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INTRODUCTION 

Systems which digitize the 3D foot shape deformation during 

gait are still in development [1, 2]. Based on current research, 

commercial products are now available for scanning a static 

human foot, such as IFU from I-Ware Laboratory [7]. 

 

In the literature, most of the systems use laser scanners, 

multiple video cameras, motion capture systems or projector-

camera sets to measure feet, which can provide high accuracy 

measurements with sub-millimeter error. However, the 

shortcomes of these systems are the following:  Laser scanners 

are accurate, but not suitable for capturing dynamic sequences 

(mechanical moving parts are needed). Multiple video 

cameras and multiple pairs of projector-camera systems 

require accurate correspondence between images (stereo 

vision approach) which cannot be solved easily [2]. Motion 

capture systems are limited by the number and density of 

markers. In this paper, we present a new method to measure 

the human foot using multiple Time-of-Flight (ToF) cameras.  

 

This study shows that the ToF camera is suitable for capturing 

the foot data and overcome the disadvantages of the existing 

systems. 

 

METHODS 

The ToF cameras are high speed Lidar devices (up to 50 

frames per second) [3]. The distance information is read 

directly without further calculation, which makes the 

processing time short compared to other measuring devices. 

Since ToF cameras have a high frame rate and low 

computation requirement, they are ideal equipments for 

capturing dynamic sequence. 

 

The proposed measurement system uses three SR-4000[6] ToF 

cameras. The resolution of the cameras is 176 144 pixels. 

The cameras are located at different viewing positions. The 

bottom camera looks up through a safety glass and takes 

pictures of the foot sole. Two satellite cameras placed on each 

side (top-left and top-right) digitize the foot dorsum (see 

Figure 1). 

 

The ToF cameras are calibrated and registered [4] to a 

common coordinate system. Therefore, the depth information 

captured by the system can be merged into one 3D point 

cloud. The point cloud is not uniformly sampled due to the 

observation angles of the individual cameras. However, those 

sparse areas can be interpolated by using their neighbor points. 

In this manner, we reconstruct the surface of the object using 

Poisson surface reconstruction [5]. This 3D surface is shown 

and analyzed in the next section. 

 

 
Figure 1: Setup with multiple ToF cameras. The bottom 

camera is placed below the glass plate. The field of view is 

40cm (Length) x 20cm (Height) x 20cm (Width). 

 
During our study, we used different kinds of objects to 

evaluate the accuracy and the reliability of our system. We 

measured several standard objects such as cubes and cylinders. 

In these cases, ground truths of the objects are already known 

(manual measurement). The comparison between ground truth 

and our measured result are based on Iterative Closest Point 

(ICP) algorithm. 

 

Besides, we also wanted to compare static and dynamic feet. 

Unfortunately, determining ground truth for a human foot is 

still a challenge: the foot shape changes over time due to 

weight bearing. Therefore, we use a shoe last. A comparison 

of the foot shape is done between our 3D foot scanner and a 

laser scanner. 

 

RESULTS AND DISCUSSION 

Firstly, we collect data for cubes and cylinders. All the objects 

are located with their biggest dimension parallel to the z-axis 

of our system (see Figure 1). The comparison between our 3D 

reconstructed surface and the ground truth is shown in Table 

1. The mean error of our system along z-axis is 0.51mm and 

0.67mm along x-axis and y-axis.  
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Secondly, we measure a shoe last. The model is placed as the 

foot in Figure 1. To evaluate our system, we compare each 

point of our result to the most similar point of a laser scanner’s 

result. The differences are mainly on the malleolus part (see 

Figure 2). The ground truth for the shoe last does not exist and 

the accuracy of the laser scanner is unknown. Nevertheless, 

the comparison of our results and the laser scanner results 

show a mean error of less than 1.0mm. 

 

We also did measurements with dynamic and static human 

feet. For each sample, a sequence of images is captured by our 

scanner and a specific stance phase [1] to calculate parameters 

of the foot is isolated. A result for Fore Foot Flat (FFF) 

contact is shown in Figure 3. Since there is no ground truth for 

the feet, we are limited to measure the foot length and the 

breadth. Compared to traditional methods (Brannock device), 

the mean difference value is less than 1.5mm. 

 

 

Figure 2: The difference between our system and a laser 

scanner. The dark green area indicates an error smaller than 

1mm. In malleolus part, blue area shows an error around 

1.5mm. 

 

CONCLUSIONS 

In this paper, we have shown that our system is able to capture 

and reconstruct feet or equally sized objects. The mean error 

(compared to ground truth) is less than 1mm. The 

measurements provided by our system are similar to the laser 

scanner system, which makes our system comparable to 

standard methods. 

 

Further work is needed on the following aspects. Our scanner 

allows the visualization of foot shape deformations during 

gait. However, quantification of these deformations is not yet 

available. A definition of clinically relevant parameters is 

needed. 

 

Figure 3:  A result for the Fore Foot Flat contact of a foot by 

our 4D Dynamic scanning system. Automatic foot 

measurement is produced (foot length, heel width, metatarsal 

to pternion distance, ball breadth, maximal toebox height, 

etc…). Measurements are based on an automatic feature 

extraction of anatomical points such as pternion, lateral and 

medial ankle, metatarsal 1 and 5. The foot is reoriented 

lengthwise. 
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Table 1: Measurement error (in millimeter). 

 

 Length(z-axis) Height(y-axis) Width(x-axis) 

Object Ground truth  Mean error Ground truth  Mean error Ground truth Mean error 

Cube small 197.1   0.25  90.0  0.23 90.8 0.29 

Cube big 200.0   0.50  149.9 0.45 150.0  0.61 

Cylinder 196.9  0.51 90.5  0.67 90.5  0.67 
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