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Abstract. The development of RABIT (Robotics Assisted Bridge Inspection Tool) 
for bridge decks was driven by the need for a tool that can provide their rapid, 
accurate and economical condition assessment. Since bridge decks are deteriorating 
faster than other bridge components, they represent far the highest maintenance, 
rehabilitation and replacement expenditure in bridge owner budgets. The most 
common issues of concrete bridge deck deterioration represent rebar corrosion, 
delamination and overall concrete quality degradation, which can be detected and 
accurately described using multiple nondestructive evaluation (NDE) technologies. 
The RABIT implements four NDE technologies: electrical resistivity (ER), impact 
echo (IE), ultrasonic surface waves (USW) and ground-penetrating radar (GPR). 
The ER and GPR methods are contributing to the assessment of corrosive 
environment and to it related anticipated corrosion rates, The IE method is the 
primary delamination evaluation tool, while the USW method is enabling evaluation 
of concrete quality through a concrete modulus measurement. In addition, GPR 
enables mapping of rebars and measurement of concrete cover. Finally, the RABIT 
uses two cameras to take high resolution images of the deck surface to document 
visible defects and previous repairs. The speed and reduced cost of deck inspection 
by RABIT is achieved through the use of sensor arrays or multiple probes, and a 
fully autonomous data collection, The main components and operation of the 
RABIT system are described, and typical results illustrated by condition maps and 
indices from a survey of a bridge in Virginia, U.S.A.  

1. Introduction  

The United States' Federal Highway Administration (FHWA) has initiated in 2009 Long 
Term Bridge Performance (LTBP) Program with an ultimate objective of helping the bridge 
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owners in better understanding bridge performance and deterioration. With this goal in 
mind, a significant part of the LTBP Program encompasses collection, maintenance and 
management of high-quality quantitative performance data from representative samples of 
bridges nationwide. From a long list of bridge performance issues, the performance of 
concrete decks was identified to be the top priority issue. The reason is faster deterioration 
of concrete decks than other bridge components, primarily due to their direct exposure to 
traffic and environmental loads, requiring significant financial resources for their 
maintenance, rehabilitation and replacement. 

The LTBP Program will periodically collect data on hundreds of bridges organized 
in clusters, small groups of similar bridges with respect to ascertain influences, such as 
design, traffic load, climate, maintenance practice, etc. While it was demonstrated in the 
Pilot Phase of the Program that manual NDE technologies can provide valuable quantitative 
data regarding the bridge deck condition, those would not be economical for periodical 
evaluation of hundreds of bridges. Therefore, the LTBP Program invested into the 
development of a fully automated robotic system RABIT that integrates all essential NDE 
technologies for condition assessment of concrete bridge decks. The following sections 
provide a description of RABIT's components and operation, and illustrate the benefits of 
RABIT testing with the results from a survey of a bridge in Virginia, U.S.  

2. RABIT Components, Operation and Performance  

2.1 Components  

The RABIT is a fully autonomous robotic system for NDE of concrete bridge decks. It 
integrates four NDE technologies and high resolution imaging of the deck surface and 
overall bridge environment. The RABIT and its main components are shown in Figure 1. 
The robotic platform is Adept Mobile Robots' Seekur robot, approximately 1.5 m long, 1.25 
m wide and about 1.1 m high without sensors. Two acoustic arrays and four electrical 
resistivity (ER) probes are mounted on the front deployment system. The two acoustic 
arrays contain multiple impact echo (IE) and ultrasonic surface wave (USW) devices. The 
IE is test is used to detect and characterize delamination [1], while the USW method is used 
to evaluate concrete quality by measuring concrete modulus [2]. Each of the acoustic arrays 
contains seven sensors (accelerometers) and four impact sources, enabling up to eight IE 
tests, and up to six USW measurements. The acoustic arrays are 90 cm wide. The four ER 
probes are of Wenner type. The ER testing is used to describe the concrete's corrosive 
environment, and to it correlated expected rebar corrosion rates [3].  
 There are two ground penetrating radar (GPR) arrays mounted on the rear 
deployment system. Each of the GPR arrays has sixteen antennas, eight pairs of antennas of 
dual polarization. The GPR is used for multiple purposes. The primary purpose is the 
overall, qualitative condition assessment of the deck. Correlations with other methods 
indicate that the condition map in most cases describes well the corrosive environment. In 
cases of primarily corrosion induced deterioration, the GPR enables detection of 
delamination [4]. In addition, the GPR is used to detect and map all metallic objects, most 
importantly the rebar mesh, and to measure the rebar concrete cover. There are two cameras 
on the front end of RABIT. The cameras capture high resolution images of the deck 
surface. Finally, there is a panoramic camera with three hundred sixty degree mirror 
(Figure 2) attached to the mast in the middle of the robotic platform. The mast can 
pneumatically lift the camera up to a 4.5 m height to capture images of wider bridge deck 
areas. A summarized information about the RABIT's sensor components is provided in 
Table 1, while their close-up views are shown in Figure 2. 



3 

 
 

Fig. 1. RABIT and its main NDE and navigation components. 
   

Table 1. RABIT Sensor Components  

NDE Technology  Manufacturer and Model Number of Arrays and Devices and Characteristics  

Impact echo  

USW 

GPR 

ER 

– Geomedia Research and 
Development 

– IDS, Hi-Bright  

– Proceq, Resipod 

– 2 arrays, 8 IE devices each  

– 2 arrays, 8 IE devices each 

– 2 arrays, 16 antennas of 2 GHz center frequency each 

– 4 Wenner type probes with 50 mm electrode spacing 

2.2 Operation  

The RABIT data collection is fully autonomous. The navigation, with an accuracy of less 
than 5 cm, is enabled through a fusion of three navigation systems. The primary system is a 
differential global positioning system (DGPS). The robot uses three GPS antennas for the 
navigation, two antennas mounted on the RABIT, and one antenna on a tripod - the base 
station. The two additional navigation components include an inertial measurement unit 
(IMU) and a wheel mounted distance measurement unit (DMI). The data from the three 
navigation systems is fused using Kalman filter to support accurate and stable RABIT 
motion. The path planning requires taking of GPS coordinates on at least three points on 
the area of the deck to be surveyed.  
 Once the path is fully defined, the RABIT will collect data along the planned path 
and in prescribed increments, most commonly 0.6 m. It should be mentioned that the data 
spatial resolution in the deck's transverse direction is significantly higher due to a large 
number of sensors. Particularly, the spatial resolution with respect to the IE and GPR data 
will be on the order of 13 cm, with respect to the USW on the order of 18 cm, and with 
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respect to the ER data on the order of 45 cm. The width of the surveyed area during a single 
RABIT pass matches the total width of sensor arrays, 1.8 m, or the half width of  a typical 
driving lane of 3.6 m. Because of the omni-directional wheels, the RABIT will spin in place 
180 degrees at the end of each survey strip, and translate to the next survey strip. The 
RABIT's movement and data collection are monitored from a command van. The van is 
equipped with a high performance computer and multiple monitors to display all the data 
being collected by RABIT. The data are streamed to the command van computer, and some 
of it is analyzed and results displayed in near real time. The command van is also serving as 
the RABIT transportation vehicle. The RABIT is unloaded from, or loaded on the 
command van, using a pair of foldable ramps. The RABIT's sensor arrays are tilted to the 
position matching the width of robotic platform during the transportation.   

 

 
 

Fig. 2. RABIT's NDE sensor arrays and devices, and deck surface and panoramic imaging cameras. 

2.3 Performance  

It takes about 30 to 60 minutes to deploy the RABIT on a bridge. The deployment involves 
unloading of the robotic platform, taking of GPS coordinates by the GPS base station, and 
collection of GPS coordinates at minimum three points on the deck using a portable cart 
with a GPS antenna. Once the RABIT is in motion, it can collect data at a production rate 
of 350 to 450 m2 of the deck area per hour. This is about three times higher production rate 
than the rate of a five member team using the same four manual NDE technologies. The 
production rate depends on the length of the bridge and, thus, the number of turns robot 
makes. The RABIT's batteries can support data collection of about four to five hours. Since 
the RABIT uses a fine water spraying system to keep ER probe electrodes moist to 
establish electrical coupling with the deck surface, the water tank needs to be refilled every 
400 or so square meters. In a typical lane closure interval of five hours, the RABIT will 
cover between 1000 and 1200 m2 of deck area. 
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3. Sample RABIT Survey Results  
 
3.1 Bridge Description 

 
The surveyed deck is on the northbound bridge on U.S. Route 15 over Interstate 66 (I-66) 
in Haymarket, Virginia (structure number 14180). The bridge is a two-span (Figure 3), six-
girder steel built-up superstructure with a bare, cast-in-place 20 cm thick reinforced 
concrete deck. The top reinforcement mat is made of epoxy coated rebars, while the bottom 
mat has bare rebars. The deck is 84.1 m long and 12.8 m wide with barriers, and has a skew 
angle of 17 degrees..It has two 3.6 m wide traffic lanes and a 3 m wide shoulder on the 
right side, and about 1 m wide shoulder one the left side. The bridge was constructed in 
1979.  

 

 
 

Fig 3. View of US Route 15 over I-66 Bridge in Haymarket, Virginia.  
 
3.2 NDE Survey Results 
 
The RABIT survey of the deck of Haymarket Bridge took place in May of 2015. It took a 
single 5-hour lane closure to survey the bridge. All the mentioned NDE technologies were 
deployed and data collected and analyzed. The deck condition with respect to corrosion, 
delamination, and concrete quality is presented in terms of condition maps, and 
summarized in terms of condition indices. 
 
The condition maps for the Haymarket bridge for the four NDE technologies are shown in 
Figure 4. Hot/warm colors, reds and yellows, for each of the technologies are an indication 
of advanced deterioration or presence of defects in those areas. Opposite to it, cold and 
neutral colors, blues and greens, are indications of a sound condition or areas with minor 
signs of deterioration. A closer review of the maps points to correlations between the 
results from four technologies. The most prominent one is the correlation between the ER 
and GPR results. The good correlation can be explained by the common influencing factor, 
the concrete's electrical conductivity. In the case of ER, the conductivity is the inverse of 
resistivity, while in the case of GPR the electrical conductivity is highly influencing 
attenuation of electromagnetic waves. The correlation with other technologies, while not as 
pronounced, still can be recognized, especially in the zone 50 to 70 m in the longitudinal 
direction. The correlation also points to corrosion as the primary cause of deterioration. 
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Fig. 4. Condition maps for the Haymarket Bridge. From the top to bottom: delamination map from IE, 

concrete modulus map from USW, electrical resistivity and to it correlated map anticipated corrosion rate 
map from ER, and GPR based condition map. 
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The overall condition of the deck is described in terms of a condition index. The 
condition index for each of the technologies is described as a weighted average of the areas 
in different states of deterioration. On a scale 0 to 100, 0 represents the worst and 100 the 
best condition. The expressions for the delamination condition index from IE, corrosion 
condition index from ER, and the GPR based condition index are described by the 
equations below 

                                                                 

                                                                       

                                                   

 
where AGood, AFair, APoor, and ASerious are the areas in "Good", "Fair", "Poor", and "Serious" 
conditions in IE, respectively as described earlier in Figure 4, AVery Low, ALow, AModerate, and 
AHigh are the areas with ER in their ranges of > 40 kΩ∙cm, 25-40 kΩ∙cm, 10-25 kΩ∙cm, and 
< 10 kΩ∙cm, respectively, AG, AF, AP, and AS are the areas with the signal attenuation 
(normalized dB) ranges of > -15, -15 to -17, -17 to -20, and < -20, respectively in GPR 
measurements, and ATotal is the total surveyed area. The weights can be modified for each of 
the technologies depending on the experience or perceived significance of each condition 
state. The concrete quality is described by the average modulus and its standard deviation. 
The condition indices for IE, ER and GPR are summarized in Table 2, while the concrete 
modulus values from USW are provided in Table 3. 
 

Table 2. Condition Indices from IE, ER and GPR  
 

IE Condition Index 
Distribution (%) 

Good Fair Poor Serious 

62.0 44 26 10 20 
 

ER Condition 
Index 

Distribution (%) 

Very Low Low Moderate High 

67.1 48 19 15 18 
 

GPR Based 
Condition Index 

Distribution (%) 

Good Fair Poor Serious 

38.6 9 16 46 29 

 
Table3. Concrete Modulus form USW  

 

 
 
 

USW Modulus Distribution (%) 
Mean E (GPa) Stdev (GPa) 

> 30 GPa 20 – 30 GPa < 20 GPa 

47 42 12 28.91 6.83 
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4. Conclusions  

The RABIT successfully integrates a robotic platform and multiple NDE technologies to 
provide comprehensive, fast and economical condition assessment of concrete bridge 
decks. The high production rate is enabled through fully autonomous movement and use of 
NDE sensor arrays or multiple NDE devices. The fast data collection also reduces the direct 
and indirect costs associated with lane closures and traffic interruptions. Equally important, 
data collection by RABIT reduces the risk of bridge inspectors due to exposure to passing 
traffic. Finally, RABIT opens opportunities for periodical evaluation of concrete decks on 
large populations of bridges and, thus, collection of data critical for development more 
realistic deterioration, predictive and life cycle cost models.   
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