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Logging in VirtualLab Fusion



Abstract

E 2: Optical System EI@

System Elements Detectors Logging h b . I . I I . d
[2025-07-03 15:52:5F] = —-—--- "USP 4436383" #1 (Surface #6) modeling T e a I Ity tO Og resu tS prOVI eS
PDS-07-03155257)  Surface #5 of “USP 436383° #1 [Output ] Indispensable information as a
[2025-07-03 15:52:57] Pointwise Fourier Transform (gridless data, 1027 (] Hide Time Stamps

l ints) (Duration = 00:00:00) , _ 1 I 1 k
?gﬂrgg—lg?g'—gs?l:s:ss2:sl;'?a . Pointwise Fourier Transform enforced by the Detailed Logging SI m u atl On p rog resses, traC Ing nOt
user. . . . .
[2025-07-03 15:52:57] v ing is bijective: Yes. I h d 'I: II I
e e only the time duration of all simulation
[2025-07-03 15:52:57] Free space propagation in k-domain {gridless . .
data, 1027 sampling points) (Duration = 00:00:00) Ste ps’ but aISO Wh I Ch FO u rl er
[2025-07-03 15:52:57] Surface #6 of "USP 4436383" #1 [Input K]
[2025-07-03 15:52:57] Inverse Pointwise Fourier Transform (gridl .
T B transforms are used for the internal
[2025-07-03 15:52:57] Pointwise Fourier Transform enforced by the

e 03 155357 propagation operators. In this use

Mapping is bijective: Yes. |
[2025-07-03 15:52:57] Surface #6 of “USP 4436383" #1 [Input x] “ry - .
[2025-07-03 15:52:57] B-Operator Surface #6 (+/+) ["USP 4436383" #1] case . we Wi | I | ntrOd uce th e exte nsive
(Duration = 00:00:00)
[2025-07-03 15:52:57] Surface #6 of “USP 4436383" #1 [Output ] 7

s logging capabilities of VirtualLabs
GE Teossi~ H Simulation Engine  Profile: General v o Gal FUS|O|"]_




Where to find the Logging

2 Optical System (o] s

System  Elements Detectors Logging

Default ~ 7]

Filter by... X | USP 4436383 Back Focal Plane Universal Detector

 Lant Souce e Q) (02 ) (@ Each Optical Setup in VirtualLab Fusion
o compoer | Zomn] [znn] - {zomm has tabs attached that provides additional
& pattorm Distorion Aralyzer functionality for setting up or analyzing the

" Camers Detecor :
system, such as logging.
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- Radiant Intensity

£
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GEl Tooks ¢f- H Simulation Engine  Profile: General ~ p o




Logging in VirtualLab Fusion

E 2: Optical System

system Elements Detectors| Logging

[2025-07-03 15:52:53] Simulation by Profile: General is started.

[2025-07-03 15:52:53]

[2025-07-03 15:52:53]
[2025-07-03 15:52:53]
[2025-07-03 15:52:53]

[2025-07-03 15:52:53]

[2025-07-03 15:52:53]

[2025-07-03 15:52:53]
[2025-07-03 15:52:53]

[2025-07-03 15:52:53]
[2025-07-03 15:52:53]
00:00:00.0354741)

MAMENTNTD 155752

++++++++++++ AR
++++++++++ Source Modes Processing ++++++++++
++++++++++++ AR

Start: Source modes with wavelength 488 nm

Start: Source mode #1 @ 488 nm

-------- "USP 4436383" #1 (Surface #1) modeling --------
‘B-Operator Surface #1 (+/+) ["USP 4436383 #1] (Duration =

Cinrfarn #1 Af 7LICH AADE202" #1 [Mudrart w1

Bf Tools i~ H

Simulation Engine  Profile: General

[] Hide Time Stamps

Detailed Logging  ~

v P Ge

Logging can be found in the
Logging tab and provides
detailed information about
each propagation step
VirtualLab Fusion takes,
Important information that is
Included:

« Used Fourier transforms
« Sample points
« Timestamp per step




Search Function

~ To let the user quickly orientate

E— =I=Ed himself, VirtualLab Fusion
system Elements Detectors Logging . ! . .
[2025-07-03 15:52:53] B-Operator Surface #1 (+/+) ['USP 4436383" #1] (Duration = prOV| d es a SearCh fu Nction al |ty
[D2DDgD'EI;DTD§:4‘-I?:4J; 53] Surf #1 of "USP 4436383" #1 [Output x] I > 1
S5-07- 5:52:5 urface of B utput x
e | ON the top right corner of the
[2025-07-03 15:52:53] « -——---- "USP 4436383" #1 (Surface #2) modeling -------- : : .
[2025-07-03 15:52:53] Surface #1 of "USP 4436383" #1 [Output x] Detailed Logging Logg | ng tab
[2025-07-03 15:52:53] Fourier Transform (gridless data, 1027 sampling points) '
(Duration = 00:00:00.0613588)
[2025-07-03 15:52:53] Pointwise Fourier Transform enforced by the user.
[2025-07-03 15:52:53] Mapping is bijective: Mo.
[2025-07-03 15:52:53] Surface #1 of "USP 4436383" #1 [Output k]
[2025-07-03 15:52:53] Free space propagation in k-domain (gridless data, 1027 sampling
points) (Duration = 00:00:00.0166020)
[2025-07-03 15:52:53] Surface #2 of "USP 4436383" #1 [Input k]
[2025-07-03 15:52:53] Inverse Pointwise Fourier Transform (gridless data, 1027 sampling
points) (Duration = 00:00:00.0053585)
[2025-07-03 15:52:53] Pointwise Fourier Transform enforced by the user.
[2025-07-03 15:52:53] Mapping is bijective: Yes.
[2025-07-03 15:52:53] Surface #2 of "USP 4436383" #1 [Input x]
[2025-07-03 15:52:53] B-Operator Surface #2 (+/+) ["USP 4436383" #1] (Duration = o
MW S AS S S
Bf Tools i~ H Simulation Engine  Profile: General w b Go!




Hide Time Stamps

If unnecessary, the time stamp information on the left side can be hidden.

2: Optical System

System Elements Detectors Logging

[2025-07-03 15:52:53]
00:00:00.0354741)
[2025-07-03 15:52:53]

‘B-Operator Surface #1 (+/+) ["USP 4436383" #1] (Duration =
Surface #1 of "USP 4436383" #1 [Output x]

[2025-07-03 15:52:53] | ---——-- "USP 4436383" #1 (Surface #2) modeling ----—-—
[2025-07-03 15:52:53] Surface #1 of "USP 4436383" #1 [Output x]

[2025-07-03 15:52:53] Fourier Transform (gridless data, 1027 sampling points)
{Duration = 00:00:00.0613588)

[2025-07-03 15:52:53]
[2025-07-03 15::52:53]

Pointwise Fourier Transform enforced by the user.

Mapping is bijective: Na.

[2025-07-03 15:52:53] Surface #1 of "USP 4436383" #1 [Output k]

[2025-07-03 15:52:53] Free space propagation in k-domain (gridless data, 1027 sampling
points) (Duration = 00:00§0.0166020)

[2025-07-03 15:52:53] Surface #2 of "USP 4436383" #1 [Input k]

[2025-07-03 15:52:53] Inverse Pointwise Fourier Transform (gridless data, 1027 sampling
points) (Duration = 00:00§0.0053585)

[2025-07-03 15:52:53] Pointwise Fourier Transform enforced by the user.

[2025-07-03 15:52:53] Mapping is bijective: Yes.

[2025-07-03 15:52:53] Surface #2 of "USP 4436383" #1 [Input x]

[2025-07-03 15:52:53] ‘B-Operator Surface #2 (+/+) ["USP 4436383" #1] (Duration =

M NS ASESY

o= s

| [ Pointwise | >

[C] Hide Time Stamps

Detailed Logging

Simulation Engine  Profile: General

BB Tools -~ H

v | P G

%] 2: Optical System
System Elements Detectors Logging

B-Operator Surface #1 (+/+) ["USP 4436383" #1] (Duration = 00:00:00.0354741)
Surface #1 of "USP 4436383" #1 [Output x]

-------- "LSP 4436383" #1 (Surface #2) modeling --------
Surface #1 of "USP 4436383" #1 [Output x]
Fourier Transform (gridless data, 1027 sampling points) (Duration =
00:00:00.0613588)
Paintwise Fourier Transform enforced by the user.
Mapping is bijective: No.
Surface #1 of "USP 4436383" #1 [Output k]
Free space propagation in k-domain (gridless data, 1027 sampling points) (Duration =
00:00:00.0166020)
Surface #2 of "USP 4436383" #1 [Input k]
Inverse Pointwise Fourier Transform (gridless data, 1027 sampling points) (Duration =
00:00:00.0053585)
Paintwise Fourier Transform enforced by the user.
Mapping is bijective: Yes.
Surface #2 of "USP 4436383" #1 [Input x]
‘B-Operator Surface #2 (+/+) ["USP 4436383" #1] (Duration = 00:00:00.0054365)
Surface #2 of "USP 4436383" #1 [Output x]

o= s

| [Pointwise x| =

Hide Time Stamps

Detailed Logging

Simulation Engine  Profile: General

BB Tools -~ H

v | P G




Level of Detalls

E 2: Optical System
System Elements Detectors Logging

[2025-07-03 15:532:53] Simulation by Profile: General is started.
[2025-07-03 15:52:53]

[2025-07-03 15:52:53] ++++++++++++++++++++++HH+H+H+++++++++++
[2025-07-03 15:52:53] ++++++++++ Source Modes Processing ++++++++++
[2025-07-03 15:52:53] ++++++++++++++++++++++++++++++H+++++4+

[2025-07-03 15:52:53]

[2025-07-03 15:52:53] Start: Source modes with wavelength 488 nm

[2025-07-03 15:52:53]
[2025-07-03 15:52:53] Start: Source mode #1 @ 488 nm

[2025-07-03 15:52:53]  ———- "USP 4436383" #1 (Surface #1) modeling ---—----
[2025-07-03 15:52:53] ‘B-Operator Surface #1 (+/+) ["USP 4436383" #1] (Duration =
00:00:00.0354741)
[2025-07-03 15:52:53] Surface #1 of "USP 4436383" #1 [Output x]

[2025-07-03 15:52:53]  ———- "USP 4436383" #1 (Surface #2) modeling ---—----
[2025-07-03 15:52:53] Surface #1 of "USP 4436383" #1 [Output x]

[] Hide Time Stamps

Detailed Logging

BE Took i~ H

Simulation Engine  Profile: General

v Ge!

Logging can be output in three different
levels:

Normal Logging
Detailed Logging

No Logging here means, of course, that
there is no logging. Normal logging
captures only the most important
Information, such as the Fourier
transforms and sample points used, while
Detailed Logging includes additional
Information about why a particular solver
was used. More information about this is
shown in the following example.




Extract Logging Information

2: Optical System
System Elements

[2025-07-03 15:52:53]
[2025-07-03 15:52:53]

Detectors

=Sl

Logging

Simulation by Profile: General is started.

!

[2025-07-03 15:52:53]

[ Hide Time Stamps

[2025-07-03 15:52:53]
[2025-07-03 15:52:53]
[2025-07-03 15:52:53]

[2025-07-03 15:52:53]

Detailed Logging
L S
++++++++++ Source Modes Processing ++++++++++
T S R

[2025-07-03 15:52:53]

[2025-07-03 15:52:53]
[2025-07-03 15:52:53]

[2025-07-03 15:52:53]
[2025-07-03 15:52:53]
00:00:00.0354741)

[2025-07-03 15:52:53]

[2025-07-03 15:52:53]
[2025-07-03 15:52:53]

Start: Source modes with wavelength 488 nm

Start: Source mode #1 @ 488 nm

-------- “USP 4436383" #1 (Surface #1) modeling --------
‘B-Operator Surface #1 (+/+) ["USP 4436383" #1] (Duration =

Surface #1 of "USP 4436383" #1 [Output x]

-------- "USP 4436383" #1 (Surface #2) modeling --------
Surface #1 of "USP 4436383" #1 [Output x]

GB Tools f«~ HI

Simulation Engine  Profile: General ~

(B

~

Logs can be smoothly exported after
calculations complete, to provide easy

CroSss-

references.

1 5 Optical Setup Log of ()

[2025-07-03 15:52:53]
[2025-07-03 15:52:53]
[2025-07-03 15:52:53]

R7-03 15:52:53]
[2025-07-03 15:52:53]

[2025-07-03 15:52:53]
[2025-07-03 15:52:53]

[2025-07-03 15:52:53]
[2025-07-03 15:52:53]

[2025-07-03 15:52:53]
[2025-07-03 15:52:53]
00:00:00.0354741)

[2025-07-03 15:52:53]

[2025-07-03 15:52:53]
[2025-07-03 15:52:53]
[2025-07-03 15:52:53]
00:00:00.0613588)

[2025-07-03 15:52:53]
[2025-07-03 15:52:53]
[2025-07-03 15:52:531

Simulation by Profile: General is started.

B e e
++++++++++ Source Modes Processing ++++++++++
B e n S S S

Start: Source modes with wavelength 488 nm

Start: Source mode #1 @ 488 nm

-------- “USP 4436383" #1 (Surface #1) modeling --------
‘B-Operator Surface #1 (+/+) ["USP 4436383" #1] (Duration =

Surface #1 of "USP 4436383" #1 [Output x]

-------- “USP 4436383" #1 (Surface #2) modeling --------
Surface #1 of "USP 4436383" #1 [Output x]
Pointwise Fourier Transform (gridless data, 1027 sampling points) (Duration =

Pointwise Fourier Transform enforced by the user.
Mapping is bijective: MNo.
Surface #1 of "LISP 443A383" #1 [Qutnut k1

fo & |

'

[T Hide Time Stamps




Example: F-Theta
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Example: F-Theta Lens

input plane wave

To demonstrate the . wavelength 488nm actual focal position
logging feature, we . scanning angle 0-30° T desired focal position
would like to show a F- (full angle 60°)

Theta lens which is * beam diameter 4mm e

analyzed by a scanning

source.

The corresponding Use pl-

Case can be found detector

under: - electromagnetic field

« comparison of the focal spot

- osition with the ideal case
Performance Evaluation E-Theta lens = e

of an F-Theta Lens . effective focal length

fer=100.18 mm
from patent USP
4436383



https://www.lighttrans.com/index.php?id=1282

Domain of Application of the Solvers

To understand the information that the logging is providing, we first need to discuss how a
standard propagation step is handled in VirtualLab Fusion. Free-space propagation operators
are commonly defined in k-domain, while many solvers of actual components (such as lenses,
apertures, etc) are defined in x-domain.

Hence, the common strategy is to use an inverse Fourier transform to transform the input into x-
domain, then apply the component solver, back transform it into k-domain afterwards and finally
apply the free-space propagation operator to propagate it to the next surface/component.

B solver in 2 domain

(z,9)

F! F

inverse Fourier transform Fourier transform

(Fzs ky)

i~

P

free-space propagation operator

11



Source Modes

E 2: Optical System

System Elements Detectors Logging
[2025-07-03 15:52:53]
[2025-07-03 15:52:53]

Simulation by Profile: General is started.

[2025-07-03 15:52:53]
[2025-07-03 15:52:53]
[2025-07-03 15:52:53]

R e  anaat ah  E

++++++++++ Source Modes Processing ++++++++++
i

[2025-07-03 15:52:53]

[2025-07-03 15:52:53] Start: Source modes with wavelength 488 nm

[2025-07-03 15:52:53]
[2025-07-03 15:52:53]

Start: Source mode #1 @ 488 nm

[2025-07-03 15:52:53]
[2025-07-03 15:52:53]
00:00:00.0354741

-------- "UUSP 4436383" #1 (Surface #1) modeling --------
‘B-Operator Surface #1 (+/+] ["USP 4436383" #1] (Duration =

[] Hide Time Stamps

Detailed Logging

When using a source with
multiple modes (in our
example the different incident
angles from the scanning
source), the individual source
modes will be propagated one
after the other.

s e E 21 Optical System

[2025-07-03 15:5] System Elements Detectors Logging
5

20250703 1550 gints) (Duration = 00:00:00.3421868)
[2025-07-03 15:52:55]
transform used if larger than 1)

Eﬁﬁ] Tools §f +

[2025-07-03 153:52:55] “Universal Detector” #804 [Input x]

Pointwise Transformation Index (PTI) = 0.0034094 (pointwise Fourier

[2025-07-03 15:5
35

End: Source mode #1 @ 488 nm (Duration = 00:00:02.1370473)

[2025-07-03 1

[2025-07-03 15:52
[2025-07-03 15:52

33]
:55] | Start: Source mode #2 @ 488 nm

(=]l & ]

[ Hide Time Stamps

Detailed Logging

o

12



Propagations — Normal Logging

52 i sysem ==& Normal Logging will track

System Elements Detectors Logging

Pointwise Fourier Transform (gridless data, 1027 sampling points) (Duration = 00:00:00.0104284)

Surface #3 of "USP 4436383" #1 [Output k]
0 Free space propagation in k-domain (gridless data, 1027 sampling points) (Duration = 00:00:00)

Surface #4 of "USP 4436383" #1 [Input k] B Hide Time Stamps
Inverse Pointwise Fourier Transform (gridless data, 1027 sampling points) (Duration = 00:00:00.0010047) |
Surface #4 of "USP 4436383" #1 [Input x]
‘B-Operator Surface #4 (+/+] ["USP 4436383" #1] (Duration = 00:00:00.0009977)
Surface #4 of "USP 4436383" #1 [Output x]

Maormal Logging

-------- "USP 4436383" #1 (Surface #5) modeling --------
Surface #4 of "USP 4436383" #1 [Output x]
Pointwise Fourier Transform (gridless data, 1027 sampling points) (Duration = 00:00:00.0020000)
Surface #4 of "USP 4436383" #1 [Output k]
Free space propagation in k-domain (gridless data, 1027 sampling points) (Duration = 00:00:00.0010009)
Surface #3 of "USP 4436383" #1 [Input k]
Inverse Pointwise Fourier Transform (gridless data, 1027 sampling points) (Duration = 00:00:00.0020418)

which Fourier transform is
used as each propagation
- | step as well as its
according sampling
parameters. The time
duration of all operators is
also given out.

Surface #5 of "USP 4435383" 1 Manud o
‘B-Operator Surface #35 [+/+ B S

Surf #5 of "USP 4436383" 3 2
urface #5 o (.’L’,y) T.. e

-------- "USP 4436383" #1 (Sur]
Surface #5 of "USP 4436383" ;

Pointwise Fourier Transform e ]e o
Surface #3 of "USP 44356383" 4 f F

inverse Fourier transform Fourier transform

Eﬁ] Tools 5§~ H (kf'z--ky) Pe

P P

free-space propagation operator

0—
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Propagations — Detailed Logging

=] 2: Optical Syst =B : . .
S— _ Detailed Logging will
System Elements Detectors Logging
Free space propagation in k-domain (gridless data, 1027 sampling points) {Duration = 00:00:00) |nCI Ude add |t|0na|
Surface #4 of "USP 4436383" #1 [Input k]
Inverse Pointwise Fourier Transform (gridless data, 1027 sampling points) (Duration = 00:00:00.0024191) 1 1 1
Pointwise Fourier Transform enforced by the user. | B Hide Time Stamps Informatlonl SUCh aS If a

Mapping is bijective: Yes.

Surface #4 of “USP 4436383" #1 [Input x] Detailed Logging PO| ntWISG FOU Fler

‘B-Operator Surface #4 (+/+] ["USP 4436383" #1] (Duration = 00:00:00.0020054)

Surface #4 of "USP 4436383" #1 [Output X] Transform was enforced
e e ey by the user or due to

Pointwise Fourier Transform (gridless data, 1027 sampling points) (Duration = 00:00:00)

Pointwise Fourier Transform enforced by the user. exceed | ng Sam pllng Ilm |tS .

Mapping is bijective: Yes.

Surface #4 of "USP 4436383" #1 [Output k]
Free space propagation in k-domain (gridless data, 1027 sampling points) (Duration = 00:00:00)

Surface #3 of "USP 4436383" #1 [Input k]

Inverse Pointwise Fourier Transform (gridless data, 1027 sampling points) (Duration = 00:00:00)

Pointwise Fourier Transform enforced by the user, I n Our Case the POI ntWISe

Mapping is bijective: Yes.

SL,;:?;; #Stof ISP 4436383 #1 [nout x1 FO u ri er Tran Sform WaS
EI’EI ar /‘-\’\ m ‘ -
Surface £5 o ( /«\.) T oF + | enforced by the Profile

1 |
3 ar= A7 .
& Toosvi~ H Sourceto Component: Between Components: To Detectors: v | P Gol Edltlng Tools.

Pointwise ~ Pointwise ~ Automatic ~

14



Propagations — Detailed Logging

5 2 opict syt | ‘~l= sl In case VirtualLab Fusion
System Elements Detectors gging decides On a Fourier

‘B-Operator Surface #9 (+/+) ["USP 4436383" #1] (Duration = 00:00:00.0008935)

Surface #9 of "USP 4436383" #1 [Output x] tranSfOI‘m by itself, the

-------- Propagation to Universal Detector #604 —------ @ Hide Time Stamps

Surface #9 of "USP 4436383" #1 [Output x] Detailed Logging Pointwise Transformation

Conversion from non-equidistant data to equidistant data (Duration = 00:00:00.0472253)

Semi-Analytical Fourier Transform (gridded data, (413; 413) sampling points) (Duration = . . .
| Index (PTI) is indicated

00:00:00.5332094)
Quadratic phase fjctors for the Semi-Analytical Fourier Transform (scaled by the wave number) [1/m?]:

Dx = -4.0714, Dy = -4.0714, = 0 (pOintWise Fourier

Pointwise Transfofmation Index (PTI) = 0.15962 (pointwise Fourier transform used if larger than 1)

Phase Upgrade (Dfiration = 00:00:00.1250372) tranSformS are used When

Conversion from eguidistant data to non-equidistant data (Duration = 00:00:00.1742745)

Surface #9 of “US 36383" #1 [Output k] . . .
Free space profagation in k-domain (gridless data, 4 219 sampling points) (Duration = 00:00:00.0038937) th IS Index IS |arger then

"Universal Deteftor” #6504 [Input k]
Fr TR A b m e e TR T A e e e e Ee e A e TR R OO0 1725298 1)

For semi-analytical Fourier transforms the numerical parameter are also
part of the output. For more information on the different types of Fourier
transforms used in VirtualLab Fusion, please see:

Fourier Transforms in VirtualLab Fusion

15
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Pointwise Transformation Index

The Pointwise Transformation Index (PTI) is the
deciding factor on which Fourier transform is used.
It is calculated by performing automatic and
pointwise Fourier transforms of 1D cuts of the field
and comparing their sizes. The corresponding
bandwidths will be multiplied with a scaling factor
to calculate the PTI.

: If the two cuts are :
e -Domain, Equidistant) S A ro u g h |y th e S am e — Electric Field (x-Domain, Equidistant ) PmRCEIE SR L— Electric Field (x-Domain, Equidistant) Pemieliy
Diagram Table Value atx-Coordingte ~ [ || Diagram Table . . Diagram Table  Value at x-Coordinate | Diagram Table  Value at x-Coordinate
. o] size a PFT is used. —
& .
- N R : If one is much
€ E E
s s =% larger then the
(=} g o
2 3 other, FFT or SFT \
¢ 3 9 5 9 .
¢ o IS used.
3 ERS R
(=1 =]
401.6 40'.4 ~DI.2 (I) O.IZ 0.'4 0.'6 ~0I.6 AOI.4 ~0..2 (l) 0.'2 O.I4 O.IG 40.(')75 ~0.I05 AO.EI)ZS (l) O.OIZS 0.‘05 0.0'75 AU.(I)75 ~0.‘05 ~O.(l)25 (I) 0.0‘25 0.:)5 O.0I75
X [mm] X [mm] X [mm] X [mm]
automatic pointwise automatic pointwise

16
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