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Unmanned construction, which involves the teleoperation of construction machinery, has been introduced to 

areas affected by disasters such as earthquakes and volcanos. Such areas may be too dangerous for humans to 

enter. The unmanned construction machinery is controlled remotely by operators watching the views from 

cameras installed at the disaster sites. The crucial problem with unmanned construction is low efficiency; 

specifically, the work efficiency of unmanned construction is less than half that of ordinary on-board operation. 

Therefore, improving the efficiency of teleoperating heavy machinery under unmanned construction is crucially 

important. This thesis focuses on visual information for three cognitive reasons. First, humans acquire 70% of 

their information through their vision. Second, problems related to visual information are the most important in 

unmanned construction. Third, teleoperators mainly attend to visual information, ignoring other information for 

up to 30% of their teleoperation time. 

Several researchers have developed visual support systems that provide information other than the simple 

images captured by machinery cameras. For instance, third-person views can be provided by drones or image 

processing, external cameras can be controlled to follow work states (e.g., grasping and releasing), and 3D and 

wide cab views can be obtained. These studies have provided various information to teleoperators. 

However, as most of these studies do not consider human cognition characteristics, the systems impose 

excessive cognitive load on teleoperators. In previous studies, all information was provided to the operator 

during operations, requiring the teleoperators to simultaneously control the remote machinery and plan the 

moving paths and trajectories of the machinery arms. View systems to provide environmental information in 

advance are required to help the operators to plan their moving or grasping actions, reducing their cognitive load 

by removing the need to plan while working. Moreover, the techniques of previous studies provide no intuitive 

views (e.g., camera placement), although arbitrary third-person views are available. Furthermore, providing 

excessive information can cause cognitive tunneling, which focuses the teleoperators’ attention on specific views 

while ignoring other views. Teleoperators are required to change their views depending on the work states. 

Therefore, a visual interface that avoids cognitive tunneling and attracts the operator’s gaze to views appropriate 

for the work states is important to improve work efficiency. 

In this thesis, the author develops a view system based on human cognition characteristics. In particular, the 

author addresses the following three technical challenges: (i) developing a view system that provides 

environmental information in advance, (ii) investigating the optimum and allowable camera placements, and (iii) 

developing a visual interface that avoids cognitive tunneling. The thesis is divided into five chapters. 

Chapter 1 summarizes the unmanned construction system, the problems of unmanned construction, and the 

causes of low efficiency (the crucial problem of unmanned construction). The importance of visual information 

in enhancing the work efficiency is also explained. Related studies on visual information, the limitations of these 

studies, and the purpose of the present study are highlighted. 

Chapter 2 develops a prior view system for inputting environmental information based on the characteristics 
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of a cognitive map, defined as a mental representation of the area. Cognitive maps can be roughly divided into 

two perspectives: survey and route perspectives. In the prior view system, the survey perspective is obtained 

through the third-person view of an arbitrary viewpoint, and the route perspective is obtained by a subjective 

view that can be changed by the teleoperator. Experimental results proved that the proposed prior view system 

can improve the quality and quantity of cognitive maps of important landmarks, including the target objects. 

Therefore, plans can be easily implemented in the proposed system. The acquisition of the survey perspective 

enables total planning, while the acquisition of the route perspective enables partial planning and improves the 

work efficiency. However, as some operators can forget their planned paths and trajectory, the author developed 

an augmented reality reminder which improves the work efficiency and eases the cognitive load. 

Chapter 3 proposes an optimum and allowable camera placement for manipulation tasks. External views are 

essential even when teleoperators can watch wide 3D cab views. The author hypothesized an optimum and 

allowable area based on canonical views, which provide the highest performance in object recognition. 

Canonical views are characterized by minimal occlusion and an allowable rotation range of ±30°, and are almost 

unaffected by object size. Thus, the optimal pan and tilt angles were expected as 90° because this angle gives the 

canonical view. Meanwhile, the allowable pan and tilt angles were hypothesized as ±30° to match the allowable 

rotation angles of the canonical views. The optimal and possible positions of the camera placements in 

manipulation tasks were experimentally investigated in a scale model and an actual machine with novice and 

skilled teleoperators as subjects. The experimental results are discussed and summarized. The results are 

applicable to camera-placement optimization in actual unmanned construction. 

Chapter 4 develops a visual interface that avoids cognitive tunneling during teleoperation. Cognitive tunneling 

is caused by (i) focusing on views with high visual saliency, and (ii) low visual momentum. Visual saliency 

defines the ease of attracting a human’s attention to an area, and visual momentum indexes the ease of 

integrating information through view transitions. The developed visual interface increases the visual momentum 

and attracts the teleoperator’s eyes to views with low visual saliency. The visual momentum can be enhanced by 

including the same landmarks in the views of each work state. Moreover, human attention tends to focus on 

objects that vibrate at a specific frequency (5 Hz) in the effective field of view (±30°). Thus, whenever the 

work-state changes, the proposed interface displays a different external view within the teleoperator’s effective 

viewing field, and vibrates it at 5 Hz for 0.5 s to capture the teleoperator’s attention. The experimental results 

indicated that the proposed view system can decrease cognitive tunneling and improve the work efficiency in 

tasks requiring precise operations, such as grasping. 

Chapter 5 summarizes the thesis and discusses the practical implementations of the proposed systems. 

The developed view system is based on human cognition characteristics. A prior view system that inputs 

environmental information based on the characteristics of cognitive maps was first proposed. Next, an optimum 

and allowable camera placement based on the characteristics of canonical views was proposed, and was 
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investigated in a scale model and on actual machinery. Finally, a view interface that avoids cognitive tunneling 

by increasing the visual momentum and lowering the visual saliency of views. The effectiveness of the proposed 

view system was evaluated in experiments using a simulator, a scale model, and an actual machinery. 
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