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1. Introduction

Since the rise of deep learning around a decade ago, the field of object detection and
classification using a convolutional neural network (CNN) and its variants has grown
exponentially. This technology has been applied in domains such as the manufacturing,
construction, surveillance and monitoring, sports, transports, and medical sectors. An
attractive quality of CNNs is their ability to take images in their raw form without the
traditional feature extraction step of reducing input dimensionality. However, a signif-
icantly larger amount of training samples is required for CNNs to extract features and
automatically classify objects. Labelling a large amount of data samples is costly and
time-consuming, and as a result, the availability of training data is limited, particularly in
domains outside of the science sectors. The labelling quality can also impact classification
performance and reliability as wrong or erratic labelling can lead to poor or biassed classifi-
cation performance. The availability of quality data has become a bottleneck, and it hinders
CNNs’ use in wider applications.

2. Learning with Limited Training Data

To address this bottleneck, the research community has developed various strategies
to reduce the reliance on large amounts of training data. Data augmentation and data
generation is one approach to produce more data from existing data. While data augmenta-
tion produces more variations of data by transforming the existing data in different ways,
data generation achieves this by using generative models such as Generative Adversarial
Networks [1]. However, as the produced data are derived from the original data, they do
not often contain the extra features found in the original data samples.

Transfer learning [2] is a different approach to address the data scarcity bottleneck.
It re-trains some parts, often the outer layers, of an existing model that was designed for
classifying different but related objects. As the inner layers of the existing model have
already learnt to recognise certain common features between old and new objects, less data
are required to train the model to classify new objects.

Based on a similar idea, n-shot learning [3] aims to learn how to recognize new objects
with just one or a few samples. It typically involves a meta learning process which aims to
help a model quickly learn new tasks by training it on a variety of tasks with a few data
samples. Training a model to predict the similarity between data points helps it generalise
well with new tasks. Models also commonly use an embedding method in which the model
learns to map inputs into a space where similar items are situated nearby. The model is
often fine-tuned for a specific task with a small dataset through transfer learning.
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3. Conclusions

With advances in data generation and transfer and meta learning, it is becoming
feasible to train a model with limited labelled data. This will enable object detection to
be applied to domains in which this was previously impossible due to a lack of labelled
data. However, regarding computer vision, current object detection applications are still
merely focused on detecting specific objects in images or videos rather than attempting
to understand the holistic view of the image that is being represented. The first step of
understanding an image is knowing what objects are in the image. However, understanding
the relationships and interactions between these objects and predicting their future actions
and behaviours, for example, are also necessary to reveal the deeper context of an image.
Many more studies are needed to bring computer vision closer to human vision.
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