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Project #1: Edge-First Reflex Architecture 
(The PLC-Bypass Bridge) 
 
PROJECT OBJECTIVE 
 
THE PROBLEM 
 
Legacy industrial automation infrastructure is plagued by high-latency bottlenecks, yet completely 
replacing or modifying this core hardware is financially cost-prohibitive and operationally risky for 
enterprises. 
 
SOLUTION 
 
This project delivers a high performance, edge-first reflex architecture designed to bypass legacy system 
lag and drastically accelerate execution speeds. By implementing a non-invasive “bridge,” this solution 
injects cutting-edge AI capabilities and advanced robotics compatibility directly into existing 
infrastructure. 
 
THE VALUE 
 
This approach completely circumvents the risks of core configuration changes, offering clients and 
stakeholders a frictionless, cost-effective pathway to modernization. For investors, this architecture 
represents a highly scalable, market-ready framework designed to unlock the trapped potential of the 
massive, global legacy automation market.  
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SYSTEM OVERVIEW & CORE CONCEPTS 
 
The Edge-first ReFlex Architecture is built on three foundational pillars: Isolation, Deterministic Speed, 
and Strict Compliance. By separating the intelligence layer from the safety layer, the system achieves 
unprecedented processing speeds without compromising integrity.  
 

1.​ The Reflex Architecture Paradigm 
 
In traditional automation, a Programmable Logic Controller (PLC) handles everything in a single, linear 
loop: reading sensors, running logic, and driving actuators. While heavy computation (like AI or complex 
data filtering) is added, this loop slows down, causing latency. 
 
This system introduces a Reflex Arc, mimicking the human nervous system. 
 

●​ The Brain (Edge Node): Handles high-level intelligence, data processing, and optimization 
routines in parallel.  

●​ The Reflex (Hardware Bridge): Intercepts and acts on critical signals instantly at the physical 
layer, bypassing the slow main processor loop entirely to achieve sub-,illisecons latency. 

 
2.​ Parallel Non-Invasive Interception 

 
A primary concern for industrial clients is the risk of modifying validated, working code. This 
architecture utilized a completely non-invasive hardware bridge. It reads system telemetry passively 
through physical layer splitting or high-speed fieldbus tapping (e.g., EtherCAT/Profinet). Because it 
listens in parallel, it can execute high-speed optimization routines without interrupting or altering the 
primary control loop.   
 
 

3.​ Safety and Regulatory Compliance 
 
For investors and enterprise clients, compliance is non-negotiable. This architecture meets strict safety 
regulations through a Fail-Safe Isolation framework: 
 

●​ Hardware Isolation: The AI and high-speed edge layers are physically isolated from the primary 
safety-critical control loops. 

●​ Deterministic Fallback: If the edge computing node experiences a fault or power loss, the 
hardware instantly defaults control back to the legacy PLC within microseconds. 

●​ Compliance Standards: By keeping the legacy safety logic untouched, the system preserves 
existing machine certifications (such as ISO 13849-1 or IEC 61508), eliminating the need for 
clients to undergo costly and time-consuming recertification processes. 
 
 



 
SIGNAL TELEMETRY & PERFORMANCE 

 
 
TABLE 1: MANNTRIX BRIDGE BENCHMARKS 

Feature Legacy System (Standard) Manntrix "Edge-First" Bridge 

Inference Point Through Cloud or slow PLC Localized Edge Processor 

Latency 50ms - 200ms (High) <1ms (Sub-millisecond) 

Safety Logic Reactive (Stop-and-Go) Proactive (Fluid Adjustment) 

Deployment Expensive "Rip and Replace" Brownfield Integration 

 
●​ KEY TAKEAWAY: By shifting the inference point from high-latency cloud infrastructure 

directly to the localized Manntrix Edge Processor, the system achieves a 98% reduction in 
latency, bringing execution speeds safely into the deterministic sub-millisecond range.  



THE COMPUTE PARADIGM SHIFT: CLOUD TO EDGE-FIRST 
 
To understand the efficiency of the Manntrix architecture, it is essential to recognize the structural shift 
currently operating across industrial automation. Traditional enterprise architectures rely heavily on 
centralized cloud computing or sequential PLC processing. This project marks a deliberate departure from 
those paradigms, shifting critical execution directly to the physical edge.  
 
 
The Legacy Dilemma (Centralized/Cloud Processing) 
 
For years, the industry trend has been to push data up to the cloud for heavy processing, AI inference, and 
analytics. While the cloud offers massive computational power, it introduces a fatal flaw for real-time 
robotics: unpredictable latency. Network jitter, bandwidth choking, and distance that cloud-reliant 
systems cannot safely handle split-second, safety critical industrial reflexes. 
 
The Linear PLC Bottleneck 
 
Alternatively, keeping all logic local to a standard Programmable Logic Controller (PLC) creates a 
processing bottleneck. PLCs execute tasks sequentially. If a PLC is forced to process complex 
machine-learning algorithms or heavy telemetry streams, its scan cycle time balloons, delaying critical 
mechanical responses and risking hardware collisions.  
 
 
The Edge-First Solution 
 
The Manntrix architecture addresses this by implementing an Edge-First Paradigm. By moving away 
from both the distant cloud and the sequential PLC loop, it places dedicated, parallel processing power 
directly at the machine layer. 
 
[Legacy]    Sensors ──> PLC (Overloaded Loop) ──> Actuators (Slow) 
                                    
[Manntrix]  Sensors ──> Physical Splitter ──> Edge Node (Parallel AI) 
                        └──> PLC ───────> Real-Time Control (Sub-ms) 

 
 

 



TECHNICAL DEEP DIVE & IMPLEMENTATION 
 
This section outlines the physical hardware selection, communication protocols, and high-speed 
execution logic that drive the Manntrix Edge-First Architecture.  
 

1.​ Hardware Stack & Interfacing 
 
The system utilizes industrial-grade hardware selected for deterministic processing and 
low-power edge inference. 
 

●​ Edge Compute Node: Powered by an NVIDIA Jetson Orin Nano / Raspberry Pi 5 with 
an AI accelerator, dedicated to running localized, real-time machine learning models. 

●​ Physical Signal Isolation: Optocouplers and high-speed signal splitters isolate the 
edge processor from the legacy PLC’s 24V I/O lines, protecting core automation 
hardware from electrical faults 

●​ Communication Interface: Modbus TCP/IP and direct GPIO mapping ensure ultra-low 
propagation delay between sensor arrays and the parallel processing unit. 

 
2.​ Software Architecture & Control Loop 

 
The software environment is built on a real-time Linux kernel (RT-PREEMPT) to eliminate 
operating system jitter and guarantee execution deadlines. 
 
The primary reflex loop operates continuously via the following Python execution logic: 
 
 
import time 
import Adafruit_BBIO.GPIO as GPIO # Example industrial I/O library 
 
# Pin Configuration 
SENSOR_INPUT = "P8_11" 
ACTUATOR_OUTPUT = "P8_12" 
 
def initialize_system(): 
    GPIO.setup(SENSOR_INPUT, GPIO.IN) 
    GPIO.setup(ACTUATOR_OUTPUT, GPIO.OUT) 
    print("[INFO] Manntrix Reflex Core Initialized.") 
 
def reflex_loop(): 
    while True: 
        # 1. Passive physical layer interception 
        if GPIO.input(SENSOR_INPUT): 
            start_time = time.perf_counter() 
             
            # 2. Local Edge Inference / Low-latency bypass logic 



            # (In a full deployment, this triggers parallel AI optimization) 
            GPIO.output(ACTUATOR_OUTPUT, GPIO.HIGH)  
             
            latency = (time.perf_counter() - start_time) * 1000 
            print(f"[REFLEX] Target intercepted. Latency: {latency:.3f} ms") 
             
            # Hold signal or hand back to deterministic PLC loop 
            time.sleep(0.05)  
            GPIO.output(ACTUATOR_OUTPUT, GPIO.LOW) 
 
if __name__ == "__main__": 
    initialize_system() 
    reflex_loop() 

 
 
 
 

3.​ Fail-Safe Watchdog Mechanism 
 
To ensure absolute industrial safety compliance, the software implements an independent 
hardware watchdog loop. If the script above experiences a memory fault or misses an execution 
frame, a physical relay instantly closes, routing 100% of machine control straight back to the 
legacy PLC. Machine operations remain uninterrupted even during total edge node power. 
 
 


