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Abstract - Botnets pose a significant threat to network
security, enabling various malicious activities such as
distributed denial-of-service (DDoS) attacks, spam campaigns,
and data theft. Traditional methods of botnet detection based
solely on network or host analysis have limitations in
effectively detecting sophisticated botnets. Hybrid botnet
detection techniques, which combine both network and host
analysis, have emerged as a promising approach to enhance the
accuracy and efficiency of botnet detection. This survey paper
aims to provide an overview of recent advancements in hybrid
botnet detection techniques, highlighting their strengths,
limitations, and future research directions.
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1. Introduction

Botnets pose a significant threat to network security and have
become a prominent tool for various cybercriminal activities,
including distributed denial-of-service (DDoS) attacks,
spamming, data theft, and financial fraud. These malicious
networks consist of a large number of compromised computers,
known as "bots" or "zombies,"” which are controlled by a
centralized command and control (C&C) infrastructure[1].
Detecting and mitigating botnet activities is crucial to protect
network resources, ensure data confidentiality, and maintain the
integrity of systems.

Traditional botnet detection techniques primarily rely on
network-level analysis, such as traffic monitoring, packet
inspection, and anomaly detection. While these approaches have
been effective to some extent, they often struggle to accurately
identify botnet activities, especially when botnets employ
sophisticated evasion techniques. To overcome these
limitations, hybrid botnet detection techniques have emerged,
combining network analysis with host-level analysis to enhance
detection accuracy and reduce false positives[2].

The purpose of this survey paper is to provide an overview of
hybrid botnet detection techniques based on host and network
analysis. We explore various methodologies, algorithms, and
frameworks that integrate both network and host analysis to
detect and mitigate botnet activities effectively. Additionally,
we discuss the strengths and limitations of these techniques,
highlight open research challenges, and provide insights into
future directions for hybrid botnet detection.

The remainder of this paper is organized as follows: Section 2
provides a background on botnets and their impact on network
security. Section 3 discusses the limitations of traditional
network-level botnet detection techniques. Section 4 introduces

hybrid botnet detection techniques based on host and network
analysis, including host-level anomalies detection, behavior
analysis-based detection, real-time botnet C&C traffic
detection, and a case study on hybrid botnet detection. Section
5 discusses comparative analysis of different hybrid botnet
detection techniques. Section 6 highlights open research
challenges in hybrid botnet detection, including scalability,
dynamic detection, and adversarial attacks. Finally, Section 7
concludes the paper by summarizing the key findings and
suggesting future research directions.

By understanding the strengths and limitations of hybrid botnet
detection techniques, researchers and practitioners can
effectively design and deploy robust detection systems to
combat the evolving threats posed by botnets. The integration of
host and network analysis in hybrid approaches holds great
promise in improving the accuracy and efficiency of botnet
detection, ultimately enhancing network security and protecting
critical systems and resources.

2. Botnet Detection: An Overview

2.1 Botnet Definition and Characteristics:

A botnet is a network of compromised computers, often referred
to as "bots" or "zombies," that are under the control of a
malicious actor. These compromised computers are typically
infected with malware, allowing the botnet operator to remotely
control them. Botnets exhibit several characteristics that
differentiate them from regular networks, including command
and control (C&C) infrastructure, coordinated actions,
scalability, resilience, and stealthy behavior[1].

2.2 Botnet Detection Challenges:

Detecting botnets poses several challenges due to their evolving
nature and sophisticated techniques used by botnet operators.
Some key challenges in botnet detection include:

- Dynamic behavior: Botnets continuously evolve, adopting
new techniques to evade detection, making it challenging to
identify their presence[2].

- Encrypted communications: Botnets often use encryption to
obfuscate their communications, making it difficult to detect
their malicious activities[2].

- Botnet size and complexity: Botnets can consist of thousands
or even millions of compromised devices, making detection and
mitigation complex and resource-intensive[2].

- Covert communication channels: Botnets often employ covert
communication channels, such as peer-to-peer networks or
social media platforms, making detection even more
challenging[2].
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2.3 Approaches to Botnet Detection:

To combat botnets, various approaches to detection have been
developed. These approaches can be broadly classified into two
categories: network-level analysis and host-level analysis.

- Network-level analysis: This approach focuses on analyzing
network traffic to identify patterns and anomalies associated
with botnet activities. It involves techniques such as traffic
analysis, signature-based detection, flow-based detection, and
anomaly detection[3].

- Host-level analysis: This approach focuses on analyzing the
behavior and characteristics of individual hosts to detect signs
of botnet infections. Techniques used in host-level analysis
include behavior-based detection, signature-based detection,
and anomaly detection[4].

2.4 Need for Hybrid Botnet Detection:

While both network and host analysis approaches have their
merits, they also have limitations in effectively detecting
advanced and evolving botnets. Network analysis approaches
may struggle to identify encrypted or covert communications,
while host analysis approaches may fail to detect botnets that
exhibit minimal host-level anomalies. Hybrid botnet detection
techniques aim to overcome these limitations by combining the
strengths of both approaches. By integrating network and host
analysis, hybrid techniques can enhance detection accuracy and
improve the ability to identify botnets that may evade detection
by using a single-layer approach. Hybrid botnet detection
techniques are needed to effectively combat the increasing
sophistication and complexity of modern botnets[5,6].

3. Network Analysis-Based Hybrid Botnet Detection
Techniques

3.1 Network Traffic Analysis Approaches:

Network traffic analysis techniques focus on analyzing the

communication patterns and characteristics of network traffic

to identify potential botnet activities. Some common

approaches in this category include:

Traffic analysis: Analyzing network traffic to identify patterns,
anomalies, and specific behaviors associated with botnet
activities.

Signature-based detection: Using predefined signatures or
patterns to identify known botnet traffic.

Flow-based detection: Analyzing flow data, such as NetFlow
or IPFIX, to detect botnet traffic based on flow characteristics.
Anomaly detection: Identifying deviations from normal
network behavior to detect botnet activities[3].

3.2 Machine Learning-Based Network Analysis:

Machine learning techniques have been widely used in network
analysis to detect botnet activities. These techniques involve
training models on labeled datasets to identify patterns and
classify network traffic as either benign or malicious. Some
machine learning-based approaches used in hybrid botnet
detection include:

Supervised learning: Training models using labeled datasets to
classify network traffic as botnet or non-botnet based on
predefined features.

Unsupervised learning: Using clustering or anomaly detection
algorithms to identify abnormal network behavior associated
with botnets.

Deep learning: Utilizing deep neural networks to extract
intricate features and patterns from network traffic data for
botnet detection[4].

3.3 Feature Selection and Decision Trees:

Feature selection techniques play a crucial role in hybrid botnet
detection by selecting relevant features from network traffic
data. Decision trees are often employed as classifiers to
distinguish between botnet and non-botnet traffic based on
these selected features. Some approaches in this category
include:

Information gain-based feature selection: Selecting features
based on their ability to provide the most information gain in
distinguishing botnet traffic.

Decision tree-based classification: Constructing decision trees
using selected features and their corresponding labels to
classify network traffic as botnet or non-botnet[3].

3.4 Case Study: Efficient Detection of Botnet Traffic by
Features Selection and Decision Trees:

This case study focuses on the efficient detection of botnet
traffic using feature selection techniques and decision trees.
The study proposes a method that combines feature selection
based on information gain with decision tree classifiers to
achieve accurate and efficient botnet detection. The selected
features capture important characteristics of botnet traffic,
allowing for effective classification. Experimental results
demonstrate the effectiveness of the proposed approach in
accurately detecting botnet traffic[3].

4. Host Analysis-Based Hybrid Botnet Detection
Techniques

4.1 Host-Level Anomalies Detection:

Host-level anomalies detection techniques focus on identifying
abnormal behavior or characteristics on individual
compromised hosts that may indicate botnet infections. Some
common approaches in this category include:

System call analysis: Analyzing system calls made by
processes on a host to identify deviations from normal
behavior, which may indicate botnet activity.

File system analysis: Monitoring file system activities to detect
suspicious files or modifications that may be associated with
botnet infections.

Registry analysis: Analyzing changes in the Windows registry
or other system registries to detect unauthorized modifications
made by botnets.

Behavior-based detection: Monitoring the behavior of
processes on a host to identify unusual activities or patterns
associated with botnet operations[1].

4.2 Behavior Analysis-Based Detection:
Behavior analysis techniques focus on monitoring the behavior
of hosts to identify patterns or activities associated with
botnets. These techniques aim to detect deviations from normal
behavior that may indicate the presence of botnet infections.
Some approaches in this category include:
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Network behavior analysis: Analyzing network traffic
generated by hosts to detect unusual communication patterns,
connections to known malicious domains, or suspicious port
scanning activities.

Communication  behavior  analysis:  Analyzing  the
communication behavior of processes or applications on hosts
to identify abnormal patterns, such as frequent connections to
unknown or malicious IP addresses.

Resource usage analysis: Monitoring the resource usage, such
as CPU or memory utilization, of hosts to identify anomalies
that may be indicative of botnet infections[5].

4.3 Real-Time Botnet Command and Control Traffic
Detection:

Real-time detection of botnet command and control (C&C)
traffic involves monitoring network traffic to identify
communication patterns between compromised hosts and
botnet C&C servers. By analyzing the characteristics of this
traffic, it is possible to detect the presence of botnets and their
control infrastructure[2].

4.4 Case Study: BotDet - A System for Real-Time Botnet
Command and Control Traffic Detection:

This case study presents BotDet, a system designed for real-
time detection of botnet command and control (C&C) traffic.
The system utilizes network traffic analysis techniques to
identify communication patterns associated with botnet C&C
activities. It employs machine learning algorithms and
behavior-based analysis to detect and classify C&C traffic
accurately. Experimental results demonstrate the effectiveness
of BotDet in detecting and mitigating botnet C&C traffic in
real-time scenarios[2].

5. Hybrid Botnet Detection Techniques

5.1 Integrating Network and Host Analysis

One approach to hybrid botnet detection is the integration of
network and host analysis techniques[1]. This approach
combines the strengths of both methods to enhance the
accuracy and effectiveness of botnet detection.

Network analysis focuses on monitoring network traffic and
identifying patterns or behaviors that indicate botnet
activity[1]. This can include analyzing packet headers, payload
content, flow characteristics, or communication patterns.
Network-based detection techniques can be effective in
detecting large-scale botnets that exhibit common
communication patterns or utilize specific protocols[1].

On the other hand, host analysis focuses on monitoring the
behavior of individual hosts or endpoints within a network[1].
This can involve analyzing system logs, monitoring process
activities, or examining network connections established by
individual hosts. Host-based detection techniques can be
effective in identifying botnets that employ advanced evasion
techniques or operate at a smaller scale[1].

By integrating network and host analysis, hybrid botnet
detection techniques can leverage the complementary
information from both approaches[1]. Network analysis can
provide insights into global botnet behaviors and
communication patterns, while host analysis can provide fine-
grained information about individual compromised hosts or
malicious activities at the endpoint level. This integration

allows for a more comprehensive and accurate detection of
botnet activities[1].

Another approach to hybrid botnet detection is the development
of multilayer frameworks[4]. These frameworks combine
multiple detection techniques and layers of analysis to improve
the accuracy and robustness of botnet detection systems[4].

A multilayer framework typically consists of several
components, each responsible for a specific aspect of botnet
detection[4]. These components may include network traffic
analysis, host behavior monitoring, machine learning
algorithms, and anomaly detection techniques. By combining
these different layers, the framework can leverage the strengths
of each component to detect botnet activities more
effectively[4].

For example, the framework may use network traffic analysis
to identify suspicious communication patterns or command and
control (C&C) traffic associated with botnets. It may then
analyze host behaviors to detect signs of compromise or
malicious activities at the endpoint level[4]. Machine learning
algorithms can be employed to learn from historical data and
classify network traffic or host behaviors as either botnet-
related or legitimate. Anomaly detection techniques can also be
used to identify deviations from normal network or host
behavior, which may indicate the presence of a botnet[4].

Multilayer frameworks provide a comprehensive and layered
approach to botnet detection, increasing the accuracy and
resilience of the detection system[4]. By combining multiple
detection techniques, these frameworks can overcome the
limitations of individual approaches and provide a more robust
defense against botnet threats[4].

One example of a hybrid botnet detection technique is the
approach proposed by Almutairi et al. in their paper "Hybrid
Botnet Detection Based on Host and Network Analysis." This
case study provides insights into the practical implementation
of a hybrid botnet detection system[1].

The proposed approach integrates host-based analysis and
network traffic analysis to detect botnet activities. On the host
side, the system monitors the behavior of individual hosts,
including processes, network connections, and system logs[1].
This allows for the detection of botnet-related activities at the
endpoint level, such as unusual process behaviors or suspicious
network connections[1].

On the network side, the system analyzes network traffic to
identify botnet-related communication patterns or command
and control (C&C) traffic.[1] This involves examining packet
headers, payload content, and flow characteristics to identify
indicators of botnet activity.

The information gathered from both host and network analysis
is then combined and processed using machine learning
algorithms to classify network traffic or host behaviors as either
botnet-related or legitimate. This classification enables the
system to differentiate between normal and malicious activities
and trigger appropriate responses, such as blocking or
alerting[1].
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The case study demonstrates the effectiveness of the hybrid
approach in detecting botnet activities by leveraging the
strengths of both host and network analysis. By integrating
these two analysis techniques and using machine learning
algorithms, the system achieves a higher detection rate while
reducing false positives compared to individual approaches.

6. Open Research Challenges and Future Directions

6.1 Scalability and Real-Time Detection:

One of the open research challenges in hybrid botnet detection
is scalability, particularly in large-scale networks. As networks
grow in size and complexity, it becomes more challenging to
efficiently analyze and detect botnet activities in real-time.
Future research should focus on developing scalable techniques
that can handle the increasing volume of network traffic and
provide real-time detection and response capabilities.

6.2 Dynamic Botnet Detection:

Botnets are constantly evolving, making it crucial to develop
dynamic detection techniques that can adapt to new botnet
characteristics and evasion techniques. Future research should
focus on developing detection methods that can quickly learn
and adapt to emerging botnet behaviors, ensuring the
effectiveness of detection systems over time.

6.3 Adversarial Attacks and Countermeasures:

Botnet operators are constantly adapting their strategies to
evade detection, making it essential to develop
countermeasures to address adversarial attacks. Future research
should focus on developing robust and resilient detection
techniques that can effectively detect and mitigate sophisticated
botnet attacks and evasion techniques employed by botnet
operators.

7. Conclusion:

Hybrid botnet detection techniques that combine host-level and
network-level analysis have shown promise in detecting and
mitigating botnet activities. These techniques leverage the
strengths of both approaches to enhance detection accuracy and
reduce false positives. However, there are still several open
research challenges in this field, including scalability and real-
time detection, dynamic botnet detection, and addressing
adversarial attacks. Future research should focus on addressing
these challenges to develop more effective and resilient botnet
detection systems.
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