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1. Introduction
This testing regime covers the encoding of complete testing of LASC Level2 Compliance for an Enhanced Horizon Control compliant device.

Design document ‘Interconnection of Landmark Compliant Longwall Mining Equipment – Shearer Communication and Functional Specification for Enhanced Horizon Control.’ should be read in conjunction with this document.

The objective of this Component of the Landmark project is to achieve enhanced horizon control (EHC). The enhanced horizon control system utilizes real-time information from navigation sensors, coal interface detectors, seam tracking sensors and off-line geological and geotechnical information. All the available information is combined into two main data sets or models – the Cut Model and the Seam Model. The Cut Model is central to the Landmark control strategy and represents a dynamically updated 3D model of the as-mined roof and floor and coal seam boundaries. 

In the Landmark EHC control strategy it is a requirement that the OEM shearer controller can maintain continuous repeated-cut horizon control for both the floor and roof drum independent to, and in the absence of, Landmark horizon adjustment information. The Landmark horizon adjustment information is in the form of roof and floor horizon offsets and alternatively absolute floor gradient information in the in-panel (longwall retreat) direction. This information represents the recommended horizon corrections, at incremental along-face positions for both floor and roof, that the shearer controller should make as an adjustment to the OEM repeated-cut horizon control. The Landmark horizon adjustments attempt to replicate the corrective action a shearer operator would take to adjust the floor and/or roof horizon when visually monitoring a shearer operating under OEM continuous repeated cut. 

2 Functional Requirements

F1. The gradient control strategy relies on the OEM horizon control system to independently achieve the recommended gradient.
F2. The Landmark EHC will not directly control the ranging arms or any shearer functions and the ultimate responsibility for ensuring that the shearer operates within the manufacturer’s designed safety and control envelopes always remains with the OEM shearer control system.
F3. There is a fundamental requirement that, in the absence of any external input (manual operator or Landmark adjustments), the floor drum will automatically maintain a null horizon position throughout the current shear cycle so as not to introduce a step up or down in the floor between successive shear cycles. By virtue of the constant roll of the shearer, maintaining a null floor horizon will more or less achieve a constant horizon gradient in the in-panel (longwall retreat) direction.
F4. To achieve a null horizon, the OEM repeated-cut system will adjust the floor drum height throughout each shear to compensate for the over/under cut that would otherwise occur due to changes in shearer pitch and roll and the resulting lever arm effect on the extended ranging arm as the shearer negotiates along-face undulations.
F5. There is also a basic requirement that, in the absence of any external input (manual operator or Landmark adjustments), the roof drum will automatically repeat the extraction height profile achieved during the previous shear cycle. The extraction height is typically constant but the OEM horizon control system needs to be able to automatically repeat a non-constant extraction profile. 
F6. The OEM shearer horizon control system must be able to provide a repeated-cut horizon control strategy without reference to the Landmark horizon adjustment information. This repeated-cut must operate continuously from one shear cyle to the next without operator input.
F7. High-accuracy shearer pitch and roll information is available directly from the SPMS equipment to assist the OEM shearer control system. The OEM repeated-cut horizon control system will achieve the following
a. Ability to independently maintain a null horizon floor drum position between successive shear cycles. This means that that in response to zero-valued or no Landmark floor offsets, the OEM horizon control system will achieve a floor horizon with no step change from one shear cycle to the next. Alternatively the Landmark floor gradient information can be used to actively maintain the required in-panel gradient.
b. Ability to maintain a fixed and constant extraction height relative to the floor when operating in a fixed extraction height mode. When operating in this mode, the OEM horizon control system will ignore Landmark roof offset information. Furthermore, an adjustment in the floor drum height, at any given along-face position in response to Landmark floor offsets or floor gradient information will produce an equal adjustment in the roof height so as to maintain the fixed extraction height.
c. Ability to replicate an extraction height profile (constant or otherwise) from one shear cycle to the next. When not in a constant extraction height mode, the OEM horizon control system will adjust the extraction height in response to Landmark roof offset information. Furthermore this new extraction height profile will be replicated in subsequent shear cycles and any subsequent Landmark roof offsets will be applied as offsets from this new extraction height profile.
F8. The Landmark Controller will provide horizon adjustment informatio to the Shearer Controller corresponding to each 0.5 metre increment of along-face distance referenced to the centre line of the shearer
a. The OEM Shearer Controller will adjust the floor drum in response
b. The OEM Shearer Controller will adjust the roof drum in response 

F9. The Shearer Controller is responsible for ensuring that the horizon control information provided by the Landmark Controller does not cause the shearer to operate outside the designed safety and control envelope
F10. In the absence of valid horizon control information from the Landmark Controller, the Shearer Controller will assume zero valued horizon offsets and unchanged floor gradient and therefore default to standard repeated-cut or manual control.
F11. All existing functions of the Shearer Controller, including safety systems and timing and sequencing remain the responsibility of the Shearer Controller.
F12. The Shearer Controller will provide instantaneous ranging arm height and system status information as requested by the Landmark Controller.
3 Communications Requirements

Instance 101: Horizon Adjustment

C1. The Shearer control system requests Horizon Adjustments by setting a Horizon Adjustment request flag  (SCS Class 0x67 Attribute 14 – Status bit 0).
C2. This attribute is polled by the Landmark Controller and when the Horizon Adjustment request flag is set the Landmark Controller will supply the Shearer Controller system with an assembly object 0x4. instance 101 data
C3. The number of horizon adjustment structures, and hence the size of the Assembly Object Data attribute, is related to the width of the face. The vector will contain one horizon adjustment structure (5 INTs which is 10 bytes of data) for each 0.5m of face width from 0m to (Panel Width)m plus the sequence number (2 bytes). The size of the Assembly Object Data attribute is: 2 + (Panel Width [m] * 2 + 1) * 10 bytes.
C4. Each vector of horizon adjustments has a unique sequence number associated with it. Under normal operation a new horizon adjustment vector will be computed at the end of each shear half cycle (maingate or tailgate) and will describe the recommended horizon adjustment for the next half cycle
C5. If the sequence number of a horizon adjustment vector is the same as a previously received vector, then the data contained in the vector is stale and should be discarded.
Instance 102: Extracted Floor Heights 

C6. The Shearer control system requests Extracted Floor information by setting a Extracted Floor request flag  (SCS Class 0x67 Attribute 14 – Status bit 3).
C7. This attribute is polled by the Landmark Controller and when the Horizon Extracted Floor request  flag is set the Landmark Controller will supply the Shearer Controller system with an assembly object 0x4. instance 102 data
C8. The number of extracted floor structures, and hence the size of the Assembly Object Data attribute, is related to the width of the face. The vector will contain one extracted floor structure (2 INTs which is 4 bytes of data) for each 0.5m of face width from 0m to (Panel Width)m plus the sequence number (2 bytes) and the vertical offset (4 bytes). The size of the Assembly Object Data attribute is: 6 + (Panel Width [m] * 2 + 1) * 4 bytes
C9. Each extracted floor vector has a unique sequence number associated with it which for each shear cycle will be the same as the horizon adjustment sequence number. Under normal operation a new extracted floor vector will be computed at the end of each shear half cycle (maingate or tailgate) and will describe the height of the extracted floor as measured during the just completed half cycle. The sequence number will refer to the just completed half cycle
C10. If the sequence number of an extracted floor vector is the same as a previously received vector, then the data contained in the vector is stale and should be discarded.
Instance 104 – Floor Gradient

C11. The Shearer control system requests Floor Gradient and Roof Horizon adjustment information by setting a Floor Gradient and roof horizon adjustment request flag  (SCS Class 0x67 Attribute 14 – Status bit 4).
C12. This attribute is polled by the Landmark Controller and when the Horizon a Floor Gradient and roof horizon adjustment request flag is set the Landmark Controller will supply the Shearer Controller system with an assembly object 0x4. instance 104 data

C13. The number of Floor Gradient structures, and hence the size of the Assembly Object Data attribute, is related to the width of the face. The vector will contain one Floor Gradient structure (3 INTs which is 6 bytes of data) for each 0.5m of face width from 0m to (Panel Width)m plus the two sequence numbers (4 bytes). The size of the Assembly Object Data attribute is: 4 + (Panel Width [m] * 2 + 1) * 6 bytes. 
C14. If too few or too many elements are received the server must respond with the EIP message 0x13 or 0x15 respectively.
C15. Each Floor Gradient structure of has two unique sequence numbers associated with it. The Floor Sequence number applies to the actual floor gradient vector and the Roof Sequence number applies to the Roof Horizon Offset vector. Under normal operation a new floor gradients vector and roof horizon adjustment vector will be computed at the end of each shear half cycle (maingate or tailgate) and will describe the recommended floor gradient and roof horizon adjustment respectively for the next half cycle. The sequence numbers will refer to the just completed half cycle.
C16. If the sequence number of the floor gradient vector is the same as the previously received floor gradient vector, then the data contained in the vector is stale and should be discarded. If the sequence number of the roof horizon adjustment vector is the same as the previously received roof horizon adjustment vector, then the data contained in the vector is stale and should be discarded. A negative sequence number indicates that the associated vector contains invalid data.
General

C17. The Shearer Controller system should clear the set Required flag as soon as the requested assembly is received.
C18. Sequence numbers will start at 0 and typically increment by 1 for each new set of data supplied.
C19. When the sequence number reaches the maximum positive value allowable in an INT (32767), it will be reset to 0.

C20. A negative sequence number will indicate invalid data, an uninitialised state or an erroneous state

Instance 103 – Shearer Parameters
C21. The shearer controller will provide shearer parameters in instance 103 of the assembly object when requested.

C22. The server will provide the following shearer operating parameter via this assembly object. It is expected that the server will internally update these values at 1 Hz at least. The individual parameters are not required to be updated at the same rate
Class 0x67 – Shearer Control System
C23. The shearer controller will provide required data in class 0x67 objects when requested.

C24. The shearer controller system will accept individual adjustments to horizon adjustments using class 0x67, instance 1 , attribute 1 set requests.

C25. The shearer controller system will only use the horizon adjustments if they are in advance of the current shearer position

C26. The shearer controller system will respond to requests to Class 0x67, instance 1, attribute 2 get requests with the most recent 0.5m indexed drum heights

C27. The shearer controller system will accept individual adjustments to extracted floor heights using class 0x67, instance 1 , attribute 3 set requests.

C28. The shearer controller system will only use the extracted floor height if they are in advance of the current shearer position

C29. The shearer controller system will accept individual adjustments to floor gradients using class 0x67, instance 1 , attribute 4 set requests.

C30. The shearer controller system will only use the floor gradient data if they are in advance of the current shearer position

4 Testing Extension Details

There are no requirements to extend the basic testing application (core_redirect and eip_redirect)  functionality added by this specification.

5 Testing Details

Each test will provide:

· Component identification (requirement number)

· Test summary

· Testing input requirements

· Test function

· Testing output requirements
· Fail Severity

	Test case
	Test pre-requisites
	Input State/Requirements
	Event
	Output
	Fail Severity

	1. Functional Testing
	
	
	
	
	

	1.1. Register EIP Session
	NIL
	Idle Device
	Register EIP Session
	Successful if EIP Session Registered
	High

	1.2. Heartbeat
	1.1
	EIP Session Registered
	Send 1 heartbeat, and wait for correct response.
	Fails if device does not respond to heartbeat correctly
	High

	1.3. 16 x Heartbeats
	
	EIP Session Registered
	Send 16 Concurrent heartbeats with 500ms delay between each
	Fails if device does not respond to 16 heartbeats correctly
	High

	1.4. Get Panel Width
	
	EIP Session Registered
	Get Panel width from user
	
	High

	1.5. Check  Horizon Adjustment Seq No -1
	
	EIP Session Registered
	Send sequence -1 (invalid sequence number)
	Successful if profile displayed on client DOES NOT match the one sent
	High

	1.6. Check  Horizon Adjustment Seq No -2
	
	EIP Session Registered
	Send sequence -2 (invalid sequence number)
	Successful if profile displayed on client DOES NOT match the one sent
	High

	1.7. Check  Horizon Adjustment valid sequence
	
	EIP Session Registered
	Send valid sequence  number
	Successful if profile displayed on client does match the one sent
	High

	1.8. Check  Horizon Adjustment 2nd valid sequence
	
	EIP Session Registered
	Send 2nd valid sequence number
	Successful if profile displayed on client matches the one sent
	High

	1.9. Check  Horizon Adjustment repeated sequence (invalid)
	
	EIP Session Registered
	Send repeated sequence number (invalid)
	Successful if profile displayed on client DOES NOT match the one sent
	High

	1.10. Check  Extracted Floor Heights Seq No -1
	
	EIP Session Registered
	Send sequence -1 (invalid sequence number)
	Successful if profile displayed on client DOES NOT match the one sent
	High

	1.11. Check  Extracted Floor Heights Seq No -2
	
	EIP Session Registered
	Send sequence -2 (invalid sequence number)
	Successful if profile displayed on client DOES NOT match the one sent
	High

	1.12. Check  Extracted Floor Heights valid sequence
	
	EIP Session Registered
	Send valid sequence  number
	Successful if profile displayed on client does match the one sent
	High

	1.13. Check  Extracted Floor Heights 2nd valid sequence
	
	EIP Session Registered
	Send 2nd valid sequence number
	Successful if profile displayed on client matches the one sent
	High

	1.14. Check  Extracted Floor Heights repeated sequence (invalid)
	
	EIP Session Registered
	Send repeated sequence number (invalid)
	Successful if profile displayed on client DOES NOT match the one sent
	High

	1.15. Floor Gradient seq -1
	
	EIP Session Registered
	Send sequence -1 (invalid sequence number)
	Successful if profile displayed on client DOES NOT match the one sent
	High

	1.16. Check Floor Gradient Seq No -2
	
	EIP Session Registered
	Send sequence -2 (invalid sequence number)
	Successful if profile displayed on client DOES NOT match the one sent
	High

	1.17. Check Floor Gradient valid sequence
	
	EIP Session Registered
	Send valid sequence  number
	Successful if profile displayed on client does match the one sent
	High

	1.18. Check Floor Gradient  2nd valid sequence
	
	
	Send 2nd valid sequence number
	Successful if profile displayed on client matches the one sent
	High

	1.19. Check  Floor Gradient  repeated sequence (invalid)
	
	EIP Session Registered
	Send repeated sequence number (invalid)
	Successful if profile displayed on client DOES NOT match the one sent
	High

	1.20. Shearer Parameters
	1.13
	EIP Session Registered
	
	
	Medium

	2. Class Attributes
	
	
	
	
	

	2.1. Class 0x67 Attribute 1
	1
	EIP Session Registered
	Get Revision
	Successful if Shearer controller returns valid response
	Medium

	2.2. Class 0x67 Attribute 8
	2.1
	EIP Session Registered
	Get Shearer Position
	Successful if Shearer controller returns valid response
	Medium

	2.3. Class 0x67 Attribute 9
	2.2
	EIP Session Registered
	Get Shearer Speed
	Successful if Shearer controller returns valid response
	Medium

	2.4. Class 0x67 Attribute 10
	2.3
	EIP Session Registered
	Get Shearer Direction
	Successful if Shearer controller returns valid response
	Medium

	2.5. Class 0x67 Attribute 11 
	2.4
	EIP Session Registered
	Get Cutter 1 current
	Successful if Shearer controller returns valid response
	Medium

	2.6. Class 0x67 Attribute 1
	2.5
	EIP Session Registered
	Get Cutter 2 current
	Successful if Shearer controller returns valid response
	Medium

	2.7. Class 0x67 Attribute 13
	2.5
	EIP Session Registered
	Get Haulage current
	Successful if Shearer controller returns valid response
	Medium

	2.8. Class 0x67 Attribute 14
	2.5
	EIP Session Registered
	Get Shearer status
	Successful if Shearer controller returns valid response
	Medium

	3. Instance Attributes
	
	
	
	
	

	3.1. Class 0x67 Instance 1 Attribute 2
	1 & 2
	EIP Session Registered
	Get Drum data
	Successful if Shearer controller returns valid response
	Medium
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