1800s-Mid-1900s:

Physical Keys
PROS
e Simple and cost-effective.

e No technical skills required for use.

CONS
e Easily lost, stolen, or dupli
e Limited to physical access

e No audit train or ability to
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The Evolution of Credential Technology in Physical Security Systems

From simplicity to sophistication, driven by advancements in technology, changing security needs, and the growing importance of user convenience.
Here's a detailed chronological assessment, including the progression of employee and visitor credentials, key technologies, and their pros and cons.

1970s-1980s:

Magnetic Stripe Cards

PROS

e Scalable and reusable.

e Enabled centralized access management.

cated. CONS

e Supported electronic access control systems (EACs).

1990s-2000s:

Smart Cards
PROS

CONS

e Higher security with encryption.
e Multifunctional (e.g., payments, printing access).
e Expanded storage for advanced credential data.

2010s-2020s:

2025-Future

Mobile Credentials (NFC, BLE) State-of-the-Art

PROS FUTURE DIRECTIONS

e Enhanced convenience and scalability. ¢ Converged Credentials: Combine biometric, mobile, and traditional methods for multi-factor security.

e Simplified credential distribution and management. ¢ Decentralized Identity (Blockchain-based): Use blockchain for tamper-proof, user-controlled credentials.
e Enabled integration with tenant engagement apps. ¢ Al and Machine Learning: Adapt access control based on contextual data (e.g., location, behavior).
CONS ¢ Visitor Management Innovations: Al-driven kiosks featuring facial recognition and dynamic QR codes.

only. e Susceptible to wear and demagnetization. e More expensive than prox cards. e Privacy concerns and user reluctance. e Sustainability: Reduce plastic waste via virtual credentials.
revoke remotely. e Easily cloned. e Required upgraded readers. e High initial cost and infrastructure requirements. ¢ Privacy-Preserving Biometrics: Leverage advanced encryption to protect user data.
e Limited storage capacity. ¢ Vulnerable to spoofing attacks without liveness detection. e Autonomous Systems: Implement automated, low-intervention access solutions.

1940s-1960s:

Mechanical & Electromechanical Credentials
PROS

e Durable and reusable.

e Could limit access without duplicating keys.

CONS

e Subject to mechanical wear and tear.

¢ Limited scalability for large facilities.

Comparison and Key Trends

Technology

Keys

Magstripe Cards
Proximity Cards
Smart Cards
Biometrics

Mobile Credentials

Security
Low
Medium
Medium
High
Very High

High

1980s-1990s:

Proximity Cards

PROS

e Contactless operation for ease of use.

e Greater durability compared to magstripe cards.

¢ Allowed better integration with access control systems.
CONS

¢ Vulnerable to cloning and sniffing attacks.

¢ Fixed format with limited data storage.

Convenience Scalability
Low Low Low
Medium Medium Medium
High Medium High

High High High

Very High High High

Very High Low-Mid Very High

2000s-2010s:

Biometric Credentials

PROS

e Unique, non-transferable credentials.

e High security with minimal risk of duplication.

e Convenience for end users (no physical tokens required)
CONS

e Privacy concerns and user reluctance.

e High initial cost and infrastructure requirements.

¢ Vulnerable to spoofing attacks without liveness detection.
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2020s-2025:

Virtual and Cloud-Based Credentials

PROS

e Reduced hardware dependency.

e High flexibility for remote and hybrid work models.
e Advanced analytics and access monitoring.

CONS

¢ Internet dependency for cloud systems.

e Requires robust cybersecurity measures.

Al-Driven Personalized Security Revolution

The physical security industry is moving toward fully digital,
Al-enhanced, and autonomous systems. Credentials are evolving to
emphasize seamless integration, an enhanced user experience, and
adaptive security—while balancing privacy and administrative efficiency.
The future lies in personalized, multimodal credentialing systems that

redefine security as a frictionless experience.



