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Executive Summary 
The ACARP Landmark longwall automation projects have delivered automation systems that are showing good results at three demonstration mines and are in the process of commercialisation.  One of the key features of the Landmark (or LASC for Longwall Automation Steering Committee) automation technologies is that specifications for the outputs of these systems and the communications methods to interconnect them with OEM control systems have been made freely available on the internet in an ‘open systems’ form.  The major OEMs have adopted this model and it has meant that the technology can be implemented successfully on a face which has equipment from several OEMs. This is the case with equipment currently operating at Beltana and Grasstree.

While there has been initial enthusiasm for the open interconnection model from equipment manufacturers in the demonstration stage, the problem is that there is currently no mechanism to ensure that when LASC automation technologies are supplied commercially as part of OEM offerings, there will be ongoing conformance with the open specifications.  History indicates that there will be a likelihood that manufacturers will revert to exclusive ‘back box’ technology. Mining companies need to be able to specify automation equipment against the open LASC specifications and be confident that equipment they purchase on a competitive basis from a number of manufacturers will comply with them.

These specifications are fundamental to all stakeholders in the industry getting maximum benefit from ACARP technology. Equipment customers will retain the freedom to build systems with equipment from various manufacturers sourced on a competitive basis and can be confident that in the longwall case for example, new LASC automation technology will operate in a multi-vendor equipment environment.  The LASC systems will talk to other components and the other components will talk to each other to convey and utilise LASC information.  Future systems will also be compatible with existing ones.

The process of open specifications is now well established in the longwall automation area but it has also been recognised by ACARP that this will also be an issue in roadway development, shovel, dragline and prep plant automation system commercialisation and implementation.

The aim of the project is to develop an industry-based conformance process for specification and acceptance testing of ACARP-developed technologies.   For LASC technologies, a set of software tools will be produced to assist specification and conformance testing of OEM implementations against existing open LASC specifications.  The framework for this process will also be able to accommodate future automation systems.  Both manufacturers and customers will have open access to the software tools and each can test OEM automation systems for conformance with the LASC (and future) specifications.
The major benefit of this project is that it will assist the delivery of automation systems that are able to be accurately specified and will define compliance that is able to be accurately verified by operators that are not necessarily leaders in automation technology. Moreover, a climate of industry leadership in setting automation standards will be achieved.  Comparisons with the JORC code for mineral resources and IEEE standards for networking can be made. 

The major risk in achieving these outcomes and benefits is a delay in commencing the process.  The best result will be to have testing tools available to both manufacturers and customers when the early commercial products are delivered in 18 months to 2 years’ time.
The project work plan is structured to deliver outcomes in stages.  The total project value is $524,721 of which $317,255 is requested from ACARP.  As part of CSIRO’s investment in the commercialisation process, it has already been undertaking work on completion of LASC specification documents which was included on the original project scope and will contribute that work as in-kind.

Objectives
The objective of this project is to develop an Industry-based conformance process for specification and acceptance testing of ACARP-developed automation technology. 

Initially longwall automation will be the focus and specific tools will be produced for compliance testing of OEM automation products incorporating LASC outcomes against existing LASC specifications.  Additionally a framework will be generated to accommodate roadway automation systems and open cut applications such as dragline and shovel automation as well as coal prep plant systems.

State of the Art
New Interconnection Standards
A key outcome of the ACARP Landmark longwall automation projects (C10100 and C15002) has been the development of the coal industry’s first open specifications for the exchange of sensing and control information between longwall face equipment. These specifications were developed at the direction of the ACARP Longwall Automation Steering Committee (LASC) to eliminate any “black box” issues in the implementation of Landmark project outcomes (now called LASC automation systems).  These specifications mean that any equipment manufacturer implementing LASC technology knows exactly how to communicate with the automation system and what the data means.  Because on one face, different OEMs (shearer and face) could be implementing different aspects of LASC technology, equally important is the fact that the different OEM implementations will also be compatible and will communicate with each other.  Moreover, this is all visible to the customer who will not be confronted by vendor-specific black boxes.

The open specifications are available publicly and are freely available on the internet.  The major longwall equipment manufacturers Joy, DBT and Eickhoff have all adopted and implemented these specifications in the Landmark demonstration sites currently in operation (Beltana, Broadmeadow and Grasstree).  Consequently multi-vendor equipment interoperability to implement Landmark outcomes (now called LASC automation systems) has been successfully achieved with measured productivity gains and uniform satisfaction from operators.
The real benefit of these specifications will come when LASC systems are available commercially. Equipment customers will retain the freedom to build a longwall system with equipment from various manufacturers and can be confident that new LASC automation technology will operate in a multi-vendor face environment.  The LASC system will talk to other components and the other components will talk to each other to convey and utilise LASC information.  Future systems will also be compatible with existing ones.

Open Specifications Adherence in the LASC Technology Transfer Process
In the LASC commercialisation process, CSIRO is licensing each longwall OEM to embed LASC technology into its core products.  This approach has been arrived at after canvassing a wide range of technology transfer options. It is the best one from the viewpoint of ongoing product support. Additionally in this model each manufacturer is at liberty to modify LASC-based automation systems to incorporate proprietary developments.  Again this is a good result for the OEMs to foster further innovation and differentiation in the market.

But this commercialisation model poses issues for the open specification model.  Because each OEM will be building its own systems, history indicates that in the longer term, in the commercial environment, the OEMs are likely to move away from these established open specifications in favour of inflexible proprietary “black box” automation implementations. This would be a backward step given that industry dissatisfaction with this environment was one of the initial drivers for the Landmark project.

Customers need to be able to specify equipment against the open LASC specifications and be confident that equipment they subsequently purchase will comply with them.  It is unlikely in the short term that the OEMs will form an alliance or monitoring group to maintain open specifications so another mechanism is required to maintain the freedom of customers to select longwall equipment of their choice and exploit the significant LASC automation advances which have been demonstrated so far in an open systems environment.  

At the moment there is inherently no such mechanism to achieve this and this is the problem being addressed directly by this proposal. 
Problem Solution 
Industry-Based Automation Standards
If the equipment suppliers are unlikely to promote standardisation, the alternative is for the industry to take the initiative.  Through this project, ACARP can take significant steps to ensure that automation equipment complies with the LASC specifications.  Recently, various ACARP research committees have noted that open specification concepts would also have applicability in such areas as continuous miner, shovel, and prep. plant automation. 
The purpose of the project is to develop a method by which the compliance of OEM control systems with Industry automation specifications can be verified thus maintaining ACARP’s desired uniform application of open specifications. This solution will consist of two major components.
· Documentation explaining the general principles and scope of available Industry specifications with guidance for inclusion in tender processes.  As well as containing general information this will initially concentrate on longwall automation and will be updated as further application areas are added.

· Software modules, freely available to manufacturers and equipment customers, which will be used to verify the compliance of OEM equipment.   Initially the software will concentrate on the longwall automation area.  It will communicate with the control system of each new longwall equipment item or sensor produced by each supplier to ensure that all aspects of the information flow comply with the specifications.  The software will then generate reports on the level of compliance of the OEM equipment to the LASC specifications. 

The diagram below outlines the vision for a general conformance process.

[image: image1]For LASC automation systems, the equipment procurement and acceptance process will then be as follows.

· Equipment is specified by the customer against the open, published LASC specifications
·  The proposed test software will be used by OEMs to generate certificates of compliance 

· Manufacturers include test results in their tenders for inspection by the customer

· Customers can also independently run the test software on supplied equipment as part of compatibility and site acceptance testing.

This process will ensure that LASC automation systems such as face alignment and horizon control will operate successfully with shearer and shield systems supplied by different vendors.
Program and Work Schedule
The project work schedule has been developed in two parts. The first part is the development of a software framework for general Ethernet/IP device testing. This software application will test device compliance in accordance with the Ethernet/IP standard. The second part of the work schedule relates to the development of software modules for testing the functionality of specific LASC devices and systems. These modules will be designed as software plug-ins to the general purpose Ethernet/IP test software developed in the first part of the project.
Table 1: Gantt chart for project milestones
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Task Name


Duration


Start


Finish


Predecessors


1


Component 1. Guidelines for specifying automation systems


90 days


Mon 3/03/08


Fri 4/07/08


2


Guidelines for specifying automation systems


90 days


Mon 3/03/08


Fri 4/07/08


3


Component 2. Software framework for Level 1 compliance testing


360 days


Mon 3/03/08


Fri 17/07/09


4


Software design document


90 days


Mon 3/03/08


Fri 4/07/08


5


software documentation and operating manual


90 days


Mon 7/07/08


Fri 7/11/08


4


6


software source code and installation package


90 days


Mon 10/11/08


Fri 13/03/09


5


7


software unit testing and user acceptance testing


90 days


Mon 16/03/09


Fri 17/07/09


6


8


Component 3. Software modules for functional testing of specific LASC devices and systems


210 days


Mon 10/11/08


Fri 28/08/09


9


RSS functional test module plug in


90 days


Mon 10/11/08


Fri 13/03/09


5


10


Shearer functional plug in


90 days


Mon 10/11/08


Fri 13/03/09


5


11


SPMS functional test module plugin (UDP/unknown comms base)


90 days


Mon 10/11/08


Fri 13/03/09


5


12


OEM accessable SPMS functional test module plug in (EIP segment)


90 days


Mon 16/03/09


Fri 17/07/09


11


13


Module Unit testing and user acceptance testing


120 days


Mon 16/03/09


Fri 28/08/09


11
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ID Task NameDurationStartFinishPredecessors

1 Component 1. Guidelines for specifying automation systems90 daysMon 3/03/08Fri 4/07/08

2 Guidelines for specifying automation systems90 daysMon 3/03/08Fri 4/07/08

3 Component 2. Software framework for Level 1 compliance testing360 daysMon 3/03/08Fri 17/07/09

4 Software design document90 daysMon 3/03/08Fri 4/07/08

5 software documentation and operating manual90 daysMon 7/07/08Fri 7/11/084

6 software source code and installation package90 daysMon 10/11/08Fri 13/03/095

7 software unit testing and user acceptance testing90 daysMon 16/03/09Fri 17/07/096

8 Component 3. Software modules for functional testing of specific LASC devices and systems210 daysMon 10/11/08Fri 28/08/09

9 RSS functional test module plug in90 daysMon 10/11/08Fri 13/03/095

10 Shearer functional plug in90 daysMon 10/11/08Fri 13/03/095

11 SPMS functional test module plugin (UDP/unknown comms base)90 daysMon 10/11/08Fri 13/03/095

12 OEM accessable SPMS functional test module plug in (EIP segment)90 daysMon 16/03/09Fri 17/07/0911

13 Module Unit testing and user acceptance testing120 daysMon 16/03/09Fri 28/08/0911
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Component 1. Guidelines for specifying automation systems
One of the major outcomes of this project will be the application of the framework and architecture to new automation developments within the coal mining industry. This will ensure that the proven reliability and robustness characteristics developed within the current LASC technologies will be carried on to any new systems.

This generic development guideline document will also have the following benefits:

· Ensure that the communications subsystem meets LASC-compliance testing

· Provides a template for project development progression, ensuring that consideration is given to at least a minimal set of required development work

· The document will provide direction on functionality development and, more importantly, functionality testing design.

The deliverables of this component will be:

· Generic Functional specification documentation with detailed system development progression information.
· Stand alone function definition documentation, with examples

· Stand alone Level 1 LASC-compliance requirement documentation, including test definitions and test fail severity indications.
Component 2. Software framework for Level 1 compliance testing
This component of the project will deliver a robust testing regime for certification of LASC-compliance. The testing utilities will be provided to:
· Any OEM, for ensuring that hardware, firmware and software complies with a set of base-level interoperability requirements. This set of utilities will include a working reference design that fully complies with all aspects of the Level 1 compliance suite. This reference design will include fully documented source code.
· Any coal industry customer, to ensure that their current system, or system being commissioned, meets the desired LASC-compliance level. This suite of the utility will be a pre-packaged executable available only from the LASC-compliance contact within ACARP. The compliance report produced will have a certification verified by Veri-sign or similar digital signature technology. This will ensure that the certification process is transparent and guaranteed.
· It is envisaged that third-party independent contractors may enter the marketplace as ‘compliance testers’ similar to the situation in many other industries (such as electrical test and tag contractors). These contractors will be given the pre-packaged executable version, along with an option to customise the reporting facet only.

2a) Software design documents
The testing utilities will be undertaken as a formal software development process. The first stage will be the production of the software design documentation. This comprises:

· User specifications/user requirements. This document is the over-arching set of statements that formalises the system functionality. This will include :

· broad level ‘look and feel’ system requirements, 

· work flow requirement,

· test case outlines; and 

· reporting requirements
· Technical specifications. This document is a solid foundation for the actual development of source code and applications. This document will specify:

· Development architecture design,

· Database design if required,

· Security,

· Test case encoding;  and

· Communications specifications

2b ) Software documentation and operating manual
 The software documentation will comprise of the full details required for a skill transfer to an untrained user. This will consist primarily of:

· Installation procedures,

· Wiki formatted software help system,

· Software manual; and

· Report clarification documentation and information
2c) Software source code and installation package
This component covers the creation of the actual source code and various deployable packages (as specified above). The software will be created using industry best practice techniques, such as Test Driven Development (TDD), automatic documentation generation tools, and source 

code control.

2d) Software unit testing and user acceptance testing
Any software created will necessarily be self-compliant and capable of passing user acceptance testing, unit testing and interface testing. The will be a formal process of defect reporting and re-testing enforced. 
Component 3. Software modules for Level 2 LASC-compliance testing. 

This component focuses on the production of modules for testing the existing systems in (or approaching) production. This testing is referred to as Level 2 LASC-compliance  <module name>. These modules will be created as ‘plug-ins’, or optional components of the base software created and delivered in component 2 above. These modules will each produce a separate report page and the main software will identify which optional components are installed and create a summary in addition to the Level 1 testing report.
The main focus of these modules will be testing the functional capabilities of the system in test. The functionality tests are formally defined in the respective module specification. The methodology for defining and encoding terms such as ‘function’, ‘test inputs’, ‘expected results’ will be specified in component 1) above.
The test modules to be created are:

· 3a) RSS functional test module plug in,

· 3b) Shearer functional plug in,

· 3c) SPMS functional test module plugin (UDP/unknown comms base segment)
· 3d) OEM accessable SPMS functional test module plug in (EIP segment)

Any software created will necessarily be self-compliant and capable of passing user acceptance testing, unit testing and interface testing. The will be a formal process of defect reporting and re-testing enforced. 
Safety Implications

There are no hazards directly associated with the work program for this project.
This project can be directly linked to the longwall automation initiative.  One of the objectives of this work area is to “develop and demonstrate a longwall automation system that allows a minimum number of personnel required to be within the hazardous zone of the longwall”. 

Since 1985 installed power of longwall equipment has increased by a factor of three. This has resulted in an increase of exposure of operators to high levels of respirable dust, fly rock, high pressure hydraulics and moving equipment. The longwall automation project will reverse this trend and significantly improve the safety and health environment of the longwall operator.

Expected Outcomes 
This project addresses the ACARP priority ‘application of remote control and automation processes to reduce operator exposure to hazards’
The project has a high likelihood of success. From a technology viewpoint there are no identified roadblocks to delivery of the documentation and software outputs.  
The expected outcomes are

· Delivery of awareness of the issues and tools to face equipment customers and OEMs to verify compliance with LASC specifications as automation products become commercially available in the next two years.  The major risk to this outcome is delay in availability of the tools which will limit the industry’s influence in the uptake of conforming automation systems in the vital early stages.

· Delivery of information and awareness to other coal industry components to plan for a consistent framework for the introduction and maintenance of open specifications for continuous miner, dragline, shovel and prep plant automation products.

Expected Benefits

The demonstration sites currently operating LASC automation systems on a 24/7 basis are reporting quantifiable benefits in productivity.  In Beltana’s case indicative longwall productivity gains of 6% are being achieved.  This project is closely linked to the optimal capture of the benefits of LASC longwall automation by the industry in general through delivering automation systems that are able to be accurately specified and quantifying compliance that is able to be accurately verified by operators that are not necessarily leaders in automation technology. 

Moreover, a climate of industry leadership in setting automation standards will be achieved.  Comparisons with the JORC code for mineral resources and IEEE standards for networking can be made. 

As briefly mentioned earlier, other areas in the coal industry have observed the benefits of the open specification concept to technology transfer in longwall automation. These include:

1. Continuous miner automation (miner autonomous navigation, bolting automation)

2. Open cut ( dragline and shovel automation)

3. Coal Preparation (plant automation)

A benefit of this project is that the success of automation technology transfer in longwall automation will be facilitated in other areas of the coal industry. 
Resources and Budget
	LABOUR
	
	
	
	

	Person
	Man days
	$/man days
	Cost to Project
	Cost to ACARP

	Component 1: Software framework for general conformance testing

	David REID
	20
	$1285
	$25,703
	$18,849

	Jonathon RALSTON
	10
	$1285
	$12,852
	$9,425

	Jeremy THOMPSON
	40
	$656
	$26,245
	$19,246

	Chad HARGRAVE
	20
	$1117
	$22,335
	$16,379

	Kerstin HAUSTEIN
	175
	$656
	$114,823
	$84,204

	
	Total   265
	
	Total  $201,958
	Total  $148,102

	
	
	
	
	

	Component 2: Software modules for functional testing of specific LASC devices and systems

	David REID
	10
	$1285
	$12,441
	$9,123

	Jonathon RALSTON
	30
	$1285
	$38,555
	$28,274

	Jeremy THOMPSON
	55
	$656
	$36,087
	$26,464

	Chad HARGRAVE
	14
	$1117
	$15,635
	$11,466

	Kerstin HAUSTEIN
	195
	$656
	$127,945
	$93,826

	
	Total   304   
	
	Total   $230,663
	Total  $169,153  

	
	
	
	
	

	TOTAL FUNDS REQUESTED FROM ACARP
	$317,255


Research Team

The following persons constitute the CSIRO research team:
David Reid, Jonathon Ralston, Jeremy Thompson, Chad Hargrave and Kerstin Haustein.

Brief CV of Project Leader
David Reid – Principal Research Engineer, CSIRO Exploration & Mining

David Reid’s work over the last decade in the application of inertial guidance techniques to mining automation has provided significant safety and productivity advances to the highwall and longwall mining industries. His research interests include aided inertial navigation for underground machine guidance and control, information and automation systems in coal mining applications. Current projects also include: low cost inertial sensors and integrated machine guidance.

Overall concept for a process for specification and acceptance testing of ACARP automation technology throughout the coal industry.  The shaded components will be delivered in this project.





Shovel





Longwall


Face alignment


Horizon control








Overall framework for testing conformance of automation systems against open industry specifications
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