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INTRODUCTION  
The infrastructure in the energy industry includes several types of large, curved vertical structures 
such as cooling towers, nuclear containments and hydroelectric dams, as shown in Figure 1. 
Inspections of these structures are often performed manually by means of scaffolds. Automating such 
inspections will reduce time and costs, make them more efficient, increase inspection frequency and 
reduce safety risks.  
EPRI has evaluated different types of technologies and their technology readiness level and concluded 
with the selection of a device that could be adapted to a variety of needs. The device identified did not 
include a positioning system or an NDE device, which was integrated into the crawler by modifying 
existing technologies. During the fall of 2012, a demonstration took place of the crawling device with 
a mapping and positioning system and an attached air-coupled NDE device. This presentation 
highlights the process of searching for a suitable device and concludes with the demonstration of its 
capabilities.  
 
DEPLOYMENT  
The current inspection practice requires manual access to the structures, typically via scaffolding. The 
process is difficult, time consuming and potentially unsafe. Improved concrete inspections are a high 
value to coal plants, nuclear plants and hydroelectric concrete dams. The availability of automated 
concrete inspections will translate into faster and less costly inspections of vertical structures. This 
will allow for easier and more frequent inspections that will be probably needed as plants age.  

 

 
 

Figure 1 – Large, curved, vertical structures are common in the energy industry 
 

Technology exists to inspect horizontal concrete structures such as bridges and roads with a rolling 
automated device [1]. However, the challenge lies in vertical and curved concrete structures. These 
structures could be inspected by using an automated device that moves on the surface attached to it by 
using some adhesion mechanism such as vacuum. Such a device could expedite the inspection process 
and reduce its costs. 
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The ideal device should be rugged enough to withstand field use outdoors, have a battery or 
independent power supply, be able to carry a device for non destructive tests in concrete, and be able 
to move over a rough concrete surface.  
The objective of this project is to evaluate the feasibility of using an automated device for NDE tests 
in vertical concrete structures, perform a small scale field test and develop a strategy for 
demonstration of the technology.  
 
SEARCH FOR AVAILABLE TECHNOLOGIES  
The first step in automating large civil infrastructure inspections was to search on other industries, in 
the US as well as internationally, for devices that could be adapted to this need. For this purpose, a 
request for proposals was launched.  
The request for proposals invited proposals for a remote controlled vehicle to inspect the surface of 
large vertical concrete structures. Furthermore, the ideal technology would:  
• Be able to move vertically on a concrete surface;  
• Be able to move over a rough concrete surface;  
• Be able to move over concave and convex surfaces;  
• Have positional control over surface including record of coordinate data;  
• Be able to carry a device to perform nondestructive examination (NDE) tests;  
• Be rugged enough to withstand field use outdoors resisting some exposure to some rain and 
humidity  
• Preferably have a battery or independent power supply for 3-4 days of use.  
 
EVALUATED TECHNOLOGIES  
Forty three responses were submitted after the period of open request. These included 18 replies from 
industry and 15 from academia. Figure 2 shows pie charts with the detailed distribution of all 
respondents and the geographic distribution of the answers.  
The request for proposal required that the technology readiness be disclosed. The technologies 
rediness of the responses ranged from conceptual to prototypes, and with several responses having 
technologies that were already commercialized.  
The request for proposal described the requirements without specifying the approach. The respondents 
provided three basic approaches: a) flying vehicles; b) crawling vehicles; and c) cable-guided or cable 
driven vehicles. Figure 3 shows the responses classified according to the basic approach used to 
contact the vertical structure.  
 

 
Figure 2 – Types of responses and geography 
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Figure 3 – Types of responses by approach 

 
SELECTED APPROACH  
The team composed of SouthWest Research Institute (SWRI) and International Climbing Machines 
(ICM) was selected among the 43 respondents. The selected approach met most of the requirements in 
the request for proposal and it was chosen due to its robustness and its potential.  
The mechanism used by ICM’s device to attach to the concrete wall is vacuum. This patented system 
uses a central vacuum chamber surrounded by a rolling foam seal that provides both a seal and 
propulsion. The vacuum chamber generates in excess of 225 pounds of adhesive force on a wide 
range of surface materials. The system is capable of traversing most surface types, including ferrous 
and non-ferrous metal, composites, and concrete and brick structures. It can adhere to convex, 
concave, and overhanging surfaces, and can even navigate gaps, seams, and obstacles on the surface 
such as conduit. Example applications are shown in Figure 4.  
The ICM Climber is operated via a hand-held remote controller and requires a tether with a fall 
protector (heights less than ten feet may not require a fall-protector). ICM has developed several 
versions of their fall-protector and belay system that automatically maintains proper tension on the 
safety cable. The climber is inherently a remote-controlled device, but for large-scale inspection tasks, 
precision position information is needed to be able to map the location and path of the vehicle.  
 

 
 

Figure 4 – Example applications of selected device 
 

LOCATION AND POSITIONING SYSTEM  
SwRI developed and integrated a Simultaneous Localization and Mapping (SLAM) system for the 
ICM Climber that is capable of generating and displaying the vehicle position and a 2D map of the 
structure. The SLAM code is an open source code developed by UT Darmstadt.  
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The SLAM system includes an Inertial Measurement Unit (IMU) fused with a scanning laser range 
finder (LIDAR) that provides high accuracy measurements. The system is modular so that it could be 
installed on any platform and be battery powered.  
 
DEMONSTRATION  
The objectives of the demonstration were to verify the core mobility technology that permits 
controlled access to a wide range of concrete structures and geometries; and to verify the positioning 
and tracking system that provides location information.  
Additionally, the University of Texas at Austin (UT) demonstrated their air-coupled impact echo 
inspection technology mounted in the crawler. This system is relatively simple to implement on the 
Climber since it is non-contact (except for the impact hammer) and only requires a parabolic 
microphone be attached to the machine. For this demonstration, the impacts were generated manually 
using a small hammer and data was collected via an existing UT data acquisition system. The position 
information provided by the SLAM system could be correlated to the inspection data to generate 
defect maps.  
The ICM climber with the positioning device (SLAM) and the air-coupled impact echo is shown in 
Figure 5. A video of the demonstration can be seen by scanning the QRcode or at 
www.youtube.com/EPRIvideos. 
 

 
 
Figure 5 - ICM climber with the positioning system and the air-coupled impact echo device installed 

– Use QR code to see the video of the demonstration. 
 
CONCLUSIONS  
The demonstrated climber and NDE sensor system seem to be well suited to large, relatively flat, 
concrete structure inspection. The mobility of the platform is good and capable of traversing rough 
surfaces and even small obstacles. The NDE sensor was shown to be tolerant of variable positioning, 
operational while moving, and insensitive to ambient and vacuum noise. The positioning system was 
shown to be accurate enough for structural mapping. The integrated platform appears to have strong 
potential to significantly improve the efficiency, cost and safety of concrete structure inspection.  
The demonstration system is considered to be a prototype feasibility demonstrator, with a system 
technology readiness level of approximately TRL 5. The climber is commercially available (TRL 9), 
but the positioning and sensing subsystems are TRL 4 or 5. Thus, further testing and development is 
needed.  
The demonstration was conducted in a controlled environment. A follow-up demonstration at a hydro 
dam took place in July 2014, with excellent results and allowing EPRI to move forward with this 
concept.  
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