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Free Space Optical Communications Improvements DLR

OVER RADIO-FRECUENCY:

[Wirelesa Optical Communication Sy‘stem]

= Up to 50 % less weight of the /

- Indoor Qutdoor
eqUIpment System Systcr:l (F50)
= Up to 25 % power \
Consumptlon [ Directed ] [Non-Dircctcd] [Diﬂused] [Quasi-DiHused] [Tcrrcstrial] { Space ]
LOS Links LOS Links Links Links Links Links
= Avoidance of tariffs or ‘// \\
regulatory restrictions to RF. Optical
Inter- Inter- Low Earth
Orbital Satellite : Orbit Data
[Links (IOLJ] [Lmks (ISL) DownLinks

(OLEODL)
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Motivation

OGS’ LEO signal detection :
1. Satellite’s incorrect orbit data
2. Satellite’s laser
3. Visibility / clouds

4. OGS functioning
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Motivation

OGS’ LEO signal detection :
1. Satellite’s incorrect orbit data
2. Satellite’s laser
3. Visibility / clouds

4. OGS functioning

SOURCE OF ERROR UNKNOWN!
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Goal 4#7
Validation tool usable during link operations DLR

* Full hemisphere coverage, no pointing nor orbit knowledge is needed, as we
could see the satellite at all time.

= Compact, portable and self-sufficient.

* Able to detect azimuth, elevation and intensity received by the satellite,
allowing evaluation of pointing quality.

» General application useful for any satellite emitting around 1550nm.
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Final System Overview EDLR

» The following is the proposed preliminary final system:

Enclosure
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InGaAs Camera - fle—)e- 4#7
—— - DLR

Sensor importance O |

= An InGaAs camera is capable to work from 900nm — 1700nm.

» Sensor resolution and pixel size will influence the angle of view.

4/3"
Dsensor - Dsensor reSPSize - -

» We should look for the biggest

Image credits: https://www.1stvision.com/cameras/IDS/IDS-manuals/en/basics-sensor-size.html

sensor possible.
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InGaAs Camera - fle—)e- 4#7
Camera selection = e |- DLR

= At first, Sony IMX 990/ 991; %', V4 GSOC — Allied Vision Goldeye
G-008
SenSWIR Sensors (400nm —
1700nm).

» Wavelength range is not that

Important for our application.

2/3’ Sensor size (12.29mm)
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LenS ;} power > [__J] IR camera *»@Ljns #
Challenges = L DLR

* Two options; SWIR lenses or VIR

)

Wavelength (nm)

lenses. 00 MVL4WA Transmission é;

= SWIR lenses, expensive, not c ¥ %
enough angle of view. D - =
% 40 - %

* VIR lenses, wide enough, bad = E
Infrared transmission. o

0 T ¥ T ¥ T v T v T r 1

300 400 600 800 1000 1200 1400 %

3

= Must be compatible with our sensor
size and camera mount.
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Lens
Lens selection

= Navitar MVL4WA, 72" 132.1° FOV.

= With 2/3" sensor, FOV should be higher.

» We are at risk of vignetting or unexpected
distortions.

» Clear image 140° FOV.
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Final System Overview DLR

» The following is final system:

|
Eth. sock.
g
Switch 1 =
- g
E A
5
- Cam Laptop
g .
a¥ &
=
: =
Filter 5
Cable Gland L | |
|

Figure 3.11: Final diagram of the proposed AllSkyCam4OLEODL system. Ethernet cables in red,
power cables in black.
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Python Script
Flow chart

— Gain Mode
@ ——s Capture Mode

[— Light Mode
—+ Camera Mode
—— Exposure Mode
[— Elevation Mode
— Exposure Value
Exception —— Elevation Angle
Payload
s OGS height
Zenith Attenmation
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Elevation

Fov

Radial position
Azimuth

| Grab temp frame - grab_ frame() |

Counter +1. frame_processing()

——— Location brightest point

Pixel value brightest point
e Intensity value brightest point
———— Mean pixel brightest contour
|l Summed pixel brightest contour
L Summed intensity brightest contour

Enclosure

? Power — Cﬂ IR Camera —>| @ Lens

|
= [o- DLR

D Computer

Python Project I

Dvaw overlays in frame - frame_ draw()

guens_frame()

No

@,

If “0)"/7q" is pressed

self shutdown_event set()




Python Script

Camera modes

* Normal Operation
* Image Subtraction
* Hot pixel removal:

- He E DLR

2024—&%— 2B COh23:48.481 (338)

Saturoted! Lower Exposurs
(45)
Exposurec 400DD.C us
Min Sixe: 1
Mox Sizs: 31920
(E5)

Brightn ot [170, ZZB): 1.573 uw/m~2 —> 255D
Brightnee®-5x5 gnd: C.B7B uw/m-2 —.-\83533.0 maan:




Python Script

? Power

amera —>|

Satellite tracking

Computer

| Python Project |

] N orm al SySte m: Bluring + Otsu Thresholding

= Blurring
» Thresholding

Bilateral 3 100x100 + Otsu

Original

100

150

= Exposure will change

200

during operation :

w

0

0 50 100 150 200 250 300 0 50 100 150

Just Otsu Thres. 250 Bilateral 3 200x200 + Otsu

» Different for daytime
and night-time

Iker Aldasoro, Communications and Navigation, 09.09.2024

0
200 sp
150 100
100 150
200

50
250

0 50 100 150 200 250 300

250
0

200 5p
150 100
100 150

200
50

250
0 0

0

50

Gaussian 5x5 + Otsu

Gaussian 3x3 + Otsu

250
4]
200 sp
150 100
100 150
200
50
250
0 50 100 150 200 250 300

100

DLR

300

250

250



Enclosure

Python Script = Op@
Satellite tracking - Daytime e DLR

Computer

) Python Project
Final Images I_I

Final Image normal[16.3194] threshold gaussian 3x3

0
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Python Script
Azimuth and elevation - elevation

= Equisolid projection:

R 'Psize
— 2f sin — — > =2 T L
r fsm2 arcsin 2F

r=y@x —x)%+ @ —y)

= Elevation angle:

Elevatibn

Zenith 90°
A

elevation =90 — 6

South 180°(\’®m/'

North ¢O°
-
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East 90°

; Power —> Dﬂ IR Camera —»| @ Lens

I

Interfac e pome . D L R

Computer
Python Project I
projection math

equidistant R=f-0
fisheye

_ 0
stereographic 'R =2f-tan 3
orthographic R = f - sin(f)
equisolid

0
(equal-area R=2f-. sin(E)
fisheye)
R = kl 'f'Sil’l(kz '9)
Thoby fish
DY TISNEYE | with &y = 1.47 and ky = 0.713
S . tan(k-0) for0<k<1
! R={7f-0 fork =0
fisheye 7
+sin(k-0) for-1<k<0




Python Script
Azimuth and elevation - azimuth

- - E DLR

= Origin is in the top left of the frame. b; —ay
_ 6 = arctan
= Images are mirrored b, —a
B 2 1
N (0,0) N
0
azimuth =6 azimuth = 360 + 6
A
(161,131)
E ! . W
(by,b,) = (ay +rsinb, a, + rcos 6) T

S (320, 256)
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Python Script

GUI

Brightness
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Osiris4CubeSat downlink on 2024-08-28
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Osiris4CubeSat intensity Link Budget
1.75

1.50 A

1.25

1.00 A

0.75 1

0.50 1

0.25 1

Intensity onto Camera-apertue / pW/m-*

0.00 1

20 40 60 80
Elevation / 1°

Al $HQ= [@xy=(7341755)

Enclosure

? Power —> Dﬂ IR Camera —»| @ Lens

Interface e bome N
Computer
| Python Project |
Camera settings LB Settings
Gain: Payload:
(1718 dB] v] |OsirisdCubeSat v|
Capture Mode: 0GS:
Record ~] [IKN-OP v|
Time of the day: Zenith-attenuation:
Daytime v] Bad 1550nm [0.891] |
Exposure: Elevation:
‘Manual v| |Fu|| v ‘

Exposure Time (us):

Tecnique Used:

Elevation Angle (%):

‘Normal v |
Start Capture
Minimum Value Control Maximum Value Control
Min Value: 1.00 Max Value: 81920.00

Set Min

81920 |
Set Max

Exposure Control

Exposure: 10.

00 ps

10

Set Exposure
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Link Budget 4#7
Flying Laptop DLR

» We are using Flying laptop as it is one of the worse cases we can try.

» Being a camera.
* No Pointing losses.
= No Scintillation losses.
= No Rx internal losses.

Intensity onto Camera-apertue depending on elevation
T T T T T T T T
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Basement Testing 4#7
Done with a SMF-28 fiber + 50dB of attenuation DLR

= With the values previously stated I,(L) should be equal to 0.1396 uW /m?

2024—£E—D3 13:.30:38.818 Y ! 2[!2479'&—[}3 13:50:47. 788
Expo=urec SDDDDD.C us Expo=urec SDDDDD.C us

Erightneecat (102, 154100 ~2 —> 255 = Brighingerot (198, 1301 0.08 2 = 720
5£55[an : ua/m 2 % 3 i 1 iy ‘235

E‘rbghtn E‘rbghtn C.083 uw/m~Z

=

" |t is seen, so Flying laptop should be seen as well.
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Intensity calibration
Method

* The test tower is too bright (O dBm).
» Laser that variates the power on a mount

100+
8 OL X Experimental data |

sy g 3107
—Fit: K = ExpTime

20

o T

(b)

0 02 04 06

Calibration factor (K) [nW]

1/ExpTime [ms™']
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2024—'9é— LB Z21:14:13.338 M

- . NW
Exposurec SBD.C us . 2
| & B ™ DLR

Brightnsecat (160, 33): 1.643 uw/m-2 —> 2180 0
Br':ghtnng gnd: C.583 uw/m*é -> '155}3 ‘??E:"-: < SW
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2024—3%— 2B O023:29.387 M

(45)
Exposurec B2638.C us
Min Sixe: 1
Maox Sizs: 43

(E5)

(113)
El: 24
Az.: 200

(135)  Ten, .
Brightneerot (204, 251): 0.729 uw/m~2 —> 140.0

CONCLUSION

Sy E
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Conclusion 4#7
Next steps DLR
= \We have proven the device to be possible.

* Fine-tune reference intensity to obtain better results.

* More testing is needed.

= Make it able to be operated remotely.
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THANK YOU FOR YOUR ATTENTION!
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