acquiring spectral data of a detection-target cell culture solution at a target

data having a preset length

/
inputting the spectral data and the preset cell culture environmental

corresponding metabolite concentration prediction result of the detection-

target cell culture solution at the target time point

FIG. 1

time point and a preset cell culture environmental parameter, the spectral | ¢119

parameter into a target concentration prediction model to obtain a 8120

acquiring spectral sample data of concentrations of different components of a cell
culture solution at different time points, corresponding preset cell culture
environmental parameter sample data, and offline concentration detected values

>~ S210

'

training a preset initial concentration prediction model by taking the spectral sample
data and the preset cell culture environmental parameter sample data as model training

input data and taking the offline concentration detected values at corresponding time

points as model training label data, to obtain a target concentration prediction model

8220

Y

acquiring spectral data of a detection-target cell culture solution at a target time point
and a preset cell culture environmental parameter, the spectral data having a preset
length

8230

Y

inputting the spectral data and the preset cell culture environmental parameter into the
target concentration prediction model to obtain a corresponding metabolite
concentration prediction result of the detection-target cell culture solution at the target
time point

5240

FIG. 2

1/8

IEE241168



Feedback control of bioreactor
Real component values

in sampling test

I Instruction issuing

== Multi-test-item
CXXE (component prediction

. — ‘L
Training/reasoning of artificial
intelligence computing platform
_| Multimodal |

" feature fusion
3

High-order feature of High-order features of divided high-order feature of]
environmental parameter frequency bands of spectrum global spectrum
A ? 4
Pooling layer
1 x2 X2 , %2
‘——l ‘_l
Fully-connecte
Fully-connected] network ully-connected|
network f network
A < A
Multi-head
dttention netwo
Normalization - Normalization
laver Normalization layer
'y | la%rer y Y ]
One-hot encoding of Channel expanding of Computing/selecting of
environmental parameter spectral signal spectral global feature

[ Y r'y ' 3

Historical database
1) Spectral data

2) Cell culture
environmental
parameter

Data accumulation

Model iteration

FIG. 3

2/8
IEE241168



35
30
25

O 20

10

Glucose
[=1] [=-] 3

»

2.00
1.75
1.50
1.25
1.00
0.75
0.50
0.25
0.00

Lactate

10

Titer
o [;*] F-Y (=] [--]

2023-03-16 2023-03-17 2023-03-18 2023-03-19 2023-03-21 2023-03-22 2023-03-23 2023-03-24 2023-03-25 2023-03-27 2023-03-28 2023-03-29

10:31:00

11:58:00

18:21:00

22:44:00

Trend chart of components in tank 6

03:04:00

07:28:00  11:53:00
Timeline

FIG. 4

3/8

16:17:00

20:41:00

01:06:00

05:30:00

09:56:00

IEE241168



(]

vC

Lactate

Glucose
(=]

= o

17.5
15.0
12.5
10.0
7.5
5.0
2.5
0.0

225
2.00
1.75
1.50
1.25
1.00
0.75
0.50

Titer
= [~ w F- [4)]

o

2023-05-09 2023-05-10 2023-05-11 2023-05-12 2023-05-13 2023-05-15 2023-05-16 2023-05-17 2023-05-18 2023-05-19 2023-05-20 2023-05-21 2023-05-22

12:06:00

14:45:00

17:23:00

20:02:00

Trend chart of components in tank 9

22:40:00

01:19:00 03:58:00  06:36:00 09:15:00

Timeline

FIG. 5

4/8

11:54:00

14:32:00

17:12:00

19:51:00

IEE241168



acquiring spectral data of a detection-target cell culture solution at a target time
point and a preset cell culture environmental parameter, the spectral data havinga . g310
preset length

\ 4
inputting the spectral data and the preset cell culture environmental parameter into

a target concentration prediction model to obtain a corresponding metabolite ~
concentration prediction result of the detection-target cell culture solution at the 8320
target time point

\ 4

determining, based on a concentration prediction result of at least one substance
composition in the metabolite concentration prediction result, a control strategy for ~, $330
operating a target bioreactor where the detection-target cell culture solution is
present
\ 4
operating the target bioreactor based on the control strategy . S340
FIG. 6
o oo
—r
Artificial intelligence
e— 6 Smmm—
algorithm sinking
Raman industrial PC 9
Raman spectrometer fess | -
. oo -
. o -
e CEED © SEED — . em—
( Edge computing IoT platform
J ateway
. oz #
e I
iq e— . em—
- Industrial PC
Bioreactor
FIG. 7
5/8

IEE241168



é
G
s
s
®
£
hid
:

Set values of glucose
Flow rate of pump

6/8

IEE241168



= dwnd jo ajes moj4

——  2s02n|B jo sanjeA aw-jeay

FIG.9

7/8

IEE241168



24

Display

FIG. 10
12| Computer device 28
\
30 Memory 34
N
RAM -
16 Storage
\ system
Cache =
Processing unit N 40 |
i 32
B
18- " 42
22
Q— R 20
, \
«——» /O interface Network adapter
Y
14
\ A
External device
FIG. 11

410

-

\

data acquisition
unit

420

-

concentration
prediction unit

8/8

IEE241168



