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Motivation

 Current methods of detector 
health monitoring commonly do 
not capture:
 Latency issues

 Detector ‘sticks’ temporarily, holding the 
call longer than it should

 Detector drops call early
 Shifting traffic patterns, and vehicles 

are not passing over detection zone
 Detector flickering (i.e. spotty 

detection) below threshold of erratic 
count 

 Erratic detector performance 
(detector fails for several minutes, 
then operates normally before failing 
again) 2



 Develop a reliable and robust method of determining poor performance of a 
traffic detector based solely on historical data and traffic flow theory. 

 It is proposed that this method will work at isolated signalized intersections, 
using data only from that intersection’s detectors for evaluation.  

 Additionally, a system design of this method will be developed to assist 
ODOT with implementation of the method. 

Project Objectives
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Research Approach 

 Generalized Process:
 Collect data from representative sites
 Approximate uninterrupted flow from event-based

data
 Develop mathematical relationships for 

empirical data (Volume vs. Density curve)
 Develop Volume vs. Density

prediction model from empirical data
 Develop performance datasets for algorithm 

comparisons

 



Importance of Event Based High Resolution 
Data (Building blocks of ATSPM

 

0:00 6:00 12:00 18:00 24:00

Time of Day

20%

40%

60%

80%

100%

O
cc

up
an

cy

 

Green

Percent Arrival on Green

60%

Green 20%

Green 80%

C1

C2

C3

Average = 
53.33%



Site Identification
 Rudimentary check of detection performance

 Are we seeing activations?
 Do they take the expected shape?
 Are they within a plausible range?



Site Verification
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 Log site characteristics
 Record operations with drones

 Drone Video Log Transcription
 Process and reduce event log data
 Validate detectors

 Comparing drone video logs to event logs 
 Number of activations
 Detector on duration

 Outcome
 List of provided detectors that passed                                          

the performance metrics, for use in algorithm                       
development



Log Site Characteristics
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Drone Video Recordings and Video Log 
Transcription



Detector Verification Outcome Overview

 79 detection zones 
underwent 
comparative 
analysis (70 
inductive loop and 
9 radar). 

 39 inductive loop 
and 6 radar zones 
passed the 
analysis
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General Form of Comparative Process
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�
𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷 𝑰𝑰𝑰𝑰𝑷𝑷𝑷𝑷𝑰𝑰𝑷𝑷𝑰𝑰𝑰𝑰 − 𝑪𝑪𝑪𝑪𝑰𝑰𝑷𝑷𝑷𝑷𝑪𝑪𝑷𝑷𝑪𝑪𝑰𝑰𝑰𝑰 𝑰𝑰𝑰𝑰𝑷𝑷𝑷𝑷𝑰𝑰𝑷𝑷𝑰𝑰𝑰𝑰

𝑪𝑪𝑪𝑪𝑰𝑰𝑷𝑷𝑷𝑷𝑪𝑪𝑷𝑷𝑪𝑪𝑰𝑰𝑰𝑰 𝑰𝑰𝑰𝑰𝑷𝑷𝑷𝑷𝑰𝑰𝑷𝑷𝑰𝑰𝑰𝑰
� = 𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑰𝑰𝑷𝑷 𝑫𝑫𝑷𝑷𝑫𝑫𝑫𝑫𝑷𝑷𝑷𝑷𝑷𝑷𝑰𝑰𝑷𝑷𝑷𝑷 

  
 

 



Approximation of Uninterrupted Flow
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 Peak Period Selection
 High volume desired 
 Tu, Wed, Thu: 6a-9a; 4p-7p

 Start-Up Lost Time
 Remove first four activations

 Saturated Headway
 Various approaches attempted

 Remove top quartile
 Remove points that are more

than 2x or 3x median
 Remove activations detected

during the last six seconds of
green

 Remove all data if first headway
over 8 seconds

 In the end, limited headways
to those at or below 3.0s
 Common value for gap setting at

signalized intersections
 Easy from a calculation

 standpoint



Calculation of Equivalent Hourly Volume 
(EHV) and Density
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 EHV = surrogate for volume
 Volume for one green duration scaled to an hourly volume

 Density
 Approximated from Occupancy

𝐸𝐸𝐸𝐸𝐸𝐸 = 3600
(3600 × 24 × 𝐶𝐶)(𝐴𝐴)�  

𝐷𝐷 = 𝑂𝑂 × 5280
(𝐿𝐿𝐸𝐸𝑉𝑉ℎ + 𝐿𝐿𝐷𝐷𝑉𝑉𝐷𝐷 )�  

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 =
𝐹𝐹𝐹𝐹𝐹𝐹𝐷𝐷𝑉𝑉𝐹𝐹𝑉𝑉𝐹𝐹 𝐷𝐷𝑉𝑉𝐷𝐷𝑉𝑉𝑂𝑂𝐷𝐷𝐷𝐷𝐹𝐹 𝑂𝑂𝑂𝑂 𝐷𝐷𝑂𝑂𝐹𝐹𝐹𝐹𝑂𝑂𝐷𝐷 𝐺𝐺𝐹𝐹𝑉𝑉𝑉𝑉𝑂𝑂  𝐷𝐷𝑂𝑂𝐹𝐹𝑂𝑂𝐷𝐷𝐹𝐹𝐷𝐷𝑂𝑂

𝐺𝐺𝐹𝐹𝑉𝑉𝑉𝑉𝑂𝑂 𝐷𝐷𝑂𝑂𝐹𝐹𝑂𝑂𝐷𝐷𝐹𝐹𝐷𝐷𝑂𝑂
 



Plot Data Points and Generate Empirical 
Curve

19

 Plot values of EHV and Density for one week of data (18 
hours); 50 points/week required to plot

 Generate second order trendline



Calculation Conceptual Volume vs. 
Density Curve
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 Vertex of Conceptual curve calculated directly from 
Greenshields relationship

 Create quadratic line with vertex and origin

𝑆𝑆𝑂𝑂 =
1
2

 𝑆𝑆𝑂𝑂𝑉𝑉𝑉𝑉𝐹𝐹 𝐿𝐿𝐹𝐹𝐿𝐿𝐹𝐹𝐷𝐷 

𝑀𝑀𝑂𝑂𝑀𝑀𝐹𝐹𝐿𝐿𝑂𝑂𝐿𝐿 𝐸𝐸𝐷𝐷𝐹𝐹𝑂𝑂𝐿𝐿𝑉𝑉 = 𝐸𝐸𝑀𝑀𝐴𝐴𝑀𝑀 = 3600
𝐴𝐴𝐴𝐴𝑉𝑉𝐹𝐹𝑂𝑂𝐷𝐷𝑉𝑉 𝐸𝐸𝑉𝑉𝑂𝑂𝐹𝐹𝐻𝐻𝑂𝑂𝑂𝑂�  

𝑂𝑂𝑂𝑂𝐷𝐷𝐹𝐹𝐿𝐿𝑂𝑂𝐿𝐿 𝐷𝐷𝑉𝑉𝑂𝑂𝐷𝐷𝐹𝐹𝐷𝐷𝑂𝑂 = 𝐷𝐷𝑂𝑂 = 𝐸𝐸𝑀𝑀𝐴𝐴𝑀𝑀
𝑆𝑆𝑂𝑂�  



Develop Performance Datasets for 
Algorithm Comparisons
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 Empirical Performance Dataset (EPD)
 Using filtered dataset, develop set of percent difference values for 

each detector (50+ pts per week, r2 > 0.7, -a coefficient, positive 
integral)

 Processed four weeks data to yield six percent difference values 
(interested in week-to-week variability)
 Week 2 compared to Week 1
 Week 3 compared to Week 1
 Week 4 compared to Week 1
 Week 3 compared to Week 2
 Week 4 compared to Week 2
 Week 4 compared to Week 3

 25% 50% 75% 100% 
Mean 10.64 13.51 24.54 142.55 

Std Dev 16.69 24.81 36.36 386.77 
 



Develop Volume vs. Density Prediction 
Model from Empirical Data

22

 Predict a, b, and c coefficients (ax2 + bx + c) of Volume vs. 
Density curve based upon site characteristics

 Number of activations/hour is all activations during green 
(unfiltered), averaged for the week

 Number of green indications/hour is averaged for the week

𝑂𝑂�𝑂𝑂 = 0.629− 0.267 �𝑀𝑀𝐷𝐷𝑉𝑉𝑂𝑂 ℎ𝐹𝐹𝐷𝐷𝐷𝐷𝑂𝑂 � − 0.180�𝑀𝑀𝐹𝐹𝑉𝑉𝐷𝐷𝑉𝑉𝑂𝑂 𝐷𝐷𝑂𝑂𝐹𝐹𝐴𝐴 � − 0.171 �𝑀𝑀𝐹𝐹𝑂𝑂𝑂𝑂 𝑉𝑉𝐷𝐷𝐹𝐹𝑂𝑂𝐷𝐷𝐹𝐹𝑉𝑉 � − 0.001�𝑀𝑀𝐻𝐻𝑘𝑘𝑂𝑂𝑂𝑂𝐷𝐷 ℎ𝐷𝐷𝑂𝑂𝐹𝐹 � − 0.008�𝑀𝑀𝐻𝐻𝑘𝑘 _𝐷𝐷𝐹𝐹𝑂𝑂 ℎ𝐹𝐹� 
𝑂𝑂�𝑏𝑏 = 6.337 + 3.773�𝑀𝑀𝐷𝐷𝑉𝑉𝑂𝑂ℎ_𝐹𝐹𝐷𝐷𝐷𝐷𝑂𝑂 � + 6.754�𝑀𝑀𝐹𝐹𝑉𝑉𝐷𝐷𝑉𝑉𝑂𝑂𝐷𝐷 _𝑂𝑂𝐹𝐹𝐴𝐴 � + 4.700�𝑀𝑀𝐹𝐹𝑂𝑂𝑂𝑂𝑉𝑉 _𝐷𝐷𝐹𝐹𝑂𝑂𝐷𝐷𝐹𝐹𝑉𝑉 � + 0.064�𝑀𝑀𝐻𝐻𝑘𝑘 _𝑂𝑂𝑂𝑂𝐷𝐷 ℎ𝐷𝐷𝑂𝑂𝐹𝐹 � − 0.136�𝑀𝑀𝐻𝐻𝑘𝑘 _𝐷𝐷𝐹𝐹𝑂𝑂 ℎ𝐹𝐹� 
𝑂𝑂�𝑂𝑂 = −10.341 + 9.171�𝑀𝑀𝐷𝐷𝑉𝑉𝑂𝑂ℎ_𝐹𝐹𝐷𝐷𝐷𝐷𝑂𝑂 � + 21.385�𝑀𝑀𝐹𝐹𝑉𝑉𝐷𝐷𝑉𝑉𝑂𝑂𝐷𝐷 _𝑂𝑂𝐹𝐹𝐴𝐴 � − 29.725�𝑀𝑀𝐹𝐹𝑂𝑂𝑂𝑂𝑉𝑉 _𝐷𝐷𝐹𝐹𝑂𝑂𝐷𝐷𝐹𝐹𝑉𝑉 � − 0.047�𝑀𝑀𝐻𝐻𝑘𝑘 _𝑂𝑂𝑂𝑂𝐷𝐷 ℎ𝐷𝐷𝑂𝑂𝐹𝐹 � + 1.458�𝑀𝑀𝐻𝐻𝑘𝑘 _𝐷𝐷𝐹𝐹𝑂𝑂 ℎ𝐹𝐹� 

Where: 
 𝑂𝑂�𝑂𝑂 , 𝑂𝑂�𝑏𝑏 , 𝑂𝑂�𝑂𝑂  equals the predicted values of a, b, and c 
 𝑀𝑀𝐷𝐷𝑉𝑉𝑂𝑂ℎ _𝐹𝐹𝐷𝐷𝐷𝐷𝑂𝑂  equals the presence of a loop detector (binary) 
 𝑀𝑀𝐹𝐹𝑉𝑉𝐷𝐷𝑉𝑉𝑂𝑂𝐷𝐷 _𝑂𝑂𝐹𝐹𝐴𝐴  equals the presence of advanced detector technology (binary) 
 𝑀𝑀𝐹𝐹𝑂𝑂𝑂𝑂𝑉𝑉 _𝐷𝐷𝐹𝐹𝑂𝑂𝐷𝐷𝐹𝐹𝑉𝑉  equals site location within a single lane roadway (binary) 
 𝑀𝑀𝐻𝐻𝑘𝑘 _𝑂𝑂𝑂𝑂𝐷𝐷 ℎ𝐷𝐷𝑂𝑂𝐹𝐹  equals the number of activations per hour (continuous) 
 𝑀𝑀𝐻𝐻𝑘𝑘 _𝐷𝐷𝐹𝐹𝑂𝑂 ℎ𝐹𝐹  equals the number of indications per hour (continuous) 
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Developed lines for comparison



Algorithm: Initial Detector Health 
Assessment

 Two comparison points:
 Compare integrated percent difference between predicted vs. 

conceptual line against Predicted Performance Dataset
 Compare percent 

differences 
between four 
weeks of empirical
data against 
Empirical
Performance
Dataset
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Algorithm: Detector Health Assessment 
Over Time

 Plot percent difference values over time
 Compute integral percent differences from empirical data in rolling 

four-week increments
 Plot calculated differences on a control chart; compare with PPD
 Adjust control

chart limits over
time
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Limitations and Future Work
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 Algorithm was developed with a finite number of detectors, 
and as such, dataset might not be a universally 
representative sample of ODOT system

 Long term testing and validation not conducted due to time 
constraints

 Investigate different control chart limits as system is 
deployed

 Develop percent difference datasets for detectors of various 
technologies and configurations
 Can allow for tighter control chart limits



Thank You.
Questions/Discussion?

Edward Smaglik – edward.smaglik@nau.edu
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Full Project Report:
ODOT SPR837 “Automated Identification of Traffic 
Detector Malfunctions”
https://www.oregon.gov/odot/Programs/ResearchDocum
ents/SPR837DetectorMalfunctionFinalReport.pdf 

mailto:edward.smaglik@nau.edu
https://www.oregon.gov/odot/Programs/ResearchDocuments/SPR837DetectorMalfunctionFinalReport.pdf
https://www.oregon.gov/odot/Programs/ResearchDocuments/SPR837DetectorMalfunctionFinalReport.pdf


Extra
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Literature Review

Wavetronix Radar Detection (Huotari, 2015)

   

Wire Inductive Loop Setup (Lamas et al., 2016)

   

 Topics Covered
 Detection Technology
 Traffic Flow Theory and Fundamental 

Diagrams
 Existing processes for monitoring detector 

health
 Key Points:

 Three methods of monitoring health:
 Traffic products and software
 Algorithms / Post Processing
 On-site monitoring

 One existing project in a related area
 Application of Fundamental Diagrams and 

headways to detector health untried

Real world Speed-Density plot (Wang et al., 2011)
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Site Identification and Verification
 Site verification process

 Event-based data used to evaluate detector sufficiency
 For each detector

 EventID outputs, corresponding:
 MaxTime Number (1-28)
 Detector Number(s) (Detector Number(s) or RAD Number)
 Phase (φ1-φ8)

 Number of "Vehicle Detector On" indications for each green and each non-
green interval in a day
 Repeating "Vehicle Detector On' indications were reported

 Other items
 Varying outputs of radar zones
 Removal of extend / delay on detection zones

 

 

 

 



Site Identification
 Rudimentary check of detection performance

 Are we seeing activations?
 Do they take the expected shape?
 Are they within a plausible range?



Log Site Characteristics
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Drone Video Recordings and Video Log 
Transcription



Process and Reduce Event Log Data

 Processing and Reduction

 Number of Activations
 Detector On Duration
 Cycle Duration
 Occupancy = Detector On Duration / Cycle Duration
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Detector Validation
 Compare drone video logs to event logs 

 Detector On Duration
 Compare means of each distribution

 Number of activations
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Detector Validation
 If either test is out of range, do not use detector for algorithm 

development
 Activations, within 10%
 Detector On Duration, statistically significant difference
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Detector Verification Outcome Overview

 79 detection zones 
underwent 
comparative 
analysis (70 
inductive loop and 
9 radar). 

 39 inductive loop 
and 6 radar zones 
passed the 
analysis
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Develop Performance Datasets for 
Algorithm Comparisons

40

 Predicted Performance Dataset (EPD)
 Similar process to EPD development
 Integrated to 25% of Vertex



Health Assessment Over Time
 Sliding Window Technique and Control Chart
 Mean + 1.5 Std Dev from EPD

41

 25% 50% 75% 100% 
Mean 10.64 13.51 24.54 142.55 

Std Dev 16.69 24.81 36.36 386.77 
 



Performance Dataset Verification
Verification

 Compare validated detectors with underperforming detectors 
from Task 6

42

Validated Detectors Underperforming Detectors

Mean = 10.64%
Std Dev = 16.69%



Performance Dataset Verification
Verification

 Compare validated detectors with underperforming detectors 
from Task 6
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Validated Detectors Underperforming Detectors



Performance Dataset Verification
Verification

 Increase / Decrease volume and density values by 10%, 
20%, and 30% and compare integral differences

44

Density Increased Volume Increased

Density Decreased Volume Decreased



Performance Dataset Verification
Verification

 Mean and Std Dev of the percent differences between 
empirical and conceptual lines for healthy detectors is 
10.64% and 16.69% respectively

 Using 1.5 Std Dev from the mean, threshold of 35.68% 
difference indicates this may not be sensitive enough to 
identify most malfunctions (note this is just one detector 
compared)
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% Difference from Conceptual Integral 
(Conceptual – x) / Conceptual 

Integral from 0 to 25% of Conceptual Vertex 
Empirical 2.2% 

Density 
Added 

10% Added 9.5% 
20% Added 15.8% 
30% Added 21.2% 

Volume 
Added 

10% Added 7.6% 
20% Added 17.4% 
30% Added 27.2% 

Density 
Removed 

10% Removed 6.5% 
20% Removed 17.0% 
30% Removed 29.7% 

Volume 
Removed 

10% Removed 12.0% 
20% Removed 21.7% 
30% Removed 31.5% 

 



Initial Detector Health Assessment
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Initial Detector Health Assessment
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Initial Detector Health Assessment
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Health Assessment Over Time
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