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1 Introduction

A nanoGPS OxyO® kit is a powerful tool to measure the in-plane position and orientation of
displacement tool, in the referential of a vision system.
The kit consists in a scale, and a licence of the OxyO software.

Place the patterned nanoGPS OxyOscale Record images during a stage travel Apply the OxyO software to image folder
in the field of view of the microscope sequence to investigate and determine actual movement

Different scales and associated software licence are available on the online HORIBA Store Position Sensing

(horiba.com)

2 Getting started

2.1 Recording pictures of the nanoGPS scale with an imaging device

The scales can be read on any vision devices, such as microscopes using either reflection illumination
or transmission illumination. The magnification of the imaging device should be large enough so that

Good

the individual squares of the patterns have a fair resolution (typically, at least 6 pixels per square),
but not too large so that the field of view is large enough (typically, at least 5 uncropped chess
patterns).
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2.1.1 Image format

= Tiff or .BMP (but NOT as .jpeg). Only for monochrome image .PNG is adequate.
* Image dimensions should be even (a multiple of 2).

2.1.2 Camera settings

The camera used can be monochrome (preferred), or color.

= Exposure

There should be sufficient light so that the black and white patterns appear clearly. Some
automatic camera adjustment (auto gain, automatic adjustment of black level, etc..) may be
detrimental to image quality and ticked off.

Too much light is also inappropriate, and the exposure settings should be set to avoid saturation.
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= Cropping

In the case some crop option is used to reduce the field, it is recommended that the cropped
zone is centered on the sensor (because of lower optical aberration at the center).

* Binning and undersampling

Binning and undersampling can be used to decrease the image size and have faster acquisition
and treatment. On some camera, undersampling is more effective in increasing the framerate
than binning.

2.1.3 Using a microscope

A nanoGPS OxyO slide can accommodate a range of objectives. While the details depend on the pixel
size and pixel number of the camera, tube lens, etc..., it can be mentioned that x10 and x5 objectives
are suitable for all nanoGPS scales designed for microscopy.

The evaluation kit can have different zones with different scales, as shown on the figure below. The
figure indicates the recommended magnification ranges for each zone, along with the dimension E of
the individual squares of the chessboard patterns.

(0,0) 4x to 10X (E=10um)
10x to 30x (E=3um) I Macro vision to 0.5X h:
(E=125um) 5

1x to 3.5x (F=35um)

2.1.4 Using another imaging device

Home-made imaging devices can be used with nanoGPS OxyO scales. In the case of diffuse
illumination is used, it is recommended to stick a white paper at the back of the scale. The white
backing acts as a backside diffuse illumination.

2.2 OxyO Software

2.2.1 Download

To download the software, click the following link nanoGPS OxyO Software-1.0.05, and insert the
password ZU428376VAUK to unzip the file.
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2.2.2 Installation

To install the software, just follow these 4 next steps:

1. After downloading the software, unzip all the files into a desired directory.
2. Next, execute the file OxyO-Setup.exe.
3. Accept the conditions of the license and click Next >.

¥ Setup - OxyO —

License Agreement

Please read the following important information before continuing.

Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation.

koftware License Agreement

This Software License is made by HORIBA Scientific, (HORIBA FRANCE S.A.5.-
Avenue de la Vauve - Passage Jobin Yvon - CS 45002 - 91120 Palaiseau -
France), to the Customer as an essential element of the services to be rendered
by HORIBA Scientific as defined in the system specification and any associated
documents and agreement. System shall mean the deliverable product as
defined in these documents.

Customer and HORIBA Scientific agree that this Software License is deemedto v

(@) I accept the agreement
(D)1 do not accept the agreement

4. Choose the installation folder and click Next >.

¥ Setup - OxyO -

Select Destination Location
‘Where should Oxy0 be installed?

Setup will install Oxy0 into the following folder.

To continue, click Next. If you would like to select a different folder, click Browse.

Browse...

At least 95,3 MB of free disk space is required.

< Back Cancel

5. Confirm the installation by clicking Install.
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¥ Setup - OxyO

Ready to Install

Setup is now ready to begin installing OxyO on your computer.

Click Install to continue with the installation, or click Back if you want to review or
change any settings.

Destination location:
C:\Program Files (x86)\HORIBA\OxyQ

< Back Install Cancel

6. Wait until the installation is concluded and click Finish.

¥ Setup - OxyO

Completing the OxyO Setup
Wizard

Setup has finished installing OxyQ on your computer. The
application may be launched by selecting the installed
shortcuts.

Click Finish to exit Setup.

After finishing the installation, the software is ready to be opened and used.

2.2.3 Processing the first image

To process and analyze your first image, just follow the next steps:

1. In Home tab, click Process image...

OxyO (not registered

Output

Home Configuration Output

-~ CSV

e
Process From From From
image... folder... ROl... file...
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2. Select the desired image and click Open.

¥ Load image X
<« v A > ThisPC » Pictures » OxyO v o O Search Oxy0
Organize + New folder =~ @ @
Name Status Date madified Type Size
# Quick access
=] image ©] 4/24/2023 4:57 PM BMP File 102 KB
@ OneDrive
@ OneDrive - HORIBA
[ This PC
= Network
< >
File name: |image v| BMP (*.bmp) &

3.

displayed (right side).

Cenclusion
L]

Decoding successful

Sample ID: 14524989
X: 14678.2606

Y: 14173.3004

Angle: 3.0860

Grid step X: 11.4002
Grid step Y: 11.4021
Grid size: 10

Grid angle: 1.5699
Image proc: 0

You may like to decrease image size and
acquisition/decoding time by setting image size
in your camera to 322. In the case nanoGPS
patterns are approximately parallel to the camera
axes, you may further limit image height and
width to 228.

OK

Cancel

If successful, the result below will be shown (left side). Otherwise, an error message will be

Conclusion

nanoGPS decoding created an error: Grid not
found

- Check image quality: it should be show black
and white squares with a good contrast, but avoid
saturation.

- Check the image format: .TIF, .PNG, .BMP (Pay
attention that .JPEG is not supported by nanoGPS.

| - Take an image on another zone of the slide. The

zone is appropriate if:

- the smallest square sides appear large enough
on the image (6 pixels); otherwise move to a zone
with larger features.

- the smallest square sides appear small
enough so that the field of view contains at least 4
(four) pseudo-periods; otherwise, move to a zone
n aller faatire

OK

To know how to understand the results, see the section Handling results.

HORIBA
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3 Position determination strategies

3.1  From folder

With From folder... option is possible to process multiple images simultaneously.

1. Inthe Home tab, click From folder.
¥. OxyO (not registered) Output
G Home Configuration Qutput

h £

Process From From From
image... folder... ROL... file...

2. Select the folder containing the images to be processed and press OK.

Browse For Folder *

Import images from folder...

v [ This PC L]
_J 3D Objects
[ Desktop
@ Documents
; Downloads
J‘! Music
= Pictures
Camera Roll
v Oxy0
group_of_images

Screenshots

B Vvideos

3. Unknown window result will be open.
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CAProgram Fies (xB6)\HORIBA\OxyO\DataExample

14174500

14174000

m)

§ 1m0

Y

14173.000

14172:500

14172.000

14171500

92 (s
@2 std dev (rad:

i angle (ad):
Ao angle (deg):
AU std dev um):
Vistd dev um):
5t dev (rad):
Eqn:

X(pm)

Data processed from folder

11740222
0789346
3086009
0000147

Linear motion
-0g28141
7419
0388973
0440008
0000147

TISTS2" x - 16TIS) - 6762467 (y - 141740220 = 0

To know how to understand the results, see the section Handling results.

3.2 From ROI

With From ROI is possible to collect data directly from the camera video. To do so, follow the next

steps:

1. Open OxyO and the camera software, side-by-side.

Explore the future

T T
=

MOMNOR (2560 x 1820) Frames: 68123 Display: 2532 Failesk 0 Recon:

Automotive | Process & Environmental | Medical | Semiconductor | Scientific

HORIBA




Rev: A

HORI BA nanOGPS oxy0® User Guide % Date : 09/06/2023

Scientific Page : 10/20

2. In Home tab, click From ROI. A Capture window will be opened.

Explore the future Automotive | Process & Environmental | Medical | Semiconductor | Scientific HORIBA




HORIBA nanoGPS OxyO°® User Guide % 55};%6;3023

Scientific

4. Unselect the option Show Cross to see the Preview, Start and Stop buttons.

Q‘_f

TORO> O NG YN

5. Click Preview to verify the image acquiring. Then, click Start. When the number of data is
enough, click Stop and a graph with be plotted.

Sequence
[ — p—

uuuuuu

0990000000

Linear mation
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3.3 To go faster

If a faster acquisition and processing is needed, then it is a good idea to perform appropriate binning
(or undersampling), and cropping. By applying “Process image” to an image taken without binning or
cropping, it is possible to get the recommendation on the binning and cropping parameters.

x

¥ Oxy0 I:ﬂct registered) Decoding successful
‘ g : Output Sample ID: 14524989
X: 14678.2606
Ev, Home Configuration Output Y: 141733004
Angle: 3.0860
Fl) = T (frTCI step X: 11.4002
: - = Grid step Y: 11.4021
=f 3 ) = X ey
! . [m=] aoo _ Grid size: 10
Process From From From © cridangle: 15699
image... folder... ROL... file... Image proc: 0
You may like to decrease image size and

acquisition/decoding time by setting image size
in your camera to 322. In the case nanoGPS
patterns are approximately parallel to the camera
axes, you may further limit image height and
width to 228

oK

The process is illustrated by the following example. The first image below is processed using “process
image”, which yields suggestion on binning and cropping. The camera settings can be adjusted:

1. Make a binning 4x in the vertical and horizontal axes of the image to reduce its size. At left, we
have the original image, and at right, the binned image.

2560 x 1920 px 640 x 480 px
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2. Create an area of interest (AOI) with size 322 x 322 at the center of the binning image.

640 x 480 px 322 x 322 px

3. Itis also possible to control image gain, gamma factor and time exposure to obtain the best
contrast.

Remark: A good strategy to achieve a high contrast is to set a high intensity
light source and control the exposure time in camera software to
avoid saturation. Also, we set up all the color gains, and gamma
factor, to 1.
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4 Handling results

4.1 Savingto a.CSV file
To save the processing as .CSV file, follow the steps below.

1. After generating the graphs from the sections From folder and From ROI, in tab Sequence click
Save to CSV.

¥. OxyO (not registered) Sequence

Home Configuration Sequence

2. Choose the destination folder and the file name and click Save.

¥ Export data to CSV X
« - 4 > ThisPC > Pictures > Oxy0 » v o £ Search OxyO
Organize +  Mew folder =R ;]
& Onedrive-Hoge " Neme h Status Date modified Type Size
0 This PC group_of_images @ 4/27/2023 1:54 PM File folder
__| 3D Objects
[ Desktop
[ Documents
4 Downloads
D Music
&= Pictures
[ videos
i System (C3)
s Dats (D)
= Partage (X]
¥ Network o
File name: | group_of_images_csv v
Save as type: | Files CSV (*.csv) v
A Hide Folders Cancel
3. The .CSV file has the following structure.
timestamp . pixel size | grid size
name date X (um) y (um) | phi_z(rad) error
(ms) {(um/px) {um)
st-img_0.bmp 0 23-04-24 16:54:45 | 14644.691| 14818.215| 3.086142 1.753888 10
st-img_1.bmp 1125 23-04-24 16:54:46 | 14644.682| 14818.202 | 3.086140 1.753794 10
v
O - -9 Q
e 3 g c 9 = E 2 <
E o = 2 c c o 2
1] - = = T =
£ = o T 5 3 B ctE ®
H wa o o ] T o o
c £ o c a 2 x 2w £ £
=2 st = e 2 g g s
E ESE g 2 283| 3
8% 5 =z P52 =
= K] <

It should be noted that the timestamp corresponds to the file creation.
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4.2 Referentials

The position that is returned by the nanoGPS software is that of the image center in the referential of
the scale. The angle is the angle between the horizontal camera axis (labelled U on the figure below)
and the scale axis (labelled X).

It may be convenient to express the observed movements in the camera coordinates, which is easily
done by transforming the observed displacement (AX, AY) by a rotation with angle ..

The camera and stage are generally fixed so that their axes are nearly parallel, in practice they differ
by several mrad. This residual angle can be determined using nanoGPS.

Explore the future Automotive | Process & Environmental | Medical | Semiconductor | Scientific HORIBA




HORIBA

® i i Ezre:-%g/oes/zozs
s nanoGPS OxyO" User Guide - A

4.3 Plot

To plot a graph directly from a .CSV file saved with help of the section Saving to a .CSV file, just do

the following steps.

1. In Home tab, click From file.

¥.  OxyO (not registered)

Output

Home Configuration Output

Process
image...

2. Choose the .CSV file and click Open.

¥ Impert data frem CSV
« N » ThisPC » Pictures » OxyO »

Organize « Mew folder

"~ Name

st Quick access
group_of_images
@ OneDrive -] group_of_images_csv

@ OneDrive - HORIB

& This PC
_J 3D Objects
I Desktop
Documents
; Downloads
J‘! Music
&= Pictures
B Vvideos
i System (C:)
- Data (D3]

== Partage (i) ©

From

folder...

Status

@
@

Eﬁ csv
= X3S
[ B
From From
ROLI... file...
Date modified Type Size
File folder

Microsoft Excel C...

TKB

File name: | group_of_images_csv

| [Files €5V e

Explore the future
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4.4 Data analysis displayed on OxyO software

= Details

To show the Details, first select one of the discrete data in the graph that is more convenient,
then click Set as zero.

¥. OxyO (not registered)

BEN ome

Save to
CSV...

group_of_images_csv X

14172,595
14172,590
14172,585 -

14172,580 -t

um)
»

< 1472,575

14172,570

14172,565

14172,560

14678,780

Configuration

Sequence

Sequence

C:\Program Files (x86)\HORIBA\OxyO\Examples\group_of images_csv.csv

/ e *
. . b
[ ]
]
L ]
. L ]
. .
[ ] [ ] L
’ .
. @
L J . ®
* *
[ 1] .
L] ]
@ : P
*—e
. L]
L] .
*
14678,790 14678,800 14676,810 14678,820 14678,830 14678,840
X (pm)
Data from file

Explore the future

X

© g
@

Details
AX: 0,019
AY: -0,016
AgZ: -0,000039
Set as zero
Stability
X min (um): 14678,7783
X max (um): 14678,8426
X mean (um): 14678,8107
X std dev (um): 0,017965
¥ min (pm): 14172,5579
¥ max (um): 14172,5940
¥ mean (um): 141725753
Y std dev (um): 0,009044
@Z (rad): 3,085662
Z std dev (rad): 0,000025
Linear motion
Axis angle (rad): 0,202778
Axis angle (deg): 11,618
AU std dev (um): 0,018259
V std dev (um): 0,008436
@ std dev (rad): 0,000025
Eqn:

= Stability

It provides data treatment that is relevant in the case the measurements correspond to position
measurements in situations where no intentional displacement has been performed.

Explore the future

Stability

K min (pm): (0.0000
K max (pm): 3.2000

X mean (um): 1.1585
¥ std dev (um): 0.746182
¥ min (pm): -3.3315
¥ max (pm): 1.2503

¥ mean (pm): -0.4721
Y std dev (um): 0.789346
wpf (rad): 3.086009
pd std dev (rad): 0.000147
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= Linear motion

Consider the following experiment that can be performed with a microscope equipped with a
moving stage: take a first picture of the scale, move the stage along one axis (let us call it U) by
DU (um), take a second picture of the scale, move the stage by the same amount DU (um), repeat
a few other times.

Then the “linear motion” treatment based on the least squares approximation method provides
useful information on the accuracy of the linear displacement.

Linear motion

Axis angle (rad): -0.828141
HAxis angle (deqg): -47. 449
A U std dev (pm): 0.932973
V sid dev (pum): 0.449208
tp std dev (rad): 0.000147
Egn:

7366752 * (x - 1.1585) - 676.2467 * (y + 0.4721) = 0

Horizontal Deplacement

—e— Data
4 4 —=—~ Linear Fit

Y (um)

0 500 1000 1500 2000 2500
X (pum)
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5 Troubleshooting
5.1 Displaying the Output tab

One troubleshooting method recommended is to check the output files window to see which files
were well processed and which one has failed. To do so, just right click under the graph and select

Output.
- 2,000
E
=
}.
1,000
0,000
0,000 500,000 1000,000 1500,
X (pm)
4 ‘IE‘ 2, 53 E
Output
Data from file

Explore the future

The Output tab will open at left side showing all successful and failed processing.

Output * 0 X
o Application : Application started

o Application : Starting services

0 Application : Start message

o Application : Services started
Files : 4/28/2023 4:57:36 PM LOOTPO03.brmp
Grid not found
Files : 4/28/2023 4:57:36 PM LOOTPOM.brmp
Incaorrect D-pattern

o Files : 4/28/2023 4:57:36 PM LOOTP005.bmp
Incaorrect D-pattern
Files : 4/28/2023 4:57:15 PM LOOTPO26.bmp
Success
Files : 4/28/2023 4:57:15 PM LOOTPO27.bmp
Success

o Files : 4/28/2023 4:57:15 PM LOOTP028.bmp
Success
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6 References

Several peer-reviewed publications feature different uses of nanoGPS OxyO® technology, most of
them with earlier versions of software and hardware. The earliest have been presented at the
European Society of Precision Engineers (EUSPEN), and at ISOT conference, and probably the easiest
way to access them are the following link:

= https://www.researchgate.net/publication/370519951 Olivier-Acher-Postersession-
2 ISOT A4

= https://www.researchgate.net/publication/370490142 Position control solution along 3
degrees of freedom and with easy implementation for Laboratory and Workshop

= https://www.researchgate.net/publication/370490127 Assessment of moving stage perfo
rmances_used in_scientific_instrumentation

= https://www.researchgate.net/publication/326106509 A new absolute x y TH encoder
with flexible implementation and standoff reading distance

= https://www.researchgate.net/publication/326106509 A new absolute x y TH encoder
with flexible implementation and standoff reading distance

A good synthesis has been presented at a SPIE conference:

= Proceedings Volume 11056, Optical Measurement Systems for Industrial Inspection
Xl; 1105620 (2019) https://doi.org/10.1117/12.2524938

A thorough investigation on the angle precision and accuracy has been performed with the Italian
National Metrology Institute, and published in the following open-access journal:

»  https://www.mdpi.com/1424-8220/20/12/3462

Another declination of the nanoGPS technology is dedicated to correlative imaging. Though the
corresponding products (also to be found on the HORIBA store) differ substantially, the seminal
paper on the technology includes a detailed investigation on stage precision and accuracy carried
using nanoGPS OxyO scales:

» https://iopscience.iop.org/article/10.1088/1361-6501/abce39/meta

We will make every effort to reference investigations by other groups carried out through nanoGPS
technologies on HORIBA website.

7 Contact

Olivier.acher@horiba.com

8 Version History

Version Date Modification
A 19/04/2023 First release
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