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The advent of the new normal era arising from the recent changes in social environment and
the spread of COVID-19 has brought about a sea change in people’s lifestyles and business
models. The logistics industry has not been exempt from these impacts, and the pre-existing
needs for optimization and automation have further increased. This article presents an ap-
proach of adopting Al in the optimization of picking order generation in warehouses and
logistics centers in order to meet optimization and automation needs. It also presents an ex-

ample of a verification project.

1. Introduction

The advent of the new normal era arising from the
spread of COVID-19 has brought about a sea change in
people’s work styles, their lifestyles, and even business
models. The pandemic caused a rapid increase in the
number of users of e-commerce and Internet services.
The volume of goods distributed increased as well,
leading to a further rise in the pre-existing awareness
regarding logistics reform, and needs for optimization
and automation increased.

Until now, the logistics industry has long worked
on operations reform in warehouses and logistics
centers (hereinafter “warehouses’). One example is
an improvement activity to increase productivity by
optimizing receipt and shipping of goods. Specifically,
improvement of processes and work, manual labor
saving, and automation by using equipment to make
up for labor shortages have been discussed and
implemented. In addition, an approach for adopting
Al is attracting attention recently. Improvement of pro-
ductivity via optimization not only allows warehouse
operations to be carried out with the minimum required
staff but also ensures sufficient physical distance.
Therefore, it leads to measures to deal with the recent
pandemic as well as warehouse operations reform, an
on-going task from before the pandemic.

Utilizing the knowledge and know-how obtained
from digital transformation (DX) achieved through
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co-creation between customers and Fujitsu's system
and Al experts for warehouse operations reform as
described above will improve customers' business per-
formance more than ever. These should be useful for
Fujitsu's business more generally, as it provides high
value-added solutions, in addition to warehouse opera-
tions reform.

This article presents an approach for using Al in
the optimization of picking work order generation in
warehouses as well as an example of the verification
project.

2. Approach to optimization of
warehouse operations

2.1 Background for targeting optimization

of picking work order generation

As described in the previous section, the logistics
industry has long worked on warehouse operations
reform. However, as shown in Figure 1, warehouse
operations include several work processes and there
are many variations of work depending on the shape
of articles handled, unit of shipment [1], and equip-
ment installed. Bottlenecks in warehouse operations
therefore vary for each customer. During the discussion
for optimizing these problems utilizing Al, several ele-
ments of optimization were raised. Of those, focusing
on picking operations as the work to be optimized was
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Flow of warehouse operations and subjects of optimization.

decided it would help reduce the needed labor and en-
courage labor saving as well as even ensure sufficient
physical distance for the staff. The reason for this is
that, with various operations, picking not only requires
a large amount of human resources but also involves
greatly varying work time and labor depending on the
content of picking order.

Furthermore, picking methods can be roughly
classified into single picking and total picking, as shown
in Figure 1. Single picking carried out at the same time
is called multi-picking. With multi-picking, improving
productivity was a challenge because picking orders
were combined and implemented at the workers” own
discretion, making it dependent on individuals.

For these reasons, we decided to work on
implementing warehouse operations reform through
optimization using Al technology, focusing on the
generation of picking work orders with the multi-pick-
ing method.

2.2 Conventional technology used in the
optimization of picking work order
generation and their problems
One Al technology used for optimizing picking

work order generation is a conventional optimization

technology for shortening work processes on the man-
ufacturing shop floor. However, there was a problem
where the constraints in warehouse operations were
different from those on the manufacturing shop floor.
The following are examples of constraints in picking
work sites in warehouse operations (Figure 2).
Vertical flow lines are one-way (red solid arrows).
Horizontal flow lines can take shortcuts to the
right (red dashed arrows)
The passageway is the width of two trolleys, en-
abling overtaking
There is only one conveyor (blue dashed arrow)
After picking, a foldable container is fed on a
nearby conveyor and the next picking orders are
obtained at that location before starting picking.
For optimization with the multi-picking method,
combinations of multiple orders by multiple workers
at the same time was lacking as a technical element
required for warehouse operations. In addition, there
was a problem where existing technologies for solving
other combinatorial optimization problems were not
capable of optimization in terms of avoiding conges-
tion or constraints on site.

Technology was not the only problem. It was
difficult from the point of view of investment cost to
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Figure 2
Image of constraints in work site.

develop new Al capable of solving the problems men-
tioned above cheaply.

2.3 Al technology adopted

In order to optimize multi-picking work orders,
we took feasibility and cost into account and used the
mathematical optimization technology (OPTIMILIS)
intended for production planning developed by Fujitsu
Limited (formerly Fujitsu Laboratories Ltd.) as the
basis, which was improved to suit logistics and custom-
ized by adding combinatorial optimization technology
to develop an Al engine. This Al engine is composed
of two technologies: combinatorial optimization tech-
nology for picking work orders and work sequence
optimization technology, as shown in Figure 3. The
work sequence optimization technology, originally in-
tended for drawing up production schedules, has been
applied to the combinatorial optimization technol-
ogy for picking work orders to achieve optimization of
multi-picking work orders.
1) Combinatorial optimization technology for pick-

ing work orders

This technology is intended to calculate the op-
timum solution for combinations of multiple orders
extracted in one set of picking orders [2]. The objective
variable [3] is based on the total moving distance of
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all work and the simulation technology for sequential
optimization under the conditions of the above-men-
tioned constraints and uses a round-robin method
as a solution to small-scale problems. Accordingly,
combinations of picking orders to be assigned to one
multi-picking work are determined one by one, and
those with shorter total moving distances are searched
for first. Using this method supplements where the
conventional technology alone was insufficient, mak-
ing the technology applicable under the constraints of
picking work sites in warehouse operations.
2)  Work sequence optimization technology

This technology is an elemental technology for
drawing up production schedules as described above
and it is also an effective technology for reducing
work time in consideration of avoiding congestion in
the warehouse [2]. The objective variable is based on
the time required to complete all work and sequential
optimization, and a genetic algorithm method is used
as the solution to small-scale problems. The genetic
algorithm method first creates an initial solution popu-
lation and applies selection based on the evaluation
(grading) and points of each solution. Next, evaluation
(grading) of each solution obtained from the solution
variation by evolution operation is repeated a certain
number of times (change of generations) and the best
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Figure 3
Developed optimization Al engine.

solution from the last generation is adopted as the final
solution. In addition, we made use of our proprietary
time-driven discrete event simulator [4] to set the pick-
ing time, walking speed, and the number of workers
per item. which has made it possible to calculate the
time required to complete work with congestion taken
into account. In this way, the technology can be applied
to warehouse operations, something the conventional
technology was unable to handle.

3. Example of verification project for
picking work order optimization
This section describes an example of a project
by Company A, which succeeded in optimizing picking
work order generation by Al.

3.1 Project overview

This project was conducted at a relatively large lo-
gistics center with a target picking area 50 m long and
140 m wide and @ maximum 110 workers. The foldable
containers used for picking come in three types: 10 L,
20 L, and 40 L. Picking trolleys with scales capable of
holding up to six of foldable containers were used to

carry out multi-picking work.

This project was conducted in two phases: pre-
verification and PoC verification. The verification phases
are described below.

3.2 Pre-verification phase
1) Confirmation of pre-verification conditions

In the pre-verification phase, of the entire day's
data, we only took up the result data of sextuple multi-
picking, which combines six sets of picking instructions.
The reason for this is that better combinations provide
shorter moving distances, meaning the best results can
be expected.
2)  Work times successfully reduced by up to 37.1%

In the pre-verification carried out under these
verification conditions, workers” work times for one set
of picking instructions resulted in wide-ranging figures.
Reductions of 7.7 to 37.1% were seen as compared with
conventional work times. Accordingly, we made a trial
calculation to Company A of the cost-effectiveness in
view of factors including the workers” hourly wages and
proposed transition to the PoC verification phase with a
goal of reducing the picking work times by 10 to 15%.

Fujitsu Technical Review



Warehouse Operations Reform in the New Normal Era: Optimization of Picking Work Order Using Al

3.3 PoC verification phase

1) Confirmation of PoC verification conditions
In the proof of concept (PoC) verification phase,

the constraints were changed to those closer to the
actual operations. Seven days' worth of all data includ-
ing those other than for sextuple multi-picking were
verified. Two constraints were changed. One was the
elimination of the section constraint in the picking
order data items. The other was the restriction of the
upper limit of the number of items to be picked in the
six combined sets of work orders to an operationally
practical number of 80. This change was intended to
prevent disparities in the numbers of items picked by
workers (workloads).

2)  Successful reductions included total moving
distances reduced by 30.3% and work times
reduced by 19.7% on average
As a result of verification with the conditions

described in 1) added, significant reductions were

achieved. The total moving distances of picking workers
was reduced by 30.3% and the work times by 19.7% on

average (Table 1).

In addition, we reported the verification results
to Company A, which included the processing time re-
quired by the Al to make computations (ranging from
0.2 secto 11 min depending on the date of verification
and Al engine) as well as the results produced in this
PoC verification. These were indicated as matters to
be considered.

3.4 Issues to be resolved ahead of
implementation

In the verification phase, two new issues were
identified. One is the addition of a function to confirm
the results of optimization at the time of implementa-
tion. In the PoC verification, the data for verification
were used to conduct comparative verifications be-
tween before and after optimization (in theory) based
on the data containing the results of execution in
operations (time of implementation of work). At the
same time, the data used in the actual operation are
work order data after the optimization, which neces-
sitates output of the results of effect comparison in a
tangible form. The other is to reduce the computational
processing time of the Al to within the allowable range
in actual operation.

In order to resolve these issues, it is necessary to
verify again by adding the function of aggregating the
effect through comparisons between scheduled and
optimized work order data and the measures for reduc-
ing the computational processing time of the Al. Doing
so will allow verification to be conducted with condi-
tions closer to those of the actual operations, marking
significant progress toward implementation.

4. OQverall optimization of warehouse
operations using digital twins
Fujitsu plans to apply various Al technologies
not only to picking work order generation but also
to other operations in warehouses. In the future, we
aim to realize warehouse operations with WMS, WCS

Table 1
Results of PoC verification.
Datelor Number of Total moving distance of (all) picking workers (km) Time to complete picking work (hours)
varticatiom work orders Before After Reduction Before After Reduction
(Row*) optimization optimization result (%) optimization optimization result (%)
® 8,554 1,003.5 684.9 31.7 7.88 6.25 20.7
@) 8,630 1,017.5 691.5 32.0 7.96 6.29 20.9
® 8,511 1,039.0 702.9 32.3 8.06 6.36 21.1
@ 3,059 357.1 249.1 30.2 2.87 2.33 18.9
® 3,057 488.4 372.8 23.7 3.95 3.36 15.0
® 9,586 1,193.6 818.7 31.4 9.31 7.34 21.1
@ 8,681 1,096.4 762.1 30.5 8.53 6.78 20.5
Weekly average 7,154 303 19.7
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*Row: Number of item types for picking.
One row means picking one type of item and refers to the number of
stops made for picking.
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Overall warehouse optimization using Al.

(MH [5]), robot, and loT operations optimized for en-
hanced productivity, as shown in Figure 4. This means
the realization of a mechanism to achieve overall op-
timization by equipping the work site (real/physical
space) and the virtual space (cyberspace) in the system
with a large number ofindividual optimizations of Al and
linking them with each other, or the realization of digi-
tal twins [6].

5. Conclusion

The advent of the new normal era and the di-
versification of needs has given rise to new business
models. Conventional supply chain schemes have en-
tered a time of change. The limits of business reforms
due to labor shortages are an industry-wide issue. For
customers facing issues like these, Fujitsu intends to
make contributions by optimizing warehouse opera-
tions and implementing DX throughout entire logistics
operations while utilizing not only its own innovative
technologies but also collaborations with technolo-
gies of other companies as required. And based on the
trust earned from customers, Fujitsu will enhance its
logistics business as it aims to help achieve a sustain-
able society.

Real-time control

Productivity enhanced by latest equipment

WMS: Warehouse management system

WCS : Warehouse control system

MH : Material handling. Generally used as a collective term for logistics
equipment such as automated warehouses and sorters.

All company and product names mentioned herein are trademarks or
registered trademarks of their respective owners.
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