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Abstract. A method for processing microfocus X-ray images is described. It is based on high-frequency filtration
and morphological image processing, which increases the contrast of the X-ray details. One of the most informative
X-ray techniques is microfocus X-ray. In some cases, microfocus X-ray images cannot be reliably analyzed due to
the peculiarities of the shooting method. So, the main disadvantages of microfocus X-ray images are most often
an uneven background, distorted brightness characteristics and the presence of noise. The proposed method
for enhancing the contrast of fine image details is based on the idea of combining high-frequency filtering and
morphological image processing. The method consists of the following steps: noise suppression in the image,
high-frequency filtering, morphological image processing, obtaining the resulting image. As a result of applying the
method, the brightness of the contours in the image is enhanced. In the resulting image, all objects will have double
outlines. The method was tested in the processing of 50 chest radiographs of patients with various pathologies.
Radiographs were performed at the Mariinsky Hospital of St. Petersburg using digital stationary and mobile X-ray
machines. In most of the radiographs, it was possible to improve the images contrast, to highlight the objects
boundaries. Besides, the method was applied in microfocus X-ray tomography to improve the information content of
projection data and improve the reconstruction of the 3D image of the research object. In both the first and second
cases, the method showed satisfactory results. The developed method makes it possible to significantly increase the
information content of microfocus X-ray images. The obtained practical results make it possible to count on broad
prospects for the method application, especially in microfocus X-ray.
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Pesiome. OnuncaH OCHOBaAHHbLIA Ha BbICOKOYACTOTHOM GunbTpauum n Mopdonornyeckor obpaboTtke n3obpa-
XeHns meton, 06paboTkm MUKPODOKYCHBIX PEHTFEHOBCKUX CHUMKOB, MOBbLILLAIOWNI KOHTPACT AeTanen peHT-
reHorpammbl. OgHol 13 Hambonee UHPOPMATUBHBIX METOAMK PEHTreHorpadum aBnsieTcss MUKPOdOKycHas
peHTreHorpadusa. B psae cnyyaeB MMKPODOKYCHbIE PEHTIEHOBCKME N300paxXeHns He MOryT ObiTb JOCTOBEPHO
npoaHann3npoBaHbl N3-3a 0COBeHHOCTEeN cnocoba cbeMky. Tak, OCHOBHbIMWU HELOCTAaTKaMU MUKPOQOKYCHbIX
PEHTrEHOBCKNX M300paxXeHnin Yalle BCero ABAsioTCS HepPaBHOMEPHbIA POH, NCKaXEHHbIE SPKOCTHbIE XapaKkTe-
PUCTUKM 1 HaNn4yme Wwymos. NpeanaraemMelii METOL, NOBLILLIEHWS KOHTPACTa MENKNX AeTanen n3o6paxeHns OCHO-
BaH Ha naee coYyeTaHns BbICOKOYACTOTHOM GunbTpauum n mopdonornyeckor o6paboTkn nsobpaxeHunii. Metop,
COCTOUT N3 CleayloLux Laros: NogaBfeHne LWYMOB Ha M306paxeHnn, BbICOKOYACTOTHas dunbTpaums, Mmopdo-
nornyeckas o6paboTka n3obpaxeHus, NoayYyeHne pesynbTMpyoLLero n3obpaxeHuns. B pesynbtate npuMeHeHns
MeTo[a YCUMBAETCs PKOCTb KOHTYPOB Ha M300paxeHun. Ha nonyd4eHHOM n3obpaxeHun Bce 0O6bekTbl OyayT
UMETb ABOMHbIE KOHTYPbI. MeTon, 6k anpoburpoBaH npy o6paboTke 50 peHTreHorpamMm OpraHoB rpyaAHOM KNEeTKN
nauneHToB C pa3HoobpasHoi naTtonornen. PeHTreHorpaMmmbl 6b1511 BbINOIHEHBI B TOPOACKOM MapumHckon 60b-
Huue CaHkT-MeTepbypra Ha LMdPOBbLIX CTALMOHAPHBIX U NEPEaBUXHbIX PEHTrEHOBCKMX annapaTtax. Ha 6onbLuei
4acTW PEHTreHorpaMm yaanoch yayylnTb KOHTPACT CHUMKOB, BbIAENNUTb rpaHnLbl 06bEKTOB. Takxke MeToz, Obin
NPUMEHEH B MUKPOMDOKYCHOM PEHTrEHOBCKON ToMorpadumn ons ynyyweHms MHOOPMaTUBHOCTU NPOEKLMOHHBIX
JaHHbIX 1 ynyyLeHns BoccTaHoBneHns 3D-o6pasa o6bekTa nccnenoBaHms. Kak ons neporo, Tak n ans BTOpo-
ro cfy4aeB MeTO[, NMokasan yooBNeTBOPUTENbHbIE pe3ynbTaThl. Pa3paboTaHHbI METOL NO3BONSIET CYLLECTBEHHO
NOBbICUTb MHDOPMATUBHOCTb MUKPODOKYCHbIX PEHTFEHOBCKUX CHUMKOB. [ofly4eHHbIE MpakTUYeckne pesyib-
TaTbl NO3BONSAIOT PACCYUTLIBATb HA LUMPOKME NEPCMNEKTUBbLI MPUMEHEHNA METOAA, 0COOEHHO B MUKPOMOKYCHOM
peHTreHorpadum.

KnioueBble cnoBa: MnkpodokycHas peHTreHorpadus, uyudppoBas odbpadboTka n3odbpaxeHnin, GunbtTpaums n3o-
OpaxeHuni

e Moctynuna: 18.03.2021 » flopa6oTaHa: 19.08.2021 ¢ MpuHaTa Kk ony6nukoeaHuio: 20.08.2021

Ans yutupoBanua: Ctaposepos H.E., NpsasHos A.1O., KambiwaHckas W.TI"., MoTtpaxos H.H., Xononosa E.[]. MeToga noBbI-
LeHns MHGOPMATUBHOCTU PEHTTEHOBCKMX CHUMKOB. Russ. Technol. J. 2021;9(6):57-63. https://doi.org/10.32362/2500-
316X-2021-9-6-57-63

Mpo3spayHocTb PUHAHCOBON AEATENbHOCTU: HMKTO M3 aBTOPOB He MmMeeT PUHAHCOBOW 3aMHTEPECOBAHHOCTU B
npeacTaBfiEHHbIX MaTepuanax nnn MeToaax.

ABTOpbI 329BNSIOT 06 OTCYTCTBUM KOHMIMKTA MHTEPECOB.
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INTRODUCTION

It is well known that X-ray radiography is a method
for studying a research object using X-rays. One of
the most informative techniques of its application is
microfocus X-ray using radiation sources with focal
spots less than 100 pm in size.

Using of these sources allows obtaining images
with direct geometric (projection) magnification of
the image by 5-20 times. Today, microfocus X-ray
is widely used in medicine, in quality assessment of
agricultural crops, and in nondestructive industrial
control [1-6].

In some cases, however, microfocus X-ray
images cannot be analyzed accurately due to the poor
image quality. Thus, the main disadvantages of the
microfocus X-ray images are most often the uneven
background, distorted brightness characteristics,
and the presence of noise. In some cases, the widely
used contrast enhancement algorithms [4—10] may
not allow increasing the contrast of X-ray images,
while keeping the noise level at the acceptable
level.

The developed method solves this problem by
enhancing the contrast of the object structure details
without a significant increase in the image noise.

METHOD FOR ENHANCING
THE CONTRAST OF THE IMAGE
FINE DETAILS

The proposed method for enhancing the contrast
of the image fine details is based on the concept of
combining high-pass filtering with morphological
processing of images. The method consists of the
following steps: suppression of the image noise, high-
pass filtering, morphological processing of the image,
and obtaining the resulting image.

In the paper, an adaptive median filter is used for
noise reduction [4, 11].

High-pass filtering is performed by changing the
Fourier image by multiplying it with the Gaussian high-
pass filter (HPF) image.

The Gaussian filter is set in the frequency domain
according to the following expression:

_D2 2
H(uv)=1-¢ D (u,v)/ZDO’

where, D, stands for a given constant taking values
greater than zero, while D(u, v) is the distance in the
frequency domain between point (u, v) and the origin of
coordinates.

Thus, after this filter, low-frequency components
are significantly attenuated in the image, while high-
frequency components remain unchanged. In other

words, the brightness of areas with slow changes in
this parameter is significantly reduced, while the areas
with sudden changes in brightness (object boundaries)
remain unchanged.

The next step is morphological image processing
[12]. A square-shaped structural element with the size of
9 pixels is used for morphologic expansion (dilatation).
After this operation, the thickness of all objects in the
image is increased by 2 pixels.

The expansion of image 4 by structural element
B is denoted by 4 € B and is given by the following
expression:

A@B= 4,
beB

Structural element B is applied to all image
pixels. Every time the origin of the structure element
coordinates coincides with a single pixel, a carry
and subsequent logical addition with corresponding
image pixels is applied to the entire structural
element.

In the next step, the image after HPF is multiplied
by a constant (the value of the constant varies from 1.2
to 1.8, depending on the image brightness and contrast),
and then the image obtained by morphological expansion
and also multiplied by a constant is subtracted from it
[13]. The resulting image is described by the following
expression:

Lo =1+I,xXC -1 XC,,

where 7 is the original image; / is the image after high-
pass filtering; C,, C, are positive constants; /_ is the
image obtained by morphological expansion.

This results in the brightness enhancement of
contours in the image. In the resulting image, all objects
have double contours; in case of the negative image
(wherein denser structures have higher brightness), an
inner contour which pixels have higher brightness than
the object as well as an outer contour which pixels have
lower brightness than the object appear [14, 15]. The
algorithm for the positive image may be implemented
in a similar way.

DISCUSSION

An example of the algorithm is illustrated in Fig. 1
showing chest X-rays before and after applying the
method. The sharpness as well as the contrast of the
image fine details enhance significantly. At the same
time, there is no increase in the image noise, while
the visual analysis becomes easier. Application of the
proposed method allows detecting lung lesions more
accurately.
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Fig. 1. Chest X-rays:
(a) before processing; (b) after processing

(@) (b)
Fig. 2. Recovered results of tomographic analysis of tooth specimens:
(a) before processing; (b) after processing
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The method has been tested in processing 50 chest
X-rays (CXRs) of patients with multiple pathologies.
The CXRs have been done at the Mariinsky Municipal
Hospital (Saint Petersburg, Russia) using the digital
stationary and mobile X-ray machines. Digital processing
of a series of X-ray images showing the extensive
inhomogeneous opacification of both lungs by this
method allows focalizing and identifying the following:
circumscribed areas of the increased transparency,
inhomogeneous thickening of the distorted lung pattern
due to interstitial elements, inhomogeneous infiltration
in lung tissue, and pleural effusion boundaries. In a
series of X-ray images showing focal lung disease, the
method allows visualizing clearly the boundaries of low-
intensity foci identifying barely visible destruction sites in
them. In CXRs of patients with COVID pneumonia, the
postprocessing enhances the contrast and boundaries of
polysegmental different-sized foci and infiltration sites. In
CRSs of patients with traumatic injury to the chest organs,
the method allows identifying barely visible signs of rib
fracture, pneumomediastinum, and mantle pneumothorax.

The method has also been used in microfocus X-ray
tomography for increasing the information content of
projective data as well as for improving the recovery of
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data. The results of recovery without using the developed
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CONCLUSIONS

In the paper, the algorithmic support for the method
of increasing the information content of X-ray images,
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radiography.

Practical results allow expecting ample opportunities
for applying the method, especially to microfocus X-ray
radiography.
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