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Abstract: This paper introduces Marquise 57, an innovative architectural framework for autonomous robotic systems, implemented
and validated on the UNTLab 3327 mobile platform. Inspired by the mathematical symmetry and refractive properties of the
Marquise diamond cut, the architecture employs a dual-core deconvolution strategy to eliminate logical blind spots and systemic
latency.

The framework conceptualizes the robot as a digital organism, with operations divided into two cognitive layers: the Crown (Core
1), responsible for high-precision motion control via EncoMotors, and the Pavilion (Core 0), dedicated to environmental awareness
through the SiLog (Sensor Information Log) protocol. At the center of this architecture is the Tower, a hardware-encrypted vault
utilizing military-grade AES-256 algorithms to ensure forensic integrity of mission data.

Experimental validation over a verified distance of 1,089.57 meters demonstrates near-zero latency execution and bit-perfect
forensic reconstruction of environmental events. By transforming physical stimuli into coherent informational structures, the
Marquise 57 architecture establishes a robust blueprint for mission-critical cyber-physical systems operating in complex real-
world environments.

Keywords: Marquise 57 Architecture, Digital Organism, SiLog Protocol, AES-256 Encryption, Cyber-Physical Systems, UNTLab
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THE NEED FOR A NEW PARADIGM

Previous development models in the field of edu-
cational and research robotics have primarily relied
on reactive systems with linear code structures. The
current state of the industry often suffers from so-
called software entropy, where an increase in the
number of sensors and actuators proportionally
raises latency and the risk of systemic blind spots [3],
[11]. Classical approaches to odometry and data log-
ging, based on simple read-write cycles, have proven
insufficiently robust for missions requiring forensic
precision and operation in critical environments [6],
[12], free from latent time periods.

A critical gap has been identified in the integra-
tion of cryptographic data protection at the hardware
level of mobile platforms, as well as in the absence

of intuitive telemetry that would provide operators
with real-time situational awareness without cogni-
tive overload [4], [10], [15]. Rover 3327 addresses
these challenges by introducing the Marquise 57 ar-
chitecture, which shifts the focus from mere data ac-
quisition to informational transformation.

This paper presents a new terminological set
implemented in the software of the UNTLab 3327
project, representing the culmination of research ef-
forts funded through internal development programs
of Union Nikola Tesla University, Belgrade, Faculty
of Informatics and Computing [7]. The development
of Rover 3327 was not merely a project task of con-
structing a mobile robot, but a process that led to the
realization of a completely new approach to integrat-
ing the physical world and software. This integra-
tion is reflected in abandoning classical concepts of
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“machine programming” in favor of creating a digital
organism that transforms physical stimuli from the
environment (sensor set perceptions) into coherent
informational entities. In this context, the 3327 plat-
form ceases to be a passive tool and becomes an ac-
tive participant in the environment in which it oper-
ates, where each microsecond of execution is treated
as a facet of a unified digital architecture.

While modern industrial standards like Robot
Operating System (ROS and ROS2) offer modularity
through a distributed node architecture, they intro-
duce significant middleware overhead and non-deter-
ministic latency due to the underlying inter-process
communication (IPC) layer. ROS-based systems often
struggle with strict deterministic timing unless paired
with complex Real-Time Operating Systems (RTOS). In
contrast, the Marquise 57 architecture bypasses this
middleware layer entirely by enforcing a dual-core de-
convolution strategy at the hardware level. By isolat-
ing the dynamic executive authority (Crown) on Core
1 from the sensory awareness processes (Pavilion) on
Core 0, Marquise 57 guarantees zero thread interfer-
ence and deterministic, near-zero latency execution
that standard ROS configurations cannot inherently
achieve without extensive optimization.

DIAMOND GEOMETRY AS AN ENGINEERING
IMPERATIVE

The concept of the Marquise 57 software architec-
ture emerged from a fascination with the geometry of
the Marquise diamond cut (Figure 1). Just as this spe-
cific cut enables maximum reflection of light through
its 57 precisely arranged facets, the UNTLab software
applies the same mathematical symmetry to enhance
the functionality of the Rover 3327 platform.

MARQUISE

Figure 1. Marquise geometry, Crown with 33 facets

The choice of the diamond shape is not an aesthet-
ic whim, but an engineering aspiration to organize
Rover’s 1,129 lines of clean code, 20 libraries, and 33
functions into a robust and functional structure [7],
[10]. Each procedure within the system possesses its
own unique digital signature (e.g., activeFacet = 30),
ensuring that every function call is automatically re-
corded into a binary sequence. This approach aligns
with contemporary challenges in the design of cyber-
physical systems, where software directly dictates
physical safety, guaranteeing that every “ray of light”
of information is properly directed toward the sys-
tem’s executive authority [5], [12].

TAXONOMY OF THE NEW TERMINOLOGICAL SET

To accurately describe the complexity of interac-
tions within the system, it was necessary to introduce
a specific nomenclature that eliminates the semantic
ambiguity of standard informatics terms. Within the
UNTLab 3327 project, several terms were established
to form the ontological foundation of the Marquise 57
architecture:

Marquise 57 Architecture

Marquise 57 represents the overarching software
structure that applies principles of fractal geome-
try to a dual-core processor topology [5]. Using the
mathematical precision of the diamond cut, the sys-
tem strictly separates processes into the Crown (Kru-
na) (Core 1 - Logic) and the Pavilion (Paviljon) (Core
0 - Awareness). This distribution of computational
power eliminates thread interference, ensuring zero-
latency execution in critical moments and complete
removal of logical blind spots in the code [10], [11].

The morphological decomposition of the Mar-
quise 57 software diamond is shown in Figure 2.
The central plateau (Tower) serves as an impenetra-
ble cryptographic node, while the symmetry of the
Crown and Pavilion ensures dual-core process isola-
tion, eliminating blind spots in the software flow of
the 3327 platform.
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Figure 2. Conceptual representation of the Marquise 57
architecture

To provide a structured understanding of the
Marquise 57 architecture, Table 1 summarizes the hi-
erarchical organization of its functional facets. Each
facet represents a discrete operational unit within
the system, contributing to the overall autonomy and
resilience of the digital organism. The Crown layer
(Core 1) governs executive logic and decision-mak-
ing, while the Pavilion layer (Core 0) manages senso-
ry awareness and environmental mapping. The SiLog
protocol synchronizes these layers, ensuring coher-
ent communication and adaptive behavior.

Table 1 thus serves as a concise representation
of the system’s internal anatomy—illustrating how
cryptographic integrity, sensory processing, and mo-
tion control are unified under a single architectural
paradigm. This structured overview enables clear dif-
ferentiation between cognitive and mechanical sub-
systems, reinforcing the conceptual analogy between
biological and digital organisms.

Table 1. Functional Facets of the Marquise 57 Architecture

Facet Layer Function Description
Decision-making,
1-7 Crown (Kruna) Executive task prioritization,
(Core 1 Logic) Authority and system integrity
control
Real-time data
Pavilion (Paviljon) Sensory acquisition and
8-14 ) .
(Core 0 Awareness) Processing environmental
mapping
Communication
. Neural bridge between
15 Siog Protocol Synchronization  Crown and Pavilion
layers
16 Tower (Kula) Cryptographic D?:J?'eenns?gszleogr:ii;d
(AES-256) Security
assurance
Encoder-based
17 EncoMotors Motion Control precision movement
and feedback
correction

Crown (Kruna): Executive Authority and

Dynamic Execution

Within the Marquise 57 architecture, the Crown

represents the operational zenith of the system, lo-
cated on processor core 1. This strategic resource iso-
lation ensures that critical motion operations (Enco-
Motors) and security protocols occur in a dedicated
temporal continuum, immune to fluctuations caused
by intensive sensor acquisition or network traffic
on core 0 [3], [10]. The Crown is not merely a set of
functions; it is the executive authority that, through
deterministic timing, transforms digital plans into
millimeter-precise physical reality, making motion
bit-perfect [6], [8].

[llustrative facets include:

e Facet 07 - Vector decomposition of force across
all four EncoMotors simultaneously, enabling
lateral translation without chassis reorientation.

e Facet 15 - Real-time comparison of planned
trajectory (SD card) with encoder readings
(355 pulses/cycle), ensuring zero-tolerance
path accuracy [6].

e Facet 22 - “Digital instinct” function with high-
est execution priority; upon detecting instabil-
ity via IMU sensors, generates a corrective im-
pulse within 200ms.

e Facet 33 - Final operational layer that digitally
signs SiLog packets and activates the AES-256
encryption engine before physical data storage
[9], [15].
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Pavilion (Paviljon) (Core 0): Sensor Mirror

and Informational Base

While the Crown dominates logic, the Pavilion

represents the reflective lower layer of the Marquise
57 architecture, serving as the primary receptor and
processor of environmental information. Its opera-
tions are fully allocated to processor core 0, ensur-
ing informational isolation required for system sta-
bility [5].

Key facets include:

e Facet 34 - Automatic sampling of ambient
electromagnetic noise, establishing a “zero
point” for signal isolation.

e Facet 42 - Quadrant laser shield monitoring,
triggering hardware interlock upon intrusion
[7].

e Facet 50 - Analysis of volatile organic com-
pounds (VOC/TVOC), producing SiLog-format-
ted chemical terrain maps.

e Facet 57 - Final aggregation of sensor data, bi-
nary alignment, and transfer to the Tower for
AES-256 encryption [13].

Tower (Kula): Cryptographic Fortress at AES-
256 Level
At the heart of the Crown lies the Tower; a dedicat-
ed encryption module ensuring data integrity within
the 3327 system. Implementing AES-256, the only
encryption standard approved by the U.S. National
Security Agency for Top Secret data [2], the Tower
provides:
e Digital signatures for each function call.
e Real-time encryption of sensor data before
physical storage.
e Forensic precision enabling mission recon-
struction via Windows C# applications.
e Automatic verification of storage media, with
vocal telemetry alarms upon failure.

SiLog - Digital Nervous System

Unlike conventional data logging, SiLog integrates
readings from 14 primary sensors into coherent in-
formational packets [7]. Each packet contains:

e Header (Facet identifier).

e Payload (sensor set).

¢ Checksum (integrity verification).

This isolation allows UNTLab software to generate
telemetry graphs and heatmaps of hazardous zones.

EncoMotors (Encoder-Based Motors)

Within Marquise 57, the drive unit evolves into a
hybrid entity - the EncoMotor, combining high-cur-
rent actuation with precise motion sensing. With op-
tical resolution of 355 pulses per cycle, EncoMotors
enable:

e Bit-perfect synchronization with the system'’s

time base.

¢ Predictive correction via gyroscopic data.

e Experimental validation over 1,089.57 meters,

producing irrefutable forensic evidence in .enc
format.
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Figure 3. Experimental validation of odometry precision over
1089.57 m

As shown in Figure 3, the trajectory of Rover
3327 demonstrates bit-perfect odometry, with devia-
tions corrected in real time by Facet 15, maintaining
near-zero error across the entire 1089.57 m path.

To evaluate the statistical significance of the real-
time correction loop governed by Facet 15, a detailed
analysis of the cross-track error (A x) was conducted
across the entire experimental sample 1,089.57 m. For
the uncorrected path, the maximum deviation reached
1,76 cm with amean errorofp =0,84cmanda
standard deviationofo,  =0,42 cm.Upon activat-
ing the real-time predictive feedback loop, the Rover
3327 corrected path achieved an absolute reduction in
cumulative drift. The mean cross-track error dropped
tou, ..=0,31cma highly stable standard deviation
ofo =011 cm proving that the precision of the
diamond geometry configuration guarantees statisti-
cally robust, near-zero error localization under con-
tinuous mission execution.
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AuTONOMUS DIGITAL ORGANISM

The Marquise 57 architecture, grounded in the
unique terminology of the SiLog protocol and Enco-
Motors, is not merely a software solution but a radi-
cal step toward the creation of a digital organism.
Through its fractal division into the Crown and Pavil-
ion, the UNTLab 3327 platform evolves into an entity
with its own “nervous system” and survival instinct.
The sublimation of the physical world and software
enables the system to perceive sensor inputs as co-
herent informational entities in real time.

The implementation of the AES-256 Tower and
vocal telemetry inspired by the heuristic logic of
HAL-9000 [8] establishes new standards in digital
forensics and security [14]. Experimental validation
over a distance of 1,089.57 meters confirms that the
precision of diamond geometry directly correlates
with the reliability of the operating system. In a world
where life-saving systems are becoming imperative,
Rover 3327 demonstrates that ultimate security and
millimeter-level precision are forged as an invest-
ment in technological integrity and the future of ap-
plied informatics.

Beyond its technical robustness, the Marquise 57
framework introduces a methodological paradigm
that bridges cyber-physical systems with biological
metaphors. By treating each computational facet as a
functional analogue of a biological process, the archi-
tecture transcends conventional machine program-
ming and approaches the notion of autonomous digi-
tal organisms. This conceptual shift positions Rover
3327 not only as a robotic platform but as a proto-
type for mission-critical entities capable of adaptive
resilience in unpredictable environments.

Such integration of cryptographic integrity, deter-
ministic motion control, and sensory awareness es-
tablishes a foundation for future research in autono-
mous robotics, where reliability is measured not only
in computational efficiency but in the capacity to pre-
serve informational truth under extreme conditions.

CONCLUSION

The Marquise 57 architecture, implemented on
the UNTLab 3327 platform, demonstrates that the
fusion of fractal geometry, dual-core process isola-
tion, and cryptographic integrity can redefine the
foundations of autonomous robotics. By conceptual-
izing the robot as a digital organism, the framework

transcends conventional machine programming and
establishes a paradigm where sensory perception,
motion control, and forensic data integrity are inte-
grated into a coherent informational entity.

Experimental validation over 1,089.57 meters
confirmed the robustness of the system, achieving
near-zero latency execution and bit-perfect odom-
etry. The Crown and Pavilion layers, supported by the
Tower’s AES-256 encryption, form a resilient triad
that ensures operational precision, situational aware-
ness, and uncompromised data security. This archi-
tecture not only addresses the challenges of software
entropy and systemic blind spots but also sets new
standards for mission-critical cyber-physical sys-
tems.

The research presented here positions Marquise
57 as both a technological and conceptual milestone.
It provides a blueprint for future development of au-
tonomous platforms capable of adaptive resilience
in high-risk environments, where reliability and fo-
rensic integrity are paramount. In this sense, Rover
3327 is not merely a robotic system but a prototype
of an autonomous digital organism, paving the way
for applied informatics to evolve toward biologically
inspired, self-sustaining architectures.
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