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FS SIMULATIO

Pyramid apex Pyramid propagation Sensor

H0.0Z

10.015

Unmodulated

10.01

0.005



Incoming wavefront

Incoming wavefront

Incoming wavefront

Incoming wavefront

a
i
&
o

Pyramid apex

Modulated wavefront Pyramid apex

18
—Tr
Modulated wavefront Pyramid apex

—7
Modulated wavefront Pyramid apex

| .

/1

Pyramid propagation

Sensor

Sensor

Sensor

Sensor

Unmodulated

Mod =2

Mod =4

Mod =6



Diffractive
element

DE _~
-‘I’




Traditional Pyramid wavefront sensor. \l

Incoming wavefront Modulated wavefront Pyramid apex Pyramid propagation Sensor

L2

Incoming wavefront Modulated wavefront Pyramid apex Pyramid propagation

L2



SIMULATION RESULTS

Pyr Pyr+DE
'l )
| _1 ‘I

" B!
Qi — OPgr Oi = @Pyr +DE

U

@i — @Ph(lb’(

—s— Groundtruth
+ P },"I'

—a—Pyr+DE

ak[)\/D]




ULATION RESULTS

No-modulated
[

_I_ P}TI'
—J—Pyr+DE

—
Ao

S
)
= 0.15
o
iy

©
—




o

No-modulated
0.3 - - - -
. +P_‘3-'1'
0N -i-P_‘,.'l‘IDE
N 0.2
Ka 1
v
= 0.11
> | 1 “TfF--
U ! 1 1 1 1
20 18 16 14 12 10
D
ry
Modulation = 1.5
0.2 - - - -
T =
] 0.1
Wy
= 0.05
o
U 1 1 1 1 1
20 18 16 14 12 10

T

SIMULATION RESULTS

Modulation = 1

—F— Py
- J -Pyr+DE

18

16

14
D

Ly

12 10

Modulation = 2

—F— Pyr
- I -Pyr+DE

DN



Zernikes RMSE

+ll’}rl' mod ; 0

Pyr mod =1
SIMULATION RESULTS 25] —$-DPyrmod =2
- §-Pyr+DE mod =1
-4 -Pyr+DE mod =0




Linear response Zs Linear response Z; Linear response £, Linear response Zs \

5 5 5 5
= = = =
S S S S
B B B B
g 0 g 0 g 0 g 0
5 o 5 G
SIMULATION N N N N

R ES U I_TS >s 0 5 P 0 5 s 0 5 P 0 5

W | -|- H O U -|- Amplitude Amplitude Amplitude Amplitude
Linear response Zj Linear response Z; Linear response Zy Linear response Zy
MODULATION ° ° ° °
= = = =
= = = =
o o o o
E ° E ° E ° E °
A g7 gr A
L L L L
5 5 -5 5
-5 0 5 5 0 5 5 0 5 -5 0 5
Amplitude Amplitude Amplitude Amplitude
Linear response Z Linear response £, Linear response Z)s Linear response Z;
5 5 5 5
= = = =
= = = =
o o o T
g 0 g 0 g 0 g 0
7 & & 3
L L L L
5 5 -5 5
-5 0 5 -5 0 5 5 0 5 -5 0 5
— Reference Amplitude Amplitude Amplitude Amplitude

e Py 0] = ()
— P71+ DE mod = ()




Linear response £ Linear response Z; Linear response £, Linear response £y

5 5 5 5
= = = =
= S S S
2 B 2 B
g 0 g 0 g 0 g 0
i 5 i 5
Ll (1N] Ll (1N]
SIMULATION . . . .
0

5 0 5 5 0 5 5 0 5 5
R ES U LTS WlTH Amplitude Amplitude Amplitude Amplitude
Linear response Zj Linear response 25 Linear response Zg Linear response 2y
MODULATION 5 s 5 5
= = = =
= = = =
@ o @ o
E © E ° E © E ©
7 gr 47 T
Ll L Ll L
-5 -5 -5 -5
5 0 5 5 0 5 5 0 5 5 0
Amplitude Amplitude Amplitude Amplitude
Linear response Z Linear response 2, Linear response Z)- Linear response Z;
5 5 5 5
= = = =
= = = =
m o @ o
g 0 g 0 g 0 g 0
G & G &
Ll L Ll L
5 -5 5 -5
5 0 5 5 0 5 5 0 5 5 0
= Reference Amplitude Amplitude Amplitude Amplitude

e Pyr RO = 1
—Pyr+DE mod =1




PULPOS




7




TWITHOUT MODULATION %

DIGITAL PWFS +
DIGITAL PYRAMID WFS DIFFRACTIVE MASK

i |




" CONCLUSIONS =g

We know deep learning has opened the design space for wavefront sensors

Using a data-diven approach we can train for
1. better estimation given your WFS measurements
2. better measurements given your WES estimations
3. both

We can add a diffractive opftical layer to the opftical path of a PWES that can work as an
optical preconditioner

Assuming the use of linear reconsruction, we can design the optical preconditioner using an
End-2-End approach

Simulation results suggest that the modified PWFS may
« extend the linearity range of the original PWFS
« require less modulation to obtain similar results

We are currently working on the experimental demonstration using PULPOS
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