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This report will evaluate the data capture methods that were employed for the COTEC trial.  It will assess their performance, suitability and limitations in relation to the aim of the trial and the data collected.  A selection of alternative data capture methods will also be reviewed and compared to the methods used.  In many cases, there were better alternatives in industry that would have provided better quality data and more reliable results.  However, overall, it was found that the methods used were best suited to the trial conducted.
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As part of the Data Capture and Evaluation module, student’s set-up and conducted an arena trial at Cranfield Ordnance Test and Evaluation Centre (COTEC).  This involved setting up various different types of data capture equipment that would provide the results from the trial to be later used in the lab report.  
The aim of this trial was to identify an unknown OME item by using deductive reasoning.  The students were provided a list of potential explosive items it could be before the trial, which were then compared to the data gathered from the trial.  
There were some issues that arose in the trial, which caused some discrepancies within the results.  This report will aim to evaluate the equipment that was used in this trial and identify if the appropriate equipment was chosen.  It will also consider alternative choices for data capture equipment that could have been used, and if this could have affected the results from the day of the trial.  There will also be recommendations made, based on experience from the trial and a literature review, on which data capture equipment would be best for this type of trial in the future.
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Below is a list of all equipment that was utilised at the COTEC arena trial.

[bookmark: _Toc220015279]Table 1 - Data capture equipment used.
	Equipment 
	Type
	Purpose

	Pressure Gauge
	Dynamic piezoelectric gauge
	To measure the pressure generated by an explosive detonation.  The results will provide an insight into the explosives blast characteristics [1].


	Velocity Foils
	Multi-strike
	To measure the velocity of detonation.  This is done by recording the time a strike is made on the foil by fragmentation from the detonation.
 

	Cabling
	Bayonet Neill-Concelman (BNC)
	To transmit data from the velocity foils and pressure gauges to the data collection software on the computer.


	Fragmentation Packs
	Straw board (20 sheets per pack)
	To collect fragmentation from the detonation of the explosive item.  This can be used to determine the size of the explosive item and its material composition.


	Forensic Residue Testing
	Fourier Transform Infrared (FTIR) Spectroscopy 
	To analyse forensic data collected from the trial site and identify the molecular fingerprint of the explosive by measuring how much infrared light the material absorbs [2].
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The equipment that was used to capture pressure data at the trial were dynamic piezoelectric pressure gauges.  In general, pressure gauges are used in explosive trials as they can identify the strength of the explosive even and the efficiency of the energy released.  They can also be used to characterise shockwave behaviour, and assess how the blast could affect a structure.  Dynamic pressure gauges are used in explosive trials as they are particularly good at measuring rapidly changing pressures that can would see from a detonation.  Static pressure gauges measure slower changes in pressure over a longer period of time making them unsuitable for explosives trials.
Piezoelectric pressure sensors function by applying the piezoelectric effect.  This is when certain materials can  produce an electric charge when a mechanical stress is applied, such as pressure.  The generated charge is proportional to the pressure applied to the material.  The pressure to be measured is submitted via the diaphragm at a proportional force across the piezo crystals.  This then produces a charge which can be measured in voltage [3, 4, 5].  This process can be seen in figure 1 below.

[image: Piezoelectric Pressure Sensors | The Design Engineer's Guide | Avnet Abacus]
[bookmark: _Toc220015271]Figure 1 - Piezoelectric Pressure Gauge Diagram [3]
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In the arena trial, there were 3 pressure gauges mounted to metal stands a metre a part.  Pressure gauge 1 was one metre from detonation point, pressure gauge 2 was two metres away and so on.  They were mounted to the stands approximately 0.5m from the ground, making it level with where the explosive item was to be detonated.  The stands were also positioned slightly out of alignment to try and reduce any potential noise from the blast wave being dispersed by the stand.  
Unfortunately, gauge 1 was damaged by fragmentation from the detonation (see figure 2 below).  This meant that the readings from this gauge had to be discounted.  Despite this, data from the second and third gauge was able to be used.  There were considerations that had to be made when analysing the data, such as: was there noise affecting the results that came from the first gauge, were there vibrations from the stands that were affecting the readings etc.  Taking all of this into account, the data collected was usable and was indicative of a PE8 explosive fill which suggested use of a pipe bomb.
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[bookmark: _Toc220015272]Figure 2 - Damaged Pressure Gauge
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[bookmark: _Toc220015280]Table 2 - Piezoelectric pressure gauge evaluation [3, 4, 5]
	Advantages
	Disadvantages

	Extremely fast response time.  These gauges can respond in microseconds, which is especially useful in explosive trials.
	Unsuitable for measuring long-term pressure differences following an explosion.

	The can accurately measure the time of rapid rises in pressure and shock fronts.
	Susceptible to vibration and shock which could affect results

	Very robust and durable making them able to withstand shockwaves and overpressure.
	Poor grounding or cabling can significantly degrade the quality of data collected

	Performs well at high frequencies which allows for detailed analysis of blast wave structures.
	Poor mounting of the sensors can affect sensitivity of sensors, which again can affect results

	There is a low power requirement.  Reduces the risk of electrical noise or failure.
	Thermal effects from detonation can cause discrepancies in results
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In this trial, velocity foils were used to measure the velocity of detonation of the unknown explosive.  The resulting velocity would be able to indicate which type of explosive was used.  Velocity foils are a very thin layer of metal, usually aluminium or copper.  The velocity foils were placed on the fragmentation packs (3 per pack) behind the detonation point, to catch the fragmentation from the detonation (see figure 3 below).  The fragmentation will hit the foil, which will complete a circuit, sending a time signal to the recording software.  The foils used in this experiment were multi-strike foils, which meant that every strike of fragmentation received by the foil was time stamped on the recording software [6, 7]. 
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[bookmark: _Toc220015273]Figure 3 - Velocity Foils
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As with the pressure gauges, there was an issue with the velocity foils and resulting data collected.  There was usable data collected from them, however, due to inexperience and insufficient knowledge – no insight was gained that could aid in proposing an explosive device.
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[bookmark: _Toc220015281]Table 3 - Velocity Foil Evaluation [6, 7]
	Advantages
	Disadvantages

	Simple and easy to use.
	Accuracy of results depends on precise spacing and alignment of foils which can be time consuming.

	Can operate in harsh environments and close to the charge.
	Foils may break or fall off from the shock wave before the fragmentation has had time to strike.

	Very inexpensive and single use.  Perfect for destructive testing.
	As they are only single use, there is no opportunity for repeat measurement unless you set it up exactly the same again.

	Provide a direct measurement of velocity by recording which time the foil is broken by fragmentation.
	Results can be difficult to interpret, especially if affected by noise.

	Multi-strike foils can collect lots of data from multiple strikes giving a better overall picture of velocity.
	Can get false results if the foil broken or hit by something else
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Bayonet Neill-Concelman (BNC) cabling was used for this trial.  This refers to coaxial cables that are fitted with BNC connectors, they are used to transmit electrical signals for various industries and purposes.  The BNC connector works by using a bayonet locking system (see figure 4 below) that securely attaches the coaxial cables together, as well as, securely attached to equipment.  This type of cabling is often favoured over alternative choices due to its unique locking mechanism and ability to transmit high-frequency signals with minimal loss [8, 9].  

[image: MULTICOMP PRO BNC-BNC PLUG RG59 2M]
[bookmark: _Toc220015274]Figure 4 - BNC Connector [10]
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The cabling in the trial was able to successfully transmit the data from the pressure gauges and velocity foils to the software in the control room.  Although there were issues with both types of data, this was not due to a cabling issue but effects from the detonation as previously discussed.  Overall the cabling performed as expected.  The only thing to note, with regards to cabling from this trial, would be the extra layer of protection needed to prevent damage to the cables from fragmentation.  This could perhaps be avoided with an alternative option.
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[bookmark: _Toc220015282]Table 4 - BNC Cabling Evaluation [8, 9]
	Advantages
	Disadvantages

	Secure and reliable cabling.  There is a locking mechanism which prevents disconnection.
	Typically limited voltage range.

	Singal integrity.  Reduces signal reflections and Electromagnetic interference.
	Usually unsuitable over 4GHz.

	Suitable for high frequency signals so ideal for sensor signals used in trials.
	Large and bulky equipment.  Possibly unsuitable for travelling or manual handling.

	Robust and durable.  If not damaged, cables can be reused for a long time.
	Typically unsuitable for harsh environments, unless providing additional protection.
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The last piece of equipment used in the set-up of the trial was fragmentation packs.  The fragmentation packs consisted of 20 boards per pack that were made of straw board.  They were doubled up to make them 40 boards deep, and configured in an arc shape to create the arena that was required for this trial (see figure 5 below).  
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[bookmark: _Toc220015275]Figure 5 - Fragmentation Pack Configuration
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Overall the fragmentation packs performed well throughout the trial.  They collected a lot of the fragmentation that was dispersed from the detonation.  They also served as good surface to collect forensic swabs of the explosive residue from the detonation.  Once the trial was complete, students were able to take split the packs between each group and collect the fragmentation.  This was a good exercise as it allowed the students to observe exactly how deep the fragmentation had travelled through the straw boards.  In the end, there was a substantial amount of fragmentation collected from all the groups, which helped to reach a conclusion about what the explosive item might be.
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[bookmark: _Toc220015283]Table 5 - Fragmentation Pack Evaluation [11]
	Advantages
	Disadvantages

	Provide effective fragmentation capture.  Easy to collect fragmentation from. 
	Ineffective against high-velocity or large-mass fragments.

	Durable and able to withstand blast and fragmentation without breaking/shattering.
	Sensitive to the environment.  Can absorb moisture and humidity which could alter the performance.

	Ease of transport, assembly and use.  Can be tailored to suit the trial.
	Material composition can vary between batches.  This could mean limited consistency throughout trials.

	Inexpensive and can be single use which is perfect for destructive trials.
	Can take up a lot of space if using them for larger/higher-energy fragments.

	Minimal disturbance to fragment trajectory.
	Not really reusable which means they produce a significant amount of waste for one trial.
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FTIR spectroscopy (seen in figure 6 below) is a method that can be used to analyse different materials by examining how they interact with infrared light.  When infrared light passes through a sample, specific wavelengths are absorbed as they cause the molecules chemical bonds to vibrate.  This pattern of absorption produces a unique spectrum that can be used to identify the material.  This is known as the molecular fingerprint (seen in figure 7 below)  [12, 13, 14].  An overview of the process can be seen in figure 8 below.
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[bookmark: _Toc220015276]Figure 6 - FTIR Spectroscopy Machine [15]
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[bookmark: _Toc220015277]Figure 7 - Fingerprint region [16]

[image: ]
[bookmark: _Toc220015278]Figure 8 - FTIR Schematic [16]
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Although this equipment was not a part of the trial itself, it is important to consider as it did have an impact on the results and conclusions that were drawn from the trial.  The results of the FTIR did provide insight into what the explosive residue contained, indicative of a compound such as RDX while discounting TNT.  Again, due to lack of knowledge and experience in this area, the results of the FTIR were difficult to interpret and led to some confusion.  Overall, this equipment did perform as expected and provided useful insight to those with more experience. 
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[bookmark: _Toc220015284]Table 6 - FTIR Evaluation [12, 13, 14, 16]
	Advantages
	Disadvantages

	Fast measurements and real time analysis.
	Very easy for moisture or debris to get in to, which could affect results.

	Few scans needed to obtain high-quality spectra.
	Can be difficult to interpret the data.

	Suitable for diverse materials and applications.
	Samples must be a suitable size or they could affect the detector.

	Minimal sample preparation.
	More expensive and complex than alternatives out there.

	Produces very precise and reproducible wavelength calibration.
	Requires frequent realignment and maintenance.
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There are several alternatives that can be considered for measuring pressure.  The first would be piezoresistive pressure gauges.  These are better for when you need to measure static or quasi-static pressure.  These would not be a good choice in this scenario as dynamic sensors would be better suited.  They are also more vulnerable to shock and vibrations which is not compatible with an explosive trial of this nature [17].  Another sensor that was considered was optical pressure sensors (fibre optic).  These were a good option as they are immune to electromagnetic interference and are good size to put in hard to reach places.  However, due to their size they are not as robust as other options which also makes them vulnerable to shock and vibrations [18].  
Overall, dynamic piezoelectric pressure gauges would be the best choice for use in an explosive trial.  However, based on the experience from the COTEC trial, more gauges would be recommended.  This would be beneficial as if a gauge was damaged during the trial, as one was, it wouldn’t affect the results that much as there would be more data to analyse.

[bookmark: _Toc220015265]Velocity

When considering velocity, there are a few options that would be a great choice in a trial.  One option would be Photonic Doppler Velocimetry (PDV). This gives complete and accurate velocity data and excellent survivability when set up correctly [19].  This is complex instrumentation and is very expensive so should only be considered for trials with a large budget.  Flash X-Ray is also a good option.  The x-ray pulses capture positional snapshots of fragmentation, and velocity can be derived between frames [20].  Again, this method is expensive and also comes with safety risks.
Overall, PDV is the best option if the trial budget can allow for the expenditure.  However, based on the aim and size of the COTEC trial, velocity foils were a suitable choice.
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Despite there being no issues with the cabling throughout this trial, there are alternatives that could perform better and provide better reliability.  Upon review of different options, three stood out.  SMA/Type N would be a suitable alternative as they have a very high bandwidth, they are rugged and weather resistant, and more secure.  Although, they can be expensive and difficult to handle [21].  Another would be military grade coax cables.  These have been reinforced and sealed for better performance in exactly the type of environments observed at an explosive trial [22].  Again, they are more expensive.  The last alternative would be Fiber Optic Cabling.  These have a much higher bandwidth and are immune to electromagnetic interference.  However, they are very fragile without additional protection, and are also costly.  
Any of these options would be a better alternative to the BNC cabling that was used at the trial.  However, considerations must be made on how big the trial will be, what the budget is, and the accuracy of the data required.    
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There are many options to consider for the collection of fragmentation.  One method would be using sand or soil bags.  These are low cost and widely available.  They are also good at stopping high-energy fragmentation.  However, they can be very difficult to recover fragmentation from and you would need a large quantity of them to be effective.  Another option is water tanks.  These are very good at absorbing energy and allow for fragmentation recovery with minimal deformation.  They are also commonly used in ammunition or explosive storage facilities as a protection measure.  Unfortunately, they are difficult and time consuming to set up, and are not practical for large trial areas.  They are especially unpractical if conducting multiple trials in a row.  Another consideration was a polymer or ballistic gel [23].  This was discounted due to being too expensive and not very effective against high-velocity fragments. 
Fragmentation packs remain the primary choice because they’re cheap, simple and effective.  However, a consideration for the future would be using a different material to strawboard in the fragmentation packs.  A study done into alternative materials for fragment capture in explosive trials found that MDF has been effective and shows promise for the future [11].
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Finally, the last item to consider an alternative for is the FTIR spectroscopy.  Gas chromatography mass spectrometry (GC-MS) is the best option for forensic analysis in this context.  It has trace level detection and provides definitive molecular identification [24].  However, it is destructive and is only suitable for volatile compounds.  This would mean it would only have a singular use.  A more viable option, and more direct replacement for the FTIR would be Raman Spectroscopy.  This requires minimal sample preparation and has portable systems available.  This means that forensic analysis can be conducted in situ at an explosive event.  It does have it’s limitations, for example, it is sensitive to fluorescent interference and there is lower sensitivity for some compounds [25].  Despite this, Raman spectroscopy would be a better alternative overall to FTIR spectroscopy.   
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In conclusion, the data capture methods used in this trial have been critically evaluated with respect to their performance, suitability, and limitations.  Alternative data capture methods were also considered and compared against the methods employed at the COTEC trial.  This evaluation highlighted that, while the methods used were effective and appropriate in certain conditions, there are alternative approaches that offer better accuracy, reliability and quality of data collected.  There were also considerations given to cost of equipment and overall benefit compared to the size of the trial.
Overall, the equipment used at the COTEC trial was suitable for the task and the size of the trial.  For some of the alternative options proposed, the additional cost and setup time would far outweigh the practical benefits they offer to the trial.
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