
Methodology and Use of Experimental Techniques in 

Analyzing Wound Dynamics of Penetrating Injuries 

Roman Tomashevskyi1[0000-0002-5278-9272], Oleksiy Larin1[0000-0002-5721-4400], Kostyantyn 

Kolisnyk1[0000-0003-1417-6608], Andrey Zuev1( )[0000-0001-8206-4304], Kostyantyn Gume-

niuk2[0000-0001-8892-4061], Igor Lurin3[0000-0001-6280-1725], and Volodymyr Nehoduiko4[0000-

0003-4540-5207] 

1 National Technical University "Kharkiv Polytechnic Institute", Kharkiv, Ukraine 
2 Ukrainian Military Medical Academy, Kyiv, Ukraine 

3 National Academy of Medical Sciences of Ukraine, Kyiv, Ukraine 
4 Military Medical Clinical Center of Northern Region, Kharkiv, Ukraine 

dakarton@gmail.com 

Abstract. This research paper focuses on the experimental studies of the process 

of high-speed object penetration into human body simulators and the automated 

registration of physical phenomena parameters related with this process. It high-

lights the need for a comprehensive understanding of the physical processes in-

volved and the challenges posed by the lack of biomedical information. It em-

phasizes the importance of studying the volume and characteristics of damage 

around the wound channel. The paper also proposes a methodology encompass-

ing mathematical modeling, experimental studies using non-biological simula-

tors, and data processing techniques to investigate wound dynamics. An experi-

mental setup with a distributed information and measurement system is pre-

sented, enabling the collection and analysis of physical parameters during pene-

tration impacts. The structure of a distributed information-measuring system has 

been developed that allows recording the parameters of physical processes that 

occur during the penetration of a high-speed object into the simulator. The issues 

of receiving and transmitting data from sensors using wireless communication 

channels are considered. The problem of synchronization of many distributed 

sensors, which is important for recording the parameters of short-term processes, 

is analyzed in detail. An example of obtaining data when launching a high-speed 

object into a simulator using an electric mass accelerator within the framework 

of the proposed system is given. The research aims to enhance medical practices, 

and protective equipment design, contributing to improved treatment outcomes 

and patient care.  
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1 Intorduction  

Penetrating-type wounds caused by injury to the patient by extraneous objects with high 

kinetic energy during an explosion, gunshot, or other causes [1] have characteristic fea-

tures in the form of thermal and mechanical effects on the human body. At the same 

time, the penetrating element usually creates a cavity, which in terms of size signifi-

cantly exceeds the size of the element.  

In addition, there is the formation of local disorders around the wound channel, 

which can cause pathologies in the human body during the healing process. The listed 

features from a medical point of view lead to the diagnostic complexity of determining 

effective surgical and therapeutic actions [2]. In this sense, an in-depth understanding 

of the physical processes accompanying the process of intervention of a high-speed 

element in the human body is of crucial importance for successful wound treatment [3]. 

The problem is complicated by the lack of necessary biomedical information that 

would allow us to quickly and efficiently classify the patient's condition, determine the 

features and severity of the clinical case, control and monitor his condition based on 

the presence of objective biomedical indicators. 

2 Analytical Review of Existing Research Methods 

The recent scientific approaches to the study of the mechanisms of deformation of soft 

tissues due to the penetration of high-speed elements are divided into natural experi-

ments and computer simulations. Experimental studies use various bio-models - labor-

atory animals. However, due to differences in animal anatomy, physiology, and behav-

ior, as well as ethical standards, the use of such models has no significant prospects. 

This leads to the need to create and use in experimental tests non-biological full-scale 

imitation models made of ballistic gelatin or clay [4], or more complex composite mod-

els. The results of experimental studies on such simulators are recorded by technical 

means, for example, pulse X-ray machines or computer tomography [5]. Good visuali-

zation can be obtained using ballistic gelatin models, as it has significant optical trans-

parency, which also allows for high-speed video recording of the wound channel for-

mation process [6]. 

Existing experimental studies [7] mostly focus on the descriptive processing of the 

geometry of the formed wound channel depending on the input characteristics (mass, 

speed, angle of attack) of penetrating elements (various models of fragments, bullets, 

balls, etc.). The obtained experimental results have so far created an understanding of 

the general processes taking place. Obviously, experimental research has significant 

limitations due to the need to conduct a large number of experiments, and, as a result, 

the high cost and difficulties associated with life-size reproduction of the human body. 

Previous investigations [6, 9] made several attempts to characterize the mechanics of 

creating wound channels, as well as applying sutures using computer modeling meth-

ods. 2D and 3D models with one and several tissue layers, with different wound geom-

etries and loading conditions, were developed. The basis of computer modeling in these 

studies is the finite element method. It should be noted that such an approach has a wide 
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range of prospects for practical application: the creation of information systems sup-

porting treatment decisions [11], algorithms for conducting operations with the help of 

medical robots [11-13], designing structures of protective elements, etc. But, despite 

significant progress in the means of computer modeling of wound ballistics, at present, 

such models mostly have the character of reproducing natural experiments.  

Analyzing the current situation in wound ballistics from experimental and computa-

tional points of view shows us the existence of several important issues that are required 

to develop both approaches. In this paper, we would like to underline the problem that 

was initially formulated in the study [8]. An experimental assessment was conducted 

to examine the non-localized damage of ballistic gelatin surrounding the wound chan-

nel. The authors analyze the volume of small cracks and damage in the material that 

formed after penetrating action. In fact, it was established that a high-speed penetrating 

injury has two components: a wound channel, which is a direct destruction of tissues, 

as well as a significant zone of non-localized damage that forms around it (Fig. 1 a-b).   

 

 
a 

 
b 

Fig. 1. Wound channel in ballistic gel with a bullet of 5.45×39 mm for different distances: a-b. 

The study does not give enough information on the volume of the damaged tissue but 

gives the evidence of such additional influence. The physical phenomena taking place 
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within the material around a penetrating object in the human body remain insufficiently 

studied. 

 From the experimental side, here it is important to study not only the geometry of 

the wound channel and cracks around it but also to obtain the signals of physical pa-

rameters, like acceleration, pressure, or mechanical stresses in different points around 

the wound.  Such information will allow receiving additional supplementary data for 

medical decisions and also will be super important for the justification of the computer 

models that surely might be the most used tool for the statistical and multi-variant anal-

ysis of different types of wounds. The work [6] should be underlined regarding the 

mentioned problem.  

In that paper, the signal of pressure changes in the simulator material at a certain 

distance from the wound channel was experimentally determined. Unfortunately, the 

obtained data are of a rather point-like, local nature and also require further clarifica-

tion. This issue could become extremely important in the case of non-homogeneous 

bio-models, i.e. for the models of the human body with different organs inside. 

A general analysis of the current state of the problem regarding the study of dynamic 

processes of deformation and damage of soft tissues during penetrating action due to a 

gunshot wound shows that these scientific tasks require further research, both in the 

direction of experimental study of a wide range of physical processes, and in the direc-

tion of developing improved mathematical models and computer modeling algorithms. 

Both directions are connected and require systematic consideration. The potential re-

sults of solving the corresponding problem, or even its individual parts, are relevant 

and will have practical importance for medicine, and could be used in the forensic-

pathological study of wounds, as well as in the evaluation and design of protective 

equipment. 

3 General Methodology for Researching the Parameters 

of Penetrating Wounds 

The general methodology of the research of penetrating type injuries is based on the 

creation of a refined physical model of the process of penetrating damage to human soft 

tissues, and a computer model corresponding to it, which together will allow the devel-

opment of a physically based approach and software and information tools for assessing 

the volume and depth of damage to biological tissues as a result of gunshot wounds. At 

the same time, it is envisaged to carry out a connected set of experimental and compu-

tational studies, which can be presented in the form of three parts: 

1. Development of mathematical models and algorithms for computer modeling of 

processes that occur when an extraneous element is inserted into the human body. In 

fact, a three-dimensional computational model is created, which is based on the finite 

element method [14]. 

2. Experimental studies, which include both the planning of a natural experiment 

using a physical model and the direct conduct of the experiment. Research is carried 

out within the framework of conducting ballistic shooting on a non-biological model 

(simulator) of human soft tissues at a specialized laboratory. 
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3. Processing and generalization of the results of natural and computational experi-

ments, and adaptation of the obtained results to medical purposes. 

Within the framework of the implementation of the last part, the results of research 

obtained at the previous stages are used. Modeling and experimental data are processed 

using regression analysis and statistical processing methods. After that, the obtained 

results are adapted to medical practice, using the methods of medical physics and com-

parison of the results of medical research and the obtained data. 

It's very important here to notice that the computational models that are the main 

tool for medical analysis, but their reliability requires experimental data for the justifi-

cation of correctness and accuracy. In this paper, we will focus on the development of 

the experimental setup that ensures the gaining of information on different physical 

processes during the penetration impact by extraneous objects. 

4 Experimental Stand and Information and Measurement 

System 

An experimental stand was developed, which includes: a simulator - a dense block of 

ballistic clay, in which a number of sensors of various types can be placed, which are 

selected according to the parameters of the movement of the penetrating element, taking 

into account the properties of the material, and an information and measurement system 

(IMS) for processing signals that coming from sensors.  

IMS is a distributed system of information collection and primary processing, based 

on variable sensor nodes, in which controllers, data input-output modules, and sensors are 

distributed in space. The characteristic features of this type of IMS are decentralized data 

processing and the presence of distributed information input-output systems, increased 

resistance to failures, and a standard and unified database structure [15]. 

The organization of data transmission from the sensor to the information gathering 

node (IGN - information gathering node) (Fig. 2), and further to the Main Computer of 

the system, requires the organization of a communication channel, as well as the 

provision of reliable power.  
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Fig. 2. The structure of the information and measurement system [17] 

The main limitation is the need to lay wire lines from the equipment, which leads to an 

increase in the impact of various interferences associated with the process of element 

intervention in the simulator during the experiment. The nodes (IGN) of the developed 

system use a wired connection only directly with the sensors (S), but transmit 

information to the central computer via a wireless communication channel, which 

ensures stability and reliability even when the system elements are partially damaged 

during the experiment. 

In order to ensure efficient and reliable operation of the system, modern equipment 

is used, such as low-power sensors and microcontrollers for data processing and trans-

mission. A microcontroller (MC) with a built-in Wi-Fi module is used as a control ele-

ment for building an IMS node (IGN). In fact, the node (IGN) consists of three parts: 

the MC, the sensor connected to it, and the power supply circuit. 

In the experiment, to obtain data from the simulator, an accelerometer connected to the 

MC via a high-speed SPI bus was used as a sensor, which made it possible to obtain 

the maximum possible speed of reading data from the sensor (Fig. 3).  

The accelerometer has a physical connection with the simulator's body, and is con-

figured for continuous operation, with buffering of the calculated values in the internal 

memory. The module also includes 5 and 3.3V stabilized power sources. Thus, one 

node (IGN) works completely autonomously and has no electrical or mechanical con-

nection with the central computer of the system or with other nodes. The data received 

from the accelerometer is stored and transmitted via a wireless Wi-Fi communication 

channel using the UDP protocol. 
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Fig. 3. Structural diagram of the node (IGN) of the system.  

The software developed by IGN works in asynchronous mode. When the internal buffer 

of the accelerometer is partially filled, a signal is activated, according to which the MC 

carries out a batch reading of data from the accelerometer memory into the RAM of the 

MC through the SPI bus on each of the channels. The obtained values are stored in the 

form of a single packet, which is sent over time (or after the end of the experiment) via 

a wireless communication channel to the central computer of the system. 

But, unlike the systems considered in [15, 16], which work in a long-term mode and 

monitor processes that take a significant amount of time, IMS for the study of short-

term processes, which is precisely the process of the intervention of a high-speed 

element in the simulator, must have a node synchronization system. This is necessary 

so that during further research it is possible to compare data from sensors of different 

nodes in time, and to obtain the state and changes of the process as a whole. 

In order to carry out such synchronization, a time source (for example, a local SNTP 

server) is added to the system, according to which synchronization will be carried out, 

and before the start of the test, the corresponding packet is sent with a countdown of 

time t0. After that, during the experiment, a time stamp t = t0 + t1 is added to each data 

packet, where t1 is the local time that has passed since the start of the experiment 

(receiving a synchronization packet with a time count), which is counted by the internal 

clock (Real Time Counter) of MC. 

Another feature of the system is the need to measure the speed of the interfering 

element and automatically start testing. To measure the speed, a chronograph with the 

possibility of recording the measured speed value is used, which is located directly in 

front of the simulator material. The diagram of the stand and IMS, taking into account 

the changes, is shown in Fig. 4. 
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Fig. 4. Structural diagram of the stand and IMS with a synchronization system.  

 

In order to automatically start testing, the Electric Mass Accelerator (EMA) power 

supply switching scheme is added to the system, which is connected to the IGN, which 

is also synchronized, but unlike the others, it does not read values from sensors, but 

controls the power supply of the EMA. This allows to fully automate the process of 

conducting the experiment (the human operator only presses the appropriate start 

button), and to record the start time of the experiment in the same frame of reference as 

the data from the other sensors of the system.  

 The obtained test responses when the element is hit in the simulator in two directions 

are shown in Fig. 5.  
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 Fig. 5. Responses from the accelerometer during penetration:  

x) vertical direction, z) horizontal direction.  

The unit on the vertical axis is equal to 0.035g. 

 

To check the suitability of the system for measurement, a test bench was developed that 

allows investigating of the process of penetration of a cylindrical fragment weighing 1 g 

into a simulator made of ballistic clay, with fixation of the response from the 
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accelerometer in two directions. The accelerometer was embedded in ballistic plasticine 

and connected to the IGN, which sent data to the IMS.  

 The central computer of the system allows to connect any number of IGNs, receives 

and saves information coming from the nodes, and monitors their status. For this, when 

the control software of the central computer is started, a local computer network is 

created, after which the computer goes into standby mode for the IGN connection. When 

the next module is connected, a separate section with a unique identifier (module 

identifier, date, time) is created in the database, in which the data packets coming from 

the module, as well as its state, will be recorded. This section of the database also records 

information about the frequency of data read from the sensor and the number of data 

channels transmitted by the node. 

 The distributed IMS developed within the framework of the project has a number of 

key advantages, the given algorithm of its functioning has proven its efficiency and high 

reliability also in research related to the processing of information from technical objects 

[15-16].  

 The key features of the proposed system are as follows: 

1. If any IGN fails, the system will continue to work, a short-term failure in the 

operation of a separate module does not lead to a long-term loss of performance, after 

a certain time the module will be rebooted using a hardware timer and will return to 

operation; 

2. All IGNs are physically separated from each other, and have separation by power 

source, which also increases the reliability of the system as a whole; 

3. Modules of the system are autonomous, work according to a single protocol and 

are easily replaced, which provides scalability and ensures a low cost of the system; 

4. Data transfer within the system is conducted asynchronously, it is not affected by 

the failure or failure of other IGNs, which ensures high availability. 

Conclusions 

In conclusion, the study of penetrating wounds caused by high-speed extraneous objects 

presents significant challenges in the field of medical diagnosis and treatment. The 

complex nature of these wounds, characterized by thermal and mechanical effects on 

the human body, as well as the formation of cavities and local disorders, requires a 

comprehensive understanding of the physical processes involved for effective medical 

interventions. A refined methodology combining experimental and computational ap-

proaches is proposed.  As a part of the methodology, the information and measurement 

system with distributed sensors and wireless communication allows for real-time data 

collection and analysis is developed. The experimental setup, including the simulator 

and IMS, provides a means to capture physical parameters such as acceleration and 

pressure during the penetration impact. The synchronized system enables the compari-

son and integration of data from different sensors, enhancing the reliability and accu-

racy of measurements.  

The potential results obtained through this methodology can contribute to medical 

decision-making, forensic-pathological studies of wounds, and the design of protective 
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equipment. Overall, further research is needed to advance the understanding of dynamic 

processes involved in penetrating wounds. The integration of experimental and compu-

tational approaches, supported by sophisticated measurement systems, holds promise 

for improving medical practices and facilitating the analysis of various types of 

wounds. 
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