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HAP Solar UAV: Green and Smart

ndia has developed the High Altitude Platform

Pseudo Satellite (HAPS), becoming the third country
in the world to possess the technology after South
Korea and the UK. The vehicle can operate at high
altitudes of 18 to 20 kilometres and is capable of
offering consistent aerial surveillance and monitoring.
As it draws energy from the Sun, flexible solar panels
are mounted on its wings for the generation of power
sufficient enough to not only run the motors and
equipment, but to store energy for flight during night
time, in high energy density batteries.

The Council for Scientific and Industrial Research
(CSIR)'s Bengaluru based MNational Aerospace
Laboratories (MAL) has developed a deep technology
innovation called High Altitude Platform (HAP) vehicle.
This is a solar powered Unmanned Aerial Vehicle
(UAV) having beyond visual line of sight operation
capability. It is predicted to be a game changer
technology that works as a pseudo satellite, hence

benefit of being easily redeployed over another
location and can be re-equipped with a different load.
Collaborations for Making HAPS Market-Ready

The HAPS technology is progressing towards
commercial viability, with multiple startups vying to
develop similar vehicles and exploring avenues for
collaboration. These autonomous vehicles hold
promise to offer services at a fraction of the cost
compared to conventional satellites.

Currently, the Airbus Zephyr stands as the sole
operational HAPS globally, achieving a remarkable 64-
day continuous flight in the deserts of Arizona, USA.
Across the globe, efforts are underway in countries
such as the United States, United Kingdom, Germany,
and New Zealand.

The Test Flight

Between January 23 and February 2, 2024,

researchers at the CSIR-National Aerospace

HAP with a payload is often referred to as a High-
Altitude Pseudo Satellite (HAPS). Payload refers to
load carried by a vehicle exclusively necessary for its
operation.

HAPs offers extensive applications in several civilian
and military operations. These include maritime and
land surveillance, disaster response, environmental
monitoring, border control applications, intelligent
transportation systems, emergency and public safety
communications, and restoration of communication
network, avoiding the chance of network failures.
Support to Search and Rescue (SAR) activities,
evidence collection and early warning are other vital
areas wherein HAP HAP-based operations can be
undertaken.

What is HAP?
A High Altitude Platform (HAP) refers to an
unmanned aerial vehicle positioned
approximately 20 kilometers above the Earth's
surface within the stratosphere, serving as a
crucial component of telecommunication or earth
observation networks. This specific altitude is
strategically selected to ensure it operates
beyond regular flight routes and adverse weather
conditions.
HAPs possess the remarkable ability to remain
airborne for up to 90 days while stationed over a
single geographical area. This feature sets them
apart from conventional UAVs like the widely
known Global Hawk or Predator.
The question arises: why not rely solely on
satellites? Often referred to as high altitude
pseudo satellites when equipped with payloads,
HAPs offer a distinctive advantage over satellites.
They blend the prolonged geographic coverage of
geostationary satellites with the agility of aircraft
for re-tasking and redeployment, a capability
satellites lack. This unique combination bridges
the gap between traditional aircraft and satellites.
Additionally, while balloons have been
experimented with over the years, they lack
control over their position due to prevailing winds
and solar heating, making them less reliable than
HAPs.

HAP aircrafts are solar-secondary battery vehicles
and fall under the category of High Altitude Long
Endurance (HALE) aircraft. However, the existing
aircrafts under HALE have an endurance of up to 48
hours and are powered through conventional sources
of energy. This is not the case with MAL's HAP
prototype as it runs on a non-conventional source of
energy - the Sun.

HAPS are a value-addition to the kind of jobs
performed by UAVs and satellites, where both have
their limitations. Drones and UAVs are operated via
batteries and cannot stay in the air for more than a few
hours, rendering them not fit for continuous monitoning.
Furthermore, they can fly only upto a certain height,
usually lower than what HAPS are capable of.

HAPs have surmounted these challenges and
demonstrate unparalleled performance in the
uppermost layer of the atmosphere, the stratosphere,
showcasing remarkable capability. In contrast to
geostationary satellites that are expensive and cannot
be repositioned, once deployed, HAPS have an added
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Laboratories in Bengaluru carried out a series of flight
trials spanning over 10 days for a scaled-down version
of the HAPS. The trials took place at the Defence
Research and Development Organisation's
Aeronautical Test Range (ATR) in Challakere,
Karnataka. All essential payloads and flight systems
were incorporated into the tests, replicating conditions
expected during full-scale operations. Impressively, the
prototype outperformed initial expectations.

The Way Forward

CSIR-NAL aims for 90-day HAPS operations,
recognising that endurance depends on factors like
atmospheric conditions and equipment performance.
The institute concentrates on developing crucial
components for this objective, including propellers,
battery management systems, carbon-composite
airframes, flight-control systems, and high-powered
electric motors capable of withstanding extreme
temperature variations. Future objectives involve
achieving continuous 24-hour flight during forthcoming

trials to further validate the aircraft's energy storage
and solar battery recharging capabilities. By 2027,
India anticipates deploying refined HAPS technology
featuring a full-scale airframe tailored for real-world
applications. This full-scale model is projected to
possess a wingspan of approximately 30 meters and
weigh 150 kilograms. Operating at a leisurely speed of
80-100 kilometers per hour, it will be capable of
sustaining flight for 90 days at altitudes ranging from
17-20 kilometers, with a payload capacity of 15
kilograms.

The CSIR-NAL's HAP

represents a remarkable engineering feat, defying
conventional expectations. Despite boasting a
wingspan comparable to a Boeing 737, its weight is
merely equivalent to that of a standard motorcycle.
This impressive achievement is aftributed to the
necessity of generating all flight energy and
supporting payloads solely through solar photovaoltaic
cells on its wings during daylight hours, with stored
battery power sustaining operations through the night.
This demands an exceptionally energy-efficient
design, presenting a significant engineering
challenge.

Thus far, only the Zephyr aircraft, now under Airbus
ownership, has successfully achieved this remarkable
feat. Recently, CSIR-MAL conducted a flight test of a
subscale HAP, reaching altitudes of up to three
kilometers and sustaining flight for nearly eight and a
half hours. This milestone insfills confidence in India's
ability to overcome the challenges associated with
operating full-scale aircraft in the stratosphere.

HAPS: Benefits and Challenges

Benefits

Challenges

processing and transmission.

Low data latency: HAPS networks are optimised to handle | Sclar power dependency: HAPS rely on solar power to
large volumes of data with minimal delay, ensuring swift

sustain their flight and recharge their batteries, necessi-
iating sufficient sunlight for continuous operation.

tating rapid data transfer and communication.

High bandwidth: HAPS offer high download speeds, facili-

Battery performance: The batteries powering HAPS
must be capable of supporting flight during periods
of limited sunlight, such as nighttime, requiring efficient
energy storage and management systemns.

and operation.

Launching flexibility: HAPS can be launched and maneu-
vered with relative ease, providing flexibility in deployment

Extreme temperatures: Operating in the stratosphere
exposes HAPS to temperatures as low as minus 50
degrees Celsius, placing additional strain on power
resources and necessitating measures lo maintain
optimal operating temperatures.

Low cost: HAPS present a cost-effective alternative to

maintenance expenses.

traditional satellite systems, with reduced deployment and

Unpredictable weather: HAPS face challenges in
confronting unpredictable weather conditions at higher
elevations, potentially affecting their performance and
stability during flight.

Long endurance: HAPS can remain aloft for extended
periods, ranging from months to years, thanks to their
solar cell-powered battery recharging capacity.

Atmospheric conditions: While the stratosphere offers
stability for flight, other atmospheric factors such as
winds and turbulence can pose challenges to HAPS
operations, requirng advanced control systems for
navigation and stability.

or recharging.

Solar-powered operation: HAPS utilise solar cells and batte-
ries to sustain their flight, enabling autonomous operation
in the stratos phere without the need for frequent refueling

Satellite-like persistence: HAPS exhibit characteristics

of high-cost rocket launcher.

akin to satellites, offering persistent coverage and surveil-
lance capabilities over targeted areas without the expense

versatile targeting capabilities, allowing for efficient
adaptation and redirection of resources as needed.

Enhanced flexibility: HAPS feature modular payloads and
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