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Overview

SIP’s Vision: Achieve efficiency and productivity gains through joint transport, and enhance the sustainability

of logistics =7 p—
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Elements necessary to realize the desired future state

Optimal Front-to-Back System Aggregation/Relay Hubs
Operational Planning Integration (TMS/WMS) Cargo Handling
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Automated cargo allocation - .Digital .N-ational Highway I Carpooling and Car Sharing I
and loading system Logistics MaaS Project - Ministry of Economy, Trade and Industry

Challenges in Implementing Logistics Information Standard Challenges in Joint Transportation Operations (Theme (a))
Guidelines (Theme (b)) In the policy package formulated by the government for logistics

One of the major challenges facing the Japanese logistics industry is innovation, challenges such as labor shortages and carbon neutrality

the current situation where approximately half of shippers have not have been identified regarding logistics, a critical social infrastructure. To
yet digitized their cargo and packaging information. make Japan’s logistics sustainable, the pillars of the policy include

To digitize this cargo configuration information, based on dialogue improving logistics efficiency, reviewing commercial practices, and

with various industries to date, we believe that systematizing the changing the behavior of shippers and consumers.

“invisible loading know-how”—which has been dependent on We will identify the challenges facing the logistics industry, simulate the
individual skilled workers at logistics sites—is an effective solution, effectiveness of regulatory and institutional improvements in addressing
and we will develop digital conversion software. Furthermore, we will these challenges, and examine countermeasures for at least the two
implement this software into society through measures such as issues mentioned above, along with strategies for social implementation,
making it open-source (OSS) to achieve labor savings and efficiency while clarifying the relationship with Theme (b).

@ improvements in logistics.




1)

Theme (a): Proposals for improving regulations, systems, and
business practices that streamline long distance transport by
trucks




1. Overview

-Using “joint transport” utilizing “double-articulated trucks”—cited as a specific example of logistics efficiency in the “Key Points of
the Logistics Innovation Policy Package”—as a case study,

we will conduct simulations using actual NLJ data to quantify the efficiency effects resulting from different transport methods

-Furthermore, quantify the improvements in logistics efficiency resulting from changes in business practices (extended
transport lead times and standardization of cargo packaging) through simulation, identify key issues, and define the theme

(b) and clarify the relationship with the development of software for the digital conversion of cargo configuration information

[Simulations by Transport Mode] [Simulation for Further Efficiency
-In joint transport using W-linked trucks, Improvements]
simulations for each transport mode will
be conducted using 1) Improving transport efficiency
Logistics Japan improving transport efficiency
-Quantitatively demonstrate the effects 2) Improving transport efficiency
-Quantitatively demonstrate the Improvement
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1. Development

Implementation Schedule/Progress

2025 2026
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Formulation of Overall
Plan
-Review of implementation > O
details
-Review of simulation details
-Review of output concepts

Conducting the simulation
-Simulation by mode of
transport
-Simulations to further improve g
efficiency

Effects of extending transport
lead times dd
Standardization of cargo .
packaging

transport Simulation

Simulation by mode of <i>
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2. Details of the Simulation of Effects by Transport Mode

Overview of simulations of effects by transport mode

We will conduct simulations comparing existing transport methods using large trucks with joint transport REHE (FORLRICTER)

ilizi le-trail k ize th her ch isti f h hod. oy > ek
utilizing doub e. trailer trucks, and summarize the advantages and other characteristics of each method — TR @4(\'
{OTransportation Methods &%; brere > =
1) Joint Transport (Consolidation at Hubs) ’ LR

Main Route: Cargo is consolidated onto W-coupled trucks at consolidation hubs, and W-coupled trucks HEEE (ML —50DER)
are used to transport cargo between consolidation hubs.Feeder Routes: Transport is carried out using

large trucks between collection points and consolidation hubs, and between consolidation hubs and %Eﬁ K 7™ Pl
delivery locations. =) i
2) Joint Transport (Trailer Coupling/Uncoupling) . . °
Trunk Route: W-coupled trucks are coupled and uncoupled at coupling points. Transportation WEfSHEE
between coupling points is performed using W-coupled trucks. [ ] o~
Feeder Route: Transportation is carried out using a semi-tractor and trailer configuration from the 1‘ v
pickup location to the coupling hub and from the uncoupling hub to the delivery location. ™ . A

3) Direct Delivery by Double-Tractor-Trailer
Transportation is carried out using double-trailer trucks for the entire route from the pickup location to the delivery location.
For round-trip transport, the outbound and return legs may involve different shippers.

<Input Information

Cargo Information: Weight/dimensions (width/length/height) per pallet, number of pallets, transport lead time

Vehicle Information: Payload capacity, permissible dimensions (width/length/height), schedule information (departure time/arrival time)
Location Information: Distances between pickup locations, delivery locations, consolidation hubs, and coupling hubs

<O0utput Information

Indicators of logistics efficiency

Indicators of economic efficiency: Operating costs
Ind}cgtors of environmental performance: co2 emissions




2. Details of the simulation of effects by transport mode

Regarding the input data for the simulations in this project

We used actual data (135 trips) from operations conducted by NEXT Logistics Japan Co., Ltd. between April 21 and 24.

{Transportation from Kansai to Kanto: 65 trips total (65 large trucks)
Breakdown: Beverages, frozen foods, confectionery, food products, machinery, beverage containers, recycled goods,etc.

{Transportation from Kansai to Kanto: 70 trips total (equivalent to 70 large trucks)
Breakdown: Beverages, frozen foods, confectionery, food products, machinery, metals, recyclables, miscellaneous goods,

etc. Sample data used
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I 2. Details of simulations conducted to evaluate the effectiveness of

each transport mode
Approach to Selecting Transport Modes

Select the shipping method based on the cargo volume on the previous page and
the following guidelines

{Transportation Method

1) Consolidated Shipping (Consolidated at a hub)

Unit of shipment: Palletized cargo is assumed

Shipment Volume: Acceptable even for shipments that do not fill a single large truck
Consolidation eligibility: Must be suitable for consolidation

2) Consolidated Transport (Trailer Coupling /Uncoupling)

Shipment Unit: Non-palletized shipments are also accepted

Cargo Volume: Cargo that fills one large truck and achieves the required load factor
Consolidation: Acceptable even for cargo that cannot be consolidated

(Cargo requiring temperature control (refrigerated/frozen), industrial products, and
cargo where odors may transfer to other items)

3) Direct Delivery via Double-Tractor-Trailer

Shipment Unit: Non-palletized shipments are also acceptable

Cargo Volume: Cargo that fills two large trucks with sufficient load factor
Consolidation: Acceptable even for shipments that cannot be consolidated

(Cargo requiring temperature control (refrigerated/frozen), industrial products, and
cargo where odors may transfer to other items)
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In addition to the above, the mode of transport is determined based on the relative locations of the facilities (pickup

and delivery locations, transfer points, and coupling/consolidation points)




2. Details of the simulation of effects by transport mode

Regarding the simulation output data for this project

Using the input data listed on the previous page, we calculated the loading and allocation for the W-articulated truck using the
automatic loading and allocation calculation software NeLOSS*1.

Based on the calculated route information, the following metrics were derived. An evaluation was conducted from the perspectives
of efficiency, cost-effectiveness, and environmental impact.

<{Indicators Used for Evaluation

Indicators of logistics efficiency

Transport weight per trip [t/trip], transport volume [m3/trip]

Total driver working hours [hr]

Load factor (weight) [%], load factor (volume) [%], composite load factor [%]

To indicate full utilization of both weight and volume, the average of weight and volume was set as the composite load factor.

Indicators of economic efficiency

Transportation cost [IPY/trip]

We established a calculation model based on NLJ’s business model to derive figures that more closely reflect actual
business operations.

Environmental indicators

C02 Emissions [tco2]:
Calculated based on the fuel efficiency method outlined in the Guidelines for Calculating CO2 Emissions in the Logistics Sector.
We selected a highly accurate fuel consumption calculation method using fuel consumption data from NEXT Logistics Japan.

*1: NeLOSS is an abbreviation for NEXT Logistics Japan’s NEXT Logistics Optimal Solution System.
By utilizing Inspired quantum technology, the system automatically generates the optimal solution in tens of seconds to a few minutes for the complex task of
@rmining vehicle-load pairings—a process that previously relied on human “experience and intuition” and took several hours.




3. Simulation Results and Challenges for Each Transport Mode

Simulation Results

The simulation results showed that, for indicators of logistics efficiency and environmental performance, all modes of
transport demonstrated improvements in efficiency.

On the other hand, regarding operating costs (which indicate economic efficiency), the calculations showed that (A)
consolidated hub consolidation and (B) trailer coupling resulted in a deterioration, while (C) direct delivery was

effective.
effectiveness Impact
Number of Total weight weight perfighe ~ Total driver hours bolad faqtgtr ] Redtion in
1B Bl Eax flights Total Volume  Transport pernigne Working Hours  Yerraiics Operating 02 emissions
iy L ) i 1,057 tons 7.8 t/trip 1,020 hr 55%/54% 17,871,000 0.038 tco2
Py s ™ 4,261 m3 31 m3/trip 7 .6 hours/flight 55% yen
HEEZE (RPRCTRR)
R iy
@ [ o] 1] S e T 28 W-linked 411t 14.7 t/trip 322 hours 63%/61% Individual: 8,491,000 yer 0
= (equivalent to +88% .032 tCO2
&:ﬁ Pt - 53 flights) 2,057 m3 74 m3 'ﬁ'}, (tgl;l/p 6.0 hours/flight g2 Joint: 9,493,000 yen
(0]
n S— -21% +7% o -20%
SERE (M —S0mER)
e SEE 15.W-ILinI:¢::d 197 t 13.1 t/+t£|8po/o 178 hr 58%,/590 Individual 4,025000yen
@ EE - (equivalent to . 70 m3 /tri 59% 0.035 tco2
% 25 trips) ’ 1220/ 7 .1 hours/flight Joint: 4,252,000 yen
+ (]
. . -7% +4% _
WiE S E % 1o
PR T 22 W-Linked 449 t 20.4 t/trip 151 br 76%/44%  Individual 5,3s2000yen 0
(equivalent +160% .024 tCO2
* # ,41 to 57 trips) 1,148 ms3 52 ms /trip 2.6 hours/trip B Joint: 3,480,000 yen
[P - +67% -65% +5% _379
All 135 shipments were 67%-160% -7% to -65% _ 0
@ allocated as described above increase in efficiency  efficiency +5-7% improvement

10-37% reduction




3. Simulation Results and Challenges for Each Mode of Transport
Challenges by Transport Mode

The results of the simulation and the challenges identified by NEXT Logistics Japan Co.,
Ltd. through actual operations are shown below.

Transportation Method Challenges Details
Consolidated Transport (Consolidation at a [General Order Information] O
hub) Standardiza | Order data varies by company. Since it is based on output from each

tion of company'’s proprietary production systems, etc., changes are difficult to

Order implement. Some business practices involving fax communication still
Information | remain.

[Package Information]

In many cases, the information required for consolidated shipping
(pallet-level dimensions—length, width, and height—and pallet-level
weight) is missing. As a business practice, only the information
necessary to arrange a single vehicle (e.g., one large truck = 18 pallets,
weight under xx tons, etc.) is considered sufficient, so there is no need to
manage this data.

Schedule When feeder routes experience delays—such as due to traffic congestion @) @)
Control or waiting for cargo handling—resulting in late arrivals at consolidation
hubs, this leads to waiting times before departure or the necessity to
depart with cargo still pending, which impacts operating costs. Extending
lead times and allowing for flexible acceptance of deliveries are effective

solutions.
Balance of From the perspective of fully utilizing cargo space, it is essential to @)
Light and balance the loading of light and heavy cargo. However, it is difficult to
Heavy meet transportation conditions—such as delivery lead times (delivery
Cargo dates)—while maintaining a balanced load of light and heavy cargo.




3. Simulation Results and Challenges for Each Mode of Transport

Transportation Method

Consolidated Transport (Consolidation at a
hub)

-
=

—L@“

Challenges

Details

Balance It is common to increase or decrease the number of flights based on
Between fluctuations in cargo volume; however, when conducting shuttle transport
Inbound between XDs, the number of flights cannot be adjusted based on the
and requirements of just one direction (inbound or outbound). Maintaining a
Outbound balanced ratio of inbound and outbound shipments leads to efficient

transport.

Lead Time The challenge lies in striking a balance between the constraints of pickup
and and delivery times and the need to efficiently match them with trunk
Shipping routes. Extending lead times and allowing for flexible acceptance of
Timing shipments are effective strategies.

Costs -Feeder/Trunk Line Costs: What was previously transported directly from
Associated A to B is now split into three segments: A—>XD, XD—XD, and XD—B. It is
with necessary to optimize the collection and delivery processes for the feeder
Consolidate | segments (A—>XD and XD—B).

d Shipping -Handling Costs: Additional unloading and loading for mixed cargo will be

required compared to the previous method, resulting in handling costs.
From the above perspectives, increasing the load factor leads to greater
economic efficiency.




3. Simulation Results and Challenges for Each Mode of Transport

Challenges by Transport Mode

The results of the simulations and the challenges identified by NEXT Logistics Japan Co., Ltd. through actual

operations are presented below.
Regarding joint transport (trailer coupling) and direct delivery by W-coupled vehicles, while efficient transport is
possible if conditions are met, the scheme is limited to shippers

Transport Method Challenges Details

Joint Transport (Trailer Coupling) Schedule When creating a schedule, it is necessary to set a standard of one round O O
Planning trip or one run per 24-hour period. This is because if the schedule does
Location not fit within this timeframe, daily pickup and delivery times will vary,

making it difficult for the pickup and delivery sides to coordinate.

24 hours — main route operating time (e.g., 10 hours x 2 for a round trip
between Tokyo and Osaka) = branch route time (e.g., 4 hours). Facilities
must be configured to accommodate pickups and deliveries within this
timeframe.

Vehicle As one solution to the challenges of schedule creation and location @)
Fixed Costs | conditions mentioned above, it is possible to establish a schedule by
utilizing multiple trailers for a single head tractor; however, this creates a
trade-off where utilization rates decrease while fixed costs increase.

Costs -Feeder/Trunk Line Costs: What was previously transported from A to B is @) @)
Required now split into three segments: A—>XD, XD—XD, and XD—B. It is
for necessary to optimize the connections on the feeder segments (A—>XD

Coupling and XD—B).

-Connection Costs: Labor and facility costs associated with connecting
mixed loads will be incurred, as they were previously. However, since the
work involved in mixed loading requires less space and less time, costs
can be kept lower compared to conventional mixed loading.

or T




3. Simulation Results and Challenges for Each Mode of Transport

Transport Method

Challenge

Direct Delivery via W-Connected Vehicles

" Details

Freight This requires regular transport of a stable volume of cargo. O
Volume

-It is necessary to obtain the required permits for the route to the O

Maneuveri | pickup/delivery locations, and the premises must allow for the

ng Double- | maneuvering of double-trailer trucks.
Tractor -Since the GVW of a double-trailer truck cannot handle the same load
Trucks at capacity as two standard large trucks (13-ton capacity for a single large

Pickup/Del | truck vs. 24-ton capacity for a double-trailer truck), special arrangements

ivery may be required for logistics and supply chain management when

Locations transporting heavy cargo.




5. Results and Challenges of the Simulation on Extended

Transportation Lead Times and Standardization of Cargo Packaging
Results of the Simulation on Extended Transportation Lead Times

By selecting and loading cargo with high loading efficiency, a 16% efficiency improvement was achieved (0.8 truckloads out of 5)
due to the front-loading effect

-Inconsistent cargo dimensions (varying heights) resulted in cases where mixed-weight stacking could not be achieved

-Cargo from a single shipper (per feeder service) was dispersed across up to three mainline vehicles

Branch Line Inbound Loading Performance Simulation Results

Packaging Information
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5. Results and Challenges of the Simulation on Extended

Transportation Lead Times and Standardization of Packaging
Results of the Simulation on Standardization of Cargo Configurations
Extended transport lead times + standardizing irregularly sized cargo to a uniform height resulted in a 22% efficiency improvement
(equivalent to 1.1 additional trucks out of 5) due to stacking efficiency
-Increased number of successful mixed-weight stacking operations
-Cargo per shipper (per feeder service) was distributed across up to 4 mainline vehicles

Bringing in branch lines Loading Records Simulation Results
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5. Results and Challenges of Simulations on Extended Lead Times and

Standardization of Cargo Configurations
Summary of Effects and Challenges of Extended Lead Times and Standardization of Cargo Configuration

The effects, changes, and challenges are as follows:

[Results] -Approximately 16% improvement in transport efficiency
*Efficiency improvements were limited due to the following two factors: (1) Cargo volume skewed toward

heavy items, and (2) inconsistent heights of potential lower-deck cargo
[Changes] -Assignment of cargo from feeder routes to trunk routes was distributed across up to three routes
Lead time for some cargo increased by 1 day
[Challenges] 1. Increased workload for cargo management and operations before and after trunk line transport

-Arrangements to distribute feeder shipments to three trunk routes, and operations to consolidate trunk route
shipments into one feeder route

-Tracking management by shipment type

2. Unstable delivery lead times
-Since transport timing varies based on trunk line loading calculations, the delivery/receiving window needs to be

expanded
-Increased cargo backlog at the cross-dock facility requires sufficient temporary storage space

[Results] -Approximately 22% improvement in transportation efficiency (due to a combination of extended
transportation lead times and other factors)
[Changes] -For heavy cargo with varying heights, heights were standardized -Allocation of cargo from feeder
routes to trunk routes was distributed across up to four routes
[Challenges] 1. Establishing standard dimensions for cargo configurations based on consolidated transport
-Size and weight standards that balance the efficiency of each transport mode, storage, and handling
-Packaging materials capable of withstanding stacked transport alongside other companies’ cargo
2. Changes to specifications from existing packaging
- The significant efficiency gap between specifications optimized for individual companies or individual products and
standard specifications
-Costs and man-hours associated with specification changes
3. Improving the Efficiency of Mixed-Load Transportation
-Optimal matching of vehicle constraints (vehicle height, maximum payload) with cargo size and weight
— Cases where heavy cargo dominates and cargo space is not fully utilized are frequently observed

& - e




6. Simulation Summary

Summary of Simulation Results

Joint transportation improves logistics efficiency, and regarding the challenge of operating costs,
extending lead times and standardizing cargo configurations were found to be effective
quantified through simulations conducted under certain conditions in this study.
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7. Clarification of the Relationship with Development Theme (b) and
Social Implementation

While this simulation focuses on joint transport using W-configuration trucks for trunk transport, there are various ways to improve the
efficiency of transport operations. In Theme (b), we will develop digital conversion software capable of acquiring cargo configuration
data—which serves as a prerequisite for logistics efficiency—and implement it in society by releasing it as open-source software (OSS).

Operations Planning Phase

Operation Phase

v— D El cmdon --n &I' b oLolBrd—ol e
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Operations AL IR RLTER
-Formulation of -Operation of -Unloading -Main route Unloading -Operation of
operation plans feeder routes -Preparation operation ¢ pe of this  Paration Feeder Routes
-Loading theme ding
- . Scope of
- Utilization of -Utilization of -Optimal Delivery -Automated -Joint Simulation -Optimal Delivery
Software for automated Benefits: Labor cargo handling transportation cargo handling Benefits: Labor
T loading software savings Increased  ging automated | using W-linked using automated  savings Increased
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Examples

using autonomous trucks
Benefits: Labor savings

METI SIP Logistics MaaS Logistics MaaS Logistic; MaaS _
. Development of software for Automatic cargo handling  Japanese Truck Automatic cargo handling

Logistics digitizing cargo configuration demonstration Data Standard demonstration

MaaS information (Hino Motors (NEXT Logistics Japan) (NEXT Logistics Japan)

&

METI/Logistics Maa&
Cabinet Office/SIP Logistics Standard Guidelines

: Guide to Joint Transportation




1)

Theme (b): development of software for converting logistics
information into digital




1. Background of the Development

*Packaging style: form of outer packaging serves as the basic unit for shipments and storage, having

Challenges of the current logistics industry the following information therein: individual case dimensions, individual case weight, outer packaging

(inter-company logistics utilizing pallets for shipments) dimensions and weight after palletized et.al
Packaging style* data registered,

(1) Plant-to-distribution center (DC) logistics phase: No packaging style data provided by the manufacturers for use in logistics

available and utilized in Plants

Predefined case packaging —D—
master data registered/ —
maintained/utilized —
(Package designs) —
B B — . I
Manufacturer's Shipments solely in

internal processes the predefined cases Shipments in the single or limited SKUs

Receiving and temporary storage in distribution centers
Manufacturer’s production Logistcs planning and execution based on estimated total cargo volume information Storage planning and operations based on estimated total }

process uilizing packaging style such as total shipment M3 and weight to estimate the required number of trucks; No cargo M3 by visual estimate upon truck arrival to determine
data packaging style information is provided by manufacturers to trucking companies necessary storage location/space and operators

Issue: the required number of trucks tend to be estimated with margin, not Issue: the required warehouse spaces and operators
at optimal efficiency estimated with margin, not at optimal efficiency

(2) DC-to-retailers (warehouses) logistics phase: No packaging style data available or utilized

— From DC to warehouse logistics,
— shipments are made in mixed
SKUs
oMo oo ---

Logistics planning Shipments in mixed SKUs shipments in mixed SKUs Receiving and Inspection at retailers’ warehouses

DC to retailers logistics planning based on estimated
total cargo volumes On-site palletizing with no prior planning; Shipping in mixed SKUs on pallets and
Estimates are usually made with wider margins than ad-hoc operations by experienced operators mixed packaging styles on cargo space
plant to DC loqistics due to mixed SKU shipments
Issue: logistics planning is not optimized for maximum
efficiency

Inspecting all the cargos one by one upon receipt

Issue: Loading orders and loaded Issue: Inspection takes time because items must

Issue: No work plans locations on truck are difficult to track be identified/located

Due to no packaging styles information sharing between manufactures and trucking and warehousing industries, the
efficiency of overall logistics is impacted in all the phases, limiting improvement possibilities




2. Development Goals

Creating packaging styles information for unknown new cargos and providing complete packaging styles data to the total phases of the logistics operations

This development : : — -
Palletizing Information
SKU : Quantity ! : g X g Y- g Z | areeeeseenreeneng
: : Order K o

: :La erg  Coordinate: coordinate  Coordinate REERTTTETORss
[ i é : : é é . i
: a : s ;
A B Shipping Details = 0 : :
/ complete packaging P
Palletizing Plan —

style information
Software

Registered case packaging data
master

D i E Information to be used in . Perf<_)rm packaging style
all the phases of logistics configurations and create complete
will be included in the first packaging style information for Automatically generate palletizing plans optimized

Unknown new packaging data shipping details originating unknown new cargos and execute for mixed cargos of various SKUs
i Pl optimal palletizing plans
Complete packaging style information is available throughout the logistics operations in all the phases
A
£ a @
a BA &
NelOSS ver. 1.0 \ /J

Automatically calculates the optimal number Optimize all the following logistics Make packaging style information available
of trucks for optimal transport operations through to shipping and assure traceability throughout the transpot

Develop a palletizing planning software that utilizes package style information and establish an environment where package

style information data can be shared and utilized throughout the entire logistics processes



I 3. Schedule

FY2024 FY2025

Technical Survey

Assessment of Current Status

Initial Requirements Definition

Initial Development

Phase 1 Proof of Concept

Identification of Issues

Second-Phase Requirements
Definition

Phase 2 Development

Second-Phase Validation

Phase 3 Requirements
Definition

Phase 3 Development

Phase 3 Validation

Preparation for Social
Implementation

Summary

&
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U
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I 4. Software Configuration and Objectives

26

Shipping Details I/F (per case)
. Palletizing Master Configuration .
SKU " | New Products [mLm] [mV\r/n] [mHm] W[ilg]ht Quantity Qua};w\t/l?r/ per Quzntity cer pallet Numb(;.rroct)?‘lpallets pa';'t‘ﬁbgygfrs I:Qrsgﬂg?;
A 250 | 200 | 180 | 1.8 | 150 | 25 125 |@2 1 1 0
B 280 | 240 | 210| 2.3 | 90 | 20 60 1 1 10
C 300 | 370 | 240 | 2.7 | 15 12 48 0 1 3
D O |%20] 400 280] 45| 8 |@-4o0 40 0 0 8

Shipping
~ Details

Dimension Estimation

App

@

Input Output
Pallet Configuration Case
Image Dimensions

Inbound Cargo Imaging

-The interface appends data for consolidated handling

by SKU to standard shipping details

Input
Case

Dimensions

Palletizing
Pattern Recognition App

-Output sheets of the Plan can also be configured to place
both full loads and mixed loads on the same pallet

Output

Fractional Box
Quantities

1. Palletizing Master
2. Consolidation,

Input

Fractional Box
Quantities

Palletizing

Simulation App

Output

1. Mixed-load simulation
2. Consolidated
Loading Combinations

Palletizing Plan

®.2




I 5. Expected Use Cases

Warehouse Manager
F'Ty
W

Al

material handling and robotics
-Improved inspection efficiency

T Complete packaging

-Improved accuracy of storage location planning
-Improved accuracy of work planning

= Required equipment, personnel, etc.
-Enables efficiency improvements in automated

Data

Packaging Master

Warehouse and cargo handling staff

A

-Clarification and streamlining of picking units
= e.g., pallet picking or unit picking
-Optimization of worker assignments
= Separation of forklift operations and
ground-level operations

-Reduction in palletizing time

Drivers

=

v

@

[ wA

Dispatcher

L.

-Shortening of cargo
handling time

= Reducing waiting time

at the facility
-Reduction in palletizing time
-Shorter shipping

inspection time

S

-Improved accuracy
in vehicle selection
-Improved accuracy

-Improved vehicle
loading efficiency

of vehicle count calculations

Shipping

Plan

L.

-Reduced incoming goods inspection time

Shipping Destinations

—

Palletizing Master Completion

Transport

) New Products
_ Details

Packing Master Data Supplementation |

Dimension Estimation

App

Input
Pallet Configuration

Image

Output
Case

Dimensions

Inbound Cargo Imaging

Palletizing
Pattern Recognition App

Input Output

Case 1. Palletizing Master

Dimensions | 2. Total Quantity,
Fractional Box Quantity

Palletizing

Simulation App

Input
Partial

Quantities

Output
1. Mixed-load simulation

2. Consolidated Loading
Combination

Utilizes complete packaging data and system-generated palletizing plans

to improve operational efficiency in each logistics process

Palletizing Plan




I 6. Software Data Flow

Shipping details
(Number of cases, case style data) 2 8

Packaging style

No

Parameter Yes

] Dimension estimate

| Object
detection
Full layers count, full layers, partial layer
. Case dimention results
- . 1
Shipping details
(Number of cases, case style data) Shipping details

I

\ )

4' Select line items wih partial box layer n ‘ Referencing paletizing master
. / Palletizin ’
Lk . . 9 Shipping details
| Mixed loading optimization ‘ Simulation (Number of cases

1 [

[
‘ Display mixed loading results | . .
Basic settings

b

Select processing line item

Combination with Full

Palletizing pattern

Next line item

Yes

—

determination

No

Display integration results Palletizing pattern

-

4{ Screen output L
[ Palletizing pattern

' determination display (for each
Shipping details (Number of cases, packaging styles, palletizing patterns, full
layers, mixed loading on the same pallet flag) \

R T

I TSR SKU AR
s e

Palletizing
pattern reproduction display
*Non-editable

Palletizing pattern edit

Define system transition flows and interfaces based on actual user procedures




I 7. Software Details: @ Package Dimension Estimation App

Data Flow nput

-Palletized package image

LAY’

Al

Ccsv

Output

Estimates case dimensions from images of palletized cargo




7. Software Details: @Palletizing Pattern Determination App

Data Flow

Shipping details
(Number of cases,

Select processing line item

Next line iterm

Palletizing pattern

Palletizing pattern

determination display (for each|

Palletizing
pattern reproduction display
*Non-editable

Palletizing pattern edit

Full layers count, full layers, partial layer

Shipping details
(Number of cases, case style data)

Palletizing pattern

determination

Transport
Line Item

Input

Csv

-Product Name
-Quantity

-LWH Weight
-Applicable Pallet

WA IHESATL

KLykits-vigsk: sku-ar  bDbb

NF-HE RN

.....

BHIIHEYATA

7-5—g bbbb

Output

csv

Edit patterns to match actual conditions

Screen layout designed to facilitate editing of optimal patterns and actual patterns

nssuw | st
B P W VR ViTE BAADE B BERE S ALRZRR
0 - 3 " o e

oo B a1

CEFEEEEREEEE RN EELE
JEE g dHH AT LEEE

Edit the single-load palletizing pattern
for each detail

-Palletizing Pattern

(Shape, number used, etc.)
-Total number of pallets
-Number of full layers
-Partial loads




7. Software Details 3 Palletizing Simulation App

Basic Settings Input _ _
Data Flow (Maximum Package Dimensions) Select Simulation Target

——— R#i7—5—% bbbb
Shipping details ,E.iil\lzﬁ"f;( bbbb . P ” t S ’Eﬁ B
(Number of cases, case style data) RUBOCSVIrAliE Po - KLT, WS TESELET, a e |Ze S ILITL 1 TILEI 4 ASKUEHIRL TCEA
1 H 1P MAE Atk
: * Pa C ka g e H e | g h t Y nzs A nas ®E A raw -1 5-2kg A
. ‘ORD-001 AL A0 A-001 4 a0 220 0 570
4| Select line items wih partial box layer o e e do s ve an o Package We|g ht CSV w02 o W i = o i @
T - 2= it oRD 003 AU Aoo3 Ao 3 225 a0 F) 1047
St I Palletizing I - ) Wi | N IS NS
| Mixed loading optimization ‘ Simulation KLy ARR 4 ORD-005. AT 2005 2005 2 340 400 280 1080
T " x 1100 mum) v

g

Neo oz

EZBEE

5 ORD-006 A A006 4006 1 a1 449

Product Name .

7 ORD 008 A2 A000 4000 2 350 660

-Quantity (fractional) S s e W - —

2222 A010 a1

| Display mixed loading results I

‘Combination with Full

Yes

BAMEHE (mm: BAMIER kol

10 ORDON oR2233 Aon Aoty 4 22 102
N oRo-012 OR1133 Atz oz 30 200 S £ 100

1600 1000

-LWH Weight
Do Not Turn
Upside Down, etc. - o —a——

aaaaa

12 ORDO13 OR3333 013 a013 5 21 315

CSVERHBAATRA =

1B ORDOM OR3333 Aota Aol 1 185 05

3

14 ORD-015 oR3133 A1, a5, 1 293 210 157 205

4{ Screen output

Shipping details (Number of cases, packaging styles, palletizing patterns, full
layers, mixed loading on the same pallet flag)

#a30Ea- (SLybF-Y + RE)

KUM=V E FCREL, 30 ECBURRERS EIfRAE-Td

KLyk # Ee s ® [urz[@n:c|[Eea[o No BT

KUYk # - A2 rL s @ [mum|Blat =m[-i [® Moz | maen

Output 1
-Palletizing Details = Qutput 2

-3D Palletizing L= -Integration with
» consolidated layers

v (Fif) W R®P74 (L) [ A%E AR 594 TR, A




8. Software Accuracy

@ Package Dimension Estimation App

Accuracy Results

Box Detection Rate

Size estimation error [mm]

99.4%

11.7

Confirmed box detection rate and size estimation error are at a level that is robust enough for the filed use

@ Robustness of Palletizing Pattern Determination App

Prioritizing operational feasibility in the field, the interface and screen layout are designed to accommodate the
following practical palletizing concepts

&

Approach for Lightweight Shippers:

= Added a "Pallet Overhang Allowance" field to the interface, and the system outputs pattern calculations

-!'!——_—
E“vam‘w ‘071‘ B—l

wuE

zzzzz

Since the primary goal is to maximize volume utilization,

patterns that allow for overhang beyond the pallet are adopted

for cases with overhang

Heavy-goods shippers’ approach:

Since it is not possible to fully utilize the volume inside the truck,

but rather the pattern that ensures the highest transport quality

(Deliberately reducing the quantity per layer to select a stable pattern)

=0utput calculations for quality-focused patterns such as brick stacking and pinhole stacking,
even if they do not result in a quantity-maximizing layout



I 8. Software Accuracy: ®@Palletizing Simulation Application

Volume Efficiency

Separation Efficiency of
This Product

*Relative to the outer dimensions

Volume
How much cargo can be accommodated

efficiency

/

Last Year's Logic

57.8%

30.8%/SKU

Current logic

73.3%

6.0%/SKU

Consolidation Optimization Case Study 1

Number of splits for the same product

Case Study 2: Mixed-Load Optimization

Y999

Volume efficiency and separation rates for identical items can be performed at a level comparable to
capabilities of the experienced operators




I 9. Software Effect@ (Impact on Logistics Efficiency and Work Time)

Impact on Logistics Efficiency
Before : Palletizing efficiency: 62% (Transportation of office supplies)
With the Software : Palletizing Efficiency: 73.3%
= Combined Loading Rate per Cargo Compartment: Approx. +6% Improvement

= Number of delivery vehicles: Approx. -13% Reduction
Reduction in Palletizing Work Time
Assumptions
Number of boxes per pallet: 30 boxes
Number of pallets per truck: 16 pallets
Item Work Motion Positioning Work Time/Box Work Time/Pallet Work Time/Unit
Before 7 seconds 3 seconds 10 seconds 5 minutes 80 minutes
After SystemUsage 7 seconds 0 seconds 7 seconds 3.5 minutes 56 minutes

Labor savings: -24 min./truck




9. Software Effect®@ (Improved Logistics Efficiency Through Standardized Cargo Configurations)

The system allows for loading planning by specifying the external dimensions of the cargo (L, W, H, kg)

= Enables standardization of mixed-load palletized cargo, which tends to vary by operations

Replacing conventional mixed-load palletized transport

-If replaced with a palletizing planning system (while maintaining the conventional cargo configuration)
-If replaced with standard cargo specifications + a palletizing planning system + deck rack transport
Simulations of the effects of the two scenarios above were conducted

Deck rack transport

*1 Palletization volume efficiency for a certain office supplies transport operation *2 Volume load factor Dimensions [mm]
Vehicle Cargo Cargo Cargo . Palletizing _
Class Space L  Area W Area H Details of the Implementation : Pallet L : Pallet W: Pallet H: Volume Nug}ﬁi; el : Volume [m3]: Nun:]li)tesr el L(FJ{a;(:éng
_ Efficiency P i
Large | 9500 : 2400 : 2450
: : : Before 1100 1100 1850 62.0% 16 222 = 7983 @ 100%
Palletizing Planning System 1100 1100 1,850 73.3% 16 263 = 943.7 = 118%
System +Standardization + 1999 1300 1125 73.3% @ 32 319  1,147.8  144%
Deck Rack : : : : : : :
Vehicle Cargo Cargo : ; ; ¢ Palletizing .
Class Areal  Area W Implementation Details . Pallet L : Pallet W: PalletH: Volume Nu?”be(i; of - Volume [m3]. Nun:\?tir of Lﬁi‘ﬂgng
f : : . Efficiency P ; u
Medium 6200 = 2400 = 2350
f f f Before 1100 1100 1850 @ 62.0% = 10 13.9 4989  100%
Palletizing Planning System 1100 1100 1,850 73.3% = 10 164  589.8  118%
System + Standardization + 1100 1100 = 1075 73.3% 18 172 6169 = 124%
Deck Rack ; ; ; ; ; : :

When implementing a palletization plan to standardize cargo configurations for large trucks and

using deck rack transport, a 44% increase in load capacity is expected




10. Social Implementation and Adoption

Social Implementation Status

-We have established an open environment that allows companies that have inquired about using this software to start
using the software free of charge

-We are currently preparing to establish a consortium focused on joint transportation on trunk routes. We plan to establish a
subcommittee within the consortium to evaluate digital solutions, including this app.

-We have introduced the software to companies planning to join the consortium,
and have received inquiries from multiple companies; we plan to begin pilot testing in April 2024 or later

Rollout Phase Plan

-In addition to the above demonstrations, we plan to implement short-term feature improvements based on real data
from companies using the open environment to implement short-term functional improvements and accelerate the
transition to dissemination phase

Data Collection and
Evaluation

Functional Improvements

Service Provision
and Releases

Consortium Sharing Publication of Results




10. Social Implementation and Adoption
Future potential

Hino Solution

Hino Solution

Cargo - 5 >
Dai “, - \ﬂ
— S
: -15 /
Ho
Loading ] Cargo Space
80 | Visualization
i

Measuring and grasping

available loading space

Supporting additional loading decisions &
vehicle dispatch planning

L

= [RRRREE=

Loading that satisfies multiple conditions
Achieving high-density &

mixed cargo transportation

Supporting vehicle dispatch &

forklift operators

Truck logistics
e Maximize efficiency

By linking palletizing planning software with NeLOSS, we aim to maximize the efficiency of truck logistics and

Balancing and arranging cargo
of various shapes
Enables logical palletizing

Loading B s - -
Optimization
== 340x410x23(

SIP deliverables

promote the digitization of the entire logistics process, along with the visualization of cargo compartments.
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