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Pulmonary image anatomical structure segmentation

dataset and applications

Tan Wenjun'" | Li Xiaoshuo®, Zhou Qinghua®, Liu Pan’, Yang Jinzhu'~
1. Key Laboratory of Intelligent Computing in Medical Image, Ministry of Education, Northeastern University, Shenyang 110169, China;
2. School of Computer Science and Engineering, Northeastern University, Shenyang 110169, China

Abstract . Objective Images-based segmentation of pulmonary anatomy has been set up the anatomical structures to formu-
late rapid and targeted diagnostic information. The purpose of pulmonary anatomy segmentation has been associated to a pixel
in an image with an anatomical structure without the need for manual initialization. A lots of supervised deep learning image
segmentation have been illustrated for segmenting regions of interest in pulmonary CT ( computer tomography) images. The
medical image segmentation has greatly relied on high-quality labeled medical image data, CT images-based lung anatomy
labeled data has been insufficient adopted due to the lack of expert annotation of regions of interest and the lack of infra-

structure and standards for sharing labeled data. Most of pulmonary CT annotation datasets have focused on thoracic cancer,

Y5 B H#5:2021-03-05 ; 1& 8 B #8:2021-05-21 ; FED A< B #8:2021-05-28

# BIEIEE B L% tanwenjun@ cse. neu. edu. cn

EETE h R m A AR 55 9% £ 0% £ %2 B (N182410001 ) ; F K A ARFHF AL & H (61971118)

Supported by: Fundamental Research Funds for the Central Universities ( N182410001 ) ; National Natural Science Foundation of China
(61971118)

2111



PEEREEF IR

JOURNAL OF IMAGE AND GRAPHICS Vol.26,No. 9, Sep. 2021

pulmonary nodules, tuberculosis, pneumonia and lung segmentation. A dataset of pulmonary CT/CTA ( computer tomo-
graphy/computer tomography angiography) scan images with labels has facilitated the evolvement of pulmonary anatomical
structure segmentation algorithms. The dataset has been evaluated the performance of state-of-the-art pulmonary anatomy
structure segmentation methods for chest CT scans. It has been difficult to compare various algorithms for pulmonary anato-
my structure segmentation. Different methods have been evaluated on different datasets using different evaluation measures
in common. The related dataset has implemented a dataset of chest CT scans to identify varying abnormalities based on the
reference standards in the context of airway, lung parenchyma, lobe and pulmonary artery. The vein segmentations have
been established. The dataset has a unique calculation to compare pulmonary anatomy structure algorithms via the compari-
son all methods against the reference standard baseline. Method A sum of 67 sets of CT/CTA images of the pulmonary
have labeled in this dataset including 24 sets of CT images and 43 sets of CTA images via a total of 26 157 slices images.
Each set of CT/CTA images have labeled for airway, lung parenchyma, lobe, pulmonary artery and vein. Multi-channel
images have represented a variety of regular-based clinical scanners based on a reconstructed mediastinal window algorithm.
The medical image-based dataset has been annotated and verified via. Manual corrections have annotated using internal
software funded by the Key Laboratory of Medical Imaging Intelligent Computing, Ministry of Education. Result Part of
dataset representative segmentation tasks have been used via pulmonary CT anatomical structure segmentation ( conference
details; the medical image challenge competition held during the 4th International Symposium on Image Computing and Dig-
ital Medicine (ISICDM) in Shenyang, China) . The representative dataset has included 10 groups of CT and CTA in the
training dataset and 5 groups of test dataset. The challenge competition has also offered a platform for evaluating model per-
formance of pulmonary blood vessels, airways and lung parenchyma. The result of segmentation and the effect of 3D recon-
struction have evaluated by Dice coefficients, over-segmentation rate, under-segmentation rate and medical and algorithmic
industry experts. Conclusion Four parts of labeled image datasets have been used as a pulmonary CT dataset. This dataset
has labeled using different colored pixels and saved respectively for different pulmonary anatomies structure. The annotated
data have been re-formatted to ensure easy access. The location of the markers in color pixels has been displayed via 25 000
labeled sliced images dataset using the image format of the raw data. All annotated images from the digital imaging and com-
munications in medicine (DICOM) format to portable network graphics (PNG) images has been converted based on standard
DICOM data. The chest CT image dataset has provided valid annotated data via DICOM-based sensitive information re-move-
ment. First each set of CT/CTA has labeled with 4 different target region categories in the context of airway, lung parenchy-
ma, lobe and pulmonary artery and vein to complement the anatomical structure of CT/CTA image dataset of the pulmonary.
Next, a partially representative dataset has been and the have verified by the challenge competition. Lastly, clear and intui-
tive 3-dimensional visualized structural images have been reconstructed for the acquisition of each anatomical structure of the
pulmonary segmented via CT/CTA images to assist in the diagnosis of pulmonary diseases. First, this dataset has not annota-
ted lung segments. It has been difficult to obtain that the invisibility of lung segment boundaries based on targeted and accu-
rate reference segmentation criteria. Second, the annotation data have been basically carried out on healthy images and rarely
on lesion images. The most important feature of medical datasets has upgraded the diversity of data. The robustness of image seg-
mentation have been implementing further. Last, manual annotation of medical anatomical structure images have inevitably resul-
ted some errors. Supplementing lung segments markers and improving the diversity of data based on pulmonary CT anatomical
structure segmentation algorithms have been implementing further via labeling more lesion images.

Key words: pulmonary anatomical structure; pulmonary computed tomography image; dataset; segmentation of images;

medical imaging

rEITARSR N T E R, 2 TIH AL 5
AR IR ) 454 2 H R T LB A A Py e o
TARAAE G, 5 TN NIz G0, f#

AR T ) S5 A A AR OCIE | EMBARIE R P IR B M A ERR R I RSB Ae AR 3 2 mT LA A7 B T
P RS B R A2 FOE 38 0 2 FE PR X R 2 AT fg ML IR 9T %, W CT ( computed

0 5

[l



$265E /5598 /2021 F9 8

BEXE, W, AKE, X, HEHE / EBREAIEE0 B SRERNE

tomography ) 525 A 1) 235 44 19 43 ) 2 e SR Al DAL
WAy H A 20 BOS W 58 S8 BR O A (B (van
Rikxoort 1 van Ginneken,2013)

o JoT g ) B AR 2 X T B A R Ay R OC
B, T B D T SR, D Sl = 2t
SERR A HE 0 B A B A BRAE BT CT S AR il
PR 25 bR A B AR D HAT, 48 KR 280X KA
it AR IR PG B 2 R T S R S ML A B 1
23 ( Medical Image Computing and Computer Assisted
Intervention Society, MICCAI) $& H I FF i H , [A]
AT SR T — AN PEAR Il B CT 5 4544 43
FIAD:0F &, MICCAL fliZk 4H 2 T 2 1 Hk 1% 3¢,
2009 4F EXACT09 #k i %% ( extraction of airways from
CT 2009) (Lo #%,2012) $& At 7 — A3 70 H107k
VA6, UK 2R il i B8 & 20 4, B i
2 LR R UG A AR A8 i B0 T 25 R 7 12:x 4 )
F1& ng s, 127 5 & H BCR ( branch detected
rate) \TLDR ( tree length detected rate) F1 FPR ( false
postive rate) E b #F5Hr, 2011 45 LOLA11 ( Lobe
and Lung Analysis 2011 ) ( Beichel K ,2011) A5 Pk
HFE H AR X L& R AR AL 2 4 A
Sy i R o S 2 5 D e il R P AR 20 B
PR 2 9 — 84>, LOLAIL A4 T 55 41 CT 5%
&, I1f8 1] Dice REO A5 R #HATAL, 2012 4 MIC-
CAI #k fi% 2% VESSELI2 ( vessel segmentation in the
lung 2012) ( Rudyanto %% ,2014) A FF T — il Ifi. 4
G5 WAL OF & 4248 T 20 41 CT B CTA
( computer tomography-angiography ) &% F1 fiti 2 21 b
VERHE | REAS LU PO A R LR A 8 5%
TF R B EAZ A PERE . VESSELIR 422 37 A R 45 JL ok
I RIAE R B TE I N [0,255 ], XA T4
'] ROC ( receiver operating characteristic ) i £k #£17
787, LA AUC (area under curve) N #4545, It
A, Simpson %5 A (2019) Al T — 4~ KA A bR 45 B2
PG EAE AR 280 B 0 T 780U BE 2P AR S 94 18
ZRATIY 2018 AF B2 2 RS R AT S ALA B T i 2
WU 2EAT /Y — T Bk A P —— = 2 70 )+ 42 e
PEAREATE T 10 MM EREEEE 2 — DK
TRUAT T P9 R AH S A 51 45 4 1 = 2 RS B 4

F1 T, H Al b v et 4 K 22 4R vh 7 i e 2 AR
il g B ( Kiser 25 2020) | fili 45 45 ( Pedrosa %,

2019) Aifi % ( Maguolo F1 Nanni, 2021 ) | I JE 53 1
(Simpson 55,2019 ) A& (Li 55 ,2019) 55, H&T
CT G SR Tin sl R R - A8 s 1 5 B0 AR AR
o TERGAMFSE B LR b A SCER I T — M R 2
() B~ R AE B T T IR CT il 351 235 44 43 1 55
TR FPEAL . 2B HEEE R 67 41 CT/CTA 41AL,
BR2H CT/CTA HRXE R AR 32 A8 il 52 e i o il
SKFNI KA AR A B H AR PPl Bt
HEF AR R 4 23 R 7 R AE MR CT 2 rh gk
W, FZmEsm R A HmAEE T e kR BHE
B2 LU R R RE A [R] 75 12508 8 7 A W) Bodie 4 1 il
A RPN SR TR AT A . #0007 1k AT LUAR IR 8 3C
S ABAEAE G U S — B2 T 3k L SRR 20T
TFEIRA T, 808 A A ST R8s . %
Bl ARt 7 — A HA A 7 1 DAY M CT 49
FECHE X Tk Se e, g gy T RUE ST i
0 2 bk S ik o BB 2 2 bR, Gl K T A
JIE S XA A 1 2 25 b i #E AT LA, AT LA AT
AN BA SR . AR SCTR A 4 T A X
4 AR ARTE A BB E MBI 5T N 51 &0
X SO

1 HREEM

HE AR B AR R B R
53% (Key Laboratory of Medical Imaging Intelligent
Computing, Ministry of Education) %X} deepinsight
FHHLA N TAEIEXT DICOM ( digital imaging and com-
munications in medicine ) JRIGEHE HEAThR T, i BE2F
AR TT 1) 1A T RIESE LB 7 5 TR, S hR T
SERA A — SO MR A 79 45 4 R AR A AR S5
T HRIEAT I W B BRI AR TR R
AHHEEAL T 67 41 CT Al CTA S8, e se 153458
YN E A, 24 4 CT FIH R RE M E
EZHEWM T U R ZE 0.75 ~ 1.5 mm; HJE
120 kVp; VI #1192 ~ 576 ; 4 HL I 88 ~ 215 mA,
43 4 CTA PR BIR AR EMEES KT VI =
JE£0.625 ~ 1.5 mm; HLJE 120 kVp; ¥ % 285 ~
557 FHLIAL 199 ~ 585 mA, U 1TE A0 S 5UfE
SR 1A 2 P i 41U N/A R i
HH S BRI

2113



PEEREEF IR

JOURNAL OF IMAGE AND GRAPHICS Vol.26,No. 9, Sep. 2021
1 CTREMEESH F2 CTAREMEESH
Table 1 CT acquisition and reconstruction parameters Table 2 CTA acquisition and reconstruction parameters
w i S EEWE;/ ity w At 2 g EE’VJE/ i/
CT-01 CT 0.75 576 120 N/A CTA01 CTA  0.625 461 120 199
cror ot 1 sl 120 XA CTA02 CTA  0.625 487 120 199
CTA-03  CTA 1 557 120 N/A
Cro3 - Cr ! 371 120 N7A CTA-04 CTA 1 533 120 461
CT-04 CT 1 466 120 N/A CTA-05 CTA 1 406 120 389
CT-05 CT 1 378 120 N/A CTA-06 CTA 1 455 120 N/A
cTo6 T . 7 120 130 CTA07  CTA 1 535 120 N/A
CTA-08  CTA 1 458 120 N/A
CT-07  CT 1.5 216 120 211 CTA0O  CTA 1 " 120 XA
CT-08  CT 1.5 224 120 198 CTA-10  CTA | 413 120 357
CT-09  CT L5 352 150 N/A CTA-11  CTA 1 468 120 N/A
Cr-10  CT L5 234 120 145 CTA-12  CTA 1 439 120 N/A
CT-11 CT 1.5 208 120 123 CTA-LS - CTA : 406 120 WA
CTA-14  CTA 1 516 120 457
CT-12  CT 1.5 212 120 210 CTA15  CTA | 462 120 N/A
CT-13  CT 1.5 219 120 194 CTA-16  CTA 1 447 120 N/A
CT-14  CT 1.5 210 120 178 CTA-17  CTA 1 403 120 470
CT-15  CT 1.5 195 120 157 CTA-I8 - CTA ! 543 120 585
CTA-19  CTA 1 338 120 393
CT-16  CT 1.5 214 120 122 CTAD0  CTA : 403 120 246
CT-17 CT 1.5 192 120 178 CTA-21 CTA 1 418 120 N/A
CT-18  CT 1.5 200 120 147 CTA-22  CTA 1 536 120 N/A
CT19 T Ls 511 120 i CTA-23  CTA 1 506 120 N/A
CTA24  CTA 1 448 120 385
CT-20  CT 1.5 212 120 116 CIADS  CTA X 203 120 A
CT-21 CT L5 256 110 88 CTA-26  CTA 1 446 120 437
CT22  CT 1.5 226 120 106 CTA-27  CTA 1 403 120 364
CT23  CT 1.5 204 120 114 CTA-28  CTA 1 489 120 419
CT-24  CT L5 212 120 144 CTA29 CTA ! 429 120 360
CTA-30  CTA 1 506 120 408
o CTA-31  CTA 1 442 120 454
1.1 BHsEfR CTA-32  CTA 1 433 120 407
I S J 3 S T AL B At S 12 W R E A CTA33  CTA 1 451 120 359
fiff #2544 53 %) B Bl ( van Rikxoort Fl van Ginneken, CTA34  CTA 1 493 120 433
2013) , FHERASOALAE I 92 5T, AL 4R I 045 588 CTA35  CTA 1 478 120 N/A
HAURE, ISEBfE CT BUR 2 — A E Rk CTA-36  CTA 1 463 120 384
RIEIEIED, AR SRR e T e e
TR 10045 5 A i 350 225 44 B9 23 HUSE L ( Sluimer 5% CTA30  CTA | s 120 404
2006 ; Mansoor 57 2015) , FE{RGTHIRERE . A S0 i CTA40  CTA 1 436 120 368
N TR i3 4E Bt A7 43581, AR S YE 7 il S 5 o 1 CTA<41  CTA 1 449 120 N/A

FIGEHTIE WA LI, 75 3] 58 25 ) il 2l 21, il 358 b CTA42  CTA 1.25 285 140 N/A
TC AR AN LR EL 2 s | W €0 AT €5, 43 591 ) CTA43  CTA L5 352 150 N/A
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Fig.1 Example images and labels of the lung dataset
((a) lung labeled by borders; (b) lung labeled by
pixel dots; (c¢) 3D display of left and right lung)
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Fig.2 Examples of 3D display of lung parenchyma in
6 groups of CT and 6 groups of CTA
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Fig.3 Example images and labels of the airway dataset
((a) airway labeled by borders; (b) airway labeled
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by pixel dots; (c¢) 3D display of airway)
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Fig.4 Examples of 3D display of airway in
6 groups of CT and 6 groups of CTA
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Fig.5 Example images and labels of the lobe dataset
((a) lobe labeled by borders; (b) lobe labeled by
pixel dots; (¢) 3D display of lobes)
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Fig.6  Examples of 3D display of lobes in
6 groups of CT and 6 groups of CTA
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BB A (Rudyanto 45,2014 ), FE T il 2l ok 70 fili
JOK I TG W, 55 o o3 s, AELRi 6 i 1T 27 1) 934k, 25
(AP SUIE-R 1% e71) ) G B AT e U o E 8
43 (Saha 45,2010 ; Payer %5 ,2016) . b4k, BTl
EHEARZ B IKAER K23 S DR T 245 A B
D) A TEVE AR i SR P ke 432 Sl ORI Dk

AR SCE S il 48 BEATARIC , SR I AR AR ik ) 25
45 HC A a8 PR A TS AILARL 1 B T30y O 3l ik A
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K7 ) LRI Sl bk b 2
Fig.7 Example images and labels of pulmonary artery
and vein dataset( (a) pulmonary artery and vein labeled
by borders; (b) pulmonary artery and vein labeled by
pixel dots; (¢) 3D display of pulmonary artery and vein)

CT-01 CT-02 CT-03 CT-04 CT-05 CT-06
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8 641 CT il 6 41 CTA filishigilk 3 4k 7/ i
Fig.8 Example of 3D display of artery and vein in
6 groups of CT and 6 groups of CTA
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K 3 433K (over segmentation rate, OR) K 43|
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SEHATIRAMIE
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Table 3 Dice coefficient and OR, UR results of

airway segmentation in CT images of each team

BAfh VRS Dice OR UR
T3 U-Net&Postprocessing 0.855 0.406 0.381
T8 nnU-Net 0.843 0.392 0.409

CS2 Net-WGAN/

T5 Tnception-U-Net-WGAN 0.820 0.371 0.456
T10 Attention & U-Net 0.804 0.364 0.475
Tl nnU-Net 0.798 0.495 0.319
T11 CPFNet 0.795 0.390 0.397
T2 3D U-Net 0.795 0.448 0.327
T9 Attention & U-Net 0.725 0.514 0.368
T12 Attention & U-Net 0.676  0.390 0.687
T6 Multi-scale Fusion Net ~ 0.667  0.563 0.274
T4 Attention & U-Net 0.608 0.510 0.480
T7 Inf-Net 0.483 0.353 0.775
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Table 4 Dice coefficient and OR, UR results of

airway segmentation in CTA images of each team

BAfLL WIRZS Dice OR UR

T3 U-Net&Posiprocessing  0.726  0.394  0.438
T8 nnU-Net 0.723  0.397 0.471
T5 lncg;fof_‘; YSA\% Wy 073 0.404 0.464
TIO  Attention & U-Net  0.709  0.391 0.484
T1 nnU-Net 0.735  0.506 0.372
I CPFNet 0.728  0.422  0.401
T2 3D U-Net 0.721  0.439  0.390
T9 Attention & U-Net  0.328  0.624  0.340
TI2  Atention & U-Net  0.446  0.434  0.425
T6  Multi-scale Fusion Net  0.488  0.584  0.173
T4 Attention & U-Net  0.534  0.560 0.376
7 Inf-Net 0.58  0.395 0.550

ib&ﬁﬂﬁ%LﬁT#@ﬁ%@#%ﬂ%ﬁ
A I A AL FE 2 45 F 45 R 1K@ ik MATLAB
THR#FTT 3 4ev] Ak, Wi 9 Fros, 55 1 IR Eh
FEVEAE (ground truth)

T10 T1 T11

g A fe fo

T9 T12

Ko B ISR 3 R n] AL
Fig.9 3D display of pulmonary trachea

segmentation results in each team
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KZE CTA BG4y #1453 1) Dice REAL T
0.6 ~0.8, HAM DB MLNSL T 0.5 LI, &

1t FEBEAT AT, 4% B2 5] CT 5§15 1Y e i R 0] i i T
CTA, JRHEZ—K CTA BGTE AR B 5L 93 5 T
TS 1 5 70 RO S (o Al e ik 1 2 A 87, AT
RN T MR N ER A AL 4R Y AR N 25 S (AR
R £8HE LA IX 53
2.2 BHER

5 F3R 6 JBIR M2 A MEL4r Bl 52 BT Y Dice
Z B0 OR Al UR 255 KA A 2

x5 HMSE CT BEGHAEREMN
Dice Z#{#1 OR, UR &%
Table 5 Dice coefficient and OR, UR results of lung

parenchyma segmentation in CT images of each team

AL WARES Dice OR UR

T3 U-Net&Postprocessing ~ 0.991  0.185  0.183
T2 U-Net 0.987 0.190 0.187
T10 Attention & U-Net 0.985 0.182 0.195
T8 nnU-Net 0.984 0.188 0.136
T1 nnU-Net 0.972  0.189 0.182
T12 Attention & U-Net 0.968 0.189 0.216
Ti1 CPFNet 0.925 0.191 0.397
T5 U-Net-WGAN 0.890 0.232 0.122
T7 Inf-Net 0.881 0.241 0.135
T9 U-Net 0.868 0.213 0.113
T6 Multi-scale Fusion Net ~ 0.861  0.236 0. 100
T4 Attention & U-Net 0.747  0.264 0.037

IS S5 73 45 2R vh e B T — AR PR S

WA 10 Fi7s 55 1 1@ B BAE (ground truth)

25 B0 il 52 o 1 5 SR AR b B A A AT
RS Av RS H%fﬁ%Lﬁhimaﬁﬁﬂﬁa
IrfPERE, MRS K6 MK 10 ATLLEH, H T
BTG AL FRERAE 76 CT/CTA T4 . T9 $777E W
B3 RIS AT AEASJE W S5 J53 %) 48 /)N IX 5k
WEL, T12 XFF CT/CTA BULA 5 B 1E AR R 43
FIBRG , 4 B 25 R LU BRI | J5 AR FE T BEVE A N
AR, FR T 45 2H 0000 T4k PR JT R AR ]
%uﬁﬂ%ﬁﬂé EAR B RUSE I IR, (HASTE Y

S, RT3 I S BT K R R S Y SRR R R
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£6 EHIHE CTA BEHMELREN
Dice Z#{#1 OR, UR &£ &
Table 6 Dice coefficient and OR, UR results of lung

parenchyma segmentation in CTA images of each team

*17 &BSE CT BGHALER
Dice Z#{#1 OR, UR &R
Table 7 Dice coefficient and OR, UR results of pulmonary

vessels segmentation in CT images of each team

BAfLL WIRZS Dice OR UR AL WARES Dice OR UR

T3 U-Net&Postprocessing ~ 0.983  0.133  0.138 T4 3D U-Net 0.797 0.285 0.489
T2 U-Net 0.984 0.134 0.134 Tl U-Net 0.786  0.281 0.500
T10 Attention & U-Net 0.985 0.129 0.148 T2 nnU-Net 0.779  0.304  0.460
T8 nnU-Net 0.980 0.131 0.153 T8 U-Net & Attention 0.773  0.287 0.504
T1 nnU-Net 0.981 0.132 0.150 T11 CPFNet & Attention  0.768  0.290 0.513
TI12 Attention & U-Net 0.931 0.141 0.174 T5 Multi-scale Fusion Net ~ 0.731  0.525  0.328
T11 CPFNet 0.911 0.142 0.099 T12 U-Net-TS-WGAN 0.719  0.305 0.526
T5 U-Net-WGAN 0.957 0.185 0.125 T3 nnU-Net 0.718  0.268 0.555
T7 Inf-Net 0.874 0.195 0.153 T9 U-Net & Attention 0.700  0.363 0.500
T9 U-Net 0.925 0.332 0.165 T6 U-Net & Attention 0.700  0.403 0.394
T6 Multi-scale Fusion Net ~ 0.891  0.182  0.090 T7 U-Net & Attention 0.530  0.353  0.660
T4 Attention & U-Net 0.774  0.224 0.040 T10 Inf-Net & Attention 0.488  0.277 0.634

#®8 HHHE CTA BEdhiimEH
Dice Z#(#1 OR, UR £}
Table 8 Dice coefficient and OR, UR results of pulmonary

vessels segmentation in CTA images of each team

AL Tk Dice OR UR
'. ‘. '. “ '. .‘ T4 3D U-Net 0.794 0.521 0.266
T3 ) T10 T8 Tl TI2 T1 U-Net 0.816  0.491 0.289
“ .. “ ~ '. .‘ ™ nnU-Net 0.682 0.635 0.275
11 T5 - JT'9 T6 T: T8 U-Net & Attention 0.742  0.569 0.278
10 A B ESLREG 3 4T oL L5 T11 CPFNet & Attention  0.741  0.551  0.285

Fig. 10 3D display of lung parenchyma T5 Multi-scale Fusion Net ~ 0.569  0.752 0.241
segmentation results in each team TI2 U-Net-TS-WGAN 0.735 0.558 0.318
R MPIR AR BT — e (R bR 0782 0300 0.2%
6] T S B A , TIT B 2 0o 225 R (1 VR f e e — T9 U-Net & Attention 0.512  0.680 0.270
TR I T] T6 U-Net & Attention 0.319 0.737 0.186
2.3 FhimE T7 U-Net & Attention 0.582 0.707 0.338
T MK 8 JEIN I 45 B\ 23 Bl 48 19 Dice TI10 Inf-Net & Attention  0.647  0.452  0.481

ZH0.OR FI UR S50 KAt I T7 1

G 11 PR BEHCT — ARG 4 53 F1 45
B8 1 K S EAE (ground truth)

PN 2% E =R RIE: N IR S ARSI E S
1], A W D H A S o3 %), Gk 11 v T7 Sy EIRRE
WK . PERE Mo A A SR A I A b J 0l o

IKF T 75% LA LAY Dice 250, W55 1 41FN2E 4 4109
LTE CT (CTA AR E# AT LIS BRAFARSCR . 7
CTA R #E 25 BT CT SRR 4R, (B,
REZEEFAAEAEE MW 23510 R 3 FIRE 43
A4 i ) T
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Fig. 11 3D display of pulmonary vessels

segmentation results in each team
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