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Abstract: Secure Shell File Transfer Protocol (SFTP) offers enhanced data security and efficiency compared to 

traditional file transfer methods like FTP and FTPS. This article explores SFTP’s transformative impact on IT 

organizations. It delves into its encryption, authentication, data integrity, and simplified network management. 

The article will examine SFTP's advantages over FTP and FTPS and use case studies to highlight its practical 

benefits for modern businesses. This research provides valuable insights into why SFTP should be the standard 

for secure and efficient file transfers. 
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I. Introduction 

SFTP, short for SSH File Transfer Protocol, was developed in 1997 as part of the SSH-2 (Secure Shell) 

protocol suite [1]. The creators, including Tatu Ylönen, aimed to solve the security issues present in earlier file 

transfer systems. Traditional protocols like FTP (File Transfer Protocol) date back to 1971 and lacked encryption. 

This made FTP unsuitable for handling sensitive data [2], especially as the internet grew. FTPS (FTP Secure) 

came later, adding SSL/TLS encryption. However, FTPS introduced new complexities in network management 

and failed to fully address evolving security needs. 

SFTP's development marked a turning point in secure data transmission. The protocol encrypts data using 

SSH, which was originally created to replace insecure terminal emulation programs like Telnet [3]. This highlights 

the necessity of secure protocols like SFTP in IT infrastructure. 

SFTP quickly gained traction due to its ability to securely transfer files across potentially insecure 

networks. Its use of a single channel for both control and data simplifies network configurations, unlike FTP and 

FTPS, which require multiple ports. FTP’s reliance on plaintext transmission created security risks, including 

eavesdropping and data tampering. [4] FTPS improved upon this by adding encryption, but its multi-port setup 

increased firewall complexity. Administrators struggled to manage multiple channels, opening organizations to 

potential security vulnerabilities. 

In contrast, SFTP's single-port, encrypted channel eliminated these concerns. By using SSH keys or 

password-based authentication, SFTP ensures secure access to the file transfer system. Data integrity is also 

guaranteed through cryptographic checksums, verifying that files arrive without corruption. Today, SFTP is 

widely used by organizations handling sensitive data, from financial services to healthcare industries, to safeguard 

their file transfers. This makes it an essential tool in modern IT environments, especially as data security 

regulations tighten worldwide.[3] [4] 

 

II. Literature Review 

The literature surrounding secure file transfer protocols emphasizes the evolution and necessity of SFTP 

as a robust alternative to traditional methods like FTP and FTPS. M. J. P. C. K. S. R. & K. B. V. Krishna [1] 

highlight the critical design aspects of secure file transfer, indicating that SFTP was created specifically to address 

security vulnerabilities in earlier protocols. Similarly, Chen et al. [2] discuss the threats posed by non-control-data 

attacks, underscoring the inadequacies of FTP's plaintext transmission and reinforcing the importance of 

encryption, which SFTP provides through SSH. 

Chris Snyder [3] further elaborates on securing network connections, detailing how SSL and SSH 

enhance data protection. This context helps to frame SFTP not only as a protocol of choice but also as a necessity 

in modern IT infrastructure. Horan [4] advocates for the advantages of multi-user SFTP, emphasizing its 

significance in secure file sharing, which aligns with the growing demand for compliant and efficient data transfer 

solutions. 

Additional insights from Yang et al. [5] address design issues in cloud platforms, echoing the need for 

trustworthy data transfer methods, which further validates SFTP’s role in ensuring regulatory compliance. 

Springall et al. [6] provide empirical evidence on the vulnerabilities of FTP, reinforcing SFTP's superior security 

features. Finally, Pick [7] and GoAnywhere [8] summarize comparative analyses of secure protocols, consistently 
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demonstrating SFTP's advantages in terms of security, simplicity, and compliance with standards like HIPAA and 

GDPR, making it the ultimate choice for organizations prioritizing data integrity and protection. 

 

III. Problem Statement: 

Security & Efficiency Limitations with FTP & FTPS 

File Transfer Protocol (FTP) and its secure variant FTPS (FTP over SSL/TLS) are still widely used for managed 

file transfers. However, they come with significant limitations and vulnerabilities that can cause operational 

challenges. 

File Transfer Protocol (FTP) and its secure variant FTPS (FTP over SSL/TLS) are still widely used for managed 

file transfers. However, they come with significant limitations and vulnerabilities that can cause operational 

challenges.[4] 

Lack of Data Encryption (FTP) 

FTP transfers data in plain text. This leaves all transferred information exposed to interception and unauthorized 

access, posing a significant risk, especially when handling sensitive or confidential data. Anyone with access to 

the network can easily capture usernames, passwords, and file contents. This absence of encryption is one of the 

most critical security gaps in FTP. 

Compliance Issues 

FTP’s unencrypted nature makes it unsuitable for organizations required to meet data protection regulations like 

HIPAA, GDPR, and PCI-DSS. These frameworks mandate encryption during data transfers, which FTP fails to 

provide. The inability to comply with such standards can lead to penalties and legal consequences. [5] 

Firewall Complexity 

FTP requires multiple ports to be opened for data transfer. This multi-port architecture complicates firewall 

configuration and increases vulnerability. In contrast to protocols like SFTP, which use a single port, the need to 

open multiple ports can create significant attack surfaces for hackers[4] 

Passive vs. Active Mode Issues (FTP) 

FTP's reliance on two modes (active and passive) adds complexity. In active mode, the client opens random ports, 

which can lead to firewall issues, while in passive mode, the server opens random ports, potentially increasing 

exposure to attacks. Misconfigurations or incorrect mode usage can lead to failed transfers and security breaches. 

FTPS Certificate Management 

FTPS adds encryption via SSL/TLS, but it introduces the burden of managing digital certificates. Proper certificate 

handling is complex, requiring renewal, validation, and compatibility testing, adding to administrative overhead. 

If not correctly managed, expired or compromised certificates can lead to interrupted services or vulnerability 

exploits. 

FTP Control and Data Channel Separation 

In FTP, the control and data channels are separated, meaning authentication takes place over one channel, while 

data is transferred over another. Without encryption, an attacker could hijack the control channel, manipulate the 

session, and steal sensitive information [4].  

Even in FTPS, where encryption is used, synchronizing encryption for both channels can introduce compatibility 

problems with network infrastructure, firewalls, and proxies. 

Authentication Vulnerabilities (FTP) 

Standard FTP authentication methods involve transmitting credentials in plain text. This practice makes it easy 

for attackers to conduct man-in-the-middle attacks or capture login credentials via packet sniffing. In contrast, 

modern protocols like SFTP use encrypted methods to protect credentials. [6] 

Table 1 under section 5 details these challenges further, comparing the protocols expressly. 

 

IV. Solution 

How SFTP Resolves Issues with FTP and FTPS 

SFTP (SSH File Transfer Protocol) is a solution to the limitations of FTP and FTPS, enhancing data security and 

simplifying network configurations. Its use of SSH encryption, single-channel architecture, and superior 

authentication mechanisms addresses the vulnerabilities and inefficiencies observed in traditional file transfer 

protocols. 

 

Enhanced Security through SSH Encryption 

SFTP utilizes SSH (Secure Shell) encryption for all data transmissions, protecting sensitive data from 

interception and manipulation. Unlike FTP, which sends data in plain text, SFTP encrypts the entire 

communication session, making it resistant to eavesdropping and man-in-the-middle attacks. This means that even 

if malicious actors attempt to capture data in transit, it will be encrypted and unusable without the corresponding 

decryption keys. By leveraging SSH encryption, SFTP achieves confidentiality, integrity, and authentication for 

every transaction. [4] [6] 
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In contrast, FTP transmits data without encryption, exposing files, credentials, and control commands to 

potential interception. FTPS, while adding encryption via SSL/TLS, often requires additional complexity for 

certificate management and key handling, which can be difficult to maintain and introduces points of failure. 

 
Figure 1: FTP Data Transmission (Simplified) 

 

Authentication and Authorization Improvements 

SFTP enhances authentication by incorporating robust methods such as public key authentication and password-

based logins over encrypted channels. Public key authentication is a powerful mechanism where the client uses a 

private key to prove its identity to the server, eliminating the need for transmitting passwords. This contrasts with 

FTP’s vulnerability, where credentials are sent in plain text, making them easy targets for attackers. 

FTPS addresses some of these issues but still faces challenges due to the complexity of managing SSL certificates 

and encryption for both control and data channels. SFTP consolidates these processes, reducing the risk of 

misconfiguration and ensuring consistent protection throughout the session. 

Data Integrity Assurance 

Another key advantage of SFTP is the built-in data integrity checks it performs during file transfers. SFTP verifies 

that files remain intact throughout the transmission, preventing corruption or accidental modification. This is 

achieved by using hashing algorithms, which allow both the client and server to confirm that the transmitted data 

matches the original file. 

In contrast, FTP does not inherently provide any method to guarantee the integrity of data during transfer, and 

FTPS, while encrypting the data, lacks standardized integrity checks. In the event of a network disruption or 

malicious interference, data transferred over FTP or FTPS can become corrupted, with no way for the sender or 

recipient to confirm if the file has been compromised. 

Single Channel for Control and Data 

SFTP significantly simplifies network management by utilizing a single communication channel for both control 

and data transfer. This design reduces network complexity and mitigates issues caused by the multi-channel 

architecture of FTP and FTPS. For instance, FTP relies on separate channels for control (commands) and data, 

which necessitates opening multiple ports. This multi-port requirement complicates firewall configurations, 

introducing additional attack vectors that need to be secured. 

 
Figure 2: FTPS Data Transmission (Simplified) 

 

FTPS similarly suffers from this multi-channel setup, where the SSL/TLS encryption must be applied separately 

to both channels, adding to the complexity. SFTP’s single-channel approach simplifies firewall and Network 

Address Translation (NAT) configurations, reducing the number of open ports and therefore decreasing the 

network’s exposure to potential attacks. [7] 

Reduced Network Complexity and Streamlined Configurations 

SFTP’s single-port architecture dramatically reduces the need for complex firewall rules and advanced network 

configurations, unlike FTP/FTPS, which can require multiple ports for different functions. This simplification 

makes it easier to set up and maintain secure file transfers without compromising performance. Firewalls can be 

configured to allow communication through a single port (typically port 22), minimizing security risks by reducing 

the number of potential entry points. [4] [6] [7] 

Incorporating SFTP into corporate network infrastructure reduces the overhead associated with managing firewall 

rules, port forwarding, and certificate administration, which are significant challenges when using FTP or FTPS. 
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This streamlined approach also ensures better compatibility with modern cloud environments and corporate 

networks, where reducing complexity is key to maintaining scalability and performance. 

Real-Time Integrity and Resilience Against Network Failures 

SFTP is also resilient to network failures, offering robust recovery mechanisms that ensure data transfer resumes 

from where it left off in case of disruptions. This is a critical feature for enterprises handling large data sets, where 

FTP and FTPS transfers often fail completely when an interruption occurs. SFTP automatically retries the transfer 

from the point of failure, reducing the risk of incomplete or corrupted data, making it a preferred choice for 

industries that require high availability and resilience. [7] 

 

V. Comparative Analysis 

Here’s a comparative analysis of key network protocols used in Managed File Transfer (MFT) platforms, focusing 

on security, performance, reliability, compatibility, and cost: 

 

Table 1: Comparative analysis of different FT protocols and functions 

Feature/Aspect 
FTP (File Transfer 

Protocol) 
FTPS (FTP Secure) 

SFTP (SSH File Transfer 

Protocol) 

Encryption 

No encryption. Data, 

commands, and credentials 
are sent in plaintext. 

SSL/TLS encryption. Data 
and commands can be 

encrypted, but configuration 

is more complex. 

Uses SSH (Secure Shell) 
encryption for both data and 

command transfer, highly 

secure. 

Authentication 
Basic username/password 
authentication. 

Can support 

username/password and 

certificates via SSL/TLS. 

Supports password, public key, 

and two-factor authentication via 

SSH. 

Port Configuration 

Uses two separate ports: 

Port 21 for commands and 
another port (often 

dynamic) for data. 

Also uses two ports (21 for 
commands and 990 or 

dynamic for data), with 

additional complexity due to 
encryption. 

Uses a single port (typically 22) 

for both commands and data, 

simplifying firewall setup. 

Data Integrity 
No inherent mechanism for 

data integrity verification. 

Can provide data integrity 

through SSL/TLS but is not 
built-in by default. 

SSH encryption provides built-in 

data integrity checks during 
transmission. 

Firewall Configuration 

Difficult to configure due 
to the use of multiple 

dynamic ports for data 
transfer. 

Complex firewall 

configuration, as multiple 

ports must be open for 
encrypted control and data 

channels. 

Simple to configure since it uses 
a single port for all 

transmissions, reducing 
complexity. 

Transfer Speed 

Can be faster in some 
cases since there is no 

encryption overhead, but 

lacks security. 

Slower than FTP due to 

encryption overhead, but 
more secure. 

Slightly slower due to 
encryption, but the security 

benefits outweigh the minor 

speed loss. 

Security 

Very insecure; vulnerable 
to man-in-the-middle 

attacks, sniffing, and brute-

force attacks. 

More secure than FTP, but 

still vulnerable if 

misconfigured. SSL/TLS 
certificates must be 

managed properly. 

Extremely secure; SSH provides 

robust protection against 
eavesdropping and tampering. 

File Integrity 

No built-in mechanism to 

ensure file integrity post-
transfer. 

SSL/TLS offers file integrity 

checks but may not be 
available by default. 

SSH includes robust file 

integrity checks to ensure data 
integrity during transfer. 

Compatibility 
Supported by almost all 

systems and clients. 

Also widely supported but 

requires SSL/TLS support. 

Requires SSH support, which is 

included in most modern 

systems but not as ubiquitous as 

FTP. 

Command and Data 

Channels 

Commands and data use 

separate channels, which 

increases complexity. 

Like FTP, it uses separate 

channels for commands and 
data, requiring multiple 

connections and ports. 

Single channel for both 

commands and data, 

streamlining the transfer process. 

Certificates 
No certificates needed or 

supported. 

Requires SSL/TLS 
certificates for encryption 

and authentication, adding 

administrative overhead. 

No SSL/TLS certificates 

required. Uses SSH keys or 
password-based authentication. 

Regulatory Compliance 

Does not meet regulatory 

requirements (e.g., 

HIPAA, GDPR) due to 
lack of encryption. 

Can meet compliance if 

properly configured, but 

SSL/TLS management can 
be burdensome. 

Complies with most regulatory 

standards like HIPAA, SOX, 

and GDPR due to strong 
encryption. 

Multi-Platform Support 

Universally supported 

across all operating 

systems and platforms. 

Widely supported, but setup 

and configuration may differ 

between platforms. 

Supported on most platforms 

with SSH, which is common in 

Unix/Linux environments. 

Key Use Cases 
Simple file transfers where 
security isn’t a concern 

Secure data transfers 
between servers when 

Highly secure file transfers, 

remote backups, sensitive data 

transfers. 
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(e.g., local network 
transfers). 

SSL/TLS encryption is 
required. 

Complexity of Setup 

Very simple to set up; 

often used when ease of 
deployment is more 

important than security. 

More complex due to 

certificate management, port 
configuration, and 

encryption setup. 

Easy to set up due to using a 

single port, though requires SSH 

setup. 

Cost 

No cost for setup or 

implementation beyond 
basic infrastructure. 

Certificate management and 

SSL/TLS implementation 
may increase costs. 

Requires SSH infrastructure, but 

no additional SSL/TLS 
certificate costs. 

Vulnerability to Attacks 

Extremely vulnerable to 

MITM (man-in-the-
middle), brute-force, and 

sniffing attacks. 

More secure than FTP, but 

vulnerable if SSL/TLS 
certificates are not 

maintained correctly. 

Highly resistant to MITM, 

tampering, eavesdropping, and 

other network-based attacks. 

Compliance with 

Modern Security 

Standards 

Does not comply with 

modern security standards 
due to lack of encryption. 

Can comply, but depends on 
the configuration of 

SSL/TLS and certificate 

management. 

Complies with modern standards 

due to its strong encryption and 
authentication mechanisms. 

 

This shows that while FTP is fast and easy to set up but completely insecure and outdated for most modern 

applications. On the other hand, FTPS offers security via SSL/TLS encryption but comes with added complexity 

in terms of configuration and certificate management. 

SFTP, on the other hand, provides a comprehensive, highly secure file transfer solution, solving many of the 

weaknesses associated with both FTP and FTPS. 

 

VI. Case Studies 

SFTP has become a critical protocol for many organizations due to its enhanced security, simplified architecture, 

and improved data integrity. Various industries have implemented SFTP to solve common issues related to FTP 

and FTPS, leading to notable improvements in data security, network efficiency, and compliance. Below are some 

case studies that highlight the transformative impact of SFTP in different environments. 

Healthcare Provider’s Data Transfer Security 

A large healthcare organization faced challenges with securely transferring sensitive patient data between internal 

departments and external partners. The organization was initially using FTP, which exposed vulnerabilities, 

especially concerning data breaches and HIPAA compliance. By transitioning to SFTP, the healthcare provider 

significantly reduced security risks. 

SFTP allowed them to encrypt sensitive medical records during transmission, ensuring that no unauthorized users 

could intercept or alter the data. The built-in SSH encryption of SFTP also helped the organization maintain 

HIPAA compliance by securing patient information and meeting stringent regulatory requirements. [8] 

Moreover, by consolidating both control and data channels into a single channel, SFTP reduced the complexity 

of the organization’s firewall and network configurations. This transition led to more efficient management of 

security protocols and a reduction in IT overhead costs. 

Financial Services Firm’s Data Integrity Challenges 

A leading financial services company relied heavily on FTPS to transfer confidential financial statements and 

reports. Although FTPS provided encryption, it presented multiple operational challenges, including managing 

complex firewall configurations and SSL/TLS certificate renewal processes. Additionally, FTPS did not offer 

built-in mechanisms for verifying data integrity, making it susceptible to undetected corruption during transfers. 

The firm adopted SFTP to streamline its file transfer operations and enhance security. SFTP’s single-channel 

architecture reduced the burden on the IT team by simplifying network configurations and minimizing the number 

of open ports required. The protocol's ability to verify the integrity of transferred data through cryptographic 

checksums ensured that financial reports arrived without corruption or alteration, a critical requirement for 

regulatory compliance in the financial industry. [9] 

Since implementing SFTP, the firm has improved the reliability of its file transfers and reduced the risk of data 

loss during critical transactions. 

 

VII. Conclusion 

SFTP’s comprehensive security architecture, use of SSH encryption, robust authentication methods, 

single-channel communication, and data integrity verification make it a superior solution to FTP and FTPS. By 

solving the critical issues of unencrypted transmissions, complex network configurations, and unreliable data 

integrity, SFTP provides a secure and efficient protocol that meets the stringent requirements of modern IT 

environments. As organizations continue to prioritize data security and regulatory compliance, SFTP is the logical 

successor to legacy file transfer protocols.[5] [6] 

The case studies discussed in this paper showcase the significant advantages of implementing SFTP over 

traditional FTP and FTPS. In each instance, SFTP enhanced data security, reduced network complexity, and 

ensured regulatory compliance. By using SSH encryption, robust authentication, and data integrity verification, 
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SFTP provides a comprehensive solution for secure file transfers across various industries, from healthcare to 

government to retail. The protocol's streamlined architecture makes it the preferred choice for organizations 

looking to overcome the limitations of FTP and FTPS, while ensuring data protection and efficiency. [8] [9] 
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