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To ensure a comfortable ride on vehicles, a pothole detection technique from the rear LED shapes of the forwarding vehicles (FWVs) is proposed in this document. A mathematical approach using OCC as well as a more accurate NN-based approach is explained in the following sections.
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Figure 1. A general on-road scenario for OCC-integrated intelligent transportation system.
Four on-road scenarios are considered here, i.e., the vertical distance between FWVs and FLVs can increase or decrease, the FWVs can move laterally, the FWVs can turn either left or right, and any of the wheels of the FWV can run over a pothole. In the first two cases, both rear LED sizes remain equal, but in the last case, they become unequal. The size of the LEDs in the captured image decreases with an increase in distance, whereas the coordinates of the LEDs varies with the lateral movement of the FWVs, FLVs, or both. If one of the wheels runs over a pothole, the vertical coordinates of the rear LEDs of the FWV will no longer remain the same which is shown in Figure 2. From this scenario, we can measure the angle created between two LEDs with respect to the horizontal plane provided that the actual distance between two LEDs is known. Here, the actual distance between the LEDs is obtained using OCC. This system will work provided that the projected LED image on the image sensor (IS) covers a minimum of a one-unit pixel area.
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Figure 2. Alignment of the rear LEDs when the FWV goes over a a) plain surface, b) pothole under the left wheel, and c) pothole under the right wheel.

OCC system architecture 
Two types of vehicular data, i.e., the vehicular ID and multimedia data, are encoded as the low-rate and high-rate data streams, respectively. They are simultaneously transmitted from the head or tail lights. The vehicular ID is used to distinguish between different vehicles, whereas the multimedia data are transmitted after establishing a connection with a specific vehicle. The actual distance between the two head or tail lights is transmitted from the FWV to FLV using OCC.
[image: ]
Figure 3. General block diagram for vehicular OCC system.

Proposed Method
 
A CNN with two hidden layers was used to classify the images at different angular
conditions. At first, the NN was trained with 5000 images with their corresponding angles between the LEDs. The dimensions of the input and output vectors were 5000 × 6 and
5000 × 1, respectively, i.e., the dimension of the dataset was 5000 × 7. Numerous light
sources can exist in an image, including several backlights of on-road and off-road vehicles.
If all pixels were given as input to the NN, the time complexity of the network would
be enormously high. Therefore, the RoI was detected, and the interfering light sources
were removed. Next, each pair of vehicular taillights was extracted as individual warped
images. Then, a 4 × 4 convolutional filter was utilized to extract the features, whereas max
pooling with a 2 × 2 filter further reduced the size of the warped images, preserving all
features. This pooled feature map was flattened into one column, which was fed as the
input to the NN.
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Figure 3. Flowchart of pothole detection and measurement using OCC.
The road curvature could also be estimated trigonometrically. First, the coordinates of the LEDs were taken from the warped images, as mentioned above. Second, the distance per unit pixel was calculated with the prior knowledge of the distance between the rear LED pair obtained using OCC. Third, the apparent distance between the LEDs was estimated with the previously calculated distance per pixel. Finally, by analyzing the hypothetical triangle formed, as shown in Figure 4 (a) and 4(b), the angle was calculated using the cosine function as follows

Bending angle, 

                                                                                         (1)  


[image: ]
Figure 4. Hypothetical triangle for calculation of pothole angle when the FWV goes over a pothole under the (a) left wheel and (b) right wheel.

The neural network and mathematical based are compared. If the difference between them is below 5 degrees, the driver will be given alert.
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