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Classification of trachea and esophagus images for automatic endotracheal intubation
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We have been developing an automatic endotracheal intubation system using a high performance stylet.
This system is composed of an endotracheal stylet and a camera attached at the point of the stylet. One of
fundamental functions of the automatic intubation system is to check whether the endotracheal intubation is
completed appropriately or not. For achieving this function, this paper presents a method for classifying trachea
and esophagus images taken by the mounted camera. The proposed method utilizes circular patterns of cricoid
cartilage which is observed in trachea images only. Experimental results show that the proposed method can
extract the cricoid patterns in trachea images efficiently and accurately.
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Fig.1: (a)(c) Trachea image. (b)(d) Esophagus image.
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Fig.2: (a) Edge image of trachea image. (b) Result after STEP1 for trachea image. (c) Result after STEP2 for trachea
image. (d) Result after STEP3 for trachea image. (e) Edge image of esophagus image. (f) Result after STEP1 for
esophagus image. (g) Result after STEP2 for esophagus image. (h) Result after STEP3 for esophagus image.
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Fig.3: (a) Search window. (b) Angle between X axis and

radiating line.
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Fig.4: (a) Grouping of adjacent pixels. (b) Score.
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Table 1: Change of classification accuracy for variation
of a. (L = 30[pizel],8 = 7/60[rad])

alrad) Classification

accuracy [%]
/12 (15°) 64.5
/6 (30°) 84.6
/3 (60°) 90.7
5m/12 (75°) 90.8
7/2  (90°Without step 1) 89.8

oobol1o0obooobooboobobooboooboooo
gbooboooobooboboobooboboobobobooo
ggo

02(c)00 2(g) 00000 =7/60 [rad]0 8 = 7/60 [rad]
0000000000 2(d)00 2000000000000
gobooboobooboobbooboboooboboboobooo
gooboooobod

2.6 U0O0O0OOO0OOOOOOO

goboobooooooboooooboooobooooooboooDooo
ooooooboooboboooooobooboobooroobooooooo
gobooooobooTrooooboooobooooobooooooo

3 0bOoooooooboono

0000000000000 o,L,83,4 70500000000
00000000 o L,3,7T0000000000000000
00000000 y=n/60 [rad 0000

3.1 0000

oobooobO0o0ob0b0o0o0b0 e0bOoOoobOoooo

goboooboooooobooobobooooOoboogn 1000 00O
O0ooo 1000002000 000000000L,p00000
0000 b0OO0O0OO0ODOODOODOODOOOODOODO
oo0ooooooTrTooooooopooooooooL,pOo
g0obo0ob0o0ob0oobboOobo 20000b0O0DOOOD
goboboobooobooobooobobooboboooo
0000000000000, L,pO000000000O00O0DOO
a = 7/3[rad], L = 30[pizel], 3 = 7/60[rad) D0 O 00O

3.2 00000

3.2.1 o«0O0000OO

a0 /12 ~ n/2red) 0000000000000000
000000 10000a =7/12[red) 0000000000
000000000000000D00000000000000
«0020000000000000000000 100000
a=n/6~7/2red 0000000000000000000
00000 «00000000000000000

3.22 LOOODOOO

LOO0~150[pizel]l] 0000000000 DO0ODOOOOOOO
000 20000L=10~100[pizel]] DO OOOOOOOOO
000000000L=150ppizel] 00O O00OOOO0ODOO

2A1-C04(3)

Table 2: Change of classification accuracy for variation
of L. (o =7/3|rad],8 = 7/60[rad])

Lipixel] Classification
accuracy [%)]

0 (Without step 2) 84.4

10 87.6

30 90.7

60 91.1

100 87.6

150 79.5

Table 3: Change of classification accuracy for variation

of B(ae = m/3[rad],L = 30[pizel])

Blrad] Classification

accuracy [%)]
/60 (3°) 90.7
/30 (6°) 90.7
m/18 (10°) 90.8
/9 (20°) 90.1
/6 (30°) 89.8
m/4 (45°) 89.7
w/2  (90°Without step 3) 89.7
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Table 4: Experimental results.

Test data Classification
accuracy [%)]
ad Teach data Test data

Subject A: trachea images 91.5 86.3
Subject B: trachea images 91.3 87.9
Subject C: trachea images 90.8 83.4
Subject D: esophagus images 90.4 91.2
Subject E: esophagus images 92.5 75.8
Subject F: esophagus images 89.9 96.6

D00000000000000a = n/3[rad], L = 30[pizel],
B =n/60[rad) 000000

o000 400000000D000D00DO0O0ODOO EDOO
goooooboooooocooooooooooooooooo
goobooboobt 3soooooobocooooboobolbooooobooobooo
00000b00obooobD0obo bOOoDbOO0:293.80,000 E
ooooo:42420,000 FOOOOO:310.60000000
goooooboooooooooboooobooboos3soboobooao
ggoboooobbooobobooobbooobbooo
gooooobooooooobooooooooooooooboo
ooTrToooooooooco0oooooooboooooooon
gogbgobbooboobuooboobooboobooboo
goboooooooboooooboooooooooboo
o00l000o0o0ooooooooo430000Oo(@ood
00 CPU:Pentium D (3.00GHz), 0 00O 2.00GB)0O

5 Oogo

gdooooooooooooooooobobooboobooooobooon
oooooooooooooooooooobobobobbooooa
gboooobooobooooobooobooobooboooboooonoa
goboooobooooooobooooboobooooooobooo

goboboobolooooobooooooboooOooooooooo
gooooooooooobooooooobooooooboobooo
gooooooooooooooboooooooooobooooo
goboooooooooooobooboooobooooo

go

[1] W. Benedetto, D. Hess, E. Gettings, L. Bigatello, H.
Toon, W. Hurford, U. Schmidt : Urgent tracheal intu-
bation in general hospital units: an observational study,
Journal of Clinical Anesthesia, Volume 19, Issue 1, pp.
20-24 (2007)

2] OO0OOD : 000000 0O0OO0OO0ODOUO0OLOO0OOODOOO
O00000oO0oooooo,o0o0 (2004)

[3] J. Canny : A computational approach to edge detection,
IEEE Trans. Pattern Anal. 0 Mach. , vo. PAMI-8 | no.6
, pp. 679-697 (1986)



