photo-
metric modifications.

The extent of photo manipulation is quantified with eight
summary statistics extracted from these models. The amount
of geometric modification is quantified with four statistics: the
mean and standard deviation of the motion magnitude computed
separately over the subject’s face and body. The amount of photo-
metric modification is quantified with four statistics. The first two
statistics are the mean and standard deviation of the spatial extent
of local smoothing or sharpening filters. The second two statistics
are the mean and standard deviation of the similarity metric SSIM.

We show that these summary statistics combine to yield a me-
tric that correlates well with perceptual ratings of photo altera-
tion. This metric can be used to automatically rate the amount by
which a photo was retouched.

Results
A diverse set of 468 original and retouched photos was collected
from a variety of on-line sources. Human observers were asked to
rank the amount of photo alteration on a scale of 1 (very similar)
to 5 (very different). Given an original and retouched photo, we
estimate the geometric and photometric modifications and
extract eight summary statistics that embody the extent of photo
retouching. Observer ratings were correlated against the sum-
mary statistics using nonlinear support vector regression (SVR).
See Materials and Methods for complete details.

Shown in Fig. 3 is the correlation between the mean of 50
observer ratings per image and our metric. Each data point cor-
responds to one of 468 images rated on a scale of 1 to 5. The
predicted rating for each image was determined by training an
SVR on 467 images using a leave-one-out cross-validation meth-
odology. The R-value is 0.80, the mean/median absolute predic-
tion error is 0.30∕0.24 with a standard deviation of 0.24 and a
max absolute error of 1.19. The absolute prediction error is below
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Tampered Region Localization of Digital Color
Images Based on JPEG Compression Noise

Wei Wang, Jing Dong, and Tieniu Tan
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Abstract. With the availability of various digital image edit tools, see-
ing is no longer believing. In this paper, we focus on tampered region
localization for image forensics. We propose an algorithm which can lo-
cate tampered region(s) in a lossless compressed tampered image when
its unchanged region is output of JPEG decompressor. We find the tam-
pered region and the unchanged region have di!erent responses for JPEG
compression. The tampered region has stronger high frequency quanti-
zation noise than the unchanged region. We employ PCA to separate
di!erent spatial frequencies quantization noises, i.e. low, medium and
high frequency quantization noise, and extract high frequency quantiza-
tion noise for tampered region localization. Post-processing is involved
to get final localization result. The experimental results prove the e!ec-
tiveness of our proposed method.

Keywords: Image forensics, Tampered region localization, JPEG
compression noise, PCA.

1 Introduction

Along with the rapid development of image editing software (e.g. Adobe Pho-
toshop), digital images can be easily manipulated and tampered images can
hardly be detected by human eyes. Seeing is no longer believing. It is necessary
to develop authentication techniques to verify the integrity of a digital image.

Generally speaking, there are two types of approaches for image authenti-
cation: active [3, 4] and passive [13, 19] approaches. Active approaches often
require pre-processing (e.g. watermark embedding or signature generating), and
they are not desired for practical use in daily life since the image capture devices
are not usually all integrated with watermarking embedding module. Passive ap-
proaches, which gather evidence of tampering from images themselves, however,
have more potential for practical use and gains more attention among researches
in image forensics.

We focus on passive approaches and try to locate the tampered region in a
tampered image. Tampered region(s) localization in tampered image is more
meaningful and convincible than simple detection of existence of tampered im-
age for image forensics. Tampered image detection can only tell us whether an

H.-J. Kim, Y. Shi, and M. Barni (Eds.): IWDW 2010, LNCS 6526, pp. 120–133, 2011.
c! Springer-Verlag Berlin Heidelberg 2011

(IWDW’10	  Proceedings	  of	  9th	  Interna=onal	  Conference	  on	  Digital	  Watermarking	  
Pages	  120-‐133,	  Springer-‐Verlag,	  Berlin	  2011)	  

•••••••••••••••••••••••••••••••••••	  

If	  Found	  Guilty	  of	  Unethical	  Image	  
Adjustment	  	  

•  Banned	  from	  publishing	  in	  that	  journal	  for	  a	  
number	  of	  years	  

•  Journal	  will	  tell	  the	  world	  and	  your	  boss	  who	  
you	  are	  

•  Google	  will	  spread	  the	  word	  about	  what	  you	  
did	  

•  You	  may	  go	  viral	  on	  YouTube	  
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–  Remove	  color	  cast	  
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•  Toxicologic	  Pathology	  Guidelines	  for	  Figures	  

Image	  Adjustment	  Ground	  Rules	  

•  Some	  adjustments	  are	  necessary	  to	  portray	  high	  fidelity	  to	  
the	  original	  subject	  
–  White	  balance	  
–  Correc=ng	  uneven	  illumina=on	  
–  Conforming	  gamut	  to	  output	  

•  Original	  unadjusted	  images	  should	  be	  archived	  
–  All	  adjustment	  should	  be	  made	  on	  a	  copy	  of	  the	  original;	  never	  

on	  the	  original	  unadjusted	  image	  
•  Never	  apply	  adjustment	  to	  only	  one	  part	  of	  an	  image	  

–  Make	  adjustments	  on	  the	  en=re	  image	  (global	  adjustments)	  
–  Apply	  the	  same	  adjustment	  to	  all	  related	  images	  

•  Keep	  a	  record	  of	  image	  adjustments	  

Some	  Ethical	  Adjustments	  
•  White	  balance	  

•  Cropping	  &	  
straightening	  

•  Adjus=ng	  uneven	  
illumina=on	  

•  Color	  correc=on	  
–  Color	  cast	  
–  Desatura=on	  

•  Sharpening	  

•  Adjust	  size	  &	  format	  

•  Convert	  color	  to	  
grayscale	  

•  Remove	  background	  
dust	  

•  Change	  background	  
•  Adjust	  gamut	  for	  output	  

–  RGB	  to	  CMYK	  

Some	  adjustment	  are	  best	  lep	  

	  to	  the	  journal	  image	  editor	  or	  

	  the	  journal	  graphic	  designer	  

White	  Balance	  

Cropping	   Uneven	  Illumina=on	  
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Color	  Cast	  Correc=on	   Desatura=on	  

Sharpening	   Changing	  Background	  Color	  

Gamut	  

Break	  for	  demonstra=on	  
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No-‐No’s	  
•  Images	  should	  not	  alter	  the	  scien=fic	  content	  of	  the	  study	  

–  No	  air	  brushing	  
–  No	  altera=on	  of	  diagnos=c	  features	  
–  No	  cloning	  
–  No	  healing	  brush	  
–  No	  content	  aware	  procedures	  

•  Don’t	  create	  a	  collage	  of	  images	  and	  represent	  it	  as	  a	  single	  image	  
•  Do	  not	  extract	  images	  for	  publica=on	  from	  a	  PowerPoint	  file	  
•  Don’t	  set	  total	  number	  of	  pixels	  to	  exceed	  what	  was	  in	  the	  original	  

image	  
–  Do	  not	  resample	  (resize;	  increase	  resolu=on)	  to	  meet	  journal	  

requirements	  

Keep	  in	  Mind	  
•  Every	  adjustment	  to	  an	  image	  results	  in	  loss	  of	  
visual	  data	  
–  Images	  should	  be	  minimally	  adjusted	  

•  Record	  what	  you	  have	  done	  to	  adjust	  an	  
image	  
– Use	  history	  log	  in	  Photoshop	  
– Record	  image	  adjustment	  in	  Materials	  and	  
Methods	  and/or	  in	  legend	  of	  figure	  

FULL	  DISCLOSURE	  

Record	  History	  

2012-05-30 13:38:40 File P5112812.JPG opened
Open

Macintosh HD:Users:maronpot:Desktop:P5112812.JPG
Levels 1 Layer

Make adjustment layer
Using: adjustment layer
Type: levels
Preset Kind: Default

Modify Levels Layer
Set current adjustment layer

To: levels
Preset Kind: Custom
Adjustment: levels adjustment list
levels adjustment
Channel: composite channel
Input: 23, 255
levels adjustment
Channel: red channel
Input: 0, 181
levels adjustment
Channel: green channel
Input: 0, 196
levels adjustment
Channel: blue channel
Input: 0, 177

Select layer “Background”
Without Make Visible

Curves 1 Layer
Make adjustment layer

Using: adjustment layer
Type: curves
Preset Kind: Default

Modify Curves Layer
Set current adjustment layer

To: curves
Preset Kind: Custom
Adjustment: curves adjustment list
curves adjustment
Channel: composite channel
Curve: point list
point: 0, 0
point: 128, 122
point: 255, 255

Flatten Image
Flatten Image

Crop
Crop

To: rectangle
Top: 4.229 inches
Left: -0.014 inches
Bottom: 15.208 inches
Right: 28.444 inches
Angle: 0°
Target Width: 0 pixels
Target Height: 0 pixels
Target Resolution: 0 per inch

Unsharp Mask
Unsharp Mask

Amount: 116%
Radius: 1 pixels
Threshold: 1

2012-05-30 13:40:27 File P5112812adj.tif saved
Save

As: TIFF
Byte Order: Macintosh
In: Macintosh HD:Users:maronpot:Desktop:P5112812adj.tif
With Lower Case

2012-05-30 13:40:32 File P5112812adj.tif closed
Close

Record	  History	  
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–  Correc=ng	  uneven	  illumina=on	  
–  White	  balancing	  
–  Remove	  color	  cast	  
–  Cropping	  
–  Sharpening	  

•  Image	  Adjustment	  Guidelines	  
•  Toxicologic	  Pathology	  Guidelines	  for	  Figures	  

Image	  Adjustment	  Guidelines	  

•  The	  final	  image	  should	  be	  an	  accurate	  
representa=on	  of	  what	  you	  actually	  observed	  

•  	  The	  fidelity	  to	  the	  original	  subject	  may	  be	  
influenced	  by	  limita=ons	  of	  the	  instruments	  
used	  to	  acquire	  the	  image.	  	  

•  The	  originally	  captured	  image	  (before	  any	  
adjustments)	  should	  be	  preserved	  

•  	  	  Adjustments	  should	  be	  made	  on	  a	  copy	  of	  
the	  originally	  captured	  image.	  	  
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More	  Image	  Adjustment	  Guidelines	  

•  Global	  adjustments	  to	  the	  whole	  image	  that	  do	  
not	  obscure	  or	  eliminate	  informa=on	  are	  
acceptable.	  	  	  

•  Nonlinear	  adjustments	  (using	  Curves	  and	  Levels	  
in	  Photoshop)	  must	  be	  disclosed	  in	  the	  figure	  
legend.	  

•  No	  manipula=ons	  beyond	  global	  adjustments	  
should	  be	  made	  by	  someone	  unfamiliar	  with	  the	  
subject.	  	  

•  There	  are	  no	  hard	  and	  fast	  rules	  that	  cover	  all	  
situa=ons.	  

Sample	  Statements	  for	  
	  Methods	  or	  Legends	  	  

•  “Images	  were	  individually	  adjusted	  in	  Adobe	  
Photoshop	  including	  white	  balance,	  contrast	  
adjustment,	  density	  correc=on,	  and/or	  
decreased	  color	  satura=on.”	  

•  “Image(s)	  adjusted	  in	  Adobe	  Photoshop	  to	  
remove	  background	  dust.”	  

•  “Image(s)	  was	  adjusted	  to	  correct	  for	  uneven	  
illumina=on	  or	  to	  correct	  vigneee.”	  


