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Self-health monitoring method based on comparative analysis of

tongue color changes in TCM
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(Abstract] Objective According to the principle that tongue color changes in Chinese medicine indicate human
diseases, to propose a self-health monitoring method based on the comparative analysis of tongue color changes, so as to
prevent the damage of unknown diseases to personal health and reduce the cost of personal health monitoring. Methods
Personal tongue images were collected by image acquisition equipment. Using deep learning and traditional image processing
technology, as well as leveraging the conversion relationship between RGB and CIE Lab color models, the characteristic value
of tongue color was obtained to establish a self-health standard tongue image database. The new tongue image was collected,
and the best matching template was identified from the database through the principle of anisotropic scaling template
matching. Then the characteristic values of the tongue color changes of the newly collected tongue image and the best

matching template tongue image were obtained through the difference comparison analysis method, and the self —health
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monitoring was carried out combined with the setting range of quantitative parameters. The effectiveness of the proposed
method was finally verified by self—tongue anomaly simulation experiments. Results The setting of self—tongue color change
thresholds was achieved through techniques such as self —tongue image database construction, anisotropic scaling template
matching, and tongue color difference analysis. The tongue color of newly acquired tongue images can be extracted, the
difference with the tongue colors in the standard tongue image database can be calculated, and the difference values can be
compared with the set threshold value to monitor health. The validity and practicability of the proposed method was verified
by the anomaly simulation experiments. Conclusion The self-health monitoring method based on the comparative analysis of
tongue color changes in TCM can conveniently monitor personal health status, and play a certain role in promoting the
objectification development of TCM tongue diagnosis.

[Keywords) tongue color; self-health monitoring; deep learning; template matching; differential comparative analysis
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0 ATEXTRERR A B. Y& IUET L CF XK, B C A 43,8 KON, XTRH ;2.7.6 Xk

HZETE L XENIAT 8 1.6 A, RPECr il 5 DX T XA

;4.9 .2 K EAR, XN



1470 1 v BE 25 K2R 243 htp://hnzyydxxb. hnuem.edu.cn

2024 4F5R 44 3

(red,R) .G #5417 (green, G) B $51% (4, (blue, B) . il
X R.G.B,3 MMEIE KB, LR A F AT Ik
ARIAKOFTR
F=r[R]+¢[G]+b[B] ®

Kr g b HEEICHAL, FPREREZDE F;
R.G.B AR EM 3 M5, R .G B FEE
[0,255],

RGB JLF- A DL A 2840 7 i Jg e 19 A v 25
o SRS iz M) 2B &%t CIE Lab
260,25 (] 3L AR A O B v, e s )
M, T RGB Ml CMYK W T (b, Hogah T
RGB BB A YIS IE T HXT B i) 4
W B & A2 W bRt B2 B LA B &
CARAEIEA BT CIE Lab SiHE 7 R0,

RGB &8 XYZ B0 25 [ BB H4 i CIE Lab 15
=, e A s,
X 0.412 453 0.357580 0.180 423 || R
Y |=]0.212671 0.715160 0.072169 || G
by e

0.019334 0.119193 0.950 227|| B

(3%, (%, )]
wi(%, %) °

s S
/ (t) 129V 4 6Y
2] ) @
K on BEABE D n MEE S HB X
Y.Z 3 i I XY, 7, — A
95.047.100 F1 108.883, il i @~@ =5 FL R EdE
RGB i {53 6] S 5 e 8] XYZ Bifa 55 6], FE55 e 3]
CIE Lab Eifa2s[H],
T L* BI(EIRIE[0,100] o {HIE[-128,127].,
b* (HIUE-128,127], IR HLE R E A tlopency |
halcon 25X HAPEUEAT T &AL, [# H AL T7[0, 2553
BBl EEALJF U L=L%%2.55, a=a*+128 ,b=b*+128 , AH}
FEH S RAEN) RGB BG4S % CIE Lab, {15
B2 BRI o3 B 5 G IR 45 6, 2 J5 PR R Ak 2
AT halcon XA THUE AL AL, D7 fEZEHLE A
WA N IHAT AT SRR .
14 HEMESFRE
O 25 R R L EUR MR R i 2 R
HEAT AT AR B 1 A RRAE | 8 0 G R B 14 2R

*
a

b*

MRS H O 58 L AERHIE, X LRl
PRHR B B 2T G IR RR L AR REIR S 3
A BRI T PR B RE BE A8 B ik ) 2 6708
o, X SR AR R S (B BT RS R L il
X HER S AR T AT SRR b Ak
PRFNZE Sy, AR A A AR (R B0 HAR A A 1
(ELRBEAT I B M0 F9U% | 3 o 1 ) 1o {0
AR LA AT R I

2 ETHBEUILRSTTH B RBRENTTE

H AT A9 U 78 235 TR G KRB | SR I5 25
P 2R E DU A YRR s B T Bl Ik AR
WEETHIA T H R B G G R IR 2
SRESTHE MK T B/ G RAEMMERET ) 78 H R IF 5T
ToRET ZRIFHATE AT LR R AR A
() B FRABFE W 3 it AR 4R H A A
AL FL A M IR R W ik, 107k B RS B
EUECR A VL& TE H AR L F RIS N E 4L RS, 5F
3 A X 1 UK 25 43 3 AT R R A T 1 R R
W, BARNZATT . B TERE R BOR T R
W ATREZRE R, g A R ES S EdE L
] 55 25 B R A B A N A A N A
AN LU | AR R RGE L e v €2 45 DX 3 AR Ak
ZEE R I B E A N AL BIE SR 5 R
YOLOvS5 51558 UG BEE R AHZS A 7% A A
HRAR T G bR G PR T i g MG
PEAT AN BN T s fie 5, R FH 5 ) 408 B3O Al DG L B2
AR B R AL B G SRR 2 AR
BRIE S, BRSPS #1722 53 00, ARSI & 4
B AR ARG O, AR A5 1) 2208 5 15 i 0 %) 0 i
A7 LA, DT W £ A fa R AR AL S O, A T (i
ik
21 NMAEREIEENET
211 HERETE HERRER S (FHL AL
VR NI RS BRI 5, R K] R4
UCRBE T LN (BB IR AR ] A
) —HL,
2,12 DAFRHERSBAR RS BIRREE 10
A ATEG, FFRIAIRE 1 min, BL 1R —AN R0
WIESRAE B ZOR A 70 3N N4, i s S
SR NARHE S SR AR N H A,
SRR BN X L TR S R
2.1.3 D ANELAAT LR, SREES 2 MY
3L 70 5RE G E A, T N NEZAEXT L, %



2024 45 44 5

e T EE 2R 2 4R http://hnzyydxxb.hnucm.edu.cn 1471

JE ) BT AR i S hR I R AR 25 (E )
B FoA A S AT L IEH AR BIE, I A 3R
W OARHRRSIEAG B ES B, Adad E G
SRS KRB R AT 25 AP R AR
2 7 8 A DR T B, DA (S T
22 EREGLE

T G R AL PR N AL - B2 4 FREE N A TS
TR E BRETE L5 AR EE 28R FE A
(PLESSoNGURSE JUNITE

YOLOVS J&— F 3 T IR FE 27 2] 1 H An A6 I AR
AU RETE S PR Ao VB B O A i) LA 7
B RIEEGA R H RIS AR R 3517
2507 A RETE HERR SR R ) 22 7 AR G R R AL 3
FRTEEDE VLD b A S RPLHES, it , AR 4
BT YOLOVS TR EE2: ) 5155 KUG AL BARZE & 14
AR L AT &R 45 ICECA 25, B SR
YOLOvS5 HEAVHEAT 2 R A R I & AR 531, Az
B E R RIS, SR 5 SR FAL G0 G A B AT
VUG IEA T 5 1) 0 OB B B A 32 T 301 00 25 )
) AR IEFAb
2.2.1 HT YOLOVS (EGAFIEAI)IZE  YOLOVS
PG Ak B TR XoF D] 25 5000 114 4 1 2 SR ¢ pmg 120 B2
Y H 50 HER A0 5 A R A | 75 B SR U
TR ABEEREIRE . A T ReMER N NE
G BRI RAS AR 3 3T A FRoAn 5
LT YOLOVS BEAIZR) i il X Bds4E /4 A
WFEART: SR B 2R B AR B AR A
H Labelme {3 T H | R HZ 8 R, NE 2
FFF7R o

1.bmp 2.bmp 3.bmp 4.bmp 5.bmp

11.bmp 12.bmp 13.bmp 14.bmp 15.bmp

51.bmp 52.bmp 53.bmp 54.bmp 55.bmp

61.bmp 62.bmp 63.bmp 64.bmp 65.bmp

» « <« @ 8 =3 &

B2 BEERRERE

Fig.2 Display of self tongue image annotation method

UARERIUE €T L NIl 73w SR A g % N
HERf PR R, (B T IR TR AARBR TR A T, 5 2
TERERIE AR 1 Frr/ IMEL AE_EIRRAERY 70 5K AR
HET GBI AR U R 1 1 5K RIF B TRRTE , &
bR 7 5K, P YOLOvSs—seg.pt B N JEt | I 25
tH best.pt, I W FH 2RI Bk 3 A FIORT LG J2E v A7
UL 140 SKFHRIFFEATH AT EIRGIN HERFHN 9.28%
BU KR 2 sk RIFEATHREE , IR 1T 14 5K, Fa
HERIR 38.57% , HURERAY 3 5K RIEIHEATHRTE 3L
PRiE 21 5K, R MERG 3 100% , X SEECHE ()42 150
ABIFE B BT A Febn U ZRAE AR B 2k Y
ARCPEFI AT AT, sl A 1 PRl T RS 2 T SR 4 R
AR RS, NI, AHFTE YOLOVS BRI 2k
s BB B R 3 kR I 2k 215K
B ZRAZOBUE  BAER SN Windows10,CPU
A 12th Gen Intel(R)Core(TM)i7-12700H 2.69 GHz,
GPU SANVIDIA GeForce RTX3060 Laptop GPU,-F
4 Python 3.9 FIREES:>] yolov5S—seg—master,

6.bmp 7.bmp 8.bmp 9.bmp 10.bmp

16.bmp 17.bmp 18.bmp 19.bmp 20.bmp

56.bmp 57.bmp 58.bmp 59.bmp 60.bmp

66.bmp 67.bmp 68.bmp 69.bmp 70.bmp

B3 EHE_EEREG
Fig.3 Binary image of tongue body



1472

RE H E 2R 224 http://hnzyydxxb.hnucm.edu.cn

2024 4F5R 44 3

222 HTEGEGAAETEARMAABITFERIEE
TAEHAT B TR I, SO A R R R AR
TR 5 NBRET AU B b AR 7/ G AT
VCRC, 75 Z T QAT B AR (E U, I
SRR IRE 1C vy JLE A% B AT BB 24k
BN LA IR i et b7 DX 358 P € B A,
halcon FUBEHR A 2853 YOLOVS 5 443 BRI () 7%
RBHATAE I A iUH 0 (A EHR &l 3 B
N 4 halcon K{FF LAY CIE Lab £ X3/ L.a b
HHE P2 R EE A BN TR e, ik 1 R, R 1 EL

P AP 3 5 R HEE , 1E A FRAH PRI, ST
PC R 3 g Tl RIS, X0 I 4R 2T SR RS AE
F1 PR ORI,
23 EBETREEHERLCENESRGE

S5 o) 46 TR AN 14 D SR DR RE ) PR (S E RN
T AR A i E XY 5 T R/ NARTR EE AN
[a]2, R A BT A5 PR N R R kA T
T2 U BRI T3 —FH Y H RIEARAN
R/ INEBARTRD , UL RE T v 1 b 25 3 W 5 6 4 b OLE
% DX T AR AR AL, RS B ANTEBEAT R R

R1 ANESEIREREIRX R X8 AR EE
Table 1 Average grayscale values of corresponding regions of zang—fu in the human tongue image database
JUERS JRPEEAE LES HH2 TWH3 TH 4 RS FH 69 e
Jili} L 203.91 205.74 204.38 206.60 200.63 207.84 207.85
a 141.28 139.41 141.75 140.34 142.02 139.52 139.86
b 144.49 144.24 143.94 143.21 143.14 143.66 143.99
s L 194.73 197.03 184.93 184.34 189.40 183.79 178.07
a 141.56 140.10 14291 142.39 142.80 141.18 142.33
b 144.83 144.41 144.64 143.98 143.81 144.88 144.93
PN L 177.06 181.87 179.77 177.20 183.25 164.61 165.64
a 145.18 145.05 147.52 146.03 146.66 145.09 145.83
b 147.17 146.32 146.87 145.77 145.31 147.04 147.74
(51 L 210.52 209.85 197.66 199.72 197.59 201.75 198.00
a 136.49 134.46 137.52 137.12 138.34 135.95 136.28
b 143.61 144.86 144.66 143.48 143.22 143.89 143.53
[N L 221.11 225.58 220.25 222.01 215.17 222.78 219.16
a 139.53 136.31 139.66 138.95 141.80 137.68 141.01
b 141.82 141.65 141.27 141.01 141.22 141.89 142.23
P—
YOLOVS TATHERIE -
ey | 3
SRR | |
STEPRIRX | RHICIE S
HAICIE Labd [==> Lah?éﬁ& ‘ﬁ?ﬁ%")
EAFEER | BRESE "
. MHE
iz —
iz
E&
XE

SR (EE
&, tlgs
[EIEERTRAR

BHZSE
RS
SEfR

=
CLLELL LT
CLLL L L]

4 SE RN T A E R A IR R AR

Fig.4 Flowchart of image processing matching with non directional scaling template



2024 45 44 5

RE H E 2R 224 http://hnzyydxxb.hnucm.edu.cn

1473

FAERT, BRRCRAE BRI B AN R AR K/ INASHE] |
ROk PR S K E M EAEES ., BT, A
T G AR AR TG L T 5 1) 4 OB AR DG e 1) Y 0
AHIFFEBE 0T G2 5 ) 4 TS AN DC R vk ) AR
FRULIE 4, XPFERAEMER |5, #at YOLOVS #
TG UG AL B A | 2B B A & R A8 Ak G AN
TR IUE S XA A IF B A R A 5 )
AR TSR SR, S AR ERICE 2 i A R (K 3)
HEATUCEC, $R AR U B KIS 425 B i & 42
SRR e KT8 243 ST 7 1) LB s DX 3 4 1
1T A T 2557, TR ARAS I La X HEL, B AN A
A
24 BEREGTAMNHRELE

A NTEARE BRI AR, ARt BLRE M  AK I RS
& B AL AR SRR, S Ak, R
LN, N AR A —E R B P B I2 I ER
i o B G2 R Y (o AR A A A SR AT RE s i
MR, L, R 2SR & AR
EAEAE OB, DAEZZRT LR A
FR 10 56 1 AN EIHA I E & BT LR 1 diy
(19 105K 5 52 B 43 501 55 AR o P Hh i G2 (B3 A T DL R AN
2501 K 10 SR E R E 22 X HE R TEE R 1 d
M G ARAE , DAEHE AT 3RAS 7 d RSB E
Xof 1o XS 7 AR AN AR BRI 7 d
WY G5 05 A AR E S 283 0 .25 57,
Y XHEARE RS AN R 2 B, RO Iz I JRF 45 200 €20 3

B 1 e K22 (maximum , Max)/E A B 335 4097251k
B FEEAT I FRAQ M i) | rTAR S B TR R P el
RN Max AT E 54 MaxeS(S Fffeit),
DAMCE U XS H FR A MR ) FUE K
25 BIRERIENMA

SEMA N GEIRE T R AL S5 ) 45
(UM S e e B e ) N v e
N AAERRE I R FH o XS A (R BR S 2 — 5 Jo 4
(UJE 1R 2 JA 1R AT ARG IR (R AL Bl i B
FESCRE PR AR IO S ) A AR R — B
U, BRI R MR R 642 0 H ek B Ak
FIE AR P28 Ak o DR, A9 B e by FHAEE 19 FRAd e
HUPuRLe S sTPiee SRR S O € ST N 3 71
HERHIE P Th ROR AR R, BB A 22 7070 (02 AL
{50, DT SE Jor o b O 00 4 AN [i] R R £ 2 2 34
AEARAB D, IR 30 W fe e v H Y

T H FARBR W A b, R Sl 1
RRAEAS N R AR AT 1 B, 75 2 22 i) ik
HEBRAB AR 5 s 2 2 A5 i 7 60 22 0 (2
P (L, DU i SC T 8 2 B e A T ARG A AN B

3 REMERIE

W T T EE AR R B R AR
Jrik, HOm AR R R A% N T R T R R
2EVERUAE OME IS B G2 R )35 7 530 15 L 5K
OIOUE . BHE R N LS A e 5 A R

x2 BREBLURER

Table 2 Changes in self tongue color

JUE A IRBEZE S E Ji— i Ji= g JA JA7S JAH Max
Lt} L.d 2.42 2.04 2.19 4.41 5.94 9.34 6.97 9.34
a_d 1.39 1.26 3.24 1.25 1.81 1.09 3.01 3.01

b_d 3.09 0.89 437 1.12 1.61 1.10 1.67 437

it L.d 5.19 5.72 10.53 3.62 9.19 5.14 7.29 10.53
a_d 1.55 1.30 427 1.03 0.87 1.15 2.55 427

b_d 2.98 0.48 4.09 1.05 0.71 0.60 0.64 4.09

AL I.d 8.70 5.13 9.02 9.18 11.92 7.73 14.38 14.38
Jili a_d 2.85 171 3.85 1.16 1.77 1.41 2.79 3.85
b_d 3.77 0.86 472 0.96 1.09 1.14 0.95 472

(53 L.d 8.14 6.63 791 11.37 12.16 8.65 5.55 12.16
a_d 0.77 1.12 2.94 1.31 1.22 1.06 2.66 2.94

b_d 2.00 0.65 3.17 0.69 0.97 0.64 0.77 2.00

iR I.d 3.93 271 731 4.40 6.15 6.96 11.66 7.31
H a_d 1.36 1.55 2.49 1.18 1.58 125 3.55 3.55
b_d 3.60 0.98 473 1.49 1.05 1.01 0.83 3.60
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Table 3 Actual test and abnormal simulation experiment results

JUENf MaxS Z20r BIE I 1 W 2 WA 3 AR @25 R Y5
JlEN 9.34+S Ld 491 391 2.65 6.61 8.24 5.67
3.01£S a_d 3.14% 1.83 0.72 7.48% 2.04 5.18%

4.37+S b_d 1.45 1.90 2.07 7.35% 1.30 5.69%

JiF 10.53+S L.d 7.83 5.16 7.04 18.12%* 10.84* 9.30
4.27+8 a_d 3.05 1.25 1.10 3.84 1.86 5.89%

4.09+S b_d 1.27 1.87 1.12 5.38* 1.70 4.79%*

TN 14.38+S Ld 12.13 5.24 4.37 9.91 18.13* 9.10
Jifi 3.85+8 a_d 3.24 2.87 0.99 1.52 2.63 5.40%
4.72+S b_d 1.78 2.49 1.96 6.05* 1.49 5.12%

(53 12.16+S Ld 11.87 9.45 8.55 24.42% 7.78 7.55
2.94+S a_d 2.85 1.30 0.69 13.37* 1.51 5.34%

2.00+S b_d 1.21 1.65 1.18 7.08%* 2.45% 4.44%*

Jig 7.31+S L.d 4.59 2.92 3.22 20.65%* 13.44%* 5.81
H 3.55+S a_d 4.60* 1.71 0.77 15.48%* 1.79 5.97*
3.60+S b_d 0.85 1.16 1.99 9.69%* 4.96* 6.01%*
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