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[bookmark: _Toc220064211]Abstract
This report critiques the methods used for ordnance identification during an arena trial, focusing on the effectiveness and limitations of key data capture techniques. Blast gauges, velocity foils, strawboard, and FT-IR were evaluated in terms of accuracy, reliability, and forensic value. The analysis highlights the need for multi-modal data collection to mitigate uncertainty and sensor vulnerability. Alternative and emerging techniques are considered, and recommendations are made to improve robustness, calibration, and confidence in forensic reconstruction.
[bookmark: _Toc220064212]Introduction
Accurate ordnance identification relies on robust data capture across energetic, mechanical, and chemical domains. In arena trials such as COTEC, sensors must operate in extreme environments while producing reliable data to support safety, performance assessment, and forensic reconstruction. This report critiques the data capture methods employed during the trial, evaluating their strengths, weaknesses, and limitations. Blast gauges, velocity foils, strawboard, and FT-IR are examined alongside alternative techniques. The aim is to assess data quality and propose improvements aligned with modern industry practice.
[bookmark: _Toc220064213]Principles of Data Capture 
Data Capture refers to the collection of measurable information that relates to how an item behaves, functions and degrades. In OME (Ordinance Munition and Explosives), it involves gathering physical, chemical, mechanical and energetic characteristics throughout a munition’s lifecycle to ensure it remains safe and performs as intended. Data may be collected directly through trials as primary data, or drawn from published research as secondary data, with both forms typically used together to support robust analysis. [1]
Reliable data is essential for critical decisions. Measurements such as overpressure, fragmentation behaviour, detonation characteristics and impulse allow determination of whether a munition has functioned correctly and where improvements may be required. such as visual indicators and deformation patterns, or quantitative, such as chemical signatures and energetic response measurements. In many cases, multiple data types must be combined to reach a confident conclusion. [2] A key part of why data capture is important is to develop a deeper understanding and expand on the characteristics of material under specific environments. This provides invaluable data that can then be used to validate models of munitions to decrease the reliance on physical testing, in the early stages of development, making it much safer to investigate new concepts and ideas.
Understanding data enables forensic reconstruction. Accurate data also enables forensic reconstruction, as demonstrated during the COTEC trial, where post-event observations were analysed to infer the characteristics of the munition involved. [3] However, field data capture is affected by environmental variability, equipment vulnerability and safety regulations. Uncertainty may arise from weather effects, human factors, calibration drift or sensor misalignment, requiring a balance between measurement accuracy, sensor survivability and overall safety. This differs from Lab results, which are often on a much smaller scale and heavily controlled compared to the real-world trial. [4]
[bookmark: _Toc220064214]Method-by-Method Analysis 
Appendix An outline of a rough overview of the trial setup.  
During the trial, lots of different methods were used to collect the data for analysis. In this section, it will cover an overview of the four main methods being: blast gauges, velocity foils, strawboard and FT-IR. Then the advantages cover the advantages of that method and the information it provides to help with the investigation. As well as some of the drawbacks and uncertainties that come with that method of analysis. Finally, look at some alternative techniques and the advantages as an alternative or to work alongside the other techniques.
[bookmark: _Toc220064215]Blast gauge
Piezoelectric blast gauges are high-frequency pressure sensors used to measure the incident blast wave from an explosive event. They operate using a crystalline material that generates an electrical charge when subjected to mechanical stress, recording data that helps find key parameters such as peak overpressure, impulse and shockwave arrival time. The gauge is mounted in the centre of a conical disk, which helps maintain a uniform pressure field across the diaphragm when placed perpendicular to the blast wave. During the COTEC trial, gauges were positioned at three predetermined distances from the detonation point. Each gauge had a sampling rate of 250 kHz (250,000 per second), which is a sufficient temporal resolution to capture the rapid pressure changes characteristic of high-order detonations. The gauges output a voltage-time data that offers quantitative evidence of explosive performance and can be compared with theoretical blast models to aid in the forensic investigation of a munition. They can also pick up abnormal function in the detonation, which may not be apparent in a visual inspection and indicate the munition if it is not functioning correctly. [5]
Despite all its advantages, piezoelectric blast gauges have several notable limitations. They are fragile to handle, while the conical disk offers some protection. The diaphragm is sensitive if it gets impacted before the event, then it could compromise the calibration of the gauge and therefore the outputs. They are also vulnerable to fragment strike, which may result in a loss of data or the destruction of the sensor. The gauge is required to be wired to the data logger positioned in the control room to store the pressure traces recorded. [6] This must be protected from the blast, adding logistical complexity and increasing the overall setup time of the arena setup. This wiring could also limit the positioning of the gauges. Reflected pressure waves from the ground or nearby structures can distort readings, producing artificially elevated overpressures, making the blast waves harder to interpret without smoothing tools. Routine calibration is essential, as the sensors are susceptible to drift over time. Overall, they provide valuable data about shock wave data to help identify the munitions. They cannot identify a munition in isolation and must work alongside other pieces of evidence collected. [7]
Potential improvements are higher frequency gauges, though they are less common, and the 250kHz can provide valuable data. The higher frequency has a higher sampling rate and therefore will show a clear separation between the incident overpressure and any reflected wave. [8]One of the gauges suffered a fragmentation strike and therefore could not provide any data, so an improved mounting system would not only help minimise reflection but, with the addition of a shirling system, could prevent data loss. Wireless gauges are also an option, although they do not have as high a resolution as wires, it reduced the possibility of losing data due to wiring failure and open more potential positioning on the arc around the detonation point. More gauge places at the same distance but in a new position would also help verify both lots of data collected but provide a backup if one is destroyed.  [9]
Another option is the use of pressure-sensitive films or blast pens, which change colour or deform when exposed to specific pressure thresholds. These devices are inexpensive, robust and simple to deploy, making them useful for confirming whether certain pressure levels were exceeded. Their limitation is that they do not provide a full pressure wave but can give a guide to support other pressure gauges. [10]
[bookmark: _Toc220064216]Velocity foil 
Velocity foils are thin conductive sheets positioned at known distances from the detonation point. In this trial, they are mounted on the starboard and measure the ‘Time of flight’ of the fragments. There were 9 used today with 3 foils per starboard section. When a fragment strikes the foil, it breaks the conductive circuit, generating a time-stamped signal (in mV) that is sent to the data logger. Using the know stand-off distance for each foil, fragment velocity can be calculated for each strike on the strawboard. The foils record all strikes, so multiple velocities can be recorded on each, though the first strike tends to have the most reliable data. Velocity foils provide direct qualitative data at fairly high-accuracy measurements while being relatively low cost compared to other methods of measuring fragment velocity. Because they rely on electronic signalling, there is far less uncertainty in the “time zero” point compared with manual triggering methods, which include human factors, making them well-suited to high-speed explosive events. The resulting velocity data can support safety assessments, lethality modelling and functioning analysis. [11]
However, velocity foils only record the fragments that physically strike them, meaning they represent a small sample of the overall fragmentation field. Correct placement relative to the detonation point is essential. The first strike typically provides the cleanest data, as later strikes may be affected by debris, soot or fragments lodged in the strawboard and cutting the velocity foils circuits signal. Although the velocity measurement itself is highly accurate, the foils do not provide additional information such as fragment mass, shape or trajectory. They also require reinforced cabling to the data logger, which increases setup time and vulnerability to blast effects. Despite being relatively inexpensive, they are a single-use item, which could be expensive over long periods of time. [12]
Several alternative methods exist for capturing fragment velocity. Light gates use two optical beams placed at a known separation distance; when a fragment interrupts each beam, the time of flight is recorded. This method offers extremely high timing accuracy and produces simple, easily interpreted data. However, in arena trials with high fragment density, multiple fragments can interrupt the beams simultaneously, reducing confidence in the results. Light gates are therefore more effective in controlled, low-fragment-density laboratory tests. [13]
Doppler radar is a way of providing continuous velocity data of the fragments as they travel from the detonation point, by analysing the frequency shift of electromagnetic waves reflected from moving fragments. This technique can reveal deceleration patterns and spatial effects as fragments travel through the air. Its limitations are that it works best on large, reflective fragments and is highly directional, requiring assumptions about fragment paths to be made to justify the data. Although if used alongside other tools, like cameras can prove. In trials like this one—where fragments were small, irregular and numerous—radar may struggle to detect individual pieces, and overlapping signals can introduce anomalies. [14]
[bookmark: _Toc220064217]Strawboard 
Strawboard was used in the trail to collect fragmentation resulting from the blast. Three discrete sections were arranged along an arc at a fixed distance from the detonation point, with each section comprising sixteen layers of compressed strawboard. When the article detonates, fragments perforate the boards, leaving holes and embedded material that can be examined. This method provides information on spatial distribution, fragmentation type (natural or pre-formed), and—if samples are collected—an approximate average fragment mass. There is potential to estimate the velocity based on the depth of perforation in the starboard. However, the data obtained are predominantly qualitative, and any quantitative interpretation carries higher uncertainty and needs to be backed up by other techniques. For this reason, strawboard is typically used as a supporting technique where its predominantly use it to collect fragmentation, complementing more precise measurement methods.  [12] [15]
The primary strength of strawboards is simplicity. It requires no electronics, power supply or protective housing, making it highly robust in explosive environments. Its low cost allows large areas to be covered, enabling rapid assessment of fragmentation patterns. Boards can also be removed from the arena and examined off-site, which is useful for detailed post‑trial analysis or retesting.
Despite these advantages, strawboard has notable limitations. It provides only a snapshot of post-blast effects and cannot capture reliable quantitative parameters such as fragment velocity, which are essential for lethality modelling and performance assessment. It also records only the fragments that physically strike the boards, representing a small sample of the total fragmentation field. High fragment densities overwhelm the boards, weakening the material. Along with Environmental conditions like rain, humidity and wind, which can also weaken the material and affect penetration depth and make recovery of fragments harder, further reducing reliability. As a result, strawboard alone is not a conclusive way to determine a munition, but a supporting piece of data alongside more concrete data from other data collection techniques.
Strawboard can offer limited supporting insight into fragment velocity by examining penetration depth, but this is not considered reliable due to the large assumptions required and the potential for human error when estimating velocities and fragment masses. More durable materials, such as aluminum or steel witness plates, may be used when greater structural integrity is required, whether that is due to weather or explosive and fragmentation power.
In some trials, fragmentation ditches are used alongside or instead of strawboard. These shallow trenches filled with soft soil or sand capture fragments as they land, preserving their shape, mass and terminal behaviour. While they do not provide spatial mapping as precisely as boards, they offer a valuable method for recovering intact fragments for further analysis. [16]
[bookmark: _Toc220064218]FT-IR
FT-IR (Fourier Transform Infrared Spectroscopy) post-event analysis is a technique that examines the chemical residue left after the explosive event in this trial, residues were collected using swabs from the arena following detonation of the munition. FT-IR operates by measuring the absorption of infrared radiation by a sample, producing a spectrum that reflects the vibrational behaviour of molecular bonds. Different functional groups absorb infrared radiation at characteristic wavelengths, resulting in a spectral “fingerprint” that can be compared against reference spectra. [17]
FT-IR was used to support the identification of explosive-related residues and to assess what energetic material the munition uses. It also looks at whether it functioned as expected, as seen by the presence of unreacted energy when interpreted alongside blast and fragmentation data. There should also be a trace of post detonation products around the area if there was a detonation occurred. To account for background contamination, pre-blast swabs were collected in the same spot where the post-blast areas will be swabbed to establish baseline residue levels, enabling more reliable interpretation of post-blast samples FT-IR is particularly sensitive to organic compounds and offers several practical advantages. It is a rapid, non-destructive technique that allows samples to be reanalysed if required. Analysis is conducted under controlled laboratory conditions, improving repeatability and reducing environmental interference. As such, FT-IR is a valuable screening tool for determining the class of explosive material present. [18]
However, FT-IR has several limitations. Results are highly dependent on sampling quality, and poor swabbing technique can lead to ambiguous spectra. Interpretation becomes more challenging for complex mixtures, as matrix interference may obscure key absorption bands. FT-IR also provides only partial structural information and cannot definitively identify an explosive compound in isolation. Consequently, FT-IR data must be interpreted cautiously and in conjunction with complementary analytical techniques.
Improvements to FT-IR analysis include collecting multiple samples to mitigate contamination or saturation and building reference libraries using spectra from known materials and published sources to help see similarities with the sample and the potential material. Sample pre-treatment methods such as filtration, solvent extraction, and drying can further improve spectral clarity.
Raman spectroscopy can be brought to the range as a handheld detection device for rough investigation of the material on the day, but it is much more reliable in lab conditions, much like FT-IR, which provides complementary vibrational information but may be affected by the fluorescence of an organic. These two are often used alongside each other to support the other one's findings. [19] Gas chromatography–mass spectrometry (GC-MS), which offers high specificity and detail at the expense of time and sample preparation. Rapid on-site colourimetry tests may also be used to provide a presumptive indication of nitrate or nitroaromatic functional groups. [20]
[bookmark: _Toc220064219]Other data capture methods 
High-speed cameras are one of the most versatile pieces of equipment in OME data capture. Unlike single-purpose sensors, high-speed imaging and optical data capture method offering a continuous visual record of the event, allowing multiple parameters to be extracted from the same footage and giving the big picture. For blast characterisation, high-speed imaging allows the visible shock front to be tracked frame‑by‑frame. By using two reference points of known distance and the time stamps used, the approximate shock‑front velocity and arrival time can be calculated. [21]This is equally valuable for fragment velocity measurement. Individual fragments can be tracked across successive frames, allowing velocity and spatial distribution to be determined. It also captures the stage of detonation and fragmentation break up u wouldn’t see otherwise, much clearer than a sensor would. However, high-speed cameras need unobstructed views and often have limited focus at those high frame rates, making it difficult to interpret and much more time-consuming to interpret reliable data. [22]
Similar to the camera scanning and radiography tools, flash X-ray and CT can be used to see inside the case while the detonation process occurs and look at the shock wave propagation, case deformation and fragmentation. The system emits an extremely brief X-ray pulse of typically a nanosecond, which takes an image on the inside of the case proving invaluable data on the characteristics inside that case at that time. This system only offers 1 image and is extremely difficult to set up correctly, requiring high amounts of expertise. [23] [24]
Velocity of detonation was not used during the trials; it is an extremely powerful tool for determining the explosive type. One way to find this is by placing probes or small conductive pins/foils along the explosive charge they are triggered by at the same time as the detonation and recording the time it takes to reach them. They are a simple and cheap way to measure speed. However, the probs are highly sensitive, and small errors in timing, inaccuracy, or alignment could mean the results are limited. [25]
[bookmark: _Toc220064220]Critical Evaluation of Data Quality 
There was a key difference in theory and practice when looking at the blast curves data and plotting them. The real-life data contains high amounts of noise throughout, and one of the gauges had 3 different peaks. Two of which were extremely close together, making it hard to interpret which one was the initial overpressure. This is because the reflected waves interfere with the blast gauges creating the hard-to-integrate gauges. The fragmentation of gauge one meant that the first instance to capture overpressure was lost, which would have provided more insight into the data.
A comparison of all the methods shows that, despite the confusion, Piezoelectric blast gauges offered one of the most robust data sets, although in practice, they could have benefited from modelling to determine where the gauge would be best suited to achieve the best results in a real-world environment.
Velocity foils also had a robust quantitative data set to refer to, as all foils received at least one velocity strike, that average to be consistent. They, however, introduced a sample bias alongside the strawboard, where only that portion of fragmentation could be analysed 
The FF-IR was also hard to integrate as there were unexpected peaks where there were traces of another material; however, using spectral analysis found in the literature, where there were limited contamination patterns, could be found that mimicked that of the sample, which, upon analysis of the peaks, could be used as supporting evidence to the material conclusion.
The strawboard was the least reliable piece of data as offer high human input into its analysis, which increases the likelihood of an error, even though it was the cheapest and fastest way to receive fragmentation data
Overall, the data set could have benefited from multiple analysis methods to identify the munition. Only having a single technique for both limiting the verification that could be done on the data and meant the damage from the blast, like the fragmented gauge, caused a big impact on the results and therefore the analytical methods used   
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Future trials should prioritise strengthening the reliability of core sensors such as blast gauges and velocity foils by improving protection, reducing cable vulnerability and minimising reflective surfaces around the measurement arc. More durable alternatives to strawboard, such as aluminium, could be used alongside to reduce environmental sensitivity and improve fragment recovery. Using redundant gauges and foils at matched distances would increase confidence and mitigate data loss from fragment strike. Some qualitative methods that are cheap to implement, such as blast pens, would give low-cost supporting data to help with the analysis. The trial would also benefit from modelling done beforehand to ensure the instrumentation is in the optimal position for data collection.
[bookmark: _Toc220064222]Conclusion
This critique demonstrates that no single data capture method is sufficient for ordnance identification in isolation. Blast gauges and velocity foils provided the most reliable quantitative data, while strawboard and FT-IR offered valuable qualitative and supporting forensic insight. However, sensor vulnerability, sampling bias, and environmental effects introduced uncertainty. A multi-technique approach, supported by redundancy, improved calibration, and complementary analytical methods, is essential for robust conclusions. Future trials would benefit from integrating modern diagnostics and improved sensor protection to enhance confidence in forensic interpretation.
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A simplified aerial drawing of the arena below in all distance on this diagram. This outlines the layout of the arena and the directions. The arc angle of the strawboard was 113 degrees around the point of destination.
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The article was placed on a table 0.397m tall. The top of the article was 0.5m off the ground, meaning the centre of the OME item was roughly 0.45m from the ground. The table was placed on cardboard to potentially limit ground effect on the article. The article was detonated from the bottom.
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[bookmark: _Ref218460436]Figure 2 - Trial set up
Cables were placed under steel beams with sandbags to cover any gaps where two beams would meet or at bends in the cable. This protects them from any fragmentation from the trial.
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