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ABSTRACT:

This vision paper addresses the challenges and explores the avenue of solutions regarding the use of Unmanned Aerial Systems
(UAS) for transporting parcels in urban areas. We have already witnessed companies’ delivering parcels using UAS in rural areas,
but the challenge of utilizing them for an urban environment is eminent. Nevertheless, the increasing research on the various aspects
of UAS, including their battery life, resistance to harsh weather conditions and sensing its environment foresee their common usage
in the logistics industry, especially in an urban environment. In addition, the increasing trend on 3D city modelling offer new
directions regarding realistic as well as light 3D city models that are easy to modify and distribute. Utilizing UAS for transporting
parcels in an urban environment would be a disruptive technological achievement as our roads will be less congested which would
lead to less air pollution as well as wasted money and time. In addition, parcels could potentially be delivered much faster. This
paper argues, with the support of the state-of-the-art research, that UASs will be used for transporting parcels in an urban

environment in the coming decades.

1. INTRODUCTION

The logistics sector is one of the key sectors in today’s world
having close ties with spatial information science as parcels are
transported from one location to another. Various types of
parcels are transferred ranging from letters to chemicals, some
of which had to be kept at certain temperatures and should be
kept still during the transportation. Consequently, various forms
of logistics exist, but the wide usage of e-commerce leads to the
fact that the majority of urban logistics comprise of parcels that
are transferred between businesses to businesses or customers in
an urban environment (Lindholm, 2013).

There are several important issues that logistics industry is
facing in an urban environment. First, local carriers usually use
old vehicles that emit large amounts of pollutants in order to
reduce the increasing costs. For instance, in Paris the trucks that
serve as the medium of logistics companies cause 15-20% of
vehicle congestion and nearly 60% of particle emissions
(Dablanc et al., 2011). Second, researchers have identified that
logistics companies may not operate efficiently leading to a
higher than optimal vehicle-kilometers due to ineffective
planning (Jiang and Mahmassani, 2014). In addition to not
effectively incorporating the temporal dimension whilst route
planning (Nha et al., 2012), finding parking spaces in already
congested urban environments also contribute to this
inefficiency (Jean-Marie Boussier et al., 2011). Third, in today’s
mobile world, businesses or customers often require express or
urgent deliveries; hence, forcing the logistics companies to be
more flexible as well as provide just-in-time delivery.

The proliferation of Unmanned Aerial Systems (UAS) for civil
markets would have an added value both in terms of economy
as well as job creation. The economic impact of the integration
of UAS is estimated to add more than $13.6 billion in its first
three years and will grow to $82.1 billion in the next 10 years.
In addition, the emergence of utilizing UAS for civil markets is
estimated to create 34000 manufacturing jobs and more than
70000 new jobs in the first three years of the integration
(Jenkins and Vasigh, 2013). The main reason for this prospect is

that UAS can perform tasks similar to those that can be done by
manned vehicles but often faster, safer, and at a lower economic
and environmental cost.

This paper provides a vision towards the utilization of UAS (or
drones) in the logistics industry, specifically delivering of
parcels in an urban environment. The second section provides
the related work, and third section provides the vision towards
the delivery of parcels in an urban environment using UAS. The
last section is the conclusion.

2. RELATED WORK

The research agenda on UAS have started, as with most of the
other technological advancements, through military needs.
However, the prospects of deploying UAS have attracted many
other domains including, but not limited to, photogrammetry
and surveying (Colomina and Molina, 2014), agriculture (Yang
et al., 2016), environmental monitoring (Ni et al., 2017),
entertainment (Quiroz and Kim, 2017), forestry (Casbeer et al.,
2005), construction surveillance (Javier Irizarry and Dayana
Bastos Costa, 2016), infrastructure protection (Gomez and
Green, 2017) and rescue operations (Efrat et al., 2012). These
various application domains, coupled with the increasing R&D
activities regarding UAS leads to a positive loop of
productivity.

Those research areas which had already demonstrated the
applicability of UAS; however, are limited to research and the
wide usage of UAS for any civilian domain has still not been
realized. This is because there are three facades of UAS: i)
public acceptance, ii) regulations, and iii) technology; often in
relation with each other as illustrated in Figure 1 (Heutger and
Kiickelhaus, 2014). However, progress has been achieved in all
these, sometimes conflicting, facades. Now, companies and
legal bodies are working towards the realization of wide usage
of UAS in a civilian context.

Public acceptance is one of the facades of using UAS at a large
scale; since citizens have safety and privacy concerns.
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Researchers consider that the appearance, routing, level of
autonomy affect the citizens’ view towards UAS. For example,
whereas laypeople fear the violation of their privacy, active
UAS pilots consider more of a risk in possible accidents
(Lidynia et al., 2017). Therefore, it is important to inform
citizens beforehand regarding the routes of UAS. Another
public concern is due to the security of these systems. UAS
controlled by WiFi use IEEE 802.11 standards, which is
vulnerable to security breaches (Vattapparamban et al., 2016).
The outcome of a recent research suggests that, although the
commercial use of UAS can improve lifestyle and increase
efficiency, there is a need to invest more attention to convince
the citizens (Luppicini and So, 2016). Even though most people
would enjoy the improved lifestyle offered by technology, there
should be clear and concise guidelines addressing the public
concerns on the wide usage of UAS.
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Figure 1 Three Facades of UAS

The legal bodies such as Federal Aviation Administration
(FAA) of US or Civil Aviation Authority (CAA) of the UK are
working towards providing the regulations of flying UAS for
commercial purposes. For instance, FAA, amongst other,
requires that UAVs must have onboard “detect, (sense) and
avoid” capabilities (Shively, 2014). In addition, they classify
UAS -therefore the relevant regulations— based on their takeoff
weight (Oliver, 2017). On the other hand, CAA “requires drone
flights to stay away from persons not actually involved in the
flight operation and to be at least 150 metres from structures”
which prevent the mass use of UAS for logistics in an urban
environment (Harrington, 2015). Consequently, at the moment,
the regulations in developed countries do not allow the mass use
of UAS for civilian use. Nevertheless, it is safe to state that
these regulations are subject to change depending on the
progress in science and technology.

There is an increasing coverage with respect to UAS both in the
media or scholarly databases indicating the positive trend for
their common use. In one of the main scholarly databases,
SCOPUS, the number of papers including the terms “unmanned
aerial systems”, “unmanned aerial vehicles” and “drones” (it
should be noted that “drone” also refers to a male bee; hence,
the results are overestimated) is searched and the total number
of papers for each year is denoted with “UAS” in Figure 2.
More than five thousand papers had been published in 2016,
which almost doubled the previous year’s record. Similarly, the
term “logistics” is added to these three terms and the total
number of papers for this search is denoted with “UAS +
Logistics”. Even though the “logistics” account for about 1% of
the total publications within the broad area of UAS, the
involvement of big companies including Amazon, DHL, and JD

(one of the biggest online retailers in China) and Google foresee
that there would be an increasing research for UAS monitoring
and management systems (Itkin et al., 2016). Therefore, it is not
surprising to hear NASA’s senior engineer for air transportation
systems stating that “we need to accommodate drones” in air
traffic control systems (Schneider, 2017).
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Figure 2 Total number of articles including the terms UAS and
Logistics

Delivering, especially medical, products using UAS has already
been researched. For instance, researchers have simulated that it
would be economically viable to transport vaccines using UAS
if they are used frequently enough to overcome the capital costs
(Haidari et al., 2016). In addition to the economic viability, such
a scenario has also proven to improve supply chain performance
since higher vaccine availability would be provided to those
living on rough terrains. Researchers have also identified the
necessity of relying on UAS especially in disaster relief
scenarios where roads are damaged or cannot be effectively
used to provide medical relief, also known as ‘“humanitarian
logistics” (Chowdhury et al., 2017; Fikar et al., 2016). As
different situations have different requirements, researchers
have investigated numerical analysis to determine the tradeoffs
between using faster speeds versus longer endurance of UAS
(Murray and Chu, 2015). Even though the problems associated
with delivering parcels in an urban environment, such as noise
emission, security and safety risks and local ecologic impacts
are known (Kunze, 2016); the advancements in science and
technology could potentially provide solutions to these issues.

The progress in other aspects of UAS would also add further
support with respect to their usage for logistics. Currently, most
of the small UASs are powered by lithium-ion or lithium
polymer batteries and their flight endurance is limited to a few
hours. Consequently, prolonging the battery life of UAS is one
of the key research agendas, and methods like wireless charging
(Choi et al., 2016), developing effective UAS designs (Larsen et
al.,, 2017) and investigating the use of fuel-cells (Kim et al.,
2011) contribute to this agenda. Another prominent research
area in geographical information science having close ties with
research on UAS is the 3D urban modelling (Biljecki et al.,
2015). Open standards like Geographic Markup Language
(GML) and its specialized version CityGML offer the means to
develop and distribute such 3D city models (Belussi et al.,
2015; Groger and Plumer, 2012). However, there are still open
research issues including the utilization of accurate elevation
data (Biljecki et al., 2017) and how these models could
effectively be incorporated in an UAS.

3. UTILIZATION OF UAS FOR LOGISTICS

In an urban environment delivery of parcels using UASs would
be achieved through three main steps: i) dispatch, ii) shipment
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and iii) delivery. During dispatch the parcel to be delivered is
removed from the repository to be sent to the customer.
Shipment is the transportation of the parcel to the customer and
delivery occurs when the parcel is delivered to its destination as
depicted in Figure 3. Here, the UAS is assumed to have the
capability of Vertical Take-Off and Land (VTOL) due to their
ease of use in an urban environment. Last, autonomy, in all
three aspects of the process, is desired in order to provide a
faster and probably secure delivery.
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Figure 3 Parcel delivery using UASs in an urban environment

During dispatch the relevant parcel is loaded to an UAS with
the address of the customer. There might be new UAS where
more than once parcel could loaded to serve more than one
customer in a single launch. The dispatch could occur through a
stationary repository or a vehicle. Repositories could hold more
parcels and UAS; however, they might not be well spatially
distributed to cover an entire urban environment leading to
some areas being uncovered. In that case mobile repositories
could be utilized containing several UAS to serve more than one
customer at a time; hence, still improving today’s state-of-the-
practice. Nevertheless, mobile repositories might even not be
needed in the likely progress of UAS having longer trip
distances and battery life. Dispatch is mostly related to a single
company’s operation. However, there would be several logistics
companies delivering parcels in an urban environment.

Shipment process, therefore, requires the technology guided by
well-defined regulations and standards so that the security of
UASs sharing the same aerial resources is guaranteed. In
addition, there would probably be different UAS models in
operation. For instance, in the Figure 3, the companies “X” and
“Z” has the single UAS model “a” and “c” respectively;
whereas company “Y” has two types of UAS models; “a” and
“b”. Different companies using different UAS models to ship
parcels would require aviation agencies to have strict and clear
requirements. First, there should be air corridors, just like for
aircrafts to have a better management of the UAS flocks (Feng
and Yuan, 2016). These air corridors would be defined by the
agencies and followed by the companies. The increasing
research efforts on modeling flocks of UASs in order to prevent
collision between each other add further support to the
realization of this requirement (Leonard et al., 2012; Sanchez-
Lopez et al., 2017). In addition, monitoring such a large scale
trajectory data would necessitate aviation agencies to rely on the
state-of-the-art spatial analytics methods (Tahboub and Rompf,
2016). Second, UAS should be aware of its surrounding and
take decisions accordingly in real-time. In other words, it should
well sense its environment in order to avoid unexpected crashes
with natural and/or man-build structures (Mufioz et al., 2015).
Third, issues regarding the localization of an UAS should be
addressed and precise location of an UAS should be obtained at
all times in an urban environment. The high-rise buildings

might block the GPS signals leading to the “urban canyon
problem” or GPS signals could get reflected by different objects
including buildings or the ground. However, recent researches
indicate that positional accuracies as low as an average of 0.36
meters could be reached allowing us to detect the lanes in which
a vehicle is travelling (Zabihi et al., 2015). Last, progress in
machine vision and deep learning provide solutions so that UAS
can navigate through GPS-denied environments (Pestana et al.,
2013; Smolyanskiy et al., 2017).

Finally, the parcel should be delivered. The most plausible
scenario for delivery is to rely on “Collect and Delivery Points”
(CDPs), where customers can pick up their parcel. These
stationary locations are believed to be the best way to solve
urban end-distribution problems (Jesse W.J. Weltevreden,
2008). There are two main types of CDPs: i) attended and ii)
non-attended. In attended CDPs an officer is employed whom
the customer interacts, whereas in non-attended CDPs
customers use some sort of identification (e.g. PIN number) to
pick up their parcel. The parcels could be delivered to both
types of CDPs. Indeed, Amazon has already issued a patent
application to use lamp posts as a CDP, which could also be
used to recharge UASs, adding further support to the realization
of this concept (Coulton et al., 2017). Apart from having a more
organized way of delivery, relying on CDPs would also have
the advantage of delegating the recognition of the customer to
CDPs. Once the technology to deliver parcels to CDPs is
established, the next leap would be towards delivering parcels
(especially food deliveries which are quite common in the UK
which is expected to reach £200 billion in 2019 (Zissis et al.,
2017)) to residential buildings or even moving emergency
vehicles in an urban road network.

There are many challenges to utilize UAS for parcel delivery in
an urban environment, but there is a growing amount of
research to overcome these challenges. The challenges are
classified under three categories: i) societal, ii) public
authorities and iii) technological. Some of the challenges are
intertwined (e.g. the manoeuvres that an UAS should take to
“sense & avoid” would directly affect its battery life).
Nevertheless, Table 1 provides an overview to these challenges
and explores the avenue of solutions for each challenge.

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper.
https://doi.org/10.5194/isprs-annals-1V-4-W4-73-2017 | © Authors 2017. CC BY 4.0 License. 75



ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume IV-4/W4, 2017

4th International GeoAdvances Workshop, 14—15 October 2017, Safranbolu, Karabuk, Turkey

JUSLLIUOJIAUS Uegin ue ul A1aAljap |92.Jed Jo) SN Bul

N 10 SUONN|OS JO anuaAe pue sabus|fey) ‘T a|qe.L

‘(2102 T2 19 Skeld ¥T0Z

““e 19 ouese) yaseasal Jayuny aiinbai Jeyl ajod Juenodwi ue Aejd 0 punoy Sey [9A3] UOITRWOINE 8yl Se ||am

SE [apoW SN PUe SUOIIPUOI UoIeuIWwN||I pue [ediBojoioaiaw ‘apnilfe 1ybifs osfe pue SN TOLA Uo pasnaoy
JOU 8ABY S8Y2Jeasal 9S8y} JO IS0W ‘IaASMOH *(ETOZ “[e 18 0pJeddy) spoylaw paseq Jepel pue (TTOZ “'[e 19 1)
UOISIA auiyaew Bulpnjoul sa130[0uyd)  PIOAER 29 dsuds,, dO[OAIP 0) pasn U23q AARY SAISO[OPOYIAW SNOLIB A
(9102

““e 18 Buepn) pouad uoirenp sl se Jjam se awi Buibireydsas A1speq syl adueyUa 0} UMOYS Sey Salalieq Uuol-1T
10 sanJadoud [ea1WaYy92-0.419913 aY) JO uoneIojdxa ‘uonippe u] “(9T0Z ‘[ 18 10yD) Njauag A|aAnIa48 pInod da
' Uo |92.Jed e Buines| SN se abuajjeyd siyr 01 uonnjos e Bullayyo seate Asy ay1 4o auo si Buibreyd ssajalip

(9T0Z [ 10 Jexapsedoyq) sjoa0104d uado uo Bulkjal

Aqg Anaixaly ureb o1 ybrybiy osfe sioyine ay L "sdedsire pajjosuodun pue apniije moj Je ajesado Ajayes pjnod
SSVN SIy1 uj “(s1sinyoeJed pue ‘suoojjeq ‘siapl|b ‘sia1dodijay ‘Yesadie "6:9) suoieiado uoleiAe [euonipes)

10 92udsald ay ul saInoJ SN AJiuapl 03 yaseasal (sdouo)) suoneladQ-40-1dasuod e pa1onpuod WSYN

"s1ax0RY ay} Aynuapl

01 pa1efinsanul aq pjNoa elep paulelqo ayl uayl ‘(STOZ “'[e 18 UUBWINYIS) paloliuow aq A[JenusAs pjnod SN
|1e JO 118 31 JI ‘JoASMOH "Bale U2Jeasal SIU) U0 aduspIAg paysiignd ou si alsy) ‘abpajmou Aw Jo 1saq ay) 01
‘Aem Juaredsuel e Ul SN 4o ash snolinbign ay 03 Joddns Jayuny

ppe Asy1 Ing ‘anyew 03 194 [|11s aJe spaepuels asayl (STOZ “'[e 19 |[eA124ad) S80IAIRS UoIRINoN gap (IA
pUR 82IAJSS LBV J0suasS (A ‘@21AJaS Buluue|d Josuas (Al ‘82IAISS suoleAlasqQ Josuas (111 ‘abenbue] [apoN
10sUaS (11 ‘BWBYDS SIUBWAINSE|Al 7 SUONRAISS]Q (I :o18 DD Aq SPIEPURIS  JUSWIAIQBUH GOAN JOSUS,, Y

“(L102
““Ie 19 JaBBNIGSOOA) SaINPOW Paseq aJemp.ey pue aJemyos Jo Bunsisuod aimasiyate Buioluow prLigAy jaAou
e Buronpoaul Ag siealyy A111n2as snoLeA 01 SN 40 Alljigeljal 8yl alejnwis 01 unbag Apealje aney Siaydseasay

"a0edso.ae awes ayl Bulieys SN [[e 1o Buioes ay) ases
pInoMm sa1ouabe aAlleILIoOYINe BY] 0] Blep Yans Jo uolssiwsuel] "(ET0Z e 18 uuewnyds) Buluoseal sakeg 0}
Bunialy Uew ey Woiy spoylsw snoLieA BuiesBaiul Ag SN Ue Jo Yjeay syl uo 1yB1| e pays saydlessal 1Usd9y

"(STOZ *“Ie 19 J31Y10]D) 3sn 1dY)

Buipsebal uonisod Jasesjd wuoy 01 184 sey a1ignd ayy pue ssaooid Bulob-uo ue si SIy) 1ey alels os|e sioyine ay L

‘SN 40 UOIESI|1IN 3y} SPJeMO] apniille [esnau A[aAIe[al B Sajedlpul suelfessny o dnoib e uo yoseasal 1usday
(2102 ‘WYBLAN pue uui4) se1aqi| JIAI0 198104d 01 PIJOM UJBPOL Ul JUSIJIYNS 10U S

uole|sifia] uaInd 1y anbue siayaleasal ‘ssajaylianaN (ZT0z ‘uenynoAe)) sajdiourid ubisap uanss BuiAjdde Aq
palsies ag pinod Aoealid ey aledlpul siayaleasal ‘uonippe uj "(GT0Z ‘uoping pue dinsfaipuy) 4asi SN ayl

INOQE UOHBULIOJUI [BOILID 10)S TRy} (, JOPIOJAI BIBP JUIAD,, BYR) . SOX0Q-)OR[q,, PIB0Q-UO dARY S3|IIYSA LeWS

(2102 ‘I 18 uINgJauy) suolsi||od punoib Joy areridoidde aiow ale
ey} spJepuels ape|q mau Buluigep 01 saily Alaneq woly Buibues urewop siyr ul sdeb abpajmouy| £z palyiuapl
1odaJ Jusdal v "eale YydaJeasal uado Ue SI S8njanJls apew-uew Jo suewny uo SN Ue Jo Joedwi uoisijjod ayL

(9002 “"Je 18 81ute)) saouelsip uoljeedss
WiNWIUIW urejurew o3 JapJo Ul SaiAnaouew aoueploAe ajelidoldde
UM puodsai pue SainjanJls spew-Uew pue [elnjeu 19s1ap IS SN

'SYN ue Buibieydal oy awil [ewiuiw pue AlsAljap 1oy paseds
30 PINOM 3w} Wwnwixew ‘Aem siy) u| ‘paJisap ale selaneq bunse|
Buoj ‘sjaared BulALed SN 40 Alj1qISes) J1LOU0IS 8y} 34NSud 0|

‘(seate puim-ybiy "6°9) sauo JIWRUAP Se [[om

se (018 sbuipjing asu-ybiy ‘suodire) uouswousyd 211eIS 8y} JapISUOD
|19M pInoys saInoJ asay | "salouabe Juawulanob Jo fenoidde ayy

Japun PauIlLIgIepP 3¢ PINOYS SN 10} SaIN0J 8Jes pue JUaIdIYLS 1SOW au L

"JUBWISIIOLUS ME] 10}
uenodwl s s1axoey Yons Jo Uonealinuspl ayl "(Z10z “'Je 198 predays)
Buigoods Sd9) 10 Jan1edal st Bulwwel Ag paxaey ag pjnod SvN

*$$300.d [|EJBAO BY) 30URLUS O] USXE] 8Q PJN0 YoJeasal pue
J3UURLU O1J1USIAS B Ul PAA|0SaJ 3¢ PNOD SIUSPIOUI 1By 0S SIaP|oyaXels
UIIM PaJeys 8q PINOYS 11 pajos||od aJe SN IN0ge Blep ay) 83UQ

‘(L102
‘3]931S) SUBIJIAID YoB)IR 01 SN Ue ubisap 01 psemuojiybiests aq pjnom
1 ‘8SIMIBUIO "PaIIIuSpI 8q AJsieIpawiwl PINoys SN PazLioyine-uon

"paioliuow ag pInoa (asim

-alempiey pue -a1emyos Yy1oq) SV Yaes ayl 1o yieay sy ‘Aem siyl
uj "aoedsouae Jeuoleu e UO [92.Jed e BulAiied SN AJaAs pue yoes Jo
sinogealaym ayl sionuow Aouabe aalelIoyINe ue Jey Juepodui si |

"asn AJelljiw 11y} 01 JUBA3JaJ SI SN INoge mouy| ajdoad reym Jo 1sow
se ‘eale YoJeasal uado ue si SN 1o aoueldadde pue uondsalad a1gnd

‘uJsdu0d

SIY} 91eqJadexa pInoM SN 40 asn uowwod ayl *(2T0z ‘ualad|y pue
fejyospals) sutaouod Aoealid Buisiel SI0SUBS 8Say] BIA aUOP e SHsel
30UB[[1I9AINS 3Y] JO ISOW ¢, A19100S J0SUIS,, B SPIEMO) SUIAOW I8 M SY

"SUBIIAID WeY Uyl yBiw yaiym
‘SUOITeUIISAP papualuIun 0} pue| 1o [[e) pInod [32Jed e BulAiied Swn

PIOAE 79 3SU3S

ajl| A1aneg

|eaibojouyda |

sanol
10 UONEIINUAP|

SIONOBY SV (.s
JO UoNEdNUBP]

ssa204d
JuaJedsuel |

Svn
paziioyine-uou
40 uoeINUAP|

SSVN o Bupjoei)

sanLIoYINY AjgNnd

uondaalad

Aoenld

A1ayes |ea1sAyg

[e18120S

UoIN|0S JO ANUBAY

aleuoney

sabusjeyd

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper.

76

https://doi.org/10.5194/isprs-annals-1V-4-W4-73-2017 | © Authors 2017. CC BY 4.0 License.



ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume IV-4/W4, 2017
4th International GeoAdvances Workshop, 14—15 October 2017, Safranbolu, Karabuk, Turkey

4. CONCLUSION

Most of the societal changes, especially those backed up by
technological advancements; might initially seem to be
frightening or improbable. Yet, they would eventually get
realized due to economic necessities. Even though there is a
substantial R&D activity in the broad area of UAS, we still have
not yet experienced their wide usage in a civilian context. This
paper envisions that the first wide usage of UAS for civilian
purposes would be in the area of logistics, specifically delivery
of parcels in an urban environment. This is because regardless
of our differences including age, gender, citizenship or
occupation; we rely on some “things” to be delivered. Whether
a doctor waiting for a medicine or a teenager waiting for a meal;
we all expect some “one” will deliver what we seek for.
Consequently, using UAS to deliver parcels would have the
largest societal impact. The very recent purchase of Whole
Foods by Amazon also signal the fact that e-commerce would
revolutionize in the coming years. Considering that the
technological advancement is almost there and that the societal
acceptance and legislation to follow up; there is no reason
preventing the fact that we will be seeing hundreds of UAS
carrying our parcels in the coming decades.
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