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Introduction X- Ray Image Analysis 

In high-energy explosion situations, it is often shrapnel, as opposed to heat 

or air compression, that causes gravest harm. For the purpose of predicting 

the possible damage resulting from explosively driven debris, a high-

explosive assembly was detonated, and images of the resulting projectiles 

were recorded using commercial-grade, PulseRad X-Ray tubes of varying 

energies. These tubes were placed at alternate view angles and downrange 

distances from the blast. Of the 9 screens deployed to capture images, only 5 

survived. Scanning equipment was employed to record and digitize the 

results for kinetic analysis. To calculate the kinetic energies of distinct debris 

items, it is necessary to know their individual masses and velocities. A 

MatLab-based code was written that adjusts image qualities, maps the 

objects, and provides crucial information regarding projected sizes and pixel 

intensities. The results also supply information about the velocities of the 

projectiles; however, the mass component of the kinetic energy remains 

unknown because the particular objects’ material composition has to be 

identified. To assist with material ID, a method was developed for calculating 

the energy spectra of each of the X-Ray tubes that, in turn, enable for a future 

capacity for generating synthetic radiographs of idealized fragments with 

known thicknesses and material types. Comparisons of synthetic and 

experimental results can, potentially, assist in identification of the material 

composition of each projected fragment that appears in the radiographs. 

Experimental Proceedings  

Fig. 2: X-Ray 

Screens 

Fig. 1: Experiment set-up 

Nine PulseRad X-Ray Heads 

with peak energies of 150 kV, 

450kV, and 1MV. 

A high-explosive assembly (Fig. 1) was detonated, and images of the 

resulting projectiles were recorded using PulseRad X-Ray tubes (Fig. 3) of 

varying energies. These tubes were placed at alternate view angles and 

downrange distances from the blast. Four of the nine screens used to 

capture the images (Fig. 1, 2, & 3) were destroyed (Fig. 1). 

Fig. 3: Experiment set-up 

An unspecified explosive 

device, encased in a container 

made of unknown materials. 

To generate necessary data, the MapItems.m code does the 

following: 

 

Converts the original, 40MB image (Fig. 4) to binary format 

(Fig. 5) with a user-defined  pixel intensity threshold values 

for a binary 1 v. 0 translation 

Traces the outlines of objects, by analyzing connected 

pixels, and following the changes in the binary values 

 Accounts for data errors near the border of the image by 

automatically setting values of pixels connected to the 

image border to 0 

Evaluates the Area, Perimeter, Diameter, Mean, Max, and 

Min Pixel Intensities, and  the Centroid of each individual 

object (Fig. 8 & 9) 

Changes the color-map and adjusts the contrast values of 

the image to allow for visual inspection by the user (Fig. 6) 

Superimposes the traced item borders onto the re-

adjusted image (Fig. 7) 

  

Fig. 4: Original Image 

Fig. 6: Color & Contrast-

adjusted  Image 

Fig. 7: Final image with all the 

objects mapped 

Fig. 8: Example of collected data: number of objects per 

given area range 

Fig. 5: Binary Image 

Fig. 9: Example of collected data: number of objects per 

given mean pixel intensity within them 

Nuclear Design & 

              Risk Analysis 

Screens that survived 

the explosion 

Nine, separate screens 

deployed to capture the 

X- Ray Images. 

Identifying the same object on more than one image is crucial for a number of 

reasons. It: 

 

Allows for size estimations 

Increases the available data with regards to X-Ray attenuation of an object for 

tubes of different energies 

Provides information about the object’s velocity 

Supplies a discrete location of an object in 3D space 

 

As the X-Ray flashes were not simultaneous (Fig. 10 & 11)it is necessary to “Time-

Shift” the images on Station 3 . Because the average velocity of the objects within 

the frame can be approximated, the Times-Shift distance required can easily be 

found.  

Fig. 10: Process of Time-Shifting the images from 

Station 3 

Fig. 11: Station 3 images Time-Shifted 

After Time-Shifting is completed, the SPARTAN.m, can be used to perform 

Shadow-Line Tracing- a method for identifying a single object on a number of 

differently angled images. It does so by crating lists of objects that lie on the 

theoretical path of the photons, within a perpendicular image (Fig. 12 & 13). 

Fig. 12: Visualization of the process of 

Shadow-Lining from two separate images 

 

Fig. 13: Visualization of an object being 

recognized by rays from two separate 

images 

Synthetic Radiography 

Given a peak energy, the code IE.m creates theoretical photon energy 

spectra for any PulseRad X-Ray Tube. To do so, it utilizes modified intensity 

equation developed and parameterized by Tucker et al. (Eq. 1) The code 

does the following: 

 

Takes into consideration a full spectrum of incident electron energies 

Integrates over anode-thickness-dependent electron energy ranges 

Utilizes a full range of elemental attenuation coefficient values, based on 

given incident electron energies 

Automatically calculates the necessary Thomson-Whiddington Constant 

for given energy 
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Eq. 1 

Fig. 16: Spectra for a 150kV 

PulseRad X-Ray tube system.  
Fig. 17: Spectra for a 450kV 

PulseRad   X-Ray tube system.  

 

Fig. 18: Spectra for a 1MV 

PulseRad  X-Ray tube system.  

 

Fig. 15: Values of µ, as a function of 

photon energy 

(Eq. 1) is integrated over traveling-distance-

dependent Electron Energy.  To calculate 

this Energy, Thomson-Whiddington 

equation was utilized (Eq. 2) , where C is a 

function, slowly-varying with Energy. 

Because current literature leans heavily 

towards medically-applicable X-Ray tubes,  

no values for C are available. For this 

reason, it became necessary to derive an 

equation calculate it. (Fig. 14) shows this 

equation as a function of Energy.     

Fig. 14: Calculated values for the C 

variable in (Eq. 2), as a function of Energy 

𝑇2 = 𝑇𝑂
2 − 𝑥𝜌𝐶 

Eq. 2 

A major issue was presented in a form of 

the ability to obtain the elemental 

attenuation coefficient, µ. To solve it, 

another code, PhotonAttenuation.m- which 

calculates µ at any energy between 1 kV 

and 20MV- was utilized. (Fig. 15) shows the 

plotted values of µ, as a function of Energy.  

The above graphs (Fig. 16, 17 & 18) show  the PulseRad X-Ray tube spectra 

obtained by utilizing the IE.m code.  

Fig. 19: X-Ray anode divided into point  

kernels 

Fig. 20: Geometry of the anode and 

window. Each point represent a kernel. 

X-Ray spectra of a PulseRad tube is not sufficient 

to generate a Synthetic Radiograph- the radial 

distribution of the rays is also required. For this 

reason, MatLab code kInt.m was created. It 

divides both the anode and the tube window  into 

point kernels (Fig. 19 & 20), and tracks: 

 

 The intensity being generated isotropically 

from each anode kernel 

 The intensity being beamed to each window 

kernel from every anode kernel 

 The angles of the rays beamed from each 

anode kernel to every window kernel 

 

 

After obtaining all of the above information, it is 

possible to create an object in the MatLab 

workspace, that has known thickness and 

material composition, and create the Synthetic 

Radiograph of that object. By the means of 

comparison to the experimental data, this may 

assist in the identification of the elemental make-

up of the objects shown in presented X-Rays. 

Future Progress 

Fig. 21: Example of an idealized object, 

subjected to a radiographic routine 

Fig. 22: Example of an idealized object, 

subjected to a radiographic routine 

The work here presented  facilitates creation 

of a virtual radiograph within a MatLab 

workspace. Once an object made of specific 

element and with known thickness is 

subjected to a radiographic routine (Fig. 21 & 

22), the results can be analyzed and 

compared to the experimental data obtained 

though the MapItems routine.  This is crucial 

for calculating the kinetic energy of each 

item, because once an object’s elemental 

composition becomes known, so does its 

density. From the Spartan.m and the 

MapItems.m codes, the volume  of the said 

item can be deducted, as can its velocity. 

Afterwards, calculating individual kinetic 

energies of each of the recognized shrapnel 

pieces becomes effortless, thus making risk 

analysis of conceivable, shrapnel-induced 

damage possible.  
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