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Abstract
The major development in object classification and detection models has already reached a point to where we can use deep

learning models in real-life applications. However, there still exists the infamous drawback: large-scale annotated data are
required for training. As such, zero-shot learning, predictions of data that has not been trained, is gathering attention in the
machine learning community. In this paper, we propose a zero-shot detection method using a query-based model to detect
untrained objects. The proposed method makes use of an extra image(the query) of the target object for the detection task.
We verified the proposed method through experiments using handwritten characters. The results showed that the proposed
method can successfully detect the bounding boxes of untrained objects.

1. Introduction

The recent advances in deep learning methods and proposals

of various models has brought major achievements in computer

vision. The two major challenges in computer vision, detection

and classification, have been conquered at certain levels. However,

there still remains the main problem of requiring massive amounts

of training data and computing power. Using pretrained models

may help a little as they have already learned to extract low level

features, but this is not a fundamental solution.

Figure 1: Intuitive example of query-based detection

The need for multiple training data just to learn one class is un-

desirable behavior as humans do not need large amounts of data

to recognize objects; we only need just one image, or even no im-

ages. We can recognize images after hearing some visual expla-

nations of the object. Zero-shot learning is a learning method that

aims to train agents to learn about objects that were never seen or

trained. We think the main reason most supervised learning meth-

ods cannot be used for zero-shot learning is because their training

methods aim to learn specific features of classes. Zero-shot learn-

ing has to be approached in another way: the model should learn

to extract general, visual features of a given image.

In this paper, we propose a query-based zero-shot detection

model which uses a reference image as a “query” to detect the de-

sired object. The intuition of the model is that if a person wants to

detect objects(which they have never seen before) in an image, all

they need is just another picture of the object. Figure 1 shows an

example of using a picture of a cat to detect a cat on another image.

2. Related Works

2.1 Object detection

Object detection is a much more difficult task than classifica-

tion as it is necessary to both localize and classify multiple ob-

jects. One of the Major achievements in object detection is R-

CNN[1]. R-CNN divides the detection task into two phases: re-

gion proposal and region classification. R-CNN showed desirable

performance but suffered from slow processing speed. The YOLO

architecture[2] solved this speed issue by using a single network

for both localization and classification. It achieved similar accu-

racy to R-CNN, but much faster processing speed.

2.2 Zero-shot learning

Zero-shot learning has not been the main interest of machine

learning researches, but it is gaining attention as many of the super-
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Figure 2: Architecture of the query-based detection model

vised learning tasks in computer vision have reached satisfactory

progress. The task of recognizing novel images has been studied by

using siamese networks and comparing the extracted features[3].

Zero-shot detection is not a commonly handled task, but there were

approaches to solve it by using semantic information[4].

Interestingly, in the task of music separation, there was an at-

tempt to separate untrained audio classes using a query network[5],

which can be seen as a sort of zero-shot learning task in the field

of audio processing.

3. Method

3.1 Omniglot Dataset

Figure 3: Example of generated data used for detection task

We use the Omniglot Dataset released by Lake et al.[6], which

includes data of 1623 different handwritten characters from 50

different alphabets. The dataset is divided into a background set

of 30 alphabets used for training, and an evaluation set of 20

alphabets used for testing. Since the characters in the evaluation

set are not in the background set, the dataset can be used for

zero-shot learning tasks.

The raw Omniglot dataset is highly suitable for zero-shot clas-

sification, but isn’t appropriate for detection tasks. We manipu-

late the dataset by spreading multiple characters on a single im-

age(Figure 3), so the task is to detect an untrained character from

the generated image.

3.2 Query-based detection

Our model uses an extra image of the target character as a query.

The shape of the character in the query does not have to be exactly

the same as in the target image; they just have to be same charac-

ters. Therefore, any image of the target object can be selected as

the query. The query is used as a guideline to find the target char-

acter.

We first expand the query into a grid shape so the size of the

query can match the size of the target image. Then the query grid

and the image are concatenated together, creating a sort of over-

lapped image. This overlap creates a semi-direct comparison with

the object inside the image and the query. The overlapped image

then goes through a slightly modified YOLO-v3 model, as shown

in Figure 2.

Like in YOLO, the input goes through a series of convolution

layers and pooling layers and outputs a number of vectors. Each

vector represents a prediction of a bounding box and the similarity

of the object inside the box and the query. For each convolution

layer, batch normalization is applied and we use Leaky-RELU as

the activation function. The training loss is adopted from YOLO,

except that we excluded the classification loss. The confidence loss

used in the YOLO model is interpreted as similarity in this model.
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4. Experiment/Results

The model was trained with 60,000 training images and tested

with 20,000 test images. The query used for training and testing

was selected randomly depending on the target character. All the

characters used to create the test set were separated from the char-

acters in the training set. This means that not only the target char-

acter was novel to the model, but also the other characters in the

image.

Our model has shown successful results both qualitatively and

quantitatively. As we can see in the upper result of Figure 4 (a),

the model successfully detected the target object using the query,

even though the query is slightly different from the shape of the

target. Most of the unsuccessful predictions were also reasonable,

as we can see in Figure 4 (b). In the unsuccessful cases, the ran-

domly selected query was too different from the target object or

there were multiple objects that resembled the query. The quanti-

tative results are shown in Table 1. The results show that the model

was successful in the zero-shot detection task.

Figure 4: Qualitative results

Table 1: Quantitative results

Precision Recall mAP@0.5 F1

0.577 0.879 0.781 0.690

5. Conclusion

While most prior object detection models could only detect

trained objects, we proposed a new method of using a query to

detect untrained objects. Also, prior zero-shot detection models

required a preprocessing stage of vectorizing semantic information

of objects whereas our model requires just a single query image of

the target object.

The results implicate that the proposed model can act as a gen-

eral feature extractor for the query and detect it inside the main

image. Since existing models aim to memorize specific features of

trained classes, the proposed method possesses higher possibility

of generalization.

6. Future works

The proposed method was successful, but it was trained and

tested on simple grayscale character images. We believe that the

idea of using queries to detect objects can be applied generally, but

the model will require further development to be applied on real-

word images, which are much more complex and noisy.

In addition, the proposed method uses a grid-expanded query

image. This may be unnecessary if a model can extract the core

features of an object from the query, and use the features directly

to find the object. Our further research will focus on finding such

a model, as such models are much more suitable for complex real-

world image tasks.
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