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FIG.4
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User terminal generating input data, which includes information
about images or touch patterns

Yy

User terminal inputting the input data into the first learning model and
training the first learning model using the output generated

\ 4

User terminal transmitting the local parameters for
the first learning model to the server and
receiving global parameters derived based on the local parameters

\

User terminal inputting data into the first learning model updated with
the global parameter and the second learning model associated with
the first learning model, and training the second learning model
using the corresponding output data

A 4

User terminal performing user authentication for new input data using
the updated first learning model and second learning model
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FIG. 11

User terminal updating the local parameter (¢ti) of the first learning model

Y

User terminal transmitting the updated local parameter (¢') fo the server

Y

User terminal receiving the global parameter (q)‘g) calculated by
the server based on the multiple local parameters (g';) received from
the multiple user terminals

Y

User terminal updating the multiple personalized parameters (h', ; h' 1 h', 1)

using the first learning model, to which the global parameter (q)‘g) is applied,
and the second learning model, associated with the first learning model

11/16

St

S21

S2
S22

S3



m SUREURRT m m | |
| | | | |
m @ m m m | _
| m m lapow Bulules| 18114 m | !
| <5———] 18pow Bulses| pu0osg I« _ _ | | D
Fnang T .
I \ _ _ m _ [
| 21 <= M %ol o <= (")
| | | Y v | | Dindng [19POLL DuLIEALISIY | Jnduj
| @ | | | | -
| co LLop b | mes | L
| lapow Buiues) 114 ! 5 " !
o Do Do
N e S
€S ¢S IS
©

12/16



10

15

FIG. 13

5510

Generating input data including information about
the user's image or touch patterns

Y

5520

Inputting the input data into the federated learning module, which
includes the pre-trained first learning model and second learning model,
and transmitting the corresponding output data to the server

Yy

5530

Receiving the user authentication result determined based on
the similarity between the output data and the user's pre-registered data

A 4

5540

Providing the requested service if the user authentication result is
determined to be successful

Sequentially retraining the first learning model and the second learning
model based on the input data and the user authentication result
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