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DESIGN OF 3D MODELING AND EVALUATION SYSTEM
FOR DIFFICULT AIRWAY BASED ON STRUCTURED
LIGHT

ABSTRACT

Difficult airway is a situation in which difficulty or inability to pass
the airway smoothly is encountered during airway management or
maintenance of ventilation. Accurate preoperative assessment can
effectively minimize unanticipated difficult airways, as well as a series of
potential risks and challenges arising from them. Existing assessment
protocols for difficult airways involve manual determination of the degree
of airway difficulty by the anesthesiologist through history questioning and
physical examination of the patient, which has the disadvantage of being
subjective, lacking in accuracy and reliability, and relying heavily on the
subjective experience and skills of the anesthesiologist.

In this dissertation, under the premise of not being able to directly
observe the patient's airway, in order to improve the accuracy of difficult
airway assessment and reduce the dependence on the anesthesiologist's
experience, a system was designed to achieve difficult airway assessment
by accurately modeling the opposite side of the face and neck, and then

measuring the airway assessment parameters. While assessing a difficult
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airway, it can also suggest potential reasons for the emergence of a difficult
airway, achieving a standardized process for assessing a difficult airway
and reducing the subjectivity of the assessment. The research content and
innovations of the paper include the following:

1. Building a point cloud acquisition platform. The dissertation
designs a point cloud acquisition scheme for the patient's face and neck for
the preoperative assessment of the environment of the difficult airway, and
then designs the fixed bracket of the camera as well as the acquisition
scheme according to the preoperative assessment of the patient's posture.
The paper first analyzes the application scenario and selects an RGB-D
depth camera based on binocular infrared structured light. Then combined
with the features of the face and neck, the point cloud acquisition method
was designed as the camera was aimed at three positions of the head: the
right mandibular angle, the left mandibular angle, and the bridge of the
nose, respectively. Finally, a camera mount was designed for easy
movement and fixation.

2. Design of 3D reconstruction algorithm for face and neck. In the 3D
reconstruction of the face and neck, a 3D reconstruction algorithm model
1s proposed to segment the image into regions of interest using a point
cloud segmentation algorithm, then align the target region using an
improved rigid alignment algorithm, and finally apply the alignment matrix

on the original point cloud. Based on the problem of low overlap rate and
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large deformation of low weight part of the collected point cloud, a face
and neck point cloud filtering algorithm is constructed. The algorithm
filters out the low-weighted deformation by using color information to
locate the lips. The segmented point cloud is then aligned using an
improved stochastic consistent coarse alignment algorithm fused with the
ICP fine alignment algorithm. Finally, the resulting alignment matrix is
applied to the pre-segmented point cloud to realize the 3D reconstruction
of the face and neck. Experiments show that the face and neck using 3DSC
optimized RANSAC coarse alignment and ICP fine alignment fusion
algorithm has the highest accuracy and meets the system evaluation
requirements of this paper.

3. Design of a preoperative difficult airway assessment system. The
system is able to output the assessment results along with the possible
causes of difficult airway, giving anesthesiologists a reference to formulate
the ventilation plan. The paper firstly combed and summarized the medical
schemes for assessing difficult airway, screened the assessment indexes
with higher accuracy, and systematically summarized the contraindications
to conventional mask ventilation, laryngeal tube ventilation, and intubation
ventilation for difficult airway. Then, based on the screened assessment
indicators and the patient's medical history, the possible causes of difficult
airway were analyzed one by one, and a set of patient information entry

methods and processes that could be efficient and intuitive were designed.

VI
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Finally, according to the function and input requirements of the system, the
human-computer interaction interface was designed, which was divided
into the information entry and evaluation interface, the equipment
connection and 3D reconstruction interface and the model measurement
interface. Among them, the information entry interface includes all the
evaluation indexes and the output of evaluation information, which is
convenient for doctors to grasp the key information quickly. The other two
interfaces are used for visualization and auxiliary information acquisition,
and the operation interface is simple to improve the convenience and
efficiency of the system.

This system assists anesthesiologists in difficult airway assessment. It
reduces the dependence on physician experience by using a standardized
process assessment method, and improves the precision of measurement

indicators and the accuracy of difficult airway assessment.

KEY WORDS: binocular structured light, point cloud acquisition, point
cloud registration, face and neck reconstruction, difficult airway

assessment
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Figure 2-2 Mask ventilation
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Figure 2-4 Intubation ventilation
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Table 2-2 Evaluation index of difficult airway of laryngeal mask
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Table 2-4 Evaluation indexes of difficult airway intubation
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Figure 2-5 The original matching algorithm problem of depth camera
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Figure 2-6 The hardware framework of the airway evaluation system

BAEE RS H PC @i USB 2 MHSHIRFEHINL, FEEARPLIRIE 21 5L
il USB f&4m4s PC. IREAHBLA 73 AU E7y, RGB 1L/ /o H4LAME
JEEE . A A AMERES . CAMEAL . RGB AR WOk, FHK BUGH N
RGB #3. AR E A TR SIS MENE(E B AN 5T
SN G SR gy medh o X EEEE A SR B BRI L, TR ROB A
BLRE . Jo HLLAME R EEFIA H LLME 2% 53 Sl il 3 s LA R g x /e
A AHNEUE 2 R A 2 AT T SR FE T o TR P UG R MR 2R s PR B A AL
BOEOR A . MLZE 2T 7o A BME rhons A i ) di RS o, Jd I DT e /e A B )
REAE m BRECHSR T 22 o B fa R L ZE T IS5 SR, S5 A ARBLIN N 3 S HORn 5

18



730 MNP TR e VAT

LRKE, T DA g R IR EE AR

HI TR AR i = N 75 SO AR LA 58 EAN R R Uz, BT AR T SE 4 1) ] g A S 7
TERLBIIRBEARNL . AR SOGER BEAR ML 8 SCBREAT 1 8, Wil 2-7 R, %3048
i 2] 7 [ 58 R PR T =47 4 IR A DA A I AR LI R PR L ke, #5800 2 )i i —
PR 22 B T 1) G SR BRI, RENESEE 6 AN B ERNES), SRR
N 19em, 4K 82em, A 1/4-3/8 FLARIR L2 & BOAINIAE H o BT SCER LA Sk
FH ) Reeyee MiniStar ¥R FEFINLANE 2-7 fiiaw, EREEARPLMEBE S50 2-5 s,

7
/

RGB:ERES

oS

Vo,
' ™
N/

B 2-7 SCHARFEARBL
Figure 2-7 Bracket and depth camera
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Table 2-5 Performance parameters of depth camera

PERES IR PERESHL
TR AR
IRARNG BE 0.5mm/m
R G 210%130 (mm)
TAEHOEEE 270mm + 100mm
SR +100mm

A 5 Wi/f»

ENGNE Ry <100g
/N RSE 50%50*50 (mm)

AR SF 15.46*3.82*2.56cm
SRS LERE T &S
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Figure 2-8 The dependence diagram of each module of the software system
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Figure 2-9 information Input interface
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Figure 2-10 Point Cloud Acquisition Interface
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Figure 2-11 Evaluation index measurement interface
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Figure 3-2 The mathematical geometric model of the parallax of the depth camera
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Figure 3-4 Point clouds collected from three angles
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Figure 3-6 Point cloud effect diagram after filtering when closed
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Figure 3-7 Point cloud effect diagram after filtering when opening mouth
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Figure 3-10 Local registration results ( left D12, right D123 )
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Figure 3-12 Three-dimensional model of face and neck
3.5 HIRRWRTE
et BT A A e B AR AR A 3-13 s w5, IR FEARALAE Beit-hr
B ERE I MBI Az, 2GRS Al A2, A3. BlJE, XTRER

37



S BN YN 2R R L VAT

PG AT TR AL HE, 133 &1 Kt iz D1, D2, D3, %f D1. D2 Fti
B3] D12 FARHSERE T1, X D12, D3 FHAES S D123 FIARHAE 4
T2, XHIME R =R T, T2, 13 FIECHERD) TS0 R = A1230 XFEt e 1
B THT 31300 = S A 700 () 7 7

S D1, D2iTHED

> hi:3
RESE '
HEERETL | D12
Al, A2, A3
STEZAL. A2R B
TSR [ET1
TR R S I
lAlZ
B1. B2, B3
l T EED12, D3
1THOE
RS BBREEZ ,
8] N 24D
B R E B % wﬁﬂml 5123
la‘ 2. @3 3 EEAL2, A3KD
FA RSB RET2
FIFARGBIEEENL ,
W l A123
l = AEISHEER

TERMRANERRSY
D1, D2, D3

3-13 THIZ0E E B AR R

Figure 3-13 Overall process of face and neck reconstruction
3.6 RE/NLE
AREBEENE T REEAVL TAE R, &t 78 AR B AR RS0G5 S =
7750 R T — M SR T E A IE B TS R, SRR 3DSC ek

38



730 MNP TR e VAT

#] RANSAC 5 ICP il & 59256 s 2 B JRr i e vhE , P08 o 8 /=) 3 e 4 1) A8 o
SR B N T AE JR UG = SE P S S lCHE . B RPN B @ R AT B AR .

39



730 MNP TR e VAT

F4E F@ESEITHE

T RN EEE R ARG, KRG R UEAT Y. AR
E iyl Sl LTI O 2 1 D v B N i e b = A M A R e =
4.1 PHEIEPRIRER
4.1.1 FRsEifE), RSN LA ERIR

R Jent IR B R AE Bt AT Ml whAa . RIS, 2 0A WERE I
B A S A R YEEE M R | W L TR L TR BERR AR SRS R S
BREE MR ERN, REMATmEEI. SRS . SHETR. STEHK
WYY . FRER KNHE R B R G .

IR JE G BB RS SNOURFAE, X2 MAURSE. [TINHTR. 288w, F ik

B P FHURATE S L BRI F ORI, T 1/3 #5549
BORL, OWITA T A UL S BEROSMAL, 5 FCALITARRHE R . 110k

R B H R INH R R TR, B T IR A E A BB RPRE T,
WSk, SBUTAREAS, KRR AA A,

ARG T B e R 2. 1B RO P REAE ik EEE,
BE FUIA A E, BT EEA R 1hEH AT EREEEE, W
T BRE S B o A FH B v A AT & 5 s A4

I JEFRIAR I R B 9k 1 BERN Sk B G 2 BEFR AR, 75 B M\ 20050 = 4 A% 7Y
.

4.1.2 MERFIES

FA 200 W) B 2 i B Sl 5 0 22 e KRR FE N, FRHRAR | 1) 28 2 i i SR ]
PR, T RRMEAEASLAY [ ARENE R B, NAZCR AR KA A s
Bdf, (A EOCE S EIAT A @R, 53 TR 4-1 B HEAEESH
R HX - FH R B9 T At A L, AR O HOIRER B DA T s i ot &
SrEPAT L E BRI A R B R IR EE B, B A 080 5 o e i R Al B T B R
TR 2 SR BT A S R B AR, SREUARKR 5 R A viewer.addLine
PR EOR 2 X P AN A% R LR, R P BE 8 2 sRBIAT F S TR R B B B o

40



E4 RN 2R e S VAT0'S

FiTsR 17 FR 2586 B A 78.6mm, W& 4-2 FiR.

) SERE
i SERE BRI
B % 4 : RGBCamA2190007266401431

L AT E e R S
Bl HBmz Hm3 AoEdE

i
ik
il
(it
P 4-1 K e AL AT 141 TS5 F A2
Figure 4-1 Max-backward closed-mouth face and neck model
[ e o
AEWE AR R
PR (um) SRV (o) LRSI C )
il
13
M2 -
£ LG
LR

Distance: 78.615102

K 4-2 F U i
Figure 4-2 Thyromental distance measurement

41




24 W N 2T e VAT DS

413 MEKRAOE

ik R R AR R Rk LB, bR U 1R B BE 9 o o T S A 1 ) =
B, HREERES R, BERTRekO, mAREEF RFEHEK, HH L
SCE G AT T A A, 5B I 4-3 BB, FEERLY SR, HEH Ak
WTE bR IR ZIE sl Ze B, HRBEER, WRATT N, WIEHE L TR
R S EAT SRR . 0k R SR EETT S AR R B R AR R o AR b SR IR 5K 1
JE8 44.2mm, W 4-4 Fis.

] SEPE _ o  x
SV MR R

e #44: RGBCamA2190007266401A31

i m i A SRR
Mml #m2 Him3 AoHEdE

b

&1k

il

TRAE

[ 4-3 5K T SR A
Figure 4-3 Mouth-face-neck model

42



24 W N 2T e VAT DS

— § § - — _— :
W] SiEFEE - o X
| ; ey S

LB HERE TR

FRRRS (om) SRV () SLHARTESIRE ()

——

IDist,ance: 44, 216?12'

4-4 7K 112 EE S0 &
Figure 4-4 Mouth opening distance measurement

4.1.4 MELFEBENE

I Sk S VI [ R 90°~165°, M LA B R KR ML AL B, IR AE
35°~80°. ANy 1 AN Ty 3, W A b SEAL B B K S A SN A AT R
R LA, XA R TIAT — DL B =4 E AT,

N5 I STAS, 3 B K JEAME B A B2, T SEA R S BT B KPS AT
HIT B2 5 U e L, P DA Sk SR 5 3 2 9 S F) e K e A L2 5 SRR A0 e A )i
25 90° AEFARZ J5, HBRAEAE 2 2R - SR ST TG 3 B2 5 T R R AR R D A
RIEAEH EL TR H T BUEMBL SNk L. R 3kIUfE s, 5
dAE AT A S B8y, BRI SRORMAIE . B2 T HLHIR MW fah]l—FEHLK,
2] 58 AT A Sh AN i, A s ERRGEE, Rk B Sz )m, Wit
W HANAE R OARIR AL TSR DA A &, R — R A mT DUl £
MAERNBRIE . AETEAKXMN@-1). BEEmEREENE 4-5 Prs,
I b e S7 AT 3 d R S AL Sk SR S 51 B D 140° — 90° = 50° .

6 =arccos((4-B)/(| A|| B|))(180/ r) (4-1)

43



24 W N 2T e VAT DS

| SETE - ) x
I - ——
| UEWRE ARt AR

FUGEERS (o) SR (om)  ShBTRIESIEZC )

ik

4 rxed

4-5 BRI B D
Figure 4-5 Head and neck mobility measurement

42 |ETh

TR A 015 AN SE R 2 5, 3 AT DU 2615 0] BB kATl
7 VA BRI PR T B R W AR R R, X = A
SE RNV A PR AR5 BTN ), T 100 )0 B T 22 DR 3 2 I B3 <
M3 R 30 PR O T
42.1 AEBEEMESEITME

TR S50 A — o AL 0 R R AR S 30 3, 0 300 o T B 5 S8 2 ) T
Fhy, PALE SN IE R R B I, ST RS HUEH, HIKRES
1 EB 2 TR 01 R T S5 T B 4 B, 73 B0 SN, HE TRk AT
o PRHAE AT T B2 AT 7 AT DR X A VR, A S T S ) 3 R4
fabr A : Fhd. BMI. 1. F 08, TR SR LToMdads. Hod an R fl
F UL R 18 bRbRdE, B 70% LA BT SR BB AR A . AR SRR 5
B, TTREMERLES, SN E MR E . UG 48 SRt S 4 S EUR iR
PRIRECO, BT LAASSCEE, 4 EaR-bRtia bR o S I, T LA 3 Xt 58 3R P 1 28 3
o B ILECR Fh R, U T R T R XA, 7 A% S SR R

44

N



24 W N 2T e VAT DS

A E, 7R TR I RS . AR IR R DA e, U B OO
O PNAME IS, Sl B R Y i Al U e SIS TR RSS2 AN B 4-6 F

8o

BMI>40kg/m2 EEPEERTRER R

HFH>=55% EJRETFAEEERRZ kA

BERAT EIERF AT HEE S S T AR E T
EEES B AR AIRE S S S EARR R E R >
FERESIE

I8 BIRENTIRIEIH S

SR SHEESEPIIMESESZR

ThlfEgaekAIZE SHEESEMROESESZR

B 4-6 i =R U A E TR AR
Figure 4-6 Effect of mask ventilation difficulty airway index
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Table 5-1 Neck point cloud filtering algorithm
= RSUN o Ho¥E (A1, 552, A3 =R AT ERA ()
(SR TR 43842, 38643, 38428 21 60
e SR 42247, 37186, 37077 0.573, 0.467, 0.446
REEER 21047, 18662, 19318 0.005, 0.006, 0.010
E 57 M S5 AL bR 21047, 18662, 19318 0.157, 0.173, 0.239
[ 38 57 1 7630, 7648, 8725 0.007, 0.006, 0.006
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Table 5-2 Different point cloud registration algorithms after filtering
3DSC+RAN FPFH+RAN FPFH+RAN NDT PFH+RAN 4PCS
R
SAC+ICP SAC+ICP SAC+NDT+ICP  +ICP SACHICP +ICP
D1. D2 Fiikk#ir[a] 0.063s 0.058s 0.058s
D1. D2 fic i3 M 5 5 5 36.945 47.073 51.659
D1. D2 fig#im}fa] 60.252s 10.082s 13.715s
Al. A2 fig #ERT ] 0.055s 0.055s 0.056s
DI12. D3 FAbEE [a] 0.069s 0.069s 0.069s
D12, D3 FHEd B 551 46.473 55.474 58.543
DI12. D3 FCiER [a] 71.274s 14.76 s 19.546s
A12. A3 FCvERTE 0.102s 0.104s 0.103s
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Figure 5-8 The evaluation results of normal airway in real data
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