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Abstract

Current face detectors utilize anchors to frame a multi-
task learning problem which combines classification and
bounding box regression. Effective anchor design and an-
chor matching strategy enable face detectors to localize
faces under large pose and scale variations. However, we
observe that more than 80% correctly predicted bounding
boxes are regressed from the unmatched anchors (the loUs
between anchors and target faces are lower than a thresh-
old) in the inference phase. It indicates that these un-
matched anchors perform excellent regression ability, but
the existing methods neglect to learn from them. In this
paper, we propose an Online High-quality Anchor Mining
Strategy (HAMBox), which explicitly helps outer faces com-
pensate with high-quality anchors. Our proposed HAMBox
method could be a general strategy for anchor-based single-
stage face detection. Experiments on various datasets, in-
cluding WIDER FACE, FDDB, AFW and PASCAL Face,
demonstrate the superiority of the proposed method.

1. Introduction

Face detection is a fundamental task for many high-level
face-based applications, such as face alignment [28], face
recognition [1] and face aging [25]. Deriving from early
face detectors with hand-crafted features, modern detec-
tors have been significantly improved owing to the robust
features learnt with deep Convolutional Neural Networks
(CNNs) [10]. Current state-of-the-art face detectors are
usually based on anchor-based deep CNNSs, inspired by their
successes on the general object detection.

Different from general object detectors, face detectors
often face smaller variations of aspect ratios (from 1:1 to
1:1.5) but much larger scale variations (face area, from sev-
eral pixels to thousands of pixels). Considering the large
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Figure 1. Two crucial factors in designing anchor scales on the
WIDER FACE dataset. (a) As the scale of anchor increases, the
average number of anchors matched to each face also increases.
(b) The proportion of faces that can match the anchors decreases
significantly outside a specific interval ([0.43, 0.7]).

variations of scales, Zhang et al. [29] tile anchors on a
wide range of layers and design anchor scales according
to the effective receptive field. Current state-of-the-art de-
tectors [21, 11] capture the locations of various face scales
by utilizing Feature Pyramid Network (FPN) [12]. FPN is
an effective way to exploit the inherent multi-scale features
for constructing feature pyramids in a top-down manner. It
adopts lateral connection from the high-level deeper fea-
tures to the low-level ones. Then from the perspective of
designing anchor setting, anchor-based detectors with FPN
continue to resolve this by raising the number of anchors
from different aspects (e.g., anchor stride, and ratio anchors
[30, 23]). However, increasing the number of anchors re-
markably reduces the performance of a face detector, es-
pecially when adopting the feature map conv2 or P2 (in
Resnet-50) for recalling small faces empirically.

As far as we know, for an anchor-based detector, effec-
tive anchor design strategies are necessary to achieve high
performance. S*FD [29] adopts single scale and aspect ratio
anchors for each detection stage. Nonetheless, choosing the
proper anchor scale remains a big challenge, which gener-
ally produced by the following misalignment phenomenon.
Figure 1 shows ‘the average number of anchors matched to
each face’ and ‘the proportion of all faces that can match the
anchors’ across different anchor scales, which are two in-
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