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Inverse dynamics problems and associated aspects are all around us in everyday life but are commonly overlooked and/or not fully comprehended. However, they are of utmost significance when it comes to structural integrity and safety of engineering components we constantly interact with in our daily lives. The identification of dynamic characteristics and the estimation of applied loads to evaluate the structural health of aerospace structurers such as airliners, and/or on civil structures, such as large bridges with thousands of vehicles crossing daily, are tangible examples that show the fundamental importance of inverse dynamics problems. The inverse theory of network-like structures, with numerous practical applications in science and engineering, is an essential part of a swiftly growing area of applied mathematics. Such inverse problems encompass various applications in structural health monitoring, in water, electricity, gas, and traffic networks, in nano-electronics and quantum computing, in material science, and in biology [1].



But why solve problems inversely? What does that mean exactly? The estimation of system inputs or internal reactions by direct measurements is complicated or impossible for many real systems, either because the system input is inaccessible or unknown or simply because the nature of input is unknown and therefore cannot be instrumented. An inverse problem strategy is, therefore, a promising solution for such scenarios. Inverse problems are about identifying the cause of an effect, utilizing a set of observations and the measurement of the system response. As opposed to a forward problem yielding the system response, an inverse problem manipulates the effects considering the system’s natural behavior to predict the inputs to the system. Figure 1 depicts a schematic of the forward and inverse problems.



In vibration engineering, the extraction of natural dynamic behaviors of a system, commonly referred to as an experimental modal analysis, can also be considered as an inverse problem deconvolving the input from the measured output. The modal analysis can be utilized to investigate the structural damage [2]. As a more advanced technique, operational modal analysis, OMA, seeks the system’s natural behavior, manipulating the measured vibration response only [3]. Once the modal analysis is completed, it can be exploited to update the finite element model of the system to estimate the system response to more complicated loading and environmental conditions [4].



There is normally complex mathematics behind most inverse problems. Solving an inverse problem might not result in a sufficiently good outcome since the inverse problems are usually intrinsically ill-posed due to the ill-conditioned nature of the system frequency response function, making the problem sensitive to small perturbations such as measurement errors or noise. In other words, the existence, the uniqueness, or the stability of the solution might be disrupted. To avoid divergent or inaccurate results, it is, therefore, necessary to exploit a regularization method. Regularization has been the hot topic in the context of inverse problems for almost 50 years, and, more interestingly, there is still a lot of research being conducted by mathematicians and engineering scientists to develop new and more accurate regularization techniques. Inverse problems are normally challenging, as there are uncertainties that usually get amplified through the inverse process and therefore need to be properly addressed [5]. The inverse problems are performed in the time domain, frequency domain, and even the time–frequency domain [6,7].



This special issue mainly focuses on inverse problems in the context of system dynamics and vibration. Inverse dynamics, in particular, focusing on structural dynamics and/or inverse rigid body dynamics calculates the applied forces or internal forces and moments from measurements of structural vibrations and/or rigid body motions. The dynamic response can be measured using various types of contact and non-contact transducers including strain gauges, triangulation displacement sensors, laser Doppler vibrometers, accelerometers, and many other types of sensors [8].



As a widely used practical application of inverse problems in vibration engineering, impact force identification has attracted a great deal of attention [9,10,11]. Accidental external impact loading on structures makes them susceptible to different sorts of structural damage that reduces their load-carrying capabilities and may eventually give rise to catastrophic failure during service life. Identifying damage at the earliest possible stage by the determination of the impact location and magnitude can create a speedy structural health monitoring system. Identification of the impact loading on a structure is essential for structural integrity assessment and failure prediction. Additionally, structural condition assessment using moving sensors [12], time-varying load identification [13], moving load identification [14], bridge-weigh-in-motion systems [15], and human body and animal body inverse dynamics problems [16] are among other important applications of inverse problems in vibration engineering. Securing a more sustainable future by focusing on infrastructures’ economic challenges can be achieved by the real-time monitoring of structures’ health conditions through inverse algorithms.



The objective of this Special Issue was to create a forum of discussion for research scientists and engineers working in the area of inverse structural dynamics and inverse rigid body kinematics. We invited researchers to submit both original research and review articles. In total, 11 articles were accepted and published in this special issue. Herein, I would like to thank all the authors for their valuable time and effort contributing to the Special Issue.
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Figure 1. Forward and inverse problems. 
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