Special Topic:The Integration of Traditional Chinese Medicine - A
and Engineering HEAEISATH

Research Papers f5iRe

0) )L S i R
Progress in Biochemistry and Biophysics
' 'j 2026,53(5):1195~1206

www.pibb.ac.cn E
BT RS IER S R LM AU
TEIEEMR

FCEAEY LRV HEMY ndm? Rz’ FHE
OV FEAZRY R BT

(V JER G BB KRR 56 TR, JeE R S AR Sz, JEaT 1022065
BRI TR AR, LA 100084)

WE B fFEhEIed, BN CEIEAIRZAER” i, W (RIAE) R g eSS aFa =R Am AR
B SRR B SR EARG . SRIM, 148 HisHOmt e 3 8, ELBUA A0 I35 40 #0 Sk A T 0 DL PR RS A 5 i e+
Yoo T A 5o B AR LA B AR A= A% T s BRGNS W B G, Xl ASBFST R T —Fi G Frangi-Sato BUEDE
i H A N 5R SR R YO DU I B k. iR S, I Frangi 5 Sato BB AR A0 B AMSME, st 2 R
AR SRS, AE R0 5 IV S ) RIS T AR I A8 (A R R A% s R, et T 56T 2 RRIE UM R AR R GOtk
B, FIRME R . B RS B G R R S e thie s feJa, $RH LT RGO BRI I A8 W B E RN, AF 2 [l i
PREFM RIS ek . R IR REBIRE S AFEARE FryLm s =], i 7 iL7E Dice R51. RBUE N
MAEHFTE LS OCHAR IR T IUE TAL SRR L7k T e MR i S S R Rl R Aol OG5 T R R AP & Bk o
it AW TR T s A 3], b E B2 A SR R ARIR B T T REAYHOR S

XgiR PEHE, WENESH, G, ot
fESES TP391.4, R318

feh R, Hi2kE “BEREYT U2z
o, RECE AN, IBESN BRIRZTT
Mo AR “frzzs, ozfi, ifizss”, $R
THEARIPR IC R Z AL, i 245 5 A iE S A
B MR AU, Bl (RIUED) B R
B ONAE, HERWIBUA BB Civkdn . i) |
P (INEELr . JiR) MHMATRRIE, 2R
UM TEEL . 245 b S U D REAR A A B RN
7L, A ARERRLIR 2 R R Y,
LLASIRZ RS, T R U)X B R 5 B 4R
1M, RGBT, A exE L
o, EEMZEFRR. FATAHLSEEA [ shifE
LA T LR LA 70 B2 S B AR PR R4 | gl
HEE Hi2 & WAL 2R o

SR, SIS LA 73 2 — TR 2R A ) AT
55, B, JUBIAE R EHRDIES A RHOR A
HIBAER S, e fffs £ i A E Lk i R,
SRR HRE (UL A R AN, 2T 55 BT 2L

DOI: 10.3724/j.pibb.2026.0064

CSTR: 32369.14.pibb.20260064

MEAR; U, DU I 2 T D] 5 SO IR 1l s e fh
5, HAERERY SR S0 B B R I B3 T
SHEUNERINERAL: Fa, SARMSEEE SR
T RIS R LM A W R s R RIS, Bl
MCEE I 5 1o 1 M LA 48 55 1 A8 45 4 1) 52 R 1k S AR
M

B M AS o B vk R B A G IR
SPR S IREE 2 A WIS o X IUR M 43#], 4]
WE5E FERAE T N TR RAERS 58 552 IR
WaE 1T A . DR A NI A e A 2 LR
TEEARSZE |, Derakhshani 55 2 T —Fhgh &
TAHAL S Otsu A 1Y X B A AR A B4 £ 17,
s« FE A E S LI (2022YFC3502300, 2022YFC3502301) Ak
U8 B RSEAEMITL 45 2% (bistu71E2510931) WHHIIA .
o 3 IR R
Lh22 K Tel: 010-80187460, E-mail : zgma@bistu.edu.cn

JRHE Tel: 010-80187460, E-mail: jiangzhu@bistu.edu.cn
Wk F1: 2026-01-31, #23Z 1 4]: 2026-04-15




<1196 EMUFESEY IR R

Prog. Biochem. Biophys. 2026; 53 (5

(HAZ 7 AR T N TR EF 7 4, Ak RER
PR o o Ik 22 B U4 A 09 B o, Zhu 55 5 fiff 1
Frangi JE UL 4%, S0 7 DL IAE 19 A shig e, 2
J&, AEGENEE AN SOGEURE . XA [R]FH 2 1 45
i 1o AN 35 DA K% 5 77 A A BH P I s S5 35 5 Zhou
8 7T T T Gabor /NI 3 S T AEAL L
22 7 1)/ N U AR A RN T IR I A5 ) 2 A
WEhgER, (HiZOnEtaE e R HERE, H
Gy OGSO R i AE

PL U-Net ¥ | Unet++ ', TransUnet "' Fft 3
TR B 2 2 77 A QMR 400 PO 1T A5 1) 4 P 2
UG ET 55 S T =F i A e, (B HAE DU
IR e Kb e L S 1K Sy p 1 S e S A A WK G DA E RN
JE 2 S AT IURR I A8 1) B AT 5 A Wl 1 g PR
TG, REE 2R ST BRI RASE v Jo = 5iE
E T PR b 1 A vy LM LA 7 o LU IR AR 0
HW, IEAREIR S MR 2R MRS, ZH 55
BORIZALRE ) 1 Jm, RSN “HBET
PEXELLH 2 R Hi2X B S nT i B i me oK . A
b2 T, FET IS U5 KRR g i B
TeTF N . B HOm it/ BB SO R A L
T PRI 0 A8 o A 55 RO E b R Bz b iy
Yk,

ET LRSI, AR H TGS T
Frangi "* &% A% %5 20 /0N 148 19 U 5 Sato 7 JE
P Xt ET A ARRE N, Wi RERG R
W, FEBUAS RN AR, TR AR T 12

Wi ORI R Y R . W, AP ROE T, A
SCicit T EET 2R R B oL, it 2
AEFFHE T SIE S PR RBR BOL R, IFEs G i
EETRORI R BB RS LM, AR
SEREME . PUTL H R R I PR Al i Bk A LR i

yix B

1 ETREIRES RS r UM & 55
BIE %

1.1 EREMRZEY

AR SCHE H A DB I AE 53 53002k AR A Ak 2
= RV INC AN A So s Y [ K= R R R
Ho PR ARME PR, B, BAEIG
SR PR, ARG kb 55 BR X O A 3 1 T
Kl ¥ f; & (contrast limited adaptive histogram
equalization, CLAHE) 53k P [n] 38 568 )5y 38 X bb B
FEEHESS LR S o X B R e, Bkl
AT HSV G250 MY . (5B &Gt e
PR ZAFERLG BOCRI SH0HIBLE, A5
JEXTIMAE 3R T, FEMEERT I, IS s
KHZ REEFNE, @A Frangi 5 Sato &I & 0410 L
FRrk, $RFAAFEERIAE RN, BEfS, 4R
FEUE BB A N AR B AR, IFES B Ry kL
Ry, WIAbRIRNAEIER . &5, &
BHATE S BRMIRIME R | K% LR R 2 4%
TGS UE RS A AL EE , BRI 28 O FR I 22
eSS, e e oo B 04 1M A A

!

d N

/[ Reflection suppression ]\

Preprocessing
. . HSV
Bilateral filtering .
Gradient
I CL}I]& HE . Entropy ’
IS BT E> Statistical properties

- /[ Vessel enhancement ]\
K / [ Multi-scale Frangi & Sato filter j

fusion

Refinement ]\ /[ Segmentation ]\

Skeletonization Otsu

Core protection Global baseline thresholding k /
Gap linking <:| Local pruning Q

Fig. 1 Flowchart of the proposed algorithm
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Table 1 Quantitative comparison on the private dataset

Method Dice IoU  Sensitivity Specificity Centerline

F1-score

Frangi 03697 02325 03198 0.998 4 03515
Coye 0.5323 03867 0.6151 0.997 8 0.574 0
NMC 0.4883 03255 0.4439 0.999 1 0.579 2
BCOSFIRE 0.5695 0.4112 0.6800 0.994 8 0.442 3
MorphSnakes 0.2969 0.1791  0.626 3 0.988 1 0.297 1
This study  0.7122 0.5546 0.726 7 0.998 7 0.691 0

Bold values indicate the best performance in each column.

Table 2 Quantitative comparison on the SBVPI dataset

Method Dice IoU  Sensitivity Specificity Centerline

Fl-score

Frangi 03183 0.1936 0.2385 0.996 7 0.4613
Coye 03806 02390 04971 0.984 2 0.353 4
NRLT 03574 02179 0.4549 0.983 4 0.346 5
BCOSFIRE 0.5127 0.3460 0.5012 0.993 5 0.527 1
Unet 03106 0.1847 0.1944 0.999 2 0.344 0
Unet++ 04943 03287 04196 0.995 6 0.504 1
TransUnet 0.4842 03205 0.3848 0.997 0 0.516 7
CS-Net 04983 0.3332  0.640 8 0.984 6 0.2395
RV-GAN 04431 0.2852 03769 0.994 8 0.240 3
This study 0.5154 0.3476 0.5937 0.988 3 0.5301

Bold values indicate the best performance in each column.
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Fig. 3 Qualitative comparison of segmentation results on the private dataset
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Fig. 4 Qualitative comparison of segmentation on the SBVPI dataset
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Fig.5 Impact of the SRR module
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Abstract Objective In traditional Chinese medicine (TCM), the foundational doctrine that the eyes reflect the
essence of the internal viscera establishes ocular observation as a cornerstone of diagnostic practice. Specifically,
the morphological characteristics and coloration variations of the scleral microvasculature serve as critical clinical
indicators for assessing the dynamic balance of Qi and Blood, as well as the pathological status of internal organs.
Historically, however, TCM eye diagnosis has relied predominantly on the subjective clinical experience and
visual acuity of individual practitioners, leading to inherent challenges in standardization and reproducibility.

While automated computer-aided diagnostic systems offer a promising solution, existing vessel segmentation
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algorithms encounter significant domain-specific bottlenecks when applied to scleral imagery. These challenges
primarily stem from the highly reflective and moist nature of the ocular surface, which generates severe reflective
interference. Furthermore, the inherent low contrast of fine capillary networks against complex background
textures, compounded by non-uniform illumination, frequently results in high false-positive rates, misdetections,
and severe vessel fragmentation. To address these critical limitations and advance the objective quantification of
TCM diagnostics, this paper proposes a novel, highly robust sclera vessel segmentation framework that
innovatively integrates Frangi-Sato dual-filter adaptive enhancement with pixel-level reflection detection.
Methods The proposed methodology systematically addresses the segmentation pipeline through three
synergistic stages. First, to overcome the structural limitations of single-filter approaches, a multi-scale weighted
fusion strategy is meticulously designed to harness the complementary extraction capabilities of both Frangi and
Sato filters. This adaptive enhancement optimally balances the preservation of main vessel trunk continuity with
the heightened sensitivity required for delineating delicate, low-contrast peripheral capillaries. Second, to tackle
the persistent issue of reflective highlights, a sophisticated multi-feature synergistic reflection detection module is
introduced. By jointly analyzing local information entropy, gradient field variations, and intensity statistical
distributions, this module achieves precise, pixel-level identification and elimination of reflective artifacts without
compromising the underlying vascular structures. Finally, a dual-level adaptive thresholding strategy, featuring an
innovative “core protection” mechanism, is implemented. This critical step effectively suppresses complex
background noise while rigorously preserving the structural and topological integrity of the intricate vessel
network, preventing the structural breaks often seen in conventional binarization methods. Results The efficacy
of the proposed framework was rigorously evaluated using both self-constructed clinical datasets specifically
acquired for TCM research and standardized public datasets. Extensive experimental results demonstrate that the
proposed method consistently outperforms state-of-the-art traditional approaches and contemporary deep learning
models. Specifically, the proposed method achieves a Dice similarity coefficient of approximately 0.71 on the
private clinical dataset, and secures the best performance across the majority of quantitative metrics on both
datasets. Notably, the framework exhibits exceptional robustness and generalization capabilities in highly
challenging scenarios characterized by intense reflective interference, low signal-to-noise ratios, and cross-domain
image variations. Conclusion This study successfully realizes the high-integrity, automated segmentation of
scleral vessel networks under complex clinical imaging conditions. By overcoming the fundamental algorithmic
challenges of reflection interference and micro-vessel loss, the proposed methodology provides potential support

for the digitization, objective standardization, and intelligent advancement of modern TCM eye diagnosis systems.

Key words eye diagnosis in traditional Chinese medicine, sclera vessel segmentation, fusion filtering, reflection
suppression
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