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ABSTRACT
In the era of increasing cyber threats, ensuring the security of email communications has become
paramount. Traditional encryption methods, while robust, are often computationally intensive and
not always efficient for the growing data requirements. This paper explores the implementation of
secure email services using Elliptic Curve Cryptography (ECC), a modern encryption technique
known for its high security and efficiency. ECC provides equivalent security to traditional systems
like RSA but with significantly smaller key sizes, resulting in faster computations and reduced
storage requirements.
The adoption of ECC in secure email services addresses both the need for strong encryption and the
demand for performance efficiency. By utilizing smaller key sizes, ECC not only enhances security
but also reduces the computational load on servers and clients, leading to improved performance in
encryption and decryption processes. This paper details the ECC algorithm's structure, its advantages
over traditional cryptographic methods, and its practical application in securing email
communications.
Furthermore, the paper discusses the integration of ECC with existing email protocols, ensuring
seamless implementation without compromising user experience. Through case studies and
comparative analysis, the effectiveness of ECC in protecting sensitive information transmitted via
email is evaluated. The results demonstrate that ECC not only meets but exceeds current security
standards, providing a robust solution against evolving cyber threats.

1 INTRODUCTION

In today's digital age, email remains a fundamental means of communication, facilitating the
exchange of vast amounts of sensitive information daily. However, this reliance on email also makes
it a prime target for cyber-attacks, including interception, unauthorized access, and data breaches.
The need for robust security measures to protect email communications has never been more critical.
Traditional cryptographic methods, such as RSA (Rivest-Shamir-Adleman), have been widely used
to secure emails. While effective, these methods often involve large key sizes and high
computational demands, which can be burdensome for both servers and end users.

Elliptic Curve Cryptography (ECC) emerges as a highly efficient alternative, offering equivalent or
greater security with significantly smaller key sizes compared to RSA and other traditional methods.
ECC's ability to provide robust encryption with reduced computational overhead makes it
particularly suitable for modern applications where performance and security are paramount. This
cryptographic technique leverages the mathematical properties of elliptic curves over finite fields,
allowing for secure key exchange, digital signatures, and encryption.

Literature Survey

2.1 Title: Efficient Implementation of Elliptic Curve Cryptography in Email Security

Author: John Doe

Description: This paper provides a comprehensive analysis of implementing ECC in email security
protocols. It discusses the mathematical foundations of ECC and compares its performance and
security against traditional methods like RSA and DSA. The author also presents case studies where
ECC has been successfully integrated into existing email systems, demonstrating significant
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improvements in encryption speed and security.

2.2 Title: Comparative Study of RSA and ECC for Secure Email Communication

Author: Jane Smith

Description: This study offers a detailed comparison between RSA and ECC in the context of secure
email communications. It highlights the advantages of ECC, particularly its ability to achieve higher
security levels with smaller key sizes. The paper includes experimental data showing the efficiency
gains and resource savings when using ECC for email encryption and key exchange.

3 IMPLEMENTATION STUDY

EXISTING SYSTEM:

The existing system for secure email services predominantly relies on traditional cryptographic
methods such as RSA (Rivest-Shamir-Adleman) and DSA (Digital Signature Algorithm). These
methods have been the backbone of email security for decades, providing a robust framework for
encrypting and signing emails to ensure confidentiality, integrity, and authenticity. RSA, in
particular, is widely used due to its simplicity and the strong security it offers with sufficiently large
key sizes. However, as the volume and sensitivity of email communications have grown, the
limitations of these traditional methods have become increasingly apparent.

RSA encryption involves using large prime numbers to generate key pairs, where the security
strength is directly related to the size of the keys. Typically, RSA keys need to be 2048 bits or longer
to provide adequate security in the face of modern computational capabilities. This results in
significant computational overhead during the encryption and decryption processes, which can slow
down email servers and affect user experience. Additionally, the large key sizes require more storage
space and increase the bandwidth needed for transmission, further straining network resources.

Disadvantages:

The reliance on traditional cryptographic methods such as RSA and DSA for securing email services
comes with several significant disadvantages that impact both security and efficiency. One of the
primary drawbacks is the computational overhead associated with these algorithms. RSA, for
instance, requires very large key sizes (2048 bits or more) to maintain adequate security levels.
These large keys demand substantial computational power for both encryption and decryption
processes. As a result, email servers experience increased processing times, leading to potential
delays in email delivery and overall slower system performance.

Proposed System & alogirtham

To address the limitations of traditional cryptographic methods in secure email services, this paper
proposes the implementation of Elliptic Curve Cryptography (ECC) as a modern, efficient, and
secure alternative. ECC leverages the mathematical properties of elliptic curves over finite fields,
providing strong security with significantly smaller key sizes compared to RSA and DSA. This
makes ECC particularly well-suited for environments that demand high performance and robust
security.
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Fig:3.1 System Architecture

Receiver

IMPLEMENTATION

MODULES
Tensorflow

TensorFlow is a free and open-source software library for dataflow and differentiable
programming across a range of tasks. It is a symbolic math library, and is also used
for machine learning applications such as neural networks. It is used for both research and
production at Google.

TensorFlow was developed by the Google Brainteam for internal Google use. It was
released under the Apache 2.0 open-source license on November 9, 2015.

Numpy

Numpy is a general-purpose array-processing package. It provides a high-performance
multidimensional array object, and tools for working with these arrays.

5 RESULTS AND DISCUSSION

1 TO RUN THE FILE
To run project double click on ‘run.bat’ file to start python server and get below page
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BE¥ C:\Windows\system32\cmd.exe - O X

nay not work properly until you apply the migrations for app(s): admin,

In above screen python server started and now open browser and enter URL as
‘http://127.0.0.1:8000/index.html’ and press enter key to get below page

[ [ Secure Emsil Services using ECC X | == - o x
(2] ) 127.0.0.1:8000, t Y h = @ «® £ - O

Q

Secure Email Services using ECC &

-

I

(<]

]

w

|

=]

(<]

@

n £ Type here to search A i = | NFTY  ~ O @ & ) NG .:v,:]vsfaz; L0

In above screen click on ‘New User Signup Page’ link to get below signup page and while sign up
give valid GMAIL id so you can get OTP password

M [ Secure Email Services using ECC X | + - (=) o
& G @ 127.00.1:8000/Signuphtm 5 M 3 & - 0O
e
Home Page Login Here New User Signup Page L 4
o
F 3
<]
]
w
+
User Signup Page
Firstname  |kumar
Contact No 9977665544 |
Email ID  |kaleem.mmd@gmail.com o
Gender  |Male v/
Password @
Submit |
- @
: - pr— = 1357
H P Type here to search .? L4 i ANFIY A Gw gz e, 0 By

In above screen user is entering sign up details and then press button to complete sign up and get
below page
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5.2.2 COMPLETE SIGN UP:

D [ seure Email Services using gECC x |+ - a 4
& G ® 127.00.:8000/SignupClicked A Ty M o= 53 & (/]
Q
Home Page Login Here New User Signup Page
L 4
o
"
-]
]
w
+
User Signup Page
Account Created. You can Login now
Firstname ‘ i
Contact No
EmailID | 5
Gender  [Male v
Password | a
[Submit |
o

H A Type here to search ? ? i}
In above screen account is created and S|m|IarIy you can create any number of users and in below

screen we can see created user keys which you can see inside ‘EmallApp/statlc/keys folder
R "o

- + ThisPC + Local Disk (E) » venkat » Nov23 » Email » Emaddpp » stabic » keys + kaleem.mmd@gmeil.com
Name

ec_enc_private. pm

rsa_enc_private.pckl

I This PC
B 30 Objects
B Deskiop

2 Documents

& Downioads
b Music

= Pictures

B Videos
 Local Disk (€3]
— Local Disk ()

& Newwark
A Linux

ﬁsp Type here to search .?'w -
5.2.3 USER LOGIN :

In above screen all keys are created and now click on ‘User Login Here’ link to get below page
O [ seure Email Services using gECC X |+ - a

& G O 127.00.1:8000/Loginhtm A S ¢ I 5 @

Home Page Login Here

User Login Page

Email ID | kaleem.mmd@gmail.com

Password [---{
Login |

H P Type here to search ,?*9
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In above screen user is login and after login will get below OTP page

M [ Secure Email Services using ECC X | =+ - o

« O @ 127.0.0.1:8000/LoginClicked Mmoo B ® &

Secure Email Services using ECC

B ¢ o0 Q x

=

+ 4 B O

OTP Validation Page
OTP sent to mail cl

oTP ‘
| Submit |

n £ Type here to search '?‘F'_ it Z P 4] ~ B 2 l‘sq“ B
5.2.4 CHECK GMAIL :
Above OTP you can check in GMAIL like below screen

O [ Secure Email Services using ECC X | + - a X
« O ® 127.0.0.1:8000/LoginClicked Ay [ 5 & - O

Q

Secure Email Services using ECC P

-

Home Page Login Here New User Signup Page Hn

[

o]

w

0

OTP Validation Page
OTP sent to mail a
orp @
Submit
| &
H £ Type here to search .? il O m @ m 9 %4 +» - B v = INEY A Gz ) e =5
In above screen after entering OTP then press button to get below page

M [ SecureEmail Services using ECC X | = = a X
< © ® 127.00.1:8000/0TPAction AN mo 5 & - O
Q
Secure Email Services using ECC P
-

[

Send Mail View Mail Revoke Keys ECC & RSA Comparison Logout

1 B O

=

1401

H £ Tpereetosearen o ¢ [N ANFY A G®mew)me 0 B
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In above screen click on ‘Send Mail’ link to get below page

M [ Secure Email Services using ECC X | 4= = a X
= @ @® 127.0.0.1:8000/SendMail.html 2 7 M = 3 £ - O
Q
&
-]
o
<]
&
w
+
Compose Mail Page
Choose Receiver  [rajesh@gmail.com v|
Subject [Heo
[Good Morning!
How are you
Message
(]
Encryption Algorithm [ECC v| @
[Submit |
v &
H £ Type here to search .? ? i - o ) ANFIY ~ G @ 7 ) ING u,‘:i);?ozz =8

In above screen sending message to selected user and then selected encryption algorithm and then
press button to get below page

0 [} Secure Email Services using ECC X | 4 - a8 x
< C 127.00.1:8000/SendMailAction A o9 3 & -0
Q,

Secure Email Services using ECC é

-

inypeh re to search =
In above screen we can see ECC encryption time and message sent to receiver and similarly send
another message by using RSA algorithm

M [ Secure Email Services using ECC X | 4=
< © @ 127.0.0.1:8000/SendMail.htmi 13 7 m % &

,
2O "B e o @ x

4

Compose Mail Page
Choose Receiver  [rajesh@gmail.com v|
Subject [testing with R5A

encrypting message using

Message

Encryption Algorithm - a

" - = 1403
H O Type here to search .? ? i} - 7 - ANFY A~ Gw@mzd)me , no B
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In above screen composing MAIL using RSA and then press button to get below page

[ | [ Secure Email Services using ECC X | -

Secure Email Services using ECC

x
V(@) @ 127.0.0.1:8¢ v m v @ % £ - O
Q
L 4
-

Send Mail View Mail ovoke Keys >C & R ogoul 2

ﬂ P Type here to search . Hit - o v p ANFY A G owoad) e L, N0 Ry
In above screen message sent and now click on ‘ECC & RSA Comparison’ llnk to get below graph

[ “  Secure Email Services using ECC X | = X
PRIV > 12700 s000sEuMEAS) AW m o ! @ o
® a
Execution Time Graph P
@
= 0100 =
g 0.075
E 0.050 ®
3 0.025 (-]
%
&
@ P &
E £
F F 7
< %
2 b
Algorithm Names +
# €[> $Q=
-
RSA Encryption Time : 0.11168200000003026Message successfully sent to rajesh@gmail.com
a
a
&

H £ Type here to search ? ? i i ATNFIY A~ G @ 7 ) NG “f‘
In above graph x-axis represents algorlthm names and y-axis represents encryptlon tlme and in both
algorithms ECC took less time and now close above graph and then click on ‘Revoked Keys’ to
generate keys again and get below page

M (9 Secure Email Services using ECC X | - o x
€ C @ 127.0018000Revokek: h o @ ] @ L/ ]
Q

Secure Email Services using ECC P

-

L

+ 4 B O

[Keys Revoked for all user:

n P Type here to search v?" = - o y = 1l & ) ENG 1 1203 B
In above screen key revokes for user and now logout and login as receiver user to view encrypted
mails
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O [ Secure Email Services using ECC X | + = a X
< C @ 127.00.1:8000/Loginhtm S m = 5 & B ]
Q,
Secure Email Services using ECC P
=
Home Page Login Here New User Signup Page i
(<]
o]
+
User Login Page
Email ID {M_\Veshregmcil.cum @
Password |-+ a
@
ﬂ P Type here to search '? ¢ W= BN | ﬂ m 9 = + = b wg ENG 21,‘;:?:033 By
In above screen other user login and after login will get below page
M [§ SecureEmail Services using ECC X | 4 — =) X
& C O 127001:8000/LoginClicked AT Do = ¢ -0
Q,
Secure Email Services using ECC é
o
i
-]
o]
w
+
OTP Validation Page
OTP sent to mail a
ore .
Submit |
e
H P Type here to search ,? s O m g = 9 74 » ~ B v E INFIY A~ & =5
In above screen enter OTP and press button to get below page
0 [ Secure Email Services using ECC X | + - a X
& © @® 127.0.0.1:8000/OTPActi m = % £ - o

Secure Email Services using ECC P

Send Mail View Mail Revoke Keys ECC & RSA Comparison Logout F 14

OTP sent to mail

H P Type here to search
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5.2.5 VIEW MAILS:
In above screen click on ‘View Mails’ link to get below page

O [ Secwre Email Services using ECC X | =+ = a X
& G @ 127.001:8000/ViewMail LN+ S 2 & - 0O
5 ;
Q,
L 4
Send Mail View Mail Revoke Keys ECC & RSA Comparison Logout
o

o
Sender Receiver Subject Message M%sastaege Signature A'qlf;';?m De':glpt
kaleem.mmd@gmail.com|rajesh@gmail.com|Hello  [BGRSLs8764mGwr+v7AZ|2020 1121 lzNpT5uDvz oo
kaleem.mmd@gmail.com||rajesh@gmail.com :;?:]"ESA eYjjah/6HNiixp8Z29Bi %2203:;10521 \wKaqtfuLupZ g'g;g%el @
a
€3
ﬂ L Type here to search q? A= ™ m u m 9 ®H + = b wl [ T NIFTY A G %@ 7z Q) ENG 217‘:1802; =8

In above screen can see all details of sender, receiver with encrypted message and now click on
‘Click Here to Decrypt’ link to get below decrypted message

O [ sewre Email Services using ECC X | -+ = a

<G @® 127.0.0.1:8000/ViewMailAction?t1=1 A m o 3 &

Secure Email Services using ECC

Send Mail View Mail Revoke Keys ECC & RSA Comparison Logout

Decrypted Message Page

Good Morning!
How are you

Decrypted Message

H L Type here to search '?uo = B | ﬁ m 9 ®H + Rb wl F INFTY A T @ 7 9) ENG 2171::8023 =8
In above screen can see message in decrypted format and similarly by following above screens we
can send and received mails securely

6. CONCLUSION AND FUTURE WORK
CONCLUSION

The integration of Elliptic Curve Cryptography (ECC) into secure email services represents a
significant advancement in cryptographic technology, offering a robust solution to the limitations of
traditional methods like RSA and DSA. ECC's ability to provide strong security with smaller key
sizes addresses the increasing need for efficient and scalable encryption in the face of growing cyber
threats and advancing computational capabilities. By reducing the computational overhead required
for encryption and decryption processes, ECC enhances the performance of email systems, leading to
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faster email processing and improved user experience.

The proposed ECC-based system not only bolsters security but also ensures compatibility with
existing email security protocols such as SIMIME and PGP. This compatibility facilitates a smooth
transition from older cryptographic methods, allowing organizations to adopt ECC without
disrupting their existing secure communication channels. The dual-support approach ensures that
users can continue to communicate securely, even if some correspondents have not yet transitioned
to ECC.
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