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OVERVIEW

Open-iis an online service provided by the National Library of Medicine to enable
search and retrieval of abstracts and images from 1.2 million PubMed Central®
articles. An important preprocessing step of building Open-i backend is to
automatically segment figures into panels and recognize panel labels, such that figure
captions of individual panels can be linked to the figure panels and more precise
features may be extracted. Existing panel segmentation and label recognition
algorithms [1,2,3] are developed based on a tiny set of 448 figures. Due to the lack of
training samples, the algorithms have to rely on many hand-crafted rules, which are
not able to accommodate the large variations of the figures need to be processed.

This project creates a workflow pipeline, in an attempt to collect a significantly larger
ground-truth annotated figure dataset efficiently. The annotation of a figure includes
the style of the figure (single-panel, multi-panel or stitched multi-panel), rectangular
bounding boxes of the panels, rectangular bounding boxes of the panel labels, and
the panel labels. The work flow starts with running automated methods, and then the
automated annotation is reviewed and fixed by humans. In order to ensure the
annotation quality, a verification algorithm is developed to check the consistency of
the annotations. The humans then review the suspicious annotations reported by the

verification program. -
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FIGURE COLLECTION AND ANNOTATION
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(B) This is an example of a multi-panel image. The image on the left shows what was brought up automatically. The image on the right has
been corrected. This is an example of a more typical figure because it has a lot more to fix.
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(C) This is an example of a single panel figure. The image on the left is the figure before being corrected. The edited
figure is on the right.
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The s=tyle iz null

Pre=ss n, go to the next figure

Press p. go to the previous figure

Press 1. mark it as SINGLE-PANEL

FPrezs 2. mark it as MULTI-PANEL

Prezs 3. mark it as STITCHED—MULTI-PAMEL
PHCZ274B070_1757-1626 0002 -A000BAY180—ABZ _png is Marked as SINGLE-PAMEL

(E) This is the same example as the single-panel figure before, but this shows what the
style annotation looks like for a single-panel figure. The bottom left image is the
original figure before paneling, and the bottom right image is after being style
annotated. As a result of it being a single-panel figure there are no panel labels.
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(F) The left image is the original image after being downloaded and before being paneled from The style is null
The right i is af h . . | h h | d labels i FPress n,., go to the next figure
part one. The right image is after the annotation program is run. It matches the panels and labels in [N NI, the previous figuwre
order to make sure there are not still errors. After checking to make sure everything is the same, a | RgEEE W LT SR TR, L6 P g o] 1 SA P
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proper label is given to the figure. This figure is multi-panel because the individual panels are 1:-:.:SS 3 Eik it :3 STITCHED—MULT I -PANEL
clearly defined.
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PROBLEMS

Z:~Rebekah“Figure>java —jar FigureDownload.jar https:- - openi.nlm.nih.gov/retriev
e .php?gquery=brain+neoplasm+henign B—downloads https:/7openi.nlm.nih.gov/
Query String: https:ssopeni.nlm.nih.govsretrieve.php?gquery=hrain+neoplasm+henign

Downloading results: 1 teo 1808...

First, retrieve figures via Open-l Web Service API
1000-2500 different images were downloaded at a time. Dounloading results: 1 to 180...
. . . m-mlnal:l:i.ng Pesultsf 201 to 388...
The program FigureDownload (as shown in the image to the Down loading resulte: 201 to 50811
right) is called DounToading reoulte: 601 to 7081
the figures are automatically saved to the folder labeled o ieaaing resuie? it 1o ee
0-downloads. otal results: 1228 PR
sing image prefix: https:/7openi.nlm.nih.gov/
The query string used for downloading include:
58 images downloaded...

Output directory to save images: B—downloads
tU rmerIC, images downloaded...

Downloading results: 701 to 86868 ..
Downloading results: 801 to 96868...
Downloading results: 9601 to 168688. ..
Downloading results: 18081 to 11860. __

A images downloaded...
A8 images downloaded...
images downloaded...

Al images downloaded...

heart + murmur 58 images downloaded...
’ A8 images :::llul.-m %oageg. .

] images downloaded...

brOken + baCk 5 images downloaded...
’ 0 :i.mages :::llul.-m %oageg. .-

. . b images downloaded...
brain + neoplasm + benign, 656 inages downloaded. ..
images downloaded...

H images downloaded. ..

heart + blOCk + Congenltal, : images downloaded. ..
i images downloaded. ..

images downloaded. ..

Ovarlan + tumor + benign, BB images downloaded

images down luacleEl: : .

ecg + brain, inades downloaded ...
@ images downloaded...
ecg + heart + rate + low, 2 images downloaded in total
malaria + plasmOdium + falCiparum + With + Complications' Z:“Rebekah“Figure>*java —jar PanelSegEval.jar CompleteB 1-image 2—auto evaluation
~txt
. . In:i.t‘:i.ali.z;er...a.‘ Ciglr_.rlpleteﬂ
Second, generate automated annotation where the figures Brorsssing B i+ inags\PHC2620058_yni 48784 4006 . png

Processing 1 1-image“PMC3527519 pone.@@52258 . gB82 . png
Processing 2 1-imagePMC3558716_1ijmsvlB@pB276902 . png
Proceszsing 3 1-image~PHMCZ7/4B07HA_1757-1626—0002-A0AAAA Y1 868882 . pny
Processing 4 1-image~PMCZ2677268_ADC—93-18-A890—fA5 .png
Processing 5 1-image“~PMC34208471_CRIM.NHMH2811-52528%.883.png
Processing 6 1-image“~PMC4323587_ad-27-181-gB881.png
Processing 7 1-image“PMC4323961_AJNS-9-189—gBA3.png
Processing 8 1-image“PMC2376189_87-660060%f1 .png
Processing 9 1-image“~PMC26986838_pone .ABB5876 . gBB4 . png
Processing Completed?

Save evaluation result _ ..

DONE?*

were manually copied from 0-downloads to a folder called
1-image, to limit the amount of images that are paneled and
checked in one sitting.

Third, panel the images using an Automated Panel

Z=“HRebekah“~Figure>PanelSegq2PhotoDrawv.exe Z—auto I—iphotodrauw
. H Processing B Z2—-auto~PHCZ262885%8_ymj—48-784—gBH6 . xml
Segmentation tool named PanelSegEval.jar. Processing 1 2-autowPMCI527519 pone.BB52258 . gBO2 - xnl

: Processing 3 2 aucowPMCO20070 1907 1656 0802 HOBOE?180-002 . xn1
- rocessing —auto™ _ - — — — - Xm
The results are automatically saved to a folder labeled 2-auto. SESRSEEIF I I eNShCFE FErY St Lt o i el
/\ || I f'th It f_th. t h tf] Processing 5 2—auto~PHC34284°71_CRIM.MM2811-5252879 8683 .xml
Processing 6 2—autos~PMC4323587_ad-—27-10681—gBB81 _xml
sma Samp €0 € resuits o IS'S ep are snown on € Processing ¥ 2—-autos~PHC4323961_AJHNS—2-189—qgBH3 .xml
. h Processing 8 2—auto~PHC2376187_87Y-66006A2f1 .xml
rignt. Processing 9 2-auto~PMC2698688_pone .B0B5876 . gAB4 . xm1

Fourth, the figures must be converted to an iphotodraw

formatted XML file.
The results are automatically saved to a folder labeled 3-iphotodraw.
The XML files are copied and pasted into the 1-image folder.

Fifth, use iPhotoDrawReconcile.exe in order to automatically open the figures, review, and correct the automated
annotations made.
iPhotoDraw is called, automatically displays the annotation(s), and allows for corrections until all images in the set
are complete.

The types of panels being annotated:
- For a single panel figure, a panel bounding box marks the whole image.
For a multi-panel-without-label figure, the panel bounding boxes mark the individual figures.
For a multi-panel-with-label figure, the panel annotation is the same as a multi-panel-without-label figure except these

panels must match up with their labels, e.g.: “panel A”, “panel a”, “panel B” should correspond with “label A”, “label a”,
and “label B”.

Finally, the figures are moved to a completed folder and the process starts over.
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(A) This is a multi-panel image. The image on the left shows what the figure brings up automatically. The image
on the right shows the figure after it has been corrected. This panel annotation example is relatively nice, only
two errors, one being a missing panel box and the other being a missing label box.

In this step, using the PanelSeg.jar program, the manual paneling corrections are

checked for the following:
That labels and panels
match up

That there are not any extra |[rora1 number of inage is: 10
. Missing Panel b, in 1ll-completed'FMCZ2690688_pone. 0005876, g004_data. xm]!
bounding boxes

Missing Panel ¢, in 1ll-completed'PMC2690688_pone. 0005876, g004_data. xml!
Missing Panel d, in 11—com1E_'I eted \PMC2690688_pone. 0005876, g004_data. xm1!
That there are not any
missing labels or panels

ZixRebekah~Figure>java —cp PanelSeg.jar gov.nih.nlm.lhc.openi.AnnotationUerifica

tion 11—completed > templl.txt

Mj templl.txt - Notepad

Extra Label Boundingboxes found in 11-completed'.PMC269068E8_pone. 0005876.g004_data. xml!
Iwegative ¥ Eane1, in 11-completed'\PMC2740070_1757-1626-0002-0000007180-002_data. xm1!

I Missing Panel b, in 1ll-completed‘'FPMC3527519 pone. 0052258, g002_data. xm]!

Missing Panel ¢, in 1ll-completed'PMC3527519_pone. 0052258, g002_data. xml!

Missing Panel d, in 1l-completed'PMC3527519_pone. 0052258, g002_data. xm1!

Label annotation is not found for Panel dB, in 11—c0mp1EtEd\PMCESE?SlE_pDnE.DDSEESB.?DDE_data.xm1!
Extra Label Boundingboxes found in 1l-completed“FMC3527519_pone. 0052258, g002_data. xm]!

some labels may missing in: 1l-completed'\PMC4323961_AIN5-9-189-g003_data. xml!

Missing Panel a, in ll-completed'PMC4323961_AIN5-9-189-g003_data. xml!

Missing Panel b, in 1l-completed'PMC4323961_AIN5-9-189-g003_data. xml!

Label annotation is not found for rPanel , in 1ll-completed'\PMC4323961_AINS-9-189-g003_data. xml!
Label annotation is not found for Panel a, in 1l-completed'\PMC4323961_AINS-9-189-g003_data.xml!

The individual figure names
and the errors are saved to a
txt file (as seen in the image to the right)

The figure names are copied and pasted into iPhotoDraw for checking.

STYLE ASSIGNMENT

This is where the Style Annotation takes place.
- The program PanelSeg.jar is called to verify the annotations and determine the

Iabel Styles Z:wRebekah~Figure>java —cp Panelfeqg.jar gov.nih.nlm.lhc.openi.AnnotationVUizuwaliz

e 11l-completed
Total number of image izs: 18

- The label styles include the following:
Single-Panel is a single figure.
Multi-Panel has multiple figures in a given image which are clearly defined.
Stitched-Multi-Panel also has multiple figures in a given image, but the is no definitive line
separating them.
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7= Uizunalize Annotation for 11l-—completed~PMC3558716_ijmsuvl@pP276g902 . png (D) The left image is the original image The right image is

The z=tyle iz STITCHED : c .

Press n, go to the next figure the style annotated image. This is an example of a stitched-

Prezs p, go to the previous figure i i i icti

phess g0 L P e R PANET multi-panel flgqre,_ b_ecause there is no distinct boundary

Press mark it as MULTI-PAMEL for each of the individual panels. This example also shows
how the annotations look with more panels, and how the

colors identifying the panels and labels stay different.

Pres=s 3. mark it as STITCHED—MULTI-PAMEL
PHC3558716_ijmsuvlBpl276gd2 . png iz Marked as STITCHED-HMULTI-PAMEL

In Panel Collection and Annotation, the main problem occurred with the PanelSegEval.jar algorithm
because it could not handle certain figure types. Some of the problems are in the following types of
images:
Graphs
Any with data charts
Images with extra words or random letters
Multi-panel figures with overlapping parts
As a result, the figures would have some of the following problems:
Extra panel boxes A oowa B s
Extra label boxes |
Wrong labeling on letters
No labels when they were not needed
Labels when none were needed
See images A, B, and C in Part One for examples,

as well as to the right.

most of annotation issues were not found when the figures were rechecked.

In Style Assignment, the main issue was not having the style annotation boxes and labels appear on the
annotated image.

.
%] Annotation
K PI(34 5P,

The far left image is the figure after
downloading, and the middle image is
the figure after annotating. This one
is identified as a Stitched-Multi-Panel,

FRET/TFP ratio
SGwxbpay

FRET/TFP ratio

B.

FRET/TFP ratio

I I = because there are multiple parts even
. i e [ though they are not in bounding
E: :_.. _':._ E:: T ; Ge Late/Early fold SD (n=3) boxes.

SUMMARY

Following this workflow pipeline, we are able to collect and annotate figures efficiently. Over
a period of 7 weeks, 10,262 figures are collected and ground-truth annotated by one person.
With this larger dataset, a lot more rigorous evaluation can be conducted and algorithms
relying more on machine learning instead of hand-crafted rules can be researched. We
believe this dataset is valuable to the future R&D of figure processing.
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