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Data collection needs
– Traffic data collection form an essential part of any road traffic 

related monitoring, management and modelling
– Traffic data collecting methods have been evolving considerably 

under growing pressure for improving traffic management, and 
the access to real-time traffic information is becoming routine 
worldwide

– Use of traditional on-road/contact based devices/sensors (e.g. 
inductive loops) for collecting data is necessary 

– It is not however sufficient because of their limited coverage and 
expensive costs of implementation and maintenance

– Last few years we have been witnessing the emergence of 
alternative data sources, for example based on GPS embedded 
mobile phones etc.

– Drone based data collection methods help collect data on long 
stretches of the road
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Motivation

• How are these relevant in Road safety?
– Conflict analysis
– Safety audits
– Setting speed limits
• Speed violations
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Vehicular traffic sensing technologies
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Classification: intrusive/contact 
based
– Inductive-loop detectors

– Inductive-loop detectors are widely used at intersections with 
traffic-actuated signals, freeway entrance with automatic ramp 
metering, highway segments monitored by traffic counting 
programs, and entrances of gated parking facilities.

– Pneumatic road tubes
– Pneumatic tubes are portable traffic data collection devices 

and are ideal for short-term traffic engineering studies

– Piezoelectric sensors 
– the sensors are placed in a groove along roadway surface of 

the lane(s) monitored. 
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• With the vehicle (Mobile Sensor) - GPS 
receivers, acoustic/ultrasonic sensors, mobile 
phones

• At a point (Point Sensor):  All contact/non-
contact (intrusive/non-intrusive) devices: Flow 
rate (volume), Speeds and headway
– Volume: Hand tallies, Pneumatic tubes, Video 

Cameras and Loop Detectors
– Speeds: Laser Speed guns
– Time Headways: Dictaphones, Loop detectors, 

and Video Cameras

Classification: based on location

7
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• Over a Short Section : Flow: A pair of 
detectors (inductive loops) spaced 5-6 m 
apart or Video Camera (small range),
– Occupancy: Loop detectors 

• Along the length of the road (Space Sensor): 
Flow and Occupancy – video camera, drone, 
helicopter, satellite: Density
– Density: Most difficult to measure; Aerial 

photography or from cameras mounted on tall 
buildings; Video camera can be used for indirect 
calculation of densities

Classification: based on location
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Induction-loop detectors
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– Data collected: classified counts, vehicle 
speeds, headways
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Penumatic tubes
– Data Collected: instantaneous speed, 

direction of flow, volume, vehicle 
classification, and the time of day associated 
with each data sample
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Classification: Remote/non-
contact based
– Microwave radar: 

– this technology can detect moving vehicles and speed 
(Doppler radar). 

– It records count data, speed and simple vehicle 
classification and is not affected  by weather conditions. 

– Ultrasonic and passive acoustic: 
– these devices emit sound waves to detect vehicles by 

measuring the time for the signal to return to the device. 
– The ultrasonic sensors are placed over the lane and can 

be affected by temperature or bad weather. 
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Classification: Remote/non-
contact based…. contd.
– Ultrasonic and passive acoustic: 

– The passive acoustic devices are placed alongside the 
road and can collect vehicle counts, speed and 
classification data. 

– They can also be affected by bad weather conditions (e.g. 
low temperatures, snow). 

– Video image  Processing System (VIPS) : 
– video cameras record vehicle numbers, type and speed 

by means of different video techniques e.g. trip line and 
tracking. 

– The system can be sensitive to meteorological conditions. 
IIT Delhi 12
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Manual counts
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Passive/Active infra red

• TIRTL TRANSMITTER TIRTL RECEIVER
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Microwave radar
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Ultrasonic sensors/Passive 
Acoustic
– vehicle counts, speed and classification data.
– Distance from obstacles – park assist – in 

passenger cars
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Global posiotioning systems
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– The Global Positioning System (GPS) is widely used 
in automotive navigation and traffic engineering 
studies such as traffic time studies. 

– Cell phones are equipped with positioning 
functionalities, and hence they are considered in 
the same category of GPS.
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Aerial/Satellite Imaging
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– The captured aerial photos contain snapshots of traffic on 
roadways, from which spatial traffic data such as spacing (i.e. 
spatial separation between two consecutive vehicles), 

– vehicle counts over a segment of roadway, and traffic density 
can be obtained. 

– In addition, analysis of consecutive aerial photos may yield 
information about vehicle speeds and further mean traffic 
speed.
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RFID Technology
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– The  RFID (Radio Frequency Identification) tag is able to 
record and the IDs of equipped vehicles and time-stamp the 
arrival of such vehicles.
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Video image processing system 
(VIPS)
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– Similar to inductive-loop detectors, the VIPS 
monitors a point of roadway

– To collect (classified) traffic counts, vehicle 
instantaneous speed, headway

– Drones/quadcopters – video of desirable 
quality
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Drone video
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Why VIPS?

– Highly reliable +
– Online processing (embedded systems) +
– Offline processing +
– Exhaustive log of the data +
– AI/ML based data extraction and analysis +
– Time consuming for details extraction –
– Robust embedded systems –
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Speed

• Speed measurements
– Trap length
– Speed guns 
– Other
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Field Techniques for Volume Studies

• Wide variety of techniques and equipment that 
can be used to count vehicles as they pass a 
point

• Technology vs. need
• Often for quick counts the inexpensive manual 

counts are preferred. Manual counts can easily 
discern
– Vehicle occupancy
– Turning movements at intersections
– Vehicle classifications

Traffic Engineering

Volume studies 25

25

Volume/flow

• AADT
• ADT
• AAWT
• AWt
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attention must be paid to count sites locations so as to improve the data accuracy 
[EHLE06]. 

 
Estimation methodology 
 
While short-term traffic counts cover a very large network in a limited time, permanent counts 
are required to handle temporal variations in traffic flow and their main role consists in 
elaborating adjustment factors to estimate annual daily volume from short duration counts. 
 
The principle is to start with data from short-period traffic counts (generally 1-3 days sample 
every few years at selected points across large-scale networks). Then adjustment factors 
provided by permanent counts are applied to remove temporal bias by taking into account the 
day of week and/or seasonal variations in traffic flow. The procedure is summarized in Figure 
4. 
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Figure 4: Schematic view of the main procedure for estimating AADT 

 
One of the most common expanding methods for estimating AADT is the factoring method. 
In this case, the permanent traffic sites are first manually classified into different groups 
(known as seasonal categories) based on similarities in traffic characteristics of roads. A 
seasonal factor category is then assigned to each permanent station according to the site 
locations, assuming that seasonal variability and traffic characteristics at the short-term and 
permanent count sites are similar in the same geographic area. However, the optimal number 
of groups and the way of assigning short counts to the seasonal factor groups are the most 
critical issues. 
 
Although this technique is maybe the simplest one and the most used worldwide, it is still 
limited in terms of accuracy (see e.g. [GRAN98]). More sophisticated mathematical methods 
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Accuracy issues: Comparison of 
Devices - contact based

IIT Delhi 27

INTRUSIVE
/CONTACT BASED

DEVICES

PRIME USE ACCURACY

Inductive loop 
detectors

General purpose 96.5%

Pneumatic tubes Temporary in-city 
counting

65-72%%

Piezo-sensors Classification and 
WIM

93%-95%

27

Comparison of Devices: non-
contact based

NON-INTRUSIVE 
DEVICES

PRIME USE ACCURACY

Microwave radar General purpose 96%
(NEAR LANE)

Infra-red Vehicle count 99.5%

Laser scanning beam Precise classification 80%-95%

Video Detector Classification and 
count

95%
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General Comparison of devices
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Cost related -estimates

– High capital costs
– Low O & M costs
– Highest  capital cost - machine vision sensor 

on corridor
– Lowest capital cost – infra red passive sensor
– Highest O & M cost – CCTV video camera
– Lowest O & M cost – Induction-Loop 

detectors
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Way forward

– Customization
– Rigorous testing
– Accuracy aspects
– Traffic densities
– Installation and up time
– O & M Costs
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