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= What is Middleware?
= Why do | need Middleware?

= How can Middleware increase
my ROl on AMR projects?
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What is Middleware??
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Intralogistics Problem #1

Processes: Complex, Dynamic, Varied

What? Items being
moved come in all
shapes/sizes.

Where? Items are
picked/dropped in
many types of
locations.

How? [tems are
moved by a
mixture of humans
and machines.

Result? The
implementation of
nuMerous systems
to manage all the
processes.

Continuous

Decision
Logic

Exception
Handling
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Intralogistics Problem #2
Systems: Numerous, Disconnected, Varied

LEGACY SYSTEMS NEW SYSTEMS

White Boards / Clip Boards Modern Software

) AGVs [ AMRs
Radios and

everything

ASRS

In-between...

Kanban Cards
Cobots

Fork Trucks / Pallet Jacks Automated Machines & Equip.

EIC. Et':.
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Intralogistics Problem #2

Systems: Numerous, Disconnected, Varied

Enterprise
Resource
| LOtS Of eme rging Plfgé‘;Tg . Marg;ier:]ent St
technologies — both Warehouse E—— T System
hardware and software. Syators VIS N Order
= Varying levels of wii. . L
sophistication, from Sy ) HMI _
manual to fully g Layer Picker
automated. Systom (WES) " Warchouse
= Most systems inherently o AN S > o
disconnected. e  Retrieval _ SiEe.
Control System (ASRS) Case Picker
= ..until your Processes System (VCS)

Conveyors

require them to interact. I

Doars /
Elevators

Machines /
Equipment

.
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Intralogistics — Problem Space:

The intersection of Processes and Systems

Put-Aways y = N

= Each process requires a & B
combination of multiple v et .-
systems. A B e s

= Connectivity: The Systom (WM - o
systems must be Fleet " Picking
connected to one Mo S Operator | SVetem
another. : e .

VT o Layer Picker

[ | o Execution
Control: The systems ) v
must pass control to one Control / , ,
another in the correct S T\ B P S
order/sequence. , Rl el

e System (ASRS) = e Case Picker \_

= Data: The systems must = y .
eXCha ﬂge Iﬂformathﬂ AGVs / AMRs Conveyors ’
with one another. a | R
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Intralogistics — Problem Space:

The intersection of Processes and Systems

Overall complexity
INncreases with number
of Processes.

Some Systems are
required by multiple
processes, others are
not.

System behavior may
change from one
process to the next.

Middleware is required
between all
participating software
systems.
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What is Middleware?

Core Attributes:

G Software: Provides interface
between two (or more)
separate software systems.

@ Connectivity: Ability to
connect to each system.

@ Communication: Ability to
communicate with each
system.

..advanced Middleware
can do so much more!
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RECEIVING OPERATIONS SHIPPIMG

RAW MATERIALS WORK IN PROCESS [WIB) FIMISHED GOODSs

ENTERPRISE I Microsoft
REsoURCE SAP” P ORACLE

PROCESSES

PLANNING (ERP)

OPERATICOMNS
MANAGEMENT

SUPERVISORY
CONTROL AND
DATA ACQUISITION
(SCADA)

)
P
LLl
|_
)
:‘;._
U

LEVEL

LEVEL O
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WCS, Vehicle
Controls, ASRS,
PLCs, etc.

Hoist Trucks,
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Pallet Jacks, etc.
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Controls, etc.

_ Robots, Doors,
- Conveyors

AGV/AMRs

WCS, Vehicle
Controls, ASRS,
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PROCESSES

RAW MATERIALS WORK IN PROCESS [WIP) FINISHED GOODS

ENTERPRISE ' e
BANNING ' ‘ Dynamics 365 ORAC

PLANNING (ERF)

OPERATIONS
MANAGEMENT

MIDDLEWARE

SUPERVISORY
CONTROL AND
DATA ACQUISITION
(SCADA)
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WCS, Vehicle
Controls, ASRS,
PLCs, etc.

WCS, Vehicle
Controls, ASRS,
PLCs, etc.

PLCs, Vehicle
Controls, etc.

EQUIPMENT
CONTROL SYSTEMS

LEVEL 1

e e Hoist Trucks, 1) Robots, Doors Hoist Trucks,
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Why do | need Middleware?
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Myth #1. “API = Done.”

API
APPLICATION PROGRAMMING INTERFACE

1)

= Most modern software has an API.
= APIs are unigue to each system.

= APIs are necessary for a system to
Interface with other systems.

= But the presence of an API| does not
eliminate the need for Middleware.
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Myth #1: “API = Done.”

?
="
Power Receptacle Laptop Power Port

API Specification API Specification
e

e | Ve

Connector Type: 2/3prongpluyg &———>  Connector Type: USB-C
Voltage: 120V = ——% Voltage: 20V
Current Type: AC 1 Current Type: DC

i
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Myth #1: "APIl = Done.”

Power Adapter Cable

Q Connectivity: Built-in connectors

O Intelligence: Voltage / Current
transformation

Q Simplicity: Plug and play
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Advanced Middleware

Q Connectivity: Purpose-built '&@_jj

connectors for all systems. Warehouse

Management
System (WMS)

-é

Q Intelligence: More than just
simple communication:
« Protocol conversions
« Entity translations
« Advanced business logic
« Configurable decision-making

LLAA R AR LR R R LR L L™

Middleware

Q Simplicity: Easy for everyone
to implement, configure, and

i
manage. I.u

Fleet Management
System (FMS)
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Myth #2: “My supplier will handle the integration.”

Typical OEMs ‘ Integrators

Focus mainly on hardware (and vehicle controls) Focus'malnly on hardware - e (facility
mapping, attachments, handling units, etc.)

Might include fleet manager software . : :
g 9 Typically, do not staff software dev / integration

Typically, do not staff software dev / integration services

services ; : ; < :
If middleware software is provided, it is typically

custom logic executed at the control layer (PLCs).

et ' Provided solutions are difficult to support/change
Full-Service OEMs over long-term.

They can deliver the entire end-to-end project
(including software integration) r

)
Q
©
O
0
O
=
©
-

- A -

Typically, middleware software is black box and - Distributors
meets only the in-scope requirements.

5
Q
Q
2
wn
x
<
=
O
<
@
2
=
}_

= Typically, sell hardware only

Change orders typically required for ongoing _ , _
changes. = No software development / integration services
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How can Middleware
Increase my ROl on AMR
projects?
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How can Middleware increase ROI?

" Reduce original implementation cost (CAPEX)
» Faster installation / Less services
" Integration is typically 25-35% of overall project cost.

" Reduce the ongoing support cost (OPEX)

= Automate as much of the process as possible to prevent
manual intervention.

= Reduce the time/resources required to manage and scale
the solution.

= Reduce the time/_resou rces required to handle downtime
and other exceptions.

.
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Example Use Case: Material Replenishment

High-Level Process Flow

: Receiving AMR Manufacturing
1. Manufacturing Cell needs Warehouse Work Cell

more raw material.

2. Material retrieved from

Receiving warehouse.

3. AGV/AMR delivers
material to Manufacturing
Cell.
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Example Use Case: Material Replenishment

Actual Process Flow

. MES initiates material request per
schedule and BOM.

Trigger Sub-Process #1 | Sub-Process #2

Reach

. Manufacturing Cell also supports
manual call from HMI station.

Truck

. Warehouse associate is notified of
material request and informed by WMS
of location of material within warehouse.

. Warehouse associate uses manual
reach truck to retrieve pallet.

' me:S:IL\: :i_. W;\tr efnouse Manufactu riing
. Warehouse associate stages pallet for . aglng Work _t;_:e[I

pick up and notifies system (?) of staged

o=y

. AMR is called to pick from staged

location. Where? A " A:J - B
. : : - b 7 Infeed g
navigates to drop location. How? | - Reach TrUCk@@; | | AGV/AMR .Eflli."' » goiieyorﬁ?

conveyor to coordinate pallet drop.




Example Use Case: Material Replenishment

 Middleware is required
between all systems.

» Control flow is required
to execute process
steps in correct
seguence.

Material

Available Dispatch to

WMS HMI

Execute Out-
of- Stock
Protocol

* Business logic is
required at all steps to
keep process flowing.

Notify Mfg HMI
of issue

VTN
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Example Use Case: Material Replenishment

MIDDLEWARE

5
Reach

Truck

.
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PROCESSES

RAW MATERIALS WORK IN PROCESS (WIP) FINISHED GC

sap P

ENTERPRISE
RESOURCE
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N ;
= SUPERVISORY — - MIDDLEWARE
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) % DATA ACQUISITION Management Managemen’ 6 Management
S [SCADA)
) :
E EQUIPMENT - WCS, Vehicle amm  p|Cs, Vehicle O sy e
& CONTROL SYSTEMS [ Controls, ASRS, 2 Controls, et Il Controls, ASRs,
& SR = = " PLCs, etc. — ' —  PLCs, etc.
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_ RESOURCES - Hoist Trucks, 5 : Robots, Dool 7 Hoist Trucks,
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Middleware — Comprehensive Orchestration

o Integrate: Seamlessly connect

all your systems and processes.

Q Simplify: Easily configure
advanced level business logic
and control flows.

Q Optimize: Confidently monitor,
modify, and scale your entire
solution.
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Speaker Bio

Brice is the Senior Manager of Product at Flexware
Innovation, a systems integration and consulting firm
based in Fishers, Indiana. Brice has spent his entire
30-year career developing and implementing
software and integrated solutions in the
manufacturing and industrial spaces. His latest
passion is developing innovative products and
solutions to help customers solve complex
intralogistics challenges. Brice holds a B.S. in
Electrical Engineering from Rose-Hulman Institute of

Technology.
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Contact Info

Brice Bucher
Sr. Manager of Product

Flexware Innovation
12 Municipal Drive, Suite 200
Fishers, IN 46038

USA
FLE)(W ARE Telephone: 317-813-543]1
innovation Email: brice.bucher@flexware.com
A Hitachi Group Company Website: https://www .flexwareinnovation.com/
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Thank youl!
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