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Experimentation of a sensor for measuring the occupancy rate of vehicles on the network of the Direction des Routes of Ile-de-France (DiRIF)

This study presents the evaluation of a sensor measuring the vehicle occupancy. It should be noted that until 2014, no such system outside the vehicle was able to achieve an high efficiency and reliability, required for automatic enforcement of HOV lanes.

Two identical vehicle occupancy measurement systems, developed by NEC company, were evaluated on the DIRiF road network (shoulder and central reservation) on the A86 motorway near Paris. At this point, the speed limit is 90 km/h for this 2x2 lane highway with nearly 100,000 veh / day per direction. The evaluation conditions were constrained by the presence of an access ramp to the A86 just before the implementation of the systems to be evaluated, knowing that neither of the two lanes is an HOV lane.

 INTRODUCTION

 Context

The MTES and the Ile-de-France Region co-financed an experiment of vehicle occupancy sensor. DiRIF, the public contracting authority of this experiment, commissioned Cerema to evaluate the tested system.

 Description of the AXINEC system AXINEC's « In-vehicle Passengers Detection » system allows occupants to be counted from vehicles in traffic at a current speed (maximum 130 km / h). It is non-intrusive.

Insensitive to weather conditions

 Objectives of the evaluation and progress

Objectives pursued The objective of the project is to evaluate the metrological performance of the IPD sensor which integrates a system of counting the number of vehicle occupants.

The evaluation was conducted on the national road network of DiRIF.

The results of this study will enable DiRIF to evaluate the performance of the AXINEC system.

The evaluation aims to define the experimental and specific procedures for measuring the number of occupants using the system provided by AXIMUM-NEC consortium, to measure its operational performance in a defined context.

System announced very accurate

Operationnal 365 day/year and h24 0 to 130 km/h

Sequence of the experiment

The evaluation of the sensor described in this document is part of a global experimental framework composed of the following steps :

 Expression of the needs of the DiRIF according to the request of the MTES ;  Contractualization and implementation of an occupant counting system with the AXIMUM-NEC consortium ;

 Metrological evaluation of the AXINEC system by Cerema concretized by a report.

The evaluation took place in several stages :

 Definition of the precise terms of the instrumentation and the roles of each actor ;  Cooperation agreement formalized via a convention (Cerema / operator DiRIF) : provision of the site, conditions of access, possible use of energy, etc.) ;

 Definition, implementation and calibration of reference systems ;  Installation and commissionning of the system to be evaluated and the object of the experimentation ;

 Complete system evaluation through a report ;  Production of an evaluation report of the target system.

Cerema was responsible for the collection, operation and analysis of the measurements. It integrates :

 Collection of time-stamped files generated by the 24 hour AXINEC vehicle classification system ;  Collection of time-stamped « occupant count » files by vehicle and by route generated by the 24-hour AXINEC system ;

 Collection of the images obtained by the AXINEC system (N shots per vehicle and per lane) corresponding to the registration sequences of the reference system ;

 Collection of data from the reference system with the assistance of DiRIF (video) ;  Collection of data (traffic) context with DIRIF road operator (flow from a metering station placed on the section concerned) ;

 Collection of weather data during video recording sequences.

 CONTENT OF THE EVALUATION

 Calculated indicators

Preamble All the measures are exploited by :  Comparison with accurate references : This is a video count provided by multiple camera devices whose performance and features have been defined to achieve the best results for manual operation, and AXINEC system snapshots operated manually ;

 Contextualization with regard to weather precipitation information and brightness conditions (day and night).

Indicators used

In order to analyze the metrological and functional performances of the AXINEC system, several indicators are produced and analyzed by CEREMA according to the data produced and transmitted by AXINEC.

Measurements collected from AXINEC's system are compared against baseline measurements and analyzed to assess the following indicators :

 Detection Rate (TDE) and false detection (TFE) of vehicles : number of vehicles detected or not by the sensor compared to the actual flows collected during the reference periods ;

 Visibility rate (TVI) and non-visibility (TFV) of occupants in vehicles compared to the analysis of video sequences of reference ;

 Accurate counting (TCO) and incorrect counting (TFO) rate of the number of occupants (and associated matrix): by distinguishing between "occupant car" and "other" cases (if information provided) and by counting 1, 2, 3, 4 or 5+ occupants compared to the analysis of reference video sequences ;

 Rate of accurate classification (TCL) and misclassification (TFL) of the number of occupants HOV2 + (2 occupants or +) / HOV3 + (3 occupants or +), and associated previous matrix ;

 Confusion matrices for the TCO and TCL indicators.

In general, the different indicators are produced by distinguishing different periods of traffic (two levels of traffic service : fluid / moderate and dense / congested), as well as the day / night periods.

A complementary qualitative analysis is carried out, based on context data criteria, specific vehicle categories and characteristics, masking phenomena or any other exogenous factor. Since the probability of recording many similar events by influence factor is low, the samples will not be sufficient to conclude on the performance of the AXINEC system for these specific criteria. This analysis, however, will make it possible to assess the various use cases from the results obtained.

Precise definitions

In order to properly understand the results produced, it seems essential to describe precisely the construction elements of the reference as each indicator one by one.

The reference Recall that the so-called reference counts are vehicles that have been counted from a reliable source that has not undergone any transformation during the observation of the flow of vehicles : continuous reference videos and photos of these vehicles taken by the machine.

The records were operated by an operator univocally. When a doubt remained, the objective is to take into account and keep this information in the measures by noting for example :

 At least one occupant rated 1+

 At least two occupants rated 2+ ;

 At least three occupants rated 3+

 Certainty of a single occupant : 1 ;

 Certainty of two occupants : 2.

The total number of vehicles (regardless of the vehicle) of any type observed with the reference is 9394.

Vehicles « part of the study » or « authorized » refer to passenger car (VL) with or without a caravan and utilitarian vehicles with a height of less than 2 meters.

Among these vehicles, we listed with the reference video :

 621 trucks, buses, two-wheelers or utilitarian vehicles too high (>2m) not photographed (they should not be photographed, so it's normal) ;

 152 vehicles detected by AXINEC but out of study therefore belonging to the previous category (they should not have been detected) ;

 376 vehicles that the AXINEC system should have detected but which were not ;

 8244 vehicles detected by the AXINEC system included in our study (VL and utilitarian vehicles <2m).

The decomposition of these 8244 vehicles recorded by a human operator (from the reference) gives : For example, we noted 4055 vehicles with a single occupant but 1322 with at least one occupant. Another example : 1472 vehicles had 2 occupants but 671 at least 2.

Detection rate (TDE/TFE))

This indicator is used to report on the ability of the AXINEC system to detect all « authorized » vehicles as part of a control of the number of occupants.

Vehicles taken into account are only the vehicles concerned by the study, ie vehicles that are less than 2 meters (excluding two wheels) that we could count with the reference, being 8620. 8244 were taken by the AXINEC system and 376 were not.

Calculation method : TDE = 8244/ (8244+376) ~ 95.6 %

The visibility Rate (TVI/TFV)

This indicator makes it possible to account for the ease of counting, by an operator, the occupants in each vehicle.

The vehicles taken into account are only the vehicles concerned by the study, ie vehicles that are less than 2 meters (excluding two wheels) that the AXINEC system has detected, ie 8244 vehicles. This rate, also known as the « accuracy rate », is the ability of the AXINEC system to make a good judgment on the number of occupants.

There are three possible outcomes when counting the number of occupants in a vehicle :

 The accuracy (diagonal of the matrix below) : there is correspondence between the reference and what the system returns ;

 Over-counting : The system returns a number of occupants greater than the reference.

Example : a single occupant in the vehicle for two detections (false negatives). Cheaters may not be detected in this case ;

 Under-counting : the system returns a number of occupants below the reference. Example : two occupants in the vehicle for detection of one (false positives). Carpoolers may therefore be considered as cheaters.

A visual representation can be made with what is called the confusion matrix that illustrates the following table : Below the matrix associated with this table :  Explanation for reading the table :   Factually, for 4055 occupants alone (reference), the AXINEC system counted 3702 occupants alone, 330 cases with two occupants, 23 cases with three occupants, etc.

[AXINEC system counting - >] [1] [2] [3] [4] [5+] [TOTAL count REF] Actual count
To produce the table we only kept:

 Study vehicles (VT and utilitarian vehicle <2m) ;

 On which there is no uncertainty. TCO = (Diagonal)/Total = (3702+1152+252+76+5) /6144 ~84.4% of overall accuracy

The percentages of the confusion matrix are obtained by row.

So: 3702/4055~ 91 %, 330/4055 ~ 8%, 1152/1472~ 78%, etc.

In order not to weigh the matrices of confusion, we rounded them up to unity. This may explain a total per line less than 100 %.

The accurate classification rate (TCL/TFL)

It is an indicator similar to the TCO, but there is a classification of the numbers of occupants.

TCL of a HOV2+ :

We classified the vehicles in two different ways :

 The driver was alone : class 1  The driver was accompanied : class 2

After ranking we get the following table and matrix : Note that unlike the TCO matrix, we get 6922 vehicles against 6144. Indeed, in the TCO matrix we have removed all vehicles noted 1 +, 2 +, 3 +, 4 + and 5 +, while for the TCL matrix we only delete vehicles 1 +. Although it is impossible to decide on a vehicle rated 1 + (in which class to locate it : 1 occupant or at least two occupants?), it is thus allowed to classify the vehicles 2 +, 3 +, 4 + and 5 + in the category of two or more occupants.

AXINEC system counting [1] [2] [TOTAL Count REF] Actual count
We have good with the figures in the table on page 9.

8244-1322=6922 vehicles (TCL classification)

AND 8244-1322-671-83-20-4=6144 vehicles (TCO classification).

How to calculate the accuracy rate : TCL(HOV2+) = (3702+2538) /6922 ~ 90%

Note that the numbers in the matrix are obtained as follows :

3702/4055 ~91 % 353/4055 ~9 % 329/2867 ~ 11% 2538/2867 ~ 89%

TCL of a HOV3+ :

We classified the vehicles in two different ways :

 There are 1 or 2 occupants : class 1

 There are at least three occupants : class 2

After classification we obtain the following table and matrix : The roll is obsolutely identical, except that we have also removed vehicles in 2 + because it is not possible to classify them correctly. The removal of vehicles in 1 + and 2 + (ie 1322 + 671 = 1993) gives us a balance of :

[AXINEC system counting - >] [1-2] [3+] [TOTAL Count REF]
6251 vehicles (8244-1993=6251)

The method of calculating the accuracy rate : TCL(HOV3+) = (5384+519) /6251 ~94.4%.

The calculation mode of the confusion matrix is identical to HOV2+.

 Selected site and reference system

The site is located on outer A86 motorway in one direction of traffic at PR 4+0200 and includes both lanes.

Aerial view and characteristics of the section :

Main features :

 Highway site 2 x 2 lanes ;  40 000 to 50 000 veh./lane/day ;  Presence of a power point and access to the operator's data network ;

AXINEC system views (camera with NIR flash and laser) :

 Collected data

Period of operation and organization

The AXINEC system, installed in May 2018, was operational in June. A long period of setting and adjustment has made it possible to start the collection of evaluation data only from August 20th. At this date the evaluated system has been frozen.

The end date of the evaluation was scheduled for September 27th of 2018 (39 days of collection possible).

To meet the objectives of the evaluation, which provided for different traffic and light contexts, to take into account the material constraints of the AXINEC system (computer storage) and to overcome the network capacity limitations of the reference system, weekly programming of the sequences to be recorded (1 to 2 hours daily for each channel) has been agreed.

Thus, on average, 8 hours of recording for each lane and per week was operated. This corresponds for each hour to three video streams (reference) and a folder « snapshots » of the IPD system consisting of 25 images for each vehicle. Added to this are the 24 hour « classification » and « counting » of occupant results files generated automatically by the AXINEC system.

All this information was temporarily stored on a local server managed by Cerema and then transferred to users in Metz.

Characteristics of the data produced

Over a given period (sequence of one hour), for a concerned lane, the aim is to have for each vehicle the results of AXINEC (individual data) from the classification system and, for the vehicles eligible for metering (tourism vehicle with or without trailer / caravan), the number of occupants with a timestamp. Moreover, over this same period, it was necessary to build an « indisputable » reference consisting of the occupant count seen on the corresponding recorded videos. The three viewing angles to which are added the AXINEC shots (near-IR range) operated manually, made it possible to pronounce with a strict certainty on the exact number of occupants for the majority.

It should be noted that the accuracy of the chosen counting method is the decision-making capacity of the operators responsible for the exploitation on the basis of these visualizations dependent on the quality of the data and even more on the contents of each passenger vehicles compartment (from what is objectively visible).

Traffic data It is a question here of estimating the faculties of the AXINEC system in a function, of course secondary, of road traffic sensor. This comes back to compare the data from its classification system (« classification » file) and the observations made on the videos. The parameters observed are the flows and the associated discriminations.

As a reminder, the initial ambition was to use an inductive loop traffic data collection station (SIRIUS) of the DIRIF network present in the same section as the AXINEC system by calculating the hourly and daily flows. Important difficulties related to the reliability of these stations pushed us to use only the video sequences available for this same work.

Exploitation for occupant measurement

It consisted of comparing information from the AXINEC file (IPD file) with the reality observed on video and snapshots.

Example of a snapshot on a video (only one of the three axes) :

The same vehicle represented under another angle on an AXINEC snapshot :

The need to have a reliable and strong reference led to treat differently all the vehicles on which there was still doubt about the manual count of the number of occupants. The goal was to build blocks of 100 « safe » vehicles at a minimum, while keeping as much information as possible when uncertainties arose.

Each block of 100 « safe » vehicles thus required the viewing of 140 to 160 vehicles. These 40 to 60 additional vehicles include vehicles with uncertain counting and non-eligible vehicles (PL, bus, 2WD, etc.).

Volume of data and use

The mass of individual data collected by the AXINEC system over the period (multiple one-hour sequences for both channels) represented 70,000 vehicles in total, of which 9,394 were viewed for the study.

The following table summarizes the size of the samples for each channel : At the rate of approximately 150 vehicles viewed per file, a sample of 10,000 vehicles may appear sufficient to obtain the 60 files covered by the study (approximately 6,000 vehicles for both lanes). However, the selection criteria and episodic material unavailabilities (network problems, recurrent inactivity of one or two cameras by programming) have considerably reduced the possibilities of exploitation, nevertheless not preventing the objective from being reached. In addition, the dense traffic sample to congested in night hours did not happen during the period of the year of the experiment.

It should also be noted that the main contextual element among those envisaged (objective of 600 vehicles during episodes of moderate to heavy rain) could not be exploited because the period experienced no significant rainfall, except a single rain storm (2 to 4 mm / h for 20 minutes).

Reminder of the contextual elements proposed in the study : Occupants in an « abnormal » position (leaning forward, lying down…) 20 vehicles.

Items

Presence of occupant partially masked face (glasses, cap…) 20 vehicles.

Absence of occupant before (or cosi for baby) and presence in the back, 30 vehicles.

 FINAL RESULTS

 Warranty on data exploitation and control

The exploitation of all the data collected, the principle of which is based on the viewing of dozens of hours of videos and tens of thousands of photographic snapshots, required the mobilization of a substantial team at Cerema East and partly supported by the Cerema Center-East. The multiplication of the operators working on this exploitation left fear of differences of interpretation or judgment to rule on a result, vehicle by vehicle.

This is why it seemed useful to harmonize the perception of situations and to minimize arbitrariness by appointing a referent who initiated and trained each operator and then accompanied him on the first tens of vehicles treated.

This same referent had the opporunity to carry out checks when significant divergences of results appeared. In addition, internally, a tracking index was used to evaluate the divergence between operators in order to reset or delete data. This makes it possible to respond indirectly to the need for contradictory counting.

 Evaluation by traffic indicators

Detection rate (TDE) and False Detection Rate (TFE)

As a reminder, the « TDE » is the number of vehicles properly detected by the sensor with respect to the real flow collected over the reference periods which are defined as the video tracks on which the operation is carried out.

In the same way, the « TFE » is the number of vehicles wrongly detected compared to the actual flows collected over the same reference periods.

It was originally intended to use SIRIUS station data as a reference and to look at larger time periods. The two stations of the DiRiF network that could potentially be used for this work were out of order over the required period.

It should be noted that the distance of fifteen meters separating the reference and the two AXINEC systems could generate lane changes which nevertheless remain very rare (loss or gain of a few units).

The operation showed presumptions of lane changes right to the cameras, involving up to three vehicles per sequence, only during forced traffic (congestion with speed practiced very low to low).

TDE results

The total population of vehicles counted by reference (all types, sequences and cumulative routes) is 9,349.

An examination of the files produced by AXINEC (classification files) systems show that 95,6 % of these vehicles were detected. This number is therefore closer to the median tolerance of a SIREDO type station (or SIRIUS) given at ±3%.

TFE results

The population is the same. Here it is a question of looking at the units wrongly counted by the AXINEC system.

The usual case encountered is the articulated vehicle whose towed part would be considered as another vehicle.

The other situation giving rise to this over-counting could have been a vehicle placed between the two lanes and detected by each of the two devices. As expected the very nature of the installation (central neutral zone between the beams) did not cause theses cases.

Only 19 vehicles were thus subject to a « double count ». The TFE is thus of the order of 0,2%.

 Evaluation of the occupant count

Visibility rate (TVI) First of all, it should be noted that the total number of vehicles detected by AXINEC system that meet the template criteria for being eligible for occupant counting is 8244.

The TVI indicator is a prerequisite for controlling occupant counting performance, usually known as : « System accuracy rate on manual image review ». Its purpose is to illustrate the difficulties of counting accurately because of elements not related to the sensor itself. A number of factors complicate the proper identification of an occupant by the AXINEC system, but also by the reference system.

Theses factors can be related to the individual themselves (clothing, position, use of child seats, size of the individual, etc.) or to the vehicle carrying them (tinted windows, particular geometry of the windows, presence of sun visor, presence of masking or bulky objects, etc.).

The operational work consisted in counting with a full certainty the number of occupants vehicle per vehicle (counting « possible ») on the eligible population according to the criteria fixed (passenger vehicle or small utility vehicles). Vehicles that could not meet this requirement (« uncertain » count) were assigned a « + » as a result of the actual number of occupants. For example, a vehicle with two occupants actually noticed but which may possibly contain more will have the label « 2+ ».

The visibility rate is therefore the ratio between the number of vehicles whose counting is possible on the total number of eligible vehicles.

It has been determined according to the two major criteria that are : the path concerned, the conditions of night or day.

Overall result by cumulative situations

Two graphs were produced. The first, circular, is global, the second adapted to the occupancy number provided by the reference (total of 8,244 vehicles).

The TFV, non visibility rate, is the complement of the TVI on 100 %. Its value is thus 25,5 % for the two lanes.

According to the lane Two graphs were produced for each of the situations to characterize the TVI : right and left lane.

RIGHT LANE (total of 3,889 vehicles): LEFT LANE (total of 4,355 vehicles):

According to the light conditions Two graphs were produced for each of the situations to characterize the TVI : day or night.

DAY SITUATION (total of 5,207 vehicles) :

NIGHT SITUATION (total of 3,037 vehicles) :

Global synthesis on the TVI indicator

This indicator shows the difficulties of discerning the occupants of a vehicle. As a reminder, these difficulties, which are inherent in the exploitation of data by operators, are twofold :

 Related to the occupants themselves (abnormal position, child seat, masked face, etc …) and obstacles encountered (sunshade, freight in the car compartment). These situations are shared with the IPD system ;  Linked to the presence of strongly tinted windows at the back. 

Synthesis

Accurate counting rate (TCO/TFO)

The accurate counting rate (TCO) (and incorrect count (TFO)) of the number of occupants is estimated by comparing the performances of the AXINEC system for each occupancy class (divided into 1,2,3,4 or 5 and more) with those determined by reference.

The results are provided as confusion matrices and associated tables. The classes determined by the reference are presented horizontally while the results corresponding to the evaluated system appear vertically.

The performances were evaluated according to the three main criteria that are : the lane concerned, the day/night period and the flow level (either low/moderate or dense to congested).

Overall result by cumulative situations

The intensity of the color illustrates the proportion corresponding to the ratio « distribution of values taken by the AXINEC system / value of the reference ». For example, the box « AXINEC value at 1 / reference value at 1 » is given at 91 %. The TFO then takes the value of 100-91=9 %.

Moreover, and consequently, each line (reference value) proposes a total at 100 %.

Finally, the unrepresentative values are rounded to « 0 ». According to the brightness DAY TRAFFIC : NIGHT TRAFFIC : According to the flow The sixty sequences of the reference were chosen according to two major criteria that are : night / day conditions and contrasting flow situations. High traffic levels were mainly collected during the day, as long summer days did not allow for the collection of very heavy traffic situations beyond 10 pm and before 6 am.

[AXINEC counting system] -> [1] [2] [3] [4] [5+] [TOTAL count REF] Actual count
[AXINEC counting system] -> [1] [2] [3] [4] [5+] [TOTAL count REF]
[AXINEC counting system] -> [1] [2] [3] [4] [5+] [TOTAL count REF]
Hourly flow rates by lane were estimated by extrapolating the flow rate calculated over the time of the sequence. By a simple rule of three, the number of vehicles on the difference between the end and starting timestamps made it possible to determine a level. It was also verified that the low to moderate flow rates (40 sequences) did not correspond to periods of high congestion that could significantly lower the average speed. (Verification of the speed practiced provided by AXINEC).

The graph below shows the distribution of the hourly flow per lane for the 60 sequences concerned (abscissa).

High flows refer to the 20 sequences on the right. 

LOW TO MODERATE FLOW (40 SEQUENCES) :

[AXINEC counting system] -> [1] [2] [3] [4] [5+] [TOTAL count REF]
[AXINEC counting system] -> [1] [2] [3] [4] [5+] [TOTAL count REF]

Overall summary on the TCO indicator

In general, the AXINEC system is not very sensitive to the different situations presented above (lane concerned, brightness, traffic density).

It is interesting to note that it underestimates more for a high occupation (5+ of the reference) when the circulation is fast (non-congested), when it is dark, and when the system is in central reservation (left lane).

However, at night or right lane, the IPD is more efficient for an occupation by one or two people.

Accurate classification rate (TCL)

The rate of accurate classification (TCL) (and misclassification (TFL)) of the number of occupants HOV2+ / HOV3+ is the establishment of the performance of the evaluated system reduced to the analysis of the specific classifications « 2 or more occupants » and « 3 or more occupants ». The chosen population is different for each class :

For HOV2+ the vehicles considered for class « 1 » (reference) are vehicles whose number of occupants is « 1 » with certainty and for the class « 2+ » vehicles whose number of occupants is at least equal to « 2 », that is to say the « certain » but also the « possible » vehicles, are « at least equal to ... » : 2, 2+, 3, 3+, 4, etc ... For HOV3+ the vehicles considered for class « 1 » and « 2 » (reference) are the vehicles whose number of occupants is equal to « 1 » and « 2 » with certainty and for the class « 3+ » the vehicles of which the number of occupants is at least equal to « 3 », that is to say the « certain » vehicles but also the « possible » vehicles, that is « at least equal to ... » : 3, 3+, 4, 4+, 5 etc ...

The performances were evaluated according to the two major criteria that are : the lane concerned and the luminosity. Like the TCO indicator, the AXINEC system is not very sensitive to light conditions and the sensor position facing the vehicle (drivers's side or front occupant side) does not really change the performance.

It should be noted, however, as the previous results suggested, that there is a high undercounting rate for the HOV3+ mode. While it is between 10 and 15 % for « Solo / 2+ » discrimination, it approaches 30 % for the « 1 or 2 / 3+ » threshold.

 Performances modulated by context elements

Objectives and method

Beyond the traffic conditions related to the brightness (day and night) and the observed flow (moderate and very dense), it is proposed to refine the observation of the system performances according to a certain number of context elements (table hereafter). These belong to different items that are : the context, the characteristics of the vehicle, the forms of the subjects.

Each of the sequences (total of 3 x 10) for each lane, composed of 100+n vehicles will thus provide a fineness of analysis for each situation, n concerning the number of uncertain cases.

The target objective is a threshold to be reached in order to provide a representativeness of the phenomenon and its supposed impacts. 6,145 vehicles are part of the « vehicles whose occupants count is safe » panel.

(*) The dry period encountered (August 15 -September 22) did not allow these surveys to be carried out. There were only 2 sequences realized during a downpour but this was not retained because they only concerned one lane with strictly identical traffic conditions. Exploitation tests have led for some elements (tinted glass and small person) to specify whether the cases were encountered at the front or rear of the vehicle. In addition, three new situations seemed appropriate : the case of open windows (which induce IR overexposure of the faces), the case of the presence of « baby » seat (degrading the visibility) and the case of vehicles (eg SUV) of abnormal height (below the threshold of 2 meters nevertheless) whose occupants had the upper body potentially masked for the AXINEC camera.

Elements of economic conditions

These new elements are presented in the following table :   The statistical approach is performed using the « logistic regression » method.

Logistic regression or « logit model » is a binomial regression model. As with all binomial regression models, it is a question of modeling at best a simple mathematical model based on real observations. In other words to associate with a vector of random variables (x1,…,xk) a binomial random variable generically denoted by « y ». This is a « regression » because we want to show a dependency relation between a variable to be explained and a series of explanatory variables. This is a « logistic » regression because the probability law is modeled from a logistic law.

Here, for a admissible risk ratio of 5 % (ordinary choice), we determine a confidence interval which, through the use of the statistical tool, will determine a risk of errors (odds ratios) whose value can be used directly to determine the weight of each element on the probability of poor performance of the AXINEC system to produce the expected result (reference).

For example : if one is interested in the criterion « MASKED_FACE 1 » concerning the counting accuracy (TCO). The examined workforce is 170 for a panel of 6145 certain vehicles. The results of the operation, that is to say, the sum of the errors found, produced a confidence interval between 3.17 and 6.98. The resulting risk is calculated at 4.71. This means that there is clearly 4.7 times « more chance » for the system to be mistaken on occupancy calculation when one of the occupants has a face totally or partially hidden. 

Concerning the counting accuracy (TCO) of the machine

The different criteria such as « MASKED_FACE » were filled in by the operators when they visualized the reference videos. So it could happen for example that a person with a masked face is not seen by the system.

It should be noted that some elements may not be retained when they do not present a significant « value » for this approach (very small effective size, too great disparity of the result).

ELEMENTS OF CONTEXT :

No 

Risk of error and confidence interval

This graph is interpreted as follows :

 The presence of at least one small person at the rear of the vehicle (for example) will cause an occupant counting error rate approximately 13 times higher compared to a situation where there are only large occupants in the back or no occupant in the back ;

 The small extent of the confidence interval (9,4 to 18,1) on this same example teaches us that this statement is totally legitimate ;

 Another example : counting in the left channel (driver presence in the foreground) causes 1,6 times more errors in a certain way (reduced interval) than counting in the right lane ;

 The absence of glass in the back fosters the counting accuracy (risk of error at 0,68) but this statement is moderately acceptable.

Regarding the ability to see occupants accurately (TVI)

The same remarks are made as to the relevance of some context elements. Some of them could also be merged with a very similar element : for example, front and rear tinted windows appearing under the aggregated element « tinted windows ».

The aim here is to explore some situations that may penalize the good visibility of the occupants of vehicles (see TVI definition, page 13). The observations panel also includes « uncertain » vehicles. The sources of poor performance of the reference itself are characterized here. 

Risk of errors and confidence interval

It should be noted here that the presence of a child seat and strongly tinted windows at the rear heavily penalizes (risk of error greater than 20) and certainly (range 16 to 33,4) the ability to clearly distinguish occupants.

On the other hand, the « taxi mode » favors the good recognition of the occupants.

Finally, the traffic flow remains of no consequence for this exercise.

 System reliability and data availability

Overview Three distinct periods can be distinguished during the total operational operating time of AXINEC devices from June 21 to September 26, 2018 :  The first, until July 26, was an opportunity to implement the system and test the data supply chains ;



The second (27/07 to 01/08) allowed to validate the corrective actions that preceded it ;  Finally, the last one, which started on the 16/08, corresponded to the so-called evaluation period during which the data were made directly available to Cerema without AXINEC being able to make any new adjustment.

The sensor has been updated twice before functioning optimally. It is important to realize that this system is much harder to develop than a physical measurement sensor that can work almost immediately after laying on the roadway. This type of device, based on the principle of « machine learning », improves over time with the input data during its learning, which can last several days and depend on the installation site.

The reliability of the service has been evaluated according to two aspects : the correct provision of the result files (2 daily files per lane) and the content of the data produced in these files, ie the presence of a quantity of vehicles treated which corresponds to the level of traffic observed on an hourly scale.

Permanence of the good reception of the result files

The non-reception of the result files was the consequence of a power failure. Indeed the only case recorded is Saturday, July 29, when a storm caused the shutdown of the electricity supply. This problem was fixed on the 30/07 during the day with a reboot. Unfortunately, the sudden shutdown of the systems has caused them to lose the « date » parameters. It was not restored until August 2nd.

Tosum up, the experiment leads to the conclusion that the absence of transmission of result files is independent of the system (external cause). This can include network faults.

Flaw or deficiency in the received files

From the moment that both AXINEC sensors are able to produce result files, it is advisable to check their contents. Indeed, the various failures listed above have resulted in « holes » in the files. Some malfunctions were symmetrical (both IPDs affected at the same time) and others not. It does not belong here to analyze these events.

However, an unavailability ratio can be calculated over the corresponding period, which includes 82 days of operation with produced files. The examination of the data made it possible to calculate a total of 292,5 hours of unavailability on the two combined systems (shoulder and central reservation).

Thus the unavailability ratio can be presented as : 292,5 on 82x24x2 hours of service, ie 292,5/3936=0,074.

In conclusion, the data were correctly generated during 92,6 % of the time.

These rates can be considered as difficult to envisage in the perspective of an automated control. It is thus to the supplier of such system to develop and optimize its tools or treatments aiming to a more acceptable rate close to 1 %.

It should be noted that the AXINEC solution was calibrated for the HOV3 + case and that the set of parameters used was not optimized to limit false positives.

Scope of the evaluation

Data collection was conducted in August and September 2018. Initially planned in the protocol, the rain conditions could not be observed to determine the good behavior of the systems in this context. A single storm, short and intense, could offer the opportunity to produce indicators on only two consecutive sequences. In addition, this event occurred under uniform traffic and light conditions. This is why these elements did not give rise to a specific interpretation. Note that these conditions have made the « counting » of the vehicle compartments much more complicated (a TVI lowered to about 40%).

The following snapshot (source NEC) illustrates the difficulties mentioned (here mist on the windows) :

It seems possible, therefore, that certain particular climatic conditions are likely to present operational contexts that are also unfavourable : highly negative temperature, frost, snowfall, etc. Further performance evaluation in such cases will be relevant in the future.

System reliability

The operation, since the IPD system was commissioned (in June 2018), has been subject to some hazards. Apart from the power supply problems that the AXINEC system is dependent on, there have been some problems with the processing chain. Recovery times that were sometimes quite long are mostly inherent in a late recognition of problems. An alarm and a quick recovery commitment would probably have helped to minimize the impact on system availability, which remains good overall, especially since remote actions have been effective.
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  On the other hand, the results show that despite the context (Right / Left lane and Day / Night), the TVI is stable, apart from a slight advantage of day in relation to the night.

		RIGHT LANE (system on hard shoulder)	LEFT LANE reservation) (system on central	FULL SENSE
	TVI	75,0 %	74,1 %	74,5 %
	Synthesis	BY DAY	BY NIGHT	TOTAL
	TVI	75,7 %	71,8 %	74,5 %

  This element was not retained during the operation because the conditions of sunshine depended on various factors (day time, quality of the cloud cover, etc …). It was not possible to define a unanimous « standard » situation for all operators.

	(**)			
		Goal	Realized	Assigned name
	Moderate to heavy rain	600 veh.	NO (*)	---
	Strong sun with damaging projected shadow	300 veh.	NO (**)	---
	Distinctly riding on both lanes	30 veh	112	OVERLAP
	Atypical window height (SUV, utility, 4x4, ...)	150 veh.	694	HT_atypical_window
	No rear windows (utility)	150 veh	359	No_Rear_Windows
	Presence of a commercial or sun visor	30 veh	239	hood_or_film
	Partially strongly tinted windows	60 veh	See below	---
	Presence of young children (<150cm)	90 veh	See below	---
	Presence of a large dog	20 veh	7	DOG
	Occupants in an « abnormal » position (leaning forward, lying down)	20 veh.	51	OCCUPANT_ABNORMAL_P OS
	Presence of occupants with partially masked faces (glasses, cap…)	20 veh.	170	MASKED_FACE
	Absence of front occupant (or cosi for baby) and presence in the back	30 veh.	195	TAXI_MODE

Views of the reference device (cameras at various viewing angles)

 CONCLUSIONS

System performance

A summary of the results is presented in the following table :   The metrological evaluation showed that the performances announced by the manufacturer were broadly in line with the announced specifications.

The performance of the TVI is not only related to the counting capacity of the operators, but also to the quality of the images and videos of the reference system, and also, as demonstrated, to the contextual elements (tinted windows, people hidden or poorly positioned, etc.). This visibility rate (TVI indicator) of about 75 % causes an uncertainty about the count : this is an area for improvement for future experiments. In addition, it should be noted that the presence of tinted windows, limiting the visibility in the passenger compartment, does not influence the IPD system accuracy.

The TCO accuracy rate of the system ranges from 82 % to 93 %. It should be noted that the different traffic conditions (lane, brightness, traffic) have little influence on this indicator. As expected, the system sees its accuracy drop with the increase in the number of occupants.

The TCL accuracy rates for HOV2+ and HOV3+ are respectively 90 % and 94 % which seems satisfactory for the implementation of a control of a carpool lane.

In addition, overall results for the TCL indicator are 11 % of false positives for the HOV2+ classification and 28 % for the HOV3+ classification.