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Topics Presented:

e Why robot integration needs another level of standardization
e \What SRCI provides today and what gap remains for EtherNet/IP environments

e Proposed CIP-based transport profile and architectural principles

e Command transport, state handling, sequencing, and capability discovery

e Interoperability, commercial value, implementation considerations, and next steps
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The integration challenge: robots are normal automation assets

Common PLC integration across multi-vendor robot systems

Industrial robotics adoption is accelerating across
manufacturing environments.

Multi-vendor robot deployments can introduce proprietary
programming models, communications, and integration
differences.

System integrators and end users need scalable, vendor-
neutral PLC-to-robot behaviors.

SRCI addresses the application-level command/state
abstraction, but EtherNet/IP transport standardization
remains a gap.
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What is SRCI?

e Standard Robot Controller Interface: a PLC-centric command and state abstraction for robot
control.

e Defines command execution, state management, capability access, and operational control.

e Allows multiple robot platforms to be controlled through a consistent application model.

e Reduces application complexity and improves portability across robot manufacturers.

I

_~~ Teach

Pendant Robot
Controller

Generic Fieldbus*

SAFE Fieldbus**
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The gap: SRCI standardizes behavior, but not with an EtherNet/IP transport
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Proposal: a CIP profile for SRCI-compliant robot equipment

Direct PLC-to-robot communication using EtherNet/IP

Represent the robot controller as a CIP device exposing
standardized interfaces and services.

Preserve SRCI command semantics, execution behavior,
and operational assumptions.

Use EtherNet/IP communication patterns already familiar
to ODVA-conformant systems.

Enable direct PLC-to-robot communication without
custom gateways or translation layers.
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Architectural design principles

* Preserve SRCI| semantics and command execution behavior.

e Leverage existing CIP technologies for safety, security, connection management, and messaging.
e Use deterministic communication for critical command execution and feedback.

e Separate operation from configuration, diagnostics, and discovery.

e Enable vendor-neutral interoperability with minimal robot vendor implementation impact.

e Align with ODVA conformance models and scalable capability discovery.
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Propc;"sed architecture: Preserve SRCI, map transport to CIP

PLC / Client Robot Controller / Server
e ) ( )
Application Layer Application Layer
Class 1: cyclic operation Class 3: config / discovery
e N 4 )
Command Management Layer Command Management Layer
\ J \ J
EtherNet/IP + CIP communication model
e ) e )
Transport Layer Transport Layer
\ J \ J
e ) e )
Network Layer Network Layer
\ J \ J
Intent: add CIP-based profile around SRCI behavior—not redefine SRCl itself.
Technical Track 2026 Industry Conference & 24th Annual Meeting www.odva.org ©

2026 ODVA, Inc. All rights reserved. 8



202

Industry Co:

Transport strategy: Use the right CIP mechanism for each function

f N 4

CIP Class 1: deterministic operational exchange CIP Class 3: explicit management services

Capability discovery
Device configuration
Diagnostics

Profile identification
Maintenance functions

e Command execution

¢ Command acknowledgement
e Execution state monitoring

e Robot status reporting

e Motion feedback

¢ Command completion

- J -

Separation of real-time operation from configuration and discovery reduces coupling and aligns with CIP practice.
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e Class 1 cyclic connections carry operational state and
feedback needed during active execution.

e Class 3 explicit messaging supports complementary
lifecycle functions such as configuration, diagnostics, and
capability discovery.

e Together, they support command execution, state
management, sequencing, and feedback while aligning to
deployed EtherNet/IP practice.

Cyclic data flow plus explicit services
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Message model: SRCI elements mapped into CIP data structures

PLC > Robot Controller

PLC writes the

PLC (Originator) ]

Command Assembly (Output to Robot)

Example Command Flow — MC_MoveLinearAbsolute

Robot Controller (Target)

Status Assembly (Input to PLC)

Robot Controller » PLC

MC_MovelLinearAbsolute Sequence ID 1001
command and motion Command ID MC_MoveLinearAbsolut
parameters into the Execute Trigger 01
command assembly. Target X 1250.0 mm Cyclic 1/0
| Target Y 450.0 mm (Class 1) Leserd
Target Z 800.0 mm 9
e SRCIcommand Oiaions 160 Corpiue
rientation
: . i L (PLE > Robon) e Command responses
lnvocation Velocity 1000 mm/s Sl
Accelerati 500 sty SHEE T [
. C . - e s (Robet - PLO) ¢ Acknowledgement status
ommand identifier @ Ficsete T | ——
xecute Trigger bit. xecute Trigger after sent =3 .
e : ; Sequenceld 1001 (esho) * Execution progress
Xecu tl on t r gge r e Robot controller validates g"’“’“a"g :cc_ep‘e" ;ARIL.JSEE Key Points .
the request and returns $-oc=szassszse Ccmmand ccwe, FALSE * Class 1 cyclic 1/O is used for L C O m p l.et I 0 n State
L C O m m a n d p a ra m ete rS Sotimerciooetee Sl E’c:?'r:a::sen:)mp i FALSE time-critical command and
State ACCEPTED status exchange. E N d 1 N d b
. = — ® Error indications and robot
L4 EXe C U tl O n C O nt rO |. o Robot controller updates ?quence f .:.gtTE(EChO) * Sequence ID uniquely
the status assembly to Ommend accspted identifies the command f d b k
1 1 indicate Command Active. ANl L I I Gommend Actie TRUE instance. e e a C
information Command Complete  FALSE
Error Present FALSE « Status is updated continuously
§::;eress S;QEEUT'NG during execution.
e During execution, the status Seq;enoe D ;001 (echo) ¢ Completion is indicated by
assembly continuously Command Accepted  TRUE Command Complete = TRUE
reports execution state and Command Active TRUE and Command Active = FALSE.
optional progress S SR S X P CCE e LESE D A R R Command Complete ~ FALSE
information. Error Present FALSE
State EXECUTING
Progress 45% ... 90% ...
Upon completion, robot :
controller clears Command = 5 ;001 S Command Summary
(A:Ztri’\‘l;:?: j?rt; ngmand Cc?:r::: Accepted  TRUE SEhe Command:  MC_MoveLinearAbsolute [
R e e D R et Command Active FALSE Sequence ID: 1001
The echoed Sequence ID Command Complete  TRUE Priority: Normal
allows the PLC to correlate Error Present FALSE Type: Motion - Linear Absolute
completion status with the State COMPLETED Transport:  EtherNet/IP Class 1
original command request. Progress 100% ok
Time B
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Parallel command/response lifecycle across representative robot-controller connections.
Parallel command transmission

[ Cnxn 1 ]
r -~ i
CMD 1001 CIP Class 1 Cyclic 1/O
PLC / Client —l

Command / status assemblies
Command Assembly

SeqID: 1001 Transaction identity

Sequence ID 1001 correlates:
Command: MC_MoveLinearAbsolute
» Command request

+ Acknowledgement
g

Execute: Rising Edge * Execution progress
CMD 1001

Target X/Y/Z + ABC MoveLinearAbs » Completion / fault status

Cmd ID: 0x0021

Velocity / Acceleration

Same SRCI command sen CMD 1001
MovelLinearAbs
are reused for each vendoi i

. J

Vendor A RC
Consumes command assembly
Returns status assembly

Receiving Command

Vendor B RC
Consumes command assembly
Returns status assembly

Receiving Command

Vendor C RC
Consumes command assembly
Returns status assembly

Receiving Command

[ 1 Write command ] 2 Parallel transmit 3 Validate [ execute

Technical Track 2026 Industry Conference & 24th Annual Meeting www.odva.org © 2026 ODVA, Inc. All rights reserved.

4 Return ACK + progress 5 Return completion status
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Command execution example: MC_MovelinearAbsolute over a cyclic connection

PLC correlates lifecycle

PLC writes command + Robot controller consumes
1 parameters > 2 assembly > 3 Status assembly updates > 4
Command ID, trigger, target pose, Validates request and parameters /;gm;l\;vtlﬁ)ig/ee#)orrogress, ﬁjeeqnti;et;ce ID preserves command

velocity

Payload elements example

Command ID = MC_MovelinearAbsolute

Command Sequence ID

Velocity Acceleration

Execute Trigger Target X/Y/Z

Orientation A/B/C

Design principle: transaction identity + cyclic status preserve SRCI execution semantics while using EtherNet/IP data
exchange.
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Sequencing and execution integrity

e Each command transaction is associated with a unique execution identifier.

e The identifier correlates command requests, acknowledgements, execution state updates,
completion notifications, and faults.

e Sequencing rules preserve intended SRCI execution behavior, including buffered commands,
sequential execution, interruption, and prioritization.

e Cyclic status assemblies provide a continuously updated view of command progress and include
“LifeSign” information in the messaging headers, as an integrity check to discover discrepancies.

Command Command

[ o T e siate | | 10 |MOVE_IJF\EAR ACTIVEI

Parameters

‘Plrl'nalen
[ payload |

Scheme

17

Example Jrosition: P, Velociy: 80, ... |

Response

Response

m [ state: ACTIVE, Distance ToGo: 30, . |
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Fragmentation, reassembly, and data handling

e SRCI messages may exceed practical cyclic data sizes and therefore require a transport profile to
define fragmentation and reassembly behavior.

* The receiving side must reconstruct the SRCI message while preserving ordering, integrity, and
command association.

* Fragment-level errors shall be detectable and reported in a way that preserves the command
lifecycle and supports diagnostics.

e The paper positions fragmentation and data handling as part of a complete transport profile rather
than an application workaround.
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Capability model: Core, extended, and optional SRCI support

CORE COMMANDS (Mandatory)

Implemented by All SRCI Conformant Devices

MC_MovelJointAbsolute

SRCI Command Categories

SRCI commands are grouped into Core (mandatory), Extended (beyond core) and Optional (feature specific) capabilities.

Joint move to absolute position

0. o
o ;0 MC_MoveLinearAbsolute  Linear move to absolute position AR
) MC_MoveCircularAbsolute  Circular move to absolute position N

M I
MOTION C.Shop Seridlisavip ADVANCED
MC_Halt Immediate hait MOTION

PC_OpenProgram Open a program

PC_CloseProgram Close a program

@ PC_Start Start program execution
PROGRAM PC_Stop Stop program execution PROGRAM
PC_Reset Reset program MANAGEMENT
RC_PowerOn Power on robot
@ RC_PowerOff Power off robot
RC_Hold Hold robot motion
CONTROL RC_Resume Resume from hold SAFETY &
RC_Reset Reset robot controller MONITORING

RS_GetStatus

©

Get robot status
RS_GetExecutionState Get command execution state \
RS_GetError

STATUS & Get active error

FEEDBACK TOOL & FRAME
¢ 10_SetDO Set digital output
— 10_GetDI Get digital input &
1/0 SERVICES 10_GetDO Get digital output coivEToR A
TRACKING

EXTENDED COMMANDS (Beyond Core)

Optional for SRCI Implementations

MC_MoveJointRelative
MC_MoveLinearRelative
MC_MoveCircularRelative
MC_MoveSpline
MC_OrientTool
MC_SynchMove

PC_Load
PC_Unload
PC_Pause
PC_Continue
PC_SetPointer

SF_SetSafeguardStop
SF_ResetSafeguardStop
MO_AddZone
MO_RemoveZone

TC_SetTool
TC_SetTCP

FC_SetUserFrame
FC_GetUserFrame

TR_TrackConveyor
TR_SyncToConveyor
TR_SetConveyor

Joint move relative
Linear move relative

Circular move relative

Q

Spline move
Tool orientation control SEARCH & FORCE
Synchronized move

Load program

Unload program

Pause program

Continue program s

Set program pointer APPLICATIONS

Set safeguard stop

Reset safeguard stop m

Add monitoring zone

A . VISION &
emove monitoring zone

SENSING
Set active tool
Set tool center point -v \,—
Set user frame DIAGNOSTICS &
Get user frame MAINTENANCE
Track moving conveyor
Synchronize to conveyor
Configure conveyor VENDOR SPECIFIC

EXTENSIONS

OPTIONAL COMMANDS (Feature Specific)

Implementation Specific / Vendor Defined

SE_SearchStart Start search
SE_SearchContinue
SE_SearchStop
FO_ForceControl

FO_ForceStop

Continue search
Stop search
Force control

Stop force control

PA_WeldStart Start weld process
PA_WeldStop Stop weld process
PA_ArcOn Arcon
PA_ArcOff Arc off

PA_ProcessSignal Process signaling
VS_Capturelmage
VS_GetVisionResult
VS_CalibrateSensor
VS_SetROI

Capture image
Get vision result
Calibrate sensor
Set region of interest
DI_GetDiagnostics Get diagnostics
DI_ClearDiagnostics Clear diagnostics
MT_GetMaintenanceData Get maintenance data

MT_ResetCounters. Reset counters

VX_Command1 Vendor command

VX_Command2 Vendor command

CAPABILITY REPRESENTATION & DISCOVERY
Devices expose supported command categories and individual commands via the SRCI Application Profle (Chapter 11)
PLC uses CIP Class 3 services to query supported capabilities and adapts application behavior dynamically.

ﬁ CIP Class 3 (
- (Explicit Messaging)
PLC (Originator) J Robot Controller

(Target)

Returns Capability Information:

* Supported Profile Level (Core / Extended / Full)
+ Supported Command Categories

+ Command Support Map (Bitmask / List)

* Limits / Constraints / Features

LEGEND: [l Core - Mandatory for all SRCI conformant devices

[l Extended - Optional, beyond core capabilities

B Ostional - Feature specific / vendor specific

Profile Levels (Example):

+ Core Profile - All Core Commands
+ Extended Profile - Core + Selected Extended
+ Full Profile - Core + Extended + Optional

Optional

Extended

Core

e Expose supported SRCI profiles and command
categories through CIP profile information.

e Enable scalable adoption for simple and advanced
robot controllers.

e Support conformance discussions around required vs.
optional behavior.

e Avoid assuming every robot implements every SRCI
function.
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PLC and robot controller integration models

PLC-centric control model

e PLC invokes SRCI function blocks or e

commands.
e Command Management Layer

formulates command requests and

interprets responses.

e Robot behavior remains aligned to

SRCI semantics.

SRClI over Eti
Etheri'et/IP

Class 1 (implicit) - Cyclic /O

PLC Application
* SRCI Function Blocks
+ Comman

+ Command Requests
=
« Eroc Handling |
+ Robot Status / Feedback
¢ + Motion / Position Data
= 1 Class 3 (Explicit) - Messaging
- CIP Stack | 7l sy B
I“ + Canfguration
EtherNet/IP Adapter + Diagnostics

pa—=— —p

+ Program / Data Transfer

EtherNet/IP Network

herNet/IP
ROBOT CONTROLLER / TARGET Typioal Commuication Loop
@ PLCissues SRC! command
SRCI Server o
. N © Fobot acknowledges

+ SRCI Command Processor §
« Ereuton Engine L

+ State & Feedbock Manager

.
+ Capabiity & Profile Services (Wj

CIP Stack
EtherNet/IP Adapter

© Robot executes command
@ status and feedback retumed

Key Characteristics

' Standard EtherNet/IP infrastructure

/ Deterministic real-time command
execution via Class 11/0

V' Flexivle configuration and diagnostics

via Class 3 messaging

V Scalable to single or multiple robots

1 i |

"'

+ Safety Monitoring + Visualiz

I.,,l]In

+ Auis Control sors + Inspection

Mooo Cmuoﬂe HMI / SCADA

i I and devices
2 V' Seamiess integration with other
5 Additional
b i ) PR CIP-based components

(SRC! Targets)
. ﬁ “ Ll
(,, 5

ization « Weigh Scale

+ Synchronization + Actuators + Guidance + Interlocks + Mlarms Barcode Reader
+ Cam / Gear « Safety O « Messurement « ESw0p + Recipes + RFID Reader
Legend Example Use Cases

G Class 1 implicit (Cyclic /0) O Single Robot Cell

Direct PLC control of one SRC

> Class 3 - Explicit (Messaging) robot within a machine

* Multi-Robot Workcell

[/ :i Coordinated control of multiple
robots and peripheral devices

High-Level System Integration
Robots integrated into a arges

production line or plant-wide system

Robot controller as CIP server

* Exposes standardized
communication structures.

e Consumes command assemblies
and produces status/feedback
assemblies.

e Provides discovery, diagnostics,
and configuration through explicit
services.
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Value: less custom glue, more reusable integration

e Reduce integration complexity by avoiding proprietary
gateways or vendor-specific adaptation layers.

¢ [ncrease application portability across compliant robot
platforms.

e Reuse EtherNet/IP infrastructure, engineering practices,
and ODVA-conformant device models.

e Create a stronger foundation for multi-vendor robot
ecosystems.

Commissioning through a familiar PLC engineering workflow

Technical Track
2026 ODVA, Inc.
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Technical value: a disciplined mapping instead of ad hoc integration

e CIP device modeling supplies a consistent place for robot controller capabilities, services, and
attributes.

e Cyclic I/0O provides an established mechanism for observable command/status behavior.

e Explicit messaging provides a complementary model for discovery, diagnostics, profile
identification, and maintenance.

e Common data representation rules support consistent interpretation across controller platforms.
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Interoperability, safety, security, and compliance considerations

e Interoperability requires well-defined models, assemblies, command handling behavior, and
capability discovery.

e Safety and security should leverage existing EtherNet/IP and CIP technologies where applicable
rather than redefining the robot safety model.

e Diagnostics shall make transport, command, and capability issues visible to engineering and
conformance workflows.

e Profile definition should support ODVA-style validation and conformance expectations.

Technical Track 2026 Industry Conference & 24th Annual Meeting www.odva.org © 20
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Implementation considerations and open questions

e How should SRCI capabilities be exposed: attributes, profile, or another discovery structure?

e \What command categories are mandatory for initial conformance versus optional extensions?

e How should fragmentation errors, sequence errors, and command faults be normalized for
diagnostics?

e \What byte-level mapping should be normative versus implementation-defined?

e How should existing SRCI implementations be reused with minimal impact on robot vendors?

Technical Track 2026 Industry Conference & 24th Annual Meeting www.odva.org ©
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4 4 N\
Define t t fil Validate execution model Formalize discovery model eluiliut
ertine transport proftite 1 xecuti r 1ze di very o B
SRCI command/state semantics Sequencing, state transitions, Profiles, capabilities, optional - .
. ; . . . Interoperability, safety, security,
mapped to CIP Profile, command lifecycle, and fault functions, and implementation . . .
. . . o diagnostics, and test expectations
assemblies, and services behavior limits
. . J
Recommended: Provide ecosystem feedback on interface, capability discovery, and conformance scope.
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Ecosystem Outcome: reusable framework for ODVA-compliant robotics

Reusable standards-aligned framework for PLC-to-robot
communication over EtherNet/IP.

Preserves SRCI behavior while extending applicability into
ClIP-based architectures.

Supports multi-vendor compatibility and future
enhancements in industrial robotics control.

Creates a common interoperable interface point for
vendors, system integrators, and end users.

Standards-aligned, interoperable, extensible

Technical Track 2026 Industry Conference & 24th Annual Meeting www.odva.org ©
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Key takeaways

e SRCI provides the application-level robot command and state abstraction.

e EtherNet/IP environments need a standardized CIP-based transport/profile to avoid proprietary
bridging.

e The proposed architecture preserves SRCI semantics while leveraging Class 1 cyclic I/0 and
Class 3 explicit messaging.

e Capability discovery, command categorization, sequencing, and reassembly/error handling are
central to interoperability.

e The commercial value is reduced integration complexity and a stronger multi-vendor robotics
ecosystem.
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Questions - Discussion

Thoughts on - capability discovery, conformance scope, and deployment strategy
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