

UMD TDRL Working Doc
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This file is continuously updated along with the progress of the project.

By Dr. Taek Kwon

1. Overall System Planning 

In this project, two types of traffic counting service for the TMC portion of the loop detector data will be automated. The first type of service is the continuous count data from 8 ATR stations (can be changed) that must be generated daily throughout the year. The loop-detector data source is available through "ftp://anonymous:guest@vlsi.d.umn.edu/pub/tmcdata/" which will be maintained  by  the UMD TDRL (Transportation Data Research Lab led by Dr. Taek Kwon).

TDRL processes the TMC archived data and creates an ftp directory for downloading the continuous and short duration count data. For the continuous-count data, the data format follows the format required for the Mn/DOT SAS input. For the short-duration data, a new format is under development.

The overall system is shown in Figure 1 and is based on a producer-and-consumer model where synchronization is accomplished through data availability. If the producer fails to provide the necessary data, the consumer will raise a flag to inform the error condition. After a predetermined time-period, the consumer will access the data again and will eventually obtained the data after the producer supplies the needed data. For management of stations and associated detectors, a database based web interface was developed to unify and maintain a single version of definitions. Any change in this station-definition database will directly affect the outcome of the computation













. 

Figure 1. Overall block diagram of the automation system

For this automation process, the data is converted from the 30-sec interval data collected by Mn/DOT TMC to an hourly data along with error checking information embedded in a log file. With some computation and testing, the benefits of creating hourly relational database will be examined. It is expected that hourly database may allow manageable data size, simplification of producing the required counting data, and future expansion to an online web-based real-time system.

2. Definition of two types of data and formats for the TMC contributed data

2.1 Continuous Count Data (also referred to as ATR)

Definition:  Continuous count data (also called ATR data) is a list of hourly volume counts that consists of 12 entries for AM and 12 entries for PM per day. Each hourly data represents the total volume of a station that consists of multiple detectors.  

File name format:  

            Daily data: ATRyyyymmdd.dat 

                   yyyy   = 4 digit year


     mm = 2 digit month


     dd: 2 digit date

                 For example, for Feb 6, 2000, the file names would be

               ATR20000206.dat            The ATR data file specified by the file format shown below

ATR20000206.log            The log file that shows how the data “ATR20000206.DAT” was produced. It includes error report, % missing data, directional sum, priority selected and some statistics.

DET20000206.log             Primary, secondary, and tertiary detector list used for creating


the data  “ATR20000206.DAT”

Weekly data: ATRyyyymmddwn.dat
For convenience, data files are often packaged into a single file that may contain one or more weeks of data. The weekly data file name is denoted by appending a letter “w” followed by a numeric number that represents the number of weeks contained in that file. The date represent the ending date of the week. A week is defined by seven days starting from Monday and ending at Sunday. 

Example: 

              ATR20000206w1.dat         One week of data ending on Feb 6, 2000.


ATR20000206w1.log        Log file for ATR20000206w1.dat

              ATR20000206w2.dat        Two weeks of data ending on Feb 6, 2000.

ATR20000206w2.log       Log file for ATR20000206w2.dat

DET20000206w2.dat        Detector list used to create ATR20000206w2.dat

File Data Format:

All characters are ASCII characters. One day data of a station in one direction occupies two rows: 12 hours per each row corresponding to AM and PM of the day.

Each field description:

	Digit

Position
	Number

of Digits
	Description

	2
	1
	AM=1, PM=2

	3-4
	2
	Month, 1-12

	5-6
	2
	Day of the month, 1-31

	7-8
	2
	Year 

	9
	1
	Day of the Week: 

Sun=1, Mon=2, Tue=3, Wed=4, Thu=5, Fri=6, Sat=7

	10-12
	3
	Station ID*

	13
	1
	Lane direction of the station, E,W,S,N,R

	14-73
	60
	A Set of five digits represents the hourly volume.

Twelve of five digit sets (12*5=60) are consecutively concatenated in the

order representing hours 1st  to 12th depending on AM or PM.


* Presently, ATR ID is used as a Station ID. In the future, Sequence # will be used as the Station ID.

Description by an Example Data File:  

Below two rows of data was taken from top two rows of the file “ATR2000.206”
210131002301E006620049800309002350027600897031060584005772040910388804217

220131002301E046780483805672069880712406576050020334802982033260217901497

210131002301W006310042600300003240058302301055300689606928050050441304565

220131002301W045650475705415058260664106847048970293602528023140184801073

Interpretation of the first data line.

210131002301E006620049800309002350027600897031060584005772040910388804217

	Digit

Position
	Value
	Meaning

	2
	1
	AM

	3-4
	01
	January

	5-6
	31
	31st day

	7-8
	00
	Year 2000

	9
	2
	Day of the Week: Monday

	10-12
	301
	Station ID = ATR ID

	13
	E
	Lane Direction, East

	14-73
	00662  …
	A set of five digits represents the hourly volume.

Twelve four digits are consecutively listed


Notice that per each station four lines of data are provided, that is, two lines for eastbound and two lines for westbound.

Data Processing Algorithm

A list of detector numbers per station is available through a relational database from UMD TDRL and can be accessed through a web browser. The station data per each hour is computed by adding up the volume count of all detectors allocated for that station.  Each ATR station defines primary, secondary, and tertiary set of detectors, from which data is generated from the least missing and erroneous detector set. The choice of primary/secondary/tertiary is determined based on the screening process applied to each hour period. The following process is applied.

· Mark the vol data per each 30-second period as missing if the value of volume is greater than 40 or negative. These marked data represents the hardware failures such as communication failures and detector failures. If these errors are detected during the data collection process, the TMC sets the data to a negative value.  The count of these two types of data is set to zero and referred to as “missing data” in the process of computing hourly data. Note: Any volume value greater than 40 per 30 second period is physically not possible and is mainly caused by over-counting (improper setting of detector sensitivity or cross-coupling of loops can cause this problem).  

· Compute the percentage of missing data for the computing hourly count from the primary. If any data are missing, computation is extended to secondary and tertiary.

· Compare the missing data percentages of primary/secondary/tertiary and choose the one with the lowest percentage of missing data. If more than two sets have equal level of missing among the lowest chosen, the detector set with a higher priority is selected.

· If the whole day of one of the detector data from the primary, secondary, or tertiary is empty or zero, the corresponding station is removed from the computation of the continuous-count for that day. This usually occurs when one of the detector files for the station is missing for the day of computation.

· If repeat of the same numbers (% must be defined by Mn/DOT, this rarely occurs) except zeros occurs for consecutive hours, check the secondary or tertiary station and then choose the station with less consecutive repeat of the same numbers. Repeat of the same numbers usually indicates a hardware failure.

The goal of this screening process is to choose the best hourly available data from the three groups of detector sets.  

End of the Year. Aggregate the data from the partial week at the end of the year as its own file or append it to the week ending 12/30/01.  For the partial week at the beginning of 2002, create a file with the week ending date like usual, but with the days from 2002 only.

2.2 Short-Duration Count Data

Definition:  A short-duration count data of a station is defined as a 24-hour (noon to noon) volume-average computed over the qualified three consecutive days (two 24 hour periods of noon to noon, resulting 48 hours). In any given week, three qualified 48-hour periods should be selected, i.e., Monday noon to Wednesday noon (this period is denoted by the middle-date, Tuesday), from Tuesday noon to Thursday noon (middle-date=Wednesday), and from Wednesday noon to Friday noon (middle-date=Thursday) for the computation of 24-hour average. The qualified pool of dates for the short-duration count is selected from the period between April 1 and November 1. During this period, dates with holidays, near holidays, detour, incidents, severe weather, and special events are excluded from the qualified pool of days. The intent of these choices is to find a typical weekday daily traffic volume that best represent the Annual Average Daily Traffic (AADT). 

Data Processing Algorithm: A database of disqualified dates that comprises holidays, near holidays, detour, incidents, severe weather, and special events from the period April 1 to November 1 is created and maintained. The short-duration count data is computed using the following eight steps for each station. 

Step 1) AM/PM computation. Compute 12-hour data (AM and PM) by adding up 12-hour periods of AM and PM per each day between April 1 to November 1. Store this data into the database along with percentage of missing time periods, percentage of missing count based on linear interpolation, and the number of missing detector files.

Step 2) 24-hour average computation. Compute the 24-hour (noon to noon) volume average over the qualified three consecutive days defined above per each week.  Repeat this computation for every week for the period from April 1 to November 1 and store the data to the database. The database should include percentage of missing time periods, percentage of missing count based on linear interpolation, and the number of missing detector files.

Step 3) Median computation. Compute the median out of the data from the period April 1 to November 1. In the median computation, exclude if the data has missing period more than 5% or if any of detector files are missing.

Step 4) Disqualified date test. Test whether the median is one of the disqualified dates or not. If the median is one of the disqualified dates, choose another date that has the count nearest to the median. If this test fails again, choose the next closest date to the median count. Repeat this process until the date is not one of the disqualified dates.

Step 5) Directional volume test. Eliminate the days if the total volume of each direction per day exceeds a preset threshold, and go back to Step 4. The difference should be within 5-10% to be a qualified day.  

Step 6) Vol/Occ relation test. Test the vol/occ relation test for the date passed Step 5) test. If this test fails choose another date starting again from Step 4, and test the vol/occ relation again. Repeat until the date passes Step 6. 

Step 7) Missing count adjustment. Based on the percentage of volume count missing that was stored in the database, adjust the volume. 

Step 8) Output the data with log information.  The output data is formatted as described in the Data Output Format. The log file should include minimum, maximum, percentage of missing period, and percentage of missing volume adjustment in addition to the output data.  
Comment: It is expected that the median will screen most of the dates that would fail the Steps 4-6 tests. However, the Steps 4-6 ensures that the selected date meets all required conditions, while the median provides the most typical count. Another fine point is that even if the test conditions are not correctly specified, for example, errors in recording of the disqualified dates (in reality, it is hard to know all special events), choosing the median will prevent any chances of drastic miscomputation of the 24-hour average data. Another alternative to the above algorithm is first to collect dates that pass the tests of Steps 4-6, and then to compute the median out of the passed data. However, this approach would significantly increase the computational amount due to the process that every date has to go through the three-step test, such that it is not recommended.

Mn/DOT operator will set the following parameters through a web interface (to be developed)

1) Disqualified days.

2) Acceptance parameters for the volume/occupancy relation test 

Output Data Format:  (separated by comma)

|Sequence #| Direction| Middle date: Mo/Day/Year| 24 hour volume average computed over the selected 48-hour period |

The direction is represented by a clock hour direction. For example, North=12, East=3, South=6, West=9.

Example:

For station no 356, East direction on the middle date 05/25/2000 has volume 20,568, then the data is reported as,

356, 3, 05/25/2000, 20568

Log File Format

In addition to the data, it includes minimum and maximum count during the period from April 1 to November 1, percentage of missing period, and the percentage of missing volume adjustment, in addition to the output data. For example, for station 356, it would look like.

356, 3, 05/25/2000, 20568

Min= 19600, Max=21699, Missing Time =3.2%, Missing Count Adjusted=1.5%
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