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Abstract: With the intelligent development of the power system, substations serve as important nodes for
power transmission and conversion. The automated identification and management of substation equipment
have gradually become key means to improve operational efficiency and reduce labor costs. In this context,
the application of identification technology based on the SSD model can further enhance the implementation
of equipment management. This paper first elucidates the basic principles of the SSD model and discusses the
shortcomings of existing substation identification technologies. It then analyzes the design directions for the
improved SSD model and finally explores the application of substation equipment identification based on the

improved SSD model, aiming to provide new work ideas for related personnel.
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Introduction

he traditional manual inspection methods

for substation equipment are not only time-

consuming and labor-intensive but also prone
to equipment failure due to human error, leading to
missed or misjudged issues. Against the backdrop
of rapid advancements in artificial intelligence and
computer vision technology, image recognition-based
automated inspection technology is gradually being
applied in substation equipment management. Among
these, the SSD model has achieved good results in
the field of object detection due to its advantages in
real-time performance and accuracy. However, due
to the wide variety of electrical equipment, complex
appearances, and significant environmental lighting
factors, the traditional SSD model still faces certain

challenges in identifying substation equipment.
To address this, this paper proposes identification
technology for substation equipment based on an
improved SSD model, aiming to enhance the accuracy
and efficiency of equipment recognition through
optimization of the model's network structure and
training methods.

1. Basic Principles of the SSD Model

The SSD model is a deep learning model used for
object detection, widely applied in image recognition
due to its efficiency and real-time capabilities'!. The
fundamental principle of SSD is to complete the
prediction of object locations and classification of
categories in a single forward pass, thus avoiding
the multi-stage processing of traditional detection
methods and significantly improving detection speed.
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The SSD model generates multiple bounding boxes on
feature maps of different scales and predicts the object
category and coordinates for each bounding box. The
core of SSD lies in its multi-scale feature pyramid
structure, allowing it to detect objects of various sizes
at different resolutions, enhancing its recognition
capability for diverse targets. Detection boxes in
each feature map undergo classification and location
adjustments, filtering the optimal detection results
through pre-set default boxes and subsequent non-

maximum suppression algorithms'".

2. Shortcomings of Existing Substation
Identification Technologies

Existing identification technologies for substation
equipment demonstrate low accuracy, particularly
in complex environments such as varying lighting,
occlusion, and similarity in equipment shapes, which
frequently leads to misjudgments or omissions"’.
Furthermore, current identification algorithms
tend to rely heavily on equipment categories and
appearance features, making it difficult to cope with
dynamic changes or upgrades of various devices.
The diversity of substation equipment, with many
items having similar appearances, challenges the
existing technologies, leading to poor robustness in
identification. Additionally, many substation equipment
identification systems lack real-time performance, and
their processing speed cannot meet the demands of
large-scale online detection and inspection of electrical
equipment. The challenge of balancing recognition
accuracy with speed persists, especially in high-load
working environments where efficiency is noticeably
inadequate, adversely affecting the overall level of
intelligent and automated operations.

3. Design Directions for the Improved SSD
Model

3.1 Multi-Scale Feature Fusion

Although the traditional SSD model possesses multi-
scale feature extraction capabilities, feature maps of
different scales are often processed independently,
resulting in poor performance when detecting small
or complex targets. To address this issue, multi-
scale feature fusion can be performed to organically
combine feature information from different levels,

enhancing the model's perception ability for targets

of different sizes. Specifically, multi-scale feature
fusion combines semantic information from higher-
level feature maps with detail information from lower-
level feature maps, enabling the model to better capture
key features when detecting small devices or targets
in complex backgrounds. For instance, by upsampling
to merge deeper feature maps with shallower ones,
the network can achieve both global understanding of
large targets and precise localization and recognition of
small ones. This fusion method enhances the model's
robustness and recognition capability across different
scales, which is particularly significant for identifying
substation equipment, given the diversity in size and
shape of these devices in complex backgrounds. By
implementing multi-scale feature fusion, the SSD
model can comprehensively capture target information,
improving overall recognition performance.

3.2 Convolution Layer Optimization

The current SSD model relies on convolutional neural
networks for feature extraction; however, there is still
room for improvement in balancing diversified feature
extraction and computational efficiency. By optimizing
the structure of convolutional layers, the model's
accuracy and speed can be further enhanced. For this
purpose, depthwise separable convolution can be
introduced to replace traditional standard convolution.
This method decomposes standard convolution into two
steps: depthwise convolution processes each channel
separately, while pointwise convolution integrates
information from different channels, significantly
reducing computational load and parameter count
while maintaining high feature extraction capabilities™..
This lightweight convolution operation enhances the
computational efficiency of the SSD model without
sacrificing accuracy, making it more suitable for real-
time application scenarios. Additionally, optimization
of convolution layers can be achieved by incorporating
attention mechanisms to improve the model's ability
to capture important features. By weighting different
feature maps during the convolution process, the
model can focus more on critical areas and details in
substation equipment, enhancing its recognition ability
in complex scenarios.

3.3 Precision Adjustment of Detection Boxes
The existing SSD model uses fixed-size and
shape default bounding boxes for target detection,
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simplifying the model structure. However, this can
lead to mismatches between the bounding boxes and
target objects when dealing with different shapes and
proportions, adversely affecting detection accuracy.
Therefore, optimizing the precision of detection
boxes can be achieved by refining the sizes and
ratios of default bounding boxes to better align with
target objects in practical applications. For example,
redesigning anchor boxes based on the shape and size
distribution of substation equipment can make the
detection boxes more compatible with these devices'
appearances, thereby enhancing detection accuracy.
Subsequently, predictive box regression techniques
can be introduced to fine-tune the size and position
of bounding boxes, allowing them to better fit the
target objects. By performing regression correction
on detection boxes, the model can further adjust box
precision after preliminary predictions, reducing errors
and improving final localization outcomes. Finally,
incorporating non-maximum suppression algorithms
can filter multiple overlapping candidate boxes to avoid
duplicate detections of the same target, effectively
enhancing detection performance.

3.4 Refinement of Structural Diagrams and Process
Analysis

In the process of improving the SSD model, refining
the structural diagrams can more clearly illustrate
the model's hierarchical architecture, data flow, and
the functional allocation of various modules, making
the overall design more intuitive. The basic structure
of the SSD model consists of a backbone network
and detection head. The improved structural diagram
can demonstrate the impact of enhancements such as
refined multi-scale feature fusion layers, optimized
convolution layers, and newly added detection box
precision adjustment modules at different levels.
For example, in the backbone network section, the
diagram can show how convolution layer optimization
and depthwise separable convolutions enhance
computational efficiency; in the detection head
section, it can demonstrate how multi-scale feature
fusion and regression techniques improve detection
accuracy. Regarding process analysis, the refined
model workflow includes the complete process of
input images undergoing feature extraction, multi-scale
feature fusion, candidate box generation, bounding box
regression adjustment, classification prediction, and

filtering of final detection results via non-maximum
suppression algorithms. The refined flowchart aids in
intuitively understanding the specific functions and
interrelations of each step, ensuring that the model's
improvement direction is clearer and more systematic.

4. Application of Substation Equipment
Identification Based on the Improved SSD
Model

4.1 Online Identification System

The online identification system, deployed with the
improved SSD model, can achieve automatic real-
time identification of various devices within the
substation, effectively enhancing the efficiency of
equipment inspections and fault detection. The online
identification system typically obtains real-time image
data of devices through cameras or inspection robots
installed in the substation and inputs this data into the
SSD model for processing. Subsequently, the improved
SSD model utilizes technologies such as multi-scale
feature fusion, convolution layer optimization, and
detection box precision adjustment to automatically
detect and identify the category and position of
devices, as well as assess their status. With model
optimization, the system can tackle complex substation
environments, such as variations in lighting, equipment
occlusion, and shape diversity, ensuring accuracy and
robustness in equipment identification. Furthermore,
the online identification system also features strong
real-time capabilities and rapid response times, capable
of issuing alerts when abnormal equipment conditions
are detected, prompting personnel to take action. The
identification results can also be transmitted over the
network to a remote monitoring center for centralized
management of multiple substations.

4.2 Real-Time Monitoring and Abnormal Device
Detection

The real-time monitoring and abnormal device
detection system, based on the improved SSD model,
relies on advanced object detection algorithms to
analyze video streams or image data in real-time,
automatically identifying and monitoring various
devices within the substation. In practical applications,
the system continuously obtains images or video data
of device operations through cameras installed in the
substation. The improved SSD model quickly extracts
multi-level features of the devices using multi-scale
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feature fusion and optimized convolution layers,
identifying their types and locations. At the same time,
detection box precision adjustments ensure accuracy in
detecting devices in complex environments. The system
also conducts continuous analysis of device operating
states by comparing with historical data; if any
abnormal operating parameters or significant changes
in appearance are detected, the system immediately
flags the device as abnormal and issues real-time alerts.
This capability for real-time monitoring and abnormal
detection enables maintenance personnel to identify
potential issues before failures occur, allowing for
timely interventions to prevent escalation and reduce
risks of power outages or equipment damage.

4.3 Intelligent Applications for Equipment
Maintenance and Management

The equipment identification technology based
on the improved SSD model facilitates automated
identification and monitoring within substations,
achieving intelligent maintenance and management.
During routine maintenance, the system processes
device images in real time, automatically identifying
equipment types and locations while comparing
them with standard device information in a
database. The model’s multi-scale feature fusion
and optimized convolution layers allow it to handle
complex scenarios, accurately locating and recording
operational statuses for both large equipment and small
components. Once an abnormal condition, such as
surface wear, aging, or deformation, is detected, the
system automatically generates maintenance tasks and
notifies maintenance personnel for necessary action.
Additionally, the intelligent system can generate
maintenance plans based on historical operational data
and inspection results, optimally scheduling repair
times to avoid both over-maintenance and under-
maintenance. The system can also be integrated into the
comprehensive management platform of the substation,
enabling visual display and full lifecycle management
of equipment statuses.

4.4 Remote Device Monitoring System Based on
Image Recognition

The remote device monitoring system based on the
improved SSD model employs advanced image
recognition technology to achieve real-time monitoring
and management of devices within the substation,

effectively enhancing operational efficiency and safety.
The core of this remote monitoring system lies in the
improved SSD model, which continuously captures
real-time images or video data through high-definition
cameras installed in the substation. The enhanced SSD
model possesses efficient object detection capabilities,
enabling quick and accurate identification of various
devices, including transformers, switches, and
circuit breakers, even under complex environmental
conditions. The improved model effectively addresses
challenges such as lighting variations and equipment
occlusion through multi-scale feature fusion, ensuring
recognition accuracy. In practice, the system captures
real-time image data, which is transmitted to a central
processing unit for analysis based on the SSD model.
Following recognition, the system generates equipment
status reports and relays the locations and fault types
of any abnormal devices to maintenance personnel.
Additionally, the system can automatically identify
potential fault hazards by comparing current data with
historical data. The remote monitoring system not only
supports real-time monitoring but also includes data
storage and analysis functions, allowing maintenance
personnel to remotely view equipment statuses
and historical records, conduct trend analysis, and
provide decision support. This intelligent management
significantly reduces the burden of manual inspections
while improving fault response speed, ensuring the safe

and stable operation of substations.

Conclusion

In summary, the substation equipment identification
technology based on the improved SSD model plays
a crucial role in enhancing equipment supervision
efficiency. Through multi-scale feature fusion,
convolution layer optimization, detection box precision
adjustments, and refinement of structural diagrams
and process analysis, improvements to the existing
SSD model can achieve high-precision equipment
recognition in complex substation environments,
thereby enhancing the level of intelligent management.
Furthermore, the introduction of real-time monitoring
and anomaly detection capabilities enables maintenance
personnel to promptly identify equipment issues,
thereby reducing the risk of failures. This not only
optimizes maintenance workflows but also ensures
the safety and stability of the power system, further
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advancing the intelligent development of substations.
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