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At a time when labor is becoming more and more expensive in Europe, replacing workers with
robots will reduce amount of money that is spend by companies on employees. Meanwhile, the
number of people of working age is declining in some Asian countries. Automated warehouses
can ease the burden of finding staff. To do so, choosing the proper AGV/ AMR in warehouse is
not only optimizes the use of warehouse land space, but also increase efficiency and decreases
the rate of damaged cargo.

The purposes of research was to analysis, highlight and illustrate how picking robots were
changing the status quo in e-commerce warehouses. It was also examining what were benefits
and risks of using robots for warehousing. Equipment and technology for automated warehouses
required high investment upfront. Consequently, uncertainty of recouping capital was deterred
many small and medium-sized e-commerce companies from taking the risk. My goal was to help
more hesitant online sellers by analyzing the performance, pros and cons of the picking robot's
equipment available on the market.

Qualitative and desk research methods were gathered in this paper for accomplishing the goals,
because it is less common today for articles on AGV to be analyzed as a whole, usually
experimented with a particular technology or algorithm. Massive data were used in article which
involved scholarly journals, peer-reviewed papers, white paper, and expert statements. As a result,
the data within the automated warehouse was traceable. Data could be used to optimize the path
of picking robots or to adjust the layout of the shelves in the warehouse. The increased speed of
dispatch made it possible to improve the competitiveness of e-commerce platforms. Furthermore,
the data collected can also contributed to other areas such as goods sorting and customer
management.
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1 Introduction

The implementation and application of automated warehouse system construction using

AGV/AMR picking robots were introduced in this study. The rapid development of AGVs
technology and its widespread adoption by large companies has made it more necessary

for some business executives to study and discuss the subject. For this reason, this
paper was followed by a review of the literature and the analysis of case studies to find

gradual answers to research questions. What is more, the progressive process of analysis

has resulted in a clear understanding of the concepts and potential impacts (benefits and

challenges) of the AGVs technology on the E-commercial industry, as well as a decision

on whether to widely adopt new technologies at last.

1.1 Research framework

The research was based on desk research and qualitative research approach as this work

was performed in case studies and documentation review that was helping to collect,
summarize, and analyze all information related to it through the last decade, until the

present time. By collecting data from two robots’ companies, Kiva and Geek+, the aim

was to provide insights on AGV technology in the e-commerce warehouse picking field.

Literature of other authors was discussed in section 2, which was shown the brief history,

basic definitions, advanced technologies, equipped systems, and the standards of

Automated guided vehicles. Detailed explanations of electronic trade and their special

requirements were illustrated in section 3 for drawing out areas of research limitation. In

addition, types of suitable picking robots also had been referred to in this chapter. To

analyze the operating possibility in real life, two successfully adopted cases that are

Amazon robotics with kiva system and Geek plus robot fleets were presented in section 4.

And then, results and insights were provided in later section 5. Moreover, summarizing

the answers to the research questions, and making detailed recommendations for future

research based on gaps in the literature was done by the author. The last, reached

conclusion was in section 6.
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It was notable that some highly relevant articles, which are English language sources,

were cited to answer research questions about AGVs. In addition, paper sources from
Google Scholar, ScienceDirect, International Journal of Production Research, White book,

Web of Statista were included for higher trustworthiness and scholarly nature of the
article. Furthermore, some keywords and terms would be used to narrow the scope of the

research such as automated guided vehicles, autonomous mobile robots, automated E-
commerce warehouses, picking robots, order picking and so on. (Oyekanlu et al., 2020)

1.2 The objective and problem definition

The main objective of the study was to analyze cases based AGV technology and

determine how it could be useful in an e-commerce warehouse. This type of technology

aims at increasing the overall service quality, productivity, and efficiency while minimizing

costs and failures (Geest et al., 2020).

By using new picking robot systems to replace manual picking in the distribution centers,

the thesis aimed to explain how picking robots are changing the status quo in e-

commerce warehouses. The main research regions were the EU, Asia, and other

countries where warehouse technology has already been advanced. To achieve those

purposes, the orientation was provided in the following three research questions. The

thesis goals will be divided into three sub-goals:

 What are the benefits and risks of using robots for warehouses?

 Whether picking robots can be widely used in e-commerce warehousing.

 What is the future trend of AGV?

To better understand this technology and the functional basis for its application in

distribution and storage place, the automated guided vehicle should be defined, and the

questions "What is an automated guided vehicle and equipped systems?" and "How do
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automated guided vehicles work?" should be answered in the literature review section

before describing in detail above three research questions later.

One of the main problems that has still existed in the warehousing field was funding.

Theoretically, high investment upfront was required in equipment and technology for

automated warehouses. With no certainty of recovering the capital, it deters many small

and medium sized e-commerce companies from taking the risk. Another was safety, as

people's wavering attitudes towards robot safety and anxiety of job replacement make a

state of working with robots unstable.

But, in the long run, the cost advantages of automated warehouses over normal

warehouses were becoming more and more obvious. In the background of rising costs of

both land and labour, infrastructure investment and manpower operation & maintenance

costs would be saved significantly from automated warehouses after completion.

(Fragapan, 2021) The fundamental purpose of the thesis has written to help more hesitant

online sellers by analyzing the performance and pros and cons of the picking robot’s

equipment available on the market.

While answering the questions step by step, the article gradually has been gone into the

specific area of AGVs by utilizing key advances in AGV/AMR research. The remaining

shortcomings, the possibilities of future trends and developments have been concluded
by presenting and summarizing.

1.3 Constraints and research method

The topic of picking robots has been covered widely in this study. The results could be

too broad for the scope of the study, which might lead to inaccurate results. For the sake

of making the results sharp and concentrated, the scope of this research was limited to e-

commerce sector warehousing. Sophisticated and digital industrial warehouses were

booting up fast across the world. Many serve giant companies like Amazon and Walmart

(WMT) that ship to consumers and several smaller merchants did as well. They were

building or overhauling warehouses to use software and robotics (Martínez-Barberá,

2010), rather than just sweat and muscle from workers. Especially during this year, worker
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safety issues were highlighted in the situation of Covid-19 pandemic. At the same time,

demands for one-day shipping were speeding it up. The consumer was uncomfortable
suddenly with exposing themselves to strangers in shopping centers, car parks and so

forth. Some sectors of business have even been entirely shut down by the governor.
Moreover, many workers were nervous about being on the front line (Bhatti et al., 2020).

For this reason, this would be a fitting time to explore smart warehousing for e-commerce.

The main research methods for the study were to combine qualitative and desk methods.

Desk research involved using already existing data that was summarized and gathered for

increasing the overall effectiveness of the research. Current inventory requirements of E-

commerce warehousing and characteristics of picking robots were analyzed by desk
research method. Qualitative research is mainly exploratory (Steckler et al. 1992). It was

used to obtain an indication of underlying causes, perspectives, and motivations. Due to
examining the place, function, and importance of documents analysis in qualitative

research, Bowen (2009) carried out research at a very early stage. It provides insights into
problems and helps to formulate potential quantitative research after collecting and

analyzing robotic data. Given two case studies have shown at last how the current

situation of small and medium enterprises and large-scale e-commerce companies using

different picking robots, as well as what were their benefits and deficiencies (Brown,

2009). As this was a research-based thesis, the theoretical part must be very rich and

comprehensive.

2 Automated Guided Vehicle Theory

Beginning from 1955, when the first AGV was introduced (Muller 1983, 28), the

importance of AGV has been stressed in a considerable amount of academic research

and specific literature. (Mattaboni, 1987; Iris, 2006; Le-Anh et al., 2006; Huang, G. Q et al.,

2015) Nowadays, automated guided vehicles have long been increasingly attracted

people's attention (Muller, 1983). The concept and movement definition of AGV were

revealed and discussed in depth in this chapter for obtaining a better knowledge of its

technology as well as implementations. Meanwhile, the answer to three questions “what

the AGV is”, “how AGV works” and “how to use it” would be shown as follow. This
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chapter might also be utilized as one of the key resources for analyzing AGV's strengths

and weaknesses in later parts.

2.1 Definition of AGV

Günter Ullrich (2015) presented an article in the book ‘Automated Guided Vehicle

Systems’ about a historical review of AGV. The history of AGVs began around sixty years

ago. The first known Automated Guided Vehicle (AGV) was introduced by Barret

Electronics in 1953. It was notable that the article emphasizes AGVS has become a

critical part of today's intralogistics. A theory had been proposed by Oyekanlu et al. (2020)

that both AMRs and AGVs are often used interchangeably. They can accomplish

industrial tasks together which include material handling, collaborative work with humans,

cooperative activities with another AGV or AMR and so on (Fragapane et al., 2021).

2.1.1 Comparison

For the sake of paper clarity, it is necessary to give a clear definition of the robot

difference at the beginning. The intention of next subsection is to promote a deeper

definition and differentiation of AGV types.

A literature overview was provided by Fragapane et al. (2021) on automated guided

vehicles (AGV) and autonomous mobile robots (AMR). Research outcomes have been

observed that the automatic guided vehicle, also known as an autonomous mobile robot,
was a high-performance, intelligent logistics handling device that could be divided into

railed and trackless guided vehicles (p. 1-2). As the same implies, for rail-guided vehicles,
the track is required to be laid and only moved along marked lines or wires on the floor

(Long & Zhang, 2012, p. 1626).

Trackless vehicles, on the other hand, do not require tracks and can turn at will. This kind

of vehicle is making them more flexible and intelligent by using radio waves, vision

cameras, magnets, or lasers for navigation. (ibid)
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Typically, ARM has certain advantages over AGVs because of an advanced form of AGV,

mainly in terms of three aspects, like (i) more intelligent navigation, being able to use a
camera, intrinsic sensors, and detecting scanners to explore the surroundings and

designing the path of the best choice; (ii) higher flexibility in the process of automating
operations, being able to freely adjust the transport route through simple software

adjustments; and (iii) affordability, being able to be deployed quickly and with low initial
costs. Many AMRs also do not require installation or prerequisites. At the same time, a

potential challenge that needs to be addressed is the lack of a human supervisor who

understands the limitations of the system. An AMR must, therefore, monitor its state

autonomously, spot potential system faults and react appropriately (Fragapane et al. 2021,

p. 1-4).

Nowadays, the growth of AMR and AGV technology has become more interlinked. More

and more AMR technologies are becoming available in AGVs, so a comprehensive

discussion of two supporting technologies and equipment required for them have been

put together. Therefore, using AGV instead of AMR and any other acronyms used would

be followed in this report. (ibid)

2.2 Navigation system

The elaboration of this section is essential to successfully understand the operating

principles and to determine the safety of AGVs. Besides that, it is also preparing the
ground for the research question “Application and future trend in the field of e-

commerce”.

“AGV navigation can be an extremely critical part of AGV technology, which involves

AGV’s position, attitude estimation and correction, trajectory tracking, obstacle detection

and obstacle avoidance, and control of drive devices. The attitude estimation is divided

into relative way and absolute ways. The relative estimation relies on the internal sensors

of AGV, and the absolute estimation requires external sensors to obtain the external

environmental variables of AGV” (Wang et al., 2018, p. 4).
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The growing body of literature has been shown that navigation methods were driven by

constant change and evolution, even though the application of AGVs in warehousing has
become relatively mature. Different types of navigation technology, such as lasers,

magnetic, natural navigation and so on, have their advantages in different warehouse
picking scenarios. (Fragapane et al. 2021)

Therefore, combined navigation could be the trend of the future. (Wang et al., 2018)
Examples include the integration of QR codes with SLAM navigation, the use of SLAM

navigation in mixed human scenarios, and the use of QR codes when driving in areas

where high accuracy is required. In detail, combined navigation refers to the application

of two or more guidance or navigation methods to realize automatic guided vehicle

operations. The combination of QR codes and inertial navigation uses the characteristics

of inertial navigation with high positioning accuracy over short distances to connect the

blind spots between two QR codes. The combination of laser and magnetic spots

navigation is used to increase the stability of the AGV positioning. Therefore, combined

navigation is a common navigation method to adapt AGVs to various usage scenarios

and will be increasingly used on a wide range of AGVs. (Jazzyear, 2020)

2.3 Technical principle

The equipment and technology used in AGVs are focused on in this chapter. The

literature sources were researched from the studies presented thus far. But, to simplify
the description of the paper, only the main technical concepts needed for the research

will be presented and described in this section.

At the level of individual AGV robots, the core of the technologies is used to achieve

positioning, navigation, and obstacle avoidance operations. (Ti-Chun et al. 2018) In the

actual operation of e-commerce warehouses, there are dozens or even hundreds of AGV

robots, which require co-ordination and mutual deployment between AGV fleets, making

the technical requirements higher. (Huang, G. Q et al., 2015) The following diagram shows

the components and operational requirements of a single AGV (see Figure 1).
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Figure 1. AGV components and operational requirements

An AGV body usually is consisted of modules such as batteries, drives devices, sensors,

and load handling devices, and is equipped with some functions such as command

resolution, navigation data processing, wireless communication, image processing,

obstacle detection, and speed control and power management. (Fragapane et al., 2021)

Next, I will go through everything in greater depth.

2.3.1 Sensor devices

A diverse set of compact, low-cost, and energy-efficient sensor devices are commonly

integrated into the body of AGV that provides input data for autonomous navigation.

(Fragapane et al., 2021, p,4)

The sensor has described by a group of researchers (De Silva et al., 2018) that is

integrated laser scanners such as Light Detection and Ranging (LiDAR), 3D cameras,

accelerometers, gyroscopes, and wheel encoders. The data providing the wheel position
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information will be captured by sensors, which is counting the distance the AGV will be

driven to turn. While an exact distance point relative to the AGV in its environment was
offered from LiDAR laser scanners, broad-angle assistance for visual obstacle

identification was presented by 3D cameras (Fragapane et al., 2021).

These technologies have grown in popularity for their easy of use and quick presentation

of results. Judgments will be influenced by the ability to fully recognize the environment
concerning to guide path selection, potential collision, vehicle deadlock, and breakdown

management. Sensing its surroundings enables AGVs to help, cooperate, and interact

with humans and machines, resulting in more decisions. (Jazzyear, 2020)

2.3.2 Drive device

Robot’s locomotion mechanism has a significant influence on its stability, maneuverability,

and kinematics. Generally, AGVs are equipped with a steerable traction wheel located at

the front and two independent driving wheels in the rear for pushing the robot to travel.

But there is an omni-directional support wheel that can be used along with low cost and

simplicity of use. (Fragapane et al., 2021)

The wheels of the OP robots can be combined in a variety of ways and different

configurations. A case about spherical wheels was shown by Fragapane (2021), who

mentioned the advantage of achieving a high degree of operability by powering spherical

wheels or increasing the number of wheels, causing the robot to be able to travel in any

direction along the surface of the ground at any moment, independent of the robot’s

orientation. Since many intralogistics activities demand a high level of stability, wheeled

AGV are typically the preferred choice. (ibid., 4)

2.3.3 Batteries

Higher energy capacity and advancements in charging techniques, from traditional plug-

in connection power sources to wireless power transmission, have a considerable

influence on AGV battery management. (AGV network, n.d.)
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According to research, wireless power transfer may be used in many situations, removing

the requirement for connected connections (Huang et al., 2018). The limited battery
capacity and the long charging times have been identified by users as two weaknesses of

AGVs, resulting in much worse performance and usability. However, new high-capacity
batteries allow for longer operational times and greater power for the calculations

required for autonomous navigation and operations. The size of AGV is also enabled to be
smaller, allowing them to be placed in narrow-aisle regions or immediately below several

goods packed closely in deep lanes (Lamballais et al., 2017). Additionally, more intense

scheduling decisions be encouraged as increasing battery power. With more and more

technological improvements, battery life could also increase in the future. (AGV network,

n.d.)

2.4 Equipped technology

2.4.1 SLAM technology

SLAM, simultaneous positioning and map construction, is a technology that helps the

machine to quickly understand the surrounding environment and map out the

environment by moving and observing when entering a strange warehouse environment.

(Bloss, 2008)

Two core tasks are contained in Slam system that involves simultaneous localization and
mapping. (Bloss, 2008) The machine will be required to have a three-dimensional

perception of the environment due to those two tasks, so depth information becomes a
crucial part. Combining sensor data to properly estimate the location of the AMR at any

moment has proven to be a significant challenge. LiDAR, monocular/binocular cameras,
or RGB-D depth cameras are typically used as eyes for AGV robots. Distance and speed

are calculated with LiDAR by transmitting and receiving reflected laser beams. Analyzing

the image changes while moving can provide a distance measurement. RGB-D is

equipped with an infrared transmitter and receiver by using the structural light method. It

can directly obtain the depth information about the outside environment. (Fragapane et al.,

2021) Furthermore, information can be used to create an environment map, which can

allow robots to move more smoothly or complete more complex tasks by stitching
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together images from their surrounding environment. At the same time, tracking errors

also may be reduced. (Oyekanlu, 2020)

Recent advances in Kalman filter technology have led to a breakthrough achievement.

Estimations from different sensor sources must be combined to generate a probability
distribution over all possible robot locations and to predict a robot’s position and

orientation (Bloss, 2008). To correct a prediction over time, the Kalman filter makes use of
a recursive algorithm. Using several measurement sources, measurement noise and

sensor inaccuracy issues can be overcome (Pratama et al., 2016). Two different

technologies can support the use of SLAM in different situations, such as in outdoor

environments with GPS systems, while ultra-wideband technology can be used indoors.

As a result, accuracy and reliability have been improved. At the same time, the safety of

the working environment will be improved, when multiple AGVs are deployed to work with

staff in an industrial environment or another. (Oyekanlu, 2020)

2.4.2 Motion planning

Motion planning is an essential part of the vision-based guidance systems and

manipulation of equipment. By combining the two perspectives of Fragapane et al. (2021)

and Karaman & Frazzoli (2011), this idea will be better understood. The motion planning

algorithms provide speed and turning commands to the vehicle actuators such as wheels

or manipulators to reach the set of guidance points along the path. (Karaman & Frazzoli,

2011)

AGVs are equipped with sensors and SLAM technology to track their path and provide

feedback to correct their position. During the moving and travelling of the robot, AGV are

allowed by the motion planner to reduce speed, or even stop, based on traffic or

congestion. All aspects will be controlled by the robot itself including avoiding obstacles

while finding directions. Codes are available of payable or charge on several open-source

platforms for controlling AGVs and other robots. (Fragapane et al., 2021)
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2.4.3 Artificial intelligence

As the result of the advent of hardware development trends, artificial intelligence (AI)

techniques can be applied in support of AGV navigation as well as service provision.

(Almasri et al., 2016)

The variety of well-known fusion techniques that help robots move from the start of their
journey to their targets without colliding with any obstacles along the way, including a

combination of AI and ML (machine learning), fuzzy logic, neural networks, and neuro-
fuzzy and genetic algorithms. (Dias et al., 2018). These techniques have been attributed

to researchers who have explored the responses of the brain based on environmental
changes. Without these techniques, obstacles will be reacted to by the AGV in the same

way. New approaches to making decisions have been created by the introduction of AI in

all decision fields. The AI branches of vision, ML, and planning have been proven to be

very promising. (Phil, 2021).

The ability of AI to collaborate with AGVs will be improved as AI develops and advance

constantly. Human-machine collaboration can be achieved through oral commands and

gestures made by staff, whether searching for goods in the warehouse or confirming the

fulfilment of a which has successfully replaced the tactile method of operation. In addition,

fault management is an area that needs to be attended to intensely. By utilizing artificial

intelligence, AMRs can be recovered after failures and strategies can be found to rectify

faults and build them quite durable. (ibid)

The AI algorithm is also described in detail on Geek plus's official website specifically,

which contain different types of algorithm applications, such as task matching, path

planning, order grouping, shelf adjustment, 3D bin-packing and smart replenishment.

(Geekplus, n.d.)

2.4.4 RMF systems

Robotic Mobile Fulfillment Systems (RMFS) which is a new category of automated

storage and part-to-picker order picking systems are developed specifically to fulfill e-
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commerce orders (see Figure 2). The demand for daily orders has been detected to

fluctuate widely. Focusing on this issue, the core innovation of an RMFS is the robots that
transport the pods, shelves containing SKUs, to workstations (Merschformann et al.,

2019). At a workstation, the pods is waiting in line or queues until SKUs on the pod will be
picked or replenished. Until now, these have been brought to the market by many

companies such as Amazon Robotics, Swisslog, Interlink, GreyOrange, Scallog, Mobile
Industrial Robots Quicktron and so forth (Lamballais et al., 2019). Picker walking time be

eliminated because of RMFS. Hence, high pick rates can be expected. Jünemann was

the first to conceptualize RMFS. (Enright & Wurman, 2011)

Figure 2. Robotic Mobile Fulfillment System

The most common analytical models for storage and retrieval were summarized by Kaveh

Azadeh (2019) analytical model section, which is classified into several categories.
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Several categories were divided into linear programming (LP), mixed-integer

programming (MIP) models, travel time models and queuing network (QN) models. (Kaveh
Azadeh 2019)

Three kinds of queueing networks and their algorithms have been studied for fifty years
(Baskett et al. 1975; Roy 2016), that involves open queuing networks (OQNs), closed

queuing networks (CQNs), and semi-open queuing networks (SOQNs). For the aim of
accuracy, SOQN is the most suitable model compared with another. Kaveh Azadeh (2019)

article quoted the paper of Bolch et al. (2006) refer an approximate algorithm to evaluate

the performance of queueing networks. Approximation and performance metrics of the

system, at the same time, can be used by this algorithm to match clients in waiting

inbound with resources available in the internal resource queue. (Roy 2016; Kaveh

Azadeh 2019)

2.5 Safety standards for mobile robot systems

The use of mobile robots has increased quickly in the past decade, and as a result,

manufacturers and integrators found themselves uncertain about the right standards to
apply. According to this situation, in this section, safety standards for current AGVs will

be presented. Mobile robots in industrial environments have much more interaction with
people than stationary robots. Franklin realized, what is vastly different about mobile

robots is that they don’t stay in their cage and travel around the factory floor. And the
hazard presented by the robot moves with it, even if humans are not thinking about

interacting with a robot, for example, if they are walking down an aisle, a mobile robot can

approach. (Robotic Industries Association, 2021)

ISO 3691-4 is currently regarded as the " most valuable" unmanned industrial vehicle

standard in the EU, which is applicable for the mobile platform including AGV, tunnel

tugger, under cart and so on. The white paper from the international organization for

standardization and SICK company (2021) was described that the aim of this standard

not only provide further improvement of the safety framework in a comprehensive

perspective, but also expand the safety function requirements, as well as clarify the more

practical verification methods. From risk assessment and analysis of front-end application
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scenarios, hardware architecture of safety systems, software safety design, safety

function testing and field implementation, the new standard provides authoritative design
guidelines for a new generation of unmanned industrial vehicles. Although that, risk

evaluation must be carried out for the individual parts in AGVs. Furthermore, safety
standards in detail are found in EN ISO 3691-4:2020 "industrial trucks -safety

requirements and verification- part 4: driverless industrial trucks and their systems". (AGV
network, n.d.)

The aim of R15.08-1-2020 standard is to ensure the safety of human workers near

industrial mobile robots. (Robotic Industries Association, 2021) The R15.08 drafting

subcommittee, which included a cross-section of the robotics industry, has developed

R15.08-1. And this standard was approved by the R15 Standards Approval Committee

(SAC), a Standards Developing Organization sponsored and administered by RIA and

accredited by ANSI to develop standards in the field of robotics. (Alexandra et al., n.d.)

3 E-commerce warehousing

For indicating whether AGV can be widely used in the e-commerce warehousing industry,

the definition, characteristics, and special terms of e-commerce logistics need to be

mentioned as a priority. Chapter 3.1 describes the transformation of the e-commerce

industry during the viral pandemic which encompasses the purpose of choosing the e-

commerce sector for studying AGV. Chapter 3.2 describes the demands of e-retail

warehousing and difficulties in picking orders.

3.1 E-commerce

E-commerce has seen a steep rise in recent years which is a phenomenal growing

segment in the retail trade (Diniela, 2021).

In 2012, e-commerce sales be the high as US$1 trillion for the first time. In 2013, it was

still accounted for under 10% of total retail sales but has been growing steadily at a rate

of around 15% per year and was expected to continue at this rate for the rest of the

decade (Bogue R, 2016, p. 2). Meanwhile, the major influence of e-commerce and online
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consumer behavior was owing to the worldwide coronavirus (COVID-19) pandemic. With

more than millions of people staying at home in the whole 2020s to control the spread of
the virus, digital channels such as shopping websites have become the most popular

alternative instead to crowded shopping malls (Bhatti et al., 2020). Global retail e-
commerce flows reached a record 22 billion monthly visits in the summer of 2020, with

normally high demand for routine products and clothing, but also electronic products.
Given a set of data was published from Raynor de Best (2021) clearly showing the total

payment volume of PayPal between 2014 to 2021 by quarter. PayPal's payment volume

was revealed below (see Figure 3) worldwide up to 285 billion USD. (Bhatti et al., 2020)
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Figure 3. PayPal's total payment volume from 1st quarter 2014 to 1st quarter 2021

(Raynor, 2021)

Furthermore, retail e-commerce sales around amounted to 4.28 trillion USD in 2021 and

e-retail revenues are projected to grow to 5.4 trillion USD in 2022. Daniela Coppola also

predicted that e-commerce share will account for 21.8% of total global retailer sales in

2024. (Tugba Sabanoglu, 2021)

Along with the rise of digital trade and expend on the logistics supply chain, e-retailer and

network businesses have changed the way they shop. Millions of online orders are

received day by day. The orders may be comprised of multiple items of different sizes
and the customers expect to receive their orders within 24 hours (Liang et al., 2016)

resulting in an annual delivery of 4.2 billion parcels (Ecommerce Europe 2016). Previously,
the customer placed an order online, waited several days, and received it at their delivery

location. What they don’t know is that the back end is nowhere near as slick relaxed and
optimized as the front-end system they get to use. The goods sold on e-commerce

platforms were varied and complex, but workers must be rummaging through storage to
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find the required items and get them into the shipping phase of the order. (Liang et al.,

2016)

This is the reason why warehouses need to be equipped with technologies that allow

them to keep up with manufacturing, production, and consumer demand. Nowadays,

manual labor is replaced by robots with the result that efficiency and accuracy are

improved, as well as reducing costs. And the solutions that are implemented give

flexibility and capability to the employees and their processes. AGV logistics picking

systems use many mobile robots to load and carry express parcels. Some kinds of AGVs

can be implemented in the warehouse without a complete revisiting of the layout and

systems, with the ability to add and expand vehicles complement as required, in line with
the growth of the business. The automation of logistics sorting is now a popular area of

research and application. With the development of "Industry 4.0", the future of logistics
picking will also develop in the direction of intelligence, and the prospects for automated

sorting are enormous. (MD Ryck et al., 2020).

3.1.1 Industry 4.0

Cross-industry and cross-sector collaboration is focused on this subsection that will

result in the introduction of intelligent warehousing and picking robot fleets concepts into

e-business platforms for the consequences of providing a highly flexible sales model.

Industry 4.0 is denoted as the Fourth Industrial Revolution. This term was introduced in

2011 at the Hannover Messe, one of the world’s largest trade shows, and since then

widely used by the German industry and government (GTAI, 2016). Industry 4.0 is the era
of industrial transformation using information technology, which can also be called I4.

This concept first emerged in Germany. Nowadays, the discussion of how the shift to
Industry 4.0, especially digitization, will affect the labor market (Springer, 2020).

Industry 4.0 involves many different companies and sectors. It is consequently leading to
cross-industry, cross-sector, and even cross-national collaboration inevitable. If all the

processes of logistics, procurement and sales were digitalized, e-commerce will

predominate more than 90% of global business transactions. Also, business processes
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and e-commerce will not be managed in isolation. Underlying every service will be digital

processes that are integrated with the entire network of business players. (R Geissbauer
et al., 2016) Furthermore, Industry 4.0 is therefore all about data analysis. And e-

commerce is based on data analysis to manage and improve current business processes.
(Geest et al., 2021)

3.2 Requirements

Receiving, storage, order selection, and transportation are the core activities of e-

commerce warehousing, which is the interim storage and processing of items between

two consecutive stages of the supply chain (Gu et al., 2007). As a result, it is seen as a

crucial aspect of any supply chain. Their primary responsibilities are included buffering

material flow through the supply chain to account for changes caused by factors such as

product seasonality or batching in production. (Bartholdi & Hackman, 2011)

As e-commerce has grown in popularity over the last decade, the new types of

warehouses have been devised for final customer demands in the B2C market. They,

typically, face the following requirements: small order size, a wide range of products,
unstable demand, and tight delivery schedule. (Yaman et al., 2012)

Tight delivery time: Many online sellers, particularly in the B2C market, are found
increasingly under pressure in their warehouse operations to essentially struggle to

guarantee next-day or even same-day delivery (Yaman et al., 2012) and the order
fulfilment process is becoming increasingly time sensitive. After all, late shipment dates

have a negative impact on various areas of client buying behavior, including decreased

order frequency, order quantity and size, as well as customer anxiety levels increasing

(Rao et al., 2011).

Tiny orders: The majority of private clients prefer to place a few orders, each requiring

only limited quantities of goods, for example, at the Amazon facility in Germany, a

quantity of average order demanded was merely 1.6 items (Boysen et al., 2018b).
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The range of products, such as assortment or brand, is constantly changing in line with

customer demand due to local policies and seasonality. At the same time, it can also lead
to a varying workload. This is because the stock levels and projected sales are constantly

changing from month to month. (ibid., 2)

In addition, a notable advantage is that limited and expensive shop storage space such

as stacking shelves will not be consumed because all the goods be offered online. It is
why online retailers can offer a greater variety of goods (Brynjolfsson, E et al., 2003). This

also results in very limited space for storage and order processing in e-commerce

warehouses, particularly during peak seasons and holiday eve. Order picking has always

been labor-intensive and involved long movements of human operators and/or goods.

human operators and/or goods (Boysen et al., 2018b).

According to recent market research, the global warehouse robotics market has valued at

USD 3.19 billion in 2018 and growing at a CAGR of 11% during the period 2019 to 2025.

(see Figure 4) The warehousing industry is forecasted to witness significant demand in the

deployment of robotic systems to reduce the operational time and labor cost and to

enhance the throughput of whole warehouse operations. The warehouse robotic market is

expected by researchers to grow substantially driven by the rising demand for automation

and increased understanding of the potential value of safety and high-quality

manufacturing. (Grand View Research, 2019).
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Figure 4. The U.S. warehouse robotic market size, by product, 2014–2025

3.3 Order-picking method

The process of obtaining items from buffer or storage regions for client requests is known

as order picking (OP). In warehouses with manual systems, OP is known as the most
labor-intensive job, while in warehouses with automated systems, it is the most capital-

intensive operation. (Goetschalckx & Ashayeri, 1989)

Order picking systems are typically known as person-to-goods (PTG) or goods-to-person

(GTP) picking systems. (Ashgzari & Gue, 2020). PTG is pickers travel to the goods

platform that is seem as a low-end system. The other one, on the contrary, is GTP OP

systems, where a material handling system brings the containers or pods to the pickers.

Less labor will be required by GTP OP system since reducing the travelling time at the

higher cost of an initial investment in automation warehouse. (Geest et al.,2021; Bozer &

Aldarondo, 2018)

OP has long been identified as the most labor-intensive and costly activity for almost

every warehouse. Any underperformance in order picking can result in unsatisfactory

service and excessive operational cost for the warehouse, and consequently for the entire

supply chain. The order-picking process must be well-designed and well-controlled to

function efficiently. (Ho et al., 2008)
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Order picking includes clustering and scheduling client orders, assigning stock to order

lines, releasing orders to the floor, choosing goods from storage locations, and discarding
the chosen products. Customer orders are divided into order lines, each of which

represents a single product or SKU in a certain amount. Figure 5 distinguishes order-
picking systems according to whether humans or automated machines are used.

(Ashgzari & Gue, 2020)

Figure 5. Classification of order-picking systems (based on De Koster, 2004)

Previously picking that is automated or robotized is only employed in exceptional

circumstances that involves valuable, small, and delicate items. Over the last decade, the

consumer market has been driven by the combined effects of the growing retail and e-

commerce sectors and energy efficiency-driven technological shifts in automation.
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Robotics and automation technologies have been used in many firms to grow their

businesses wildly. (Grand View Research, 2019)

3.3.1 Restriction

The vertical axis in the table below is arranged according to the automation level. Online

retailing has faced the challenge of assembling large numbers of time-critical picking
orders, each consisting of just a few order lines with low order quantities. Traditional

picker-to-parts warehouses are often unsuitable for these prerequisites. (Boysen et al.,
2018b).

In most cases, huge amounts of small-size orders must be constructed from a broad
selection under tight deadlines, and online retailers must be able to adapt order fulfillment

operations to changing workloads per month. In internet selling, these demands are

extremely essential. Suitability of each warehousing system will be discussed in the below

survey through these requirements introduced before. Thereby finding which one or more

specific warehousing systems have fitted these requirements. Thus, all the above-

mentioned conditions should be considered in this survey. (Boysen et al., 2018b)

According to the specific requirements of e-retail warehousing, Mr. Nils Boysen's

research tables are referred to (see Table 1).
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Table 2. Overview of warehousing systems suited for e-commerce (based on Boysen

et al., 2018b)

In the scope of the survey, it is obvious from the picture that the picking methods of
mixed-shelf storage, shelf-moving robot, and AGV-assisted OP are fully satisfied with all

the above requirements.

The main point behind scattered storage is that by dispersing items around the

warehouse, the average distance between an arbitrary location in the warehouse and the
nearest unit for each SKU will be significantly reduced. The likelihood of finding needed

SKU nearby will be enhanced. (Weidinger et al., 2018)

Shelf-moving robots using RMFs are a kind of goods-to-person solution, where AGV can

lift movable pods or inventory pallets to the picking station, and then return to the

replenishment station for restocking (Boysen et al., 2018b, p. 18-21). An about equipped

system, RMFS, has been mentioned and defined in detail in the previous 2.4.4 section. In
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addition, the application of shelf-moving robots in the e-commerce industry is also

referred to in the case study of Chapter 4.

AGV-assisted order picking also is called follow-pick in many papers. Two different

assignment strategies in AGV- assisted OP system was referred by both Boysen et al.,

(2018b) and Azadeh et al., (2018), which are fixed-assignment policy and free-floating

policy. For the first one, the simple process is the picker puts units onto the AGV that is
around them. At the same time, AGV accompanies autonomously pickers on their way

through the warehouse. The AGV backs to the warehouse depot autonomously, while the
employee stays in the storage area when the current order has been done. The other

situation is the free-floating strategy, where the AGV randomly travels toward a picking
spot as well as waiting there until the required units have been loaded by the picker. And

immediately following that, they drive to the next position to wait for another picker to

execute their work. (Azadeh, K et al., 2018)

4 Case study

Two cases have been shown about how AGVs companies have applied technology to

their business and explained how the automated guided vehicle success in e-commerce

business.

4.1 Amazon case kiva

In terms of new-age warehouse management solutions, Amazon probably was called the

most prominent example. The giant online retailer has long incorporated warehouse

robots into the supply chain, making manual labor obsolete. (Adrian et al, 2020)

The company, Kiva Systems, has its headquarters in Woburn, Massachusetts, and aims

to reinvent the century-old warehouse business. What was the most worth mentioning is,

the Amazon bought Kiva System for USD 775 million in 2012 (Nussbaum, 2015; Adrian et

al, 2020).
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The first orange box-shaped robots appeared in Amazon’s facilities in 2014 and started

implementing the System in August 2015. The idea behind Kiva was simple: by making
inventory items available to warehouse workers instead of vice versa, orders could be

fulfilled by employees faster (MWPVL, 2021). All robots and racks were tracked by a
cluster of computers, with resource-allocation algorithms facilitating their efficient

movement. Kiva systems wanted to revolutionize distribution centers by setting robots
loose on the inventory. (Guizzo, 2008)

Broadly, this project was initially developed by Kiva Systems and Amazon Robotics

acquired it. Since then, Amazon warehouse robots were evolved into reliable automatic

assistants that function alongside humans. This project has several main goals, including

faster warehouse management, enhanced workplace safety, and reduced walking

distances and working hours. The news from Brown in Dailymail website was reported

that this company has over 500,000 employees worldwide on top of contractors and part-

time workers, as well as 100,000 robots that assist humans with labour-intensive tasks.

(Brown, 2018) The robots, powered by computer vision and machine learning, picked up

some heavy loads, moved them to the picking station, and performed loading. While

troubleshooting and maintaining would be completed by Amazon workers, who analyzed

the data they receive, ensured the robots have bins to load, and removed hindrances for

smooth delivery later, such as stuck items in a packaging machine or dropped items.

Consequently, the company's clear technological and automation preponderance was

over its rivals at that time. (Peng et al., 2021)

Kiva System was preferred by E-commerce retailers because its solutions were both

flexible and scalable. This is no doubt one of the most powerful selling points. Previously

almost all merchants faced challenges when it came to growth rates, which was seen as

a big unknown. Facing the situation of growth sales rates of online products tended to

surpass expectations, as early as 2006 to 2011, Kiva cut a striking figure in the E-
commerce industry where rapid scalability and flexibility were key strengths. Some

collaborating companies were included, such as Staples, Gap Inc Direct, Von Maur, Gilt

Group, Drugstore.com and so on. Up to now, it had already enjoyed success in the world.

Since the acquisition, Amazon Robotics has been working on new robots for similar and
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completely different tasks. Two new AGV of Amazon’s designed were introduced for

logistics center operations at the re:MARS 2019 conference. With the support of artificial
intelligence technology, the aim of these robots was expected to further improve their

cooperation with human employees. The two new AGV announced by Amazon were
known as Xanthus and Pegasus. Xanthus just required one-third of the parts and costs

half as much as the old robot. Pegasus was smaller than Xanthus and characterised by its
ability to sort packages quickly and accurately. Amazon has already deployed more than

800 Pegasus to a sorting station in the US. (MWPVL, 2021)

At present, safety was regarded as the first challenge that needed to be overcome.

Amazon has revealed that it went to enable human employees to move alongside mobile

robots in logistics centres. Therefore, a reliable safety system was needed to develop that

would allow the AGV to cope with human employees moving around and changes in the

environment. At re:MARS, Amazon announced that with the acquisition of Canvas, an

automated warehouse robotics start-up, they would be able to use its artificial intelligence

technology to improve the coordination of mobile robots. And it was allowing AGV to

move outside of their original robot-specific sites and interact more with the employees in

the future. (Amazon Staff, 2022)

While the majority of Kiva's success was driven by rapid growth within the e-commerce

retail sector, Kiva Systems was seeking new ways to expand into other distribution

sectors that could benefit from its unique approach. (Adrian et al, 2020)

4.2 Geek plus case

Geek+ was a global technology company specialized in smart and intelligent logistics.

Flexible, available, reliable, and highly efficient products and services were created by

applying advanced robotics and artificial intelligence (AI) technologies for warehouse and

the management of the whole supply chain. Founded in 2015, Geek+ successfully

completed over 200 projects across continents, deploying more than 20,000 robots

nowadays. (Lu, 2020)
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Reliable and efficient solutions were provided by Geek plus with unmatchable

performances proven and tested during several mega e-commerce sales promotions,
providing clients with the agility to respond to fluctuation and market demands. (Li, 2017)

For instance, smart logistics solutions of Geek+ were provided to Winit, one of the
world's most trusted providers of cross-border after-sales logistics services. In 2019,

hundreds of Geek+ P800R picking robots were installed in Winit Cincinnati Fulfillment
Center for solving the current challenges of large SKU volumes and shallow inventory in

US warehouse. With an inventory subject to a wide variety of products, massive SKUs,

and a rapid increase in online sales, a solution was found by Winit that would streamline

their warehouse operations, mitigate against management issues due to high turnover of

warehouse workers, and enable flexible yet affordable scaling of operations. (International

online, 2022)

Cost-effectiveness was the second reason why Geek plus was chosen by Winit. An

affordable option of Geek plus was offered that are Robot-as-a-Service (RaaS) Model.

RaaS was a flexible and innovative business cooperation model which proposed firstly in

the industry in 2018, allowing enterprises to not only purchase, but also choose robot

leasing, operate for the owner and so on. Two obvious benefits could be realized that are

lowering the capital and capacity barriers for enterprises to deploy robot systems and

helping them to achieve supply chain upgrades more quickly. Therefore, this kind of

affordable solution met start-up in demand. And it was also a tailored solutions that

would be offered to a big band. In addition, the Geekplus’ robot fleets with its equipped

system were rented flexibly or charged on a per-unit basis, fully meeting the diverse

needs of cross-border e-commerce. (Geekplus, n.d.)

Xiaoliang Luo, vice president of operations at Winit indicated that for quickly coping with

the impact of the epidemic and the problems such as bursting warehouses, Winit was

chosen once again to cooperate with Geek plus for the third phase of the project, which
has been implemented in June 2021. (Cision, 2020)

One of the other beneficiary companies was Athinaiki S.A., a B2C distribution centre in

Greece specialised in "last-mile delivery" for online business companies. At the same



33

year, along with an implementation of Geek plus AGV solution, Athinaiki S.A. was seen

increased in productivity and a 99.99% picking accuracy rate. Vassilis Karakoulakis,
chairman of FDL GROUP claimed that Geek plus flexible picking robots provide an

efficient tool that widens their reach, allowing them to help SMEs and big firms meet
customer expectations for accurate and efficient services to compete and grow. (Cision.

2021)

More than that, in addition to a detailed introduction before to the Winit and Athinaiki S.A

warehouse, Geek plus was demonstrated a robot combination solution for the

increasingly complex picking scenario in overseas eCommerce warehouses - the optimal

combination of C200M (goods-to-person) and P800 (bin-to-person) which allowed for

complex picking challenges such as mixed storage of large and small items, massive

SKUs, and shallow inventory to be solved. (ibid)

Other industries such as pharmaceutical, third-party logistics, automobile manufacturing,

and apparel have also been found to be suitable for Geek+ Goods-to-Person Picking

System. At present, automation solutions of Geek+ was won trust of over 500 global

industry leaders. (Sun, n.d.)

5 Result and Discussing findings

Two main pieces of company cases were reviewed in this chapter and provided a

statement and summary of the literature referenced for questions. However, the two

automated robot companies, Kiva robotics and Geek+ mentioned in the cases did not
respond to my request for an interview. Therefore, some vital academic sources,

whitepaper and another related thesis from the official website would be used to support
my research.

5.1 Literature supplement for cases studies

These two case studies were chosen for one reason, that they were founded in different

regions as well as more than a decade apart from each other. As a result, a broader and

more comprehensive analysis of the research topic can be conducted.
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In an article conducted by Bozer & Aldarondo (2018), The Kiva system was pointed out as

having poor cube utilization but higher flexibility and scalability over mini-load system. To
increase the cube utilization, The feasibility of installing mezzanines and lifts in

warehouses with the Kiva system could be further researched.

A study was carried out by a group of researchers Peng Hui et al., (2021), they designed a

virtual QR code section to examine the causes of the deadlock phenomenon. And the
result was concluded that it would cause a chain of waiting for all deadlocked AGV once

a deadlock occurs. And at the same time, the chain conflict and waiting of multiple AGV

would also harm the efficiency of the RMFS system.

According to the Geek+ website, white paper and magazine published, multi-sensor

integrated navigation-based Slam algorithm and QR codes are already installed and used

in Geek+ robots. The most appropriate mode can be switched arbitrarily by the operator

depending on the complex work situation. SLAM navigation could be used for real-time

positioning and 3D mapping of terrain by using a combination of laser and camera

sensors fusion to maintain accurate positioning and motion control in complex

environments. In simple terms, the robot equipped with a pair of eyes is capable to obtain

immediately its current location information and planning its path to reach a dispatched

location on the map. Thus, it not only contributes to compensating for the defect of

objectivity caused by a single sensor, but also reduces the occurrence of deadlocks or

congestion in the warehouse. (Jazzyear, 2020)

5.2 Advantages and challenges

This subsection illustrated the review of the strengths and weaknesses that appeared in

the table below. For answering next two research questions, it was essential that

characteristics of OP robots were needed to separate audits and clearly understand.

Noteworthy, all the strengths and limitations emerging were derived from the different

types of academic sources that have been collected. To ensure the availability and

reliability of the article, the year of publication of all the literature used was sourced after

2017. In summary, 18 articles were used for this paragraph and most of them have
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analyzed both sides of the situations mentioned. The author's observations and

comments would be concluded in chapter 6.

Advantages

More and more prior studies that were noted the importance of automated guided

vehicles and seen great opportunities for equipped systems such as OP systems, RMFS,

SOQN and so forth. But only several reports were shown because of suitable for
answering the first question.

The impact of throughput on picking efficiency was examined by M. Merschformann et. al
(2019). Implementation of decision logic should be strongly focused on when designing

an RMFS for achieving high output with a minimum number of inputs, such as staff, pods,
pickers, and robots. The aim of the observation was to illustrate how reduced capital

costs and increased efficiency and the same time. In their experiments, a conclusion was

drawn about the importance of decision-making. The matter of decision rules tailored

specifically for RMFS was deserved to be taken into account by other researchers in the

future. Therefore, investment costs will be reduced, as the number of necessary

equipment is decreased with the upgrade of the outdated logic control system. (p. 12)

Zou Bipan et al. (2017) preferred to find an assignment rule for minimizing the retrieval

throughput time. For that, a new SOQN was established to assess the performance of the

RMFS, and through a two-phase approximation method, simulation validation and

numerical experiments to validate the availability of analytical models.

While the throughput capacity of the system, capital cost and even return-on-investment

were considered the key factors in selecting an AGVs, other factors such as in particularly

flexibility, scalability and timesaving at the pick stations should also be considered. (Bozer

& Aldarondo, 2018)

The excellent robot features of flexibility and scalability were summarized in a paper

composed by Bozer & Aldarondo (2018), that systems offered flexibility in the number of
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pick stations and AGV fleets that could be activated and staffed. This attracted many

small and medium-sized companies in the growth phase. Briefly, the amount of AGV and
pods can be added or decreased to meet the needs of the user, resulting in shorter

downtimes, or waiting times. Besides, if warehouse in rapid growth was forced to
relocate, the AGVs was portable while the robotic arms and another hardware were costly

to relocate. However, even if the development of routes for AGV operations can be
analyzed for traffic control, too many robots could still lead to congestion as they are

constrained by the limitations of the handling system. But it was discussed later. (p. 17)

Timesaving was noticed as a very noteworthy strength. New robotics technologies were

attempted to discuss the potential time-savings in order-picking operations. They

provided lots of limitation hypotheses that would affect robots’ travel times. There are

includes constrained payload capacity, different warehouse design, impacts on the

number of crosses, and picking-aisles, as well as the location of packing stations within

the warehouse. (Hung-Yu Lee and Chase C. Murray, 2018)

For reducing unproductive working time during order picking, a better way was aimed to

find all the time in academic literature. Scattered storage using AGV was especially ideally

suited, if only a few items are required per order line, that is why they are mainly used by

B2C e-retailers. The biggest advantage of scattered storage strategy claimed by

Weidinger and Boysen was that warehouse was filled with items from each SKU instead

of being crammed into one corner. Some items were always closed by, so that

unproductive walking time was reduced. (Weidinger & Boysen, 2018)

However, a limitation was revealed to exist in scattered storage, if this method was

applied to large size orders, multiple storage places would have to be accessed for

collecting sufficient items in demand by the picker, which would also take longer picking

times. At the same time, a hypothesis issue being pointed out was increasing additional

workload about newly delivered loads, because goods must be taken to more than one
spot. (ibid)
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The robustness and reliability of the system was found another important aspect of AGVs.

The mobile car can be recovered automatically from unexpected breakdowns and can
therefore be operated without surveillance or interference from workers. Thus, in the

European Journal of Operational Research, some factors affecting system dependability
were required to investigate and study. And decision-making methods which supported

AMR planning and control abilities would be introduced. (Fragapane et al., 2021)

Disadvantages

When it came to the challenges associated with OP robots, four points were thought
firstly in the most online big brand and small and medium enterprises (SME) including

safety hazards in the workplace, the huge upfront investment in the warehouse, the risk of
worker unemployment, and resistance to robots in cooperation of staff and AGV fleets.

A specific form of sociological fear was examined by Liang & Lee (2017), which name as

fear of autonomous robots and artificial intelligence (FARAI) examined the extent and

frequency of FARAI, demographic and media exposure predictors, and correlates with

other types of fear, for example, loneliness, drones, and unemployment and something

like that. On a scale of 1489 participants, only 28.4% reported no fear.

Similarly, the employee not only in eCommerce warehouses, also in production

environments was afraid of getting replaced by mobile robots. (Alexandra et al., n.d.) But

a survey offered by Liang and Lee (2017) and resulted that the probabilistic navigation

and autonomous obstacle avoidance with dynamic plan reconfiguration at high-speed

leads to a skeptical attitude of the workers. However, moving with a precise purpose was

rendered to feel rare intimidating, as the places where the mobile cars moved would be

known exactly by the staff. while positive effects were produced due to the ease and

slower movement. But the challenge behind time-consuming was increased according to

the slower driving mobile robots. For online retailers, the time pressures were increasing

particularly during the holiday period, especially on Black Friday. Therefore, a

compromise including the production time and the employees’ opinion must be made.

(Liang and Lee, 2017)
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Interestingly, a contrary view was held by Lee and Murray (2018) about the risk of

unemployment. The task of searching and retrieving items would be assigned to humans,
on the same time, the mobile robots following them would take the goods into the

wrapping place and then return to repeat the above process. In their points of view, items
were presently more adept identified and grasped by human being from a storage shelf.

Accordingly, staff working with machines would be regarded as a pandemic in the future.
Logistics order pickers could also not be widespread faced on loss job. (p. 2)

In addition to the safety of workers needed to be focused on, Alexandra has raised the

point that the hazards of robots in industrial surroundings needed to be at the forefront of

buyers' minds as well. To detect walkers and barriers around paths, most AGVs were

implemented and fitted with safety-certified laser scanners by manufacturers to prevent

negative situations such as the robot getting stuck or even self-destructing. This

perspective was also highlighted again at LogiMAT Exhibition in 2019. But older versions

of AGV were used by few merchants remained without this function, which might be

some threats such as queues in the middle of the road caused by parts jammed, financial

losses due to dropped objects, and safety issues due to collapse. (Alexandra et al., n.d.)

Order delay because of road blocking was a potential challenge. The reason for jamming

might come from scattered storage that caused the SKU on the AGV to be consumed so

fast. Thus, replenishing new loads with frequent trips to the replenishment station would

have a worse consequence. In scenarios with many SKUs and small orders, especially e-

commerce, this saturation point would be reached earlier. (Merschformann et al., 2019)

Phase 2 simulation runs were devised by Merschformann et al. (2019) in Operations

Research Perspectives, because lots of online retailers struggled with high return rate. An

experimental result for effecting return orders was proposed. Honestly returning items in

small quantities caused relatively less impact on cargo throughput than other changes.

But the volume of returned orders that need to be processed raised as customer
purchases increased during peak times, which result in adverse effects. Not only was the

normal workflow of warehouse management disrupted, but around 20 percent of the time

was spent by robots on replenishment operations. Additionally, returned products
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generally have a high probability of being reordered soon, imposing additional constraints

on OP. (Boysen et al., 2018b)

5.3 Possibility of implementation

According to the literature review, this part was conceived with the aim of reviewing the

literature to summarize and answer the second question, which was the question of

whether PO robots could be widely used by online businesses. The characteristics and

requirements of electronic commerce were mentioned in the 3.2 chapter, as well as the

advantages and disadvantages were summarized above. In connection with the prior, it

would be giving the perspective of different researchers on the applicability and suitability

of both.

For adapting to the e-commercial demand, the article was noted by Merschformann et. al

(2019) that successfully dealing with the peak time and meeting the requirement for e-

retailer is essential. In different scenarios, the type and quantity of robots required might

be changed, whether in terms of the scale and geographical location of the warehouse, or

the volume of customer orders and the number of SKUs. AGVs with flexible
characteristics were therefore fitted perfectly with the online retail model. Additionally,

high throughput performance can be easily achieved by adding more AGVs with less
handling time per pod. (p. 12)

According to a study conducted by Weidinger Felix et al. (2018), mixed-shelves storage of
implementing AGVs was especially suited for small-sized orders demanding just a few

items per order line. (p. 21)

The article of Weidinger (2018), in the same year, showed another situation was omni-

channel sales. The aim of the study was designed to determine the most appropriate

storage allocation strategy to achieve the aim of omnichannel sales for a business.

Ultimately split storage was considered by researchers to be the appropriate strategy,

which divides bulk handling areas and mixed shelf storage areas to distribute and store

goods. It divided the goods being sold online and offline into two areas. The side with
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some mixed-shelve was therefore set up to meet the demand for online orders. By

stacking items of the same SKU in the same area, the dedicated storage space catered
for the supply of bulk shipments to the physical shop. Thus, goods sold online and offline

can be handled at the same time. This strategy was successful for small and medium-
sized businesses as there was no need to build two separate stockrooms and hence the

operating and maintenance capital of the warehouse did not ramp up. (p. 21)

In the opinion displayed by Lamballais et al. (2017), RMFS was particularly suited for e-

commerce distribution centers that faced strong demand fluctuations and large

assortments of small size products. During the PO process, the flexibility of the RMFS

was unanimously praised, and the fleet of the AGV was allowed to be added or removed

at will to mitigate tight delivery time. (p. 3-5)

AGV system costs depended on the number of variables that greatly affected the overall

cost. The whitepaper, AGV Cost Estimation, from Kollmorgen automation ab (n.d.) was

shown a platform AGV cost near 15000 dollars if it was performed magnetic navigation,

while the cost of natural feature navigation was around 25000 dollars. That paper listed all

investments needed the AGV software management system cost, installation and

commissioning cost, peripherals of system cost, maintenance cost, transportation,

training and even factory acceptance test fees were involved. AGV network website also

offered critical data for AGV payback. (p. 26-32)

A project on the Geek+ website was illustrated for mitigating fund-pressure in AGV and

equipped system. The Robot-as-a-Service project was developed from the Geek+ robot,

which was conceived with the aim of decreasing the challenges of cash investment in an

intelligent warehouse. The standout advantages of RaaS in four aspects included simple

deployment, less prior investment, update technology and long-term cooperation.

(Kollmorgen automation ab, n.d.)

The choice of a correct warehousing system was seen as an indispensable point for
warehouse managers. Thus, the suitability of different systems was discussed and

deduced as well as a conclusion was confirmed by researchers. Most of the online



41

retailers interviewed did not just apply a single system for all products, but rather applied

multiple systems in parallel and connected them via conveyors. (Marchet et al., 2015;
Davarzani &Norrman, 2015) However, potential issues were not addressed such as

decision support, regarding when and how multiple parallel warehousing systems should
be applied in combination. (Boysen, 2018b)

The advantages of omnichannel sales were mentioned in the previous paragraphs.
However, this type of business trend was found to make warehouse operations rather

complex. Even with the implementation of zoning and batching strategy, it still places a

burden on the warehousing process in physical shops, as the urgency is identical as in

online retail. Boysen raises the question, which type of WMS was appropriate for

simultaneously servicing the size of small and large orders? Or is the hybrid system more

suited? The implications of different scales of orders on storage process were not yet

properly tackled in the literature. The reliability of the implementation would be influenced

by these factors. (ibid)

5.4 Further development and trend

The final subchapter presented a review and focused on the third research question,

which was the future trend of AGV.

Future studies may consider slotting based on AGV velocities. The systems will benefit

from storing high-velocity AGV closer to the pick stations, even though congestion has
occurred when putting AGV fleets with fast-moving at identical locations in the Kiva

system. Once the SKU loaded into multiple AGV was consumed rapidly, a large number

of robots at the same time would cause the negative situation of queues outside the

picking and replenishment stations. At the same time, the impact and timing of

replenishment in AGV systems were demonstrated which is another direction to explore.

(Bozer & Aldarondo, 2018)

The accentuated obstacle was proposed in the European Journal of Operational

Research, which described how balancing between AGVs and the number of receiving



42

/replenishment stations in a warehouse. Theoretically, the time spent by AGV travelling

between service points (Receiving and Replenishment stations, staff) is highly variable,
some unexpected situations are difficult for employees to detect and prevent, for instance

dropping goods from a height or short-circuiting vehicles. Because of its flexibility and the
uncertainty associated with the environment, it is difficult for the inspector to predict the

road conditions in the depot an hour later, and then identify the number of vehicles to be
assigned. For this reason, new algorithms need to be developed and emphasized to

calculate the right number of matched mobile vehicles using new methods in the future.

Hence, the number of vehicles and the type of equipment must be determined at the

tactical level. (Fragapane et al., 2021, p.7)

About research direction on controllers, controllers could be equipped with different robot

bodies to form a variety of AGV fleets which have different velocities, and load capacities.

Customization and modular services for AGV manufacturing were asked to provide by

AGV controller manufacturers. Thereby, the controller will implement that not only can

single robots be controlled, but also clusters of robots can be dispatched. It is a fast and

effective solution. A technical development trend of AGV navigation supported with multi-

sensor also be outlined by this magazine. (Jazzyear magazine, 2020, p. 22)

To improve the accuracy and stability of navigation, the methods of integrated navigation

and barrier prevention have been calculated and applied. Through collecting different

operation information and data of AGV by different sensors, the dependability, stability,

and survivability of mobile robot was enhanced using fusion navigation devices compared

with the single sensor. What’s more, further benefits included increasing real-time and

information utilization, improving accuracy, and extending the space coverage of mobile

vehicles. (Wang et al., 2018)

A problem with holistic research was revealed in the paper of Boysen et al. (2018a). Most

existing papers concentrated on analyzing rigorously the individual problems. But unifying
observation for the whole model that involved AGV robots, software, and AI algorithm

was the needed for the warehouse manager. For example, from the AGV's parking

location in the storage area, order allocation, path selection and movements speed, to the
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QN and replenishment frequency should be considered comprehensively. Therefore, a

holistic model is needed to provide a unified view of the complete OP processes. (p. 24-
25)

5.5 Research overview

For e-commerce businesses that sell a variety of items online, the use of AGVs in the

picking process created more value for the enterprise and was a core objective of the

merchants. The theory presented in the literature in Chapter 2 and Chapter 3 provided a

foundation and framework for the study. The results are based on the theories being

successfully presented that AGVs can not only adapt to circumstances with variable order

volumes but also save time as well as reduce the rate of goods damage. Ideally,

warehouse security would also be greatly improved, which is crucial in any business. The

safety and health of the staff would also present a favorable appearance to the public.

Wealth could be generated for the e-commerce firm while simultaneously beating

competing companies.

AGV, on top of being used in industrial manufacturing and warehousing, would also be
suitable for other industries. In post offices, libraries, docks and airports, the handling of

goods was characterized by large changes in quantity, frequent route adjustments and
repetitive single processes. These problems were solved by AGV which achieved

automated, intelligent, and flexible day-to-day handling, greatly facilitating and helping to
improve the living standards of people. In the tobacco, pharmaceutical, food and

chemical industries, the requirements for moving work must be higher, and clean, safe,

and pollution-free therefore is the necessities. Consequently, manual handling was prone

to product contamination, except for mobile trucks. Hazardous sites and special

industries would be adapted to the AGVs. Military detective vehicles, steel mill trucks, and

so on were difficult to operate manually due to the high-risk factor and the influence of

radiation, whereas such challenges were solved by AGVs.

Intellectualization serves as an essential step toward cost optimization. From the creation

of a task to the end of its life cycle, the status of the task could be monitored by the

employee constantly. Not only does this ensure that the AGV system works properly, but
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the data generated by the mobile car and warehouse management system (the number of

each type of goods leaving the warehouse per day) could help companies to optimize the
warehouse layout, the classification of goods and even customer management, for

example by recommending similar products to customers based on the goods they have
purchased online. Nowadays it is the era of big data, the data being kept is priceless

because of its traceability.

The approach of desk research was used for the article, so the number of journal articles

being investigated was an important source of reference. Regarding the reliability of the

research findings, 85 articles were used as references, published over a period of 47

years, from 1975 to 2022, including 42 documents from the last five years. Nevertheless,

all the conclusions drawn were based on theoretical knowledge and expert opinions

because of the lack of actual interviews with specialists and company seminars, which

could restrict the usefulness of the articles.

6 Conclusion

The final chapter discussed the objectives and summarized answers to the three research

questions that were initially mentioned in the article. Immediately afterwards, the

feasibility and recommendations within the research for the future were shown.

What're the benefits and risks of using robots for warehouses?

In the beginning, E-commerce companies needed to ask themselves some questions and

define their actual needs before working with AGVs. Based on this, this technology was

understood detailed both large companies and SMEs. They were required to figure out if

they are the beneficiaries of the technology and find out what the risks involved are.

Because of this, a comprehensive review of advances in AGVs was presented over the

past few years. If technology was used properly, the benefits demonstrated could be
enormous. Based on the technical characteristics, the significant advantages included

five points: high precision, flexibility, timesaving, efficiency and safety.
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At first, the combined navigation not only increased the accuracy and correctness of the

mobile vehicle system, but also enhanced safety in scenarios where people and machines
work together. Then, the high flexibility of AGVs was reflected in their scalability and

mobility. Robot fleets can easily be installed or replaced either at peak times or
afterwards. In addition, the manager could decide to remove robots and their tracks for

transport to a new destination when a warehouse was recommended to be replaced.
Another feature of the technology was the high picking accuracy and low time

consumption of the robots. The long-term benefits will also lead to an increase in brand

competitiveness. Based on the equipped system, the contributions of SOQN to this point

were significant. Scattered storage concepts and warehouse design also have an impact

on it, like picking speed were boosted by automatic ABC zoning of shelves. Regarding

technology safety, the probability of collision is reduced by combined navigation, whether

human or robotic. And artificial intelligence can support the recovery of AMR after a

failure. Furthermore, more scheduling decisions for the system were supported by a new

battery, thus mitigating the risk of unexpected surprises.

Four potential challenges behind those strengths were identified again. Safety hazards

were again raised, as balancing AGV speed with picking efficiency during OP peak times

was still a major challenge. Secondly, adding too many robots in pursuit of the ability to

process orders faster could lead to congestion on the road, when taking advantage of the

scalability of the technology. Ultimately, this could get a bad result in the OP efficiency.

The third is the uncertainty of upfront cost recovery. Geek+'s RaaS can be a good

solution to this concern, while meeting the start-up needs of businesses. However,

according to the author findings, there were still a few cases where robots could be

rented and installed with assistance. A final challenge related to the risk of employee

unemployment. Although employees needed to work with robots to complete the picking

process of large shipments. Most e-commerce warehouses are now moving towards full
automation, so this will still be an issue.

Whether picking robots can be widely used in e-commerce warehousing
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According to the survey carried out, the OP situation of e-commerce companies is often

faced with the following requirements: small order sizes, a wide range of products,
unstable demand, and tight delivery times. Dividing the online shop, physical shops, and

the returns service into three areas, using either ABC storage or scattered storage, eased
tight delivery times. Depending on the zone, the number of AGVs can be increased or

decreased, therefore reducing capital while increasing efficiency. The authors believed
that a deep understanding of the topic could lead many companies to adopt this

technology in their operations. From the first question, it was obvious that the number of

benefits outweighed the other one. But from the perspective of the author, it does not

guarantee that this technology will be useful for every company, as such technology

requires in-depth understanding and executives must know the usage cases and how

they intend to achieve their goals with the help of AGVs.

What is the future trend of AGV?

A further study will assess the long-term effects of two aspects. The first future work

needs to be done to establish how to balance the number of platforms and robots in the

warehouse. Platforms refer to working stations and replenishment stations. For the

scattered storage, SKU which is spread across multiple pods can be consumed

extremely fast, especially in handling large numbers of small-sized orders. With this

comes an increase in the frequency of replenishment, mobile vehicles would be fully

replenished. With a constant replenishment velocity, the only things that can be changed

are an increase in the number of replenishment stations or faster AGV travel speeds. But,

in this instance, two situations will be thinking. The increase in the number of

replenishment windows caused an increase in costs. The risk to employee safety

increases due to the increase in AGV fleet speed. Therefore, in addition to future in-depth

research and optimization of robot’ travel speed and the ratio of replenishment platforms,

path planning also might be considered. Consequently, the quantity of AGVs per SKU is

also a research direction as it slows down the consumption of SKUs. The second is

combined navigations. As the field of robot navigation continues to develop, this multiple

navigation may become a future trend. Especially in mixed human-machine environments,

the strength of this technology will be amplified.
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Research limitation and suggestion

The main weakness of this study was the paucity of quantitative research. And The scope

of this study was limited in terms of AGVs application in only electronic commerce.

Nowadays, e-commerce businesses must face the crisis of brick-and-mortar shops

caused by the epidemic situation, in addition to various cost increases including but not

limited to staff and land costs. Multiple factors have created a bad situation, so it is
necessary to have a better understanding of AGV systems in advance. The future is the

age of digitalization and globalization, while the impact of this technology goes much
further than this. As what has been talking above, there is no doubt that AGVs will be a

major factor in the future.

Most of the current literature is focused on the rigorous analysis of isolated problems in

individual subsystems, so this topic is still a good subject for research.
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