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Executive Summary

Ambient Control Systems has a 14-year successful track record of developing battery-free energy collection, storage and management systems for use in remote, outdoor environments.  Ambient’s patented photovoltaic technology converts light to energy over a wide range of light conditions and stores the energy in a non-battery based medium, such as ultra capacitors or super capacitors.  This experience has given Ambient the expertise to harvest and store the maximum available energy to power remote operations for periods well in excess of 10 years under severe environmental conditions of heat, pressure and shock.  
Ambient has incorporated this technology into successful commercial products for applications such as irrigation control and fire detection.  As a research and development company, focused on developing long-term, efficient energy harvesting and storage technologies, Ambient continues to explore opportunities to develop new applications of it energy management technology.

Recently there has been an increased emphasis on the deployment of remote sensing systems in commercial and military applications, particularly for persistent surveillance.  In military applications, considerable advances in sensor technology have accompanied this trend.  However, military missions dependent upon remote sensing systems have often been compromised or limited in duration due to their reliance on batteries, which are short-lived and unreliable, particularly under the extreme environmental conditions which characterize a number of the theatres of operation.  
Commercial applications for remote sensing have been slower to develop.  However, Ambient’s battery-free irrigation controllers, which activate and deactivate irrigation valves using soil moisture sensors, have been successfully deployed internationally for over 10 years. In addition, Ambient’s new FireALERT technology is poised to introduce persistent surveillance into the commercial arena by providing detection, communication and suppression activation systems that will protect communities and structures from wildfires.  A graphic of FireALERT and Irrigation Controller products are set forth below:
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 Ambient Irrigation Controller


Ambient FireALERT System

Ambient’s Technology Base

Solar Cell Utilization

Drawing on its many years of experience and its unique technical expertise, Ambient utilizes leading edge solar cell technology, proprietary algorithms and other techniques to maximize efficiency in energy harvesting and to further the state of the art in photovoltaic development and deployment.  Utilizing its corporate expertise and technical know-how, Ambient can develop energy collection systems that optimize the design configurations over a wide range of specific power requirements.  For new applications, Ambient is utilizing high energy photovoltaic (HEPV) cells with operational efficiencies reaching 27% at one standard sun level (100mW/cm² at 1.5 Air Mass).  To achieve this high efficiency, these HEPV cells operate over a wide spectral band as shown in Figure 1.
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Figure 1: Relative Wavelength Efficiency for Various Solar Technologies (HEPV, SJ-Mono/Poly-Crystalline PV, Si-Amorphous PV)

HEPV cells can produce usable power at much lower light levels than mono/poly crystalline silicon PV cells.  Mono/poly crystalline devices can provide usable power with light levels down to about 10,000 Lux (about 1/10 sun).  HEPV cells produce usable power at light levels as low as 10 Lux.  Low-light capability combined with superior power efficiency makes the HEPV cells the ideal choice in systems that have limited surface area or are required to operate in low-light environments such as rainforests.  This capability also reduces the requirement to align the solar array as HEPV cells can produce power from highly occluded or reflected light sources.  
Another area in which Ambient has pioneered the use of solar cells is the development of a patent-pending technology to use solar cells as ground planes for communication antennae.  Finding enough area on a system for a solar array has always been a challenge in remote applications requiring a communications link.  This patent-pending technology allows the area for a ground plane to be shared between the solar array and the antenna ground plane – maximizing the available area for energy generation. 

Energy Storage

Once the energy is generated it must be stored.  Ambient has developed, through its internal research and development, a patented technology for battery-free, long-term energy conversion and storage.  Traditional power supplies for remote sensing applications use primary batteries such as alkaline or lithium cells.  These cells provide reliable power for short durations and have to be replaced periodically for continued operation.  An alternative solution is the use of secondary or rechargeable batteries such as Lithium-Ion battery packs connected to solar cells or other sources.  These also provide reliable power but are limited in the number of charge cycles they can endure.  This limits their usefulness to less than a year.  Recent developments in “Super” and “Ultra” capacitor technology have made the resulting products a viable alternative for energy storage.  They have the advantage of a large number of recharge cycles and operational lifetimes of 10 years or more.  When combined with photovoltaic modules, they provide a reliable, long duration energy solution for remote sensor applications.

Capacitor based energy storage has many engineering challenges.  These capacitors operate within strict operating voltage limits.  When they are combined into capacitor banks, special care must be taken to ensure these limits are met.  Failure to do so can limit the life of the capacitor bank.  Ambient has the corporate know-how and has developed the technology to meet this requirement for low power applications.

Energy Conversion

One of the most over looked areas in low-power solar engineering is in the energy conversion that occurs between the solar cells and the energy storage components.  Ambient has developed a patent-pending Maximum Power Point Tracker (MPPT) designed specifically for medium to low power applications. The MPPT keeps the PV module operating at its maximum power point over variations in light levels and temperature.  Power Trackers have been commercially available for several years but have been limited to high power applications, such as building power systems, where the power requirements are above 300 Watts.  Ambient has been working in the technology forefront, developing a MPPT for medium, low and micro-power applications.  
Ambient’s MPPT uses a patent-pending electronic/software algorithm design that constantly monitors and adjusts the power output being delivered by the PV array to the capacitor storage array. The power tracking algorithm is dynamic in that it adjusts for variations in light and temperature and ensures that the PV array continually operates at its peak power point. When the storage array reaches full charge, the MPPT adjusts to a float condition maintaining this full charge status while preserving the lifetime of the storage array. The MPPT has an added feature that allows it to communicate power input level and charge status information to the host system providing for variable operational modes based on available energy. 

The use of capacitor-based storage introduces a challenge in handling the wide voltage variations that occur in the capacitor storage array.  This may require the development of high efficiency, wide input voltage DC-DC converters.  Ambient has the design expertise to develop such converters.  With careful design, a linear regulator may be used.  Ambient’s experience allows us to make the design trades required to produce the optimum solution for any application.

Potential Power System Configurations
Ambient’s technology is scalable and configurable to support a wide range of operational energy requirements.  Examples provided in Table 1 illustrate the operational characteristics for a variety of Ambient’s energy management platforms designed to support a continuum of energy outputs.  This data is presented for reference only.  The precise characteristics will depend upon the environmental conditions within which the energy management platform will be required to operate.  These illustrated systems are based on a 45C maximum sustained (24 hours) operating temperature with an average illumination of 3 sun-hours per day at a 1.5 Air Mass (AM) level and with a 30% occlusion.  These systems will have a minimum 10 year lifetime assuming a ground installation environment and an average 25C ambient temperature.

Table 1: Example HEPV Power Subsystems

	Energy Output

(W·hr/day)
	Package

Length

(in)
	Package

Width

(in)
	Package

Height

(in)
	Package

Volume

(in³)
	Package

Weight

(lbs)
	Operating Temperature Range

(C)
	Storage Temperature Range

(C)

	0.07
	2.8
	2.0
	1.1
	6.2
	0.1
	-35 / +70
	-40 / +70

	0.13
	3.3
	2.0
	1.1
	7.3
	0.2
	-35 / +70
	-40 / +70

	0.86
	4.7
	3.3
	1.6
	24.8
	0.7
	-35 / +70
	-40 / +70

	1.64
	5.5
	3.9
	3.3
	70.8
	1.0
	-35 / +70
	-40 / +70

	4.75
	6.6
	6.6
	3.2
	139.4
	3.0
	-35 / +70
	-40 / +70

	10.36
	7.0
	7.0
	5.0
	245.0
	5.6
	-35 / +70
	-40 / +70

	23.21
	10.5
	10.5
	6.8
	749.7
	11.1
	-35 / +70
	-40 / +70

	30.66
	11.7
	11.7
	4.4
	602.3
	13.0
	-35 / +70
	-40 / +70

	41.67
	14.0
	14.0
	4.8
	940.8
	15.7
	-35 / +70
	-40 / +70


Sensor and Controller Technology

Ambient’s experience also includes the design and development of energy efficient sensor networks and controller technology.  

The LEIT Irrigation Controller system was developed and refined over a 12 year period at a cost of $20M IR&D. A series of patents were filed on the technology, the most notable being Patent Number 5,229,649 titled “Light-Energized Electronics Energy Management System” and Patent Number 5,661,349 titled “Graceful Energization and Degradation of an Electronic Device Micro powered by a Source of Energy in its Environment”. Utilizing a mid-door amorphous silicon photovoltaic module, energy is collected from dim room light through one sun light levels and stored in an array of low leakage supercapacitors. This energy is used to power an embedded micro-controller that performs all of the system’s software and hardware control functions. 

Totally self contained, the LEIT controller provides the optimum level of irrigation control based on timed watering cycles and/or optimum soil moisture levels. Water valve control is enabled through magnetically latched actuators that are current loop controlled from the LEIT. Ground moisture and rain levels are measured by the LEIT with switch type sensors over the same current loop. First introduced in 1992, well over 100,000 valve actuating devices have been installed in over 800 municipalities world wide giving this technology a level of time proven maturity.

Over the last two years, Ambient has been developing the FIREALERT system.  This system is powered by Ambient’s solar energy and non-battery storage technology along with an energy efficient controller.  The system incorporates Ambient’s patent pending 360 degree scanning mid-IR sensor and proprietary signal processing algorithms to produce a robust wildfire detection system.  FireALERT is capable of detecting a campfire at a range of ¼ mile and larger fires at ranges of over six miles.  The FIREALERT can communicate the alarm, identifying the GPS coordinates, via satellite or terrestrial radio links.  In addition, the FIREALERT can activate compatible fire suppression systems to protect homes and property from an approaching fire.  These proprietary developments have been incorporated in several new patents focusing on both fire detection hardware designs and on fire detection software algorithms.

Emergency Response Management Technology

Ambient has also developed the NETALERT system.  This is a web-based system for controlling the distribution of alert information from FIREALERT or other web-connected sensors.  On receipt of an alarm message, NETALERT can send a series of notifications to first responders via text messaging, e-mail, and the web.  First responders can connect to the NETALERT servers to see a map-based graphical representation of the alarm data, giving them the information needed to send the right response.  Situations can be dealt with in the earliest stages minimizing manpower and equipment utilization.

Ambient’s Technology Deployment Options
Ambient’s technology is highly flexible and configurable to support a wide range of deployment options.  At one end of the continuum, the most fundamental application of Ambient’s technology is that of a basic battery replacement, while a more advanced application is that of a smart sensor which fully integrates Ambient’s energy management technology with sensor operations. These deployment options are more fully described below:
Basic Battery Replacement - The most basic application of Ambient’s technology is a battery replacement for existing remote sensors.  As a battery replacement, Ambient’s energy management platform is connected to existing sensors or sensor networks in lieu of batteries.  The platform is scaled and configured to
support the power levels and duty cycles required for sensor operation.  Such a battery replacement, referred to as the IPAL (Intelligent Power from Ambient Light), provides a long term, replenishable, reliable power source for critical sensor networks.    The IPAL assures sensor operation 24 hours per day, 7 days per week for periods in excess of 10 years.     

Smart Sensor - The more advanced use of Ambient’s technology draws upon the domain expertise developed over the years, which integrates the energy management technology with a sensor, enabling more direct control of sensor operations.  This integration permits creative use of sleep mode technology, providing for smart detection and activation of operations with minimal energy requirements.  Such a platform contains embedded processing to minimize false alarms and incorporates GPS and communications capability, while minimizing the form factor.  By processing information at the source, only relevant, event driven information is communicated to the Command Center.  This reduces the processing required at the command center, thereby creating a more intelligent network and supporting situational awareness.  The energy management platform can also provide for remote operation of valves, activating devices, and other functions, thereby supporting responsive network architecture.  This advanced energy management technology will enable the deployment of early warning and response systems that will function 24 hours per day, 7 days per week for periods in excess of 10 years.

Ambient’s energy management technology can be used to power individual unattended ground sensors or sensor networks for wide area surveillance.  A conceptual sensor network for command and control is shown in Figure 1 below:

Applications of the Technology

There are many potential applications for this highly flexible technology, some of which include:

· Perimeter security  for military teams and installations;

· Persistent surveillance of potential military targets

· Intrusion detection for international borders and sensitive facilities such as nuclear power 
plants, airports, etc;

· Early detection of natural/ manmade/terrorist originated wildfires ;

· Monitoring of water quality/composition/contamination in reservoirs and waterways;

· Seismic activity detection for  large/armored vehicles;

· Seismic activity detection for critical infrastructure protection during earthquake event

· Passive detection of nuclear, biological and chemical agents;

· Monitoring barometric pressure to detect and track tornado events, explosions, etc;
Ambient’s energy management technology is extremely robust and can survive severe shock as well as dramatic pressure changes. The technology is also highly adaptable and can power a full spectrum of sensors (e.g. seismic, acoustic, electro-optic, barometric, chemical and electro-magnetic). In addition, when deployed as a smart sensor, the technology makes creative use of sleep mode, transmitting infrequently and resulting in an electronic signature that is not easily detectible.
Summary

Ambient has over 14 years of experience in the development of highly reliable, uninterruptible, maintenance-free, non-battery based energy generation, storage and management systems.  Ambient also has a successful track record in the development of energy efficient microprocessor based control systems and wireless sensor networks for deployment in applications that include irrigation systems and fire detection.  These systems are designed for operation in remote areas where extreme environmental conditions occur.  Ambient’s irrigation systems were installed to replace conventional battery-based systems and are currently powering over 100,000 value actuators worldwide.  The incorporation of Ambient’s technology has resulted in significant cost savings in material and manpower to the irrigation end user.  
In its most basic form, Ambient’s energy management technology can function as a battery replacement for existing sensors and sensor networks. In its more advanced form, Ambient’s technology can be integrated with a variety of sensors to develop smart sensors that make creative use of sleep mode technology. This will maximize energy efficiency, minimize form factor and incorporate embedded processing to reduce false alarms while providing enhanced sensor detection information. This smart energy management platform can also incorporate GPS and communications capability to transmit information to a command center or handheld device in the field.  The platform is also IP addressable for web enabled command and control.  
In addition to powering sensor networks, Ambient’s proven technology can also activate other remote operations, thereby supporting a full range of sensing, information processing, communications and activation functions.  By providing more intelligence at the source, using Ambient’s smart sensor designs, less processing is require at other nodes or at the command center, thereby providing increased situational awareness in support of  command and control systems for field commanders.
Ambient has the unique experience and corporate capability to design highly reliable energy conversion, storage and management subsystems for a wide variety of remote applications.  With the increased reliance on remote sensor networks for Military and Homeland Defense applications, Ambient is exploring opportunities to customize its technology to power Unattended Ground Sensors, wireless sensor networks and other applications that would benefit from Ambient’s renewable, long-term, robust battery-free power source in support of our national security.
With its considerable experience and corporate expertise in the energy management arena, Ambient is ideally positioned to exploit rapidly improving technologies that will lead to higher energy density storage medium, more efficient energy collecting medium and lower power electronic solutions. 



Relative QE (%)





 Si & SJ Cells





HEPV Cells





Visible Light


Spectrum





INFRARED





Wavelength (nm)





1800





1600





1400





1200





1000





800





600





400





200





100





80





60





40





20





0













































































This document contains proprietary information owned by Ambient Control Systems.  The information contained in this document shall not be disclosed in whole or part to any party without the prior written consent of Ambient Control Systems.

This document contains proprietary information owned by Ambient Control Systems.  The information contained in this document shall not be disclosed in whole or part to any party without the prior written consent of Ambient Control Systems.


