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Background and Motivation
Why forecasting?
In real-world, driving decisions are made by short time planning because the driver’s 
attention is focused on the front visual view.
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Background and Motivation
Why forecasting?
Predict anomalous situations, such as

1) Abrupt braking
2) Dangerous maneuvers
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The Method
We rely on a  model consisting of 3 modules: 
1) Video Processing Module (VPM; denoted by 𝑀𝑀𝑉𝑉)
2) A Controller Area Network (CAN-Bus) Signals Processing Module (CPM; denoted by 𝑀𝑀𝐶𝐶)
3) A Fusion Module for predicting the output sequences from both feature representations 

(denoted by 𝑀𝑀𝐹𝐹). We develop and compare 3 different fusion modules in the following.
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The Method - MH-IND-FC
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The Method - MH-SIM-FC
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The Method - MH-SIM-LSTM



EXPERIMENTS
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Experiments and Results – Evaluation Protocol
We follow the conventional evaluation protocol used in the literature which is Mean 
Absolute Error (MAE) and Root Mean Squared Error (RMSE).
Additionally, in order to compensate for the bias of low steering angles, we propose 
evaluating the prediction performance on per-range basis. Given a dataset of 𝑛𝑛 samples 
where 𝑦𝑦𝑖𝑖 is the target steering angle of the 𝑖𝑖𝑡𝑡𝑡 sample, and �𝑦𝑦𝑖𝑖 is the predicted steering 
angle, the 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 is calculated by:



Internal | CR/PJ-AI-R34 | 2021-09-27
© Robert Bosch Technologies Israel Ltd. 2021. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights.

12

Experiments and Results - Datasets
We used 2 datasets for our evaluation:
1) Udacity Driving Dataset which is an open-source collection of video frames along 

with the corresponding steering-angles, braking and throttle pressure data. 
2) Comma2k19 which captures over 33 hours of driving data. It includes frames 

captured by a road-facing camera, along with phone GPS, thermometers, 9-axis 
IMU and CAN-bus data.

More detailed information about these datasets is included in our paper.
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Experiments and Results – Preprocessing  & 
Augmentations
Data enrichment is achieved by:
1) Horizontal flips and multiplication of 

the corresponding steering values 
by −1 with probability of 0.5. This 
helps dealing with the skew of the 
steering angle values.

2) We avoid training samples with low-
speed values since steering angles 
in these situations are not 
informative and hurt the training.
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RESULTS
CONTRIBUTION OF VISION TO 

FORECASTING
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Results - Contribution of Vision to Forecasting
We experimented with multi-horizon forecasting without vision features in order to 

examine its effect on accuracy. 
Specifically, we choose the architecture that delivered the best results, i.e. MH-SIM-

LSTM and omitted the VPM stem.
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