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Abstract. Deep learning was used to detect boulders that can damage
excavators in opencast mines. Different network architectures were ap-
plied, i.e., modern YOLOv5, RetinaNet and Mask-RCNN. Studies were
carried out in which the results obtained using a few networks were com-
pared. The abovementioned neural networks were exploited in a frame-
work for detection of oversized boulders on a conveyor belt operating in
an opencast coal mine. The method is based on the analysis of a certain
number of consecutive frames of the film from an industrial camera. The
novelty relies on checking the detection of a boulder within subsequent
frames and allowing the skipping of a prescribed small number of neigh-
boring frames with false negative detections. This allows one to make
a decision about stopping a conveyor belt after detecting a boulder in
consecutive frames even when they are interleaved with frames that con-
tained a boulder missed by a detector due to misleading environmental
conditions such as shadows or sand. The method was tested on record-
ings from an opencast mine in Poland. The proposed method can help
prevent the failure of expensive equipment.

Keywords: deep learning · YOLOv5 · object detection · digital image
processing · opencast mining.

1 Introduction

Currently, there are many opencast mines around the world, where various raw
materials are extracted. The vast majority of mineral resources is developed by
opencast mining [22]. Often in such mines there are giant excavators [6], the
height of which is similar to buildings that are several storeys. There is a high
risk of damage if there is a big rock on the conveyor belt. Failures caused by
unnoticed large stones are very costly, complicated to repair and cause mining
to stop. Therefore, it is very important to develop methods that will reduce
the risk of the excavator operator not noticing such dangerous cases. For the

ICCS Camera Ready Version 2023
To cite this paper please use the final published version:

DOI: 10.1007/978-3-031-36027-5_10

https://dx.doi.org/10.1007/978-3-031-36027-5_10
https://dx.doi.org/10.1007/978-3-031-36027-5_10


2 J. Szymkowiak, M. Bazan, K. Halawa, T. Janiczek

automatic detection of dangerous boulders, this article proposes a method using
deep neural networks. Among other things, modern and fast YOLOv5 networks
were used.

This work was created in connection with a practical problem that occurred in
an open-pit mine and can occur in other situations concerning stones recognition
against a difficult background [20] [8] [25] [23].

During the transfer of spoil in the form of small gravel or sand, a large
stone appeared on the conveyor belt from time to time, which caused significant
danger to mining machines. To obtain models operating in different lighting
conditions, both video streams taken in good daylight and movies shot under
artificial lighting in the middle of the night were used. A camera with image
stabilization hardware was mounted on the excavator above the conveyor belt.
An example view from the camera is shown in Fig. 1. A stone is visible on the
conveyor belt. Even such a relatively small object should stop the transport of
the excavated material. In many cases, much larger stones have been mined,
which, if overlooked, can cause severe damage.

Fig. 1. Camera view with a visible stone on the conveyor belt

2 Preparing a dataset

The 27 recordings over several days were used for a training process. Additional
10 recordings were excluded from training and put aside for testing the final
framework after the training of the models is finished. After dividing 27 videos
into individual frames, over 28,000 images were obtained. Then, appropriate
labels were assigned to images in which at least one large rock was observed.
A Python script was created to make labeling faster and easier. At least one
stone was visible in 2399 images. Sometimes not only one stone may appear on a
frame. However, such situations occur very rarely. Large stones were marked in
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Fig. 2. Camera view with a visible stone on the conveyor belt (artificial light)

the images with bounding boxes. For this purpose, the makesense.ai platform was
used, which enables the preparation of datasets with selected objects. Then, the
dataset with ready-made annotations was processed on the roboflow.ai platform
[18]. This platform allows users to download annotations in various formats. It
was also used to divide the data into training, validation, and test sets. To inspect
the stability of the training process the models were trained in two configurations
of a data split:

1. the training set – 80% of the frames and the test and validation sets – 10%
of the frames each,

2. the training set – 70% of the frames, and the test and validation sets – 15%
of the frames each.

The sizes of images to which frames have to be scaled in datasets used for
different object detection models are depicted in Section 3 when describing the
models.

One has to note that all frames in each set contained a boulder. It is a
requirement for object detection models training that images without positive
detection are not provided. It means that not all frames from videos are included
in the datasets, but only those containing a positive detection. In the datasets,
frames are shuffled. One has to note that validation and test sets in the context
of detection model building are different from validation and test sets that are
formed from ten videos not used in the training. The validation set of the later
datasets is used for fine-tuning of hyper-parameters and the test set for testing
the whole framework.

3 Applied and tested models of neural networks

Experiments were carried out in which the results of the use of the following
neural networks were checked: RetinaNet, Mask RCNN and YOLOv5. A brief
comparison of these architectures is e.g., in [16], [5].
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