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Introduction

Chapter 1 Introduction

The motivation for developing IP2Learn (Image Provenance to Learn) comes from
academic, government and industrial collaborations that involve development of new
computer methods and solutions for provenance information gathering. The main driver
behind the IP2Learn development was information gathering about decision processes
using geospatial electronic records and the need to perform quantitative evaluations of
computational cost versus information granularity tradeoffs of information gathering. We
envision the use of IP2Learn for not only evaluations of cost versus information
granularity tradeoffs of information gathering but also for auditing and quality control
purposes as well as for education and training purposes. The goal of this document is to
explain how to use IP2Learn.

1.1 IP2Learn Overview

IP2Learn consists of two main parts. The first part is the image inspection tool
represented by a frame with a simple menu and its content represented by an image panel.
The image inspection tool allows users to load and manipulate images (zoom, crop, sub-
area view, band selection, image information, annotation, grayscale view, and gamma
adjustment). These software functionality features form a basic set of image inspection
operations that are frequently used during image inspection. Section 2.1 describes
functionalities in more details. The second part is the tool that gathers image provenance
information, provides real-time visualization of gathered information, and allows
changing the provenance gathering settings. Section 2.2 explains information provided by
the provenance information tool in more details.
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4 Eyent Tracker [events] =10 x|
File
[i’ BventWiewer r Savediewer rREgiunTra[:ker rSaveSize

Date EventHame Description Brytes Wirittern Time (ms)
Thu bar 20 22:. |Change Visibl., (=90 y=0widt... 125814 ar.o09| e
Thu bar 20 22 |Change Visibl... (=108 y=0wid... 12826 29062
Thu bar 20 22 |Change Visibl.. (=119 y=0wid... 13064 a0.041
Thu bar 20 22 |Change Visibl... (=134 y=0wid... 123070 38,756
Thu bar 20 22 |Change Visibl... [[=130y=0wid... 13366 35472
Thu bar 20 22 |Change Visibl... (=199 y=0wid... 123614 28719
Thu Mar 30 22:..|Change Yisibl... |[=163y=0wid... 13647 28.41
Thu bar 20 22 |Change Visibl... [[=170y=0wid... 13763 28,776
Thu bar 20 22 |Change Visibl... (=173 y=0wid... 13724 44 GG
Thu bar 20 22 |Change Visibl... (=179 y=0wid... 123581 46,209
Thu bar 20 22 |Change Visibl... (=193 y=0wid... 134453 27161
Thu bar 20 22 |Mouse Clicked  [[x=268y=140] 13232 46.078
Thu bar 20 22 |Mouse Clicked  [[=302y=1413] 13232 47 658
Thu dar 30 22:...|Change Zoom... |25 13276 45,88
Thu bar 20 22, |Change Visibl.. (=78 y=0widt... 13304 42096
Thu dar 30 22:...|Change Yisibl.., |[=78 =2 widl... 3298 36,438
Thu Mar 30 22:..|Change Yisibl... |[=78y=18wid... 3287 17.7a7
Thu dar 30 22:..|Change Yisibl... |[=78y=51 wid... 3063 20,868
Thu dar 30 22:..|Change Yisibl... |[x=78 =66 wid... 3150 15475
Thu dar 30 22:..|Change Yisibl... |[=78y=74 wid... 3344 11.8249
Thu Mar 30 22:...|Change Yisibl... |[=78y=584 wid... 3465 10,814
Thu Mar 30 22:...|Change Yisibl... |[x=73y=589 wid... 35497 12802
Thu Mar 30 22:...|Change Yisibl... |[=73y=94 wid... J69E6 10,863
Thu dar 30 22:...|Change Yisibl... |[=73y=97 wid... 3689 11.144
Thu Mar 30 22:..|Change Yisibl... =78 y=100wi... AT16 10,803
Thu Mar 30 22:..|Change Yisibl... |[=78y=105wi... 3665 11.028
Thu Mar 30 22:..|Change Yisibl... |=78y=107 wi... arad 11.286
Thu Mar 30 22:...|Change Yisibl... |=78y=110wi... arad 11.802
Thu Mar 30 22:...|Change Yisibl... |=78y=110wi... ar3a 34079 -

Figure 2: Provenance information tool

1.2 IP2Learn Execution

The IP2Learn software is written in java. It was build as an extension to Im2Learn software
also developed at NCSA. For more details about Im2Learn, please, visit
http://isda.ncsa.uiuc.edu/im2learn

IP2Learn could be executed as a stand-alone tool or from a meta-workflow tool called
CyberlIntegrator developed at NCSA. For more details about Cyberlntegrator, please, visit
http://isda.ncsa.uiuc.edu/cyberintegrator.

The provenance information gathered by IP2Learn corresponds to three granularity levels,
such as raw events, interpreted events and snapshots of visually rendered events. After
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finishing a session with IP2Learn, the provenance information will be stored in three zip files
named onlylnterpreted.zip, onlyRawEvent.zip and onlyVisSnapshot.zip. These three files will
be located in the directory from where IP2Learn was launched.

Hardware requirements: For information gathering about large size images, it is
recommended to have at least 1GB of RAM. The execution duration depends on the hardware
specification and the algorithmic computational needs.

Software requirements: IP2Learn will run on any operating system with an installation
of Java 1.5.

Once all hardware and software requirements are met, ip2learn.zip should be extracted to
an installation directory. IP2Learn is then executed by double clicking on the ip2learn.bat
file.

1.3 How to Use IP2Learn

We envision the use of IP2Learn for (1) auditing and quality control purposes, (2)
education and training purposes, and (3) evaluations of cost versus information
granularity tradeoffs.

Auditing and quality control application scenarios:

A decision making process takes place that is based on visual inspection of images. There
is a need to insert a quality control (QC) or quality assurance (QA) step into the decision
process to answer questions, such as “was every sub-area of an input image inspected?”,
or “was the critical image sub-area inspected at the highest resolution? IP2Learn would
provide three granularity levels of QA/QC information. The first granularity level would
correspond to a sequence events interpreted by IP2learn, for instance, an event “change
visible region” took place. The second granularity level would map to a sequence of raw
events as reported by java virtual machine. In the case of IP2Learn being hacked to
misinterpret raw events, the second granularity level would still contain information
about the actual events that took place. The third granularity level captures events that are
visible to users by saving snapshots of visible tools. For example, if a new dialog about
image information (number of rows, number of columns, number of bands, etc.) is shown
then its snapshots are saved every 1000 mili-seconds. This granularity level is foreseen to
be used in those cases when either audit questions would include references to image
content, such as “was it possible to recognize the object of interest from all viewed image
sub-areas?, or neither interpreted nor raw event information could not be trusted. Figure 3
illustrates three granularity levels for the event “change visible region”.

<event name='""Change Visible Region'>
<timestamp>Mar 30, 2006 5:12:06 PM</timestamp>
<description><![CDATA[[x=0,y=0,width=320,height=240]]]></description>

<rawevent><![CDATA[rOOABXNyACtuY3NhLmItMmx1YXJuLmNvemUuZGlzcGxheS5IbWFnZVVwZGFO
ZUV2ZW50UiZXxRpng
PDcCAAJJIAAIPZEWAA291anQAEkxqYXZhL2xhbmcvT23gZWNOO3hyABVQYXZhLnVOaWwuRXZ IbnRP
Ymp1Y3RMjQI0GG19gA 1 AAHhWAAAAEHNYABJIQYXZhLmF3dC5SZWNOYW5nbGXDsGoFGspqdA T ABEKA
Bmh laWdodEKABXdpZHR0SQABeEKAAX 14CAAAAPAAAAFAAAAAAAAAAAA=
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11></rawevent>
<snapshot file="Change Visible Region/00000000. jpg''</snapshot>

</event>
Figure 3: Three granularity levels of provenance information about the event “change visible region
using a scroll bar. The interpreted event is delimited by the “description” tags. The raw event is
denoted by the “rawevent” tags. Finally, the snapshot of the visible region is
delimited by the “snapshot” tags and refers to a jpg image of the visible
region.

Education and training application scenario:

In this case, IP2Learn would collect snapshots of all visible events during image
inspections by either experts or novices. A movie could be created from the temporally
stamped snapshots. The movie replay would be then used for education if inspections
were conducted by experts or for training if inspections were performed by novices. The
events themselves can also be replayed to reconstruct the sequence of events occurring
during the use of IP2Learn.

It is also possible to gather information about all interpreted events and use the
information for grading students if additional software would be developed for this
purpose.

Evaluations of cost versus information granularity tradeoffs:

The IP2Learn prototype allows studying the n-dimensional space of parameters
associated with (a) tool components (windows and window content such image panel),
(b) event types (e.g., new image, change zoom, change gamma, ...), and (c) event
information granularity (raw events, interpreted events, snapshots of visible events). The
metric for evaluating computational costs of provenance information gathering is
currently the disk space and time it takes to write out provenance information to a local
hard drive.

The use of IP2Learn in this case is illustrated in Figure 4 and Figure 5 with a detailed
description in the associated captions. IP2Learn enables not only to select the preferences
about information granularity and to save the provenance information but also to provide
real-time summaries and plots of information gathering costs (memory and time).
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= Event Tracker [onlylnterpreted]

1,025,267]

500,000

»

o
1,002
¥ Total Bytes
¥ & Window Created
Hide All ¥ B Change Visible Region
Eventviewer | Savedviewer | RegionTracker | SaveSize | ¥ M New Image
243,180 ¥ ® Change Zoom Factor

2 rer - tTrad ermet Explare na., | W mzbmp- .- AmB 2 &E v il tHaen
Figure 4: Provenance information gathering of (1) raw data (java events) denoted as
“onlyRawEvent”, (2) interpreted events (e.g., zoom interpretation derived from raw data)
denoted as “onlylInterpreted” and (3) snapshots of visible events (e.g., a window dialog
pop-up and its visible changes). The four windows on the left side show the disk space
(vertical axis) as a function of time (horizontal axis) of the three granularities of
provenance information and the total sum (denoted as “everything”). The lines in each
graph correspond to four events that have occurred so far, such as window created,
change visible region using scroll bar, new image when the DOQ aerial photograph was
loaded and change zoom factor. The red line in each graph corresponds to the total disk
space needed so far for storing the provenance information.

T - Paint
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<. Event Tracker [onlyInterpreted]

| saveSize

Evantl DI Bytes Written | Time (ms) <. Image Reviewer
Change Visibl_ |p=0y=250 wid 181 0462 -
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..|Change Yisihl. e 181 0431
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W 3 1§ im1.bmp - Paint t’s’lﬂ"'« w6 2P
Frgure 5: Parameters of provenance mformatlon gatherrng can be set using the dialog
shown on the right side and denoted as Event Tracker Properties. There are parameters of
windows (e.g., image frame) and their content (e.g., image panel) that can be set in the
dialog by switching the tabs at the top. Image panel parameters include 21 events (image
operations) that are currently supported by the tool. The real-time provenance
information updates are provided in the four windows on the left side that were described
in the previous figure. The four tabs of each window allow a user to view (1) occurring
events described by date, event name, description, saved information size in bytes and
time in ms to write the information to a hard drive; (2) summary of all saved events per
event category described by event name, time stamp of the last detection, information
size in bytes, and time in ms that it took to save the information to a hard drive; (3)
currently viewed sub-area within the whole image; and (4) graphs of the disk space
(vertical axis) as a function of time (horizontal axis) for each event category.
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Chapter 2 IP2Learn Functionality Description

2.1 Image Inspection Tool

This section describes the image inspection tool and image operations that a user would
want to use during image inspection.

2.1.1 Crop

The goal of crop function is to reduce the spatial size of a loaded image to the spatial size
selected by a mouse. After making a region selection with the left mouse (press it down and
drag), a user crops the image by a right mouse click and “crop” selection from the menu. This
will result in a new image of the selected spatial size (sub-area). This operation can not be
undone! If the goal is to view a sub-area then the option “show selection” from the selection
submenu should selected after a right mouse click.

& Image Reviewer |:”E|E|
File Help

[»

Crop

Gamma Adjust
Image Info
Select Bands
Selection

Zoom

Figure 6: Crop operation to create a sub-area image shown as a red rectangle.

2.1.2 Gamma Adjustment

If an image is over or under saturated some details might not be visible. Fortunately often this
over/under saturation can be compensated by using gamma control. Gamma adjustment
allows you to brighten the whole image. The formula used is: newvalue =
oldvalue~(1/gamma). For gamma values larger than one this will result in a brighter image,
allowing you to see details in darker regions of the image. For gamma values less than one this
will result in a darker image, allowing you to see details in parts of the image that are
oversaturated.

The dialog allows a user to specify the gamma value by either entering it in the text field,
or adjusting the slider bar. To see the result, a user can press the preview button which
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will apply the gamma correction and show a preview of the image. If the image is not
satisfactory then a user can modify the gamma value and check again using preview. If
the result meets the desired quality then by pressing the "Apply" button a user will apply
the gamma correction to the currently visible image.

- Select Gamma

Apphy Cancel

Figure 7: Select Gamma dialog.

2.1.3 Image Information

The goal of this operation is to show information about the currently viewed image. The
dialog is invoked by a right mouse click and “image info” selection. The image info
dialog will list the properties of the image currently shown in the image panel, such as
number of rows and columns, minimum and maximum values of intensities, as well as
gamma value, and red-, green-, and blue-band parameters..

10
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. Image Info
File
Infa “|infa { =
width/columns §§ widthfcolumns = 200
heightiraws : height'raws = 500
depth/bands §§ depthibands =3
type : type = BYTE 3
size : size = 750000 3
data walid? §§ data valid? = true
o= Minimum : finimumm {
o= Maximurm : ahsolute = 3.0
o Properties : 0=3.0 .
o= Display : 1=4.10
: 2=410
i
i §
absolute = 255.0
0=236.0
: 1=238.0 -
: M= 7EEN x|
‘4] i [ [ ¥

Figure 8: Image information dialog.

2.1.4 Select Band

This dialog allows you to select which bands in the image are represented by red, green, blue
and gray. The gray band is used if the image is shown as grayscale, otherwise the red, green
and blue bands are used to draw the image in color.

If the checkbox in front of red, green or blue is unchecked, the image will be drawn without
that particular band. For instance unchecking both the green and blue checkbox will show the
image with just the red band and makes it easy to see how much red there is in the image.
Unlike the gray scale image the image will now be drawn with just the red band.

Changing any of the options will modify the small preview image, giving you immediate
feedback on the changes you made to the image.

11
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- Select Bands

Red: () o |

Green: { ! D

Blue: L) D

[ | Use Grayscale?

Gray : C} ID
Apphy Cancel Help

Figure 9: Select Band dialog.

2.1.5 Sub-area selection

This option enables to select a sub-area of interest. An area is selected by left mouse clicking
and dragging to establish a rectangular window. With the right mouse button, choose
"Selection->Show Selection™ to display the area of interest. Unlike the crop function described
earlier, this operation will not create a new image and thus can be undone. The full image can
be retrieved by choosing "Selection->Full Image" (see Figure). The sub-area selections can be
disabled by un-checking the box "Selection->Allow Selection".

£ Image Reviewer =1ol x|
File Help

Crop

Gamma Adjust
Image Info
Select Bands

Selection ¥ [V Allow Selection?
Zoom ¥ Clear Selection
Show Selection

Full Image

12
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Figure 10: Sub-area selection menu.

2.1.6 Image Zoom

The image zoom option is invoked by a right mouse click and it changes digital resolution of a
viewed image. The sub-option "fit" will automatically rescale an image to fit the image panel
size. The sub-option "custom™ lets a user define the scaling factor either as a multiplicative
factor or as a percentage (by appending % to the number) of the original image size. For
example using the number 2, or 200% will result in an image that is twice the size of the
original.

4. Image Reviewer =10/ x]
File Help

Crop
Gamma Adjust

Image Info
Select Bands
Selection

O 50%
O 100%
® 250%
O 500%
O fit
< {lnleacisinm D

4]

Figure 11: Zoom selection options

2.2 Provenance Information Tool

The provenance information tool consists of a single window that allows viewing and
summarizing provenance information captured in different ways as described in

2.2.1 Viewing Events

The first tab denoted as “EventViewer” (see Figure 12: Event viewer of provenance
information.Figure 12) presents the events as they occur in time. The last event that occurred
and was recorded is always shown at the bottom of the list. Each event will show the data and
time when it occurred, the event name, the description or interpreted event, the number of
bytes that were written to disk (including the number of bytes for a screenshot if needed) and
how long it took to write the event information to disk.

13
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i Eyent Tracker [events] - |EI|5|
File
[i’ BventWiewer r Savedviewer rHEgiunTrat:ker rSaueSize |

Date EventMame Description Brytes Written Time (ms)
THAUWEF 30 227 [CHange VISIHE ([F=0 5= 2 wT0T= M54 36 AT ST o
Thu Mar 30 22 |[Thange Yisible. . |[x=0y=39 width. .. 165387 a1.288|
Thu Mar 30 22 |[Thange Yisible. . |[x=0y=5%width. .. 18317 a0.7ar
Thu Mar 30 22 |Thange Yisible, . |[x=0y=T7 width. .. 154613 49347
Thu Mar 30 22 |CThange Yisible. . |[=0y=93 width. .. 16130 31.8M
Thu Mar 30 22 |Thange Yisible. . |[x=0y=9% width. .. 1RGGD 31.484
Thu Mar 30 22 |CThange Yisible. . |[x=0y=93 width. .. 16615 38.323
Thu Mar 30 22 [CThange Yisible . |[E=0y=102 widt. . 1RETZ 1.8
Thu Mar 30 22 |[CThange Yisible . |[E=0y=107 widt. . 172349 32.033
Thu Mar 30 22 |[CThange Yisible, . |[=0y=105widt. . 17432 43.283
Thu Mar 30 22 [Mouse Clicked  |[«=150y=243] 171491 48053
Thu Mar 30 22:... |Change foom .. |28 17235 70933
Thu Mar 30 22 |[Thange Yisible. . |[x=0y=42 width. .. 17265 a8.443
Thu Mar 30 22 |[Thange Yisible. . |[x=1y=42 width. .. 3034 17.244
Thu Mar 30 22 |[CThange Yisible . |[#=13y=42 widt. . 3041 171
Thu Mar 30 22:.. |[Thange Yisible | =40 y=42 widt. . a08a 17.4584
Thu Mar 30 22 |Thange Yisible. . |[F=60y=42 widt. . 3374 17.244
Thu Mar 30 22 |Thange Yisible. . |[F=78 y=42 widt. . 3627 16.612
Thu Mar 30 22 |CThange Visible, | |[E=108y=42 wi... 3463 11.767
Thu Mar 30 22 |CThange Yisible, | |[E=109y=42 wi... 34480 11.45%2
Thu Mar 30 22:... |[CThange Visible, | |[E=112 y=42 i, 3474 11.423
Thu Mar 30 22:... |[CThange Visible, | |[E=114 y=42 wi.. 3440 13146
Thu Mar 30 22:.. |[CThange Visible, | |[E=119y=42 wi... 3447 14.856
Thu Mar 30 22:... |CThange Yisible, | |[E=132 y=42 wi... 3446 11.397
Thu Mar 30 22:... |[CThange Yisible. | |[#=135y=42 wi... 3444 11.834
Thu Mar 30 22:.. |CThange Yisible, | |[E=143 =42 wi... 3410 11.044—
Thu Mar 30 22:.. |CThange Yisible, | |[E=150y=42 wi... 3364 11.40%2
Thu Mar 30 22 |[CThange Visible, | |[E=148y=42 wi... 3367 26.07
Thu Mar 30 22:.. |CThange Visible, | |[E=147 y=42 i, 33848 12674
Thu Mar 30 22:.. |[CThange Yisible, | |[E=137 y=42 wi... 3404 12.915)=
Thu Mar 30 22:... |[CThange Yisible. | |[E=130y=42 wi... 3407 14.2945
Thu Mar 30 22:... |[CThange Visible, | |[E=129y=42 wi... 3408 12104
Thu Mar 30 22:... |[CThange Visible, | |[E=124 y=42 wi.. 3434 12,41
Thu Mar 30 22:... |[CThange Visible, | |[E=122 y=42 wi.. 3470 11.363| =

Figure 12: Event viewer of provenance information.

The second tab denoted as “SavedViewer” (see Figure 13) shows a cumulative view of
the events that have occurred since the application was launched. It shows the event
name, the last time the event happened, the number of bytes written to disk, the
percentage for the number of bytes written to disk for this cumulative event compared to
the total number of bytes written to disk, and the total cumulative time that has been
spent on writing the event to disk in mili-seconds.

14
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£ Event Tracker [events] =10 x|
File
f EventWiewer h" Savedviewer rREgiunTracker rSaveSize

EventMame Last Bytes Fercentane Time (ms)
Window Created |Thu Mar 20 22 B17 0.03% 4104
Change Visible.. | Thu Mar 20 22, 25873 26, 26% 1,920.8583
MHew Image Thu har 20 22, 10662045 83.25% 4445304
Mouse Clicked  |[Thu Mar 20 22 49434 2.50% 162652
Window Shown |Thu Mar 20 22 4a7 0.02% 3.535
Window Snaps... | Thu Mar 30 22:.. 156248 T.a0% 7034
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Change Gray S...|Thu Mar 30 22:... 30681 1.83% 104.281
Window Hidden |Thu Mar 20 22 a0a 0.02% 2.554
Change Selecti..|Thu Mar 30 22:... 307aT 1.83% 26,824
Change Crop Thu Mar 30 22:... 17478 0.83% B0.2308
Change Zoam ... |[Thu Mar 30 22:.. 121476 B.07% 338.057
Change Auto Z... [Thu Mar 30 22:.. 2100 0.10% 11.804

Figure 13: A summary view of all saved provenance information (all tracked events)
reported per event type.

The third tab denoted as “RegionTracker” (see Figure 14) of the Provenance Information
Tool allows to track in real-time the visible image sub-area being inspected in the Image
Inspection Tool. If a view in the Image Inspection Tool changes by, for example, moving
scroll bars, re-sizing the window, changing zoom level or selecting sub-areas, the
RegionTracker view will be updated and the visible sub-area will be delineated by a red

rectangle.

Z Event Tracker [events]
File

=10l =]

[ Eventviewer | SavedViewer | RegionTracker | SaveSize

E' Image Reviewer
File Help
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Figure 14: A global spatial view (left) in the Provenance Information Tool of the visible
image sub-area (right) being inspected in the Image Inspection Tool.

The forth tab denoted as “SaveSize” (see Figure 15) presents graphically the number of

bytes written for each cumulative event and the total number of bytes written to disk. As
illustrated in Figure 15, the visualization can be selectively adjusted to show only a sub-
set of cumulative events.

4 Event Tracker [events]

File

r EventWiewer |/ Savediiewer rHEgiunTra[:ker rSaveSize
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¥ ¥ Mouse Clicked

= W Window Shown
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ad
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Figure 15: Graphs of the disk space (vertical axis) as a function of time (horizontal axis)
for each event type. A right mouse click and selection of “Show Series” will provide the
legend for each curve.

2.2.2 Selecting Events to Track
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IP2Learn Functionality Description

A user can select what event types would be tracked and saved to disk by invoking a
dialog under the “File” menu of the Provenance Information Tool. The name of the
dialog is “EventTracker Properties”. The first tab will allow selecting those events that
are specifics to windows, for instance, events of windows being created, shown and
closed (or hidden). The second tab enables selections of those events that are specific to
the image panel, e.g., new image was loaded, visible region changed, or gamma value
changed. A user can select what provenance information granularity should to be saved
from the options, such as interpreted event, raw event, or frequent screen shots of screen
visible events.
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IP2Learn Functionality Description

i EventTracker Properties : EI

[ Window | ImagePanel |

Window Created Window Closed Window Shown

[ »

Save interpreted event? Save interpreted event? Save interpreted event?

Save entire image -

Window Hidden Window Snapshot

Save interpreted event? Save interpreted event?

Save entire image -

-

| OK || Cancel |

Figure 16: Parameters of image frame (window) that can be set in the Event Tracker
Property dialog. Window parameters include 5 events (frame operations) that are
currently supported by the tool.
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IP2Learn Functionality Description

& EventTracker Properties

Window | ImagePanel |

Hew Image
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Save raw event?

Remove Annotation
Save interpreted event?

Save raw event?

Allow Selection
Save interpreted event?
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Save onby visible region? |«

Change Selection

Save interpreted event?

Mouse Clicked

Save interpreted event?

Change Visible Region
Save interpreted event?

I

1]

Figure 17: Parameters of image panél that can be set in the Event Tracker Properfy

| OK || Cancel |

dialog. Image panel parameters include 21 events (image operations) that are currently

supported by the tool.
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Software License

Software License

The software is owned by the University of Illinois at Urbana-Champaign.
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