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1. [bookmark: _Toc487362919]Introduction
The object of this report is to investigate and discuss a method of testing or trial based on an Enhanced Paveway II weapon. 
The suggested trial should be able to provide results for the following three observations:
· Recording of the laser spot positions on the selected target must be provided.
· Measurements of the distance between the laser spot and the point of munition warhead detonation must be provided
· The fragmentation pattern of the detonated warhead must be provided.

1.1 [bookmark: _Toc487362920]Objectives
The objectives for this report are to provide a description of the weapon, and what guidance systems it uses. Describe a suitable trial that meets the three observations above, and to suggest a suitable location to hold it at. To provide a list of safety equipment and methods of data capture to provide the results required. Finally, to state what health and safety concerns there are with the type of trial suggested.


2. [bookmark: _Toc487362921]Weapon Overview
This chapter will give a brief overview of the Enhanced Paveway II weapon.
2.1 [bookmark: _Toc487362922]Paveway II Laser Guided Bomb
The Paveway II Laser Guided Bomb (LGB) is a weapon that has been in service since 1970’s. It comes equipped with a 450kg bomb, a laser seeker and steerable fins in the head unit, and deployable fins after launch in the tail unit. Targets are designated using a Thermal Imaging Airborne Laser Designation (TIALD) Pod mounted to aircraft, or from a laser target designator used by troops on the ground.
After release, the weapon’s guidance system takes control and steers it towards the target that the laser is reflecting from.
The target could be obscured by cloud which would obstruct the laser and prevent the guidance system working properly.
2.2 [bookmark: _Toc487362923]Enhanced Paveway II Laser Guided Bomb
The Enhanced Paveway II (EPWII) Laser guided weapon uses the Paveway II Laser Guided bomb with a modified guidance system. Adding Raytheon’s Global Positioning System Aided Inertial Navigation System (GAINS) onto the weapon enables it to be an autonomous weapon that will guide itself to the target. When visibility of the target is compromised the weapon can steer itself using GPS information as well as guidance from its on-board inertial navigation unit. In good weather the weapon can be guided by laser guidance for better accuracy.
EPWII Specifications:
· Length: 3.68 metres
· Width: 0.42 metres
· Weight: 545 kilograms
· Explosive: Tritonal, PBXN-109 (192 lbs.) 
· Fuze:  FMU-81 Tail
· Range: 8 Nautical Miles

References [1] [2] [3] [4]
3. [bookmark: _Toc487362924]Targeting System
3.1 [bookmark: _Toc487362925]Litening III Advanced Targeting/Recce Pod and Laser Guidance System
The Litening III Advanced Targeting Pod is used as the Laser designation system for the EPWII Weapon. The system is manufactured by Rafael and Northrop Gunman Corporation.  
Litening III specifications:
· Length: 2.2 metres
· Diameter: 406 millimetres
· Weight: 208 Kilograms
The targeting pod is mounted externally onto the aircraft and houses several sensors. It uses a CCD camera for video acquisition. It also has a high resolution forward looking (FLIR) sensor that detects infrared radiation from the target to produce a video image. It can select between wide field of view for acquisition, and narrow field of view for a more precise acquisition. 
The pod also contains a laser designator to guide LGB’s to a target.
Fitted to the front end of the weapon is a laser guidance kit, this has a laser seeker head and a computer control group. The guidance fins on the rear of the weapon react to commands given from the computer control group which steer it to the target.
References [4] [5] [6] [7]
3.2 [bookmark: _Toc487362926]Global Positioning System Aided Inertial Navigation System (GAINS)
GAINS is added to the Paveway II to compliment the laser guidance system. It uses a highly accurate GPS and an Inertial Navigation System (INS) in partnership. The pilot programmes the target GPS location into the weapon and using motion (Accelerometers) sensors and rotation (Gyroscopes) sensors that feed into a navigation system it can accurately find the target. The system of programming the weapon with a target location and using its on board sensors to predict where in space it is called “Dead Reckoning”.
References [8]


4. [bookmark: _Toc487362927]Target Selection
To meet all three observations a complex set up could be used that incorporates various observation cameras, sensors and fragment boards in a single test range.
The weapon would be carried by an aircraft onto the test range and released at a predefined point and it will guide itself to the target using either laser guidance or GAINS.
To assist with the distance calculations between the laser spot and the point of detonation a method of locating the laser designator would be employed.  A point on a test range would be identified and marked accordingly with a centre point and distance rings radiating out from it. The laser designator is located on a separate fixed position, possibly up a nearby tower and aimed so the laser spot would reflect from the centre point of the test range. This would give a consistent unmoving spot that would be monitored from a camera located in a suitable position to capture the spot. High speed cameras would be located around the test range to capture the point of detonation when the weapon hits and used to determine the distance between the laser spot and point of detonations.
This method could also be employed when the weapon used its GAINS system. The centre of the test range would be accurately checked for its GPS location, which would be programmed into the weapon before release. The distance between the centre of the test range and the denotation point could be measured with high speed cameras again.
The third observation would require the use of impact boards that circle the test range at predefined range from the centre. When the detonation occurs the fragmentation would be thrown out from the centre and hit the impact boards. These can be processed to give the fragmentation pattern.


5. [bookmark: _Toc487362928]Range Location
There are two possible environments that the trial could be conducted at, either on land or at sea.
Either would be possible, however having the test range at sea would have several issues. Firstly, the problems of having access to the test range to set up equipment would be problematic, bad weather could hinder access. Secondly, having a test range that would have towers in fixed locations around the centre point would be difficult to manufacture and deployed to sea.
Having a test range in a land environment would be the preferable option. The test range would be set up in a location away from public access and commercial flight paths such as on a desert range, with a flat terrain. Selecting a large area where several test ranges could be set up would allow multiple weapon releases and tests to be conducted with low turn over time between each firing.
6. [bookmark: _Toc487362929]Range Safety Equipment
To conduct a trial of this nature safety equipment would be required.
6.1 [bookmark: _Toc487362930]Surveillance Radar
Surveillance radar displays the presence of any aircraft that may be within the range airspace. With an air launch weapon the surrounding air space would need to be clear of any aircraft that may be in danger from the weapon or detonation. The air traffic Controllers would be able to see any intrusive aircraft onto the range and guide them out, or delay or suspend the trial if needed.
6.2 [bookmark: _Toc487362931]Tracking Radar
Tracking radar would be used to accurately show the position and height of the aircraft carrying the EPVII weapon. With this information it can be guided onto the correct attack pattern for the current trial. Tracking radar would also be used to try and track the weapon after release to display its flight path.
6.3 [bookmark: _Toc487362932]Communications
A communication system would be required to enable the air traffic controllers communicate with the aircraft, and conducting trials personnel to coordinate and carry out the trial.
6.4 [bookmark: _Toc487362933]CCTV
CCTV would be used to cover the test range and surrounding areas to ensure no personnel or public are within the danger area. The video feeds would be fed back to a central location where they would be monitored throughout the trial.
7. [bookmark: _Toc487362934]Data Capture
To capture all the data that is required from this trial, several different types of equipment would be employed.
7.1 [bookmark: _Toc487362935]CCTV
Additional CCTV would be used to monitor the laser spot. Although the laser spot would not be moving as it would be in a fixed position, having a video records of the spot would provide the necessary data to aid data processing. The use of telescopes would be used as much as possible to keep them away from any blast effects and being damaged.
7.2 [bookmark: _Toc487362936]High Speed Cameras
Having several high speed cameras located in positions that would provide coverage of impact of the weapon and the following detonation would provide a way to measure the distance from laser spot to detonation. Mentioned above is the idea of having markings on the ground to show distance rings, an alternate to this is to possibly use video overlay graphics that could be set up to provide the same effect. The benefit of this would be the markings would not be affected by the blast like the markings on the floor could be. As with the CCTV, telescopes would be used to keep the high speed cameras away from any potential harm from the blast effects. 
7.3 [bookmark: _Toc487362937]Impact Boards
Impact boards would be placed around the test range at a set distance to allow the debris from the blast to hit it. The impact boards would be processed after the trial with the location, depth of penetration and weight of each fragment recorded. They would then be combined to give a fragmentation pattern of the blast effects.


8. [bookmark: _Toc487362938]Health and Safety
There are many health and safety issues that affect a trial like this, only two will be discussed.
8.1 [bookmark: _Toc487362939]Laser
When conducting a trial that uses a high powered laser which can cause various risks. To reduce ocular hazards, personal working around the laser designator should wear the appropriate eye protection. To reduce the risk of unwanted reflections from the centre point of the test range a sighting board with a low reflective property.
The Specification from Ultra Electronics state the following in their laser specification [5]
“Laser Designator and Rangefinder – Diode Pump Laser conforms with NATO Std. Coding and Eye Safe 1.06µm and 1.7µm”
Further investigation would need to be conducted to find out how severe the risks are with this type of laser.
8.2 [bookmark: _Toc487362940]Explosives/Warhead
The explosive contained within the warhead is Tritonal, which is a mix of 20 to 40% Aluminium and 60 to 80% trinitrotoluene (TNT) [9]. 
As the weapon would be carried by an aircraft onto range for each trial there would be no storage risk. 
The danger from the warhead and explosive would be from the detonation. To ensure no personal would be at risk an exclusion zone would be in place with no access. This would be achieved by having guards and/or closed barriers at entrance points to the range at a safe distance. Safety cameras would also be in place to cover the surrounding areas to detect people if they enter the danger area.


9. [bookmark: _Toc487362941]Conclusion
The requirements given at the start of this report of recording the laser spot, measuring the distance between the laser spot and detonation, and to provide the fragmentation pattern could be achieved by the solution given above. The assumption that the laser designator did not need to be carried by an aircraft and that it could be set up in a fixed location was taken. This would remove any errors that may be introduced by a moving laser spot, and provide a higher degree of measurement when checking the accuracy of the targeting system of the weapon. 
Having an all in one test gives the result for all the three requirements, however one test range could only be used once until it is set up again with fresh impact boards. To overcome this as suggested previously multiple test ranges could be set up which would provide the ability to do several firings quickly. This would require the several number of each piece of equipment i.e. laser designator to be available and set up ready on each test range. A better solution would be to split the requirement s into two tests. The suggested trial would be set up the same but without the impact boards in place. The impact boards would be set up away from the proposed test range with a static warhead and detonated as a separate test.
The solution would be decided dependent on whether the static denotation of a warhead would give a satisfactory result of the fragmentation pattern, or if it should be from a denotation post flight.

Having completed my research and investigation I feel that I have only covered the surface of this subject in report. The subject encompasses a multitude of areas, and with seven objectives to complete each one could only be covered briefly.  
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