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ABSTRACT

Tracheal intubation 15 a critical medical procedure imviolving
the insertion of a whbe into the rachea W maanten an open arsway.
While csseatial, this procedure carnes sigmificant risks, soch as
incorrect (ube plucement.  Advances in visually peided intubation
methods, ke video laryngoscopy, have enhanced safety by cnabling
precise racheal segmentation from endoscopic images. Our study
introdsces an innovalive mmige enhancement lechmgue for video
endoscopy that significantly improves racheal visibility and sep-
mentation accuracy. This novel approach nol enly fecilitaies safer
and more accurate mtubation but also minimizes patient discomfont
and procedural rmsks. Tested apmnst the UnS Doetaset and real pa-
tient data from thyroidectomy procedures, our method demonstrated
supericr performance, achieving a segmeniafion accurcy of 97%,
a precison of 94%, and a recall of 9%, Our Gilored method
computationally eificient. muking it suitable for implementation on
edpe devices like Arduine, thereby enbancing intubation safety and
eificicncy in vanous medical seitings,

Tadex Termi— Video Endoscopy, Medical Trnaging Enbanice-
menl, Trachea Segmentation, Intubation.

L. INTRODUCTION

The human upper airway commprises the oral cavity, pharynx, and s
subdivisions, including the nasopharyns, cropharyng, hypopharyone,
and larym, all of which play a crucial role in respiratory bealth [1L
These structures are mesponsible for humidifying and warming in-
haled wr and ore vascularnzed by the esternal and intemal carofid
arlencs.

Sensory innervation of the msophoryns and oropharyng is pro-
vided by the tngeminal, facial, and glossopharyngeal nerves. The
trachea’s uitigue structure, includimg its siee and carlilaginons negs,
15 essential for distinguishing it during intubation, as depicted in Fig-
ure |- Tracheal intubation 15 o eritical emerpency procedune to man-
apre the airway and aid m ventlation, but it carmics nsks such as as-
phiyxia or palmomary aspiration. The procedure’™s success is crucial,
und visually puided methods ke video laryngoscopy have been in-
troduced o reduce comphcations associated with cmergency intuba-
tons. These technologes, especially with the latest developments
in computer vision and artificial intellipence, have revoluGonized
medical imaging, including racheal segmentation durng intubation
[2] Tracheal segmentation identifics and solates the racheal regon
from endoscopac images, facilitating accurate and safe intubation.
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Fig. 1: Tracheal intubation process

Various computaiional techmygues have been proposcd for enhanc-
ing laryngeal and tracheal image analysis using decp learning and
convolulional nevasal networks. Table | provides o summary of these
studies, highlighting ther methodologies, resulis, and potential Rm-
ilations. While these methods have contnbuted sigmificantly o the
field. there remsanns a need for technigues that are both highly adepr-
able o diverse imaging conditions and capable of achieving high
aocuracy in cemplex scenanos. Thus, the crtical contibutions of
our study includi:

* lmuge cobancement echmgue as a pre-processing step, sig-
nificuntly improving the descriptors and elarity and definition
of tracheal structunes Tor mone securale sepmmentabion.

* The proposed method effectively addresses challenges of
varisbility and sub-optimal quality in endoscopic images,
such as noise, blur, and illundnation.

* (ube insertion pathways post-segmentation, crucial for video
cndoscopy precision. The enhancement algponthm sharpens
boundary definition, significantly improving sepmeniation.
Addditional video frame analyses are detailed 1s available in
oser Gt Tuby repository Link.

These technigues cover vanous aspects of racheal sepmenta-

L, such as datsets, preprocessing methods, and performance met-
mcs. However, despite ther inmovafions, they have sigmficant Tiomnita-
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Table I: Summary of Studies on Tracheal Segmentation and Detection Methods
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tions, particulary in adaptabifity to diverse imape conditions and ac-
curacy in comples imaging scenarivs. Our paper introduces @ novel
approach W racheal imaging i video endoscopy, charscterized by
an advanced image enhancement techmgue apphed before segmen-
Lation. This techmigue significantly improves the visibalaty and defi-
mition of rached structures, crabling mone precise segmentation.

The paper is organized as follows: Section | presents a compre-
hensive review of related work in tracheal sepmentation amd detec-
on methods. Secton 2 deseribes the proposed methodology, and
Section 3 discusses the results and performunce evialuation. Section
4 concludes with @ summary of key findings and potential future re-
search directions.

L. PROMISED METHOD

In medical wmape processing, especially for racheal sepmentabion
in video endoscopy, enhancing image guality 15 crocial for effective
segmentation. To address thes, we inroduce a novel imaee cobonce-
ment lechmgue called Bi-Logarthmic Tistogram Bgualizaton with
Quass Correction Functions (BLITEQCFs), inspired by recent paper
in the field [9L This method significantly improves: the guality and
distinctiveness of visual information in endoscopic imapes, leading
o more accurate and reliable segmentation results.

Figure 2 presents a flowchart of the proposed mcthod, The pro-
cess begins with the input of imagery, which s then enbanced o
highlizht specific features. This s followed by applying the sexmen-
tufion phase, where a mask 15 pencrated o dentify distinct regions
in the image. The output 15 o set of resulting images after overlay-
ing the sepmented mask aml peperating the optimal path. Lastly, we
compare the segmented resolls agiinst a ground truth.

2.1. Enhancement method wsing Bi-Logarithmic Histogram
Equalization with (uasi Correction Functions

Imiage entoncement is crecial for image segmentation @5 il signaf-
wcantly improves the guality and distinctiveness of visual informa-
o, feading o mone sccurate and reliable segmentation results, En-
hanced images exbabil betier contrast, reduced norse, and improved

clanty. all of which contribute o the creation of feature-rich ep-
resentations.  These enhanced features are essential for segmenta-
tion alporithms W effectively differentiale between object bound-
aries, lexiures, amd shapes.  The heightened visibality of relevant
detmls in enhanced images enables segmentation models o make
informed decisions, resulfing i improved precision dand recall in
identifving and dilincating objects of interest. In this sub-section,
we propose the Bi-Loparithmic [Tiswgrem Equalization with Cluas:
Correction Functions (BLITEQCF:), inspired by [9].

Let Iy, 4y denote a given image, which is composed of = dis-
crete intensity levels referred W oas {xo, 21, ... 2 1y} The given
g can be separated by an imoge-dependent threshold, o, and os-
sumie that =, C [Iu,:rh__.1:c|:,_ 1] }- The transformation function
cant be described as;

a1 !’!L{It I"]L_n'.{s—]!r.g“dl.lcj_.ful..]‘

il :x < a5

o) — I
_.”1} £ |m,u[u:11, 1} I!]“i!{*:lll:-_guur;}c]lfunjl ]

iz > =

where g refers W the minimum intensity leviel of an image ina
permilted ramge, wgg 1) represents the maximem intensity level of
an i.mag:: i a permilted range, r:{_'n} 15 o cumulative density Tunction
of an image, g, and e, are constants, and £ 15 an offset value.

Quasi-symmetnc correction funciions play o significant rofe
apuinst over-cnhanced and artifocts in enhanced images. By simtegs-
cally mitigating the excursiveness of enbuncements, these comection
functions contribule to maintamng the mtegnty and viseal fidehty
of images, ensuring & balunced amd realistic ropresentation of the
enhanced content. The Quusi-symmetnc cormection functions can be
expressed as:

N (M=), ifzx<z

Qulr) = {m]‘ i @
oy A== FEY, W X

Qu (x) = {nﬂ, T @)
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The combination of the Quasi-symmetne comection functions
provades a complete ransformation function, providing a refined and
balanced approach o address unpleasant artifacts and enhance over-
all performance. The complete Quasi-symunetric correction function
can b cxpressed as:

z) =wlelz) | {1 wiuiz) il

where o denotes an adaptive weight, €, () and Gy (=) rep-
resent the Quasi-symmetrie correction functions of a dirk compo-
nent, X {Vxlen, £y, .o, 5 ), and 2 bright componeat, Xy,
[Ve|rge 1y, e .- - -5 e 1y} - 1o this puper. the adapiive weight,
wr, 15 sel o the value of (L8, The proposed algorithon can be writlen
i Adgorithm 1.

Algorithm 1 Bi-Lopgarithmic Ihstopram Equalization with Cuas:
Comection Functons (BLITECCEs)

Require: [, ;) is a given image.
Inatiabize cxg, ox 4 095,24 10w ¢ (LB
Rl a given image, Iy, 4.
Generale the cumulative density function, o).
Calculate an image-dependent threshold, .,
Generate the bi-loganthmic transformation functon:

jaa 'sai( Aaeinany | uospedwen

if x < x; then

Fley 4 wn | op (e o Pt B U R AR TR A
else

fle) ¢ o ””{I“_‘ 5 zd;.l’-{-ﬂhd{{"rﬂ bedfonp b
end il

Calculate the Quasi-symmetric correction [unction for o dark
component, X ¢ [Ve|xo, ..o e}
if & = x; then

Qulz) ¢« (F=))7
Fig. 2: Flowchart of the proposed enbancement amnd segmentation else
method Qulz) ¢« [fiz)
end if
Calculate the Cuasi-symmetne coirection function for @ bright
whre -y denotes a gamma paremeter. component, X ¢ [Velog gy, T gm0 nk
il :r < e then
2.2. Image decomposition using Agaian-Trongtiraknl Entropy Quix)e 1 (1 fla))'
(KL2 Entropy) [9, 10] el
; . - . . Quix) <« [i=)
In thes subsecton, the decomposition of an umage into dark and end if

bright regions is performed wsing the KL2 Entropy. The extended
Kapur Entropy is defined as follows:
Q) « wllnle) 1 (1 w)Qulx)

% == {olz) | b=)} 4 Apply the combination function to the given image, I, gy
The image-dependent threshold @s represented by o0 I s as- Bt ﬂ.E{I(.‘” I Q{fl.._;].}]'
sumed that .o, € {xy, 0wy, ..., xp 5} and L 28 1 denotes the Emsnre: [, ) 15 an enhanced image.
depth bl imegee per channel. For RGB-images, [ can be set as 8.
The input image is then decomposed into two sub-images {5 () and
fis () sepurated by x as:

Generute the combination of the Quasi-symmetric comection
functions:

The (L8 value is chosen to balance computational efficiency with
accuracy, effectively minimizing noise impact while muintiining im-
age processing mobustness. Where £ and Jy repriseit the inlensity

afx) = (fe{r) | )7 cos{log{log{fu{z) | £))); vilues cormesponding o the 0™ and 50* percentiles of the entire
LuGY={h gl y i)} (3} pixel distribution within the given image, respectively. Let N repre-
d — RS0 senl the maamum intensity value. Then, we can define:
bz} = {plx) | |_]|'r cos{log(log( (2] 1)) ) 1o — DON
fir(z) = {lisldey = 20 }

It should be noted that [, () consisted of {zq, 2,,. .., =, } and HE=HIN
for () consists of {s p1, 50 gn, o, xe 1), Ly refers ooa given Therelore, we calculate woas follows:
imagee, and £ denotes an offset value Woavoid a loganthmic caleula- 09N 01N

T e
fon erros. “ 08N | 1N
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We can fix w — (L8 o reduce the computationad complexity. 1t is
commonly used i practical applications.

2.3. Scgmentation

Watershed image sepmentation [11] s a technigoe used in tmagee
processing o partition an imoage ok regions based on the wpology
of the unage intensity surface. The basic wdea 15 W treat the paxel
intensity values as a topopraphical surface, where pixels with similar
intensity vidues form regions separaded by boundaries. The modified
algontho for sepmaentation  descrbed in Algonthm 2.

Alporithm 2 Sepmentation wsing Watershed Transformation
Require: Eip, ;15 an enhanced image.
Initialize vy ¢ F,rx ¢ 20
Reind an input image, fy, -
Compute the gradient of the image o highlight the edges and
boumdaries:
Crgiay 4 “iﬂldl | ff:{trﬂ; 2 15 horzontal gradient, and
7y 1 a verical gradient
Apply murphological operations:
Ml{:,_rj L Enl'{i:m{l'}h‘”,r,]l
M;g{.__ﬂ i Bilmﬁ{ﬂlﬁm{ﬂ’fl(ilﬂj
Compute the distance wansform of the Tmage, dp -
Apply the walershed transformation to the distance transformed
image. 8y, o).
M-ﬂl-.-:} L4 erm{.’ii_u,}
'ﬂ"ﬁ(lr_'l']' b R.I:EiUnHjMiﬂ'i.IImI:f;{.d},M“,d]lMﬁ{.d}J
Apply the walershed transfonmution to the regronal rommims mage,
Mugs, -
Wi 4y 4 Wah-.nﬂw:l{;‘.i‘_r,tmﬂ
Calculate the regional mean, g, of Wiy 4)-
Caleulate the total number of the sepmented image, wy, -
fora — 1w N do
if oo > { then
¥4 o
gy (wig) = x) ¢ B (win = x)
end if
end for
Loyl gy > ma{ly ) /2) ¢ 1
Apply the regional (lling alporithm to the scgmented image.
j"’t'd]'
th:l] L1 FIJI{ 'l-'{u.._-r}}
t Ly g 1 0 segmenied imapge.

3. RESULTS

This section priscils a comparative analysis of enhancement and
segmentation approaches both statistically and visually, alongside
showcasing the optimal pathway for traches] miubation. We begin
with a stafistical evaluation of our proposed enhancement method
apainst histogram equalization (1TE) and CLATIE methods [ 12] os-
ing BRISQUE and NIQE metrics, dermonstrating its superior perfor-
mance. A similar statistcal comparison 15 conducted lor segmenta-
ton performunce, emploving metnes such as Accuracy, Precision,
Specificity. FI Score, and Dice metric (DSC), where our method
outperforms existing approaches.

WVisual assessments Turther validate the effectiveness of the en-
hancement and secpmentation echmigues. The comparafive viswal

performunce of image cobancement methods s iflostated. high-
lighting the improvements in image gquality.  Additionally, visual
segmentalion assessment using samples from diverse databases
showcases the precision of eur proposed segmentation method.
Finally, we detwl how our sepmentation approach assists in the
tracheal inwbation process, goiding medical professionals by iden-
Lfying the optimal path for Wbe insertion. This = acheved through
the use of Region of Interest (ROT) and Bounding Box echmigues,
lacilitating a more sccurate and expedient intubaton proceduane.

Al Statistical Enhancement Performance Comparison

The proposed sepmentaiion approach was dgorously evaluated and
compared with ITE and CLATIE methods. We employed BRISQUE
and NIQE metrics for a comprehensive stulistical comparison. The
results, as shown in Table 2, demonstrate that our proposed method
outperforms the existing approaches i terms of statistcal quakty
metrcs.

Table 2: Sotisticel comparative perfonmuance  melnics using
BRISQUE and NIQE of the cohanced images from Uod dats and
Styletubation data by Pan et al [13]. Best results are highlighted
i red, indicating optimal performance, and worst resulis i bloe.
Lower scomes ane better.

Metric Original HIE CLAHE Enhanced

EBRISQUE [14] .'.iﬁ.ﬂa‘;‘ TIRBH 62382 25918

KIQE 2.&1‘?3 ISSTT 61293 1.6288
3.1. Statistical Sepmentation Performance Comparison

The proposed sepmentution approach was rigorously evaluaied and
cormpared with state-of-the-art methods. We coployed several met-
ek for g comprehensive statistical companson, mcludimg Accurcy,
Precision, Specificity. Fl Score, and Dice metric (DSC). The results,
as shown in Table 3, demonstrate that our proposed method outper-
lorms the existing approaches in lerms of accuracy and other signif-

icant muebrics.

Table 3: Compurative Performance Metncs of Segmentation: Best
results are highlighted o red, and sccond-best results m blue. The
results of the proposed methad are derved from the apgregate anal-
yuis of both datasets. Methods used: M1 - EfficientMNet-BS with
Deeplaby3+ [ 15]: M2 - EfficientMNet-BS with U-Net [16]: M3 - Con-
fipured Mask R-CNN [15]; M4 - Tromable Weka Sepmentation [ 17];
M5 - Scpment Anything Model (SAM) [18]: Proposed - Proposed
Sepmentation Method., Metrics included are Accuracy (Acc. ), Pre-
ason (Prec), Specificty (Spec.), Fl Score (F1), and Dice metnc
(DEC).

r 3 : 9

= —
Model L & & = z
M1 08283 09219 05896 08852 07660
M2 07991 09057 05333 08655 07395
M3 0807 080Il 08281 08669 07207
M4 0.6869 09660 N/A 04921  N/A
M3 06212 09791 N/A 07568 N/A
Prposed 09774 09488 09938 08227 08227
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3.3. Visoal Enhancement Comparative Performance

The effectivencss of the proposed image enhoncement technigues
can be qualitafively evaluated through visual companson. In this
subsection, we present the visual comparative perfsrmmmnee melnes
of imuge enhancement methods. The best results ane observed when
comparing the onginal image as o reference w the enbanced ver-
sions, where improvements in uality are evident. The resulls pre-
senfed in fgure 3 are derived from three random images selected
from bath Styletusbation data and UoS data. The methods oiifized for
crhancement include: Thstogrom Equalization (TTE) in the second
rovw. Contrast Limited Adaptive Thstogram Equalization (CLATTE)
in the third row. Proposed Enhancesment Method Tast row. Upon vi-
sual mspection, it s apparent that the proposed enhancement method
sigmficantly improves the visual features of the trochea. This en-
hancement contributes to betler segmentation.

Fig. 3: Visual companson of enlanced images: onginal image in
the: first colwmin, e in the second row, CLATIE in the thard row, and
proposed method in the last four rows.

34, Visnal Segmentation Assessment

T further validate the clfectivencss of the proposed segmentibion
method, we conducted a visual assessment using samples from wio
distinct databeses: one from manikin-based imagery (Uod data) and
the other from a public dutaset collected from the Seyletubation study
by Pan et al [13]. Three samples of visual segmentation fesalls
wene penerated from esch data (o demonstrate the effectiveness of
the proposed. As illustrated in Figure 4, the proposed segmentation
method demonstrules supenor perflomance, where the sepmented
areas (muarked in preen) almost perfectly intersect with the Ground
Truth (GT) images (marked in red). This viswal alignment reaffirms
the accuracy and relability of our proposed method in practhcal sce-

TS,

— Ground Truth (GT)
Segmented Mashk

g [N

Fig. 4: Visual inspection: (a) Styletubation Data, (b) UoS Dt

The implementation of the proposed scheme was carried oul
o i system with the following specifications: a 130 Gen Intel(R)
Core{TM) £7 136507 processor operating al 1.8 G, 16.0 GB
of RAM (15.7(/ 8 usable). and a 64-bil operating system with an
wfid-bused processor. The system mins on Windows 10 Enlerprise
Edition {Version 221 2). The development and computational tssks
were performed vsing the latest MATLAB 2024, provided by the
University of Sharjuh (UoS).

3.5. Assistance in Tracheal Intubation Pathway

The implementation of our segmentation approsch facihitates the tra-
cheal intubaticn process by assisting medical professionals in identi-
Iying the optima] path for whe insertion. Our method stilizes the Re-
gind of Interest (ROT) and Bounding Box techmgues Lo pinpoint key
aréas ia the trachea that are entical for successful intubation. Onee
the sepmentation is complete, the algorithm catceulates the centroid
of the largest connected component i the segmented image. This
centroid, marked by a red point ("drawpoint” function) in Matlab on
the original image. sugpests an optimal entry point or pathway for
the intubation whe. Additionally, & bounding box s drawn around
this largest component, providing a visual guide for the arca of focus
during intubation. As shown i Figure 5

O Optimal path
Bounding Box

>
o)

Fig. 5: ROT and bounding box: () Styletubaton study Data, (b) Uos

{b)

This puidance is particularly beneficial i complex or cmergency
soetarios where precise and rapid intubation s crecial. By lighlight-
ing the key regions and sugpesting an colry poinl, our syslem aims o
enhance the accuracy and speed of the tracheal intubation procedure.
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4. CONCLUSION

This study huss successfully developed an advanced methid for tra-
cheal sepmentation in Video Endoscopy. a cntical advancement for
improving intubation echnigues. By effectively sepmenting both the
full laryax and the glotts, the dgonthm has demonstrated a signifi-
cant enhancement in tracheal identification accuracy and efficiency.
This innovation s pivedal in poiding the endoscope Gp precesely,
therchy aiming to minimize paticnl discomfort and reduce procedo-
ral complications. Employing & dataset of videocadoscopy frames
from & UnS Dataset and supplemented by the Styletubation data the
alponthm hos achieved decent performmnee metrics. These nesults
underscore the method effectivencss across vanous data sources and
il substantial potential for clinical application. Furthermore. the in-
tepration of video larynposcopy into this framework underscores its
value in clinical setings. As @ cost-effective and efficient solution,
video larynposcopy enhances the munagement of difficalt mrways,
shortens intubation Gmes, and improves success rates, either as o
standalone ol or in conjuncton with other devices.
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