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Abstract—Uncrewed Aerial Systems (UAS) have long been 

explored for logistics. While a number of systems offering 

small-payloads in commercial drone delivery and in military 

contexts have seen operational use, large-scale logistics UAS 

have yet to be adopted. A range of setbacks causes this, 

including technological and operational challenges that hinder 

the adoption of large logistics UAS. Here, we evaluate these 

challenges from a conceptual modelling perspective and 

forecast their applicability once these barriers are overcome. 

The study utilises technology trend modelling and activity 

mapping methodologies to predict the applicability of specific 

technologies that are currently identified to be operational 

challenges. Specifically, we model trends in technological 

improvements of the battery technology and aircraft control, 

and project its focus on landing zone autonomy and 

powertrain. The prediction illustration will focus on the 

current state of hybrid power and higher levels of automation 

as required for landing zone operations, and their development 

towards full autonomy. These models are validated through 

case studies of small commercial delivery drones and then 

applied to assess the feasibility and constraints of larger 

logistics UAS. Our analysis reveals that while small logistics 

UAS have been successfully integrated into operations, key 

technologies required for large-scale logistics UAS have yet to 

build-up a critical mass of research activity, particularly on 

landing zone autonomy and powertrain. Moreover, additional 

constraints beyond technological and operational challenges 

could include limitations in autonomy, certification hurdles, 

regulatory complexity, and the need for social and customer 

trust and acceptance.  

Keywords - Logistics UAS: autonomous drones: airspace 

regulation: drone certification. 

I.  INTRODUCTION  

Logistics uncrewed aerial systems (UAS) have been in 
development for over six decades, at small and large scale 
[1]-[5]. Their business case is sound: reduced human 
intervention, timely delivery, efficiency, improved safety, 
automating supply chain, reducing cost, etc. And their 
impact will be profound once the technology scales. 

At the small-scale end of uncrewed logistics aircraft, 
there are several historical examples of commercial success. 
In 2013, the multinational logistics company, DHL, 
delivered medicine using their Parcelcopter [6]. In short 
succession, a range of other examples followed, such as 
Google Wing, Amazon Prime Air and Zipline [7], with all 
three commencing initial operations in the period 2014 to 
2016. 

The success of fleets of these small parcel delivery was 
predicated on the maturing of several technology areas, 
including the development of more powerful and lighter 
lithium-ion batteries and solving the battery charging 
optimisation problem in 2018 [8][9]. Moreover, in 2017, 
small parcel delivery adopted automated flight controls, 
including improved avionics, fly-by-wire systems and 
optimised vehicle routing [6][10]-[13].  On mechanics, 
Distributed Electric Propulsion (DEP) made use of multiple 
electric motors and rotors, allowing for more stable and 
efficient vertical flight [14]-[18]. These drones were also 
made of lightweight materials such as carbon-fibre and other 
composites. 

To be applicable for large logistics UAS, however, these 
drones need to be scaled up in size and capability and this is 
dependent on the maturity of key technologies [19]. 
Evolution needs to occur across five technology sub-sets: (1) 
autonomous flight operations integrated with traditional air 
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traffic (including detect and avoid (DAA) and sense and 
avoid (SAA) technologies); (2) autonomous landing zone 
operations (including sensing technologies for that role); (3) 
powertrain developments commensurate to scaling to large 
logistics roles (including hybrid-electric powerplants); and 
(4) regulation and certification; and (5) and social license 
and acceptance. These last two include the regulation of 
future autonomous weapons systems [20][21][22], their 
ethical considerations [23]-[27] and social acceptance by 
law-abiding countries. Social acceptance in this regard has a 
distinct dual-use flavour, as large logistics UAS are expected 
to be used for commercial purposes, such as automated 
flying taxis and air ambulances, both of which require the 
public to be happy to be carried in them.  

To forecast the applicability of large logistics UAS, it is 
important to review and evaluate key challenges. Here, we 
assess technological improvements of the battery technology 
and aircraft control, and project its focus on landing zone 
autonomy and powertrain. Specifically, the prediction 
illustration will focus on the current state of hybrid power 
and higher levels of automation as required for landing zone 
operations, and their development towards full autonomy. 
The revolution of small parcel delivery drones remains 
instructive. Identifying these technologies and forecasting 
their future applicability requires understanding innovation 
trajectories over time. We examine drone technologies 
through literature review and literature mapping, industry 
engagement, and activity analysis. Thence, we discuss these 
key technologies and analyse how each technology has 
evolved, ultimately aiming to qualitatively discuss and better 
forecast the applicability of large logistics drones.  

II. METHODOLOGY 

The technologies that led to the emergence of successful 
business models for small parcel delivery UAS are products 
of academic and community bodies of knowledge developed 
over several decades. These systems are based on small UAS 
used for photography in commercial roles and 
reconnaissance in military roles scaled in the early 2000’s, 
that could carry a small amount of additional payload. Role 
scaling led to the mainstream adoption of multi-rotor UAS in 
the photography and real estate industries and to broad 
adoption in military operations and could be used to 
transport other equipment like envelopes, thumb drives, life 
vests, signal flares, etc. These aircraft were enabled by the 
maturity of miniaturised flight controllers, the reliability of 
batteries, and appropriate bandwidth data links.  

To bring small parcel delivery drones to maturity, the 
primary problems that needed to be solved were the vehicle 
routing problem [6][10]-[13] and Battery-Charger Problem 
[8][9]. The commercial adoption of parcel delivery drones 
occurred once these problems were solved. Since then, the 
rates of industrial development and evolution in parcel 
delivery drones have significantly increased and outpaced 
academic technical publications. To forecast the technology's 
readiness, it is essential to track recent and contemporary 
developments in the industry. In Australia, where drone 
technology developments and innovation are mature, 
industry engagement is a valid method for exploring, 

scrutinising, and validating industry claims and publications. 
Notably, one of the most advanced small parcel delivery 
services, Google’s Wing, was pioneered in Australia; another 
delivery service, Swoop Aero, was also based in Australia; 
and the most utilised flight controller for experimental UAS, 
ArduPilot, is also Australian. Hence, we’ve engaged with 
domestic industry to validate technological readiness of 
parcel delivery drones. 

In general, we employed literature reviews, facilitated by 
bibliometric tool Litmaps, industry engagement, and activity 
analysis to examine logistics drone technologies and inform 
the assessment of future technology developments. 
Contemporary bibliometric analysis enabled by tools such as 
Litmaps is less structured than traditional approaches. The 
LitMaps tool proposes boolean queries/search strings and 
executes them for the researcher in the background. It also 
automatically builds links to identify key seed papers. We 
have chosen to display the Litmaps maps presented 
chronologically along the x-axis and citation count along the 
y-axis. To illustrate the relevance of citation count, the 
circles also increase in size in proportion to their citation 
counts. The plots are not linear: Litmaps uses a logarithmic 
scale that optimises the format for reader presentation. For 
this research activity, the data extraction occurred over 
March to November 2025 and the principle data source for 
citation count was Google Scholar.  Modelling the 
operational reality is achieved when academic/industry 
breakthroughs correlate with commercial adoption. We can 
define the Time to Operational Reality (TOR) as: 

 
TOR = T(breakthrough) + Lag 

 
Where T(breakthrough) is the year a technology subset 

reaches a critical mass of high-impact citations and Lag is a 
heuristic of historical ‘breakthrough-to-use’ observed in 
analogues. The methodology incorporates scoring rules and 
thresholds that are binary (pass/fail) based on a validation 
threshold (a technology is ‘ready’ when it shows a 
breakthrough pattern and commercial activity indicates 
scaling) and an 'invisible' penalty where, if regulatory 
maturity is low, a penalty factor is applied that can extend 
the forecast by decades. 

Using predominantly small parcel delivery drone 
technologies we first confirm the methodology approach, 
which will then be expanded to include key areas of large-
scale logistics UAS. For this paper, the model assumes that 
the successful trajectory of small supply drones (sub-25 kg) 
is a direct analogue for large-scale systems (payload of 500+ 
kg), that scarce academic research in high-stakes areas like 
landing autonomy is due to industrial secrecy rather than a 
total lack of technical progress and that primary uncertainty 
stems from strategic competition, where commercial or 
military competition can accelerates investment, shortening 
the Lag. Conversely, profound regulatory lag remains the 
largest source of unpredictability. 
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III. ANALYSING LOGISTICS DRONE TECHNOLOGY 

READINESS 

It is worth noting that small logistics UAS gained their 
social license and acceptance, not due to a technology or 
commercial milestone, but due to the global pandemic of 
2020, which forced much of the world into accepting the 
benefits of small parcel delivery [28]-[31]. Thus, although 
not without contention, small parcel delivery has become a 
ubiquitous element of modern economics. Additionally, 
lightweight structural material for aircraft was pioneered in 
the 1980s, firstly by the military, and then by commercial 
airline manufacturers [32]-[35]: it was already a very mature 
technology field by the time that small logistics drones 
needed composite airframes. This section explores key 
technological and operational readiness of large logistics 
UAS.  

A.  Landing zone autonomy 

Small, commercial parcel delivery drones undertake 
landing operations with Global Positioning System (GPS) for 
location and simple and cheap altitude sensors, 
predominantly developed by the automotive industry. They 
can be simple because most operations are undertaken to and 
from well surveyed, urban areas, and the delivery landing 
zone is prescribed to be a cleared, flat area, usually a rooftop, 
driveway or clear backyard. However, robust landing 
conditions need to be considered for full applicability of 
parcel delivery drones and military logistics drones could 
provide some guidance. In highly contested areas, GPS 
cannot be assured, and the landing zones are not necessarily 
known in advance of a mission and cannot be assured to be 
clear from vegetation or other obstructions. Nor can 
perception systems from autonomous ground vehicles, which 
have benefited from development since the 1970’s [36]-[40] 
and can be connected to the Internet, be transplanted onto 
drones as these aircraft are very weight sensitive and need 
sensors tuned to much longer ranges than those of cars. As 
such, military logistics drone landing zone operations need to 
be highly automated or semi-autonomous and augmented by 
multi-sensor terrain profiling. The field is not yet mature 
despite there being a range of academic sources over the past 
two decades [41]-[48], as seen in Figure 1.  

 

 
Figure 1. Logistics UAS landing zone technology literature mapping. 

 
Our analysis reveals that publications are scarce and have 

a low impact, with the highest achieving only ~230 citations. 
None of the highest cited works show a citation pattern that 

indicates that they were ‘breakthrough’ research, as 
discussed by Faidi [49]. We surmise that there must be 
additional, unpublished research occurring within defence 
research institutions behind the curtains of security that 
cannot be accessed by open-source research, or as internal 
research and development within aerospace companies that 
is not being shared to retain ownership of the intellectual 
property of any breakthroughs. The motives for this are 
understood, but are noted as a likely significant cost factor 
compared to the more rapid development of this technology 
by a global research community.  

Global, open-source research has been pointed out as a 
contributor to the successes of other autonomy technology 
developments over the past 20 years [16][50]-[53]. We 
should expect the development of landing zone autonomy for 
large logistics UAS to remain slow until the status quo 
changes. It is only with a significant, open, and prolonged 
investment in the development and integration of autonomy 
sensing systems that the challenges described above can be 
solved. Applying traditional, physical, and military 
acquisition approaches could mean it is not achieved until 
the 2030s at the earliest. 

At a larger level, when considering whole of aircraft 
autonomy, it is noteworthy that the US Air Force, which is 
collaboratively prototyping with Joby Aviation a large, 
electric logistics and passenger aircraft, has not yet fully 
defined the Government Reference Architecture for 
Autonomy (A-GRA) [54]-[56] to which designers can design 
to. As of 2025, this is still in development. Thus, the journey 
towards fully autonomous large logistics aircraft still has a 
long way to go, as there remains a dearth of academic effort 
towards completing design reference architectures. 

B. Powertrain 

Batteries alone cannot power a large logistics drone 
across the distances that are needed to move large quantities 
of heavy parcels for commercial package delivery agencies, 
paying passengers for commercial taxi companies, patients 
for air ambulances, or combat supplies for the military. They 
just don’t have the power density required [57]. For this 
reason a significant body of research has gone into hybrid-
electric [58]-[60] and fuel cell [61]-[63] powerplants, with a 
considerable focus on hydrogen. Hydrogen provides distinct 
advantages of high power, long-range endurance, quieter 
operations and zero emissions, and enables the exploration of 
novel aircraft design concepts. 

The focus on hydrogen is shared with and spun off from 
the automotive industry [64]-[66], and will need to consider 
the fundamental inputs to capability that will underpin that, 
such as generation, transportation, and storage infrastructure 
[67]. Field storage of hydrogen will be a particularly unique 
challenge for the military and may reduce the overall 
efficiency dividends presented by the military use of 
hydrogen as a fuel [68]-[72]. Our analysis shows that this is 
not a mature field, despite the range of academic sources 
over the past two decades, as seen in Figure 2. 
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Figure 2. Literature mapping of powerplant technology for logistics 

uncrewed aerial systems. 

 
Our analysis reveals that publications are scarce and have 

a low impact, with the highest achieving only ~280 citations 
on future battery chemistry to improve power density 
marginally (Liu, 2021), and the most impactful regarding 
hydrogen-powered aircraft, achieving only ~180 citations 
since 2015. None of the highest cited works show a citation 
pattern that indicates that they were ‘breakthrough’ research, 
as discussed by Faidi [49]. We surmise similar conclusions 
to our consideration of landing zone autonomy: that there 
must be additional, unpublished research within defence 
research institutions or internal research and development 
within aerospace companies that is not being shared to own 
the intellectual property of any breakthroughs. As such, we 
should expect hydrogen powerplant development for large 
logistics UAS to remain slow until the status quo changes. It 
is only with a significant, open and prolonged investment in 
the development and integration of these systems that the 
challenges described above can be solved. Applying 
traditional, physical and military acquisition approaches 
could see that not being achieved until the 2030s at the 
earliest, especially while significant technical challenges 
remain such as storage of liquid hydrogen, cryogenic 
management, lightening fuel cells, and thermal management 
of power electronics [73]-[77]. 

In the meantime, large logistics-like aircraft will exist, 
but they will be constrained to short distances on battery 
power only and will require the expense of a qualified pilot 
to be in the aircraft. If semi- or fully-autonomous large 
logistics drones are to succeed in a market breakthrough 
during a period of sustained strategic competition and 
conflict, significant profit could be generated, but may yet be 
years away, perhaps even decades. Poor awareness of 
technology maturity can lead to poor investment decisions 
and wasted money. 

The case study of small parcel delivery drones in a 
commercial market, and on the recent application within the 
Ukrainian battlefield, illustrated the effectiveness of the 
methodology. The extension of that method to predict 
landing zone autonomy and powertrains capable of the 
ranges required for large logistics drones demonstrates the 
benefits.  

IV. CONCLUSIONS 

Our study has highlighted a distinct bifurcation in the 
developmental trajectory of logistics UAS. While small-scale 
logistics drones have achieved commercial viability and 
operational ubiquity, exemplified by the successes of Wing, 

Amazon Prime Air and Zipline, and their military 
counterparts, large-scale logistics UAS remain in a nascent, 
pre-commercial phase. By employing bibliometric analysis 
through Litmaps and validating trends against industry 
activities, this analysis package has demonstrated that the 
successful proliferation of small parcel delivery drones was 
predicated on the specific maturation of algorithmic 
solutions to the vehicle routing problem and the Battery-
Charger Problem between 2014 and 2018. The correlation 
between high-impact academic literature and subsequent 
commercial adoption in the drone delivery sector serves as a 
validated heuristic for forecasting the readiness of larger 
systems. 

Applying this methodology to large-scale logistic drones 
reveals a significant maturity gap. The analysis indicates that 
the critical technologies required to scale operations such as 
automated/autonomous landing zone sensing and high-
endurance powertrains have not yet reached the 
‘breakthrough’ levels of academic impact seen in earlier 
small-drone innovations. The scarcity of high-impact 
citations in these fields suggests that vital research is either 
stalling or, more likely, being sequestered within proprietary 
industrial silos or classified defence programs. The lack of 
open-source knowledge transfer acts as a brake on rapid 
innovation, preventing the wider industry from leveraging 
the collective problem-solving that propelled the small drone 
revolution. Consequently, the transition from retrofitted, 
expensive optionally piloted helicopters like the Unmanned 
K-MAX or U-Hawk to fully autonomous, purpose-built 
logistics platforms is unlikely to occur rapidly under the 
current development paradigm. 

Ultimately, the future of large-scale logistics UAS will 
depend on a shift in acquisition and development strategies. 
It requires moving beyond the procurement of hardware and 
towards the co-development of certifiable autonomy 
architectures and the active sponsorship of regulatory 
frameworks. Until the ‘invisible’ barriers of regulation and 
the ‘visible’ barriers of power and sensing technologies are 
resolved in tandem, large-scale logistics drones will remain a 
niche capability rather than the revolution in military 
sustainment they promise to be. The timeline for widespread 
adoption is likely to stretch into the 2030s or beyond, 
requiring strategic patience and targeted investment in 
fundamental research rather than immediate procurement. 
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