HAP TECHNOLOGY
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Abstract

HAPS(‘terrestrial pseudosatellites’) are the airships or airplanes operating in the stratosphere at altitudes 17-22 km flying against the wind and maintaining fixed rotating circle The paper focus on the basic architecture, applications and advantages of HAPs and on the critical issues to be considered for the implementation of Haps. One of the key issues which will determine the ultimate economic viability of HAPs for communication delivery is the ‘platform station keeping’ i.e. placing the platform at stratospheric altitudes and fixing it reliably above the coverage area in a cost-efficient, safe and sustained manner. Wind plays a major role in the station keeping of  HAP. HAP should be placed at heights where there is minimum wind-load. We have taken up the task of analyzing the data of wind profiles for a decade of years (1995-2004) available over 32 stations in India. This was done by writing a visual C++ program and optimal height is proposed for each station. After analyzing the complete data available for the whole country an optimal height range of   18-21Km is proposed for placing a HAP.

1. Introduction:


It has always been a dream of communications engineer to be able to develop a wireless network that, while covering a wide area, would also have low propagation delay and little multi-path fading.  Recently, a new way for providing wireless communications services emerged, based on airships or aircrafts positioned in the stratosphere at altitudes from 17 to 22 km, the technology known as High Altitude Platforms (HAP).  HAP technology is an economic alternative to traditional wire phone systems and is a potential technology for high-speed internet access.

2. Need for HAPs:


Although the present communication system is in 3rd Generation, it still cannot provide services to nook and corner of the world.  The immediate solution that strikes us is satellite.  But satellite is not a solution because it makes communication costlier along with propagation delay and loss due to transmission over long distances.  HAP is a satellite at a very low height thus reducing losses and propagation delay.  The coverage offered by HAPs is less than satellite, but is sufficient when a network of HAPs is used over a landmass.
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Figure 1:  HAP communications scenario [1].
3. Types of HAPs:

HAPs can be broadly classified as follows.

3.1. Unmanned Airships:  These are huge solar powered airships that are filled with helium, constructed with resilient, UV resistant and helium leak proof materials.  Lightweight solar cells cover the upper surface of the airships.  Ex: SkyNet.

3.2. Unmanned Aircrafts:  These are also quite large with wingspan about 70m.  They suffer from tight mass and power constraints and energy storage for nights even more than airships. Ex: HeliNet project (HeliPlat platform).

3.3. Unmanned Aerial Vehicles (UAV):  These are designed for long endurance missions.  These are developed for military surveillance rather than communication applications. Ex: HALE platform.

3.4. Manned Aircrafts:
 They are conventionally fuelled aircrafts and have no problem of energy storage.  These aircrafts can be kept working only over a period of 8hrs due to fuel constraints and human factors.  Ex: Angel Technologies (HALO Project).

Table 1 provides a general comparison of these types of vehicles.

Table 1. Comparison of airships, solar-powered unmanned and manned aircraft [2].
	
	Airships (Unmanned)
	SolarPowered unmanned aircraft
	Manned aircraft

	Size
	Length 

150 – 200m
	Wingspan 

35 - 70m
	Length ≈30m

	Total weight
	≈30 ton
	≈1 ton
	≈ 2.5 ton

	Power source
	Solar cell 

(+ fuel cell)
	Solar cell

(+ fuel cell)
	Fossil fuel

	Flight duration
	5 years
	Unspecified (≈6months)
	≈8 hours

	Position keeping (radius)
	≈1km
	≈3KM
	≤10KM

	Mission payload
	1000-2000kg
	50-300kg
	≈1000kg

	Power for mission
	≈10kW
	≈3kW
	≈20kW

	Examples
	Japan, Korea, China, ATG, Lockheed Martin, Skystation, ESA
	Helios, Pathfinder 

Plus, HeliPlat (HeliNet project)
	HALO

(Angel techn

ologies)


4. System Architecture:


For establishing HAP based communications, we require

1) Aerial Network (platform)

2) Ground Station.

4.1. HAP Architecture:


The challenging task in designing the system is to provide lightweight architecture because heavy vehicles are difficult to be positioned.  It is designed in such a way that is should have high reliability, low power consumption, minimum weight and size.

Some of the airborne components are

a) Multichannel transponder,

b) User beam and feeder beam antennas,

c) Associated antenna interfaces and

d) Asynchronous Transfer mode (ATM) Switch.

Energy requirements:


One of the important considerations in establishing HAPs is the energy requirements of the platform.  This is met either from conventional fuel which is transported from ground or through solar panels established on the wide board of platform.  It is important not only to produce energy but also to store it for the night when solar energy is not available.  Batteries made of lithium ion [3] cannot be used because it enormously increases weight.  Most of the energy produced is used in positioning the HAP at the required altitude opposing the wind.  The remaining should be used in supporting payloads and all other functions.

4.2. Ground Station Installations:


Ground Stations are of conventional type, which in addition should be able to track the position of the HAP.  The tracking algorithm uses as input, a control signal from HAP, which includes the HAP displacement.

5. Communications through HAPs:

5.1. Spectrum Allocation [2]:

Several frequency bands over 24GHz have been allocated to Local Multi point Distribution System (LMDS) types of services.  International Telecommunications Union (ITU) has allocated the 47.2 – 47.5 GHz and 47.9 – 48.2 GHz bands for HAP applications.  In Asia, the 28/31 GHz band was instead assigned, as the 47/48 GHz band is susceptible to rain attenuation.

5.2. Cellular Architecture:


The efficiency of HAP depends on the frequency reusability of the given bandwidth.  The geographical area of coverage is divided into cells in such a way that entire area is covered.  There should be no interference between two cells of same frequency.  Each cell on the ground is covered by one spot beam.  If the platform is in motion then the spot beam that covers a particular cell changes with time.  This time of coverage of beam is called dwell time [4].  Beam to beam handover arises in such cases.
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Figure 2: Cellular frequency reuse concept.  In (b) the smaller cells provide greater overall capacity as frequencies are reused a greater number of times within a given geographical area [1].


HAP services can also be extended by gateways.  They communicate with HAP and link them to other networks like terrestrial and satellites.  With the increased traffic HAP can efficiently provide services with backhaul links through satellites.

6. HAP Performance:


HAP has very favourable path loss characteristics relative to terrestrial and satellite systems.  In Figure 3.3, a typical path loss vs. distance is shown for terrestrial and non-terrestrial systems.  Even LEO distances cause path loss comparable to large terrestrial cell.  Path loss of a LEO satellite at 900 km altitude is equal to the path loss along the ground at 10 km distance.  By contrast, from an airship at an altitude of 22 km to a ground point directly below it is same as at the edge of relatively small terrestrial cell with 2 km radius.

For a HAP to maintain same quality of service (QOS) and same signal to noise ratio (SNR) as terrestrial network, the gain on HAP is to be increased because


SNR α PXG/Rn

where P is the transmitting power, G the gain and R the distance between transmitter and receiver antennas.
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Figure 3: Attenuation in free-space and terrestrial type propagation [3].

7. Advantages of HAP Communication:


HAP communications have a number of potential benefits over terrestrial and satellite systems. Some of them are as follows.

7.1. Flexibility to respond to traffic demands:


HAPs are ideally suited to the provision of centralized adaptable resource allocation, i.e. flexible and responsive frequency reuse patterns and cell sizes, unconstrained by the physical location of base stations.  Such almost real time adaption should provide greatly increased overall capacity compared with current fixed terrestrial schemes or satellite systems.

7.2. Low cost:


HAPs are cheaper to construct and launch than a Geostationary satellite or a constellation of LEO satellites.  A HAP network is also cheaper to deploy than a terrestrial network with large number of base stations. 

7.3. Less Attenuation due to rain:


Compared to terrestrial networks, due to geometry of HAP deployment, long-range links experience relatively little rain attenuation over the same distance (see Figure 3.4).  This is because in the terrestrial communication there is much loss due to geographic terrain. 
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Figure 4: Slant path in rain. The attenuated portion may be shorter from a HAP than from a terrestrial base-station [1].

7.4. Payload upgrading:


Unlike satellites, HAPs can be brought down periodically for maintenance and upgrading of the payload, this is a positive feature allowing a high degree of ‘future - proofing’.

7.5. Incremental deployment:


HAP network can be expanded gradually as greater coverage or capacity is required.  This is in contrast to a LEO satellite network, which requires a large number of satellites to achieve continuous coverage; a terrestrial network is likely to require a significant number of base stations.

7.6. Rapid deployment:


It is possible to design, implement and deploy a new HAP based service relatively quickly.  Satellites on the other hand take several years from initial construction to launching and to start its operation.  Similarly deployment of terrestrial networks may involve time consuming planning procedures and civil works.  

Compared with HAP, establishing a terrestrial tower is easy.  But considered over an area it is easier to establish a HAP than many towers for forming a network.

7.7. Broad band services:


To deliver broadband wireless services terrestrial will require considerably more infrastructure than that for mobile communication.  To achieve the band width the mm wavebands will be needed.  Line of sight (LOS) transmission is required, implying a micro base station on every street.  One HAP might service an area of 150 km diameter with 20 ground stations for backhauling purposes.

7.8. Less ground based infrastructure:


A single HAP can serve a large number of cells limited primarily by its antenna technology.  The economic implication of replacing large number of ground station (and their backhaul links) can be significant.

7.9. Low propagation delay:


The delay from a HAP is negligible compared with satellites, with advantages for data and internet traffic throughput, interactive applications and protocol constraints.


Thus HAP technology would have many of the advantages of both terrestrial and satellite systems, while at the same time avoiding many of their pitfalls.  Table 3.2 summarizes the key points in the different wireless systems.

Table 2: Comparison of terrestrial, satellite and HAP networks [3].

	Issue
	Terrestrial wireless
	Satellite
	High Altitude Platform

	Availability

 and cost of

 mobile

 terminals
	Huge cellular

PCS market

 drives high

 volumes

 resulting

 in small,

 low cost,

 low power

 units.


	Specialized, most stringent requirements lead to expensive, bulky terminals with short battery life.
	Terrestrial terminals applicable.

	Propagation

 delay
	Not an issue.
	Causes noticeable impairment in voice communications in GEO (and MEO to some extent).


	Not an issue.

	Health

 concerns 

with 

radio 

emissions 

from handsets
	Low power 

handsets 

minimize

 concerns.
	High power handsets due to large path losses (possibly alleviated by careful antenna design).


	Power levels like in terrestrial systems (except for large coverage areas).

	Communications technology risk
	Mature technology and well established industry.
	Considerable new technology for LEOs and MEOs; GEOs still lag cellular/PCS in volume, cost, and performance.
	Terrestrial wireless technology, supplemented with spot beam antennas; if widely deployed, opportunities for specialized equipment (scanning beams to follow traffic).

	Deployment time
	Deployment can be staged; substantial initial build-out to provide sufficient coverage for commercial service.


	Service cannot start before the entire system is deployed.
	One platform and ground support typically enough for initial commercial services.

	Issue
	Terrestrial wireless
	Satellite
	High Altitude Platform

	System growth
	Cell-splitting to add capacity, requiring system reengineering; easy equipment update/repair.
	System capacity increased only by adding satellites; hardware upgrade only with replacement satellites.
	Capacity increase through spot beam resizing, and additional platforms; equipment upgrades relatively easy.

	Breadth of geographical coverage


	A few kilometers per base station.
	Large regions in GEO, global for LEO and MEO.
	Hundreds of kilometers per platform.

	Operation complexity and cost
	Well-understood.
	High for GEOs, and especially LEOs due to continual launches to replace old or failed satellites.
	Some proposals require frequent landings of platforms (to refuel or to rest pilots).

	Indoor coverage
	Substantial coverage achieved.
	Generally not available (high power signals in Iridium to trigger ringing only for incoming calls).
	Substantial coverage possible.

	Communications and power infrastructure; real estate
	Numerous base stations should be sited, power and linked by cables or microwave.
	Single gateway collects traffic from a large area.
	Comparable to satellites.

	Public safety concern about flying objects
	Not an issue.
	Occasional concern about space junk falling to earth.
	Large craft floating or flying overhead can raise significant objections.


8. Critical Issues:
8.1. Platform station keeping:

The ITU has recommended that the platform has to be Geostationary with in a location sphere of 500m radius.  This may prove easier for airships rather than planes.  The HeliNet project has chosen to specify a location cylinder with tolerances 99% and 99.9% of time (Figure 3.5).
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Figure 5:  Preliminary HeliPlat location cylinder for 99% and 99.9% of time [5].

8.2. Handoff:


Most HAP schemes are proposing to use multiple spot beams over the coverage area allowing frequency reuse, thereby increasing capacity.  The size of the cells on the ground and the stability of the platform antenna array govern how often handoffs will occur.  Handoffs are widely used in mobile phone networks to provide continuous coverage to moving users.  With HAP architecture, users may be fixed but the HAP will be moving.  Therefore handoffs can be more easily handled, as movements of the platforms are likely to be more predictable.  Also the dwell time is likely to be much larger which means handoffs should occur less frequently.  

8.3. Power constraints:


The major constraint on HAPs is the efficiency of fuel cell technology.  Fuel cells have to be able to supply the power at night to the craft.  Restriction on the power available to the payload is most acute for solar powered plane technology.  The area available to the solar cells and fuel cell technology limits the power.  At higher altitudes, the variation in the angle of the sun relative to the solar panels between summer and winter will have an additional significant effect.  Power can be used more effectively particularly through careful spot beam and antenna array design and power efficient modulation schemes.

8.4. Angular variations of base station antennas:


Figure – 3.6 illustrates the angular variation in the position of a HAP as seen from the ground as a function of ground distance (defined as distance away from the point immediately below the centre of the location cylinder).  HAP movement can be horizontal or vertical.  This angular variation is used to determine whether fixed or steerable ground based antennas are required.   If the angular variation is greater than the beam width then the antennas must be steerable.  The greatest angular variation is immediately below the HAP.  However, it may be possible to use wider antenna beam widths at these points due to shorter path length.  Changes in vertical height cause large angular variation at short and long distances. At long ground distances, this change is of greater significance because vertical height changes make up a larger proportion of the angular variation.
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Figure 6: Angular variations in the position of a HAP on the ground as a function of ground    distance, for worst-case horizontal and vertical HAP displacements [5].

8.5. Scattering from rain:


As well as absorbing radiation, rain can also degrade link performance

 by scattering radiation from its intended destination cell to the other co-channel cell as shown in Figure 3.7.  To deliver 99.99% availability, high gain and narrow beam width ground station antennas are required.  This precludes significant Carrier to Interference ratio (CIR) reduction through rain scatter.
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Figure 7: Geometry of bistatic scatter [6].

9. Applications of HAPs:

9.1. High Power Applications:

a) 3G Mobile:

3rd Generation services from HAPs will enable rapid deployment, with potential capability to rollout over an area the size of London practically overnight.  This would be of particular use not only for new entrants to the market, but will also be useful for existing operators who will require to make considerable investment to upgrade existing infrastructure.  HAPs can complement existing terrestrial infrastructure, for example they can be used to fill areas that are uneconomic to serve terrestrially and areas subject to short-term high traffic demands.

b) Broadband services:


Broadband services can be easily provided for homes and small offices at reasonable prices directly from HAP, which are in line of sight with HAP.

9.2. Low Power Applications:

a) Communications for primary businesses:


Primary businesses such as oil, gas and mining industries often operate in remote areas, however, they are often split across several sites and all require a variety of communications.  HAPs have the advantage over satellite of being close to the ground, so can benefit in easy installations and portable ground terminal antennas.  HAPs could provide such companies with their entire communication needs within in 150km diameter, such as broadcast TV, high data rate communication mobile services.  

b) Event or emergency servicing:


HAPs could be deployed to service event, for example major sporting fixtures, pop concerts etc.  They provide emergency communications after natural disasters such as floods, earthquakes.  They can also be used for short-term military applications.

10. Developments across the world:

Even with all the promise of HAPs, there is still a lot of work ahead and some are cautious about their eventual use.  The operation plans for various platforms are under scrutiny for their safety and reliability from the regulatory agencies.  While the concept is great when all goes as planned, they want to make sure systems are developed to operate safely even when everything goes wrong.

Here are some of the major projects underway around the world.

10.1. SkyNet:


One of the large airship programs SkyNet has been underway in Japan since 1998.  Like many of the other projects engaged in HAPs research, it is funded primarily by local government and assisted through a number of research organizations.  The expectations are to realize a commercial broadband platform around 2005.

10.2. SkyTower:


Based in US, SkyTower is testing a High Altitude solar powered aircraft to deliver communication services.  They are teamed with AeroVironment, the designers of Helios solar plane.  Helios recently set a world record for altitude and has shown a lot of promise for an unmanned communication platform.  Development of efficient fuel cells to keep Helios flying longer and receiving Federal Aviation Agency (FAA) certification of the aircraft are a few of the remaining hurdles.

[image: image9.jpg]



 Figure 8: The Helios Aircraft [1].

10.3. HeliNet:


This project also includes a solar powered aircraft called HeliPlat.  Funded by the European Commission, a team at the University of York is leading the research in broadband communication applications with HAPs.  In addition to communications HeliNet is looking at commercial possibilities in environmental monitering and vehicle localization as well.
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Figure 9: Artist's impression of HeliPlat[8].

10.4. HALO:


Angel Technologies is most likely candidate to deploy a HAP for communications in the near future.  Their High Altitude Long Operation (HALO) networks is based upon a manned aircraft with pilots operating on 8 hour shifts, making it a much lower risk than the other concepts.  The HALO Proteus aircraft has been flying since 1998, so they have a well-proven platform that has been tested extensively.
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Figure 10: The HALO Proteus aircraft.  Note the pod for the payload underneath [1].

10.5. Platform Wireless[7]: 

A publicly trade corporation, their Airborne Relay Communications (ARC) system has received a substantial progress during recent trials in US and Brazil.  Their HAPs solution involves a tethered airship that is anchored by 15000-foot cable.  The system aims to deliver range of cellular communications to over 125000 subscribers in Brazil. 
10.6. HALE [9]:

It is an unmanned aeronautical vehicle.  The European Space Agency is currently conducting an assessment study on High Altitude Long Endurance (HALE) platform technology.  The aim is to evaluate potential synergies with space applications and to produce a basis for recommendations on the future role of the agency in the field.

DESCRIPTION OF THE PROJECT

1. Introduction:


In developing HAP network, one of the challenging issues is positioning the HAP in stratosphere. HAP has to be placed at altitudes where the wind load is minimum so that less energy is consumed in keeping the HAP stable, thereby increasing the power available for payload.


To know the optimal height where wind velocity is minimum, wind velocity has to be analyzed. This task is taken up and optimal height is proposed.

2. Description of the program:
A program is written in Visual C++ for analyzing the wind speed over 10 years (1995 – 2004) for 32 centers over India where Radiosonde data is available. This data is downloaded from the site www.weather.uwyo.edu/upperair/sounding.html.  This radiosonde data contains two sets of readings per day i.e. 00GMT and 12GMT.  The required data i.e. height (m), wind speed (knots), direction (degrees) with respect to north is extracted from the data files which are in the format below.

43279 VOMM Madras Observations at 00Z 01 Apr 1995

----------------------------------------------------------------------------------------------------------------

   PRES   HGHT   TEMP   DWPT   RELH   MIXR   DRCT   SKNT   THTA   THTE   THTV

    hPa          m          C           C           %          g/kg       deg        knot      K           K          K 

----------------------------------------------------------------------------------------------------------------

 1006.0         16       25.2      24.3         95       19.45         180       6        297.8    354.5     301.3

 1000.0         65       25.2      24.3         95       19.57         175       7        298.4    355.5     301.8

  973.0        307       25.2      24.1         94       19.88         175       9        300.7    359.4     304.3

  945.0        564       22.2      21.6         96       17.53         175     11        300.2    351.7     303.3

The extracted data is interpolated at the selected standard heights (500, 1000, 1500 and so on up to 25000m) for getting wind speed and its direction at the standard heights using linear interpolation technique.

Interpolation is carried out for those standard heights that lie in between the minimum and maximum heights for a set of readings taken at a particular time.  Interpolation is done by taking two readings such that one reading is immediately greater than the standard height and the other is just less than it.  The required equations for linear interpolation are 

Σy = a Σx + b

Σxy = a Σx2 + b Σx

where a and b are constants, x is the height, y is the data to be interpolated (either speed or angle).  

Using the interpolated values, North-South and East-West Components are found by using the following equations.

NS component (u) = 0.514444444 x (wind speed) x cos(angle).

EW component (v) = 0.514444444 x (wind speed) x sin(angle).

The factor 0.514444444 is multiplied to convert wind speed from ‘knots’ to ‘m/s’.  This is carried out for all the sets of readings for the required period. Then the data is averaged and standard deviations are found either monthly or yearly according to the option chosen.  When there is no data above a standard height, the components are taken as zeroes and they are not considered for averaging and finding standard deviation.

Options provided for averaging are 

1. Yearly 

2. Monthly (averaged year wise)

3. Monthly (averaged over selected period of years).


When option - 1 is selected, the data of all the 12 months of the selected year are considered for averaging.  When option - 2 is selected, the data of the selected month in the selected year is considered for averaging.  When option - 3 is selected, the data of the selected month in the selected period of years is considered for averaging.  Standard deviations are found when ‘Show deviations’ option is selected.  Plots can be obtained for a period of months or years by selecting ‘Plot over a period’ option.  The mean N-S, E-W components and their corresponding magnitude at the corresponding altitudes are written into a file.  Standard deviation is also included into this file when the option is selected.  These files are plotted using ‘gnuplot’ called from the program through ‘system()’ command.  The output graphs are stored in ‘.ps’ format (which can be viewed using ‘Ghostview’ software in windows).  Sample graphs are shown in figure 4.2 – figure 4.7.

Each plot contains three parts.

 (i) N-S component versus altitude,

 (ii) E-W component versus altitude and

 (iii) Magnitude of wind velocity versus altitude.

2.1. Analysis:


When analysis option is selected each month is averaged over 10 years from 1995 to 2004 and minimum wind speed is found in between 17 and 24 km.  The deviation of wind speed from minimum are also found at these heights and stored.  The average deviations are found considering all months at each height.  The required optimal height is where the average deviation is minimum.  This analysis is carried out for each station.  At the optimal height the average wind speed of each month and the minimum wind speed of that month are written into a file (‘analysis_<station name>.txt’).
3. Flow Chart:

The flow chart of the program is shown in figure 4.1.  The variables in the flow chart are ch1 representing the choice of the user, cntstn – number of stations selected, fyr – from year, tyr- to year, plt – incrementing year, month – month number, nom – number of months, m2 – to month and mon – to get the month.
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Fig 11. Flow chart of the program.

CONCLUSIONS:
1. HAPs will be of considerable interest for wireless communications. 

2. Their position in the sky will give them many of the favourable characteristics of satellites but without the distance penalty. This would also let them avoid the radio ground scatter of terrestrial based systems, while still being about as close, in terms of path loss, as terrestrial antennas.  Thus indoor coverage should not be a problem, as it is with LEO satellites.  

3.Since they collect traffic into single point on ground, HAPs would reduce the amount on geographic extent of ground-based equipment. 

4. HAPs would be more accessible for repairs and upgrades.

5.  The minimum system size for a single HAP corresponds well to a metropolitan marketing region facilitating rapid initial deployment for coverage, so that commercial service can be started.  

6. The vantage point of HAP and the centralization of their beam forming apparatus would open new possibilities for smart antenna technology such as beam scanning.

7. The optimal heights proposed for different stations all over the country are in the range of 18 – 21 km.
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