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ABSTRACT

Logo is a visual means of conveying information in an imagistic way, with the effect of
visually representing specific information. With the continuous development of the times, more
and more enterprises, organizations, research institutes and so on have logos representing their
own connotation and image, and the diversity of logos is becoming more and more obvious. Logo
detection, as a crucial component of object detection, holds extensive application prospects in
reality, such as intellectual property protection, logo copyright tracking, intelligent transportation,
commercial advertising recommendations, accurate brand recognition, consumer rights protection,
and more. In practical application scenarios, logo detection may face challenges like multi-scale
detection, large aspect ratios, small objects, low resolution, distortion and deformation, complex
backgrounds, and the long-tail distribution of data. The detection accuracy of logos varies
significantly due to the large scale variation, making multi-scale logo detection a challenge.
Among multi-scale logo detection, detecting small-scale logos is particularly difficult. The rapid
development of deep learning technology in recent years has made remarkable progress in the field
of object detection. This thesis makes corresponding improvements to general object detection
algorithms based on deep learning, targeting the difficult points in logo detection, and designs a
more efficient logo detection algorithm. The main contributions of this thesis include the following:

(1) For the multi-scale issue in logo detection, a decoupled cross-layer fusion network model
is proposed. It first uses cross-layer connections and bidirectional guidance to promote the fusion
and interaction between high-level semantic features and low-level detail information across
adjacent and non-adjacent layers. Then, in two stages, it adopts an averaging and re-enhancement
strategy with two information flow paths to enhance the interaction between features, thereby
enhancing feature representation. Moreover, by simply separating the classification and bounding
box regression branches, interference between branches is avoided, allowing the classification

branch to focus more on logo categorization, while the bounding box regression branch can pay



more attention to logo localization, improving both classification and localization performance for
logos.

(2) Small-scale logos often occupy very few pixels in an image, making feature information
insufficient. Furthermore, they can easily be affected by complex backgrounds, compression,
blurring, or other forms of distortion, making it difficult for detection algorithms to obtain
discernible information. Therefore, small-scale logo detection is a challenging aspect of multi-
scale logo detection. To address this issue, a multi-stage progressive refinement and Rol context
enhancement network model is proposed. It adopts a progressive learning approach, refining and
enhancing contextual information of features through multiple stages. At each stage, the interaction
and fusion scope of different scale feature maps gradually expand, producing a stronger multi-
scale feature representation. Subsequently, by reusing the previously refined and enhanced feature
maps in a learnable weighted manner, more contextual information is introduced into Rol features,
using attention mechanisms and feature transformations to further enhance Rol features.

In summary, this thesis designs two algorithm models to tackle the issues of multi-scale logo
detection and small logo detection within logo detection. Extensive experiments conducted on
publicly available logo datasets of various sizes have demonstrated the effectiveness of the
designed algorithm models through experimental and visual results.

Key words: Deep learning; Logo detection; Feature fusion; Context information

Classification: TP391
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DWBSI ResNet-50-FPN 86.2 81.3 83.4 89.7

PR B AR Y
Faster R-CNN’! ResNet-50-FPN 86.4 78.4 83.8 90.0
PANet!®?! ResNet-50-PAFPN 86.8 79.4 83.6 90.8
CascadeR-CNNBU ResNet-50-FPN 86.0 78.1 82.6 90.0
Libra R-CNNP! ResNet-50-BFP 86.7 81.1 84.4 89.7
Complete ToU"! ResNet-50-FPN 85.9 77.6 83.0 89.8
SABL!"? ResNet-50-FPN 86.7 78.5 83.6 90.7
DoubleHeads!®! ResNet-50-FPN 87.8 79.3 85.0 91.6
Dynamic R-CNN[¢! ResNet-50-FPN 87.7 79.8 85.0 91.5
Detectors!”! ResNet-50-FPN 86.6 79.2 82.7 90.6
Sparse R-CNN["4 ResNet-50-FPN 81.7 76.9 80.2 85.1
CTDNet!"! ResNet-50-FPN 85.6 79.8 83.1 88.8
DCFNet ResNet-50-GADFP 88.5 82.2 85.8 92.1

N T %iE DCFNet B R, ASCHE 5 —1 Logo #dE5 QMUL-OpenLogo AT T
B, SERGEEIRANIR 3-3 Fin. MSEERZE AT LAE S|, PR BOTIEEARR T B BRI
= IS T R R . AT IEMAP, AP, APy FIAP abs FEAS T BeAEVERE, 2
N 59.7%, 38.7%, 60.9% M 73.6% , UEMIASSCHYTIRAE TP AE SR 5 b FIREA F R1F
(RPERE R I

% 3-3 FAEAIE QMUL-OpenLogo Hdi4E b HyAe 45 5

it R RS mAP(%)  APs (%)  APw (%)  APL (%)
FLR B
ATSSES] ResNet-50-FPN 48.1 31.0 48.8 60.4
FSAF¢ ResNet-50-FPN 46.5 31.5 48.9 87.7
GFLB" ResNet-50-FPN 47.6 28.2 49.2 59.1
TOOD ResNet-50-FPN 51.9 333 52.7 63.6
DWB8! ResNet-50-FPN 54.9 34.8 55.0 68.3
PRI AR

Faster R-CNN?*! ResNet-50-FPN 54.0 32.9 54.5 66.8
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