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CITRON civil applications explanations
1. Civil applications of CITRON:

· Testing of sensitivities of industrial and scientific video cameras and photosensors in real life conditions, under effects of atmosphere turbulence, attenuation and scattering, using illumination of the cameras and sensors by laser generated optical pulses.

· Measurement of optical signatures of remote events using build in photodiodes and power meters, in visible and infrared parts of optical spectrum (NIR, SWIR, MWIR, LWIR). 
An example of application is measuring of emission of exhausts of metallurgical and chemical plants. Another example is measuring of optical parameters of illumination lights of airplanes and ships at real distances.    

· Atmosphere measurements and pollutions control
· Free space optical communications

2. References to companies in relevant to civil applications of CITRON: 

2.1  Testing of cameras and photosensors in VIS, NIR, MWIR and LWIR spectra 
· CI Systems Ltd

· Quantiox GmbH Newtonstr. 15, 12489 Berlin, Germany
· Humboldt-Universität zu Berlin, Mathematisch-Naturwissenschaftliche Fakultät

Institut für Physik, AG FET, Newtonstr. 15 D-12489 Berlin
· Elbit Systems Ltd 

2.2  Free space Communication   

· Kohoku Kogyo Co Ltd, Japan

· Warpspace Ltd, Japan 
· Tadiran Spectralink, Israel 
· Tadiran Communications, Israel  

2.3   Atmosphere transmission measurement, Environment measurement     
· IARD SENSING SOLUTIONS LTD, Israel
· University of Haifa, Department of Marine Geosciences, Haifa, Israel

· Israel Oceanographic & Limnological Research Institute, Kinneret Limnological Laboratory, Migdal, Israel
3.   Civil Market Review for CITRON 

3.1  Atmosphere measurement and pollution control

Figure: Configuration for atmosphere pollutions control
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3.1.1 Market Valuation for Atmosphere measurement and pollution control

This civilian market application includes Atmospheric Monitoring, Climate Research, Weather Prediction and Forecasting. Cloud-Aerosol Lidar market was valued at US$ 261 million in 2023. 

It is a small part of LIDAR market, which is valued at US$3B at 2025.
https://www.grandviewresearch.com/industry-analysis/lidar-light-detection-and-ranging-market 

The remote sensing market is valued at USD13.2 billion in 2022.

 It includes agriculture, environmental monitoring, monitoring and analysis of natural resources, land use and climate change, water resources measurements, soil moisture measurements, crops and forest status, disasted management.

https://www.marketsandmarkets.com/Market-Reports/remote-sensing-services-market-87605355.html?gad_source=1&gclid=Cj0KCQiA0fu5BhDQARIsAMXUBOJ9gb8FLDbucwKxJu39z3_HBujdIhnyAKjpYigD54l6fDJm3Be-nfUaAkccEALw_wcB 

We conclude that CITRON’s market potential for remote atmosphere measurement and pollutions control is more than $300M, and it is very versatile.
3.1.2 How active is the market of Atmosphere monitoring? 

The following companies are active in the fast growing market of Atmospheric Monitoring, Climate Research, Weather Prediction and Forecasting. The list is limited to 31 companies.

	
	COMPANY
	
	COMPANY

	1. 
	Acoem
	2. 
	METEK GmbH

	3. 
	Anhui Landun Photoelectron
	4. 
	Mitsubishi Electric

	5. 
	AVORS Technology
	6. 
	Nanjing Movelaser

	7. 
	Chilbolton Facility for Atmospheric and Radio Research
	8. 
	Nippon Electric Glass Co. Ltd.

	9. 
	Darsun Laser
	10. 
	ORIEL

	11. 
	Droplet Measurement Technologies
	12. 
	Qingdao Leice Transient Technology

	13. 
	Everise Technology
	14. 
	Raymetrics

	15. 
	Halo Photonics
	16. 
	RMLD Corporation

	17. 
	Hexagon
	18. 
	Shanghai Ultrablue Scientific

	19. 
	Hua Hang Environmental Development
	20. 
	SICL Health Science Co. Ltd.

	21. 
	John Wood Group
	22. 
	Sigma Space Corporation

	23. 
	Landun Photoelectric
	24. 
	VAISALA

	25. 
	Leosphere
	26. 
	Wayeal

	27. 
	LockHeed Martin
	28. 
	Windar Photonics

	29. 
	Lufft
	30. 
	ZX Lidars

	31. 
	Lumibird
	
	


3.1.3 References  for application of Atmosphere Measurement and pollution control (referenced documents are available per request)    
a) ref1 
Remote sensing of vegetation stress using CO2 laser
b) ref2 
CO2 Laser Spectrometer
c) ref3 
Remote sensing of troposphere using CO2 laser
d) ref4 
Atmosphere measurement
e) ref5 
Weather prediction
f) ref6 
Laser sensing of atmosphere

g) ref7 
Laser sensing of Kineret, Israel

h) ref8 
Laser atmosphere sensing
3.2  Free space optical communication link Market
Figure:  Configuration for Ground to Ground Free Space Optical Communication Link
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Free space optical communication applications can be presented in general by two different implementations. 
· One implementation is Terrestrial (Land) based communication, in atmosphere, on ground, for distances of up to 50km,
· Another implementation is optical communication in Outer Space between satellites for long distances of 5,000km to 10,000km.

Free Space Optics (FSO) Communication is a technology that employs beams of light to provide wireless data transmission over distances. It uses lasers to send optical signals through the air or space, allowing data to be transmitted rapidly and securely between two points without the need for physical connectivity like cables or fiber optics or RF. The technology, which works on the principle of line-of-sight, can transmit data at very high speeds and is used for a variety of applications ranging from internet services in remote areas to inter-satellite communications​.
For terrestrial implementations, two CITRON based ground stations provide optical communication link at distances of 5 to 50km, at bandwidth of 1Gbs up to 10Gbs.  
3.2.1  Free space optical communication link market valuation
The Global Free Space Optics Communication Market size is expected to be worth around US$40B By 2030, from US$ 5.7B in 2023, growing at a CAGR of 31.7% during the forecast period from 2024 to 2033. 
https://www.maximizemarketresearch.com/market-report/global-free-space-optics-fso-communication-market/33507/ 
3.2.2  How active is Free space optical communication link market
A short list of 38 companies manufacturing FSOC is following. The list includes Terrestrial (Land) short range communication, as well as intersatellite communication. 
Trimble Hungary Ltd. (Hungary), Mostcom Ltd. (Russia), AOptix Technologies Inc. (U.S.), Optelix (South Africa). LightPointe Communications, Inc. (U.S.), IBSENtelecom Ltd. (Norway), Harris Corporation (U.S.), Anova Technologies (U.S.), fSONA Networks Corp. (Canada), Wireless Excellence Limited (U.K.), Signify Holding, Oledcomm,  Lucibel,  pureLiFi Limited,  Acuity Brands,  Panasonic Corporation,  Fraunhofer HHI,  AIRLINX Communications, Inc.,  L3Harris Technologies, Inc.,  Mynaric AG,  Plaintree Systems Inc., SA PHOTONICS, INC.
Major players at intersatellite space and airborne FSOC are :

AAC Clyde Space (Hyperion Technologies),  Analytical Space Operation,  Ball Corporation, BridgeComm, General Atomics, HENSOLDT, Honeywell International, Laser Light Communication (Halo Network), Mynaric, ODYSSEUS SPACE SA,  Rocket Lab USA, Inc, Space Exploration Technologies Corp. (SpaceX), Space Micro, Tesat Spacecom, Thales Group;

here the  Mynaric and Tesat Spacecom are the leading companies. 

https://mynaric.com/ ;        https://www.tesat.de/  .

Intersatellite applications are based on laser technology of OCT (Optical Communication Terminal), Amount of satellites at LEO (Low Earth orbit) is growing exponentially, reaching above 10,000 satellites in year 2030. They need intersatellite OCTs for transmitting large amount of data to users.

See ref9 Intersatellite Communication (doc per request) for explanation on the technology.

Intersatellite OCT is the most attractive application for CITRON, and ARIEL is investing its technical and business development capabilities in this fast growing civil application. The market is very large and active, and ARIEL is working on an increase of sales in this market to above $100M.
3.2.3  Activities of ARIEL in the Free space optical communication link market, based on CITRON
a) ARIEL developed and delivered a concept and a program for development of Terrestrial (Land) Ground FSOC based on CITRON in Israel, for distances of up to 10km at the first demonstration, and up to 50km at the 2nd demonstration.

b) Ariel submitted four proposals for establishing Outer Space Intersatellite capabilities in Israel and in Japan based on the CITRONs free space optical communication link.   
Development and testing of OCT requires ground based development and testing facilities. The concept and the program developed and delivered by ARIEL includes facilities based on CITRON stations.
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