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ABSTRACT

KEY WORDS

Objective: The measurement of diabetic foot ulcers is important for the success in diabetic
foot ulcer management. At present, it lacks the accurate and convenient measurement tools
in clinical. In recent years, artificial intelligence technology has demonstrated the potential
application value in the field of image segmentation and recognition. This study aims to
construct an intelligent measurement model of diabetic foot ulcers based on the deep
learning method, and to conduct preliminary verification.

Methods: The data of 1 042 diabetic foot ulcers clinical samples were collected. The ulcers
and color areas were manually labeled, of which 782 were used as the training data set and
260 as the test data set. The Mask RCNN ulcer tissue color semantic segmentation and
RetinaNet scale digital scale target detection were used to build a model. The training data
set was input into the model and iterated. The test data set was used to verify the intelligent
measurement model.

Results: This study established an intelligent measurement model of diabetic foot ulcers
based on deep learning. The mean average precision@. 5 intersection over union
(mAP@. 5I0U) of the color region segmentation in the training set and the test set were
87.9% and 63.9%, respectively; the mAP@.5IOU of the ruler scale digital detection in the
training set and the test set were 96.5% and 83.4%, respectively. Compared with the
manual measurement result of the test sample, the average error of the intelligent
measurement result was about 3 mm.

Conclusion: The intelligent measurement model has good accuracy and robustness in
measuring the diabetic foot ulcers. Future research can further optimize the model with

larger-scale data samples.

deep learning; chronic wound; diabetic foot ulcers; intelligent measurement

B PRIA B 15037 (diabetic foot ulcer, DFU)& 4 IR
Y7 AR, LIl PR 0y 47 31 2 W R LR i 1
M Fatst s EPRG O A G a2 v F e ORI
Pl ik R A TR R B8 S A R A B i AN T
e LRy SEReRA R T WE IR B — HR RS
PiEn, HEmEk . BOUKE, 4 ERE LR E
SRUTHE R A, 45 e DR R N AN,
BARIGIR L O A Z R & 5k, (B8 R,
G ORI R G R, BRSNS e HEf b
e h AR, Ko 5 B R sy

AR, X TG, i DR Ll R A R A
R IBAE S T TR T, (R R LS
J5 VAR 18 M 1 B A SO R AT SRR AR . TR
STHARNE N T REMIN TR U, TR 2 K
o ER—RERNES, Wl d T B 15
J2 G5 KE) R ST S i A BcE AR 21 55 9 R AE
PRI, DA B A B AN ASE 1 H gt ARk
FETUREE 2 ) Y N TR BB HOR & &9l HI 2
o IS5 98 FVBE s B R by, JFHRUAS T — 5 I I

SRUCIS OB 2 ) HOR RIS T T 128 175 5K 0%
PRI £8 A A R VS B v, A4S I T DR v 400 1Y) S5
AR, 2 SR ] SRR R RR S BE 43 R 96.1% FiI
93.9%!"" o FETTRIE 7 > B BYWE R Is WL 19 52 742
A FR A (Eye PACS-1) REf% 1 1 12 W i bk s 100 19X IS 9
A5, DA WA b RN R PR IO s 7
PRIGE KM Z R, R R 90.3%, FEREEh
98.1%"™", Ah, B REBE A AR PN B ARTENE R T
RAE iz RS TR B, Goyal PR HE T
—31 775 5K DFU BIEHEAS, 435I LA HARRGIN . 35 X
Sy 2FPIRBES 2 T, B REE AL TR AL %
Jik, HRBUEIRR T 91.8%., Chino 252245 Y H 3h
b Kz Jk 15t 97 DX BT Al 77 7 (automatic skin ulcer region
assessment, ASURA)REMS H A0S b2 45 1 [X 3,
FEI 5 T AR

AR TR B 2 ) £ K AE DFU 73 11 40030 11 32 FHTHRL
BT —E MR, B iiEE>, HREE N
13 5t 9 04 DX B8R 0 D T, A V5 R € DX B8 ) Ja 43
DL R 5 48 hn 19 R, AR5 SR TR B2 2 ] HoR i

©Journal of Central South University (Medical Science). All rights reserved.



1140

TR R (BR2EMT ), 2021, 46(10)  http:/xbyxb.csu.edu.cn

A7 0 17D ok AR A AR, 5 B 1T DI 6 R R
ZIFER . AR SR 3 PR, FE T coco
HAREI 847 mAP@.510U(mean average precision@. 5
intersection over union)XJ44; M X 38 2 7 45 Y Al b )R
R A FEAT VAL SO, DASE BB 9 1 F Y
Ko 98, MR EE DO L 4 TR BRI, B AE
P —Fp 3L F R FAL DFU EIG A9 02 P45 0 58 el &2
ik, Al R EEAE DAL 5 57 1 A SR A i 4 it
SR

| ARSI

1.1 #HEskiR

ABFE O ARAT P KEF P B B4 8 517 R B2
FF R AC A 0 S HEE (R AL S . E202021).
DFU BUGAE A K 5T r g K2 RE = e b PR s A2 7
B CLTFRFOA TG, FEACRERNZOR : D
BB . W97 SRR T, A [) B0 60 2E 23 Pl i A
Xk, HAAERA AR AT RE R 90°, Rl AR R AY

TRFE—2, PRS0 0 R A T A Tk R
— i, (HABRE AR 2R HIBT B R Ak
T ACFRLE, FRRE— R PEAR RO T i T 2%,
AN TR FAROETT [ B Rl T ek
PEATTARRIORE , FHLERAG K 505 P47, [ %E 90°
WA, BERE— AR 1 m, DT R AR AR R 58
e, HEREFT G ZORMIEGEEAR 1042 4], Hrp
782 SRAE M INAEREE , 260 5KAE A A EHLE .

1.2 #iiEeRiE

15975 3100 5 K AN [) DX 3200 €0 A e 1 | A v 7 22
% N51, K H labelme FAF 58 AR . bRiFERILL |
W BE L 0 Ol SIER LR A
WG, B L HSGR, T U ICE X,
B U RS, AR 2 BN
FRTEFR ROBUFZIRE R 0~9, bR bR N A TE )7 HE (&
1o HF—5KEITREAFAE 2B IR i B 11
B, A HL B FERTEW, Bm IR A E,
A 5% 41 2038 Bl i B 9 A 3] T8 5 34 31 100%
K

E1 fRiERERE

Figure 1 Annotated schematic diagram
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Figure 2 Process of ulcer tissue segmentation by Mask RCNN
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Figure 4 Process of results conversion (A) and geometric measurement (B)
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Table 1 Effect of Mask RCNN segmentation and localization model of diabetic foot Mask
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