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This paper will layout the criteria required to evaluate the UK In-Service Enhanced Paveway II (EPWII) bomb. It will do so in such a way to satisfy the “Customer Requirements” (1) of:
· To evaluate the accuracy and warhead performance of the bomb.
· To provide a recording of the laser spot on the selected target platform.
· To provide measurements of the distance between the laser spot and point of detonation.
· The fragmentation pattern of the detonated warhead must be provided.
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The paper will cover the following points:
· A description of the UK In-Service Enhanced Paveway II bomb including its guidance system
· A target system and location for the trial will be selected and justified.
· An overview of the range equipment and data capture devices will be given.
· Any specific health and safety concerns for the munition will be detailed.
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Figure 1 - EPW II Specification (2)
The EPWII bomb was developed from the laser guided Paveway II. “Shortcomings in target acquisition during the 1999 Kosovo conflict resulted in a requirement for the RAF to obtain a weapon to satisfy all-weather 24-hour tasking. The Enhanced Paveway family of weapons meets this requirement, and the EPWII entered service in 2001” (3). The enhanced version incorporated a dual mode capability that utilises a Global Positioning System Aided Inertial Navigation System (GAINS) to allow guidance in poor weather conditions were lasing may not be optimal.
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Figure 2 - Enhanced Range of EPWII (2)
With the additional GAINS modification, the EPWII has a much greater footprint than the standard Paveway II giving it greater flexibility. It has a High Explosive (HE) payload of 1000LB. It relies on semi-active laser guidance and GPS aided inertial guidance system to seamlessly hit the target. The GPS guides the bomb in poor weather conditions and laser guidance aides engaging mobile targets of opportunity (4). The same source gives the following specifications:
· Max Range: 14,800 meter (7.99 nautical mile).
· Circular Error Probable (CEP) of 9 meters.
· Target's Max Speed: 70 kph (0.06 mach).
Modes of Operation (2)
· GPS/IMU (inertial Measurement Unit) only
· Laser only
· GPS then laser
· GPS laser GPS
· IMU only
The bomb can be guided to a point in space under GPS and IMU control through adverse weather. It can then be targeted using semi-active laser guidance using equipment such as a TIALD (Thermal Imaging and Laser Designation) pod that is carried on the aircraft or by a ground-based observer using a target designator (3). This allows greater accuracy and allows the target designator to change and track targets.
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Figure 3 - Paveway II Release from Typhoon (5)
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The dual-mode (laser and GPS) targeting capability of Enhanced Paveway II and Enhanced Paveway III achieved a median accuracy significantly better than 3 meters of five to eight feet during testing (6).  This data conflicts with the CEP of 9m as stated previously so the larger distance of 9m would be used as a minimum base line when assessing target setup for accuracy. 
To satisfy the customer requirements, the following target scenarios have been considered:
1) A single firing comprising of:
a) An aircraft release of a live EPWII onto a ground based laser designated target. 
b) The target to be placed within an arena capable of capturing and assessing the fragmentation dispersion, penetration and blast strength. 
c) A method of assessing the accuracy would be employed e.g. High Speed Cameras.



2) A dual stage trial comprising of:
a) A static arena trial to assess the warhead performance as in 1b) above.
b) An accuracy test consisting of an aircraft release against a target of an inert EPWII bomb encompassing 1c) from above.

3) A dual stage trial comprising of:
a) An inert drop as in 2b). 
b) A warhead performance trial consisting of firing of a live warhead equipped munition along a test track into an arena capable of measuring the warhead performance as in 1b).  
Scenario 1) from above would potentially be the most realistic setup to assess the bombs performance but it would be the most difficult to set up and execute safely and accurately. The target would have to be land based to allow the set up of the arena and the area would have to be large enough to cover a safety trace associated with the airdrop of a live munition. If the accuracy were off, the arena data would not be captured effectively. The whole trial would have to be reset at a cost. Due to this, this scenario is not the preferred approach.
The 2 stages from Scenario 2) are well defined trials that are regularly executed across multiple sites by QinetiQ and other companies within the sector. Due to this, this would be the preferred approach. It would mean the setting up of 2 stages but there is less risk involved. The standard tests having been performed many times before and the safety implications are well understood and controlled. 
The trial in scenario 3) would provide a more realistic assessment of the warhead performance than scenario 2). The angle of impact and heading (see Figure 4) could be replicated and the throw of the fragmentation due to the forward motion of the munition could be assessed. This effect due to motion would not be captured in scenario 2) but could be extrapolated from the data. 
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Figure 4 - Paveway II Dive and Heading Specifications
As a 2 stage trail has been suggested, 2 targets systems will have to be used. For the accuracy test, an instrumented target barge could be used. It would have to be large enough to allow for the stated CEP of the munition. It would have a target area on it that would be illuminated by a TIALD module on the aircraft. This area would have to be coated in such a way as to minimise reflections to unwanted areas. It would also have a scale on it to allow the measurement of laser and impact point via CCTV cameras. 
The target system for the fragmentation assessment would be a fully instrumented arena setup as can be seen in Figure 5.
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Figure 5 - Arena Trial Setup
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It would be suggested that the 2 elements of the trial be conducted at QinetiQ range that are setup to conduct them. The accuracy element could be held at the Aberporth site with the trial taking place in the Cardigan Bay Range Danger Area, see Figure 6. 
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Figure 6 - Cardigan Bay Range Danger Area Complex

This MOD test range uses instrumented target barges moored in the centre of the bay and would be the author’s first choice for an accuracy trial of EPWII. The site is used to conducting such trials and has all the facilities required to ensure data is captured safely. They have the capability to maintain laser and bomb safety traces associated with such tests.
The arena trial would again be conducted at a site used to carrying out such an activity. QinetiQ Pendine or Shoeburyness would be the options available. Those sites are ideally suited for testing munitions and could classify such trials as routine or a daily occurrence. They have the equipment and skills available to carry out the test required to satisfy the  
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The accuracy trial will require the following equipment:
· Air Surveillance radars and Air Traffic Suite
· To allow Air Traffic Control (ATC) to control the aircraft for the trial and to monitor the airspace for intrusion from third party aircraft.
· Communications System
· To allow systems and personnel to communicate e.g. ground to air radios.
· Sea Surveillence Radars
· To allow the safety trace to be sanitized of third party vessels.
· Operations Suite
· To control and conduct the trial safely.
· Range Vessels
· To intercept third party vessels and to provide post impact damage assessment and imagery.
· Tracking Radars
· To provide data on the bombs trajectory towards the target if required.
· Meteorological Information
· To provide information on sea states, wind speed, cloud height etc. 
· Suitable qualified and competent personnel to operate the equipment.
· Equipment capable of capturing the data for the customer.


The warhead assessment trial will require the following equipment:
· A suitable area to conduct the trail that can be sanitized of personnel and access controlled.
· Communications system.
·  To allow the conducting personnel to communicate and control the trial.
· Equipment capable of capturing the data for the customer.
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The customer requirements of evaluating the accuracy of the bomb will be provided by using live, recorded and post impact imagery via live CCTV feed, GoPro and digital cameras. The laser spot recording could be recorded and live fed to the operations room using a remote camera (suitable to pick up the laser wavelength) mounted on the target barge. Standard remote CCTV cameras can be used to view and record the inert EPWII’s impact on the barge both mounted directly on the barge and from a stand off distance mounted on a satellite barge. 
The range vessel can conduct the post impact assessment on the barge and supply data and imagery of the impact point on the barge. This data along with the recording of the laser spot can be used to satisfy the requirement of the distance measurement between the spot and point of detonation. 
The warhead data can be captured in the arena trial by using fragmentation packs to capture the fragments. These packs can be analysed to provide data on the fragmentation dispersal, size, velocity and depth of penetration. 
Blast gauges can be deployed to capture and assess the blast effects of the incident and reflected waves. Witness plates can be used also to assess the warhead effects on sheet metal.
High speed cameras such as Phantom cameras can be used to capture the imagery of the blast for assessment.
Consideration should be given to what data capture equipment is used and where it is deployed as the equipment could get damaged during the trial. Cheaper, replaceable items should be used where the risk of damage is higher or where the effects measured will cause damage. Instead of deploying an expensive camera close up to capture video, they should be deployed at a safe distance but equipped with zoom lenses.
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All of the sites mentioned have qualified experienced staff and the facilities to transport, store and prepare munitions. The inert EPWII would be transported to site on the participating aircraft so would not require any range involvement. The live warhead trial would require transport, storage and preparation by competent personnel at site.
All data concerning the munitions fill and previous testing should be provided for analyse prior to the trial so all risk factors can be considered and mitigated to an ALARP (As Low As Reasonably Practicable) standard.
The laser safety distances will be calculated based on the Ocular Hazard Distances (OHD) and Extended Ocular Hazard Distance (EOHD) in conjunction with JSP 390 - Military Laser Safety. It gives guidance on protective measures, distances and test range target setup to name but a few topics. A trail specification for EPWII (7) details the specifications for the Litening III Op Laser Designator pod (see Figure 7).
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Figure 7 - AN/AAQ-28(V) LITENING Targeting Pod
In Training Mode - OHD = 0m & EOHD = 380m
In Combat Mode - OHD = 57Km & EOHD = 359Km
In Marker Mode - OHD = 245m & EOHD = 1700m

With these distances, the Cardigan Bay Range could accommodate Training and Marker mode firings. 
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There are obviously a lot more considerations to be had with regards to actually executing a trial of this nature. I believe that the information contained in this document could provide the basis for the implementation of a trial. It covers some of the basic requirements to deliver Test and Evaluation of the specified munition and if it were carried out as mentioned then the customer requirements will have been satisfied. 
This assignment could have been a lot longer but the sections have been kept brief attempt to keep them coherent and understandable. 
It has been an interesting look into how to design a trial to evaluate and assess a munition in the T&E environment. I believe, if I were to find myself in a role that required this type of output in the future then I will be going in with some good base knowledge behind me.
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Enhanced Paveway™Il DMLGB Lot 1 (UK)
Warhead: MK-13/20
Weight: 1228 1b
Length: 136in
Guidance: MAU-169
Airfoil Group: MXU-651/B
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