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Abstract

Background

Mathematical modelling of biological processes often requiresge haariety of differen
data sets for parameter estimation and validation. It is comnaatige that clinical data a
not available in raw formats but are provided as graphical repedems. Hence, in order
include these data into environments used for model simulations aisticstbanalyses, it i

necessary to extract them from their presentations in thatlite. For this purpose, we

developed the freely available open source yoa$d. After establishing a coordinate syst
by simple axes definitions, it supports convenient retrieval of datats from arbitrary
figures.

Results

After describing the general functionality and providing an overvedwhe programm
interface, we demonstrate on an example how toycesel. A major advantage ofcasd is
that it does not require a certain input file format to open and gsdggires. All options g

ycasd are accessible through a single window which eases handlingpaedssup data

extraction. For subsequent processing of extracted data pointss sulbe formatted as
Matlab or anR matrix. We extensively compare the functionality and otheufeatofycasd
with other publically available tools. Finally, we provide a shortreany of our experienced
with ycasd in the context of modelling.

Conclusions

We conclude that our tool is suitable for convenient and accuraterelatvals from
graphical representations such as papers. Comparison of tools tenaggtsasd is a goog
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compromise between easy and quick capturing of scientific data prdshcations an
complexity. Our tool is routinely applied in the context of bioloiceodelling, wher
numerous time series data are required to develop models. The softwar® denussful fo
other kinds of analyses for which published data are required but asvailatble in ra
formats such as systematic reviews and meta-analyses.

Background

In medical literature, data of other groups are often not availaltheir raw formats but are
presented in figures such as scatter plots, box plots, tines skxia or derived statistics such
as Kaplan-Meier curves. However, incorporating these datasgameh projects is often
necessary to compare one’s own results with those of thatlite. This especially applies
for systems-biological modelling for which time series data undiffierent clinical
conditions are required to calibrate the models and to validateptfegiictions. In order to
include these data into environments used for model simulationspécessary to extract
them from the presentations chosen in the literature. To supporaskiswe developed the
tool ycasd (ycasd capturesand scalesdata) which can capture data from many kinds of
graphical representations. The problem of skewed diagrams obteoneddanning papers is
also addressed. For a typical example see Additional file 1.

The development ofcasd was motivated by our own work in the field of modelling blood
formation. Time series data of numerous blood parameters areecedpni parameterisation
and validation of our models of human thrombopoiesis [1], erythropoiesis@R)ilgpoiesis
under chemotherapy and growth-factor applications [3] and for otherlsnadeently under
development.

Since we believe that our tool is helpful especially for otlesearch groups interested in
dynamical modelling or meta-analyses, we aim at publishinganagpen source and freely
available software. In the present paper, we describe the fundiyaaadi the interface of the
programme, compare it with those of other publically available taudspaovide a quick
introduction to its use on the basis of example figures.

Implementation

In this section, we describe the mathematics belytasd and corresponding practical
limitations.

Vector calculations

Two pairs of pixels define the vectors of the axes provided ligsetvectors are linearly
independent. Setting values for the coordinates of the pixels anflyspethe scaling of the
axes (linear or logarithmic) define the coordinate systemaiieio calculate the coordinates
for any arbitrary fifth pixel regarding to this coordinate syst We restrict to a linear scaling
of the axes in the following since logarithmic scaling canrbeetl back to this case by a
simple transformation. As depicted in Figuke pixels p;,p2 and ps,ps correspond to axis

interceptsy,,y: andx;,x,, respectively. Vectora andb are coordinate vectors of the y- and
x-axis respectively. When considering pixels, we can set



Figure 1 Vector representation.Pixelsp; to ps define the coordinate system and correspond
to axis interceptyg,,y1 X1, andx,, respectively. For each new pix®| coordinatess ys will be
calculated bycasd.
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For each new captured pixps, the corresponding coordinate payys is calculated by
estimating the intercept on each axis defined bywe which is parallel to the respective

other axis crossings. We assume that vectoig 3 and kﬂB are pointing in the same

direction as the axes to account for rotated oealily skewed figures, e.g. as result of
scanning. Orthogonality of both axes is not reqlifehe system of resulting equations is as
follows

P, +kaa: Ps _kﬁB (4)
P, + ka = ps —k,a (5)
We aim to determine the coefficiedsandky,. Solving the equations yields

Kk = (Ps1 = P21)B, = (Psz = Poo)B
¢ a1b2 - azbl (6)

K, = (Ps1 = Pa)@, = (Ps; — P32)3y
aZbl - a1b2 )

A solution exists ifajb, # a)bs, i.e. if both axes are linearly independent. Therdinates
X3,y3 can now be calculated:

Xy =% K, (X% = %) 8)

Y=Y 1 ka(yz - yl) (9)



If the y axis is logarithmically scalegscan be determined by

k,
Y59 = yl[%] for y,,y, >0

1 (10)

The clicking error is defined as the deviation lué estimated coordinates if a neighbouring
pixel is selected. It can be estimated in unite@th axis by the ratios of the axis interval
lengths and pixel distances, i.e.

x = % = %,

S CEr o

_ |Y1 - yz|

Yar = 77—
Jai +a; (12)

Yerr iS Only valid for non-logarithmically scaled y axe
Limitations

The assumption thdt g and kﬁB are always parallel to the y and x axis is simpléhough

more elaborated methods for calculation of cooteineirsxs,y; are conceivable to account

for non-linearly distorted figures (by scanninglr @pproach allows for rotation and linear
skewness and is straightforward to implement intG programme. If the assumption of

linear skewness is inadequate, raw pixel dataalspl by the software in case of incomplete
axes definition can be used to perform own calcaiatof coordinates.

Despite of the fact thagcasd is developed for Microsoft Windows, it can be usedler
Linux with Wine [4]. Mouse events are tracked by Windows API (Aggiion Programming
Interface) calls, therefore, only the graphicalpoitof other Windows programmes running
in Wine can be captured. As an example, one mayGiestscript andGSview for Windows
[5] for displaying figures in PDFs under Linux.

More technical limitations of the programme canfdaend in a readme file which is part of
theycasd package provided as Additional file 2.

Results

General functionality

Our freely available software togicasd supports capturing data points from figures of
electronically available or scanned publicationsorder to make these data accessible by
other software such as environments for data aisatysnodel simulations. Data capturing is
possible for all kind of figures, which can be diged on the screen under Microsoft
Windows. It only requires the definition of two pts for each of the axes by clicking and
setting their corresponding coordinates. For eatisequent click on the figure, a coordinate



pair is estimated by vector calculations consiadgares definition. Vector calculations allow
for capturing data points from rotated or skeweuies as a result of scanning papers. One
can display the calculated coordinates either &4athab or an R matrix with adjustable
accuracy.

For quick use, a guide is shown in the output biter atarting the programme. This quick
guide is read from a text file, which is part oé tfltasd package, see Additional file 2. During

runtime, the status bar shows useful informatiamg. tHotkeys for major functions are
available.

Overview of the programme interface
The interface ofycasd consists of a single window. It is divided in aearresponding to

different actions which are briefly described beldwr each action we present a description,
corresponding control options and their usage working example.

Define axes
Description

All settings regarding axes definition are locatedhe “Define axes” area (Label “a” in
Figure2).

Figure 2 Ycasd interface window. Representation gicasd interface window. Settings apart
from default as well as outputs are shown in bl&¢kite letters on grey background are
labels for: “Define axes” arda), Pixels pl to p4 corresponding to axis intercéptsValues
corresponding to axis intercefgty, “Reset p*” buttond), Logarithmic y-Axis selectofe),
Estimated clicking erroff), “Start/Stop capturing” buttofg), “New data set” buttofh),
“Define output” aredi), Output matrix type select@), Output accuracgk), Output text box

(m).

List of controls

» Axis intercepts pl-p4(Label “b” in Figure2) are defined by four pixels on the screen.
Pixel pair p1, p2 and p3, p4 belong to the y-arid ®axis, respectively. Points should be
chosen in such a way that they span a large distameach axis which improves accuracy
of derived coordinates.

» Coordinates y2, y1, x1, x2f axes (Label “c” in Figur@) must be defined in the next step
and correspond to the intercepts pl to p4 selectdek first step. The order y2, y1, x1, x2
was chosen to minimise mouse distances when ofjakinaxes beginning on the upper
left and moving to the lower right.

* Reset p*button (Label “d” in Figure) clears the four pixels defining the axis intettsep
Subsequently captured pixels redefine the axisdapss.

* Log y-Axis selector (Label “e” in Figurg) supports logarithmic scaling of the y-Axis.

* X,y Error (Label “f” in Figure?2) indicates the clicking error in units of the @sponding
axis.



Working example

Step 1. Display Figurd on the screen or open “example.pdf’ (see also thatdil file 2)
with your preferred PDF reader, eG@Sview [5].

Figure 3 Sample figure.

Step 2. Define y2, y1, x1 and x2 by typing in tlaues 9, 0, 0 and 18, respectively.
Capture data
Description

Pixels are captured from the (raw) screen indepghdef viewer or file format. If the four
pixels of the axis intercepts are unset, i.e. ag@amme start or after “Reset p*”, they will be
captured first. The coordinates of subsequentlyurad pixels will be scaled regarding axes
definition and displayed in the output box. Theajuguide shown after starting the software
automatically disappears when results from capguaire available.

List of controls

» Start capturing button (Label “g” in Figur&) activates data capturing. While capturing,
the “Start capturing” button is re-labelled as ‘{St@apturing” allowing to stop the data
retrieval.

* New data setbutton (Label “h” in Figure) clears the output.

Working example

Step 3. Push “Start capturing” and capture the pixels pl to p4 defining the axis
intercepts by simply left clicking p1 to p4 as di#ed in Figurel, i.e. intercepts at 9
and 0 on the y-axis and intercepts at 0 and 18exaxis.

Step 4. While clicking on every data point of Fig8r the coordinates are calculated with
respect to the axes definition and displayed irnotgut box. The results should be
similar to the values presented in Fig@re

Define output

Description

Settings in the “Define output” area (Label “i” ligure2) control how results are displayed.
Each time output style or axes definition is chahgeutput coordinate pairs will be re-
calculated accordingly. If the axes definitionnsomplete, raw pixel data will be presented

in the output.

List of controls

* Output matrix selector (Label “” in Figur®) formats the output as n-by-two matrix
either for the numerical softwakéatlab [6] or the statistical software packagé¢7].



* OQutput Accuracy (Label “k” in Figure2) defines the number of digits after the decimal
point of the output.

* Output box (Label “m” in Figure2) contains the output. Resulting coordinate paars loe
edited as follows: Placing the cursor after an ougpordinate allows insertion of pairs. If
the cursor is placed within a coordinate pair,wihele pair will be selected. It can be
overwritten by a new pair or deleted by pressirgg“ttelete” or “backspace” key. If the
selection of a pair is ambiguous or incompleteeti@h as well as capturing of new data
points is blocked to prevent undesired results.

Working example

Step 5. Try to modify the output style, e.g. byradiag it to anR matrix and increasing the
output accuracy to 3.

Step 6. Overwrite the first output coordinate fsiplacing the cursor within the first pair
and re-capture data point (0,3).

Step 7. Push “Stop capturing” to inactivate capof data. The label of the button is
replaced by “Start capturing” again allowing to tone data retrieval.

Tool survey
Tool selection

Since many software tools are available for daiatpextraction from figures, we conducted
a comprehensive tool survey to compare these waithsycasd. An introduction and a list of
tools for analysing scanned graphs is given in Yékia [8]. We considered only software
for which source code is available and which futi¢ requirements of Free Software [9]. Six
tools were tested and compared wyttasd: Dexter [10], digitize [11], Engauge Digitizer
[12], g3data [13], Plot Digitizer [14] and WebPlotDigitizer [15]. All programmes are
protected by the GNU General Public License (GPejswon 2 (GPLv2) or version 3
(GPLv3) or by the Lesser GNU General Public Licefis8PL) version 2 (LGPLv2). For
details of the GPL, see [16]. These tools diffehandling and functionality. Therefore we
consider different categories for comparison puep@s described below (see also Tahle



Table 1 Tool survey

Dexter digitize Engauge g3data Plot Digitizer =~ WebPlotDigitizer ycasd
Digitizer
License GPLv2 GPLv2 GPLv2 GPLv2 GPLv2, GPLv3 GPLv3
LGPLv2

Platform Java R Linux, Linux, Java HTML5 Windows
Windows Windows

Version 0.5a 0.0.2 5.1 154 2.6.4 2.6 15

Documentation sufficient sparse extensive sparse fficismt extensive sufficient

Single window yes no no yes no no yes

Figure import graphic graphic graphic, graphic graphic graphic, clipboard not necessary
clipboard (Chrome)

Diagram type Cartesian Cartesian raw pixel, Cartesian raw pixel, raw pixel, Cartesiantaw pixel,
Cartesian, Cartesian polar, ternary, map Cartesian
polar, map

Calibration points 4 4 3 4 4 (optional 3) 4 4

Log Axis both n.a. both both both both y-axis

Magnifier yes no no yes no yes no

Data point delete not availablensert, delete, delete last insert, delete, delete insert, delete,

correction shift point shift (only overwrite

XML)

Axis correction shift re-capture  shift re-capture.a.n re-capture re-capture

Distortion rotated, skewed none rotated, rotated, rotated rotated, skewed rotated,

correction level skewed skewed skewed

Output format delimiter R delimiter delimiter  delter, xml  delimiter, plotly Matlab, R

Comparison of tools regarding different categoriést supported functions are denoted as “n.a.” é&vailable).

Platform and version

Platform independence is an advantage when prayisirftware .Dexter andPlot Digitizer
are implemented in Java which is available foircathmon operating systems such as Linux,
Mac OS X or Windows. Similarlyr, and with it, theR packagedigitize is available for
different operating systemgvebPlotDigitizer is based on HTML5 which is supported by all
popular browsers. Hence, these tools can be comssides independent of the operating
system.

In contrast,Engauge Digitizer, g3data andycasd must be compiled for different operating
systems. In principle, when the source code isigeal this is possible if an appropriate
compiler is available, e.g. the GNU Compiler Cdilec [17] for Linux, MAC OS X and
Windows. But compiling fails if certain system degent libraries are required, such as
mouse tracking used bycasd. For windows programmes, this problem can be tehbly
Wine [4]. On the other hand, it is challenging to busidorogramme from the most recent
version of source code especially if non-defaddtdries are referenced or a certain library
version is required as we experienced Emgauge Digitizer and g3data. Therefore, we
decided to use the most recently available bindae®oth tools. The versions of all tested
programmes are shown in Table 1.

Documentation and handling

In preparation for data capturing from figures viedged the documentations of the tools
which are either attached to the programme packagascessible onlindigitize provides
only a description of function parameters via thed®p system. Fog3data, we found only a
description of command line parameters in the Limaan pages. We evaluate these
documentations as “spars®exter, Plot Digitizer andycasd attached at least one document



explaining how to calibrate axes, extract data fsoiand access primary functions
(documentation denoted as “sufficient”). Additidgal Engauge Digitizer and
WebPlotDigitizer provide multiple sources for help as FAQs, tulsr@ar videos (denoted as
“extensive”).

Handling of tools refers to accessibility of majomnctions. Forycasd all functions are
accessible via a single window which speeds upgl#ta retrieval. In this sense, oridgxter
andg3data are similarly effective. The other tools are mooenplex containing sub-menus
or sub—windows.

Figure import and types of supported diagrams

In contrast to/casd, all other tools directly import the graphic fte be analysed. As different
graphic file formats were supported, we converteguife 3 to a JPG (Joint photographic
experts group file, see Additional file 3), whicbutd be processed by all programmes and
serves for testing. Additionall{gngauge Digitizer supports importing images from clipboard
which facilitates analysis of screenshatégebPlotDigitizer supports importing images from
clipboard only wherGoogle Chrome is used. A major advantage yiasd is that it does not
depend on a certain file format.

In addition to analysing simple Cartesian coordisaEngauge Digitizer, Plot Digitizer,
WebPlotDigitizer and ycasd are able to export raw pixel data which is usdtrl own
calculations of coordinates. Polar plots and (gaplgical) maps can be analysedHngauge
Digitizer andWebPlotDigitizer. The latter even supports data extraction fromater plots.

Axes calibration

Almost all tools necessitate specification of f@aints for axes calibration, i.e. two points
per axis. In this case, only the correspondingraeiets are requiredengauge Digitizer is
based on another concept. Here, three points witlcdordinates must be specified. Using
Plot Digitizer, one can choose whether to share one axis poinotorFordigitize, g3data,
WebPlotDigitizer andycasd, this can be imitated by selecting the secondtpged for axes
calibration twice.

Sometimes one or both axes of Cartesian plots agarithmically scaled. Sincdigitize
retrieves coordinates from a plot by a simRl&unction, it does not consider any logarithmic
transformationsYcasd supports only logarithmic scaling of the y-axigchuse the x-axis
refers to time in our main field of application.& bther tools facilitate logarithmic scaling of
both axes.

Retrieval of data points

Retrieval of data points by clicking each pointthe most cumbersome part of the work.
Aiming at the centre of a data point is easier waenagnifier is provided as implemented by
Dexter, g3data andWebPlotDigitizer. If no magnifier is available, the figure can hescaled
either by using an optiorEfigauge Digitizer, Plot Digitizer) or by manually adjusting the
figure window (ligitize, ycasd).

Another important issue are corrections necessanngl the data retrieval process. For data
points, Engauge Digitizer andPlot Digitizer present marks which can be shifted, deleted or



inserted. HoweverRlot Digitizer only allows corrections as long as results arplayed as
XML outputs. Dexter or WebPlotDigitizer feature deletion of single data points. Oybasd
supports deletion, insertion and overwriting of ihivate pairs by re-capturing selected data
points. For correcting an arbitrary data point und8data or digitize it is often more
convenient to re-capture all points becag@data supports only removal of the last captured
point. Correcting outputs afigitize implies that the data points must be manipulatédinv

R.

Correcting axes without re-capturing all data p®iist also desirabldDexter and Engauge
Digitizer allow shifting axis marks and updating the cooatiys retrieved. When using
digitize, g3data, WebPlotDigitizer or ycasd, axis points can be re-captured and the
coordinates are automatically updated thereon. Agmply, Plot Digitizer removes all results
when re-calibrating axes.

Figures of paper presentations are of particularcem since they must be scanned or
photocopied prior to data capturing which mightutesn distorted or skewed diagrams.
Hence, we are interested how the tools perforinaffigure would be rotated (see Additional
file 4), and additionally being skewed (see Addiabfile 5), leading to non-orthogonal axes.
Digitize does not correct for any distortidPot Digitizer accounts for rotation only. All other
tools can deal with non-orthogonal axes.

Output format

Captured data must be exported to a format requaedurther analyses. All tools display
delimiter based outputBigitize stores the output into d&data frame. Then, export to other
kinds of data files is possible using appropriatiitctions. Similarly, théR matrix output of
ycasd can be converted to a certain file format utilisR Ycasd can also export &atlab
matrix (also delimiter based), which we prefer éar modelling. Beside delimiter based
output,Plot Digitizer provides an XML file comprising extracted datamsiand calibration
details. Results fromWebPlotDigitizer can be forwarded tplotly, an online analysis and
visualisation tool [18].

With all tools, we were successful in capturing tteta points from the undistorted JPG
(Additional file 3). To get a feeling for the defanoutput, we stored the extracted data points
in an Excel sheet (Additional file 6). During impaf the results into Excel, the column
delimiter was removed and the decimal delimiter wassformed to a dot.

Ycasd in action

Ycasd was extensively used in our own scientific worlgarling models of human
haematopoiesis under chemotherapy and growth-fampptications. For our modelling,
detailed time series data of blood parameters saghblood cell counts or cytokine
concentrations under different clinical scenarios gequired to estimate unknown model
parameters. This is done by optimising the agreémemodel predictions and data or to
validate model prediction¥casd allowed us to establish a sufficiently rich dassé for our
modelling purposes. About N = 36 publications casipg about N = 186 graphical
representations were processed wi#sd resulting in more than 3,500 collected data points
An overview of retrieved data is presented in Aiddial file 7.



Discussion

Constructing dynamical mathematical models of lgamal or medical processes requires
time series of clinical data in order to calibrte models, estimate unknown parameters or
validate model predictions. Since access to raw tahardly possible in most of the cases,
these data must be retrieved from the literaturetidted by our own modelling work on
human haematopoiesis for which we exploited dabanfnumerous clinical settings, we
developedycasd, a tool for retrieving data points from figuresadéctronically available or
scanned publications for which no raw data arelabig. In comparison to visual estimation
or utilisation of a ruler, this kind of electrordata retrieval is more convenient, accurate and
faster. In this paper, we provided an overviewhef programme functions, and demonstrated
how to use the tool on an example.

A couple of other tools are available for capturidaga points from figures [8]. We compared
the functionality ofycasd with other free software with emphasis on prattisaues.
Observed differences probably mirror different legplications which the developers had in
mind when developing the tools. However, theseniies were scarcely communicated. In
general, tools which were developed for certaindeedo not provide the same functional
range as others, see also the discussion in [19].

Ycasd was developed to fulfil our needs regarding captudata from a variety of graphical
representations; most importantly time series daifa many data points required for
modelling purposes. Therefore, the following keguess are important for our application:
applicability to many kinds of graphical represéiotas, easy accessibility of major
functions, convenient calibration of diagrams, §uidata collection with options for
corrections and error estimation and export to irequdata formatsYcasd was optimised
regarding these issues.

The most apparent aspect is that our tool, in eshto all others, does not require a certain
input file format to open and process figures. Wiising ycasd, figures only have to be
displayed with one’s preferred viewer and pixelsll ide captured from the screen
independently of the viewer or the file format bétfigure. An alternative way of handling
arbitrary graphic formats is to import screenshogsclipboard which is featured by some
tools Engauge Digitizer, WebPlotDigitizer).

All functions of ycasd can be reached via a single window. This simglifiee usage of the
software and speeds up the process of data colleati much as possible. On the other hand,
this restricts its functionality.

We spend some efforts to deal with rotated and skefigures which we often encountered
in paper presentations. While rotation is a typiedult of copying papers, skewness of
presentations is of minor concern. Most of the samnsidered can deal with both, rotation
and skewness.

Since user mistakes occur frequently during datéexal, we also optimised the way how to
correct these. This applies for both, correctiohsxaes and data point¥casd supports
deletion, insertion and overwriting of data poiatsd axes calibrations at any time during
analysis without losing collected data. A compagabbnvenience regarding this issue is
offered byEngauge Digitizer.



If one aims at performing statistical analysis ataj capturing error might be of concern.
Most tools display some kind of capturing erronst ib is unclear how they were calculated
and therefore we neglected this issue for our coisyas.

We have to acknowledge that most tools allow merkess convenient workarounds of the
above mentioned functions. For example, if not latée, raw pixel coordinates can be
retrieved by an appropriate definition of axes.r€ction of points can often be performed by
deleting the data point, appending the correctesiome and re-ordering. For some tools, only
specific delimiters can be chosen for output. Buwould be easy to generate an arbitrary
delimiter by copying the output to a text editodaeplacing it. In consequence, none of the
tools lack essential functionality required foralattrieval. Conversely, none of the tools can
deal with every situation which might occur in figupresentations. Especially problematic
are irregularities of axes for example interrupsiaf scales or non-equidistant scales. This
might require manual corrections of retrieved d&ace we are both, developers and users
of the software, we believe that our solution goad compromise between functionality and
requirements for medium-scale data retrieval fromliterature. We usegtasd successfully
for extracting a large number of data points froiguifes of several publications (see
Additional file 7) to establish a data base for oundelling purposes [1-3]. We therefore
believe that our tool could also be of significaatue for other groups with similar research
interests. We also believe thatasd can be useful for other applications requiringadat
retrieval from literature such as systematic regieand meta-analyses or to reconstruct
survival time data [20].

Automated data retrieval would be a qualitative iowement. Indeed, there are some efforts
regarding this issueDexter, Engauge Digitizer and WebPlotDigitizer support automatic
detection of axes, of curves or of poirféot Digitizer invokes the external to&utoTrace
[21] for automatic curve detection. However, thigpeach is technically challenging as also
acknowledged by the developers. We experiencedduality of automated data retrievals.

Further improvements are desirable, especially wahpect to reliability in different
situations (e.g. complex graphs, figures with npldtifeatures to be collected).

Conclusions

We conclude that we developed an easy to use geftiwal which is suitable for quick and
convenient data retrievals from graphical represgenis such as papers. The software could
be useful for many kinds of analyses for which miidd data are required but are not
available in raw formats.

Availability and requirements

Project name ycasd

Project home page https://sourceforge.net/projects/ycasd/
Operating systems(s)Microsoft Windows

Programming language C, Assembly

Other requirements. none



License GNU General Public License version 3 [16]

Any restrictions to use by non-academicsGNU General Public License version 3

Development

Our tool and its source code are freely availablean be modified to suit certain needs. The
binaries of the latest version 1.5 yéasd were compiled withMinGW (GNU Compiler
collection version 4.7.2, GNU Binutils version 2.PB8[22]. The binaries are located in
Additional file 2 and the source files reside indkebnal file 8.
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Additional files

Additional file_1 as PDF
Additional file 1 Scanned example. The file contains an exampledadtarted figure due to



scanning. To achieve this, we scanned our papérsiénzeral times after printing and
selected one of the poor copies.

Additional_file_2 as ZIP
Additional file 2 Ycasd package. The zip archive contains the binary, oya#énk library,
pdf with sample figure, quick guide, readme filel dicense information.

Additional_file_3 as JPEG
Additional file 3 Sample JPG. JPG version of the sample figure issddsting the tools.

Additional_file_4 as JPEG
Additional file 4 Sample JPG rotated. JPG version of the samplefighich is rotated by
18° counter-clockwise.

Additional_file_5 as JPEG
Additional file 5 Sample JPG rotated and skewed. JPG version sathele figure which is
rotated by 18° counter-clockwise and horizontaligvsed.

Additional_file_6 as XLS
Additional file 6 Table of extracted data points. Table of datatgahour sample JPG
extracted with the specified capturing tools.

Additional _file 7 as XLS
Additional file 7 Ycasd in action. The document provides an overwétihe number of
figures and data points which we collected by oot.t

Additional _file_8 as ZIP
Additional file 8 Ycasd source code. The zip archive provides all soundgsh are needed
to build the binaries ofcasd.
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Define axes

p1:{1120,350 |=>y2:|9 |
p2:{1120,800 |=>y1:|0 |
p3:{1120,800 |=>x1:|0 |
p4:11614,800 |=>x2:[18 |
y,)g O Logy-Axis |

xy Eror: | 3.64e-002,2.00e-002 | F

[ About ][ Start capturing p

[ Quit ][ New data set )}I
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Define output
® Matiab O R Accuracy:

[

0.003.00
1.021.00
2.004.00
2.991.00
4.015.00
4.999.00
6.012.00
7.006.00
8.025.00
9.00 3.00
10.025.00
11.008.00
11.999.00
13.017.00
13.999.00
15.013.00
16.00 2.00
17 02 3.00
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Figure 2




Figure 3



Additional files provided with this submission:

Additional file 1: 1517694078101782_add1.pdf, 325K
http://www.biomedcentral.com/imedia/3145096661337779/supp1.pdf
Additional file 2: 1517694078101782_add2.zip, 41K
http://www.biomedcentral.com/imedia/1926274681133777/supp2.zip
Additional file 3: 1517694078101782_add3.jpeg, 28K
http://www.biomedcentral.com/imedia/1204291913377798/supp3.jpea
Additional file 4: 1517694078101782_add4.jpeg, 33K
http://www.biomedcentral.com/imedia/1746099895133777/supp4.jpeqa
Additional file 5: 1517694078101782_add5.jpeg, 31K
http://www.biomedcentral.com/imedia/1343767405133777/supp5.jpeqa
Additional file 6: 1517694078101782_add6.xls, 28K
http://www.biomedcentral.com/imedia/1153264189133777/supp6.xIs
Additional file 7: 1517694078101782_add7.xls, 43K
http://www.biomedcentral.com/imedia/1736858776133777/supp7.xls
Additional file 8: 1517694078101782_add8.zip, 22K
http://www.biomedcentral.com/imedia/9058386951337779/supp8.zip
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