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Abstract

With the increasing accuracy and efficiency requirements of medical image diag-
nosis, as well as the rapid development of hardware computing power and algorithm
model, artificial intelligence technology has been applied more and more widely in the
field of medical image. Meanwhile, the number and quality of datasets are the key
factors that affect the performance of the intelligent medical diagnostic model. Insuf-
ficient and poor quality datasets can negatively impact the training and testing results
of the model, which affect the effectiveness of the deep learning model, especially in
security-critical areas such as medical field. It may cause serious accidents and losses,
so the demand for data augmentation is even more compelling. However, due to data
standardization and privacy restriction, the acquisition and sharing of medical image
data have been hindered. Therefore, how to effectively generate a large number of

reliable medical image dataset has been an urgent problem to be solved.

This thesis implements the medical image augmentation system, which mainly
provides the intelligent augmentation solutions and multidimensional quality evalua-
tion for medical image. Because of the overall similarity and partial diversity of medical
images, the system designs and implements medical image augmentation technology
based on image feature mutation and domain semantic mutation by combining lesion
signs and mutation analysis, so as to obtain its potential information and generate rich
and diverse medical image datasets. At the same time, we propose a multi-dimensional
evaluation system of image augmentation quality. The evaluation indexes are used to

analyze and evaluate the augmentation effect of the system from multiple dimensions,

il



and the visualization results are generated by using the Echarts library, including the
multi-dimensional radar map of the overall quality evaluation score and the distribu-
tion map of the image quality evaluation score. Based on the Spring Boot framework,
the system provides users with an interactive interface to manage datasets and augmen-
tation tasks, while calling image augmentation service and quality evaluation service
through Docker. In addition, unified interface standards are developed downward to

facilitate the expansion and compatibility of more microservices.

At present, the system implements 21 augmentation methods and provides users
with differentiated custom augmentation schemes. Based on the DeepLesion dataset
and ResNet-50 image classification model, experiments are carried out in the four di-
mensions of data volume, method setting, augmentation effect and augmentation qual-
ity. The results indicate that the dataset generated by the intelligent medical image
augmentation system can alleviate the difficulty of data collection on the one hand, and
the quality of the augmented dataset can be guaranteed to a certain extent. On the other
hand, it can improve the effect of the medical image assisted diagnostic model. In all

experiments, the accuracy of the model has an average improvement of about 5%.

Keywords: Image Augmentation, Mutation Analysis, Lesion Recognition, Multidi-

mensional Evaluation
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upload 77747 ] JobService [y create J7 i 715561 &L, ¥ JobUploadCommand
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XTSRS Job X152, F i JobRepository A1 JobDao ‘K1 Job AL 4 AL
[ JobPO X3 A7t £ MySQL £ffs b 4 H FIHS S5EAF55 R B mi i 018
115515, RGekEit JobService HHRY start() 7715 5 8% /155, F H WorkerService
GRS T Y /T 55 BB 2401 Worker, 75 Hi Worker il i Docker 755 5045, 5K
MY IS5 AT a8 B S5 Docker 25 4RiafTHAIR], RELFXT TSR
ABVE, I S R S SR AN, RGeS B F AR 1 A
G5 AT RS R A EE B e MY MRS e la . RGUKE ] JobController Hy
getOutputByld J7 5 AR HE 45 AR M sz, IR BT, AL P
BHTE SR T 2

PIMESPATIE GBI R R 2R R E B WL 4.1 oy, BiEERIR S 55
s BARGREE BaRYT R EESRE, HpdokE X8R AN G Z Gl
YR BEMEX R E . w6l 20500 R mEdE e a1, RS 2
) TR BT G R R G A8 N i » AR RT S dE T s HIVE B o iS5 2 NI
G5 IR BT I TSR, H AP R T AL B HBR. TR
FEHTEERAER) DataSetService, WAL HHATOIE. AT Eifl. BRSNS
BAERY JobService, FIXf Worker BE176 3. $4T. &1 EHY WorkerService.,
BRI T I EAERZ 2 0], 18t 8 AR 7 A2 09 77 % 58 iicEda A
W fERSEIRE, BdRYIREN N RS BRI AEmE o R EERETT A, L
SE IO B Y AR RRAE . AEEERE TR, LB GRE BT -5 R AH R
HIERA T A TErE 0N 5244l 5538 5 R E R G 5 ol 55 AR
AR EE T AR AT AR N G B9 S8 75, ASOR SEAR N ER @ M A 2R
WHETE: FANGETENRIE SR A RZEGR R RR S I s ——
IR, AE TR EARBEA TR A AL

x 4L MRS TR T 2
E% Ez=S

DataSetController. JobController. WorkerController.
a2

BaseSearchController. CommonController

55 2 DataSetService. JobService. WorkerService. CommonService
BIRCEZ DataSetRepo. JobRepo. WorkerRepo

Ay 02 DataSetDao. JobDao. WorkerDao

MR 2 DataSetVO. JobVO. WorkerVO . SearchConditionVO

St 5 2 DataSet. Job. Worker. StatisticalData

Bk % )2 | DataSetPO. JobPO. WorkerPO
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P IMEFS A TIESIBIRLE WA 4.2 firr . Job @& bR 55 Y SRk, — 15
BAEFFRIAT— B2 1 DataSet BEATH SEHYERE,  MSEBRy™ BEHIPAT /2 H Job 6
Y E Worker SR SLBIL - DataSetService #2 [17E S 1 X ER A _EAL i) Al
. g N3G 1A, 3F i DataSetServicelmpl 25 523 B Ty 1415 %5, JobService
FE S TAEFFRIAIEE Aif) B8 MERSE 75, I JobServicelmpl S5k T H.
REEE, HriA a4 %) JobRepo F1 DataSetRepo HYE R [N]#1F . WorkerService
FE I E ST X 26855 Job HEATHATHY TS, [ H1 WorkerServicelmpl 2551
AR JT i, HAZ O Docker Jaf T4 4 el AL 55 A 7o

Worker .
+ workerDao:WorkerDao <v<vmt:rf:ce>>
WorkerFactory Worker + findByldAndIsDeleteFalse(long):Worker findByIdAndL ;r‘ erF Tpol Work:
+getByUploadCommand(WorkerUp! Tid < Tong + findAllByIsDeleteFalse():List<Worker> * findBylaAndsDeleteralse(long)worker
oagdCc\r/nmand)'Worker Pl name : String == *+ save(Worker):Worker jr iy (Wg iee)e\/t\le ak:e(). pstorker>
v - : + deleteById(long):void save(Worker):Worker
+getDefault():Worker - leeef’cﬂTth -eSt‘rrw‘zg * yld(long) + deleteByld(long):void
e getByNameAndIsDeleteFalse(String):List< +getByNameAndIsDeleteFalse(String):List
Workers <Worker>
WorkerController WorkerServicaTmpl
+ workerService : WorkerService <<interface>> + workerRepo : WorkerRepo
+ workerFactory : WorkerFactory WorkerService + jobService : JobService
“create(Worker, MultipartFile) :Worker + dataSetService : DataSetService -
+ findAll():ResultWrap<List<Worker>> Multipartfie): Works :
+upload((\)NorkerUp\oapdCommand MultipartFile): Hestworker(MultipartFile,nt,int, String):b L, -1+ dataSetRepo : DataSetRepo
’ N oolean
Resulrapwitnid +startWorker(int, String,String, String,Stri + create(Worker, MultipartFile):Worker
+delete(long): ResultWrap ng,long, String, String):void +testWorker(MultipartFile,int,int, String):boolean
+getByld(long): ResultWrap<Worker> +detele(long):void +startWorker(int, String,String, String, String,long,String,
“test(int,int,String, MultipartFile):ResponseVo String):void
+detele(long):void
+getDockerContainerName(String):String
JobController _
+ jobService : JobService <<interface>>
+ upload(JobUploadCommand): ResultWrapWithId JobService
+ start(long):ResultWrap
+ delete(long):ResultWrap + create(JobUploadCommand) : JobVO
+ getLogByld(long):ResultWrap [~ | + findAllByIsDeleteFalse() : List<JobVO>
+ getByld(long): ResultWrap<JobVO> + findByIdAndIsDeleteFalseAndUpdateStatus(long) :
Jobvo
+
getOutputById(long,HttpServletResponse):Response + getAllJob(Pageable, String) : Page<JobVO>
VO<String>
|
: <<interface>>
: DataSetService
JobDao JobServi
. + dataSetRepo : DataSetRepo + createByFile(long, int, String, MultipartFile) : DataSetvo
+ Pl pyleDeletefalse() : List<lobpo> + JobRepo : JobRepo ) + createByUri(long, Strng, nt, Sting) : DatsSety0
+ [indallByDatasetidAndlsDelete alse(Long ) + dataSetService : vice Vs List<DataSetvOs L
: List<JobPO>
. + save(DataSet) : DataSet + f\ndByldAndIsDe\eteFa\se(\ong) DataSetvVO
gf&"ﬂi{ﬁ;&i@l‘mm‘ete':alse(sm”g) : + findAlIByIsDeleteFalse() : List<DataSet> + delete(long):void
+PﬂndB TdAndIsDeleteFalse(Long) : + update(DataSet) : DataSet + update(DataSetUpdateCommand) : DataSetVO
Opt'\ona‘{(]obPO> 9) + findByldAndIsDeleteFalse(Long) : DataSet + getDownloadFile(Long):String

——

<<interface>>
+ jobDao : JobDao JobRepo - dataSetRepo : DataSetRepo
- jobRepo : JobRepo

+ save(Job) : Job .| + save(Job) : Job

: [~ + save(DataSet) : DataSet
+ findAlIBylsDeleteFalse() : List<Job> ;
T update(iob) : Job 0 1Egﬂ’QLLBgfj,'ﬁﬁ'i?f'“(’ List<Job> + findAllByIsDeleteFalse() : List<DataSet>
+ findByIdAndIsDeleteFalse(Long) : Job + findByIdAndIsDeleteFalse(Long) : Job + update(DataSet) : DataSet

+ findByIdAndIsDeleteFalse(Long) : DataSet

oller
+ dataSetService : DataSetService -
<<interface>>
: ?:bta.sjeotgactcry : DataSetFactory S e
PPRTwET oo TS R v + dataSetRepo: DataSetRepo
Si‘;gf:sgtv'g(f"g""t' tring, MultipartFile):Response! + jobRepo:JobRepo + save(DataSet) : DataSet
il + update(DataSet) : void

E:fﬁlga;f\%kirl(DataSetUploadCommand)‘Responsev0< — getDataSetDirPaths(Job): String + deleteByld(long):void

findAIl(): ResultWi List<Datasetvo + getDataSetNames(Job):String + findByIdAndIsDeleteFalse(long) : DataSet
Id‘:‘e(ef‘)o'nge)s,“;esp'zﬁ:e\'fok atasetVo>> + getAllByDataSetIdAndType(long,int):List<JobVO> + findAlIBylIsDeleteFalse() : List<DataSet>
+getById(long):ResultWrap<DataSetvO> ?
+downLoadDataSet(long):ResponseVO<String> '

<<interface>>

+ findAllByIsDeleteFalse() : List<DataSetPO> + dataSetDao : DataSetDao DataSet

+ findAlIByTypeAndIsDeleteFalse(int) : : Sﬂ‘ée(tD(aéa§€;> tﬂ)Daéafeé .

List<DataSetPO> update(DataSet) : DataSe e

 findByNameAndisDeleteFalse(String) : [+ deleteByld(long):void ey g vord

Optional<DataSetPO> + findByldAndIsDeleteFalse(Long) : + toDataSetPO() : DataSetPO

+ findByIdAndIsDeleteFalse(Long) : DataSet

Optional<DataSetP0> + findAllByIsDeleteFalse() :

+ deleteById(Long) : void List<DataSet

4] 4.2: P TS AT I B
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Job 21 1 B BUMIRIIEE 4.2 iR Job Zom B H P QI E S HLY B
55> RS PATIES I B S NSO A AT 55 IRAS LA S 20 o T 17
5 A & B . S ST S5 i H 24015 Worker 38 i Docker 47

WRAES . SERE IS B AR T
7 4.2: Job KT H PR
FB B | dm |
id 5% long T, AN
createUserld H 9 long AIEZAL S I P i
workerld AT long FTHATIZALS5 1 worker g5
status L5 R4S String T?E%X]LHE’]/H(?}, @% unstarted.
running. finished. fail
dataSetlds Bl e g String LS5 T I R IA B S 5 &
\ N . ESHECESE, MRTmEIL, B5
Vi =
backConfig JaimiL E S String N
R » . {EFHIRLEZEL, H worker $24, J5
Prs =
fronConfie R Sting SR AT, HUd A TR
outputDirPath g S e String {155 SE UG BRI iR B 12

Worker [ =E 227 Bk 3¢ 4.3 iz Worker £ERATHREY BAT55 1 i

Job G, HEE B h 155301
RGBS C/TESINEI=N
fRE. W T BT Gy TS
K%, FfEE docker §

TRAL

TR TRCE S . Worker R LAPRTHE
DR PGS, BAMES SR 2l Job (42
. SEXATSS A type O amplify, BREESRTL N
BATRA TS

7% 4.3: Worker 25 357 EL 813K

TR | & ES I
id AT 5 long Tt AN
47
type (5 it E5J5/, 145 amplify. classify.
estimate
inputDataSet B int &%%)\mﬁﬁ%/\ FLFE
Type image. video. text
(TS 72 m .
execType ey it PATAEIF R JTIESR, (47 docker
pc
execConfig THBfTCE String AT EE A2

DataSet [ FEFBH AW 4.4 P/ . DataSet K5 H ' _EEHIEGRE—
—X N, VEMES L ESES 5P TS0 EMTT. HEEFRaERELER,
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IRl SCPFECE S, P BRI )S . RO MR B AR, IF
FE R A SRS Fe b o A P B AL R A A R -

2 4.4: DataSet 25 EEF B3

TR | &% | xm |

id BAEESwmS long g, RS

name AR EHFR String BAREXT Y AR, ATE

uploadUserld DR Rs long S EIREN A S

uploadTime _EAERTE] Timestamp | FHRE CALHfE]

iype Sl k) it ﬁﬁ% WSO, A4 image.
video. text

fileCount SO long BRSO E R

dirPath BRI String BRSO s 12

private void start(final Job job) throws IOException, InterruptedException {
log.info(String.format("Prepare to start a job: %s", job.toString()));
Worker worker = workerRepo.findByIdAndIsDeleteFalse(job.getWorkerId());
if( worker == null || worker.isDelete() ) {
throw new DataNotExistException("worker: id="+ job.getWorkerId());

}
/1 BEBE S Rk
for( long id : job.getDataSetIdsWithLongType() ) {
DataSet dataSet = dataSetRepo.findByIdAndIsDeleteFalse(id);
if( dataSet == null || dataSet.isDelete() ) {
throw new DataNotExistException("dataset: id="+ job.getDataSetIds());
}
}
int execType = worker.getExecType();
if( job.getType() == JobRepo.AMPLIFY_TYPE ) {
/7 X RL worker $UATH HI4E S
workerService.startWorker( execType, this.job.getDataSetDirPaths(job),
job.getOutputDirPath(), job.getStatusFilePath(), job.getLogFilePath(), job.getId(),
job.getBackConfig(), worker.getName() );
} else if( job.getType() == JobRepo.ESTIMATE_TYPE ) {
w1 RGP AR AR S5 A0S
}
/1 HEEHRE
job.setStatus( JobRepo.RUNNING_STATUS );
jobRepo.update( job );
log.info("start job success");

4 4.3: ST RS O

R RS WS PA T ORI TR 4R . Y P R O 55 1%
B, FRB H JobService HI[1 create J7 i %S5 NEUREE . TTASBEEHA R
EEFREK Job Xf 52, FFiE 1L JobRepo. JobDao %4151 ] 2o HAE Ak B KR
NG R G4 8 FH JobService HI[HY start J7 AU TIZATL 55, MEWRIFEHEE] Job Xf
W worker, - [F]I Wiz worker FIE 5 Hdm NEUREEARUE, AR S TAT
A, AL NAES AT EOEW XY startWorker J7 AT EG Y ¥E(T5%5 . )5
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WEYHMESRE, FEEBIRE RN AR S IR ST B . HZ O RS an &
4.3 flr7R o

N T PRIEZ DY ST LR 3T, fRE AR, BT RS
P A5 ER G ol — DR, REA] LIRS DS RS T/, —
BHAES5E R, B B s 55 RS T 58, (A N R8s e R BTz A 55 1R
Ao MTY WELEEAZE, RGAAEHH Docker inf T es B TS HATHE, e
e NGER IS8, A 4.3 A0S H Y job.getOutputDirPath(), >4 Docker 2%
WY S S, SB T ISEAREA M EZ U . BRI, HES R
. REATEIMMEFPATHE T IR, HFREAEIRNEES RSN B e
INF, I jobService #2[THH[1 getOutputFileByld Jj ik REU SEE5 R, B4R %
PREE T B Bl T . HAZ MRS AN 4.4 PR o B PSR BOGH AR5 1 45 SR A7
fEg1E, PG I8 EREE ST R SE il zip SCHF, S5 IR RIS N EBERE

public String getOutputFileById(long id) throws IOException, InterruptedException {
JobVO jobVO = findByIdAndIsDeleteFalseAndUpdateStatus( id );
String outputDirPath = jobVO.getOutputDirPath();
String outputDirName = FileHelper.getFileNameByPath( outputDirPath );
// ¥aE4EM zip AUIBEIRSS 31/ var/www/ jobResult HFEF
File outputZip = new File(outputZipPath + jobResultFolder + outputDirName+".zip");
if(loutputZip.exists()){
ZipAndRarHelper.toZip( outputDirPath, new FileOutputStream(outputZip), true );

}
return "http://" + serverIP + "/" + jobResultFolder + outputDirName+".zip";

4] 4.4: ZRE R A R A AU

42 EfFEBERY ERR

BT IR A SRy BB A Python SEBL, £ ZFSTIINPATY BAT55 I F 5L
By 88738, HAFUE H Dockerfile 5 ZI{LAEE] docker Bif5. 158 Y
LSS AT RIS IR HOR SR § TR ESFR . FR MM AT
BEOT S BAR ST BE AL TE o JE FPR T SR RIR B MAT 55 S O MF B Rl
P I L S AT IERIBEL . AESLPR AT BT 551, SE T docker BE{EAL L A
TR BT R e, ARG IR H ST, A7 main.sh SCHFE, 1025 & IR A
AL B REF PTG . Bariy BaE R A 20 S ekt 285 H
ZREERA A HR N A o IR 2R S A B T G388, SEEp 87
TG R AR AL S 3 BT i AT SO Ry B T35, 0 AT RS R LAt R
PEAFAE AN B 7 Ui SRR AT A S 0 A, DA I AR S, B R HA
AL FER Y RS
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ShellX4H8H | | main | | Pipeline | | QverallOperations | | Lesion Operations | | LesionRecognition

: s :
o e i

j populate()
:| check_images()

addOverallOperations() :
add_overall_operation() :
—_—— e

addLesionOperations()

sample()

4] 4.5: BoJy IR AS Sed) B AR 4]

BEI7 G AR S SR RN I a0 1 4.5 PR, E SR T IG5 IR

o HGHT RS PATIE R A i Shell AT Y1 THE ) main
&D F 1 main £z [1i@5d Pipeline() 73548 li—ASHr9 B9 E pipeline, #:5
ZE BN Pipeline SR ARAA ) populate J5 v I 45 A0 4s SE 44 H Ay (]
GAFRE BRI SCAJerh [ I EHG N EL 2 EHE Y B 1530 augmented_images, LA
(AT e 2 IR . R EARES , xy M T M Pipeline JEHHTAH
[ check images /72X G TTRACER, SRR/ NG SEARFIEEREIE .
%ﬁﬁ%%ﬁ&@ﬁﬁFImm%D%ﬁWMWWE%mﬁﬁﬁﬁﬂ%WMW
S8 A BCE SO content.json, FE RIS T IASIRE, B ITER MR
WEEYR . B pipeline 438 B %S B 445 7774 25 19 add_overall_operation() J7 7%
1 add_lesion_operation() J7 2 5¢ e ¥ T AN N LA . S8 main #2114 H
%m%Oﬁ% T4 H pipeline 1 FHAH R 7741 EARSEEL, B perform_operation(),
BB E G OE S & T E T Y, HAl & LesionOperation
A 1 Fy A 720 FH LesionRecognition H1[] getLesionPos() J7 1R B k- [X 35,
lesionPos, i ZHH EEU 5 augmented _images fPRA7E| 4 U, BEA TR

By MR AL S SRR B N &) 4.6 Froe, Hirp TauMedImage A [ 5 SE4R
E%AA@@M%EWT%\ﬁ%%%ﬁ~ﬁﬁﬁﬁﬁ%&%o@mm@*
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1
[ Flip L
[ + perform_operation(TauMedImage):void | Pipeline
HistogramEqualisation _J - populate(): void
- check_images(): void l N N
h LesionExpansion I
+ sample(int,bool): void -- - -
d i + add_overall_operation(OverallOperation):void i [+_perform operation(TauMedimage):void
- © iy 8 THon \
"+ perform,_operation(TauMedImage):void + addilesIon,ogeratlon(lveslon()peratlon) void '
( Skew | E . ( LesionErasing |
- " T 1 3 I+ perform_operation(TauMedImage):void I
[+ perform_operation(Tat oid | |
--------------------------------- 1
|
[ Resize I 1 1- LesionRandomBrightness
-1 1 “—9—‘
+ perform_operation(TauMedImage):void ; i + perform_operation(TauMedImage):void
" " " |
[ CropPercentage I L OverallOperation LesionOperation <_!_ [ LesionPaste I
+ perform_operation(TauMedImage):void + perform_operation(TauMedImage):void + perform_operation(TauMedImage)void | | [+ perform_operation(TauMedimage)void_]
i
i
{ - - ShgarM . — ] _J i_ [ LesionExpansion I
¢ periorm operation lauiiedinage. oy ! [+ perform_operation(TauMedImage):void |
[ Distort 1. e '
+ perform_operation(TauMedImage):void | E__[ Lesi i ]
1 |+ perform_operation(TauMedimage)oid |
GaussianDistortion ] !
+ perform_operation(TauMedImage):void 1 L - - )
TauMedImage . LesionExpansion
i i i + perform_operation(TauMedImage):void
l 0pt|ng|stort|on i I _ + unzip(String,String):void
+ perform_operation(TauMedImage):void saveUnzwpImages(Strmg String):String
tring, Stri
[ Zoom L_ an(String, String):

+ perform_operation(TauMedImage):void

| ; .

l + perform_operation(TauMedImage):void I

4] 4.6: B2y IR AL S d B AR R ]

eration Dy R/GRFEAL Sd 4T iR AOEESE . FET 17 R AGBEAAHUE, SeBL T
ToIRAE . AR A SRR RS S 3 ik . LesionOperation 41Ul 3 22 57
PRUTERESE, BT RTEGRRE S, S TR XA R AR
DA S S L AE 7515 o Pipeline JENPATY HIE ST YIRS, ARG L
PATY S HETE. (R0 Pipeline XRIN, R/ [FI14H | Pipeline FFAf
[¥) populate J5 %A check_images J7 i X &t S dt AT H sh B URIPAL B, I
NI E S maﬁwﬁ%wwﬁﬁxwaﬁﬁﬁ%%@ﬁﬁPMMwﬂ%¢
W87, e ilid sample 73558 O AR S AL T .

% 4.5: Pipeline g E41 %K
TR | & | 2 |

augmented_images | EGES List<TauMedImage> T4 E G EHE S b iy 45
LR 85 1 B %
save_format FhEE String WEEGY G E6E
=

overall _operations l’§] 14 R fiF 28 54 | List<OverallOperation> | {7 Us I AF 25 S 4™ 18
WITEES Tk

lesion_operations | 473 iE Y 4% S+ 4 | List<LesionOperations> | {7 s N5 AR o7 4
i’é‘ﬁ HEA Jit
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Pipeline SR IEM IR MFE 4.5 Fin, BERGESHINEES, BT
BRI AR AT 2 Fh T 18712 Hirp augmented_images 17 fif [ 2 TauMed-
Image FIURTREES, XG5 N EB AL JH UG EI5 1% 1% image_path.  fij Hi K15 5%
1% output_directory ZJ@ 1, REFEEHE ML G T EEHUR /7% - save_format 55
YIS E GBS EC, ATAEANEE Pipeline X R IAE NS EHATIRE. over-
all_operations F{ lesion_operations 43 j5l| £ G FAE AR S B T4 S A A4 E
MRS G, 1E Pipeline XTI Y G T IARE, XY IE T IE
WIMETEE S, ARy W5 L AT R iR AH AT 38 7735251 per-
form_operation Jj%:, X EGH T HARA AL TR

#!/bin/bash
if [ $# -gt @ ]
then
case $1 in
start)
tmp_path=$7
start_time=$(date +%s%3N)
status=0
filepath=$4
echo $filepath
export UNRAR_LIB_PATH=/usr/lib/libunrar.so && python3 /TauMed/main.py © $2 $3 $5 $6
$7 2> "$tmp_pathErr_$job_id.txt"
if [ $? -eq @ ];then
status=1
else
status=3
fi
echo "{" > $filepath
echo "'version': 1.8," >> $filepath
end_time=$(date +%s%3N)
failMsg=$(echo $a | sed -n '$p' "$tmp_pathErr_$job_id.txt")
echo "'state': $status," >> $filepath
echo "'startTime': $start_time," >> $filepath
echo "'endTime': $end_time," >> $filepath
echo "'params': 'python3 /TauMed/main.py © $2 $3 $5 $6 $7'," >> $filepath
echo "'failMsg': '$failMsg’," >> $filepath
echo "}" »> $filepath
35
*)
echo "The operation is not exist!"
35
esac
else
echo "Please input operation!™

fi

A 4.7: g3 T Az OR

H T RO — Ty I8(ESS . #hRs ZX] BT B AR H ) I g T
Rl Docker Giff AE BRI TIESS A Aw . 4 T B, ET28UeHE,
TEHELE MR Linux fy 4780, ORI TEER L, RN AEA SR E
SN AET main.sh SCEHE NS IRAA L, HE O aE 4.7 fi7R . main.sh
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I start B4R ETESE BN BT S5 (O JE SR, Hrp SLpriaT 2 TH A R
e R mainpy, [AIRPREZOR SRR W0 BSOS Bl iy o172 80%
s THEp, JRRMEF IR IsfTiT Al R RME B AR

AR 7 PR AL S B BR A L F5 AR . 971G R AR G155
JUIESF BT TR MHAR N 2B RESEEN LB TR A L R T TR E
{25 N content.json SCPFHT, FRAEATSATIH IR T4, HoRpIACasinle 4.8
itz Hr output_num I FHEE By A . operations M ¥ P RS U9
BTTIRAER, AT RS type X 24415 param.,

{
"output_num":100,
"operations": [{"type": "Flip", "param": [1,0]},
{"type": "Rotate", "param": [1,23,2]},
{"type": "LesionErasing", "param": [1]}
]
}

] 4.8: J7 R B SO R B4R
4.2.1 EfFEGHILIRAFIEGR

B 7 G2 5 R N BB B DD RER R« AEBERYT BRIk 2R
B B B EE R R B A DX, B — D B A Y B R R As 1L, H
FRAE G AN R E A0 Kt IS R B I T 297 BB AR IR I, H
YA RIS RFAE BE AR T G SO B R EERERHE, KX TAER 1R
FORE AL TG B 2 0 2% [EE BARE R, BN TR & S BRHErR e 5. £
GRS

R, X LA BB G BRI, AR R I BN, Fe B s ST
BICIZRHER M2 o AEZE KRN S, &%k PANet #5081 58 ot 27
AL X3RS o — 7 TH, AR AERAE 4 785 FPN S IR0 E F 1T 1 s 2 5
WEGIRERFIEE SE SR, BRRERHE RS EERE. 75—, BESRH
& MR E AR, A4S [E)Z DR AE XA e DIk R AiE SR £ 7 U Tt AL
NG R MR R FRHE S BRI TRl G, RIZS 6 EGRE SRR R = 2
ERERERAE . (R AR 2B kL DX ) 25 B B AT B 5 B

PANet[23] /25T Mask R-CNN ATt 5 (Y L6 90 FIHEZR . E5EEIEE T
M _ERYEE 24 5E (Bottom-up Path Augmentation) K45 (5 E g 0 FIRZE Y
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4 4.9: PANet #i BL L5 F]

HERE 5 B SR AL 7l . FLR, O TIRE A B XA R Z 2
Z RIS B, 4R T 1 BAERHEMAL (Adaptive Feature Pooling) $A,
FIr A RHAE R BRI S B @I fm, o8 T iSO
HIARIPLEY , (6 s Zal S (Fully-connected Fusion) 8558 Mask fitiill, 1t
TR ML S5 RTINE 4.9 Frane R T AT PANet B SETEME S 4N 0 0bA T R B A

Ao

FPN (Feature Pyramid Networks, $iF 475 M 4%) i H Kl - (Bottom-
up) , HIAF (Top-down) LA A#[AIi%4: (Lateral Connection) f445iE &3 T
AR, R REAR T I EIERCE N R TS . BRI _E RIS TR M 4518
ERAR SR FHE IR, HP R Rk R {5 B E IS 8
SR, B N SRR JZ R B R AN AR B S EE . S5 A TR N
MEERE, 4 B RIA RSN MR TS, I 2 R IS SUEFIE )
TEE, BEIE SUEE . HH A TR AR R R T B R a0 [ H FPN 43
JELHEFTR . 2T 1| x 1 BRIFS LRGN & BREEN AT ER
BEATHEIN o

H T TR IAEZR 7 R S BGOSR R EFRIVZREZ
K, P AL FI E R ZAUZ4EE IEE . B N _ B ES2IE 5% (Bottom-up
Path Augmentation) H] DUEFRREIN SR (5 G N SRR EIFIG R B MEFIE
2, IR SL 53 E i . HEMAORBR W REZAE AR, B2 AT 3%3
GRIESEMEAEINENESRERESEE. B N _L B s R Z R E
FEEASEEE, FNBTREAZEER R T SERME 0 RGBT
P, Ban B AR e R LT o

49



BNE RGOS RS

B R B RS RS 15 2GR X (ROL) 3E 4 73@ B PR REAE LAY
(Adaptive Feature Pooling) o X T-4#¢/~ik ROL, R AR 289 At Xk, 14 H
W BN [F F R R, B8 ROIT Align Jti Aok B AN R Z R BRFIE MRS, B
142 FEH) ROLFHESH TRG , [ HALS SN E RS 2.

)5, /& FCN (Fully Convolutional Network, ©#:fAM%%) iR Ei 2
A7 8% . FON JZARYE b e sz ddin B MR R, FF BAEA R HY 28 [[) L
BILESH Mk, 2EEEEMEGUREY, RIS E 2 8B Y A2 e
AEPSHEELIN . frERTERER, BEREREEE, NmETtas
Mask HJJfi i o

AL PANet EIRLAE i 32120 kA0 355 kDR 20 B 7 MR AL Y
DeepLesion ZHi5E FEATYIZR, FHIIIZRAT 21 BRI 145 19905 Kt DX Sl 7 100
W, mJE R 2w KGR IEAE R TR AR B, TSR TR L
PR BRY BB R AR Se Nk E I 2552 1T PANet BERL, S8)5
R PG A NAZAKTRL AT S XN, 5 S A5 B AL R DA B A AT T £
HABARAE

4.2.2 BEGB TSR EFER

AL S 1 I SR U A [FI AR E AL, FAE IR BT AN A T 1A A
FIREEHIAAL o BURIFAE— MG R 2SR AE . BEEMURHIE . SOHRRHE. TP
PAFAESE, 0l T A X AT AN R T A 5, LAR 23 88 e Bre
ANTAVRFARZE BE Y 22 St AN 2 R

4.6 ThAIZE T RGPS 13 R EBURHIE R R B T k. X T BEIT IR
M, AT G S B B S BOR BRI R B MR AR AR AR L3R
H A RO BRI T AR SR, DARCDUB SOl i A 28 R AR B2 7 B B Y
ZFEE . T NS EAPUR IR . I 2 B a5 RS B
77 G B AR R . Ry R B A B U ARk — 51T, T
—IREA G USRI A E EREABAERANE, 07T RGBT
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Bo 7M. ZMKE, MIRARGEZIERITER, - HA0_ B4 A0
RN ARZerERy, U ARMITE 2t A7 B T 58 2d)s . AT LAGES™
R EETT E B BA R AR R R, AU, AEiZmibirh, e SCB T iAs #i
FRAIE R AR A R AT 3R G AT 8 A P
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BEHLBERR | X R AR OB | i PR LIR E  ER RL EL R A DX
s
gicEi | BRI M RGOS/, FIRHREFELEUR S
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R H
BELSEE | R G TR B P g 50

] 4.10 JLEEF SRR CT @I ik 13 Fh B G A S 7 A P
R BRI 5 BISEEL T FXH R R A AR (R T R T
AR SO AR Sy AL BT, I\ BLULTE th 5 b A T M ARk
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(1) JE T4 35 2 BUHE I S S 07 0

ST 25 IR AERG A8 Sy 3677 v 3 T R B P 020 A RO B AT O
BT WA TR A 2T 2 OB BT A . LA o R 7 )
QIR 2SRRI S 7 Wb AP B T2 ELRIRS . BONLVERS . 150
PRI YIS SR AR I U 3 AR 9 5

KB B FE AT T 1B . B R TR R A R O B AR T
P 1 T B P R T I B (22 P RSB 38— R R K
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G E&R KFHHEE TEBE BELAES: s e

HFER FEDL#BY A BEALIEBR

e R

mRER  ETEAfE BIVLRE

4 4.10: FUREFILAE Sy B8 7 35

HorizontalFlip([x y z])=[z y x]

HACPRIFELL, TEME RN EGEE T M, SR EGRNE MR
ZX M ARARAR S T T B R P R KPP D ZRFR T B e i A R 5 2R R A

X
Fio [RREEE HRIHRIO RN 13, BN N |y |, oo v y.z SR04
Z

BEP R R ARIE, W BB R R4 ROy -

X Z
HorizontalFlip(|y|) = |y
z X

FEAILHE R FIVRE BB AT B, LA TP NIRRT, R BB e A JEE 60
FP AT LA A€ 1) 22 e A e KA BEERT ) A e e oo Ky B, T BLIGAEIX R
AR N R BEPLIERS . FHRET NS IEGRRT o g il A am PR scan, B

1 0 O
0O -1 0
—-cX c¢Y 1

1 0 O
0O -1 0
left top 1

Hip eX AEBIDR x 85, Y NEGHDR y 2805, 0 AR 1%

AR PR LR B R AR R S R B AR s R R D (S
R, SRR AR D MR, R ERC AL 0 (58 A JERE) . e 5e ik

cos —sinf 0
M = sin@ cosd O

0 0 1
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J5, PRI AR I RUOE B UG O e B BB =N JEME) o il B A
SR M AHPRSE B Fe 151 o
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e, KUTFIAG AR . S X 7R Y Iy R, 35
TR R SRR ey, TRt X T 6 FA B0 HIASHUR Y AT (1Y)

ok
x 1 tan@ O}|x
y' =10 1 0]y
1 0O O 1111

221 Y 71 0 i EEAR DI R RO ARAR (7,7 A

(2) BTHF AL AL 7Y 88 7%

HT G EE R 2 S BT IR 2 fe e — e, X R N sl el
IRIB R TAEE, AR R ERIOVBOR SR . B EBRH LR Y
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AT 22 o 6 ) A 7 S ANE
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KGR EKAS, THRES/NEE (0.1) FRZfsEEZ AHEEHL /NG X
I, AR BB R S AR A R PR BR X, R s A R AR A

LT A 2R BG BT B BB RO FE A TR, Bl S fif i
FR AV B UG P ) BT R AR O B S AR, B9 TR KL E
HIZhASYEIE AT S ERBAAXS LU BE L SR BHGE BRI RCR Y H RY . 3T BR
JYEMR, XA AT RS CT R b s 4 ongOR . DLRAERS I A
JERTEMR SR H AN R BT R TR 30N -

_ Cdf(V) B Cdfmin % _
h(v) = round( (M = N) = cdf,, (L-1))

oy S EUA B R B edfO) WRIEEET v 1R
B, cd fun WEFECR/ME . MFIN 5 BIRGE T ERIGK SR Z 4 LY
TRIEGH, — R 256,

LA TR R 5 T VA T AR R Y6 I 2B
WL AR TR BT PR 8 O 22 50 R BRI — M3t L F A A
s

8 = af(x) +p

Hrbra W1 B — RN W EAEE 2 280 90 BIRD HE RERISE B T2 f ()
NPREG G, 1 g(x) i I BIR =R

() F T EUG R T HHAE AL S 88 U5 1%

FG RTRAE R B AT S R AR AR RS BT R, AN M 3 I
HEREAYHFAE . R RTHFAR AR gy 7 vR R LR BT M A TR e e, X 7
TEAR AT REZ U I R N AR AE o

FE BB BT 2 AR R P X3 23 HOABDAHZ B DX Sl T 3 BT AR B o o
BB DB 0 Ll P BEATHERE T AR GOR AL R AU BEAIL XA TR BT #4

T AR PR BAR VA TIOR8 /N IR OR A EL T R/ AN

(4) BT ERSCRARAE AL ey W 07 i

SO AL 5 h B 2R A SR IV E AR B R A AL i
5 EIRET B ME R EGRAE AR, SRR 15 2% K I [ 25 R) 483
IKEESI AR SORAHIE SO AT, SOREICRSE— E AR/ N
ZREREICHA S, W SEEETRIHESIALE DL g B RIT [ R
A, XS GO TR R, DUARIY IRRYROR . Hrp e sf s A e, il
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WS ARG A, X T IR R R T AR NI A e . ARMIPE AR el AR 2
PERIREM S IR IEMCE BN ERE R, TSI LT AR B R A4
WRPEEETT BRIV RAESA . ARMIE 2 H5AT By T B2 )7 SUsB ey 3, al AR B2
PR RN B AR AR TR, DU B AR AE 2 i o B SRR i SR
B

SRR R AR R RO U X R AT s A e, o 20
B LA = A L A AR o ESEXT R TP MR R () 7P
2] 1 Z [RHI R ——ox(x, y) A1 0y(x,y), IR IZBE R x J5 ATy J5 1R
HRs s B, SREAER— LD 0 J9tME, LA o AARIEZE IR/ N nxn (Y li%
knn, Jf AT ATEEHLACS 2 M, FRGEERIER TREE G Hrb o )N
SRR R AL FREE RIBEAE G, AR o i/, AR R A SRS LS 6 [ g A
GERBATRENLR B, AR o il K, AR RS 2R -5 SR AR L

e U e A S P AR e WA A 0 il T T, e B B TR 7 k) L
AR A A AL o BRI E LA — S BEPLRI AR 22 (—1,D) [Alfs . 94
JE RIS (0,sigma) T IEAE I E LAY 0P . e fa il 22 Y Bl BOR &R
Halpha. )i, M AGy) /15 A'(x+ AX,y + AY), FFH A" BUEEAUSES A (5
F{EL

e E R BRI RGAEDA BT G T PR S R EREJE
HRR R HOt A HIC T S R AR L, & i I H T BT, 55k
REJEMEA I BHCAJEY B 5% ] LS AN R] B2 22 R B s s n 3
BRETTEG. St AR BREMEATER AL, KRR E B BZ LR AE
PRI T 0N Y, B IO s B N S

4.2.3 PUBIEN TR IEFIERIR

AR T H A, BT U A G Y EE BRI TR A X R
Py PR RO IRIE . 4@ H LU A RO R B L . B SE M7 B iR il H
ANFMES, AR B O 3 H FAE ST 2 AR AL, AR — MR B 15
K Sl BORIAN IR A Joi 17 26 DU P48 X BT R AT 5y i, DA
MBS N BRI FTRE LR IE AR 2 R B . 32 4.7 ThBI28 T R GeHhsL B
8 Pk A SR T

B 4.11 Fhgif2s 7T iR CT G Bk 8 Fhaitikit LA g a7 i Ak
HUS I EGORG], A aetE A ROk X AT EUR AT TR 5 1234 A R
MDA AT 1A AR B, MRS ARAL X J5 =R R 5, O
R ke DA DA B HOC S 2, Xk DB T A Ak 7
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R AT GUEIE A TR FR

T | TN | Jr
BN | RPER P ORAL DO TR | T BEHUG  ERORAL DB, LAOIREN AR AT DI,
T 15

PktsEE | BERLSCE Gk X Wkt DXIRBEN AL S BRI, AP A SE ik i
Lk DI B
Pkt | XSGR XK TR | SRR G R AR . B A AR

KB Bt 2 FEE

(LS ) O | S SRS R PRI, B KA ARl
I 9 A Je

Wikt sl | BB R pkE X WP A DAL Sh 2 R PR BEALAL B, AU

SEHE SR MR E
WRATALTR | AE ER AR kL DK T R | ARk DSBS IR o WA AR P R

b3 RURLL, BEPLAE LGN IR R AL E, FFEXT
XL R U E
XFLOJEARTE | SR ARAL XIS L AR PR A DO B . AR BRI R R,
X HOJEE SR SRR st Jr R AR R
BUEALTE | A DX P E B PRI AR A OSSR BT o B8 AN ] G

PO A FE L, SN T BT R R 2

I

s

wAE W SRR BB
4] 4.11: GRS 3 e 7% Bl

(1) F T RIE L 7y 8805 1%

BT UM R R 2, Hfg— FRER A S 2 MR RER . RS
TR RA BT REH B RIAER RS, XS Hrp & RIER A TREPLAL S, LA AR
BEARRRIIY AN B G RIS R AER AR E G P A B AN B
B, DUEIIEGR S HE . BT iR EIE A 2 g B 5 A 0 k2 FE A
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TRk o

Tk E R BE PO GOk DI B, T P I L A Y R R A
DB AL s AR I, DIMSEADL 6 A2 SEBR 12 i S 2o ke XIS Mo kA2
i U2 3o PG A B A DA T BN e S PR R AL BB L AL
AR SL e Bei 26t BIERBUR AL KB, FRETHAIRENE
TR HAE R ME R A E AT E B . HSCBCAD I 4.12 froR

class LesionPaste(LesionOperations):

e 5 05 R s n 2kt
lesion_num: JEit#

def __init_ (self, probability, lesion_num):
LesionOperations.__init_ (self, probability)
self.lesion_num = lesion_num

def perform_operation(self, images):
def do(image):

start_x, start_y, end_x, end_y = TauMed.getLesionPos(image)

box = (start_x, start_y, end_x, end_y)

lesion_image = image.crop(box)

w, h = image.size

count = self.lesion_num

while count > @:
X = np.random.randint(w/4, 3*w/4)
y = np.random.randint(h/4, 3*h/4)
image.paste(lesion_image, (x, y))
count -= 1

return image

augmented_images = []
for image in images:
augmented_images.append(do(image))

return augmented_images

A 4.12: kBRI IEAE
(2) BT fH KRB Be WAL ey M 5 1
HEAT . Mt & S B Bk, IEAE AR 238 I _E RS o A 32t
JeedW)s FEMIREAOIIE B B A B BERRRE R IIARA— 1 S —5KIA
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A A DI 5 V0 B AT AR RE & R RV B, S — gk el i B
—AEGHRE EEREAT A, WA CT {5 b B 3 2 S 50 B A E B s . ok
PR ER B RE S o B0 0 SR B B A Sy 3 5 5 B AR AL #88BR Jkt:
o s 5K %

TR KEAR B Xt R P Rk XA T # B . RO RS R (E B S kX
fok, DO AT kb DI T B B AU T ARSI BT 1 o kA2 30
LR AR AL BR A ER AL B, KBTI kL A2 R 2 B R BEAL R, LIS
FEHITR BRI AT SRR X FG B A DO BB T 5K, 7 O AV
LA R RN H A f o BIEE T P S B MR BE(EL, T resize /73038
TR A et DR/, P LA s 3 SR B

(3) 2Tl kb X I Sy HE O 1

AR AL DR ™ 18 AE PRI AL DB AE TR XS AR AL DIt T AL HE
FEPREA RS BRI A I SRR AR, AR E EARIE T3 R Bdm pY A2t IF
Hoar D i 2T 7 BRSSO 0 R AR 2 A5 A A
HIT AR e AT 0 B AL BN HE B AL LS

e AL PR AE PR AR AT DB LA I o W AR iR B R FO (5 MR L
FERLAE i — 2L RN TR R AL E, FF HA X5 ER UR R AR et W
R LA AE S RETT o X He REACEZ AR R TP O AR A DX B X LU B AR BR ST
AR, XSRS SRR A BUR AR R B R AL FR I AR G B AR L
DA AR B o B8 AN ] ] sl 0 60 DXl 2 TR P T 57 S, B 1 PR 4y

Bz /b

43 ¥ IBRELZHTMHER

3G B i 2 AE VTl B 32 R R TR 4E B B PRl Fr ot 4 BG4 s B2 1Y o i
BT RE AT, DAPEAR Y BT 55 BRI o TR (R By Docker £ M55, H5EM
™ IEAT 5543 1] Ak BRASLERAR BON WA 55 B9 B B R S A0 0 P s i i i -Al Fe s, 5
T PEAR TR AP BXS N T BT IR, e T B A R IRME B A S TR
i, RN ARG ds o R 7 MSE. PSNR. SSIM. MSSSIM.
FSIM #1 GMSD /A E B A e s, A2 SEBati A TPEAh Iy, aiid Docker /4
B, SERCHM I AT 55 B 3G A ae i, By ik b i 2 rid =31,

P B 2 e A R P a0 4.13 o, FEi%sE SSIM i1 GMSD A>3
(T8 HRAVE A7~ B 451 Shell 3048 F EvaluateService, [5]F]1#d loadImages
JIE AR A AR AL B GRS . IS T EdRTAL . S8 )5 7E Evaluator i
it caleulateScore 77741 H SSIMEvaluator H g EAR B2 45 52 i PR
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DRHITE, IR PRAE SR LA Json FEAAF A Bl 2h, A IR PEAl 25 R AL
o MAATIRASBEATIEME . LASE R, T Echarts J2E 19 i [ R AT OLAL o

| ShellXZ{4iEH | | EvaluateService | | Evaluator | | SSIMEvaluator | | GMSDEvaIuatorl | EvaluateModel

: start .
M loadlmages()
I bbiia= i

) _ calculateScore : :
—(L saveResult()

evaluatibnResult
evaluationResult D{———--------__... _______________ ;

calcu \aieScore()

evaluati%)nResu\t

oo SERE e :

evaluationResult

valuationResult

K 4.13: 88 22 4EPPAT ST e 14

EvaluateModel
RequestContext Pagelnfo - MSE: Double
- PSNR: Double
- jobRepo: JobRepo
N Lataszmepa_mptasgtkepu - jobRepo: JobRepo - SSIM: Double
- ova o5 * St - dataSetRepo: DataSetRepo - MSSSIM: Double
. Ieg - state: String - FSIM: Double
- description: String - GMSD: Double GMSDEvaluator
+ convertToJson: void T
0 calculateScore(context,evalu
! ateModel):void
1
EvaluateServide <<=bstlra|:t>>
~requestContext: RequestContext e )
- pagelnfo: Pagelnfo o————> T
- calcul ist<Evaluator> + calculateScore(context,evaluateModel): void calculateScore(context, evalu
ateModel):void

+ total : EvaluateModel LateMode)ivoid
MSSSIMEvaluator
¥
calculateScore(context evalu
ateModel):void

MSEEvaluator PSNREvaluator SSIMEvaluator
+ + +
calculateScore(context,evalua calculateScore(context, evalu calculateScore(context,evalu
teModel):void ateModel): void ateModel):void

K 4.14: P18 i S 4R AR 2 1]

P18 T 2 4E PR AL R R A0 4.14 Firs , B3 EER RIS, A
U S8 AT AT 2 P, (BT AR E B . HHp Evaluator /35 5K IG
5, NI BRI FRPR T ESEA BE T 5 U714 calculateScore, [F] I ELAA SR
2% MSEEvaluator. PSNREvaluator. SSIMEvaluator. MSSSIMEvaluator. FSIMEval-
uator {1 GMSDEvaluator 18 SEHIAMZ J77%, SE O BARTEAL LAY £ 42 . Eval-
uateService N HE B R 2%, @it Evaluator 1 FAH b B354 RCPTAR 43 881
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O mmrEs BRI
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B 4.15: 3738 i 2 4EPT A AR DT T

4.4 RENE
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CPU 4
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