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I. The paper is propositional in its description of the adaption of a hybrid infrared detection
system for smart street lighting applications and inclusion within an MAS.

II. The primary sensor utilizes a single modified Piro-electric Sensor, a radar type sensor, a
static infrared array and a purpose designed long range IR lens system. The original design
was to provide a priori warning system for approaching vehicles or pedestrians.

III. The sensor incorporates both static and non-static infrared detection systems with long range
directional and velocity detection capabilities.

IV. Automatic lighting control, dimming and brightening was the initial purpose of the design and
includes by default the tracking of vehicle and human subjects. Of late the system
incorporates many sensor features, making it an ideal candidate for “big data” collection.

V. The initial prototype was designed to be attached to the lighting pole system at an
appropriate angle to enable sensing to a distance of 100 meters.
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System Basics

Schematic of Modified Pyroelectric Sensor

Modified Pyroelectric

Sensor housed in 

prototype. 

Purpose: Detection of bi-

directional IR motion
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System Basics

Static IR Sensor Array housed in prototype.

Purpose: Error detection. Detection of stationary or 

intermittent  IR heat sources. 
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System Basics

Original Prototype showing 

circuitry and Lens.
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Sensor activation: A ~ B (left / 

right), a positive first half cycle.

Direction indication is seen by either a positive or negative response 

on the wavelength first half cycle.

Velocity estimates are based on measurement of the peak to peak of 

the full cycle.

Direction and Velocity Methodology

Sensor activation: B ~ A (right / 

left), a negative first half cycle.



RĪGAS TEHNISKĀ UNIVERSITĀTE

Industriālās elektronikas un elektrotehnikas institūts

7

Algorithm Methodology

if And And And operand then

PIR_AB.high PIR_BA.low mV_Pos.med IR_Static.high => Trigger_high

PIR_AB.low PIR_BA.low mV_Pos.low IR_Static.high => Trigger_low

PIR_AB.low PIR_BA.high mV_Pos.high IR_Static.med => Trigger_low

A Fuzzy Logic algorithm has been used as a matter of author preference. The 

table represents an extract from the “Rule Block” for the purpose of simplification 

of the approach to lighting control.

Simplification of line 1:

If “Vehicle is Approaching” and “Vehicle is not Departing” and “PIR Sensor 

Signal is Strong” and “Static IR Sensors are Strong” => then “Brighten The 

Street Lighting”.
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Expanded 

capabilities 

of the sensor 

and the 

CMAS 

approach to 

Data retrieval 

and analysis.
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MAS Development Factors
The micro-array (Array A to Array…n) may be defined as a road, street, walkway or any

other area designated for installation of the system and having defined as its (agents or

actors) the intelligent streetlights complete with their sensory systems.

An agent (Agent_1 to Agent_n) may be interconnected or islanded from the network and

therefore is composed of two distinct states. The agent is ascribed asynchronous

communication, such that the sending and receiving of message and control data is

independent of a coordinated clock signal between agents due to the requirement for

each to operate within a unique and dynamic environment.
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 Long and close range vehicle and human detection

 Movement direction (L/R or R/L) detection including detection of 

approaching or departing vehicles

 Vehicle counting and in a lesser degree pedestrian counting

 Approximated vehicle velocity and vehicle headlight recognition

 Ambient temperature sensing, ambient light sensing and wet 

weather detection

 Compatibility with most existing lighting systems

Hybrid Sensor (operating under 
fuzzy logic architecture)



RĪGAS TEHNISKĀ UNIVERSITĀTE

Industriālās elektronikas un elektrotehnikas institūts

12

 Increased energy efficiency – light delivered only when and where needed 

(less light pollution)

 Exact lighting class determination on real traffic data according to EN13201

 New services and functionality added to the system (improved Return of 

Investment values)

 Introduction of new Prediction, Maintenance and Control algorithms

 Decentralized control, system can analyze and make decisions – system 

becomes smart

 Context data application to enable participation in energy price markets (like 

Nordpool) or adjust consumption according to current price forecast

LED Street Lighting System (using 
hybrid sensors)
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Non-Synchronous System
 A synchronization strategy holds little importance due to the dynamic nature of the Agents.

 Operation as a distributed system normally requires that all Agents operate in a synchronous 

manner and the various Agents and the synchronization within the system is a primary and 

necessary objective.

 Without this synchronization, complex software modeling and simulations applications fail to 

function.

 As an example, in a pedestrian counting simulation, the physical area where targeted pedestrians 

are located may be segregated into various parts and may be monitored by an Agent. However 

those pedestrians may wander from one physical location to another and without a mechanism for 

synchronization, pedestrians walking from one Agent to the next would be misplaced in real-time 

where one Agent is ahead or behind in the model simulation. Therefore  uncontrolled 

synchronization would generally invalidate the simulation process due to overlapping of past, 

present and future tense events or triggers. It should be apparent that even  an non-synchronous 

system dealing specifically with random data collection may be synchronous after an event, when 

collated in date/time format.
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Non-Synchronous System

 Therefore, the main goal is to achieve data transfer to the CMAS 

which is the primary decision maker at the heart of the operation. 

The problems associated with synchronization is one of system 

overhead, requiring ever more complex data retrieval and processing 

algorithms.

Within the proposed system there is a view to total removal of 

synchronization overhead which does not trade accuracy or 

performance. 
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 THE MULTI-LAYERED ARCHITECTURE OF THE SYSTEM PROPOSES INCREASED ACCURACY OVER TIME, 

PROVIDING MORE ACCURATE ENERGY, TRAFFIC, PEDESTRIAN, WEATHER AND AREA-SPECIFIC TRENDS.

 MOST EXPECTATIONS HAVE BEEN MET WITH RESPECT TO THE USE OF THE LONG RANGE STATIC AND

NON-STATIC HYBRID INFRARED DETECTION SYSTEM FOR LIGHTING CONTROL PURPOSES. 

 THE DEVICE IS CURRENTLY FUNDED AND MUST BE ADAPTED TO AN EXISTING STREET LIGHTING SYSTEM

TO FULLY UNDERSTAND EVALUTE ITS EFFECTIVENESS AND POTENTIAL. 

 THERE HAS BEEN SOME UNCERTAINTY IN THE LENS DEVELOPMENT AREA WITH A WIDE RANGE OF

SENSITIVITIES BEING RECORDED. THIS IS DUE IN THE MAIN TO RELIANCE ON THE USE OF STOCK LENSES

WHICH ARE INEXPENSIVE AND NOT TASK SPECIFIC.

 CONTINUING STAGES OF THE PROJECT INVOLVE FURTHER DEVELOPMENT OF SUITABLE OPTICS AND

WILL REQUIRE CONSIDERABLE FUNDING IN ORDER TO ACHIEVE.  

 DEVELOPMENT OF PARALLEL CONTROLLER: REFER: “INTRODUCTION TO PARALLEL MAS CONTROL FOR

MAS - SMART SENSOR NETWORKS" (RTUCON-2019)

 THE SYSTEM APPEARS STABLE AND ROBUST AND CERTAINLY WORTHY OF FURTHER INVESTIGATION AS

AN INTELLIGENT POWER MANAGEMENT DEVICE (IPM).
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Thank you for your attention!
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