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A B S T R A C T

Due to its many applications, multi-class geospatial object detection has attracted increasing research interest in
recent years. In the literature, existing methods highly depend on costly bounding box annotations. Based on the
observation that scene-level tags provide important cues for the presence of objects, this paper proposes a weakly
supervised deep learning (WSDL) method for multi-class geospatial object detection using scene-level tags only.
Compared to existing WSDL methods which take scenes as isolated ones and ignore the mutual cues between
scene pairs when optimizing deep networks, this paper exploits both the separate scene category information
and mutual cues between scene pairs to sufficiently train deep networks for pursuing the superior object de-
tection performance. In the first stage of our training method, we leverage pair-wise scene-level similarity to
learn discriminative convolutional weights by exploiting the mutual information between scene pairs. The
second stage utilizes point-wise scene-level tags to learn class-specific activation weights. While considering that
the testing remote sensing image generally covers a large region and may contain a large number of objects from
multiple categories with large size variations, a multi-scale scene-sliding-voting strategy is developed to cal-
culate the class-specific activation maps (CAM) based on the aforementioned weights. Finally, objects can be
detected by segmenting the CAM. The deep networks are trained on a seemingly unrelated remote sensing image
scene classification dataset. Additionally, the testing phase is conducted on a publicly open multi-class geospatial
object detection dataset. The experimental results demonstrate that the proposed deep networks dramatically
outperform the state-of-the-art methods.

1. Introduction

Multi-class geospatial object detection from remote sensing images
(Cheng et al., 2014) consists of localizing objects of interest (e.g., air-
planes, bridges) on the earth's surface and predicting their categories.
Compared with object detection from natural images (Everingham
et al., 2010; Russakovsky et al., 2015), geospatial object detection
suffers from additional challenges, including large size variations, dense
distributions, and arbitrary orientations (Marcos et al., 2018) of the
object instances on the earth's surface. Hence, multi-class geospatial
object detection requires more specific exploration.

Motivated by the great success of deep learning (Krizhevsky et al.,
2012; LeCun et al., 2015), many researchers in the remote sensing com-
munity (Cheng et al., 2016; Deng et al., 2018; Ding et al., 2018; Long et al.,
2017; Zhong et al., 2018; Zou and Shi, 2018) have transferred deep net-
works pre-trained on large-scale natural image datasets such as ImageNet
(Russakovsky et al., 2015) and MSCOCO (Lin et al., 2014), to geospatial

object detection. However, these geospatial object detection methods
(Cheng et al., 2016; Deng et al., 2018; Ding et al., 2018; Long et al., 2017;
Zhong et al., 2018; Zou and Shi, 2018) highly depend on bounding box
annotations to train or fine-tune deep networks. It is well known that
bounding box annotations are time-consuming and become almost im-
possible when the object volume is very large. As scene-level tags are
much easier to collect than bounding box annotations, the past decade has
witnessed major advances in constructing remote sensing image scene
datasets (Cheng et al., 2017; Li et al., 2018b; Xia et al., 2017; Yang and
Newsam, 2010; Zhou et al., 2018b), but the progress has been relatively
slow in building geospatial object detection datasets with accurate
bounding box annotations. To alleviate the labor of bounding box anno-
tations, this paper tries to leverage the already existing remote sensing
scene datasets to provide weak supervision to train deep networks for
multi-class geospatial object detection.

In the existing remote sensing scene datasets (Cheng et al., 2017; Li
et al., 2018b; Xia et al., 2017; Yang and Newsam, 2010; Zhou et al.,
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