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Abstract: Objective To achieve quality control during the production of Zhisou Qingguo Wan (ZQW, LW R HL), the pixel
unmixing method from remote sensing was introduced into the uniformity evaluation of traditional Chinese medicine preparations, so
as to visually analyze the mixing uniformity of medicinal powder and honey in ZQW. Methods Multiple preprocessing methods,
including Savitzky-Golay (SG) smoothing, first derivative (1D), second derivative (2D), standard normal variate (SNV) and
multiplicative scatter correction (MSC) were adopted to optimize spectral data and eliminate interferences such as background noise
and spectral scattering. Based on pure substance spectra combined with the mixture tuned matched filtering (MTMF) algorithm, the
abundance scores and mixture feasibility scores of target endmembers were integrated. Material abundance estimation and binarization
at the pixel level of mixed samples were then performed, enabling the visualization of the spatial distribution of medicinal powders.
Meanwhile, a residual network (ResNet) model was constructed for the prediction and pixel-level visualization of honey content.

Results Compared with traditional quantitative models such as partial least squares regression (PLSR), multiple linear regression
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(MLR), ridge regression (RR), least absolute shrinkage and selection operator (Lasso), random forest (RF) and ElasticNet, the R? of

the prediction set was significantly improved from 0.837 6 to 0.931 1 with the proposed model. Conclusion The method combining

pixel unmixing and deep learning intuitively presents the spatial distribution of medicinal raw materials and excipients in the

preparation. A novel insight for the refined production and quality control of traditional Chinese medicine preparations is provided.
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Table 1 Unmixing results
ARV BRI G TH R IZ A M & 2%
FEOHE R HE Wi AR FaE R Ko ER K ORE BT EEC
SAM FUE6HE 15.07 15.15 7.38 14.98 1527 15.15 1498 1204 1542 1400 0.00 0.65 1529 15.12

AL FiALEE

SG 15.18 1522 6.61 1513 1527 1520 1510 1212 1535 1464 0.00 0.80 1520 1524
1D 0.00 0.00 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2D 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SNV 0.00 0.00 11.53 9.28 0.00 000 1511 1277 1546 1310 0.00 0.00 15.15 0.01

MSC 15.15 1530 11.38 1543 1519 1529 1507 1269 1539 1297 0.00 0.00 1512 15.17
CLS JRugJerE 86.21 32.83 55.56 27.33 60.17 1554 0.05 9525 571 99.78 1.46 39.85 0.69 85.08

SG 87.08 32.28 58.49 28.25 6543 1394 0.03 9670 573 99.87 097 3845 0.55 88.19
1D 51.51 50.38 30.08 37.67 38.95 4998 41.66 5194 416 91.85 18.61 54.86 34.98 43.92
2D 46.79 45.10 46.37 46.73 49.89 51.29 51.97 49.05 21.95 71.07 30.48 48.21 4654 49.41
SNV 16.14 55.28 29.49 4562 11.49 5354 30.03 1587 3.63 10000 9.73 83.36 214 29.69
MSC 3.19 4587 7.40 39.97 27.07 2590 5475 3369 1.91 10000 1.41 5167 0.85 25.06
NMF  JR#5)%i% 1086 8.30 146 290 000 2808 000 029 3868 9970 0.02 517 021 001
SG 1127 871 163 280 000 2721 000 051 3953 9959 0.02 485 026 0.01
1D 0.00 024 0.00 000 000 3074 000 000 2427 9952 347 064 002 0.02
2D 0.00 0.06 000 026 000 4189 000 000 212 6130 6.41 1303 000 36.97
SNV 091 092 055 029 000 066 000 012 3694 9994 000 249 017 0.03
MSC 432 008 068 019 000 1.8 000 001 5575 9994 000 1.04 013 001
VCA JFUE6HE 99.18 1470 1.45 0.00 1.20 5542 327 280 209 1251 7.63 000 012 0.01
SG 1.20 1452 99.17 1.47 000 337 295 214 1282 748 5555 0.00 0.3 0.01
1D 99.81 0.02 2409 0.00 000 009 000 008 3061 025 000 000 036 3.73
2D 13.62 37.04 0.00 0.08 60.70 0.00 4244 000 1.47 000 0.00 031 000 6.04
SNV 0.17 99.94 0.13 054 000 029 3663 003 095 094 000 058 237 0.0

MSC 99.94 001 068 000 013 018 5574 001 0.08 430 000 1.81 099 0.00
ICA JFas6iE  0.00 0.00 052 0.00 1438 588 438 219 0.00 029 1.40 0.34 99.68 5456

SG 0.00 0.53 1420 0.00 224 640 451 001 0.00 141 0.27 99.64 0.34 54.67
1D 519 6.80 0.00 37.68 0.00 247 180 0.00 0.05 0.02 0.01 99.81 3992 031
2D 1.74 46.18 0.01 084 020 126 297 468 114 73.01 3510 39.07 3.17 24.18
SNV 56.80 0.14 9993 0.68 0.01 0.00 024 0.01 586 461 0.14 0.00 3.80 0.00
MSC 0.13 55.74 0.68 9994 0.01 000 019 0.01 0.08 430 182 0.00 099 0.00
SUNSAL JRip)eiE 3599 124 7.74 1862 000 1270 000 104 6766 9992 0.00 0.03 0.19 248
SG 36.32 122 809 19.08 0.00 12.07 000 101 6831 9992 000 0.03 019 275
1D 0.00 430 0.00 0.14 0.00 4398 0.00 008 29.62 9996 841 991 006 222
2D 0.08 251 039 0.72 654 4324 039 168 202 7842 4.02 3534 3655 4545
SNV 744 008 068 024 000 452 000 002 5857 9994 0.00 351 014 0.01

MSC 4628 001 832 141 0.00 122 000 060 9725 9997 000 026 015 0.86
MTMF  JR#A)%#E 3.88 343 1453 7.09 062 232 11.03 2415 2445 2966 0.00 0.18 2381 4.32

SG 3.88 342 1449 705 063 229 11.03 2411 2446 2957 0.00 0.19 2382 4.39
1D 722 9.86 1492 805 747 573 1269 2557 2482 29.78 3.67 555 2416 565
2D 8.15 10.30 1482 803 9.71 589 1270 26.32 2526 3272 6.27 10.72 2417 568
SNV 0.00 0.00 11.94 0.00 0.00 0.00 093 2486 073 3129 000 000 773 0.00
MSC 3.94 727 1497 6.54 429 107 1113 2491 2389 3149 000 196 1948 2.46
x=Ea+te () e R TR, a € RV NFERINEZHE, ¢ N

xERENIREZ I (B NIBHD, EERPNIIRH N BAZE I I
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Fig.3 Abundance and corresponding binary images of powder based on SAM
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Table 2 Spectral angle similarity matching scores of each component

D F AR VT BCAS 23
¥R OHE R Y WR AR RAK SRR S WER KA AH BT WA C

Siks]

YK 1.0000 0.9894 0.9174 0.9663 0.9786 0.9853 0.9604 0.9322 0.8369 0.9107 0.9498 0.9634 0.8779 0.983 4
HET 09894 1.0000 0.9214 0.9702 0.9770 0.9803 0.9640 0.9379 0.8435 0.9158 0.9485 0.9621 0.8841 0.983 4
JfR¥  0.9174 0.9214 1.0000 0.9462 0.9009 0.9056 0.956 7 0.9762 0.9103 0.984 4 0.8747 0.8880 0.9500 0.9327
WX 09663 0.9702 0.9462 1.0000 0.9479 0.9556 0.9861 0.9598 0.8653 0.9407 0.9195 0.9332 0.906 3 0.9810
WrlEE 0.9786 0.9770 0.9009 0.9479 1.0000 0.9852 0.9427 0.9181 0.8251 0.8952 0.9709 0.9845 0.8656 0.964 0
H3{Z 0.9853 0.9803 0.9056 0.9556 0.9852 1.0000 0.9485 0.9219 0.8275 0.8997 0.9594 0.9721 0.8686 0.9717
A 09604 0.9640 0.9567 0.9861 0.9427 0.9485 1.0000 0.9693 0.8737 0.9497 0.9150 0.9287 0.9150 0.9757
FAAE 09322 0.9379 0.9762 0.9598 0.9181 0.9219 0.9693 1.0000 0.9037 0.9757 0.8931 0.906 0 0.9447 0.946 7
KI5 0.8369 0.8435 0.9103 0.8653 0.8251 0.8275 0.8737 0.9037 1.0000 0.9218 0.8041 0.8153 0.9513 0.8510
I E 0.9107 0.9158 0.9844 0.9407 0.8952 0.8997 0.9497 0.9757 0.9218 1.0000 0.869 7 0.8826 0.9588 0.9259
UK 0.9498 0.9485 0.8747 0.9195 0.9709 0.9594 0.9150 0.8931 0.8041 0.8697 1.0000 0.9857 0.8433 0.935 4
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e AR AL T BC 15 5y
2

ZHE HEORE O W AR RAR GREIE B EER kA A

KT wmh

FHE 09634 0.9621 0.8880 0.9332 0.9845 0.9721 0.9287 0.906 0 0.8153 0.8826 0.9857 1.0000 0.8550 0.949 1
%95 0.8779 0.8841 0.9500 0.9063 0.8656 0.8686 0.9150 0.9447 0.9513 0.958 8 0.8433 0.8550 1.0000 0.892 4
v/~ 0.9834 0.9834 0.9327 0.9810 0.9640 0.9717 0.9757 0.9467 0.8510 0.9259 0.9354 0.9491 0.8924 1.0000
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Fig. 4 Abundance and corresponding binary imagse of powder based on CLS
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T2 G i B 55 KE REREP (B MBI, P A
BICEHED F e, EERPY HEE
FERE ARV IR, RN A (3.

R~EA (3

FH bR R ECE SO R/IMEE R ZER F AL
HRAX WA 4.

%EWfEAﬁsLEZmAZO €3]

FE AR v () 28 2% 20 3 0 G RRAE 5 0 B
FERY, HuEdl 2 MERE TR, @il ik
EHT AN (multiplicative update rules, MUR) X iy
TCHEME S F AR MR B A AL, B2 H bR Ei
o KH NMF FiE45 & 2 Fhfiiab #4771 H I 2 Fi
Yip ek G, HLUEH R B S NS R R A
& 2D T E AL, HRIEE 99%.

2.4.4 TS HT (vertex component analysis,
VCA)  VCA 2 Fhd: T LT =# e (1 Jo i B i oo
PERURERO . AWFFOR VCA $REU Oy o i 4
SZABALRE UCIC B 4y Cnai ik, MEa a2 iR
N REME IR IR B R . SRH VCA BiE
HH A 00 42 Joit = R 0 S i v 5 0 0 o TG
R RIBLR, dn T i~ B S 99.18%, T3
B HEARRH, SEHE TS ENCN 0.01%, 5
PR R 2 R UK 1K EER R AR VR 1 1
P& 72 HUH TR AR AE R W Al AL TR N & i oo AR
X, MAEARHTH, 14 MMM RIES, SIEES
WEZMAS, MAEREIER X ERaiBIc.
245 AL 4> 40 B (independent component
analysis, ICA) ICA 2—FMET St BIR» s
W IR FIER, fEARB T, ZEIEKEA
B BB oT GBI IR A NG =, & oo B A3 ]
FEE AT A B RS S, i R SLAH AL
PO R 5 C A G iE #EAT UL RS, BARA € i oo
PN SR | ik Nt N R U ST ES
[, SR ICA 456 2R AL B I E R Z 5o
EREH, W SG B ELER AR A, 1D &
S oV R . X BRI Z R Sy E B
AMULAR I 15 0 F AT WO S S TR i
S, SH Z AAFERERIDGIEA . RE ICA
SRV TE I A 52 AR AL R R B B 7o e N Y 4l
YRGS, AB BT 23 BB BT A T VR A R A B
AP EZE, Bk, TR PRCELS BT
S EAR T I LS U G R
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(sparse unmixing by variable splitting and augmented
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/D H Ui e et A TR, REE MR BA R
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N HAME SRR, 06 S, it ME
J6H B AR T I LR JE 155> (matchded filtering
score, MF score), HIEWEHE T E XWAK (5,
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MNF 723 [A] i e
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Fig.5 Abundance and corresponding binary images of powder based on MTMF
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Fig. 6 Average spectra of honey under different

&6

pretreatment methods

XAl S E R IR S PR R A O-H #ATK 5
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252 R4 EHAME SRR BT 2R
A PRTTIEALFR OGS, 43 Ak E PLSR. MLR. RR.
Lasso. RF. ElasticNet &5 6 fif& 4t 2 =AY, Ll R2
H1 RMSE RPN a5, K LA (1 TP RE . R?
FEil 1, RMSE By, iEBIR ARV by, BAkgh R
W 3. MR 3 HATAn, ARG A R ik
W7, [N, KEZEIER R2Y)NT 0.6, EEMRHE
W, RIBAEMHALN 1ID-MLR, T4 R> A
0.837 6, AHATYHE LA A2 SEPR € B2 M (RRE FE 223K

X AT RE R A B AR A g & 5 B AR 5

=3 HRGEESRBLER

Table 3 Results of traditional quantitative models

TrAb e AR RS PN

RZ  RMSE R? RMSE

JR4EA1E  PLSR 0.7229 0.0198 0.6360 0.0220
MLR 0.9315 0.0098 0.8193 0.0155

RR 0.7372 0.0193 0.6298 0.0222

Lasso 0.4954 0.0267 0.5068 0.0256

RF 0.9740 0.0061 0.7980 0.016 4

ElasticNet 05560 0.0250 0.5533 0.024 4

SG PLSR 0.6981 0.0206 0.6388 0.0219
MLR 0.8760 0.0132 0.8240 0.0153

RR 0.7207 0.0199 0.6447 0.0217

Lasso 0.4955 0.0267 0.5064 0.0256

RF 0.9755 0.0059 0.8369 0.0147

ElasticNet 05557 0.0250 0.5519 0.024 4

1D PLSR 0.6638 0.0218 0.5398 0.0247
MLR 0.9417 0.0091 08376 0.0147

RR 06717 0.0215 05273 0.0251

Lasso 0.3507 0.0303 0.3309 0.0298

RF 0.9638 0.0072 0.7259 0.0191

ElasticNet 0.4654 0.0275 04412 0.027 3

2D PLSR 0.6525 0.0222 05084 0.0256
MLR 0.9070 0.0115 0.6700 0.0210

RR 0.6624 0.0218 05172 0.0253

Lasso 0.3216 0.0310 0.3002 0.0305

RF 0.9476 0.0086 05751 0.0238

ElasticNet 0.3995 0.0291 0.3707 0.0289

SNV PLSR 0.706 4 0.0204 05634 0.0241
MLR 0.8456 0.0148 0.6714 0.0209

RR 0.706 5 0.0204 0.5658 0.0240

Lasso 04360 0.0282 0.4091 0.0280

RF 0.9594 0.0076 0.6955 0.0201

ElasticNet 05050 0.0264 0.4686 0.0266
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%4 ResNet TELER
Table 4 Quantitative results of ResNet

" BIE4E SRIES
R2 RMSE R2 RMSE
JRisHiE 09767  0.0057 0.8988  0.0117
SG 09987 0.0014 09311 0.0097
1D 09280 0.0101 07662  0.0179
2D 0.9345 0.0096 06132  0.0230
SNV 09779 0.0056 06937  0.0204

(M tE ResNet BERYGIFEA A REAME Z AT I3 7
BHTIRG RN, FLUABTE T, &
Rl 7 . fEERT, AW T SR ER A
AT HU R IE S 15— A3, B ROERR T R
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B RE, BN RS E N HEEE R, HE
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honey ratios
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THEARAFEAN RSD H, Z5RNER 5. 6 ARCILEE
A H) RSD 40T 3.98%~6.19%, Hr, BittA
11 1.2 BIFEA RSD 1HAK, 4 3.98%, WE /A i
REIE), SRLE 7-d, FEARRAREELA G, AR
RO —. BLh 1 1.4 FEA RSD ik
T N 6.19%, XN 7-f, ZFEA R EAIAEERUR
(P IR B X 8, IX 1] e 04 FH B K,
ALEFR AP R e IR R, FEE
X Jk e 2 B B AR A A %
%5 TREELZEAEAEESETNA RSD

Table 5 RSD of honey content prediction for honey pill

samples with different ratios
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e R L e 5 B
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