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Introduction
Autonomous long-range obstacle detection and distance estimation plays an important role in numerous applications such as railway applications when it comes
to locomotive drivers support or developments towards driverless trains. To overcome the problem of small training datasets, this paper presents two data
augmentation methods for training the Artificial Neural Network (ANN) named DisNet to perform reliable long-range distance estimation.

DisNet: object bounding box-based distance Data augmentation for re-training of DisNet
estimation Re-training of Initial DisNet using an augmented BB long-range dataset to improve the
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* Two parts: ‘
— Deep learning-based Object Detection (OD), and
— ANN-based distance estimation named DisNet Rotation
» Different object detectors can be integrated into the system such as YOLOv3. Scaling
»  Object Detection outputs are bounding boxes (BBs) of detected objects in the image. Translation
- Based on the resulting object BBs size features, DisNet gives the estimated distance Juar .
of the object to the camera as output. Tremseiies) cloac g 6
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Custom long-range dataset generation amersceer)

In order to re-train YOLO for the purpose of long-range OD, custom long-range railway
dataset was generated.
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Finally, an augmented BB dataset of about 10000 BBs with corresponding distances from
the range O m - 1000 m was obtained. This augmented dataset was used for re-training of
Initial DisNet. Resulting retrained DisNet Is referred to as DisNet in the following
evaluation section.

Evaluation
The evaluation of DisNet re-trained with the augmented BB dataset was done on testing
* Static field tests — Image recording In the field tests on the Serbian railway images recorded in SMART dynamic field tests. In total, 741 BBs extracted by the re-
location of the straight rail tracks in length of about 1100 m in different times of the trained YOLO object detector were used for the evaluation of DisNet. Out of these 741
day and night and in different weather conditions. BBs, 654 were BBs of objects from class person and 87 were BBs of objects from the
 Two persons imitated potential obstacles on the rail tracks while walking along the class car. For all 741 BBs the corresponding ground truth distances Dgr were known as
rail tracks 1000 m away from the cameras and 1000 m back, towards the cameras. calculated in dynamic field tests using the GPS coordinates of the moving train and
At every 5 m they signalized in a particular way, so that frames recorded at Google maps GPS coordinates of the objects (obstacles) locations.
moments of the signalization could be used for the dataset generation. | |
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 Dynamic field tests — Cameras integrated into sensors’ housing mounted on the % Below 10% error M Between 10% and 20% error  ® Above 20% error mBelow 10% error M Between 10% and 20% error Above 20% efror
frontal profile below the headlights of the moving locomotive Serbia Cargo type 444. Initial DisNet distance estimations DisNet distance estimations

The freight train with 21 wagons on the Serbian part of the Pan European corridor X
to Thessaloniki in the length of 120 km. Max. train speed of 80 km/h.
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Transfer Learning of object detector

The initial YOLO model trained with COCO dataset for the purpose of general OD was re-
trained with custom long-range dataset to detect objects in railway environments with long
distance range of up to 1000 m.
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Without Transfer Learning After Transfer Learning
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