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Fig. 1 Schematics of typical application scenarios of intelligence teleconsultation system for skin tumors built by our team. (a) Skin

tumor self-screening; (b) tele-consultation
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Fig. 2 Intelligence teleconsultation system for skin tumors. (a) System hardware composition; (b) schematic of AI-CPI module;

(c) schematic of principle
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Fig. 3 Software design of intelligence teleconsultation system for skin tumors. (a) User interface; (b) workflow under network condition
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different working distances; (c) projection errors at different working angles
ARAT BB T AR E AL SR DL AL B R JE
CPIMEHR 7 BER MBI AT B . HOAfE TAE B8 3.2 MRXKE

600 mm 4k H AT-CPI # 5t 3 % Fil # % 5% USAF ARATEAT T — X B S 56 DU 5T 1% & SR A 1
1951 43 ¥ 300 38 A, 2R J5 47 5% Xorite 24 6 6 K, Al F LGRS 2 ARG R E B MR, MR K

FHAR AL 485 20 00 6 R 59 20 2% (RGB)E DL & o Jok: Fie 96 %8 BB G AR 212 R G 0T LIME N LR E AR
PR B AR EREHZER S(CIE)EYME R ATERENAIZHRIENREES CREE
B (R 09 TF M 5 1 S CIEDE2000') 3 & 1k HEAT X H . BLAR Sk UL, B %8 A 7-point B8 4 19 DU 3
g {0, 22 5% . A5 BE HLAR T 50 5K Bz Bk B G SR R s 0 R
FEl5Ca)  (b) 4yl n T & 88 % A8 i 4% 5% 1) Jok & B AR AR 4l 5 A 2 W, IR 483 B2 AR Y2 W F
USAF 1951 40 #E M . 4 HE 5 110 1 B Ay ) B A3 5O M AER R AR s B G W AR IS W 4 R 5 R G N
I OB R L A 00 28 A e R B — Al . NI 5(a) B E BRI, AR B R RS L
FTLLE M fem —dEW e Z B8 LA T E 2, X M B Bl L Bl S A A A A R AR X L T R
2 96 0 0.223 mm; W S(b) AT LA H, e — 4L BHEAE A AT AT L2 R T2 RS B . HL iAok
Wi oG ZE N 1T ICEK 6, X W 258 0.561 mm . KX Ui, A S N 7-point BOHE 4 1G9 K 4R R A BE T A
P4 76 2 40 00 R i B AR B 5 (a) (b)) AT A, FXF PR 2% ) Bk 5 L R B A2 12 Wi 45 3 50 5k
AR XS SR E A i E 5(c) i . RGBT MG, BN A% 0 0 3 42 b Bl ML J B 50 ok J ik
ML R EG W E S(D) iR, AR RFABZET BEEMR 5k 5 805 T 6 4 KA1 24 1 J kB 4=, 9F
P B A IE B IE SR MR A 5 (e) BT . Bl AL 530 P AL, — 44 B AR AN S R R B T i e
B 5 mEsSe)E S BHMEZHB W, =4 B R R R AR AE ATSE IR I R T A8
CIEDE2000 {8 (AE) iy B J5 & 50 fr R, B ke WU B S BT L R A R A G2 W A SR IR 2
1E #i J5 B9 CIEDE2000 {8 B °F #4554 % b 7.16 F0 W A1 B 1
1.68. B 1E 5 19 CIEDE2000 {4 /M T 2, i8] KA FVRIR T R KRB BE A Fn 5 88 N B AE 7-point 5L
BB MEEARERR 2, RPLSARANZ  Pa 56004 AL R 50 5k Bz Bk B2 -% T 12
B A B €0 A OE SRk A IR S, 3 1 B B o Wik S, Hop p>0.05 RR 2GR BA B EER.

0907021-5



HST%E £ 9HI/2024 £ 5 B/ E#

5 }\()11 ‘ "

L= 111l

3 — Ill = m e =3
== Em .y ne |||||l-=-:q
— W= =5

q [ =) III [Séllrll =
3

5=l

s =l

USAF 1951 1N

20 40 60 80 100
Distance /pixel

intensity variation of ROI 2

o )
=,

(d) (e)

Grayscale value

RILIASIN 20 40 60 80 100
Distance /pixel

[ after color calibration
- before color calibration

15

AE

18 21 24 27 30

e AL S (a) MIALFAEE 19 USAF 1951 43 38 3R H AR M s (b) 5 H AR ; (¢) PN

El5  AT-CPIAER ) 7 PR A0 R
IR (ROT) Wy 5 48 A i B2 A8 4k 5 (d) AHBLFA B 19 Xorite R S 5 (e) BIE R IE J5 B9 @ IS 5 (O B 6 A% 1E 15 A9 CIEDE2000
HITHE

Fig. 5 Quantification experiment of resolution and color accuracy of AI-CPI module.

(a) USAF 1951 resolution target plate captured
by camera; (b) re-projected target plate; (c) changes in intensity of two regions of interest (ROI) along dotted line; (d) X-rite color
card images taken by camera; (e) color card images after color calibration; (f) CIEDE2000 histogram before and after color

correction
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Fig. 6 Teleconsultation experiment of skin tumor using proposed system. (a) Subject and system at local site; (b) experienced expert is

viewing images of skin tumor; (c) deep learning algorithm deployed in system diagnoses lesion as basal cell carcinoma through

dermoscopic images; (d) expert confirms that diagnosis result of algorithm is correct, and draws annotations to discuss surgical

plan; annotations projected on subject skin surface by proposed system are used to indicate (e) area of tissue removed and (f) area

of skin flap reconstruction
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Abstract

Objective Skin cancer is among the most common cancers worldwide. Skin cancer screening relies primarily on visual inspection
by dermatologists, and largely depends on their experience. However, imbalances in regional development have led to an uneven
distribution of medical resources worldwide. Telemedicine is an effective approach to alleviate this dilemma, and a major branch of
this field is teledermatology. Dermatologists can remotely view clinical images and medical histories of skin cancer patients in various
ways and provide remote diagnosis and treatment suggestions. However, teledermatology relies on medical experts and network
conditions, and patients who cannot access the Internet in remote areas cannot enjoy the convenience of remote consultation. Some
portable devices based on automatic diagnostic algorithms have made up for some shortcomings of traditional teledermatology;
however, because they can only judge the type of disease, these devices have limited clinical applicability. To compensate for the
shortcomings of the current research, our team design and build a skin tumor artificial intelligence-enhanced teleconsultation system,
which has both offline automatic skin tumor screening and online remote consultation and preoperative planning functions.

Methods In this study, we build a skin tumor intelligent teleconsultation system with two typical application scenarios: 1) skin
tumor self-screening without network conditions. Patients or doctors who lack experience at the local site can use the dermatoscope in
the system to obtain images of skin lesions and then use the deep learning algorithm in the system to generate automatic diagnosis
results. 2) Remote skin tumor consultation under network conditions. Remote consultation for skin tumors involves real-time
interactions among inexperienced doctors at a local site and experienced medical experts at a remote site. First, the doctor at the local
site uses a dermatoscope or ordinary camera in the system to obtain skin images of patients with skin tumors. Then, the deep learning
algorithm in the system generates automatic diagnosis results based on the images. Finally, the remote expert confirms the disease
diagnosis result and recommends a corresponding treatment plan based on network-transmitted images and algorithmic cues. For
patients requiring surgery, both parties can use the system for preoperative planning. Instructive annotations drawn by remote doctors
on the screen are transmitted over the network to the local site and projected onto the body surface of the patient in sizu. To achieve
the above functions, we first train a RegNetY-800M model based on 7-point dataset and deploy it on Raspberry Pi, also using a neural
network computing accelerator to accelerate neural network computation, then use camera, laser projector, and beam splitter to form
a co-axial projective imaging design that can project instructive annotations made by remote experts with high accuracy onto patient’s
body surface, finally design a visual software interface for easy use by doctors. To characterize the system, we first design a benchtop
experiment to quantify the achievable accuracy of the system, then design a control experiment to verify whether the system can
improve the applicability and efficiency of the traditional teleconsultation system. Finally, a clinical experiment is designed to verify
the clinical applicability of the system.

Results and Discussions The benchtop experimental results show that the maximum projection error of the system is less than
1.5 mm (Fig. 4), and the CIEDE2000 value after color correction is less than 2, which can accurately restore colors in the scene
(Fig. 5). The control experimental results show that there is no significant difference between the algorithm in the system and
dermatologists; dermatologists perform better with Al prompts. Clinical experimental results show that using this system for

automatic diagnosis and remote consultation of skin tumors is feasible.

Conclusions The intelligent teleconsultation system for skin tumors designed and built by our team has both automatic disease
screening without a network and remote consultation with the network. The control experimental results show that the diagnostic
results of the algorithm deployed in the system are comparable to those of dermatologists and that the algorithm can help
dermatologists make more efficient and accurate decisions. The experimental results show that the system has clinical applicability.

Compared to traditional remote consultation systems, this system has the following three advantages. 1) It has a wider application
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range. In remote areas without a network, the system can serve as a supplement to dermatologists, compensating for defects in which

traditional teleconsultation systems cannot be used without a network. 2) Better performance. Automatic diagnosis results in the
system can assist specialists in a more efficient and accurate screening of skin tumors. 3) Intuitive display. This system can project
annotations made by remote experts onto body surfaces of patients with high precision, thereby making remote guidance in
preoperative consultations and surgical planning processes more intuitive and precise. This system can help patients in areas with
scarce medical resources perform early screening for various diseases, such as skin tumors.

Key words medical optics; biotechnology; teledermatology; artificial intelligence; augmented reality; co-axial projective imaging
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