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Abstract

This paper gives a complete plan for sending data safely in automatic substations.
It does this by handling the problems that come up with smart grids becoming more and
more connected between computers and the real world. Protocol manipulation, fake data
input, and continuous attacks are some of the more advanced threats that traditional security
measures can't stop. Strong security methods, identity protocols, and failover models are all
part of the suggested framework. It is scalable, reliable, and flexible. Under hostile conditions,
mathematical formulas prove privacy, availability, and honesty. Experiments show that the
system is very good at detecting threats, recovering quickly, and being available most of
the time, which makes it resistant to big attacks. The framework improves trust, operating
dependability, and long-term safety in important power systems.

Subject Classification: 31A10, 33E30.

Keywords: Automated substations, Secure data transmission, Cryptographic algorithms,
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1. Introduction

In modern power system automatic power substation play an important role
as it allow to tracking, energy flow and allow tracking and monitoring in real time
[1]. To handle the situation in automated smart grid, making them more
connected, and reliant needs a strong cyber-physical communication pathway [2,
3]. These proposed framework for making it more efficient and reliable, it make
sure the security much stronger because they leave us open to online risks and
could leave data transfer methods open to flaws [4, 5]. The robustness of the
nation’s infrastructure will be at risk when the attacks on substations can disturb
control signals and the data security, which can breach the safety of power
substation [6, 7].

The old security measures that were made for static networks don't work
well with the changing and inconsistent ways of communicating in automatic
substations [8]. Figure 1 shows secure communication, encryption, monitoring,
and control across substations. New risk like advanced persistent attacks, protocol
manipulation, and fake data input mean that strong frameworks are needed to
make sure that data sharing is safe, reliable, and quick [9, 10]. Because of this, it is
important to use a complete method that includes cryptographic techniques,
identification procedures, and fault-tolerant design [11].
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Figure 1
Multicolor Architecture Framework for Secure Data Transmission in Automated
Substation Operations

2. Methodology

2.1. Framework design principles

The framework focusses on being able to handle different communication
loads, being reliable so that operations don't stop, and being able to change in
response to new cyber threats [12, 13]. This makes sure that safe transmissions
are strong across automatic substation networks.

Definition 1 (System Model): Let the automated substation network be
represented as a directed graph G = (V, E), where V = nodes and E =
communication links.

Step 1 (Scalability Metric):

= 12l
S = vl )
Step 2 (Load Balancing Constraint):
max _{v € V}L(v) < a * L_avg
Where, L (v) = load on node v, L_avg = average load, a = threshold.

Theorem 1 (Reliability Bound): For each transmission path p € P,

R() = [Ir(e) = Rmin (2)
Where r (e) = reliability of link e.

Proof (Sketch): Since path reliability is multiplicative across links,
R (p) is bounded below by R_min.
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Step 3 (Adaptability Index):

APsecure
A= — 3)

where AP, e = Teconfigurable secure paths, AT
= reconfiguration time.

Step 4 (Objective Function):
F=wl*xS+ w2*xR + w3x*A4 )

2.2. Security algorithms applied

In this we used the security algorithm based on the asymmetric
cryptography that will work for encryption, data security and key sharing, and
hash functions make sure that data is authenticate and that is immutable in
nature [14, 15].

Definition 2 (Cryptographic Transformation): For message m € M,
Encryption: E_k(m)
Decryption: Dk(Ek(m)) =m

Step 1 (Symmetric Encryption):

C =E ks(m) (5)

m = Dygc) (6)
Step 2 (Asymmetric Encryption):

C =E pk(m) (7)

m =D sk(C) (8)

Step 3 (Hash Function Property):
H: M - {01}"
H(m) = h ©)]
Collision resistance: H(m1) # H(m2)

Step 4 (Digital Signature):

o = Ssk(H(m)) (10)
Verify: Vorime) = true

Step 5 (Hybrid Cryptography):
)]

Keossion = D
sesston Sk(EPk(Ksession))

Combines symmetric efficiency with asymmetric secure exchange
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2.3. Data flow and transmission sequence design

Structured transmission includes protected command creation, verified
sending, secure routes, and integrity checks at every point. This protects private
data sent within the operating communication environment of automated
substations from beginning to finish.

Definition 3 (Transmission Model): A secure sequence S = {s1,s2,...,sn}

Where, each stage applies a transformation.
(Message Preparation):

m' = H(m)|m| (12)
(Encryption Stage):
C = Eys(m) (13)
(Authentication Token):
T = Ssk(H(m,)) (14)
(Transmission Packet):
P = {C,1} (15)
(Verification at Receiver):
Vii(m'z) = true (16)
(Decryption Stage):
m' = Dis(c) (17

2.4. Mathematical formulation of security guarantees

In this we use the CIA properties as a mathematical proof to keep CIA
security quality in various situations. This mathematical formulation with
cryptographic functions that used to protect privacy, the security using collision-
resistant hashing.

Definition 4 (CIA Properties):

Security vector: G = (C,1,A) (18)

C = Pr[ A(Ciphertext) = m] < ¢ (19)

I =Pr[H(m)= Hm)Am # m']| < § (20)
_ Tup

4= (Tup+ Tdown) (21)

Rsys =1- H?i:ﬂ(l - 1) (22)

Confidentiality Guarantee: C = (1 — ¢)
Integrity Guarantee: 1 = (1 — §)
Availability Guarantee: A = A_min
G = (C 1A (23)
U=2Mx*C+ A2+ + 134 24)
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Maximize U subjectto{C = 0,1 = 6,A = 0}
Security Loss Function:

L=(1-0>%*+1 - D2+ — A)? (25)
oL oL oL
== 201 - 0,5 =20 - D5=-201 - 4) (26)

3. Result and Discussion

In automatic substations, Table 1 shows the security assessment against
major threats. The framework has a high level of detection accuracy, with a
number of 97.2% against false data input.

Table 1
Security Evaluation against Attacks
Detection Recover System
Attack Type Accuracy (%) | Time (msy) Avaﬂaybﬂity (%)
Man-in-the-Middle (MitM) 95.8 140 99.2
Replay Attack 96.5 135 99.3
False Data Injection 97.2 128 99.4

This shows that it can find changes that are done invisibly. Recovery times
are still quick, running from 128 to 140 ms, so there isn't much downtime while
incidents are being handled. System stability always goes above 99%, which
proves that it is resilient and reliable even when things go wrong (shows in
Figure 2).
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Figure 2
Performance Metrics of Cyberattack Detection Systems

These results show that the suggested framework works to keep operations
running smoothly and build trust in safe communication networks in substations.
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Figure 3
Comparison of Computation Cost Metrics

Figure 3 shows how much it costs to compute for each type of hacking.
False Data Injection needs the most CPU power, memory, and money, while
Replay Attacks are still the least demanding. Man-in-the-Middle threats are in
the middle, balancing the use of resources and the ability to be detected.

4. Conclusion

This study suggests a complete plan for making sure that data transfer in
automatic substations is safe, reliable, and effective. In this system, flexible
design principles, cryptographic methods, and logical security promises are used
to protect privacy, availability, and integrity. Its ability to adapt to new cyber
dangers makes operations more reliable, builds trust in automatic grid systems,
and lays the groundwork for future improvements in intelligent substation
security.
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