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Logistics has been the bottleneck in ecommerce, creating problems such as slow and/or wrong deliveries, lost packages,
damaged goods and incorrect packing. Automation extends capacities and capabilities as justified by the vast volume
of online orders. An automated storage and retrieval system (ASRS) can deliver high efficiency but may be limited in
flexibility when it comes to dealing with order disparities in size, shape, weight, volume and mechanical properties.
The ASRS may not offer adequate scalability to adapt to growth and cope with increased seasonal demands, or deal
with facility breakdowns and carry out technical maintenance. Robotics promises to strike a balance between efficiency,
scalability and flexibility. This paper addresses two broad questions: (1) How can robotics create a radical paradigm shift
in ecommerce logistics automation systems? (2) Who should be responsible for investing in robotic ecommerce logistics
facilities and how should the benefits be shared among key stakeholders? The first question is discussed through recent
industrial developments in using mobile robots to achieve robotic picking methods including goods to picker/person
(G2P), goods to robot (G2R), robot to goods (R2G), and through the bold concepts of robotic grid warchousing and
cellular warehousing (CW). The second question is discussed by extending the emerging concept of the Product Service
System (PSS) to propose a Logistics Automation Service System (LASS) business model where stakeholders focus on

their own core competencies while complementing each other’s expertise and sharing risks and benefits.
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1. Introduction

While the memory of the “Dot-Com Bubble” burst-
ing around the turn of the millennium has not faded
away completely,[1,2] ecommerce has still experienced
overwhelming success in both developed and emerging
economies. The previously predicted major changes in
the ways that enterprises in supply chains manage their
businesses and consumers do their shopping in the digital
economy have now taken place. Significant expansions
have been reflected worldwide in the business reports of
major ecommerce players such as Amazon, Alibaba and
JD.com. What is astonishing? It is the speed at which
Chinese ecommerce businesses have caught up in recent
years to become a leading ecommerce market in the
world. Record-breaking events have been reported with
online orders at Double 11 Singles” Day on 11 Novem-
ber year after year.[3] The trend remains strong and the
Chinese ecommerce market is projected to be the size
of those of the United States (US), the United Kingdom
(UK), Germany, Japan and France combined within two
decades.[4]

Major ecommerce providers such as Alibaba and
JD.com have solved the technological problems of deal-
ing with millions of simultaneous “button clicks” for
online orders at their ecommerce service platforms.
Online shopping is one thing, but delivery is another
challenge. Goods move slowly and damages are a con-
cern. The logistics of fulfilling the massive number of
ecommerce orders becomes a critical bottleneck after the
order buttons have been clicked. This ecommerce logis-
tics could cost 40% of the price that customers pay for
the goods.[5] In the Mainland China in particular, deliv-
eries spent 18% of its GDP, which was almost double the
average figure of developed economies.[6]

Ecommerce logistics usually involves three main
phases: The first phase involves the replenishment of
goods from product manufacturers to the distribution cen-
tres and/or warehouses of ecommerce logistics operators.
The second phase involves order fulfilment at ecommerce
distribution centres through order sortation, picking and
packing operations. The third phase involves the fast
delivery of orders from distribution centres to customers.
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The logistics services at the first and third phases are
relatively mature, as third-party logistics (3PL) service
providers are usually used. However, their capacities may
become limited under the extreme demands of concen-
trated market windows such as during festive and peak
seasons. For example, large quantities of the same mod-
els of goods are delivered via sea, rail and land transports
while high-value small items can be transported by air
between manufacturers and distribution centres. Express
delivery service providers are usually used for deliver-
ies between distribution centres and customers where the
cost of “last mile” deliveries should be reduced and the
service could be improved. It is the second phase which
creates the bottleneck for ecommerce logistics operators;
warehousing operations normally offered by 3PL ser-
vice providers simply cannot meet the explosive demands
of ecommerce transactions in terms of both volumes
and varieties of ecommerce orders. Space for storage
and order processing is highly limited, especially during
peak seasons. Order picking has been extremely labour-
intensive and involves long distances of movement for
human operators and/or goods.

The investments by 3PL service providers have been
increasing in expanding their capacities. Major ecom-
merce players such as Amazon, Alibaba and JD.com have
invested heavily in creating their own logistics facili-
ties, including warehousing and distribution operations.
This trend can easily be observed with a quick glance
through various reports from openly accessible sources.
Businesses have a common expectation for a paradigm
shift in ecommerce logistics to reduce, if not eliminate,
the bottleneck. Unfortunately, it is not commonly known
exactly how such a shift should be implemented. One
component of enabling the shift is automation, includ-
ing the automation of both the flow of information and
the flow of materials. The Internet of Things (IoT) and
the Physical Internet form the technological infrastruc-
ture for automating the flow of information in ecommerce
logistics, and there has been considerable literatures with
regard to this dimension.[7] This paper focuses on the
automation of the physical flow of materials.

The vast numbers of ecommerce orders seem to jus-
tify the automation of warehousing operations to improve
efficiency and reduce costs and service times. How-
ever, high variety and variability of ecommerce orders
make the implementation of automated facilities become
complicated. Not only are the type and quantity of con-
tent different among ecommerce orders, but their size,
shape, weight and surface properties are often different
too. These disparities create difficulties in automation.
Additional measures must be taken to provide the neces-
sary flexibility to accommodate unavoidable disparities,
resulting in high upfront capital costs. Another challenge
associated with traditional fixed automation is the lim-
ited scalability; that is, an automation system is designed
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and created with a more or less fixed capacity which
is unable to cope with high demands during peak sea-
sons but becomes under-utilised during off-peak periods.
It is also difficult to scale up the automated facilities
when ecommerce businesses expand, because the break-
down of one component in the fixed automation may
result in the breakdown of the entire system. Maintenance
often requires shutting down the whole system. There-
fore, a solution must be sought for flexible and scalable
automation for ecommerce logistics.

The automated storage and retrieval system (ASRS)
has the ability to sort, sequence, buffer and store a wide
range of items with high accuracy, efficiency and through-
put inventory management capabilities. Such systems
operate with a warehouse management system (WMS)
and machine controllers. Precision racks allow for high
storage density and fast location access. Cranes or shut-
tles move up and down aisles with accelerated long-
distance travel. Load handlers are configured to suit the
size, shape and weight of the loads. ASRS allows multi-
aisle and multi-level scalability. However, one of the
serious limitations of ASRS is that the load handler has
difficulties in picking a variable number of items from
the same storage location. One possible solution is to
replace the load handler with a robot sitting on the shuttle.
Alternatively, a robot can be added to extend the function-
ality of traditional horizontal carousel systems. Robotics
promises to deliver flexibility and scalability in terms of
automating ecommerce logistics.

Robots have been used successfully in flexible manu-
facturing factories to perform repeated tasks, mostly at
fixed positions, with the required speed, precision and
load within working environments that severely chal-
lenge human operators. In contrast, logistics operations
often involve movement, meaning that robots may have
to accomplish their tasks at different positions. Robotics
achieves adequate scalability in logistics automation.
When an ecommerce business grows, more robots are
introduced. Robotics also provides the flexibility nec-
essary for dealing with the vast variety and variability
involved in ecommerce orders. Therefore, robotics tack-
les the problems of the capacities of ecommerce logistics
being capital-intensive and the operations being labour-
intensive.

Robotics promises an imperative component of the
paradigm shift expected in ecommerce logistics. The fol-
lowing two broad questions must be addressed for the
shift to take place:

(1) How can robotics create a radical paradigm
shift in ecommerce logistics automation systems?
What are the possible approaches and potential
impacts?

(2) Who should be responsible for investing in
robotic ecommerce logistics facilities and how
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should the benefits be shared among the key
stakeholders, including ecommerce operators,
3PL logistics operators and automation technol-
ogy solution providers?

In order to discuss the first question, industrial devel-
opments where robots have recently been used for the
purpose of ecommerce logistics are reviewed. Section 2
discusses the use of mobile robots to implement robotic
order picking: goods to picker/person (G2P), robot to
goods (R2G) and goods to robot (G2R). Section 3
presents a variation of robotic G2P through robotic grid
warehousing. Section 4 proposes the bold concept of
robotic cellular warehousing (CW). The discussions are
based on materials from representative leading technol-
ogy providers of these robotic solutions.

The second question is discussed by extending the
emerging concept of the Product Service System (PSS) to
propose a Logistics Automation Service System (LASS)
business model where stakeholders such as ecommerce
operators, logistics operators and automation solution
providers focus on their own core competencies while
complementing each other’s expertise and sharing risks
and benefits.

2. Mobile robots for ecommerce order fulfilment

This section presents two representative solutions of
using mobile robots to upgrade warehousing operations:
the robotic G2P picking method and the R2G picking
method.

2.1. G2P automated order fulfilment

G2P is a commonly used method in which goods are
brought to human pickers who complete order picking
and possibly packing tasks at fixed positions. In a robotic
G2P warehouse, robots are used to move the goods to
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Figure 1. Kiva system: a representative robotic G2P system.
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the pickers. This solution minimises and possibly elim-
inates tedious and tiring human movements. Such robotic
G2P solutions are commercially available.[8] Examples
include the well-known Kiva system owned by Amazon,
CarryPick from Swisslog and Matrix Rovers from Sym-
botic. Robotic G2P solutions not only achieve the nec-
essary degree of flexibility normally offered by manual
picking for handling a wide variety and variability of
ecommerce orders, but they also enjoy the high efficiency
offered by ASRSs. In addition, robotic G2P offers full
scalability for dealing with the seasonal and festive fluc-
tuations in demand, as well as business expansions and
system maintenance.

For simplicity of discussion, this paper refers to the
terms for the components of a typical Kiva system,
as used in Amazon warehouses, while generalisation is
straightforward for similar robotic G2P configurations.
Full details can be obtained from whitepapers about the
Kiva system. Research and development (R&D) issues
can be found from related literatures.[9,10] As shown in
Figure 1, the following key components are involved:

e Inventory and order (storage) pods. These include
a large number of configurable shelves for storing
products that can be different, the same type or a
mix. These shelves are not fixed and can easily be
carried and moved around the warehouse.

e Kiva robots. These mobile robots carry and move
inventory pods from their storage locations to tar-
get pick stations. Each robot has a screw mecha-
nism that lifts the pod before moving. Each robot
uses two cameras to read the barcodes placed
under the pods and on the floor grids for naviga-
tion. In addition, each robot is equipped with other
navigation sensors, including encoders, accelerom-
eters and gyroscopes. Robots communicate with
the central control system through messages.

Inventory Pod

Human Picker




e Pick stations. A typical pick station includes a
human picker who is assisted by a computer sys-
tem, one or more inventory pods brought by robots,
and one or more order pods that contain order
mixes sent away by robots for packing and dis-
patching.

e Replenishment stations. Robots bring empty pods
to replenishment stations for building up invento-
ries. Replenished pods with fast-moving goods are
generally stored in locations closer to the pick sta-
tions and slow-moving goods are kept further away
from the pick stations, in order to minimise the
search and retrieval time.

e The warehouse floor is divided into grids marked
by navigation landmarks such as barcodes. These
are used to record locations of inventory and order
pods. Robots can then search for and retrieve the
shelves carrying the required goods. While storage
pods are located in the middle of the warehouse,
pick and replenishment stations are situated around
the perimeter of the warehouse.

e The central controller. Hundreds of mobile robots
are managed through a powerful central control
software system in order to collectively complete
order fulfilment: storing, moving, picking and sort-
ing. The system works seamlessly with the WMS,
which coordinates order planning, scheduling and
releasing. The central controller is a warehouse
execution system that orchestrates mobile robots
and human pickers to fulfil orders.

A typical working cycle includes several steps. When
an order is received at a pick station, the control system
locates the inventory pods that carry the items for this
order and identifies the robots that are best positioned to
move the pods to the pick station. The central controller
sends command messages to the corresponding robots.
Each robot calculates a path between its current loca-
tion and the item location, and then moves according to
the planned path, taking 90° turns at crossings. When it
arrives at the desired location, the robot lifts the inventory
pod from the ground and transports it to the pick sta-
tion. The item space on the rack is highlighted in order to
facilitate the human picker getting the item quickly. After
scanning the item, the picker puts it in the highlighted box
on the order pod. The robot carries this inventory pod
to another pick station as assigned by the central con-
troller. Inventory pods carrying other items in the order
are similarly processed at this pick station, but they must
enter the pick station in a synchronised sequence in order
to avoid waiting times. When all items are completed,
the picker packs the order and puts it in the order pod.
This completes the cycle of fulfilling one order. When
all the orders in the order pod are completed, the central
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controller sends a robot to take the order pod away for
order dispatch.

If a robot replaced the human picker at the pick sta-
tion in this G2P system, then it would be classed as a
G2R system. In this case, the robot must have the picking
capability, as in the R2G system, to be discussed below.

2.2. R2G automated order fulfilment

R2G is a new picking method in which a robot moves
to a location where goods are stored and picks up the
right quantity of the right goods for the purpose of
building mixed boxes for ecommerce orders. One typi-
cal implementation of this R2G involves an automated
guided vehicle (AGV) carrying a robot which picks the
required objects, known as the Order Picking Robotic
AGV (OPRA) (Figure 2).[11] This combines the mature
strengths of the AGV’s movement to locate object storage
and the robot’s ability to pick the right objects. Another
variation of R2G is a shuttle carrying a robot in a typi-
cal ASRS warehouse. This configuration enjoys the high
acceleration of shuttle movements while the robot is able
to pick the right items in the right quantities to build the
orders.

R2G and robotic G2P share the same fundamental
features as the classic P2G and G2P picking methods,
with the difference that people are replaced by robots.
The number of mobile robots in an R2G configuration
would be smaller than that of a robotic G2P configura-
tion. The navigation and control system for R2G can be
simpler as there is no need for pick stations in R2G, so
space can be better utilised. Robots in R2G can move
at a higher speed with the desired stability. If robots in
R2G are lightweight, then the total energy consumption
can potentially be much lower than that of a robotic G2P
system, because goods in storage are not moved in R2G
but all storage is moved by robots in G2P.

Affordable robots currently suffer from limitations.
Firstly, the current technology requires that objects are

Robot picks goods =~ =)

AGV moves Robot s

Well-structured Storage

Figure 2. An R2G OPRA (adapted from Bastiansolutions).
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ACCESS POINT CONTROLLER

Figure 3. Robotic grid warehousing (adapted from Auto-
Store).

stored in a highly structured environment so that the robot
can correctly handle them with ease. Secondly, a robot’s
arm end-effector is at present only capable of picking
cases, bags, bins and pallets of relatively regular proper-
ties, while ecommerce orders are likely to contain objects
of different shapes, sizes and weights. Standard boxes
have to be used for a universal robotic gripping tool at
the cost of reduced space utilisation. Finally, a robot is
only effective in locating and handling a stack of boxes
containing the same objects; it is not easy for a robot to
identify and handle a box containing the ordered object if
its neighbouring boxes look similar but contain different
objects.

In order to overcome the above limitations, research
efforts are being made in the Department of Computer
Science of the University of Hong Kong to equip robots
with computer vision and visual sensors, with the goal
of building a commercially viable automated picking
system in unstructured environments. With such techni-
cal progress, vision-guided robotic order picking would
soon become a reality for ecommerce logistics.[12] To
address this task autonomously, the robot needs to exe-
cute the following operations sequentially: firstly, it needs
to recognise the target object from a bunch of clusters.
Secondly, it needs to identify the desired location of the
grasp, e.g. for a martini glass, the desired location is its
neck. Then, the robot must plan an arm trajectory so that
it can approach the object at the desired grasp location.
After a motion to approach the object is computed, tech-
niques such as visual serving that align the gripper to the
desired location or the haptic feedback can be used to
enable the robot to execute the picking task successfully.
These four steps: recognise, identify, plan and execute,
make up the vision-guided robotic order picking pipeline.

3. Robotic grid warehousing

In a typical warchouse, aisle spaces, however compact
they are, must be maintained between storage shelves for

shuttles in ASRS, for AGVs/robots in a robotic ware-
house, and for manually operated pick vehicles in a
conventional warehouse. Such spaces are not utilised for
storage. Swisslog’s AutoStore [13] is a robotic G2P ware-
house that does not need aisle space and hence almost all
space is utilised for storage. Because AutoStore uses grids
for storage, this type of warehouse is hereafter referred to
as a grid warehouse.

Robotic grid warehousing provides a special G2P
automation solution which combines outstanding stor-
age density and very high flexibility for picking small
items. Figure 3 shows a typical grid warehousing config-
uration. The following standardised modules are involved
for simple integration:

e The grid. Metal racks create a grid framework with
vertical rectangular cells as storage spaces. Each
cell holds a number of bins that are stacked directly
on top of each other. Rails are installed on top of the
grid to allow the fast movement of robots.

e The bins. Small goods are stored in standardised
boxes or bins, which are stacked in cells of the grid
warehouse. Each bin is identified by a unique num-
ber in the controller database. Its location in the
grid and the goods that it carries are recorded in
the WMS.

e The ports. Ports are pick stations where items of
the same order are picked and packed. These are
usually installed in the perimeter of or even below
the grid. Robots continuously bring bins to the
port to build order boxes. Ports can be used for
inbound and outbound purposes, namely, replen-
ishing empty bins with new incoming items and
shipping picked and packed orders.

e The robots. Multiple autonomous mobile robots
move at high speed as guided by the rails mounted
on top of the grid. Each robot is equipped with a
lift and a gripper for picking, carrying and releas-
ing bins. The robot communicates wirelessly with
the control system for commands such as sending
a bin to a specific port or recharging in the service
area. The locations of the robots are recorded in the
database in real time to optimise their movements.

e The access point (AP) network. This provides wire-
less connections between the robots and the con-
trol system. Each AP communicates with multi-
ple robots within a range and multiple APs are
carefully interconnected to cover the entire grid
warehouse.

e The controller. This is the central control system
of the grid warehouse. Its key functions include
the planning and scheduling of robot tasks, record-
ing the real-time positions of bins and robots,
integrating with other enterprise information sys-
tems, monitoring the working conditions of robots



and components, and sending alert messages for
technical services.

When an order is received, it is assigned and sched-
uled to a port. Multiple robots work together to retrieve
and send the bins containing the right items to this port in
the right sequence. Each robot leaves this port by bring-
ing a bin back to an optimal location in the grid. When
all the goods for the order are picked and packed at the
port, the order is then ready for shipment. The controller
must synchronise the robots working on the same order
for minimising or even avoiding the order’s idle time at
the allocated port, because ports are limited resources in
a grid warehouse.

All bins are circulated within the grid warehouse.
Robots bring empty bins to the replenishment (inbound)
ports for new items and send them to the best loca-
tions, which are optimised by the controller. Robots opti-
mise and relocate bins containing faster-moving items to
higher levels so that robots can fetch them more quickly,
while slower-moving items are stored in the lower levels.
When a slower-moving item at the bottom of the grid is
requested, the robots work together to relocate the bins on
top of it until one robot is able to access the target bin.

4. Cellular warehousing (CW) with robotics

The robotic automated G2P and R2G solutions presented
above offer a certain degree of flexibility for address-
ing minor but not major disparities between ecommerce
orders. In addition, the total distance of robot movements
can still be considerable, since picking operations take
place across the entire warehouse. One potential solution
is to introduce the concept of the cellular warehouse, a
concept adapted from cellular manufacturing.

Cellular manufacturing (CM) is a cost-effective
approach to implement flexible automation in manufac-
turing factories.[14] It is based upon the principles of
group technology,[15] taking full advantage of the simi-
larity between parts through standardisation and common
processing. A CM factory consists of a number of man-
ufacturing cells, each of which can be considered as a
small-scale factory. Parts with strong similarities or minor
disparities are processed within the same manufacturing
cell; parts with few similarities but major disparities are
manufactured in different cells. Within each cell, the effi-
ciency of mass production and thus the scale of economy
are achieved, while the factory is still able to deal with a
wide variety of and variability between products.

Likewise, CW utilises similarities between online
orders and/or their items. A few literatures can be found
on CW and the work by Shafer and Ernst [16] seems
to be an early exploration. A cellular warchouse is com-
posed of multiple sub-warehouses or warchousing cells.
Order items with strong similarities are handled within
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Figure 4. CW.

the same cell. Order items with strong disparities are pro-
cessed in different cells. The quantity of items handled
within each cell is maintained at a high level to enjoy
scale-of-economy benefits. Each cell is equipped with
appropriately automated facilities, and its layout, space,
operations and facilities are optimised for handling sim-
ilar items without sacrificing overall performance. Each
cell is responsible for its own internal control of qual-
ity, scheduling, ordering and record-keeping, the same as
how a warehouse is operated. In this sense, warehousing
cells are different from zones in traditional warehouses,
but individual items are picked within the cells rather than
within the entire warehouse, the total moving distance is
greatly reduced.

Figure 4 shows an imaginary cellular warehouse with
different types of warehousing cells. One cell is manually
operated and offers the best flexibility for handling irreg-
ular orders and/or infrequent items. Another cell is oper-
ated under a typical ASRS and offers the best efficiency
for handling single items with high-demand frequencies.
The third cell is a robotic grid warehouse for small items,
and offers the best space utilisation. The fourth cell is a
robotic G2P warehouse where human pickers and mobile
robots achieve the highest efficiency with necessary flexi-
bility. Among warehousing cells is an order consolidation
cell where items are assembled and packed for individual
orders. If all items in the same order are handled within
the same cell, such an order can be dispatched directly
without going through the consolidation cell. One critical
issue with the consolidation cell is how to synchronise
between cells for processing items in the same order. In
other words, items belonging to the same order should
enter the consolidation cell within the same time win-
dow for packing, in order to avoid waiting times. How
consolidation facilities should be configured and operated
to achieve synchronisation is open to further discussion
and investigation.

The concept of CW is in its infancy and no successful
industrial cases have yet been reported. The biggest chal-
lenge with its implementation for ecommerce logistics is
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how to divide the entire warehouse into cells. An appro-
priate division should depend on the similarities between
items in all ecommerce orders, and this requires analysing
the big data collected from recent operations. Similari-
ties or disparities under this context should be considered
in a broad sense. For example, for the same goods, a
single-item unit and a multi-item unit may not necessarily
be considered as strongly similar. Single-item units are
suitable for ASRS while multi-item units require other
picking methods to build pick pallets. Therefore, factors
such as size, shape, weight, unit size, demand frequency
and mechanical properties must be considered in order
to evaluate item similarities while dividing a warchouse
into cells. Indeed, this is an area that requires further
investigation.

5. LASS

The PSS is an innovative business model for technol-
ogy providers to integrate hardware products and services
provided by the network of stakeholders. PSS extends
the traditional functionality of products by incorporating
additional services so that they can jointly fulfil spe-
cific customer needs.[17] One of the most successful
real-life examples of integrating services into products
is that office users are renting, instead of buying, photo-
copiers. The rental is charged on the utilisation level (e.g.
number of copies). Users are guaranteed photocopying
functionality during office hours through a pledge of
timely repair and maintenance from a service provider. As
another example, Rolls-Royce delivers “power-by-the-
hour” instead of transferring ownership of the gas turbine
engines to the airline companies.

Stakeholders such as ecommerce operators, 3PL
operators and robotic automation technology solution
providers all want to capitalise on the market growth.
However, logistics automation is capital-intensive.
Volatile demand fluctuations create uncertainties and
risks, forcing all parties to become more conservative. A
new business model of ecommerce is needed, and to this
end the LASS extends the PSS concept.

Figure 5 shows an overview of the LASS business
model. In addition to customers, three types of key stake-
holders are involved: one or more ecommerce operators,
the ecommerce logistics operator which may be a third
party or a subsidiary of an ecommerce operator, and
the automation technology solution provider. Customers,
other 3PL providers and technology component suppli-
ers are not explicitly depicted in this diagram. Online
orders that customers place through the trading platforms
of ecommerce operators are passed to the logistics oper-
ator. Ecommerce operators subscribe to the services that
the logistics operator guarantees for fulfilling and deliv-
ering the online orders to customers and replenishing
inventories as instructed by ecommerce operators.

Under a LASS business model, the automation tech-
nology solution provider is responsible for setting up
automated logistics facilities for the ecommerce logis-
tics operator at no cost or at a much reduced conces-
sionary cost, depending on the ownership and revenue-
sharing agreement signed between them. The automation
provider recovers its return on investments and owns
its future profits by sharing the revenue of the logis-
tics operator. In return, the automation provider guaran-
tees that the automated logistics facilities are in good
working condition and provides the intended level of
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Figure 5.  Overview of the LASS business model.

Logistics Operators

Maintain

Upgrade & Recycl



warehousing services and operations. The automation
provider has expertise in optimising and configuring
logistics facilities with the appropriate mode of automa-
tion according to the site space of the logistics provider.
The automation provider also has specialised technical
skills for monitoring the status of the logistics facili-
ties and providing appropriate technical maintenance and,
when necessary, upgrading and/or recycling the software
and the physical assets. The logistics operator outsources
automation services from the automation provider. There-
fore, the logistics operator is able to focus on its core
business of supply chain management and warehous-
ing services for fulfilling online orders for ecommerce
operators.

A simple calculation of revenue sharing between
the ecommerce logistics operator and the automation
provider is now described. Let R represent the total
income that the logistics operator receives from all ecom-
merce operators. Assuming that the logistics system
works all year round, the total revenue is estimated as
R =r x n x O x 365, where r is the rate that the logis-
tics operator charges its ecommerce operators for han-
dling one item while fulfilling one online order, n is the
average number of items in a typical order, and O is the
average total number of daily online orders fulfilled for
all ecommerce operators.

Let A represent the total income that the automa-
tion provider shares with the logistics operator, and
s represent the proportion at which the automation
provider shares with the logistics operator for handling
one item in one online order. A is then estimated as
A=r1xnx 0O x 365 x s. The total cost C incurred to
the automation provider over the period of Y years is
estimated as C = F + m x Y, where F denotes the total
fixed amount of capital investment in setting up an auto-
mated ecommerce automation system and m denotes the
annual cost of technical maintenance services for ensur-
ing that the system performs its desired functionality.
Noting that the operating cost is not included in this cal-
culation because it is incurred on the logistics operator but
not the automation provider. In order for the automation
provider to break even with A > C, the number of years
can be estimated as Y =F/(r x O x 365 x s —m)
given the sharing proportion S, or the revenue-sharing
rate S = (F/Y + m) /(365 x r x O) given the desired
number Y of years to break even.

Based on conversations with an industrial partner
as the automation provider about a real-life business
case, it can reasonably be assumed that F = HKS$50
million, m = HK$2.5 million per year, r = HK$3,
O =10,000 — 15,000, and s = 1/3. The automation
provider breaks even after Y = 3 — 5 years. This is indeed
a very attractive return on investment (ROI) to the solu-
tion provider, while the logistics operator avoids intensive
capital investments but enjoys continuous automation
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services. Indeed, LASS is a win-win business model for
all stakeholders.

6. Concluding remarks

The quality of ecommerce services is currently limited
by the logistics bottleneck that creates problems such as
slow and/or wrong deliveries, lost packages, damaged
goods and incorrect packing. Expanding capacities by
creating more logistics facilities and parks would lin-
early relax, but may not entirely eliminate the bottleneck.
Instead, logistics services and operations should be fun-
damentally upgraded to meet the demands of exponential
growth in ecommerce businesses. This paper has dis-
cussed how robots enable a paradigm shift to improve
the capacity and capabilities of ecommerce logistics.
Robotic picking methods include G2P where mobile
robots move goods to human pickers, G2R where robots
carry out the picking and packing at pick stations, and
R2G where mobile robots move to storage areas to pick
up goods. Grid warehousing is a special implementation
of robotic G2P where aisle spaces are not needed and
robots move at a higher speed over rails than along the
ground.

Robotic ecommerce logistics automation is highly
flexible for managing disparities among online orders.
Multiple robots work collectively to bring different items
of the same order and deliver them in a synchronised
sequence to the pick station to reduce picking costs and
increase accuracy and speed. When the business expands,
such a solution is scalable as more robots are used in a
dynamic, self-organising and adaptive manner. In addi-
tion, the overall equipment efficiency (OEE) is very
much improved since the breakdown of one robot would
not affect other robots, and hence robots can be main-
tained individually and separately. Finally, when sales are
predictable or special offers are planned during festival
demands or new incoming orders are dynamically pro-
cessed, multiple robots automatically move fast-moving
goods to areas for instant retrieval for future picking
processes.

CW is a new concept where a warehouse is divided
into autonomous cells with dedicated facilities so that
orders with strong similarities can be fulfilled efficiently,
where the similarities are evaluated according to item
attributes. Examples of a single cell include a grid ware-
house for small items, a manual picking warehouse for
irregular goods, an R2G warehouse for regular goods
stored in structured environments, a robotic G2P ware-
house for goods with certain variety and variability,
and a fully ASRS warehouse for handling units. Order
components partially picked within corresponding cells
are consolidated and packed for shipment. CW further
improves efficiency at the cellular level and the flexibility
and scalability at the system level.



76 G.Q. Huang et al.

Robotic automation solutions are capital-intensive.
This paper has extended the emerging PSS currently
practised in manufactured products to formulate a new
business model called the LASS. Under LASS, the
automation technology solution provider is responsible
for deploying and maintaining the robotic automation
facilities, while the logistics operator is responsible for
operating these facilities to fulfil ecommerce orders. The
automation provider shares the income that the logistics
operator receives from participating ecommerce opera-
tors. Through the LASS partnership, key stakeholders
share investments, benefits and risks.

The LASS model is particularly suitable for small
and medium-sized enterprises (SMEs) in the business of
ecommerce and logistics operations. Large ecommerce
players have the financial strengths to lead initiatives
in implementing robotic automation solutions. In con-
trast, SMEs take a more cautious and conservative “wait
and see” approach for new technologies to become more
mature and for risks to become lower. Some business
and technical challenges are yet to be tackled. In both
the robotic G2P and R2G solutions, navigation systems
are critical for guiding mobile robots to execute tasks at
the desired locations. New navigation mechanisms are
needed for managing a large number of mobile robots
moving to desired locations at high speeds. Computer
vision mechanisms are required in order to guide a robot
to pick up the correct items in the required quantities at
the designated locations. Robots must be equipped with a
grasping mechanism that is able to handle goods of wide
disparities. Mechanisms are also required for coordina-
tion and synchronisation among robots that are involved
with handling different items for the same ecommerce in
order to avoid waiting times at orders picking and consol-
idation stations. In CW, further investigation is needed for
guidelines and principles on how the warehouse should
be divided into cells. Industrial success stories are needed
in order for the community to share experiences and
lessons. Literatures are extremely limited on the compara-
tive analysis of these proposed solutions in terms of their
strengths and limitations. Rigorous findings, rather than
commercial promotions, from R&D efforts and field stud-
ies are urgently needed to convince sceptics by reducing
or removing their doubts.
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