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Abstract
The use of autonomous driving robot transportation technology to solve the last
mile delivery problem is a research hot spot in today’s logistics industry. This thesis
aims to analyze the feasibility of applying an Automated Delivery Robot designed
by Hugo company to load different sizes of packages and the efficient planning and
effectiveness evaluation for the robot. In this thesis, these problems were solved in
three steps. First, the GLM model is used to fit the size data of packages shipped by
the Chalmers Transportation Center within one year. Secondly, this thesis proposes
the concept of package unit to help solve the vehicle routing problem by unifying
the volume of the packages. The package unit of each location is calculated through
the 3D knapsack problem by the simulated annealing algorithm. Finally, a mixed
integer linear programming model was created to optimize the total travel distance
of the robot and the related energy consumption was calculated. A case study was
conducted by inputting the one day data collected by us into the MILP model, the
energy consumption on that day was obtained. The results of the case study shows
the use of automated robot for package delivery in university campus is feasible and
efficient. This thesis provides suggestions and inspiration for the practical applica-
tion of automatic transportation on university campus. This thesis also focuses on
the energy consumption of automated robots and calculates the approximate energy
consumed by automated robots during operation.

Keywords: Last mile delivery, GLM, Knapsack problem, Simulated annealing algo-
rithm, TSP, Mixed-integer linear programming, Energy consumption
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1
Introduction

1.1 Research Background

The last mile delivery problem has always been a hot spot in the �eld of logistics
and transportation research. Last mile delivery comprises up to 28% of the total
delivery cost [68]. Solving last mile problem is considered as an isolated topic from
increasing the overall e�ciency of the functioning of logistics systems [1]. From the
perspective of sustainability, the growth of urban population raises the demand of
goods transportation, which causes problems in negative externalities. The nega-
tive externalites are considered as cost generated by air pollution, accidents and
congestion, and is generally not borne by the transport users[40]. The innovation
and development of last mile logistics in recent years can signi�cantly reduce those
negative externalities produced by last mile delivery activities in the urban area [53].

With the development of Information and Communication Technologies (ICT), in-
dustry 4.0 (A heading brought into the world by German government in 2011, aims
at working with a higher level of automatization achieving a higher level of oper-
ational productivity and e�ciency [3]) and autonomous driving technology around
the world, driving robots are considered as an alternative solution to the last mile
delivery problem. The �exibility and high e�ciency of autonomous driving robots
give it unique advantages in package delivery. In indoor environment like factories
and warehouses, autonomous driving robots such as Automated Guided Vehicles
(AGVs) have been widely used. However, in outdoor environments such as urban
area and campus, there are still very few automated delivery robots actually being
put into use [1].

Delivery robots are small in dimensions and must maintain a low speed to guaran-
tee pedestrians' safety. These robots have to share their space with other transport
devices or pedestrians and thus prefer to operate in suburbs and areas with compara-
tively low tra�c [29]. The short battery life makes this type of robot unable to travel
a long distance. These characteristics limit the use of delivery robots in a context
of small area in which the packages delivered are small in both volume and weight
[14]. Cargo transportation in small-scale operations such as universities, shopping
malls or residential communities can fully meet this scenario. This research aims to
analyse the feasibility of using Automated Delivery Robots for the last mile delivery
inside the Chalmers University campus. Currently, the transportation mode used in
the Chalmers University campus for package delivery among di�erent destinations
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1. Introduction

is a combined transportation mode of trucks and pickup electric vehicles. The truck
used in the campus is a type of Heavy Duty Vehicle (HDV), which is the main
consumer of fuel and also the main factor of CO2 emissions in road transportation.
Figure 1.1 below shows the feature of the HDV.

Figure 1.1: The Heavy Duty Vehicle used in Chalmers Transportation Centre

The electric vehicles are generally used for ordinary packages with relatively small
size or weight, while HDVs are used for large packages which are loaded with pal-
lets. Both transportation methods require specialized personnel to load and drive
and currently no optimized route planning methods are applied to reduce the cost
or improve the e�ciency. In our search, an autonomous delivery robot designed
by HUGO Transportation AB is used to solve the last mile delivery problem from
Chalmers Transportation Centre to other destinations in Chalmers Johanneberg
campus. HUGO Transportation AB is a technology company which provides au-
tonomous and contact free delivery solution that increases service quality, lowers
costs and contributes to liming the spread of Pandemic [27]. The vehicle presents
the following characteristics:

ˆ Maximum load volume500(L) � 500(W) � 600(H ) mm
ˆ Maximum load capacity 100 kg
ˆ Maximum speed 8 km/h
ˆ Maximum driving distance 20 km
ˆ Lithium-ion battery capacity 731 Wh
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1. Introduction

ˆ It can overcome obstacles up to 15 cm high and incident angle less than50�

ˆ The ground clearance of the robot is 5 cm, and it can be used in the temper-
ature range of -5oC-30oC

Figure 1.2: The Autonomous Delivery Robot designed by Hugo

The above characteristics of the robot make it perfectly suitable for traveling within
campus. Firstly, the allowed delivery time in one day is approximately2 hours
(starting from 14:00 to 16:00), and at the same time, the robot can travel for2:5
hours at the maximum speed of8 km/h (20/8 = 2.5 h). Secondly, the maximum
load capacity of 100 kilograms can guarantee that even if the robot is fully loaded,
the maximum loading capacity of the robot will not be exceeded. From the data
collected, the average �t-rate calculated by the volume of a delivery package is13:64
% and the average weight of a package is3:615 kilograms. By rough estimation, a
robot can load about8 packages, and the total weight of these8 packages is about
30 kilograms. Therefore, it is far less than the maximum load capacity of the robot.
Accordingly, in the route planning, the weight of the package will not become a
constraint. Thirdly, the geographical environment of the campus is simpler than
in densely populated places such as urban centers, so the robot which can cross a
height of 15 centimeters and can climb a steep slope of 50 degrees can transport
smoothly on the campus.

1.2 Objectives and research questions

The application of Automated Delivery Robots (ADR) to partially replace tradi-
tional HDV transportation and pickup EV transportation will undoubtedly improve
overall transportation e�ciency, reduce greenhouse gas emissions, and comply with
the concept of sustainable development. The feasibility of using these ADRs inside
the scope of Chalmers University campus is studied in this research including two
main topics:

1. The feasibility of applying Automated Delivery Robots to load di�erent sizes of
packages

Chalmers transportation center receives many packages and is responsible for deliv-
ering these packages to the destinations everyday. Among all the packages, some of
them are obviously too large to be transported while some of them are hard to deter-
mine. Therefore, the study of the feasibility of package loading should be conducted.

3



1. Introduction

2. The e�cient planning and e�ectiveness evaluation for Automated Delivery Robot
on the campus of Chalmers University of Technology

E�cient planning and e�ectiveness evaluation refer to calculating the minimum dis-
tance that the robot can run every day to meet delivery requirements.

These ADRs using lithium batteries as energy sources will not produce any carbon
emissions. In order to further verify the advantages of using robots to replace the
traditional transportation modes, the energy consumption of these robots was stud-
ied. It was calculated based on the actual operation data and route plan of these
robots, and became an important basis for evaluating the e�ectiveness of this new
model in the campus environment.

1.3 Software applied in this research

The programming language that used in the process of �tting the dimensions of one
year packages is R. The speci�c software used isR studio.

The programming language that used in the process of analyzing loading problems
and routing planning is Python. The speci�c software used in these processes is
PyCharm which is an integrated development environment used in computer pro-
gramming andLindoApi that is used to solve optimization problems.

Figure 3.1, 3.2 and 3.3 were generated byTableau. Figure 3.4, 3.5 and 3.6 were
drawn by the geographic information systemQGIS. Figure 4.1 was generated byR
studio. The �owchart �gure 4.2 was generated by a free drawing softwaredraw.io.
Figure 5.1, 5.2, 5.3, 5.4, 5.5 and 5.6 were generated byR studio too.

Microsoft Excel was also used to record and organize data.

1.4 Outline

This thesis starts from a literature review of last mile delivery in the section 2. It
summarizes the recent research on the last mile delivery problem, especially the use
of robots to solve it. The research gap is also included in this section.

In section 3, we explained the data we collected and used in our research. In section
4, we introduced our approaches to solve the questions we faced in our research and
their related theories. Section 5 includes our research results and related discussions.
The conclusion as well as the limitations and future work are illustrated in section
6.
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2
Literature Review

In this chapter, we have compiled the articles we have read about last mile delivery,
especially the use of robots to solve last mile delivery. We also explain our research
gap here.

2.1 Last mile delivery

2.1.1 The exploration of improving last-mile delivery

The concept of last-mile delivery is a central issue in logistics industry. In order
to improve last-mile delivery, it requires the shorter delivery time and the lower
cost; while another concept 'e-commerce ful�llment' can be used to determine the
e�ciency of last-mile delivery. Hau L. Lee and Seungjin Whang [33] indicated that
there are two core concepts for making e-ful�llment e�cient which are improving
the use of information and capitalizing on current physical pope lines and infras-
tructures. Nils Boysen, Stefan Fedtke and Stefan Schwerdfeger [8] pointed out in
their survey that the popularity of last-mile delivery was brought by the following
developments and challenges including increasing volume, sustainability, costs, time
pressure, and aging workforce.

Xuping Wang et al. [67] explored the competitiveness of three last mile delivery mod-
els including attended home delivery (AHD), reception box (RB), and collection-
and-delivery points (CDPs). They used the vehicle routing problem model and
genetic algorithm to solve the e�ciency of the models and calculated the total cost
of each mode according to operational e�ciency and cost structure before coming
to the conclusion that these three modes have their own advantages in di�erent
scenarios. Mikko Punakivi et al.[50] researched on the method of unattended recep-
tion of goods including the reception box and delivery box and indicated that the
unattended reception of goods can reduce the home delivery cost considerable by
up to 60%. They also pointed that the reason why the unattended delivery has not
been widely used was because of the fact that it requires investment and commit-
ment from the customer. Y Wang et al. [68] provided another way to solve the last
mile delivery issue and proposed an e�ective large-scale mobile crowd-tasking model
in which a large pool of citizen workers were used to perform the last-mile delivery
that had the advantages including the highly parallel and independent delivery, one-
to-one communication in crowd delivery, and the promotion of green supply chain
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2. Literature Review

and environmental protection. VE Castillo,JE Bell and WJ Rose [10] introduced
the Crowdsourced Logistics (CSL) to solve the last-mile issue in which a shipper
procured transportation services via a mobile or computer application directly from
members of the crowd who provide those services as an independent contractor us-
ing a personally owned vehicle asset.

2.1.2 Using autonomously driving robots in last-mile deliv-
ery

Thomas Ho�mann and Gunnar Prause [29] indicated that Industry 4.0 leaded to
the development of autonomously driving delivery robots and the robots were used
for intro-supply chain transport in Industry 4.0 networks as well as for the delivery
to the client on the last mile. Moritz Poeting et al. [48] indicated that because of
the increasing shortage of space caused by urbanization, the increase in the number
of packages and the demand for environmental protection, the parcel industry was
seeking new concepts, such as drones, self-driving cars, sharing economy, delivery
to car trunks and parcel robots; among all of these, the application of robots in
the last-mile delivery represented a promising research �eld, not only in logistics,
but also in mathematical optimization and simulation. Kottasova [32] reported that
robots could provide a cheaper and safer solution to last-mile delivery as delivery
trucks exacerbate tra�c congestion and their drives always found it hard to park.
Wenmin Wang et al. [66] demonstrated that last mile indoor operation is reliable by
processing an advanced low-cost and accurate intelligent localization and mapping
algorithm that combined the IMU sensor and ORB-SLAM. A white paper pre-
sented by STANFORD VALUE CHAIN INNOVATION INITIATIVE [9] indicated
that customers desired for �exible, fast, and cheap or free delivery. Delivery robots
could meet the requirements of customers for fast delivery and �exibility in choosing
convenient delivery time, could reduce environment impact as delivery robots did
not exhaust carbon dioxide; had regulatory advantages as they were designed to
take on pedestrian lanes and travel at low speeds; cost lower than drones, etc. N
Boysen et al. [7] introduced the autonomous delivery robots launched from trucks
(small autonomous robots on board) to be dedicated to a single customer launched
from the truck and return. They applied the Mixed-Integer Programming (MIP)
model to get the e�cient approach to minimize the number of late delivery. M Os-
termeier et al. [44] also analyzed the truck-and-robot deliveries in their paper. They
transformed the problem into mixed integer planning and decomposed it into vehicle
path planning and robot scheduling and found that the concept of trucks and robots
can reduce the cost of the last mile by68%compared to just trucking. Chen Cheng
et al. [12] also analyzed the delivery robots and the vehicle routing problem by a
mixed-integer linear programming mode and indicated that delivery robots provide
cheaper, safer, and more environmentally friendly solutions to the current unsus-
tainable last-mile challenge. Dylan Jennings and Miguel Figliozzi [31] introduced
the sidewalk automated (or autonomous) delivery robots (SADRs) that delivered
items to customers without the intervention of a delivery person and came to a con-
clusion that it could provide substantial cost and time savings in some scenarios and
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2. Literature Review

could signi�cantly reduce on-road travel per package delivered by using continuous
approximations. Sonneberg et al. [61] described how to solve the last-mile delivery
operations with autonomous unmanned ground vehicles by a mixed-integer linear
problem and developed the optimization model to establish a delivery network of
stations to determine the optimal assignment of customers to these stations as well
as calculating the amount of vehicles, number of customer orders, and the number
of driving trips. Their research showed that the delivery robots could save personnel
expenses, road space, emissions and noise. According to the search of Pani Agnivesh
and his group [46], the analysis of consumer preference data showed that61:28%of
consumers are willing to pay extra to receive deliveries using autonomous delivery
robot technology. Miguel Figliozzi and Dylan Jennings [22] indicated that utilizing
autonomous delivery robots has signi�cant potential to reduce energy consumption
and carbon dioxide emissions in urban areas analyzed by using derived formulas
based on continuous approximations of distribution problems. Farah Samouh et al.
[55] indicated that applying autonomous robots for last-mile delivery helped alle-
viate urban congestion. Miguel A. Figliozzi [21] indicated that automated delivery
robots had great potential to reduce energy consumption and reduce carbon dioxide
emissions. Michele D. Simoni et al. [59] indicated that using delivery robots in
urban areas could reduce waiting time and have a chance to alleviate congestion.

Delivery robots have already begun to be applied in real life. Vincent [65] reported
in the twenty seventh of February, 2019 that FedEx launched their delivery robot
named FedEx SameDay Bot and many startups and large �rms have begun trials
with similar technology. Diza [18] introduced eight leading delivery robots; including
SEGWAY LOOMO DELIVERY that was designed to be used in o�ce environment;
ANYBOTICS AND CONTINENTAL; POSTMATES SERVE that could carry 50
pounds within a 30-mile radius and was deployed in Los Angeles; MARBLE that had
been delivering food through a partnership with Yelp Eat24 in San Francisco since
2017; BOXBOT; NURO that was designed to delivery food and could be equipped
with both refrigerated and heated compartments as needed; KIWIBOT that were
65% faster than human couriers and was specialized in personal food deliveryl; and
STARSHIP ROBOTS.

Moritz Poeting et al. [48] presented a simulation model to study the parcel delivery
in urban area and proved their model is useful in the allocation and scheduling of
the delivery robots that re�ected in higher service levels and lower delay times.

Although using robots for last-mile delivery is the general trend of technology, a lot of
disputation occurred. Francis [24] reported that autonomous vehicles might will be
allowed to share the pavements with humans although it might face some resistance
like if the surrounding humans getting enough consideration. Julia [70] reported
that delivery robots occupied the sidewalks in San Francisco while supporters and
opponents had a lot of arguments about this issue. Simon [58] indicated in his report
that delivery robots had received strict restrictions in San Francisco.

7



2. Literature Review

2.2 Research Gap

From the literature mentioned above, it can be noticed that they did not try to
focus on the use of delivery robots in the university campus environment which can
be considered as a special environment that has a complex �ow of people and less
congested tra�c. Few papers discussed the exact energy consumption although it
was mentioned that using autonomous robots could help save energy.

Our research focuses on the use of autonomous delivery robots in the campus of
Chalmers University of Technology. The research will cover the analysis of daily
information of packages and the exact energy consumption of robots operated. A
study on knapsack problem was also conducted to explore the placement of packages
and a model of vehicle routing problem was made to analyze the best solution of
routing. It may provide a good example for the use of autonomous delivery robots
within campus, and study how much energy the robot saves compared to ordinary
transportation.

8



3
Data

The data used in the research includes three main parts: the one year dataset of
package information provided by Chalmers Transportation Center; one week dataset
of package information collected by our research team; and one week dataset of
robot operation information collected by another research team. How the data was
collected and the structure of the data will be discussed below.

3.1 One Year Dataset of Packages

The one year dataset was provided by the Chalmers Transportation Center. This
dataset was extracted from the delivery system operated by Chalmers Transporta-
tion Center which contained detailed delivery information of packages that shipped
from the Transportation Center between March 18th, 2019 and March 16th, 2020
including their IDs, conveyors, senders, destinations, receivers, package types, de-
livery time and date. The signi�cant information used in the research were senders,
destinations and package types, which were used to �t the dimensional data of the
packages. Table 3.1 below shows all the destinations and table 3.2 shows the expla-
nation for the abbreviation of each Package Type.

9



3. Data

Table 3.1: Destinations

No. Destination
1 ACE
2 Akademiska hus
3 Biblioteket
4 CFAB
5 Chalmers verk-

samhetsstöd
6 CTC
7 E-huset
8 Fysik
9 GMV
10 Kansli I
11 Karen/Cremona
12 Kemi
13 Lindholmen
14 Maskin
15 Mattematiska

Vetenskaper
16 Mistra Urban Futures
17 Postrum SB3
18 SB3
19 SGI
20 Stena center
21 Stiftelsen
22 Teknikparken
23 Vasa 11 V3
24 Vasa 11 V4
25 Vasa 15
26 Vasa 2-3
27 Vasa 7

Table 3.2: Package Types

No. Abbr. Explanation
1 EXP Packages from DHL, UPS, Fedex, delivered when arrived
2 FRYS Cold packages with a �x dimension
3 INT Internal letters
4 PALL Packages Loaded to pallets
5 PKG Ordinary Packages (small<=20kg and big >20kg)
6 REK Personal Letters Registered Mail Domestic

10
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