
1 

 

 

www.aecenar.com/institutes/iap 

 

 

 

 

IAP-SAT 

4th Project Report (2016) 

 

 Integration of a meteorological data collecting Satellite Prototype 

 Fiber Optic Gyro sensor 

 بث الصور الى الارض 
 

 

 

Initial document: Ras Nhache, 19 January 2016 

Last update: 08.01.2017 

 

 

Authors: 

Samir Mourad 

Mohammad Hasbini 



IAP-SAT 4th Project Report (2016) 

____________________________________________ 

2 

Content 

CONTENT ........................................................................................................................................................................ 2 

PROJECT STATUS AT BEGINNING OF ACTUAL PROJECT PHASE ................................................................ 4 

1 GOAL OF ACTUAL PHASE ................................................................................................................................. 5 

2 PROJECT MANAGEMENT .................................................................................................................................. 6 

2.1 ORGANISATION .................................................................................................................................................. 6 

2.2 WORKING PACKAGES AND TIME PLAN .............................................................................................................. 7 
2.2.1 Overview Planning & Budget IAP 2016 ....................................................................................................... 7 
2.2.2 To do with internal ressources ...................................................................................................................... 7 
2.2.3 Master Thesis Tasks to complete the IAP-SAT prototype ............................................................................. 7 
2.2.4 Time Plan FOG Development ....................................................................................................................... 8 

2.2.5 PhD Tasks concerning the propulsion unit ................................................................................................... 9 

2.3 ESTIMATED COSTS OF IAP-SAT (SATELLITE DEVELOPMENT AND THE LAUNCHING) ....................................... 11 

3 BASICS ................................................................................................................................................................... 12 

3.1 GYROSCOPE ..................................................................................................................................................... 12 
3.1.1 Fiber Optic Gyro ........................................................................................................................................ 12 

 SATELLITE PROPULSION .................................................................... 17 الاصطناعي القمر دفع 3.2

3.2.1 Space Propulsion Tanks .............................................................................................................................. 18 

3.2.2 Space Propulsion Valves ............................................................................................................................. 20 
3.3 TEST ENVIRONMENT FOR ELECTRICAL PROPULSION ....................................................................................... 24 

3.4 LOW ORBIT SATELLITES AT VERY LOW ALTITUDE ........................................................................................... 24 

4 ATTITUDE CONTROL SYSTEM (ACS) COMPONENTS ............................................................................. 26 

4.1 MAGNETOMETER ............................................................................................................................................. 26 

4.2 SUN SENSOR ..................................................................................................................................................... 28 

4.3 GPS ................................................................................................................................................................. 28 
4.4 FIBER OPTIC GYRO UNIT ................................................................................................................................... 28 
4.5 STAR TRACKER SYSTEM ................................................................................................................................... 30 

4.6 OTHER COMPONENTS ....................................................................................................................................... 31 
4.6.1 OBC ............................................................................................................................................................ 31 

4.6.2 PAMCAM .................................................................................................................................................... 32 
4.7 CONCEPT FOR POWER SUPPLY AND BATTERY .................................................................................................. 32 

4.8 CONCEPT FOR THE PROPULSION UNIT .............................................................................................................. 35 
4.8.1 Primitively modeling the chosen Pulsed Plasma Thruster (PPT) ............................................................... 35 
4.8.2 Modeling our PPT design in FreeCad ........................................................................................................ 35 

4.8.2.1 Modelling “fuel continues supplying system” ..................................................................................................... 36 
4.8.2.2 2D projections of important parts of the propulsion system ................................................................................ 37 

4.9 FREECAD FILES ............................................................................................................................................... 38 

5 FIBER OPTIC GYRO DEVELOPMENT TEST RIG AND FIBER OPTIC GYROSCOPE SENSOR ........ 39 

5.1 SAGNAC EFFECT ............................................................................................................................................... 39 
5.1.1 Definition: ................................................................................................................................................... 39 
5.1.2 Experiment: ................................................................................................................................................. 40 

5.2 FOG ................................................................................................................................................................. 44 

5.3 FREECAD FILES ............................................................................................................................................... 45 
5.4 REFERENCES: ................................................................................................................................................... 45 

5.5 ORDERED MATERIALS (OKTOBER 2016) .......................................................................................................... 45 
5.5.1.1 Fiber optic cable .................................................................................................................................................. 47 



3 

5.5.1.2 Fiber optic coupler ............................................................................................................................................... 48 
5.5.1.3 Single Fibre Collimator and FC/PC to FC/PC Adapter ....................................................................................... 49 
5.5.1.4 Packed ................................................................................................................................................................. 51 

6 NEXT WORKING PACKAGES .......................................................................................................................... 53 

7 SUPPLIERS DATA ............................................................................................................................................... 54 

7.1 ELECTRONICS ................................................................................................................................................... 54 
7.2 SATELLITE PARTS ............................................................................................................................................ 54 
7.3 CNC FINE MECHANICS (2D) ............................................................................................................................ 54 
7.4 3D PRINTING (PLASTICS) ................................................................................................................................. 55 

قطع تصنيع 7.5  (CNC)... ........................................................................................................................... 55 

REFERENCES ............................................................................................................................................................... 56 



Project Status at Beginning of actual project phase 

- Presentation film 

- HIL test rig 

- Concept for propulsion unit, concept for battery 
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1 Goal of actual phase 

- On-Board-Computer Integration with Control Algorithm 

- Visualization of satellite movement in orbit based on scilab simulation data 

- Integration  

- Fiber Optic Gyro development test rig 

- Mission Simulation of Orbitting IAP-SAT 
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2 Project Management 

2.1 Organisation 

 

 

 

1 Satellite Bus 

1.1 Satellite Prototype 

HIL Testrig 

1.2 Ground Station  

with direction finder 

SDR tracking 

2 Payload: Earth surveillance camera 

3 Mission Planning 

3.1 Access to space 

(Planning: IAP, Operation: 

a contractor) 

3.2 Operation of the 

satellite 
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2.2 Working Packages and Time Plan 

2.2.1 Overview Planning & Budget IAP 2016 

IAP Completing IAP-SAT Prototype 

 

Budget: 5000$ 

Building Experimental Rig for Electrical 

Satellite Propulsion Unit 

 

Budget: 1500$ 

 

2.2.2 To do with internal ressources 

WP 

No. 

Working package content Time span, 

costs 

Development 

environment 

(HW, SW) 

Responsibl

e 

Status 

1 Implementation of control 

algorithm at On-Board-

Computer and Closed-

Loop-Integration of HIL 

   open 

2 Visualization of satellite 

movement in orbit based on 

scilab simulation data 

   open 

3 Specification, Design of star 

camera and algorithm 

  Practical 

Student 

Houssam 

Barbara 

Partly 

finished 

2.2.3 Master Thesis Tasks to complete the IAP-SAT prototype 

From http://aecenar.com/job-opportunities  

Title Keywords Preferred Faculty/ 

Student Profile 

AECENAR 

Project 

Development of a star tracking 

camera for a meteorological satellite 

  Electronics  IAP-SAT  

Integration of GPS and star tracking   Electronics   IAP-SAT 
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to multisensor attitude control system 

for a meteorological satellite 

Development of a PPT propulsion 

unit for attitude control for a 

meteorological satellite 

  Electronics / Mechanical 

Engineering 

 IAP-SAT 

 Study (including vibration) and 

Planning of bringing a meteorological 

satellite  into orbit 

  Mechanical Engineering   IAP-SAT 

Development of a electrical 

propulsion unit (Pulsed Plasma 

Thruster (PPT)) for attitude control of 

a small meteorological satellite 

 Electronics / Mechanical 

Engineering 

IAP-SAT 

2.2.4 Time Plan FOG Development 
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2.2.5 PhD Tasks concerning the propulsion unit 
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2.3 Estimated Costs of IAP-SAT (satellite development and the launching) 

 

Table1: Costs of development and launching of IAP 

With the consideration of the maintenance and operational cost, the total cost of IAP-SAT is around 

2,668,000$. The satellite’s expected life time is at least 5 years. 
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3 Basics 

3.1 Gyroscope 

3.1.1 Fiber Optic Gyro 
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From 
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 Satellite Propulsionدفع القمر الاصطناعي  2.3
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3.2.1 Space Propulsion Tanks 
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3.2.2 Space Propulsion Valves 
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3.3 Test Environment for Electrical Propulsion 

 

3.4 Low Orbit Satellites at very low altitude 

https://www.quora.com/Which-satellite-occupies-the-lowest-earth-orbit-and-at-what-

altitude?redirected_qid=1431376: 

The lowest that I know of was KH7-16, with a perigee of 92 km and an apogee of 155 km, for a semi-

major axis of 123 km. 

https://www.n2yo.com/satellite/?s=41475: 

CADRE (41475U), CADRE is classified as Amateur radio 

NORAD ID: 41475   

Int'l Code: 1998-067HV   

Perigee: 270.7 km   

Apogee: 279.2 km   

Inclination: 51.6 °   

Period: 89.9 minutes   

https://www.n2yo.com/satellites/?c=18
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Semi major axis: 6645 km   

RCS: Unknown   

Launch date: November 20, 1998  

Source: United States (US)  

Launch site: TYURATAM MISSILE AND SPACE COMPLEX (TTMTR)  

Uplink (MHz):  

Downlink (MHz): 437.485/3404.000  

Beacon (MHz):  

Mode: 9600bps GMSK 1Mbit OQPSK 

 

https://www.n2yo.com/browse/?y=1998&m=11
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4 Attitude Control System (ACS) Components 

Type ACS Components 

Sensors 3-axis Magnetometers 

sun sensors 

GPS Receiver 

Star Tracker camera head units 

Rate Gyros 

Actuators  

 

 

 

 

 

 

 

4.1 Magnetometer 

Specification form © Surrey Satellite Technology Ltd., Tycho House, 20 Stephenson Road, Surrey Research Park, Guildford, 

Surrey, GU27YE, United Kingdom, Tel: +44(0)1483803803 | Fax:+44(0)1483803804 | Email: info@sstl.co.uk | 

Web:www.sstl.co.uk 

Magnetometer 

Star Tracker 

 

Star Tracker DPU 

(Data Processing 

Unit) 

FOG(Fibre Optic 

Gyros) 

Sun Sensor 

OBC (On Board 

Computer) 

PAMCAM       

(Panoramic 

Camera) 



Attitude Control System (ACS) Components 

____________________________________________ 
 

27 
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4.2 Sun sensor 

Specification form © Surrey Satellite Technology Ltd., Tycho House, 20 Stephenson Road, Surrey Research Park, Guildford, 

Surrey, GU27YE, United Kingdom, Tel: +44(0)1483803803 | Fax:+44(0)1483803804 | Email: info@sstl.co.uk | 

 

 

 

4.3 GPS 

 

4.4 Fiber optic gyro unit 

Specification form © Surrey Satellite Technology Ltd., Tycho House, 20 Stephenson Road, Surrey Research Park, Guildford, 

Surrey, GU27YE, United Kingdom, Tel: +44(0)1483803803 | Fax:+44(0)1483803804 | Email: info@sstl.co.uk | 
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Fiber Optic Gyro unit is composed of four fiber optic gyros (FOG) used in a tetrahedron like 

configuration for the measurement of the body angular rates. The tetrahedron like configuration 

allows autonomous detection of a single failure. 

The type of the sensor is C-FORS 
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4.5 Star tracker system 

Specification form © Surrey Satellite Technology Ltd., Tycho House, 20 Stephenson Road, Surrey Research Park, Guildford, 

Surrey, GU27YE, United Kingdom, Tel: +44(0)1483803803 | Fax:+44(0)1483803804 | Email: info@sstl.co.uk | 
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4.6 Other Components 

4.6.1 OBC 

Specification form © Surrey Satellite Technology Ltd., Tycho House, 20 Stephenson Road, Surrey Research Park, Guildford, 

Surrey, GU27YE, United Kingdom, Tel: +44(0)1483803803 | Fax:+44(0)1483803804 | Email: info@sstl.co.uk | 
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4.6.2 PAMCAM 

 

This so called Panoramic Camera (PAMCAM) should be able to take color images in order to increase 

the public outreach of the Small Satellite Program. 

4.7 Concept for Power Supply and Battery1 

Satellites need electric energy to pursue operation. This energy is acquired from solar power using 

solar cells which transform radiation energy into electricity. New developments in solar panel’s 

technology have increased the efficiency of such systems to 30%. However the satellite will be 

deprived of such source of energy during eclipses, that is when the satellite is passing through the 

shadow of the earth. This phenomenon becomes more profound for LEO satellites which pass 

through an eclipse every 100 minutes and which the eclipse represents up to 40% of the total cycle 

time. In order to provide the continuity of electric energy supply, satellites are equipped with 

rechargeable batteries. These batteries simply charge during times when solar energy is available and 

discharge during shadow periods. 

The first utilized battery in a spacecraft was the silver-zinc battery which provided high energy 

density. However because Ag-Zn batteries have low cycle life, they were replace by Ni-Cd batteries 

that dominated the space industry for 20 years. After that, various batteries were used however 

restrictions and robust standards imposed on batteries used in space industry rendered many of them 

obsolete.  

Aerospace industry now adopted the lithium-ion-based batteries in its satellite projects since lithium 

has: 

 High energy density 

 High specific energy 

 Long cycle life 

 Ability to be charged and discharged fast 

                                                      

1 From Ibrahim Ghanim, Practical Work at AECENAR Ras Nhache, July/August 2015 
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 Compact shape 
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Battery: 

 

Body: 
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4.8 Concept for the Propulsion Unit2 

4.8.1 Primitively modeling the chosen Pulsed Plasma Thruster (PPT) 

Amongst all the inspected Propulsion systems, PPT was chosen and it had to be designed on 

FreeCad.  

PPT’s working mechanism was carefully studied and its different components were identified. 

The primitive 2D sketch that our design depends on is below. 

 

The components necessary for the PPT are: 

 Parallel anode/cathode plates 

 Spark igniter 

 Teflon circular block 

 Spring system 

 High voltage capacitor 

Mechanism: The first step of PPT mechanism is plasma formation. An igniter directed to the solid 

fuel bar produces a spark that ablates and sublimates the surface of the propellant forming plasma. 

Since the plasma is positively charged, it completes the circuit between the 2 plates. The interaction 

between the formed electric and magnetic field produces a Lorentz force that acts on the plasma and 

accelerates it out of the exhaust at high speeds. 

4.8.2 Modeling our PPT design in FreeCad 

After identifying the different components of our PPT system and taking into consideration its 

working mechanism, the propulsion system was modelled on FreeCad. 

The following is the FreeCad model of the PPT: 

                                                      

2 From Ibrahim Ghanim, Practical Work at AECENAR Ras Nhache, July/August 2015 
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4.8.2.1 Modelling “fuel continues supplying system”  

Most of propulsion systems use fluid fuel which its supply is easily provided by maintaining a 

pressure difference between the fuel reservoir and the ionization chamber. However pulsed plasma 

thrusters use solid fuel, that’s why its continuous fuel supply was insured by a spring system 

mounted on the fuel rod. 

 

 

 

The propulsion unit is designed with a cone shaped ending such that its outer nozzle is slightly larger 

than the fuel rod and its inner nozzle is smaller than the fuel rode. A compressed spring is mounted 

to the end of the fuel rod such that the rod is always under pushing force. When the igniter produces 
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a spark and the outer surface of the fuel rod gets ablated and sublimated, the spring system pushes 

the rod inward such that it returns to its previous position in the propulsion unit. 

4.8.2.2 2D projections of important parts of the propulsion system 

 

1) Propulsion unit 

 

2) Igniter 
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4.9 FreeCAD files 

  

 

170116IAP-SAT_Inte
gration.FCStd

 

 

propulsion 
chamber.FCStd
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5 Fiber Optic Gyro development test rig and Fiber optic gyroscope sensor 

5.1 Sagnac effect 

5.1.1 Definition: 

The Sagnac effect (also called Sagnac interference), named after French physicist Georges 

Sagnac, is a phenomenon encountered in interferometry that is elicited by rotation. The 

Sagnac effect manifests itself in a setup called a ring interferometer. A beam of light is split 

and the two beams are made to follow the same path but in opposite directions. To act as a 

ring the trajectory must enclose an area. On return to the point of entry the two light beams 

are allowed to exit the ring and undergo interference. The relative phases of the two exiting 

beams, and thus the position of the interference fringes, are shifted according to the angular 

velocity of the apparatus. This arrangement is also called a Sagnac interferometer. 

[1]  

 

Title: Figure 1. Schematic representation of a Sagnac interferometer. 

https://en.wikipedia.org/wiki/Sagnac_effect
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5.1.2 Experiment: 

i. Schema: 

 

Title: Figure 2. Sagnac effect schema. 

 

ii. Materials: 

 Single or Multi mode fiber optic cable ( 10 - 40 m ) with FC/UPC connectors. 

 Fiber optic coupler 2x2 (50:50 split) with FC/UPC connectors. 

 Detector ciruit. 

 Laser. 

 (Polarisator) We won’t use a polarisator in the first stage of sagnac effect experiment 
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ii.1. Fiber optic cable [TBD] 

 

ii.2. Fiber optic coupler [TBD] 
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ii.3. Detector circuit 

Title: Figure 3. Detector schema. 

 

Component:  

 * Arduino UNO 

* Bluetooth slave client 

* Resistor 10k ohm 
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* Photodiode 

ii.4. Laser [TBD] 

 

 

ii.5. Polarisator [TBD] 
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5.2 FOG 

 

Fig.: FOG Sensor 

 

Fig: FOG integration in satellite (4 FOG sensors) 
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5.3 FreeCAD files 

 

081016IAP-SAT_Inte
gration.FCStd

 

5.4 References:  

[1]: https://en.wikipedia.org/wiki/Sagnac_effect 

Useful links: 

● https://www.youtube.com/watch?v=AwcQsbgy7AY 

● http://laserpointerforums.com/f42/diy-homemade-laser-diode-driver-26339.html 

● regulator: https://www.youtube.com/watch?v=IjJWWGPjc-w 

● http://www.instructables.com/id/How-to-Build-a-Bench-Top-Power-Supply/ 

● http://www.instructables.com/id/How-to-build-a-laser-general-guide/ 

 

We can buy diode laser from: http://www.ekt2.com/EKT/Educational/Led_AND_Laser/Laser/ 

5.5 Ordered Materials (Oktober 2016) 

 Single or Multi mode fiber optic cable ( 100 m ) with FC/PC connectors. 

 Fiber optic coupler 2x2 with FC/UPC connectors. 

 Single Fibre Collimator with FC/PC Connector 

 FC/PC to FC/PC Adapter and FC/APC to FC/PC Adapter 

https://en.wikipedia.org/wiki/Sagnac_effect
https://www.youtube.com/watch?v=AwcQsbgy7AY
http://laserpointerforums.com/f42/diy-homemade-laser-diode-driver-26339.html
https://www.youtube.com/watch?v=IjJWWGPjc-w
http://www.ekt2.com/EKT/Educational/Led_AND_Laser/Laser/
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Additionnally: Customs (in Lebanon: about 60$) (about 100% of original material cost 

without shipping) 
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5.5.1.1 Fiber optic cable 
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5.5.1.2 Fiber optic coupler 
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5.5.1.3 Single Fibre Collimator and FC/PC to FC/PC Adapter 
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5.5.1.4 Packed 
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6 Next working packages 

 Star Camera 

 Tracked Downlink (fixed direction to receiver station) 

 

Target pointing mode (from [Yasir 2010], p.22) 

 Mission Simulation of Orbitting IAP-SAT with scilab 
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7 Suppliers Data 

7.1 Electronics 

 EKT Beirut قطرنجي للإلكترونيات ●

○ Number: 01 820020 

○ Website: www.ekt2.com 

● Bashir electronics - البشير للإلكترونيات  

7.2 Satellite Parts 

Specification form © Surrey Satellite Technology Ltd., Tycho House, 20 Stephenson Road, Surrey Research Park, Guildford, 

Surrey, GU27YE, United Kingdom, Tel: +44(0)1483803803 | Fax:+44(0)1483803804 | Email: info@sstl.co.uk | 

Web:www.sstl.co.uk 

Remark: No answer to email has come. 

7.3 CNC Fine Mechanics (2D) 

 

The company HI-TECH Facrication takes CAD Data (in .dxf format) -> Changing to CAM Data. 
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Satellite Parts are in Alluminium Alloy. 

7.4 3D Printing (Plastics) 

http://www.cnclablb.com/ 

 ...(CNC) تصنيع قطع 5.7

Company  
Phone 

number 
Description Address 

E-mail 

web site 

CNC LAB 
06 412 895 

03 476 916 

Manufacture 3D design in 

plastic & open source 

hardware 

Tripoli,Lebanon 
Bahsas,Behind 
Haykalieh Hospital, 
Harba Bld. 

www.cnclab.com 
info@cnclablb.com 
 

Hasan Al Baba 03 828 256 Manufacture and casting  
Tripoli, Lebanon 
Mina, Industry and 
Commerce street 

 

HI-Tech fabrication 

Fawaz Abdel Hadi 

06 442 787 

70 751 522 

Precision mechanical parts 

manufacturing brass & 

steel marking heads maker 

Tripoli, Lebanon 
Mahjar suhi 
P.O. Box 1274 
 

www.hitechfabrication.com 
info@hitechfabrication.com 
sirfawaz@yahoo.com 
 

Hannuf  

mechanical 

‘Corporation for 

casting and art 

construction 

06 387 723 

03 717 107 

 

Manufacture and casting  Tripoli, Lebanon 
Al Badawi 

 

GPS Steel  03 196 225 

Uses electric discharge 

machining process to 

shape any metal material 

rapidly by using desired 

modeled electrodes 

Beirut, Lebanon 
Burj Hammoud 
 

Gps.steel.co@gmail.com 
 

 
 

Riyako factory 79 118 779 
3D CNC machine, 

manufacture cupboard for 

cars 

Tripoli, Lebanon  
Badawi, behind Al 
Ridani bakery  

 

  

 

http://www.cnclab.com/
mailto:info@cnclablb.com
http://www.hitechfabrication.com/
mailto:info@hitechfabrication.com
mailto:sirfawaz@yahoo.com
mailto:Gps.steel.co@gmail.com
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