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Wearable-based Curb Detection for PD using Fast Plane Extraction  
 
Background  

Parkinson’s disease (PD) is a disorder of chronic neurodegeneration that causes signifi-
cant disability and reduces quality of life. PD precipitates not only motor impairment but also 
sensorimotor malfunction. PD patients often exhibit severe visual dysfunction in the absence of 
cognitive impairment. Visuospatial disturbances relevant to orientation are among the most trou-
bling problems. It affects complex visual function and can manifest in many ways, such as diffi-
culty in judging verticals, estimating the position of body parts, carrying out route-walking, and 
even visually scanning environments. In addition, Parkinson’s disease disturbs the understanding 
of motor and perceptual task timing, i.e., the ability to temporally process sensory information. 
Visual perception problems are believed to cause difficulty in tracking fast moving targets, as ex-
ploring and judging spatially relevant environmental cues is impaired and therefore hinders the 
ability to pair motor activity (human response). Links between visual dysfunction and falls are 
ever-present, but, in Parkinson’s disease, when compounded by mobility limitations secondary to 
motor impairment, the situation becomes dire. We aimed to address this critical need by leverag-
ing advanced wearable technologies that autonomously map a user’s ambient environment and 
synthetically augment a PD end user with pertinent hazard information, maximizing safety and 
mitigating fall risk. 
 
 
Approach 

Given recent progress in neural networks and deep learning, many achievements have 
been made in image detection and computer vision. Combining machine learning with camera 
sensors that are able to extract depth information in a three-dimensional setting, a computer-
vision based smart wearable system that works biomimetically to human eyes can be realized. 
Previous work has demonstrated success in the following related domains: multi-sensor platform 
for object detection (Rizzo et al. 2017), wearable assistive technology for door knob detection 
(Niu et al. 2017), as well as edge detection and categorization (Yu et al. 2017). This project 
focuses on providing an integrative platform that uses advances in sensors, actuators, and micro-
electronics. The ability to acquire large amount of data with high-speed processing unleashes 
state-of-the-art pattern recognition, enabling wearables to provide feedback signals to the end 
users in real time. While indoor settings pose challenges, outdoor settings are often much more 
complex and dynamic, but must be considered for a comprehensive approach, particularly one 
that realizes curbs as an imminent threat. With the focus on curbs, the boundary between roads 
and sidewalks, the device can guide the users through crossings more safely and efficiently. 
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Methods 
Hardware Implementation 

A platform was fashioned that integrated stereoscopic camera sensors into custom 
mounts on a hiking backpack. Considering the anthropomorphic differences of end users, two 
elastic straps were used to connect sternal and shoulder mounts so that the width of the mounting 
system could be modulated based on chest width and preference. The mounts, which were 
sliding and pressure fit, are easy to assemble, disassemble, and maintain. To increase the 
versatility and maneuverability of the mounting platform, the angle of the shoulder sensors was 
designed to be adjustable by a screw cap-ball joint design.  

A sub-modeling and tolerance study of the ball-joint design was performed based on the 
an ideal material that could be easily manufactured through an additive process (3D printing with 
ABS plastic). Through rapid prototyping of the ball joints, repeated printing, and parameter 
modulation, such as socket and ball size, socket shape, screw thread tolerance, ball joint 
flexibility and fixation, all aspects were optimized. 

The ZED mini camera from Stereolabs was used to record the videos, and depth 
information was converted to organized point cloud data file using the ZED SDK. Fast plane 
extraction using Agglomerative Hierarchical Clustering (AHC) (Feng [2018] 2019) was applied 
to recognize different planes around curbs. To run the program via a ZED camera rig, the 
ZED_PCL sample (Dujardin, Yver, and Kim [2015] 2019) was modified to incorporate 
plane_fitter.cpp and plane_fitter_pcd.cpp from AHC was implemented. Initial parameters of 
camera resolutions and data quality were adapted from plane_fitter_pcd.ini. 

The vibration belt was previously developed by the Rizzo lab, offering tactile feedback of 
the curb position, in addition to audio output of the spatial position (bone conduction headset) 
(Shoureshi, Rizzo, and Hudson 2016). 
Software Implementation 
OS: Ubuntu 18.04 (Linux) 
GPU: GeForce GTX 1060/PCIe/SSE2 
Prerequisites: OpenCV, PCL 1.8 package, CUDA Toolkit 10.0 (exact version), ZED SDK 
(V2.8.4), CMake 
 
Results and Discussion 
Wearable Device 

The physical platform/instrumented backpack with cameras is shown below in Figure 1.   
Curb Detection 
 The software, in real-time, was able to successfully recognize curbs, as the plane 
differentials are observed in the street views and color-coded plane-extraction maps provided in 
Figure 2. Please note the yellow to blue/green color differentiation in the upper right-hand 
quadrant or the blue to purple differentiation in the lower right-hand quadrant. As smoothing 
operations are performed and these differentiation points are matched with depth in the point 
cloud, the walk-safe navigator is poised for deployment. 
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Figure 1 Camera Mounting Platform 
Picture on the left shows the CAD design of the mounts, with the center ZED camera and two side ZED minis. 
Picture on the right shows the prototypes printed by Stratasys Dimension Elite. 
 

 
Figure 2 Plane Segmentation on Street Videos 
Two groups of data were obtained and compared. Different planes were color coded. There was a rough separation 
between the road and the sidewalk. The curb position was not clearly shown in the resulting segmentation. 
 
Conclusion 
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 A robust platform has been created to assist the PD with curb detection, a significant yet 
modifiable issue that unquestionably contributes to fall risk. Initial results are very encouraging 
and creates bedrock for future steps; these include improvements to the quality of the plane 
segmentation by altering the camera resolution and processing time, as well as the tuning the 
parameters of the algorithm. 
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