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An open-pit mine roadway obstacle warning
method integrating the object detection and
distance threshold model

Lu Caiwy, Qi Fan®, Ruan Shunling
School of Management, Xi'an University of Architecture and Technology, Xi'an, Shaanxi 710055, China

Abstract: In order to solve the problem that the current driving warning method cannot adapt to the unstructured
road in open-pit mine, this paper proposes an early warning method that integrates target detection and obstacle
distance threshold. Firstly, the original Mask R-CNN detection framework was improved according to the
characteristics of open-pit mine obstacles, and dilated convolution was introduced into the framework network to
expand the receptive field range without reducing the feature map to ensure the detection accuracy of larger targets.
Then, a linear distance factor was constructed based on the target detection results to represent the depth
information of obstacles in the input image, and an SVM warning model was established. Finally, in order to ensure
the generalization ability of the warning model, transfer learning method was adopted to carry out pre-training of the
network in COCO data set, and both the Cs stage and detection layer were trained in the data collected in the field.
The experimental results show that the accuracy and recall of the proposed method reach 98.47% and 97.56% in the
field data detection, respectively, and the manually designed linear distance factor has a good adaptability to the
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SVM warning model.
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Fig. 5 Comparison diagram of three models in various scenarios. From left to right are the detection results of Mask R-CNN,
framework of this paper and yolov3 classified by the warning model. The red represents the detection of warning targets and the
green represents the security targets. (a) Meeting scene 1; (b) Meeting scene 2; (c) Meeting scene 3; (d) Following the car scene
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Overview: Most of the researches on traffic obstacle warning based on machine vision mainly focus on urban roads.
There are no clear road surface, boundary, and road width standard but many steep curves on open-pit mine roads
which are quite different from the urban roads. Thus, the target detection and early warning method suitable for urban
roads cannot be applied to non-structural open pit roads. With the emergence of convolutional neural network, target
detection and depth estimation based on deep learning gradually surpass the traditional computational vision methods
in accuracy and applicability. However, target detection and pixel depth estimation are difficult to implement the
underlying convolutional layer sharing mechanism. Usually, the driver will make the early-warning judgment based on
the distance threshold according to the experience and other factors. Therefore, an early-warning method combining
target detection and the distance threshold model is proposed in this paper. First, the original Mask R-CNN detection
framework was improved according to the characteristics of open-pit mine obstacles, and the dilated convolution was
introduced in ResNet. Under the condition that the subnet structure and residual connection remain unchanged, the 3
by 3 convolution in the Cs subnet was replaced by the dilated convolution with the dilatation rate of 2, so that the
original 3 by 3 receptive field was extended to 7 by 7. The range of the receptive field was expanded to ensure the
detection accuracy of the larger target without reducing the feature graph. Then, according to the detection and
classification results, the normalized detection frame length, width, area, mask area, and category were used as the depth
information to represent the obstacle in the two-dimensional image. Radial basis function SVM warning model was
established to judge whether the detected target is a dangerous target. Finally, in order to ensure the generalization
ability of the warning model, transfer learning method was adopted to pre-train the network in COCO data, so that
sufficient underlying characteristic information was learned in the first four stages. Both Cs stage and detection layer
were trained in the data collected in this paper. The experimental results show that the linear distance factor proposed in
this paper can effectively represent the depth information of obstacles, and the Mask R-CNN and yolov3 can adapt to
the warning model in this paper. The improved Mask R-CNN in this paper pays more attention to the regression and
classification of frames with larger targets, with an accuracy rate of 98.47% and a recall rate of 97.56% which are better
than other frames.
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