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ABSTRACT 

Augmented Reality (AR), as a variation of Virtual Reality (VR), has been proved useful for decades. However, it is not 

widely utilized in most industries. To fill the gap between this technique and industrial usage, we propose a novel AR 

system in the context of industrial process tomography (IPT). As the pioneering AR deployment in IPT, this system offers 

a new solution to underpin the onsite data analysis regarding volumetric visualization. In our work, an endeavor to provide 

intelligent control for an industrial drying system is pursued by using microwave tomography (MWT), a breed of IPT, as 

an imaging modality. Here, the AR system is integrated with the MWT for post processing of its volumetric images, 

containing critical information of the industrial process. The core part of the AR system is implemented by an interactive 

mobile app that is supported on iOS/Android platforms. The overall system is generalized by four distinctive findings: 

interactivity, mobility, information richness, and mutual collaboration. Our proposed system opens the horizon of 

leveraging AR in IPT to benefit domain-related users regarding onsite data analysis and visualization.   
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1. INTRODUCTION 

With the increasing pace of the fourth industrial revolution, industries are investigating and adopting new 

cutting-edge technologies for achieving higher efficiency and supporting decision-making procedures  

[de Souza Cardoso et al., 2020]. Augmented reality (AR), as a variation of virtual reality (VR), in which virtual 

objects are superimposed in the real environment [Azuma, 1997], is one of the leading techniques being proved 

and applied in numerous fields, like medicine and education [Billinghurst et al., 2015]. However, due to some 

specific deficiencies such as hardware limitations, computation power, and low knowledge convertibility, AR 

has still not become a prevalent tool in most industrial application domains [de Souza Cardoso et al., 2020, 

Teng et al., 2018]. Nonetheless, AR is capable of providing an interactive interface of displayed digital content, 

as well as offering ways to interact with information in a multimodal and collaborative manner [Ferrario et al., 

2020]. It thus has a great potential to fill the gap between developer and industrial domain users by inciting 

novel mechanisms for underpinning onsite analysis. 
Industrial process tomography (IPT), a non-invasive imaging technique, has been effectively employed in 

many manufacturing units for inspections, monitoring, product quality control, and safety issues, to name a 

few. Prominent examples are oil and gas processing [Ismail et al., 2005], chemical engineering [Tapp et al., 

2003], seismology [Nolet, 2012], nuclear waste processing [Primrose, 2015], and flow inspection [Plaskowski 

et al., 1995]. Some typical types of IPT, such as microwave tomography (MWT) [Omrani et al., 2021, Yadav 

et al., 2020, Zhang et al., 2019, 2020a,b], electromagnetic induction tomography (MIT) [Soleimani et al., 2007], 

electrical resistance tomography (ERT) [Daily et al., 2004], and electrical capacitance tomography (ECT) 

[Nowak et al., 2019] are widely used for purposes such as moisture detection [Omrani et al., 2020, Yadav  

et al., 2021], crack detection and powder flow in pipes, and flow pattern detection of granules. In our study, 

we focus on a unique industrial drying process [Zhang and Fjeld, 2020] using precise drying and heating 

equipment with the aid of MWT, as displayed in Figure 1. The target of this drying process is detecting the 
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moisture distribution in a polymer foam placed on a conveyor belt, by adopting the MWT technique. However, 

raw MWT data is often hard to interpret and may not be useful for intelligent control purposes. Thus, an AR 

system is proposed to be integrated with the MWT to visualize distinct moisture slices for efficient  

post-processing. Of the IPT engaged processes, the way to visualize the data as well as how the visualizations 

are displayed is central for hands-on users for further exploration.  

Although a body of research has been implemented to bring the intelligence of AR into industrial domains, 

there is still a great scarcity of benefiting IPT by equipping AR. In this paper, we introduce a novel and 

preliminary AR system to support interactive and collaborative onsite analysis regarding volumetric 

visualization in IPT. Our system is capable of providing users an interactive way with high mobility to conduct 

the visualization analysis alongside the on-going industrial process. The critical information of the industrial 

process is visualized in our mobile AR App which is built on iOS/Android devices as an early-stage setup. The 

contributions of this paper can be summarized as follows. 

• Propose a novel AR system in supporting onsite analysis with interactivity and mobility for IPT. 

• Provide information richness of volumetric visualization regarding the IPT processes to support 

mutual collaboration of users. 

 

 
 

Figure 1. A side view of the precise equipment used in our study. The equipment is used for operating industrial 

microwave drying and heating for polymer materials using IPT (e.g., MWT), which is in laboratory HEPHAISTOS, 

Karlsruhe Institute of Technology, Karlsruhe, Germany 

2. RELATED WORK 

AR confers the advantages of interactivity and immersivity, enabling users to closely interact with the 

information needed by superimposing the elements in the physical reality [Ferrario et al., 2020, Teng et al., 

2018]. That is, choosing the reasonable information to be visualized through AR interfaces is critical for both 

users and the on-going processes. In this regard, Cardoso et al. [de Souza Cardoso et al., 2020] have formulated 

an exhaustive survey paper describing the contemporary status of industrial AR, pointing out that most AR 

applications in the domain of industry are increasing as they provide a new and efficient way to convey the 

information needed. However, it is fair to note that there is still a great shortage of successful adoption of AR 

in IPT related systems. Nevertheless, some researchers have already begun harnessing this novel tool and 

compensating for the shortages to support visualization-related analysis in the domain of tomography [Draelos 

et al., 2018, Li et al., 2019, Mann et al., 2001, Nowak et al., 2019]. Dating back to 2001, Mann et al. [Mann  

et al., 2001] conceptualized an AR methodology to visualize the mixed fluid in stirred chemical reactors 
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controlled by ECT. Recently, Nowak et. al [Nowak et al., 2019] pioneered a study regarding ECT, by proposing 

a novel AR; more precisely, a Mixed Reality (MR) system to support the in-situ collaborative analysis of 

numerical data in remote locations.  

Volumetric visualization, as one of the objects of this study, has the capability to benefit the whole MWT 

processes by its exclusive properties which have been benchmarked by a small set of early research [Pereira et 

al., 2020]. For instance, Draelos et al. [Draelos et al., 2018] reported the first immersive VR viewer with stereo 

ray-casting volumetric rendering, to advance ophthalmic surgeries by using Optical coherence tomography 

(OCT). Currently, there is few existing research addressing adopting AR for onsite volumetric visualization in 

IPT system. Hence, how to effectively merge volumetric visuals with AR system to benefit targeted users in 

IPT areas becomes the main concern of this study. 

3. METHODOLOGY 

The proposed system is the first preliminary conceptualization to use AR/MR technology to support 

collaborative analysis on addressing volumetric visualization in the context of IPT. In our study, this system 

serves as an auxiliary tool to underpin the in-situ visualization analysis for an MWT related industrial 

microwave drying process. 

 

 

Figure 2. An example of an MWT qualitative volumetric reconstruction. Here M1, M2, M3, and M4 denote moisture hot 

spots (modeled in the numerical study as sphere) inside the polymer foam. The rest of the foam is modelled as dry 

3.1 Microwave Tomography (MWT) Modality 

In this industrial process, the objective is to dry the foam uniformly with the final target to keep the moisture 

under a certain level inside the complete volume at the end of the heating process. Often, those foams have 

non-uniform moisture distribution at the inlet, together with a nonuniform distribution of the electromagnetic 

field that leads to the formation of hotspots. Those hotspots might deform and destroy the foam respectively.  

Intelligent control of distributed microwave sources is a possibility that might efficiently address the  

non-uniform moisture distribution [Sun, 2016, Wu and Wang, 2017]. However, this requires the in-situ and 

non-invasive measurements of the unknown moisture distribution inside the material under test. Thus, to attain 

the moisture location and level inside the polymer foam in a running belt process, a MWT imaging method is 

integrated into the drying system [Omrani et al., 2021, Yadav et al., 2020]. The MWT imaging algorithm is 

used to estimate the moisture distribution and its level in the foam of infinite length and with large  

cross-sectional size. One numerical case of MWT reconstruction is visualized in Figure 2. 

3.2 System Architecture 

The proposed system has three main components, as displayed in Figure 3: 
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• Industrial process: This is a unique MWT-controlled industrial microwave drying process, operated 

in a confined chamber with sophisticated industrial settings. In our study, the target is a microwave 

drying process for polymer foams undergone by the precise equipment shown in Figure 1. 

• Users: Operators who control and run the drying equipment, or researchers who take onsite 

observations and collect data for further analysis.  

• AR App: The core part of our proposed system. As a preliminary stage, the application is manifested 

as a mobile App, run in iOS/Android mobile devices, and used for interactive and collaborative 

volumetric visualization and analysis. A floating interface overlaid in real environment containing 

different information is the main component of the application. 

 

 

Figure 3. The proposed AR system framework. Industrial process block: This covers the whole running procedure of the 

industrial drying process, providing data and elements used for analysis. Users block: This represents the people involved 

in this context. The operators who control and run the process and the researchers who observe and analyze the process 

are the main composition of this part. AR App block: This entails the AR implementation, which was a mobile AR App 

developed on iOS/Android platform at the initial stage. The App allows different communities of people to get access to 

the volumetric data visualized interactively and to conduct the onsite analysis collaboratively 

3.3 The AR Application 

The central part of the AR system is a mobile AR App developed to visualize the necessary information and 

support interactive and collaborative onsite data analysis of volumetric input. This App serves as an 

intermediary tool between the operators and the precise equipment, which is used for displacing the visualized 

information regarding the ongoing process. The operators can interact with the visualizations projected on the 

AR interface, with the mobility of merely holding a mobile device alongside the bulky equipment. As Figure 

4 illustrates, people from different communities, e.g., operators or researchers, have the capacity to 

interactively and instantly observe the information related to the process by simply activating the App without 

initiating other facilities. The App was developed via Unity and Vuforia engines, aiming at the present stage 

for iOS/Android portable devices such as smartphones and tablets. By pointing the camera of the devices at 

the precise equipment used for performing drying and heating, the App will then be activated, displaying a 

floating interface with the necessary information (figures, images, etc) virtually superimposed. The mobility 

of the AR interface provides users with available visualizations all the time when they move around the 

equipment which runs the designated process. 
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Figure 4. The realization of the proposed AR system. Users hold the handheld smartphones/tablets to run the AR App 

alongside the industrial setting. After the App activation, users can then observe the visualizations displayed on the AR 

interface. At present, the App is supported via iOS/Android mobile devices. The visualizations shown on the interface are 

multimodal, including the informative volumetric visualization (the upper right one) 

4. FINDINGS 

In our study, we present a preliminary AR framework to facilitate interactive and collaborative onsite data 

analysis regarding volumetric visualization in IPT systems. As a pioneer study in this context, our proposed 

AR system opens the new horizon of deploying this interactive technique into IPT by exemplifying an  

MWT-controlled microwave drying process. 

Interactivity. The most prominent advantage of this system is that the information visualization by the AR 

interface is completely interactive. By using the AR App after activation, a user can easily get instant access 

to the visualized data by observing the interface which incorporates the information needed for  

decision-making. In addition, users are offered the option of focusing on different visualizations on the premise 

that we have projected different modalities of data into the virtual interface. Our AR system provides a new 

perspective of interactive data analysis for benefiting IPT related users. 

Mobility. Another strength of this system manifests in its mobility. Generally, controlling and supervising 

an IPT related process requires implementation in specific and precise equipment and scientific laboratories, 

such as the drying apparatus and the HEPHAISTOS laboratory as mentioned before. Researchers who observe 

the data and analyze the ongoing process invariably conduct this work in dedicated computers located at 

different places. However, with this system they are empowered to hold a portable mobile device (a smartphone 

or tablet) with a running App to closely implement the data analysis beside the precise equipment. The mobility 

of our system highly reduces the time cost while improving the working efficiency. 

Information richness. The AR interface is used for displaying the significant information needed for 

boosting the decision-making of the industrial process. In our example, we showcase the visualized data 

characterizing the specifications of the process. Especially, we report the first AR application of bringing 

volumetric visualizations which contain the key information used for further analysis in IPT systems. For 

instance, in our MWT microwave drying process, an up-to-date volumetric visualization has the capability to 

reveal the parameters of the material and the operating situation of the equipment.  

Mutual collaboration. Our system enables in-situ collaboration by providing a virtual AR interface 

comprising different information (Figure 3). Under this setting, users from different communities, such as 

hands-on operators, academic researchers, and engineers, can independently conduct analysis by observing the 

corresponding visualizations and interact with each other on common problems as well. This shared mode 

International Conferences Interfaces and Human Computer Interaction 2021; 
and Game and Entertainment Technologies 2021

7



breaks the gap of different communities working separately then integrates them into a complete working loop. 

Through our system, users concentrating on distinct targets originally can jointly interact and discuss at the 

same location, simultaneously having the access to the same interface containing visualizations. 

5. LIMITATIONS 

While we have listed the superiorities of the proposed AR system, we must also acknowledge some deficiencies 

in this preliminary framework. Foremost, though we have set a precedent for bringing the AR technique to 

benefit IPT, we have not yet evaluated our system through a systematic user study to gain constructive and 

critical feedback. Obtaining early-stage findings has not been sufficient for formulating a reliable AR system 

which should be deemed as a supportive tool in industrial settings. Only those prototypes which are established 

and improved based on proper usability testing can be the real-time applications at this stage. That is, a 

comprehensive experiment of user aspects is mandatory for a constructive human-in-the-loop system, which 

is not included in this study. 
In addition, our preliminary system is implemented by a mobile App on portable smartphones or tablets. 

This setting can provide the fundamental AR experience for targeted users, but it limits the AR interface in 

small, bounded screens. Generally, a functional AR application elicits high interactivity and immersivity to 

users due to its property to put the virtual elements in front of people. The formulation of AR in handheld 

mobile devices to some extent hinders the essential advantages of AR, which should be tackled by introducing 

more advanced headsets that can make AR scenes more interactive and immersive.      

6. CONCLUSION 

In this paper, we present a preliminary AR system in the context of IPT to support volumetric visualization. 

The realization of the reported framework is conducted by a mobile AR App run on smartphones/tablets, aiding 

a specific MWT controlled industrial microwave drying process. We successfully prove that this novel system 

brings new conceptualization in this domain, by offering interactivity and mobility on users’ in-situ data 

analysis and visualizations. Moreover, we emphasize that our AR system pioneers the volumetric visualization 

in IPT, thus increasing the information richness in this interdisciplinary area. The emergence of this system 

facilitates mutual collaboration by integrating different communities of users into joint discussions and 

interactions at the same location. This working mode greatly promotes the synergy pertaining to data analysis 

and visualization in IPT systems. 
In future work, the priority will be involving constructive usability and usage testing, e.g., designing a 

systematic user study by engaging adequate people to perform specific tasks in our AR system, collecting 

feedback, and revising the system correspondingly. In addition, prototyping on advanced AR equipment such 

as Microsoft HoloLens or Magic Leap headsets will be another concentration, which should break the limit in 

screen displaying and yield higher interactivity and immersivity for targeted users. 
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