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1. Hybrid Quadrotor (HQR)  
HQR is a technology that enables Vertical Take Off and Landing (VTOL) 
capability in fixed wing aircraft. It uses electric propulsion for takeoff and 
landing, and a gas-powered engine for fixed wing flight. 
 
HQR equipped UAS offer a viable low cost alternative to existing military fixed 
wing Unmanned Aircraft Systems (UAS) for many applications. It does this by 
combining the VTOL capability of a helicopter or multi rotor with the range, 
speed, endurance, and loiter advantages of a conventional fixed wing UAS. 
 
The HQR UAS offers significant advantages over fixed wing runway independent 
systems including: 

• Lower initial system cost – no launch and recovery infrastructure or  
expensive sensors required. 

• Reduced operational footprint – no runway requirement or approach  
obstacle issues. 

Arcturus JUMP 15 Hybrid Quadrotor 



• Portability – No launch and recovery equipment to move and setup. 
• Reduced operational costs – fewer complex and cumbersome system 

elements to maintain, transport and operate (fewer people required)  
• Logistically simpler – less stuff to transport, setup, maintain and store.  

These advantages make HQR equipped fixed wing aircraft ideally suited to 
address many cost sensitive civil and commercial applications. 

HQR technology offers a simple and elegant solution that bridges the 
price/performance gap between low cost/low endurance multi rotor VTOL 
systems and high cost/high endurance runway independent fixed wing systems. 

2. The HQR Fixed Wing UAS 

2.1. A New Operational Paradigm 
When Insitu introduced the ScanEagle UAS back in 2004, it offered a new 
operational paradigm, runway independence. Fully autonomous runway 
independence paved the way for the proliferation of small UAS in the 
military. This new capability came at a high cost, but the cost was 
justifiable due to the benefit of being able to operate from almost 
anywhere, including from a moving ship. The HQR concept is poised to take 
runway independence to the next level by making it simple and affordable.  
 
The capability of modern runway independent fixed wing systems is 
impressive, unfortunately so is the cost and the operational complexity. 
This makes them impractical for most non-military applications. The HQR 
offers many of the performance advantages of a conventional fixed wing 
coupled with the launch and recovery simplicity of a multi rotor, with the 
added benefit of a much lower system cost. 

2.2. Cost Advantage 
Emerging civil and commercial applications will not bear the high cost of 
existing runway independent fixed wing UAS solutions. On the other hand 
many of these applications will require more payload capability and 
endurance than is currently achievable with multi rotor or helicopter 
solutions. One of the most compelling arguments for the adoption of the 
HQR is that it offers much of the operational and performance advantages 
of a conventional fixed wing without the costly launch and recovery 
infrastructure required for runway independence. 
 
In most modern UAS, the launch and recovery elements are a substantial 
cost component of the overall system. Eliminating them offers the 
opportunity for significant cost savings – hundreds of thousands of dollars 
per system depending on the platform. There is also no requirement for a 
precision RTK GPS or a touchdown/ground detection sensor, which 
translates into an additional ten thousand dollars savings per air vehicle. 



 
The photos below illustrate the typical infrastructure required for precision 
fixed wing launch and recovery. Besides being expensive to procure and 
maintain, the footprint is large and they are not very portable. Removing 
this infrastructure requirement offers substantial reductions in upfront 
systems cost, ongoing operational cost and reduced manpower 
requirements. HQR technology offers a path to affordability for modern 
fixed wing UAS, allowing them to bring much of their performance and 
payload advantage to the civil and commercial markets. 

  
 
 
 

2.3. Endurance 
Compared to a multi rotor, the HQR offers up to a 5X increase in endurance 
which can be traded off between speed, range, loiter, or gross payload 
capability to accomplish a broader range of missions. Also, the HQR will 
allow for operations in much higher winds than can be tolerated by multi 
rotors making them far more operationally useful, even if all else were 
equal. Clearly there are some applications where a quad or multi rotor is 
the better choice in regard to cost and performance, one obvious example 
being real estate photography where the endurance requirements are 
minimal. 

 
If you compare the HQR to a helicopter you get 3X the endurance with 
similar payload	   and aircraft size, with the additional advantage of lower 
maintenance and upfront cost.  
  
There are typically tradeoffs associated with any new innovation. For the 
ScanEagle it was the added cost and complexity of the catapult and skyhook 
recovery systems. In the case of the HQR the primary tradeoff is endurance. 
The HQR requires carrying extra batteries and electric motors that add 
weight and impact endurance compared to a similar sized conventional 
fixed wing aircraft. Initial flight tests indicate a minimum 20% reduction in 



endurance. But even with as much as a 40% reduction, the resulting 
endurance is far more than a multi rotor or helicopter can provide, and 
more than sufficient to address many applications. For example, if you 
modified a gas powered ScanEagle, which has roughly 18 hours endurance, 
you would end up with a bit over 10 hours of useful flight time. This is 
operationally significant (compared to a multi rotor) and would come at a 
much-reduced system cost (when compared to a conventional ScanEagle 
system. 

 
From my experience, platforms with less than a few hours of endurance 
make it difficult to accomplish anything substantial unless the target is very 
close to you, you have a priori knowledge of what you are looking for, and 
you know exactly where to look. In reality, it takes time to launch and 
recover and it takes time to transition to and from areas of interest. This 
overhead adds up quickly leaving you limited working time to accomplish 
the mission, especially if your endurance is limited as with a multi rotor or 
helicopter. The endurance of existing electric powered multi rotor VTOL 
systems, typically less than two-hours, is not sufficient to be operationally 
useful for most applications. While the endurance of the HQR is short of a 
comparable gas powered fixed wing, the resulting endurance and 
operational envelope is far more operationally significant than either the 
multi rotor or helicopter can hope to achieve. 
 
For the bulk of civil and commercial applications the HQR looks far more 
compelling than a multi rotor or helicopter due its endurance advantage 
and expanded operational flexibility.  

 

2.4. Operational Flexibility 

2.5. Comparison to other VTOL Systems 
The HQR fixed wing offers a simple and robust solution compared to existing 
tail sitting fixed wing VTOL. It’s simple in that it launches and lands from a 
horizontal wings level orientation, so it’s not susceptible to blowing over in 
the wind. It does not require special airframe design or layout to 
accommodate vertical launch and recovery - See photos below. 
 

                                    



With a HQR, each of the two independent propulsion systems can be sized 
and optimized for their respective modes of flight; battery/electric for 
VTOL mode and gasoline for the fixed-wing cruise mode. Simple fixed pitch 
propellers optimized for each mode can be used, further reducing the 
complexity and improving efficiency.  
 
In the tail sitting VTOL case, the aircraft typically have a single engine and 
propeller to support both modes of flight. This means the propulsion system 
must be sized to meet the thrust requirement for vertical takeoff and 
landing, which is much greater than needed in normal flight. The result is a 
propulsion system that is not well matched to the fixed wing cruise 
conditions where the vehicle spends the majority of its flight time. The 
single engine fixed wing tail sitter also suffers from either flying with non-
optimal propeller pitch in one or both modes, or with the added cost and 
complexity of a variable pitch prop. The result is a compromise that 
reduces performance or adds undue cost and complexity when compared to 
the HQR configuration.  
 
The photos to the right further illustrate 
the advantages of the HQR approach. 
The first photo is of the Aerovel 
Flexrotor which transitions vertically 
from a cradle. The cradle is required to 
secure the vehicle for launch and 
recovery. The use of the cradle dictates 
that a precision RTK GPS and likely a 
touchdown sensor must be added. Also 
note the retractable tail, which is 
required to accommodate the cradle. 
	  
In comparison, the second photo shows 
the horizontal transitioning JUMP 15 
HQR from Arcturus that belly lands, will 
not blow over in the wind, does not 
need to be captured, does not require 
additional sensors or landing aids, does 
not have retractable control surfaces, 
and is far more portable (no launch and 
recovery cradle).  
 
Additionally, the HQR configuration is 
operationally more robust because it transitions to and from the ground 
wings level and nose into the wind, rather than vertically. This makes it less 
susceptible to wind and gusty conditions during transition to and from 
forward flight.  
	  

Aerovel’s Flexrotor in transition 



To be fair, the added cost and operational complexity of the Flexrotor’s 
tail sitting configuration may be justified, but only if the cruise endurance 
potential of this particular configuration can be fully realized, and only if 
the end application will bear the cost premium required to achieve it. 

3. Applications 

3.1. Commercial Applications 
A HQR fixed wing UAS that can routinely demonstrate 5 or more hours of 
useful endurance will address a large chunk of the emerging civil and 
commercial applications including: 

• Search and Rescue 
• Fire survey 
• Disaster Assessment/Relief 
• Agricultural 
• Pipeline Inspection 
• Power line Inspection 
• Wildlife Monitoring 
• Anti-Poaching 

In addition to endurance, these applications require a system that is 
portable, rapidly deployable, requires a minimal operational footprint, and 
is capable of flying in wind and weather. The HQR UAS meets these 
requirements by combining the payload, endurance and operational 
advantages of a fixed wing UAS with the footprint and portability of a quad 
rotor or helicopter. 

3.2. Military Applications 
Typical military small UAS Intelligence, Reconnaissance and Surveillance 
(ISR) missions require endurance of 8-12 hours. While many modern 
platforms offer much higher endurance, it’s rarely a mission requirement 
and rarely exploited operationally. While the HQR implementation will not 
replace the combined dash, loiter and endurance capability of existing 
platforms like the Insitu ScanEagle or AAI Aerosonde, it can provide the bulk 
of that capability at a much-reduced system cost and with enhanced 
operational flexibility. 
 
The HQR concept will be compelling militarily if 8-10 hours of endurance 
can be routinely realized. Additionally, the enhanced operational flexibility 
would allow for use outside the wire. Outside the wire or organic operations 
are primarily supported by small hand launched electric UAVs carried and 
deployed locally rather than remotely like Aerosonde and ScanEagle. Small 
electric fixed wing platforms have limited range, endurance, and payload 



capability and have a tough time dealing with wind. The HQR is poised to 
bridge the cost and capability gap between the inside the wire systems like 
Aerosonde and ScanEagle and the simpler and less capable outside the wire 
systems like Puma and Raven. One prime example would be convoy 
protection, where the HQR would offer a rapidly deployable embedded set 
of eyes with enough speed and endurance to cover a moving convoy for 
extended periods. 

 
4. Vehicle Upgrades 
Another interesting advantage and differentiator of this technology is that is 
can be applied to existing fixed wing aircraft as an upgrade. By adding HQR 
functionality to an existing UAV, operational capability is augmented without 
having to procure a new system. This allows users to leverage existing vehicle 
inventory, fielded infrastructure, operator training, payload exploitation 
systems, and supply chain logistics. It would also allow them to expand current 
operational capabilities in a cost efficient, low risk and timely fashion. Below 
are two examples of an HQR upgrade to existing platforms. It should be noted 
that both upgrades were implemented and flown in less than three months. 
(Photos of T-15 and Silver Fox provided by Latitude Engineering). 
 
 
	  
 

 
5. Summary 
The combined cost savings, endurance, simplicity and operational flexibility of 
the HQR make it the ideal choice for many military, civil and commercial 
applications, that until now were either cost prohibitive or logistically 
challenging using conventional runway independent fixed-wing UAV systems, or 
not achievable or practical using a quad rotor or helicopter due to their limited 
endurance and operational envelope.  
 
The HQR is the simple and obvious combination of existing technologies - 
exploiting the key benefits of each. It offers a compelling price/performance 
advantage over existing solutions, making it uniquely applicable to a wide 
range of cost conscious runway independent UAS applications.	  	  

Silver Fox with HQR upgrade - hover test 

JUMP 15 upgrade 



	  
	  
	  
	  

 
 
 
 
Latitude Engineering is responsible for the development and deployment of 
the HQR flight control software, which is run on the Piccolo Autopilot.  
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Latitude Engineering’s HQR Test Aircraft 


