
1/26

202

200

Figure 2
204

106 Figure 1A Figure 1B

110100

(Prior Art) (Prior Art)
116

108 118

102

104

112

114115



2/26

Figure 3

302 304

300

Figure 4

Processor

Working 
Memory

Input 
Module

Output 
Module

User 
Interface

402

404

406

408

410

Data Storage

414

304

Training 
spectrum data

420
Program Storage

412

416

Data analysis 
module

418

426

Decomposed component 
spectrum data

428

Analysis data

430

Results data

432

Target 
spectrum data

422

Machine learning 
model module

Machine learning 
model data

424

Test spectrum 
data



3/26

Figure 5

500

502

508

Receive a target absorption spectrum of the target mixture

Determine the predicted component concentrations of the 
target mixture by classifying the target absorption spectrum 

using the first trained machine learning model

504

Train a first machine learning model using the first training 
absorption spectra to obtain a first trained machine learning 

model, the first trained machine learning model being adapted 
to classify an absorption spectrum of a mixture having one or 
more of the components associated with the target mixture

Receive first training absorption spectra for a plurality of 
training mixtures each having one or more components 

associated with the target mixtures

506

Figure 6

600
602

606
Decompose the target absorption spectrum into target component 

absorption spectra using the second trained machine learning 
model, each of the target component absorption spectra being 

associated with a corresponding component of the target mixture

604
Train a second machine learning model using the second training 
absorption spectra to obtain a second trained machine learning 

model, the second trained machine learning model being adapted 
to decompose the absorption spectrum of the mixture into 

component absorption spectra of the components of the mixture

Receive second training absorption spectra for the plurality 
of training mixtures



4/26

Receive measured absorption spectra of each of the 
components of the target mixture, the measured absorption 

spectra of each of the components include a series of 
measured absorption spectra of varying concentrations of a 

respective component

Figure 7

700

702

708

Compare each of the target component absorption spectra of 
the target mixture with the measured absorption spectra of a 
corresponding component at the predetermined wavelengths

Average the plurality of predicted component concentrations 
to obtain an average predicted component concentration for 

each of the components of the target mixture

704applying linear fitting to the measured absorption spectra of each 
of the components to determine predetermined wavelengths of 

the measured absorption spectra for comparison

706



5/26

810

806

Figure 8

800 804

802

808
812

814

Figure 9

900

902

906

904 908

910



6/26

Figure 12

1202

1200

1204

Figure 10

1010

1000

1012

1004

1008

1002

1006

Figure 11

1102

1100

1104



7/26

Figure 14

1400

1402

1404

Figure 15

1500

1502

1504

1506

1508

1300

Figure 13

1302

1304

x

y

z

1312

1310

1308

1306



8/26

X-Y

Figure 16A

1600

Y-Z：Gap

Figure 16B

1610

Y-Z：Pillar

Figure 16C

1620



9/26

X-Z

Figure 18

1800

1700

Figure 17

1702

1704

1706

1708



10/26

1900 1908
1906

1902
1904

Figure 19A

Figure 19B

1910

1918

19161912
1914

Figure 19C

1920 19281926

1922 1924



11/26

Figure 20A

2000

Figure 20B

2010

Figure 20C

2020



12/26

Figure 21

2100

2102

2104

Figure 22

2200

2202

2204

Figure 23

2300

2316

2302
2304 2314

2308

2322

2306

2318

2312

2310
800

2320

2324



13/26

Figure 25A

2500

Figure 25B

2510

Figure 24

2400



14/26

Figure 25C

2520

Figure 25D

2530



15/26

Figure 27

2700

Figure 28

2800

Figure 26

2600

2602

2604

2606
2608



16/26

Figure 29

2900

Figure 30B

3010 3012

3014

3016

3018

Figure 30A

3000
3002

3004

3006



17/26

Figure 30C

3020

Figure 31A

3100

3102

31063108

3104

Figure 31B

3110

3112 3116

3118

3114



18/26

Figure 31C

3120

3122

3126

3128
3124

Figure 31D

3130

3132

3136

3138

3134



19/26

Figure 32

3200

Figure 33

3300

3306

3304

3302



20/26

Figure 34A

3400

Figure 34B

3410

Figure 34C

3420



21/26

Figure 36C

Figure 36A Figure 36B

Figure 35

3500

3600

3620

3610

3502



22/26

F
ig

u
re

 3
7

3
70

0 3
70

2
3

70
8

3
71

0
3

71
4

3
70

6

3
70

4

3
71

2



23/26

Figure 38

3800

3802 3804 3806

Figure 39A

3900

3902

3904



24/26

Figure 39C

3920

3924

3922

Figure 39B

3910

3914

3912



25/26

Figure 40A

Figure 40C

Figure 40B

4000

4010

4020



26/26

Figure 41A

Figure 42

Figure 41B

4100

4110

4200


