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Mir UF Presentation Overview

1. CLICK Mission and Optical Ground Station
(PorTel)
2. Beacon Laser Design + Implementation

 Electronics
e Software

3. Testing & Safety
e  Electrical
Optical

4. Lessons Learned
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i UF CLICK Mission

FLORIDA

e CubeSat Laser Infrared CrosslinK (CL|CK) See CDW 23 tallk by Peter Grenfell “On-Orbit Opgra_tions and
« Demonstration of optical communication > Lasercom Experiment Results for the CLICK-A Mission”
* 3U CubeSats
 Portable Telescope for Lasercom (PorTel) See thesis by Jacob Harburg “On-Orbit Operations and Lasercom
« Custom Optical Ground Station ' Experiment Results for the CLICK-A Mission”
* Built with 28 cm commercial telescope

.=E ] transmit >
« Single 1.2L_J payload. . ﬁ; f—
* Downlink capability ransmit
1550 nm + Pair of 1.5U payloads
« Mission objectives downlink « Downlink and crosslink capability
* Validate fine pointing system » Mission objectives
- Validate PorTeL ground station g * 220 Mbps full-duplex crosslink

* <0.5 mranging
« Demonstration over range 25 km — 580 km

* 210 Mbps downlink
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Nir UF CLICK Pointing (ground)

FLORIDA

« Spacecraft needs to point at Acquire ground beacon
ground station and ground station for fine pointing and Tx.
at spacecraft F

. Data laser FWHM (B/C) is 121 S0
l.lrad 976 nm

« Challenging for open loop _ beacons

Uplink

1537/1563 nm

pointing (bus uncertainty and beacon is
— downlink
TLEs_ become_ stal_e)_ | o topic of this
* Solution: Achieve initial pointing  presentation
with beacon :
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UF  Beacon Requirements / Challenges

® 5 Watts peak optical power
® 5000x safe level for invisible wavelength

® Form factor compatible with mounting on
PorTel
e ~100s grams
Modulation with 3 kHz sine
Temperature regulation for outside  Beacon

environment + laser temp stability =~ Board
Mounting

Location

Together these requirements
necessitate a custom implementation

PorTeI Optical Ground Station
¢ ) | ‘
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UF

FLORIDA

Beacon System Diagram
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Ilii UE Major Component Selection

Laser Diode Collimator Microcontroller

Gooch & Housego EM336 Thorlabs ZC618APC-B PJRC Teensy3.2

e 5 \W * Adjustable focus * Integrated DAC/ADC

* Multimode fiber coupled ¢ APC Connector ®* Small form-factor

®* Integrated TEC ® Arduino IDE supported
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UF

FLORIDA

Electronics Implementation

o
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https://github.com/MIT-STARLab/PorTeL-Beacon
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Mir UF Laser Driver

Optical Power
Control Loop

Software PID
+2.2V

3.3V 120 pF

V set S;
f \ [
100 Q

W)
Current Control Loop Ny +——AA—

R O PD Sense
+3.3V —Iy

0.4 V/W sense

62 kQ

3.3kQ
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I"lii UE

FLORIDA

Software Implementation

TX Packet: on/off, TEC set,

User Interface PC laser power + modulation Microcontroller

» Check for user input
« Software PID (laser power

[
»

Turn system on/off
Set setpoints
Check status

and temperature) ~20 Hz
* Log telemetry + status 44.1 kHz
« Update graphs q /\
RX Packet: Alerts, temps +
currents, laser photodiode Read Modulate
feadings Photodiode Laser

https://github.com/MIT-STARLab/PorTel-Beacon-sw
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i UE Electrical Testing

Incrementally verify system
Mitigate safety risks to laser diode and operators
Start with PCB without laser installed, verify
electronics

1. Visual inspection
Check power supply levels
Verify safety interlock
Verify communication loop with user interface
Operate system with dummy load
Install laser, repeat operations tests with fiber
beam dump
/. Connect to collimator

SOUnsEWN

Load Comparison

! 2 3 Alﬁl ps

>20 W Dummy Load

~1.5Vf Bridge rectifiel

(%BPCSOOG

Rser =
0.1Q
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i UE Optical Testing

FLORIDA

Measure optical power

Adjust zoom collimator to 5.5  -@serAtenuator
mrad FWHM Power Meter
® Check profile Beam Dump
_ _ Optical Test ;
Multi-Mode Beam Profile Equipment N4

N

= Bos==0

Zoom Collimator

Beacon Board |hteriock Switch
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Mir UF Beam Characteristics

FLORIDA

Screenshot from Thorlabs Beam 7.0

L [ T - [ Parameter Value

B I PR ) v ¥ ||n

» " Divergence 5.9 mrad

M!

K | Total Optical 4.7 W

B 2 ' : : b Power

H Posmc;o[mm] 150 200

. O Divergence X: 5.805 , Y: 6.087 [mrad] MA2 26

Z[mm] o 200
| Number ;o 12 Posttion 0.00 mm Delete || Switch X'Y' | [Move stage to position Walst Dlameter 2.1 mm

Rayleigh 70 mm
Length
Divergence 1%
Asymmetry
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Ilir UF Laser Safety

e 5W, Class |V, Invisible Laser
e Safety plans made in coordination with MIT EHS

Testing
® OD 5+ Protective Eyewear A DANGER
°

Optical Box with door-interlock Laser Radiation
® Fiber-coupled or cage-mounted optics Avoid eye or skin
®  ~0.05% power into OD filter to free space and outside BEPGSUIT 1o £ iaet or
test equipment Laser protective
eyewear required.
Operation
® Keyed interlock prevents operation with people inside shed
°

Minimum beam elevation 20° avoids public exposure

® Optical hazard distance for aircraft is 184 ft
¢ FAA Evaluated and provided a “Letter of Non-Objection”
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i UE PorTel Integration

Beacon Board on PorTel Backend
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Ilir UF CLICK-A Operations

Operators with PorTel

Video of Tracking Satellite Laser from Ground

20221109.215359_067
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UF Lessons Learned

FLORIDA

It is difficult to independently check optical power output in
the field

* Need to be able to trust interface
It is very difficult to measure divergence with long Rayleigh

length

* Long free space optics create safety hazards

Expanding the beam into a large aperture would eliminate
the need for some of the safety-imposed operation limits
Operation software should include hooks for scripting
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UF Conclusion

FLORIDA

Optical communication yields improved data rates for small
SWaP form factors, but requires challenging pointing

One method to achieve fine pointing is a large beamwidth
beacon

The CLICK beacon is a custom electronics system built
around a commercially available laser diode component
This beacon was used for the CLICK-A mission and will be
used for CLICK-B/C
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I"lii UE

FLORIDA

Questions?

Nicholas Belsten
Email: nbelsten@mit.edu

Software GitHub: Hardware GitHub:
https://github.com/MIT-STARLab/PorTel- https://github.com/MIT-STARLab/PorTeL-
Beacon-sw/tree/api Beacon
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Backup




I'liit UF Laser Communication Pointing

capacity(bps) = B *log2(1 + SNR)

/
— | T .
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[ More gain + narrow beam + difficult pointing }
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UF

FLORIDA

User Interface

PorTel Beacon Board

Connected to localhost:8042

Laser and TEC
On/Off Buttons

Indicators Control Buttons Control Setpoint Sliders
Temperalure Sel Point [C]
| System Good | LASER IS ON
I n d i Cator L I g htS I aser Good I Average Optical Power Set Point [W]
TEC IS ON
i 1 3 3 £
R ed for e rror | Power Good | Optical Power Modulation Depth Set Point [W]
| Comm Good | i
Laser Driver
1.18 A
Laser Drive Current Average
1.78 A
Laser Drive Current Peak
0.94 W
Average Optical Power
1.15W
Optical Modulation P2P
Thermo-Electric Cooler
= 23.9°C
Laser Temperature o e
-0.13V
TEC Voltage
0.19
TEC Current L
is ot o 1 tor 30 5

Built with Cubism.js and Slider Pips

;

J

User Defined
S— :
Setpoints

= Status Graphs
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UF

FLORIDA

PAT Staging & Budget

Pointing, Acquisition, and Tracking Subprocesses
Beacon Beacon Acquired omms Laser p .
Acquired on on Quadrant quired on

Entsr?:pi(;‘::glom ] C::;fl?sist%z%e Camera _ Co%r:fk‘ia‘ntgge Detector K Fine Stage APD Proceed to
Command J Subprocess Subprocess Subprocess f:ommumcatmns
FDIR FDIR FDIR - ~
Timeout Timeout t Exit to Standby

» for Scripted

/ Command

7~

Image: P. Grenfell

All values listed as half angles for one-axis Pointing Capability
key: 52 | 50 Version 2 Budget
units: arcsec RSS-ing components
Feedback Resoluti Optical Misaligs Chromatic Field
2.4 2.2 a6 | as* 02 [ 11
Residual Jitter Acq Feedback
02 | 0.0 2.4 2.2
FSM 1 Quadcell Acq
02 [ 01 24 | 22 Credit: M. Long
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UF Optical Ground Terminal

. Star tracker

MIT-developed Portable Telescope for
Lasercom (PorTel)

Based on @28 cm Celestron CPC1100
Fitted with a custom backend & star
camera

Rapid setup and pointing calibration
based on star camera quaternion
solution (<15 min)

Image: T. Sevigny
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I"liit UE CLICK-A Concept of Operations

Downlink Tests Extended Operations
Acquisition & Downlink Tests
Tracking Communications Performance Tests
Deployment e ,
&
Initialization
W

~ End of Life
Operations

Notional Orbit: 500 km U|-/D|-
Inclination: > 34 deg
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Mir UF Beacon Laser Power Curve
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Ilir UF CLICK B/C Coarse PAT

Coarse Stage Acquisition Subsystems

Payload Components ' Bus Components
EF";';;‘::“S Low-Rate
—| Beacon Laser i Crosslink RF
; Telecoms
v : t
______________ ] . : Ephemeris Orbit
: Relative _Orbl_tal - Data Determination
State Estimation| via GPS
Beacon Camera T
(Acquisition Y .
Mode) Acquisition | TR
Mode Attitude : > ADCS
Commanding

Coarse Stage Tracking Subsystems

Payload Components Bus Components
D:::» Beacon Laser
Tracking Mode ; Amitude
1:4> ﬁfzgmcm‘:ﬁ > Attitude . Commands,| Apcs
9 Commanding

Images: P. Grenfell
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