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Traditional object detection algorithms rely on extensive annotations from a pre-
defined set of base categories, leaving them ill-equipped to identify objects from
novel classes. We address this limitation by introducing a novel framework for
Incremental Few-Shot Object Detection (iFSD). Leveraging a meta-learning ap-
proach, our hypernetworkis designed to generate class-specific codes, enabling ob-
ject recognition from both base and novel categories. To enhance the hypernet-
work’s generalization performance, we propose a Weakly Supervised Class Aug-
mentation technique that significantly amplifies the training data by merely requir-
ing image-level labels for object localization. Additionally, we stabilize detection
performance on base categories by freezing the backbone and detection heads dur-
ing meta-training. Our model demonstrates significant performance gains on two
major benchmarks. Specifically, it outperforms the state-of-the-art ONCE approach
on the MS COCO dataset by margins of 2.8% and 20.5% in box AP for novel and
base categories, respectively. When trained on MS COCO and cross-evaluated on
PASCAL VOC, our model achieves a four-fold improvement in box AP compared
to ONCE.

1. Introduction

Despite great advances in object detection in the past years [2-13], a large portion of those ap-
proaches only tackle many-shot detection problem, and use abundant but expensive manual an-
notations to train object detectors in a batch manner. The resultant model is only able to detect
objects from a closed set of base categories. Recently, there is a surge of few-shot object detection
approaches, which can detect objects from novel categories using only few-shot examples [14-25].
In particular, we are interested in a more challenging setting called Incremental Few-Shot object Detec-
tion (iFSD) [26], where the detector is required to incrementally recognize more novel categories in
an online manner while still being able to detect objects from base categories. iFSD approaches can
be divided into two categories, depending on whether model fine-tuning is required to recognize
novel categories.

Fine-tuning-based approaches require fine-tuning the model using the training samples of both
base- and novel categories, and often suffer from the catastrophic forgetting of base categories [16,
20-22]. The demanding requirements of accessing the base category data and running model back-
propagation also make them unsuitable for on-device deployment with limited storage and compu-
tation power. In contrast, fine-tuning-free methods [14, 23, 26] waive such requirements, and our
approach falls into this category. We adopt a recent meta-learning framework ONCE [26], which
meta-trains a hypernetwork to generate class codes for novel categories on the fly without model back-
propagation. However, due to the limited number of base object categories and adversely changed
detection head during meta-training, ONCE struggles with both poor generalization to novel categories
and inferior performance on base categories.

To this end, we propose a novel weakly supervised approach WS-iFSD, which greatly improves the
meta-training of hyper-network by augmenting it with many weakly localized objects from one or-
der of magnitude more object categories. An off-the-shelf object localization model Grad-CAM [1]
is adopted to coarsely localize the objects of interest using only image-level labels in the ImageNet
[27]. This increases the number of classes by 18x and the number of images by 6x. Due to the
largely augmented classes and images, we demonstrate even with such coarsely inferred bounding
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Figure 1: The pipeline of WS-iFSD approach. First, the entire detector is pre-trained on many-shot
annotations of base categories. Second, we generate a large number of pseudo object annotations
in the classification dataset using Grad-CAM [1]. Third, we combine human-labeled boxes of base
categories and weakly-labeled boxes of augmented categories to mete-train the hypernetwork. Fi-
nally, the support images of novel categories are fed into the hypernetwork, which generates the
classification weights for the detector to recognize the novel categories.

boxes the hyper-network is meta-learned to generate significantly better class codes for novel cate-
gories. WS-iFSD also addresses the issue of inferior detection performance for base categories by
freezing the backbone and detection head during meta-training. By doing this, after meta-training
we are able to completely preserve the superior detection performance on base categories achieved in
the stage of pre-training on many-shot annotations of base categories. An overview of the proposed
WS-FSD approach is shown in Figure 1.

We extensively evaluate WS-iFSD on two object detection benchmarks, including MS COCO [28]
and PASCAL VOC [29]. On MS COCO dataset, we improve the state-of-the-art approach ONCE [26]
by remarkably large margins of 2.8% and 20.5% box AP for novel and base categories, respectively.
On PASCAL VOC dataset, without any fine-tuning, our WS-iFSD model outperforms ONCE [26]
by over 4x more mAP.

To summarize, this work makes the following contributions.

e We tackle the challenging Incremental Few-Shot Detection problem with the constraint that
model back-propagation is not allowed when few-shot examples of novel categories are re-
ceived. A novel class augmentation approach is proposed to increase the number of object
categories by 18, and the number of images by 6 x during the meta-training of hypernet-
work. It substantially improves its generalization performance to the novel categories.

e We build a simple yet strong baseline model where the backbone is shared by the object
detector and the hypernetwork. It is accompanied with an improved pre-training recipe to



