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1 Introduction

This document is a specialization of the standard equipment interface [1] that describes the standard
automated storage interface. This interface is used for communication between a high-level control (HLC)
system and an automated storage system.

Detailed descriptions of the communication protocol, telegram format, and common telegrams used by this
interface can be read in the standard equipment interface document [1]. Readers are advised to become
familiar with that document before implementing the standard automated storage interface.

1.1 References

ID Document Description
The base interface description used for all equipment / robot
[1] Standard Equipment cell open interfaces. Found on Intelligent Systems website:

Interface v2.4

Defines various terms and concepts used for the domain.
Found on Intelligent Systems website:

Standard Interfaces

[2] Domain Model v1.3 https://www.intelligentsystems.dk/products-keep-customers-
at-forefront-of-technology/
(3] MQTT Protocol for Founcll on Inte_lllger_'\t Systems website: ) ] ]

[4]

GS1 Global Returnable
Asset Identifier (GRAI)

https://www.gsl.org/standards/id-keys/grai

1.2 Glossary

Abbreviation/Term Description
HLC High-Level Control system - e.g. WCS/WMS, MES, or MFS.
Crane A mechanical movement of a given container type - typically pallets.
Miniload A crane variant that handles boxes as container types.
SSCC A standard identifier of a transport container. Typically used as a tracking id
across different vendors.
GRAI A standard identifier of a transport container. Typically, only for reusable

containers.

Automated Storage

This is the complete cell that the HLC communicates with.

Crane This is the part of the cell that has actual access to all the locations. It could
be considered as the moving part of an Automated Storage system.
Depending on the type of automated storage solution, this can be e.g. a crane
or miniload.

Cradle The part of the crane that holds the containers while they are being moved.
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1.3 Copyright and right to use under Apache License 2.0

The copyright on this document and any contained specifications, designs, etc. belongs to the company:
Intelligent Systems A/S, Havnevej 11, DK-9560 Hadsund, DENMARK.

Any referenced 3rd party designs, technologies and or other IP shall remain with the original owners.

The reference architecture, designs and the included open standard integration interfaces are open and
free to use under Apache License 2.0. For details please see
https://www. he.org/licen LICENSE-2.0.

1.4 Background / 5G-Robot

Parts of this document / release was made in the 5G-Robot project also known under
the long name 5G-ENABLED AUTONOMOUS MOBILE ROBOTIC SYSTEMS - the
largest innovation project that has been launched under the Innovation Fund
Denmark’s (IFD) Grand Solutions program.

The groundbreaking project united Denmark’s leading robot, automation and factory
digitalization companies as technology vendors, research partners and industry-leading end-user
companies.

Lo EEEEITET @ e nokia Norwys g X W e

JENMARK novo nordisk

Illustration: Project partner logos.

The aim of the project was to revolutionize manufacturing - paving the way to smart production and smart
factories and the application of a number of new technologies in production and manufacturing including
5G wireless communication, cloud and edge computing and digital twin.

Intelligent Systems played a leading role in the project, providing the glue that ties the robotic solutions of
the partners together making the work as one - i.e. one connected integrated intelligent manufacturing
system.

Traditional System 5G-ROBOT System
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BT vendor A BT vendor 8 or Vendor C
Fleet manager Fleet manager Fleet manager /

Vendor A Vendor B ®
Fleet manager Fleet manager
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Forklift AMR AMR Product line  Operator Forklift AMR AMR-S Product line Operator

Illustration: The aim is to revolutionize manufacturing paving the way to smart production and smart factories.

Read more about the 5G-Robot project here: https://www.5gsmartproduction.aau.dk/5g-robot
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2 Domain Model

Refer to the following concepts in the domain model [2]:

e Topology Concept
e Automated Storage Concept

2.1 Types of Automated Storage Supported

The current interface supports equipment cradles that place containers perpendicular to the crane's running
direction (see illustrations in Automated Storage & Retrieval System - ASRS). This is due to handling

multiple containers in the direction of the crane adds to the complexity of the jobs. In that case it becomes
the HLC's responsibility to choose which container location to operate on in each job, which will be in scope

for a later version of this interface.

The following types of Automated Storage Cells are supported:

Type Name

Automated Storage
& Retrieval System
- ASRS

Alternate Names

Stacker Crane
Storage

Description

Stacking of containers in a rack in a closed area.

Miniload crane

Stacking of boxes in a rack in a closed area.

Pallet crane Stacking of pallets in a rack in a closed area.

Carousel Horizontal Carousel | Movement of a physical rack with several shelves. The
Vertical Carousel racks are placed in a chain and all racks in either direction
Paternoster when requesting a specific rack.

Vertical Lift Storing shelves vertically and moving entire shelves

between storage location and opening.

Intelligent Vertical
Storage

Storing containers vertically in X columns and, instead of
moving shelves, it is then a cradle that can have X
containers.

Mobile Shelving

Mobile racks

Racks are placed on a rail and may be moved left or right.
There is only one opening between 2 racks, otherwise the
racks are placed next to each other.

All the given examples support placing containers or items in a rack where a positioning system of
coordinates can be used to find specific locations.

2.2 Automated Storage & Retrieval System - ASRS

In the following examples, the crane is running north/south and the infeed and outfeed are located at the
top. The infeed and outfeed have the same number of buffer locations as the cradle, but the actual storage
locations may be deeper. This depends on the ability of the crane to extend the cradle.
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All infeed and outfeed buffer locations will however be expected to have as many containers lined up as the
crane cradle may carry. E.g., if it can carry 3 containers, then all infeed and outfeed are expected to be
able to handle 3 containers at a time. The storage locations can however have a depth greater than the
capacity of the cradle.

It is also expected that the crane cradle can move containers on it from side to side by itself. This is so that
if picking up 3 individual containers on the left side, then the crane will move containers on the cradle by
itself so that picking up all 3 is possible (see example drawing below). It is the crane's responsibility to
track these movements on the cradle and report container locations back to the HLC, since it may be
relevant for subsequent jobs.
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2.3 Multiple Cells Working Together

There are situations where handling of infeed and outfeed is not controlled by the automated storage cell
itself. In these cases, it is still necessary to know of their states although this may be handled by
communicating with another cell.

One case could be a conveyor system that controls the infeed and outfeed, from which the automated
storage is to pick up from or deliver to. Therefore, when an automated storage is being initialized, it must
first get its own status and then afterwards it must request information about infeed and outfeed from
another system. This order of getting status is to ensure that jobs are not made on obsolete data.

Another case could be AMRs docked at the Automated Storage are used directly as infeed or outfeed
locations. This advantage is that a move of all containers is avoided, but the AMRs will potentially be at the
Automated Storage a little longer reducing their overall capacity.

Once the other system has responded with status of infeed or outfeed, it is then possible for the automated
storage system to begin using those specific locations. Once the status of an outfeed has been received,
the automated storage may deliver containers to the outfeed regardless of the state of infeed or other
outfeeds.

Interaction between multiple systems or cells, to handle one working on an area controlled by another, will
be agreed upon in each case. The standard HLC system will be able to use the standard telegrams for
resource access to facilitate access and control, whereas other systems might have direct interaction.
Which type to use will be configurable.

2.4 Location Handling

The coordinates used for communication between the HLC and the automated storage cell consists of a
section name, and a X-, Y- and Z-coordinate. All locations will be addressed with Section, X- and
Y-coordinates, while the Z is used when containers are stored in a channel of some sort. The reason for
only using the Z-coordinate to describe depth is to reduce the complexity of storage handling - since

Havnevej 11 | DK-9560 Hadsund info@intelligentsystems.dk
www.intelligentsystems.dk

Version 1.0 RELEASED PUBLIC/OFFICIAL TIf.: +45 7020 2275
URL: https://docs.google.com/document/d/1uVdHV1rNZRQQHAvOp WKUzatlqcx YbNfAvxEjkghfhGM/edit 8/29


mailto:info@intelligentsystems.dk
http://www.intelligentsystems.dk

.Higent
systems

looking for empty locations and determining which containers block each other is much simpler when it is
only one dimension. The Z coordinate can also be referred to as the depth of a given location.

When the Automated Storage only has a depth of 1, all locations are referred to by Section, X and Y being
variable (depending on where they are) and with a Z of 1. This means that all locations are accessible
directly.

The Section will be used to specify what area or what type of location it is. The equipment may have to
work differently on different sections, and it also makes it much easier to understand the telegrams when
trying to understand the coordinates. Sections for Infeed, Outfeed, Infeed-Outfeed (may be used as either)
and Cradle are used as special sections (see Location Config).

The remaining locations will also be grouped with section names. These sections can be used to define
which side of the Automated Storage the location is found at. Often a coordinate X=4, Y=11, Z=1 will
move the equipment to a certain location, but if there are locations on both sides, the coordinate is not
sufficient. Referring to sides as Left or Right are non-deterministic terms that may be difficult to clarify, so
it is easier to define a number for the side to use. Often, the section names 01 and 02 will be used, but
whether 01 is the right side or 02 is the right side may be clarified in the specific installation. If for instance
there are multiple Automated Storages side by side, it may be beneficial to give them section names 01,
02, 03, 04, 05, ..., with all the odd sections being on the same side and the even ones on the opposite side.

Top view Side view

(I CT T T T T k>
Section {—————— =~ Seection y
I e e

Equipment

When the Automated Storage has a depth of 2 or more, the locations with the same Section, X and Y may
be referred to as locations, channels or something else.

Top view

" Chan nel, Buffer, ..

When a section covers very few locations it may be easier to just refer to a section and have X and Y the
same for all the locations in the section. This is normally used when sending infeed status, outfeed status
or information about what is on the cradle. In these cases, the location referred to is the Section, X and Y
with Z marking the individual locations in the section.

This could be an infeed that has 2 locations, which is then referred to as Section “Infeed.01”, X=1, Y=1 and
Z either 1 or 2. Here the X and Y may not be used by the Automated Storage since the section name marks
its location uniquely. The Z is then used to refer to location 1 or 2 in the section.
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3 Communication

See the standard equipment interface [1] for a description of the protocols used for communication with
the interface.

3.1 Using the MQTT Protocol
Refer to [3] to see the details for implementing the interface using the MQTT protocol.
Note that this automated storage cell interface overrides the MQTT Protocol with the following values:

e Prefix is set to automated-storage
e Publisher is set to cell for equipment and hlc for the HLC

Example topic for an automated storage cell publishing its state:
automated-storage/cell-7021/cell/system/state

Havnevej 11 | DK-9560 Hadsund info@intelligentsystems.dk
www.intelligentsystems.dk

Version 1.0 RELEASED PUBLIC/OFFICIAL TIf.: +45 7020 2275
URL: https://docs.google.com/document/d/1uVdHV1rNZRQQHAvOp WKUzatlqcx YbNfAvxEjkghfhGM/edit 10/ 29


mailto:info@intelligentsystems.dk
http://www.intelligentsystems.dk

.Higent
systems

4 Common Data Types

In the following some common data types are defined, which will be used by various telegram types.

4.1 Location Config

Data type: LocationConfig

The LocationConfig data type from the standard equipment interface document [1] is extended with the
following properties:

Property Type Description
section String or null A specific section of the storage area.

If the location is not an automated storage location, this

value is null.

Reserved section names, with # being a number:
- Cradle
- Infeed.#
- Outfeed. #

- Infeed-outfeed.#

X Integer or null The horizontal coordinate for the location.
y Integer or null The vertical coordinate for the location.
z Integer or null The depth coordinate for the location.

If provided, must have a value of 1 or greater.

size_x Integer or null The size of the location, in millimeters - x direction.
size_y Integer or null The size of the location, in millimeters - y direction.
size_z Integer or null The size of the location, in millimeters - z direction.

The coordinates given are to be used for future reference to the location by the HLC.

The provided size is the actual size as it is known by the Automated Storage Cell. The HLC will use this
information when determining which containers fit into the location. The sizes given here is the maximum
size of a container + the items stored on/in the container. All locations with the same section, x and y must
have the same sizes. The HLC will only look at the location with z=1 when determining the size of locations
further inside.

The buffers in the system must use the naming convention shown in the table below, with # being an
incremented number starting at 01. This allows the HLC to issue jobs to the equipment that refer to these
locations using the Job telegram. The x- and y-coordinates can have any value, whereas the z-coordinate
must represent the depth of the buffer.
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Name Example Description
Cradle Cradle The cradle that moves the containers.
Infeed. # Infeed.01 An infeed buffer.
Infeed.02 The z-coordinates are incremented from the side that is

closest to the cradle (starting at 1).

Outfeed. # Outfeed.01 An outfeed buffer.
Outfeed.02 The z-coordinates are incremented from the side that is
closest to the cradle (starting at 1).

Infeed-outfeed. # Infeed-outfeed.01 A combined infeed & outfeed buffer.
Infeed-outfeed.02 The z-coordinates are incremented from the side that is
closest to the cradle (starting at 1).

Examples

Note: location_type is part of the original Location Config data type.

"location_type": "storage",
"section": "02",

"x": 1,
"y": 3,
"z": 2,
"size_x": 402,
"size_y": 378,
"size_z": 606
b
{

"location_type": "infeed",
"external_id": "7025.1"
b

4.2 Job Type

Data type: JobType
This describes the types of jobs it is possible to request of the cell.

The following values can be used:

Job Type Description

fetch Fetch is used to have the crane move to a given coordinate and pick up
container(s).

deliver Deliver is used to have the crane move to a given coordinate and deliver
container(s).
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move Move is used to have the crane move to a given coordinate and then stop.
This is only meant for use if the crane must be moved to a certain place
for service, or if the crane is blocking some other action.

clear-location Clear location is a special Fetch command that tells the crane that there
might be a container at the storage location. If there are sensors on the
crane they may be ignored.

The job type is used for error handling of a suspect storage location.

clear-cradle Clear cradle is used to send the crane directly to an outfeed. If any carries
on the cradle they are moved to the outfeed.

4.3 Job Status

Data type: JobStatus
This data type describes the status of a job.

The following values can be used:

Job Result Description

ready Ready means that the job has not yet been started.

ongoing Ongoing means that the job has been started but not yet finished.

completed Completed means that the job has been handled and is finished as
expected.

error Error means that the job has been attempted but the result was not as
expected.

cancelled Cancelled is used for already started but stopped jobs. It is used if a job
fails due to an error and it is not possible to complete it.

skipped Skipped is used for jobs that have not yet been started. Skipped means
that the actual job was not attempted.

4.4 Container Information

Data type: ContainerInformation
This holds information relevant to a container.

The Container ID is a string that may contain GRAI [4], GUID, SSCC or some other unique identifier. It may
also be a specialized code like noread or unknown-container (see data type LocationInformation in the
standard equipment interface [1]).
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Properties

Property Type Description

container_id String ID of the container such as Grai [4], GUID, SSCC or some
other unique identifier.

location String or null The location of the individual containers.

If multiple containers are provided, this field is used to
specify the placement of each container.

If the locations specify a buffer or cradle location, this field
will refer to the Z-position (depth) for that buffer location.
Alternatively, it may be used to specify an ID utilized by
associated equipment (e.g. conveyors), which cannot be
represented through coordinates. For more information,
see Location Handling.

Finally this may be omitted if not relevant.

Example

Example with a location name from associated equipment
{

"container_id": "01234567890123456789",

"location": "2702"

b
Example with a location indicating the depth for a buffer
{
"container_id": "01234567890123456789",
"location": "2"
b
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5 Error Types

This section extends the error types presented in the standard equipment interface document [1].

The following list of errors are the ones referenced in this interface. The relevant Error IDs are listed for
each telegram of which it is relevant.

Error ID Error Message Reason
ILLEGAL_ Illegal container The provided container type cannot be placed on the specified
CONTAINER_TYPE type for location location.
INVALID_ Unrecognized The provided container type is unrecognized by the cell.
CONTAINER_TYPE container type
INVALID_ Invalid coordinates | The provided coordinates for a job are invalid.
COORDINATES
UNKNOWN_JOB Unknown job The given job is unknown.
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6 Common Telegrams

6.1 Handling Info Request for Location Information

The locations of the automated storage cell must be synchronized with the HLC upon initialization before
any jobs can be executed. Depending on the type of location requested by the HLC, the HLC should not
utilize the locations until they have been verified. For reference, see the table below.

Location type Actions

Storage Location Can be requested without blocking.

Cradle When the HLC requests the cradle status, the HLC should not utilize the crane until the
system state and cradle status have been verified correctly.

Infeed When requesting the infeed status, the HLC should not route containers to the infeed
until a new state has been received. Furthermore, the HLC should not send jobs to the
automated storage cell to pick up items from the infeed buffer.

Outfeed When requesting the outfeed status, the HLC should not pick up containers from the
outfeed until a new state has been received. Furthermore, the HLC should not send
jobs to the automated storage cell to deliver items to the outfeed buffer.

In summary, if the status for the cradle, infeed or outfeed location is requested by the HLC, the HLC should
not interact with these locations (either by sending jobs to the automated storage cell, or through other
external equipment) until the state has been verified.

For all locations the equipment should only send information about known values. If it is unknown whether
or not a location is occupied or free, then the equipment must send the state “unknown” (see standard
equipment interface [1]). If for instance all locations are reported as empty then it could conflict with the
HLC's registrations and require an action to clarify. This could cause outfeed of everything which is
undesirable. So if the equipment sends information specifying the state as unknown then the HLC knows to
trust its own registrations.

If the HLC receives a state of unknown for the cradle, infeed or outfeed it will automatically clear these so
the state will be known again. The unknown state is expected only to be used after the equipment has
potentially been manually handled - like after servicing or handling a problem - otherwise the equipment is
expected to send more correct states.

6.2 System State Handling

6.2.1 System State (Cell -> HLC)

See the standard equipment interface [1].
If a job is present in the cell, the job’s ID is returned as a parameter in this telegram.

The cell will automatically switch between PackML states when applicable (e.g. Idle -> Starting -> Execute
when executing a job). Likewise, when completed, it will automatically change state to Id/le when it has no
ongoing jobs. For reference, see the Scenarios and Examples section.
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Example

Equipment with active job (identified in parameter)

"header": {...},
"state": "Execute",
"parameter": "285"

be

Idle Equipment

{
"header": {...},
"state": "Idle",

b

6.2.2 Request State Change (HLC -> Cell)

See the standard equipment interface [1].

This telegram will only be used when the cell requires a reset, or to temporarily disable it. It will not be
used for normal jobs.

6.2.3 Locations (Cell -> HLC)

See the standard equipment interface [1].

Note that the LocationConfig property has been changed in this specification, compared to the standard
equipment interface [1].

Location information is sent from the cell either when requested by the HLC or when there are changes to a
location.

Updates on content and state of a location are sent when it changes on relevant locations. Storage
locations may not have to send updates on content changes if the Automated Storage Cell does not keep
track of them, but for other types of locations state and content updates are necessary.

Some examples of changes are minor changes to physical coordinates of a location that require the HLC to
send new values when accessing said location, or a location has been changed physically in a rebuild and
therefore has a new size.
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7 Automated Storage Telegrams

The following commands are used to operate the cell

7.1 Job (HLC -> Cell)

Telegram Type ID: job

A job telegram tells the cell to move container(s). This may be sent when the cell is in Idle.

At any given time, only one outstanding job is allowed. This is to minimize the need for handling complex
error scenarios where it may be necessary to cancel jobs and make error corrections in-between. With the
limit of one outstanding job, this process is simplified.

If an error is encountered while parsing the request, and an error is sent in response, the cell will not start
the job.

Properties
Property Type Description
job_type JobType The job type to execute.
job_id Integer Number used to identify the specific job.
section String A specific section of the storage area, e.g. left or right side
of an aisle, infeed, outfeed, .
See Location Config for a list of special section names.
X Integer The horizontal coordinate for a container.
y Integer The vertical coordinate for a container.
z Integer The depth coordinate for a container.
container_count Integer Number of containers to handle.
This is only relevant for job type Deliver and concerns the
containers on the cradle. It helps the crane to move
containers around on the cradle if necessary while the
crane is on the move.
For more information, see the example described below.
containers List of Container Describes the containers to be transported.
Information, or Can be null if not relevant.
null.

A job defines a single move to either pickup A containers or deliver B containers to a given location.

Locations are primarily referenced using coordinates. This is regardless of whether the location is an infeed,
storage location or an outfeed.

When depositing containers, it is expected that the crane will make sure that the correct number of
containers are moved no matter how they are placed on the cradle. This means that if a deposit of 2
containers to the left side is requested, then the crane will take the 2 containers that are furthest to the left
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on the cradle and move them. The crane may have to move the 2 containers next to each other on the
cradle before depositing them to a location.

The following example shows 2 containers on a cradle that are to be placed into a storage location (with
property values z = 3 and container_count = 2). Before the cradle can place them, the containers must be
grouped together before placing them into the storage location. If this is not done, the middle location
might have been blocked or unavailable for an unspecified time, or extra time would have to have been
used afterwards to move the containers deeper into the storage location (thereby reducing valuable crane
time).

Storage location Cradle
1 2
[ K] ] [ Z | [ 1 | [ 3 | [ 2 | [ 1 |
I | |
1 — 2
CE 17 1 31 1 [CE 1z 131 ]
| | |
— 1 2
[ K] ] [ Z | [ 1 | [ 3 | [ 2 | [ 1 |
| | |
1 2
[ K] 1 i | 1 1 | [ o | | & | 1 |

Errors

The following error types can be returned by the cell for this request:

e ILLEGAL_CONTAINER_TYPE
e INVALID_CONTAINER_TYPE
e INVALID_COORDINATES
e INVALID_STATE
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Example

"header": {...},
"job_type": "fetch",
"job_id": 1,

"X": 1,

llyll: 3,

"Z": 2,

"section": "05",
"container_count": 2,
"containers": [

{
"container_id": "01234567890123456789",

"location": "2702"

*

{
"container_id": "01234567890121212121",
"location": "2703"

b

]
b

7.2 Job Update (Cell -> HLC)

Telegram Type ID: job.update

This telegram is sent when the status of a job is changed in the automated cell.

Properties
Property Type Description
job_id Integer Sequential number identifying the job.
job_status JobStatus The status of the job.
Example
"header": {...},

"job_id": 18728,
"job_status": "Complete"

b

7.3 Reset/Cancel (HLC -> Cell)

Telegram Type ID: job.reset

The Reset/Cancel telegram is used to clear a job. The Job Complete telegram will show that the job was
canceled or reset.
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The job number corresponds to the job that is to be cancelled. While only a single job can be executed at a
time, this is to ensure the correct job is designated.

Properties

Property Description

job_id Integer Identifier of the job.

A Job Update telegram is given as reply to this telegram with a job status.
Errors
The following error types can be returned by the cell for this request:

e UNKNOWN_JOB

Example

{
"header": {...},
"job_id": 9837
b
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8 Error Handling

There are different strategies for handling errors. The effectiveness of these is dependent on which sensors
are available on the cradle.

If there are no sensors available, then it will not be possible to guarantee that containers cannot disappear
or be bumped off so that they cannot be fetched. This is because all fetching is expected to be successful,
which cannot be guaranteed.

If there are sensors on the cradle locations, it will be possible for the crane to verify deposit of containers
into storage, but there may still be errors if containers for some reason cannot be fetched. If the cradle
does not have a scanner, it cannot be guaranteed that the correct container is fetched/delivered, only
whether container(s) are fetched/delivered.

Lastly, sensors on the cradle looking into the storage area will be able to verify that containers are fetched,
but then there might be an error depositing containers, which may leave containers erroneously on the
cradle. This will (most likely) cause an error within the next few moves.

The best guarantee is to have sensors both on the cradle locations and looking into the storage locations.
In this case it is possible to detect problems and guarantee that containers are handled correctly.

8.1 Strategy for Handling Problems

When an error occurs, it is important to fix both the origin and the destination. If the cell support
containers to outfeed and expect these containers to go around a conveyor and then come back to the cell
(or a similar cell) then the recommended error handling is:

The cell stops.

The current job is stopped with an error.

The storage location of the job is marked as suspicious.

The cradle is asked to empty itself on an outfeed.

Wait for cradle clearing.

Request fetch from any suspicious locations and deliver any items found to the outfeed.
Wait until all suspicious locations have been cleared and the cell is clear.

The cell may again continue executing jobs.

NV HA WM

This method will avoid most problems and reduce the need for operator interference significantly.

Having sensors on the crane will further reduce the risk of containers being lost in the storage area for any
reason.

8.2 Stop equipment on error or not

Whether or not operator error handling is required depends on the equipment sensors and the risk to the
equipment itself. Because of the use of PackML states it is left to how the equipment goes through the
states. If the equipment requires an operator action, the equipment will have to go to the Stopped state. If
no operator action is required the equipment will just complete the job and change state to Idle.
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9 Scenarios and Examples

9.1 Initialization

This section shows how the initialization process works. Two examples are given, one where infeed and
outfeed are controlled by the automated storage cell, and one where infeed and outfeed are controlled by a
conveyor system.

9.1.1 Automated Storage Cell Controls Infeed and Outfeed

HLC Automated Storage Cell

' Example with cell in Idle, no jobs and clear infeed and outfeed B

Info request - state

T
>

_ System state - idle (no active jobs)

Info request - locations
parameter: cradle 01

[nN

Y

Block usage of cradle,
infeed and outfeed

_ Locations - No containers on cradle

-

State, carriers on cradle -

and jobs are valid

Cell ready for jobs for internal movesb]

Info request - locations
parameter: infeed 01

L.
-

» Locations - Mo containers on infeed

<+

. Infeed unblocked B

Cell ready for jobs for
picking up from infeed

Info request - locations
parameter: outfeed_01

-
>

_ Locations - No containers on outfeed

-

QOutfeed unblocked N

Cell ready for jobs for
delivering to outfeed

Note that, instead of requesting the status of the individual locations (cradle, infeed, outfeed), the HLC
could request all locations by the cell in a single message if an info request is sent without a parameter.
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9.1.2 Automated Storage Cell does not control Infeed and Outfeed

HLC Automated Storage Cell ‘ l Conveyor System
T

Example with cell in Idle, no jobs and clear infeed and outfeed

A

Info request - state

|
L
-,

__ System state - idle (no active jobs)

parameter: cradle_01

1
J
1
Info request - locations |
1
1

. Block usage of cradle, &
infeed and outfeed

_ Locations - Mo containers on cradle

-

State, carriers on cradle -

and operations are valid

Info request - locations
parameter: infeed 01

__ Infeed status - Empty
Infeed unblocked -
Info request - locations
parameter: outfeed_01 -

-

' Outfeed unblocked B

Note that the communication with the conveyor is not in scope for this interface description, but uses
similar telegrams.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I
|
I
_ Locations - No containers on outfeed
I
I
I
I
I
I
I
I
I
I
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9.2 Job Handling

The following example shows when containers arrive at the infeed how the Automated Storage Cell handles
them.

HLC [Automated Storage Cell

Example of sending job to cell

Cell ready 5

Job: Pickup from infeed

N

System State: Starting

_ Job Update: ongoing

System State: Execute

Crane moves to infeed\

I,

Crane picks up container

System State: Completing

< Job Update: completed

S'_-,rstem State: Completed

Job: Deliver to storage

S'_-,rstem State: Starting I

__ Job Update: ongoing

System State: Execute

Crane moves to storage location 8
specified in job

[N

Crane delivers container

System State: Completing '

_Job Update: completed !

< System State: Completed :

Note that the cell automatically resets its PackML state upon completing a job.
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This example shows how to fetch a container out from a storage location.

HLC [Automated Storage Cell

Example of fetching from cell and delivering to outfeed =

Job: Pickup from storage

System State: Starting

' SEEE ET L P PP L PP PT PP CPELELE |

Job Update: i
¢ Job Update: ongoing

System State: Execute

Crane moves to storage location

specified in job

Crane picks up container

System State: Completing

R it L LR L LR L R R |

_, Job Update: completed

System State: Completed

_ Job Update: ongoing

System State: Execute

Crane moves to Dutfeed:\

Crane delivers container

System State: Completing |

_ Job Update: completed

System State: Completed

L LaEE e
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9.3 Canceling Jobs

This example shows that if the crane is stopped at a certain point, it will still be ready for new jobs (i.e. it
does not have queued jobs). Therefore, the problem handling is easy in this case.

HLC [Automated Storage Cell

Example of sending job to cell and it is cancelled =

‘ Carrier has 1 container on t:radleb]

Job: Deliver to outfeed

System State: Starting |

_, Job Update: ongoing

System State: Execute

Crane starts to move to outfeed >

Cancel job I

L
-
1

Crane stop on path to outfeed

System State: Completing

< Job Update: cancelled

System State: Completed

Carrier has 1 container on t:radleb]
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9.4 Error with Clearing Afterwards

This example shows a failure during delivery into a storage location and how the Automated Storage Cell is
handling the situation by ejecting the container.

HLC [Aummated Storage Cell

. Example of sending job to cell and it fails during deliveryf\
. ; : J

| Carrier has 1 container on cradleb]

Move container to storage /
Job: Deliver to storage

System State: Starting

_ Job Update: ongoing

System State: Execute

Crane moves to storage location
specified in job

[

Crane deliver container fails o

< System State: Completing |

I

- I

_ Job Update: error ,

T I

- | % !

Mark storage location as suspect [

L . I

I

System State: Completed |

e R RRREE LR ELLEE R R T T ECEEREEEED I

System State: Resetting |

-t T |

I

System State: ldle |

B AR |

.................................................................................. I

I
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HLC Automated Storage Cell

Clear cradle /
Job: Clear cradle

Syslem State: Starting

_, Job Update: ongoing

System State: Execute

Crane moves to outfeed B

Crane delivers cnntainer\‘

Syslem State: Completing |

< Job Update: completed !

Syslem State: Completed !

Try to clear suspect storage location /

Job: Clear location |

Syslem State: Starting

_ Job Update: ongoing

System State: Execute

Crane moves to storage location
specified in job

Y

Crane picks up container (if present)

Crane moves to outfeed &

Crane delivers container (if present}\

Syslem State: Completing

_ Job Update: completed i

Mark storage location as normal &

Syslem State: Completed

Handling the error in this manner means that the system can fix almost any problem that may occur during
jobs. As described in Strategy for Handling Problems, having sensors increases reliability and reduces the
risk of the crane crashing into containers, but even without sensors this method of handling will ensure that
very few crashes occur.
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