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Digitalization of X-ray films with image stitching

Digitalizagéo de filmes radiograficos com costura de imagens

Jaime Grande Vela', Amit Bhaya?, Alexandra Maria Vieira Monteiro®, Leonardo Valente Ferreira®*,
Alair Augusto Sarmet Moreira Damas dos Santos®, Maria Lucia Santos®, Paulo Bahia®, Elise
Tonomura’

Objective: To propose a reproducible, user friendly and low cost method for digjtization of radiographic films of all the
standard sizes, focusing efforts on chest X-ray films. Materials and Methods: The focus on low cost have dictated the
use of an A4 scanner with transparency adapter, as well as an optimized image stitching software that takes advantage
of the scanner geometry and constant capture area, besides the knowledge of the standard X-ray film sizes. Results:
The end result of the proposed method is a high resolution image with good contrast and no perceptible stitching artifacts.
Conclusion: The proposed digitization method with an A4 scanner allows reproducibility, excellent image quality and
high degree of certainty in the identification of lesions.
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Objetivo: Propor um método reprodutivel, de facil utilizagdo e de baixo custo para a digjtalizagéo de filmes radiogra-
ficos de todos os tamanhos padrées, concentrando nossos esforgos em filmes radiogréficos de térax. Materiais e
Métodos: O objetivo de baixo custo ditou o uso de um escaner A4 com adaptador de transparéncia, bem como um
software de costura de imagens otimizado, que tira proveito da geometria do escaner e area de captura constante,
bem como o conhecimento das dimensdes dos filmes radiograficos padroes. Resultados: O resultado final do método
proposto é uma imagem de alta resolugdo com bom contraste e sem artefatos de costura perceptiveis. Conclusao: O
método de digitalizacao proposto usando um escaner A4 possibilita reprodutibilidade, excelente qualidade de imagem
e alto grau de certeza na identificacao de lesoes.

Unitermos: Radiologia digital; Telerradiologia; Costura de imagens.
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INTRODUCTION

The original concept of digital radiol-
ogy was introduced in the late 1970's and
early 1980’s, but this technology was not
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totally mature until the 1st International
Conference and Workshop on Picture
Archiving and Communication Systems
(PACS), held in Newport Beach, Califor-
nia, in January 1982, With the introduc-
tion of digital imaging, a new era was
launched in the field of radiology: the uti-
lization of digital filesin lieu of conven-
tional films has brought new conveniences
for manipulation, transmission, storage and
viewing of radiographs.

The digital representation of radio-
graphs providesanumber of advantagesfor
the Brazilian health system, such as the
proven efficiency of the second opinion
systems over the internet® and even the
utilization of such digital material inteach-
ing and training processes®.

In order to make full use of the advan-
tages of the digital representation of ara-
diograph, in addition to digital radiography
(DR) itself, whose implementation cost is
considerably higher than conventional
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radiography’s, one may resort to digitiza-
tion of conventional radiographic films®™.
There are currently two methods for the
digitization of radiographic films. one of
them is the utilization of digital photogra-
phy, and the other is by means of the utili-
zation of a transparency scanner®9.

The Brazilian redlity as country of con-
tinent wide extent and limited resources
makes it practically impossible to replace
al existing conventional radiography
equipments by DR equipments or even the
large scale acquisition of computed radiog-
raphy (CR) equipments. On the other hand,
the small number of radiologists available
in geographically remote areas besides the
prevalence of pulmonary disorders, makes
the low cost digitization solutions for gen-
era radiology become essential asameans
for teleradiology between remotelocations
and excellence centers, thus reducing geo-
graphic barriers, patient travels and costs
for the national health system.
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Digitization by means of digital cam-
eras has been utilized, but with limitations
regarding technical requirementsfor image
acquisition, such as: a) need for a dark
room for images capture; b) utilization of
a negatoscope; ¢) previous adjustments of
the camera’s parameters; d) utilization of
atripod to prevent movements of the cam-
era during image acquisition; €) post-edi-
tion (cutting, rotation, grayscale, etc.) of
captured images®. For thisvery reason, the
objective of the present study has been to
develop areproducible, user friendly and
low cost process to digitize radiographic
films, most specifically chest radiographs
on account of their high demand, by utiliz-
ing atransparency scanner associated with
an image stitching software specially de-
veloped by the present project team, by
means of which parts of an image are au-
tomatically combined.

The present investigation was devel-
oped with the financial support of Finan-
ciadorade Estudos e Projetos (FINEP) (the
Brazilian Agency for Research and Project
Financing), at Nucleo de Atendimento em
Computagdo de Alto Desempenho
(NACAD/COPPE) (Center for Assistance
in High Performance Computation).

MATERIALSAND METHODS

The operation of a common or desktop
scanner is based on the capture, by a sen-
sor, of the light reflected over a media
placed on the scanner’stray. Such aprocess
is continuously performed and the final
result is a digital representation of the
scanned image'”. This process is practi-
cally thesamein all scanner models, butin
transparency scanners, the light source is
placed behind the image and not before, as
in the case of common scanners. For that
reason, for radiographic films, a transpar-
ency scanner isutilized. Themost common
transparency scannersavailablein the mar-
ket are geared for the A4 (21 x 29.7 cm)
format, but such type of scanner is not ca-
pable of digitizing most radiographic films
utilized in the clinical radiology practice,
on account of their limited areaof imaging.
OntheA3format (29.7 x 42 cm) scanners,
it ispossible to ailmost completely digitize
all the evaluated films, but the high cost of
such equipment (up to six times the cost of
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an A4 scanner) makes its utilization pro-
hibitive in terms of cost®. Thus, in order
to achieve the cost objectives, the authors
opted for the use of an A-4 transparency
scanner (ScanMaker i800; Microtek, Hsin-
chu, Taiwan), whose market price is ap-
proximately R$ 2,000.00 (US$ 1,266.00),
overcoming the spatia limitation of the
imaging areaby means of the utilization of
an image stitching software known as
scanRX, specially developed by the team
involved in the present project, by means
of which parts of an image are automati-
cally combined to form a complete image
with no sign of the stitching®?,

The generation of a complete image
from parts of this sameimageisacommon
problem occurring with image processing
techniques, and several solutions to this
problem have already been proposed®,
In this process, each digitized image will
be treated as a matrix or two-dimensional
table, where each element or pixel has a
specific coordinate or specific position in
the ij plane with a value representing its
luminous intensity, which may range from
0 (completely black) to 255 (completely
white). Thus, each digital imageis defined
asam X nmatrix (mcolumnsand n lines)
composed by elements with their position
defined by i,j coordinateswithinthe matrix,
and a luminous intensity value which is a
natural number between 0 and 255.

For the stitching process, the definition
of an overlap area (superimposition) isin-
dispensable, i.e., acommon region between
two images that comprise part of alarger
image™. In the specific case of image
stitching under analysis in the present ar-
ticle, asamefilmispositioned on the scan-
ner in such away to generate partial im-
ages, i.e., with common or repeated parts.
The task performed by the stitching algo-
rithm is exactly the utilization of the data
associated with the physical scanning pro-
cess to calculate a reference point that al-
lows the combination of two images that
belong to larger image, superimposing the
equal parts*?. Figure 1 shows an example
of an overlap area between two images.

Oncethe overlap areas are identified on
the images obtained from a same film, the
next stepintheimage stitching processisthe
selection of asub-image, within the overlap
area of image A, called “matching area’ >
13 that will servethe purposeof locating the
correct position for the images stitching or
fusion. One observes that such a matching
areaiscontained in both sub-imageA (here-
inafter CA) and sub-image B (hereinafter
CB). Therefore, the positioning of CA ex-
actly over CB impliestheaccuratefusion or
gtitching of the two sub-images A and B.

Figure 2 depicts a representation of
what a matching area located within the
overlap area of image A would be.

overlap
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Arca comum ¢entre as
imagens A ¢ B

Figure 1. Images overlapping areas.
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Figure 2. Images matching area.

Thenumber of elementsor pixelsof this
sub-image, called “ matching ared”, isakey
factor in the algorithm’s processing time,
asthe greater the number of pixelsisinthe
matching area, the greater will be the com-
putational effort (processing time)*. On
the other hand, the greater the number of
pixelsin the matching area, the greater will
be the chances of finding this same area
contained in the other sub-image, and con-
sequently, of a successful image stitching.
Considering that radiographs of lung fields
commonly present large areas with the
samegray levels, itisnecessary to perform
a careful selection of the matching area
based on the greater dispersion of gray lev-
els contained in such an area, so that there
is enough relevant data to facilitate a suc-
cessful images stitching™®. In order to ac-
celerate the above briefly described stitch-
ing process, a“reduced search ared” isde-
fined, based on the assumption that the
images acquisition is ideally performed,
i.e, the partia images are completely
aligned, without any vertical displacement
among them. Such an ideal image acquisi-
tionisin fact feasible, by utilizing the data
onthefilmsandimaging areasizes, and the
number of pixels per resolutioninchin the
scanner, besidesthe physical characteristics
of the scanner itself, as detailed by Vela®.
With accurate data on overlap areaand di-
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Figure 3. Search region on the image.

mensions of the partial images (in pixels),
it is possible to calculate the accurate
matching area coordinates. Figure 3 shows
areduced search area on image B.

Oncetheoptimum matching areaand the
reduced search areaare defined, theimages
matching processisinitiated. Such aprocess
consists in calculating the degree of simi-
larity between the matching areaon sub-im-
ageA and al the areas of the same size and
format on sub-image B, exhaustively going
through the reduced search area on B. In
order to quantify the degree of similarity
utilized intheimages matching, the authors
have opted to calculate the root of the
grayscaleaveragedifference (RGAD) 213,
which is defined as the average of the sum
of the difference between two correspond-
ing pixels on theimages being matched. In
asimpler way, the lower the RGAD value,
more similar aretheimagesin terms of dif-
ferences of the values of pixels with equal
coordinates. Figure 4 depictsan example of
two elements (pixels) with the same coor-
dinates on corresponding images.

The agorithm performs aline by line,
and column by column scan: for each point
of the matrix of the reduced search area,
RGAD is calculated and stored for later
determination of the coordinates that cor-
respond to the lowest RGAD. Such a pro-
cess is represented on Figure 5.

The coordinates (i,j) of the point corre-
sponding to the highest degree of similar-
ity are utilized to overlap the images con-
taining the matching area (A) over theim-
age that contains the search region (B).
Suchaprocessresultsin asingleimagethat
is larger the two previous images, and is
comprised by partial imagesA and B. The
stitching process does not consist only of
the mere superimposition of the sub-im-
ages, but also takes care of thefusion of the
pixels values in the overlap region®*?, in
such amanner that the human eyeisunable
to distinguish any traces of the stitching
process (such as a stitching line, for ex-
ample). Theresult is depicted on Figure 6.

For radiographic films of adult patients,
for whom chest radiography (PA) would
normally bemadeona35cm x 43cmfilm,
thewhole process of film digitization com-
prises four scanning routines for parts of
thefilm, aswell asthree stitching and for-
matting routines, automatically performed
by the scanRX software.

RESULTS

All the performance tests developed
with the above described digitization pro-
cesswere carried out on an ordinary micro-
computer equipped withan AMD 3800, 2.4
GHz microprocessor and 1 GB RAM.
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Imagem a

Imagem b

Imagem B

overlap

Figure 4. Pixels with the equal coordinates on two corresponding images.

Imagem costurada

Figure 6. Two images stitching.

The total time spent in the digitization
process was considered as being the sum
of thetime of scanning of parts of the film
and the time required by the scanRX soft-
ware to perform the image stitching pro-
Cess.

For 35 cm x 43 cm radiographic films,
the mean time for the (automatic) routine
performed by the scanRX software was
8.15 seconds, and the mean acquisition
time for the four sub-images corresponded
to approximately four minutes (one minute
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per sub-image). It isimportant to highlight
that the scanning is an electro-mechanical
process performed by the A4 scanner, with
no possibility of external control, and the
time required by the software includes the
routines of recognition, images stitching
and later output file formatting, which is
available in the standard format (DICOM)
for medical images.

The images acquired with this process
(example on Figure 7) were analyzed by
radiologists with more than 15 years of

Figure 5. Search region scanning.

experience, at Hospital Universitario Pedro
Ernesto of Universidade do Estado do Rio
de Janeiro, at Hospital Universitério Anto-
nio Pedro of Universidade Federal Flumi-
nense, and at Hospital Universitério Cle-
mentino Fraga Filho of Universidade Fed-
eral do Rio de Janeiro. Approximately 280
radiographs were digitized and classified
according to: @) image quality; b) certainty
in the identification of the lesion (s), with
sensitivity and specificity of 94% and 95%,
respectively.

DISCUSSION

Previous studies demonstrated the pos-
shility of utilization, inradiology, of images
obtained by meansof digital cameras®®®19.
Such studies have reported the absence of
significant differences between the origi-
nal film and its compressed digital image
(JPEG format), for the diagnosis of lung
lesions caused by pulmonary tuberculosis.
Later studies havereported better resultsin
the digitization of filmswith desktop scan-
ners equipped with transparency adapt-
er817 and in such studies the utilization
of scanners demonstrated improvements of
5% to 13% in the diagnostic accuracy as
when compared with the utilization of im-
ages acquired with digital cameras.

Radiol Bras. 2011 Jul/Ago;44(4):233-237
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Figure 7. Result from digitiza-
tion of a 35 cm x 35 cm film.

Digitization of X-ray films with image stitching

Thetotal digitization time utilizing im-
age stitching is mostly taken by the sub-
image capture process; such a process is
performed by the user with the assistance
of the graphicinterface of the scanRX soft-
ware; and, considering that user friendly
graphicinterface displaysthewhole proce-
dure in detail, interactively and on a step-
by-step basis, no basic IT knowledge is
required to operate the system.

The time required by the stitching and
edition processes which are automatically
performed by the software, ismuch shorter
(3.3%) than the time spent by the operator
in the acquisition of scanned sub-images.
Thus, it is possible to affirm that the swift-
ness of the procedure is determined by the
scanner speed and not by the timerequired
by the software in the images processing.

Currently such method is being imple-
mented as a pilot trial in eight low cost
teleradiology units in the State of Rio de
Janeiro, in apartnership with the Programa
Nacional de Telessalde (Nationwide Tele-
health program)®®.

CONCLUSION

Themethod for filmsdigitization utiliz-
ing image stitching has achieved the pro-
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posed objectives of easy utilization, results
reproducibility and high quality of final
images. The low cost objective remained
compromised, as the cost of the necessary
equipment (A4 transparency scanner) is
higher than the cost of a digital photo-
graphic camera. However, the appropriate
result of the digital photography method
depends on certain conditions and re-
sources. The utilization of a scanner and
specific software provides this method
with independence from ambient lighting,
from anegatoscope and from operators' I T
knowledge, besides the advantage of pro-
viding final images in an appropriate for-
mat for medical images (DICOM).
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