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ABSTRACT 

In this paper, we used discrete-event simulation to 

evaluate the benefits of RFID to improve an after-

school pickup process.  The setting was a rural town 

in Oklahoma that has seen rapid growth.  In addition 

to reducing pickup times by 49%, demand 

management policies that convert spiky demand into 

level demand were shown to have benefits.  Annual 

projected fuel savings due to less idling were 

estimated to be $3,000.  Similarly, an annual 

reduction of 60 thousand pounds of CO2 was 

estimated.   

Although more difficult to quantify, our proposed 

RFID system is designed to increase safety and 

security.   Further, the proposed system has the 

potential to reduce accidents by reducing parents’ 

frustration due to waiting.   Security is further 

increased because RFID systems assist in parent 

verification. 

Keywords: RFID, Discrete Event Simulation, 

Simulation, Traffic Congestion 

INTRODUCTION 

Impact of Rapid Population Growth on Traffic 

Systems 

Have you even been through the nightmare of 

waiting in a long line to pick up elementary school 

children?  The typical process is stressful for the 

parents who must wait and for the frantically busy 

teachers and helpers, who must identify/verify the 

parents/guardians before allowing them to collect 

their kids. 

As regional populations rapidly increase, traffic 

systems are one of the first and most visible systems 

that are negatively impacted.  In the most extreme, 

accidents and loss of life occur.  Most often, 

congestion and waiting create frustration, delays and 

reduced productivity.  Additionally, congestion 

increases fuel consumption, carbon emissions, and 

pollution. 

An elementary school in rural Oklahoma has been 

negatively impacted due to rapid population growth. 

Initially, morning drop-off and afternoon pickup 

policies created traffic congestion issues that 

potentially affected emergency vehicle access.    The 

city stepped in and implemented a solution.  

However, solving the emergency vehicle access issue 

only shifted the congestion to another location.   

Shifting of bottlenecks is a frequent occurrence when 

solutions are implemented directly on the real system 

without first evaluating a prototype or simulation.  

However, it is very difficult to evaluate solutions 

before implementation or to compare alternatives. 

Further, solving traffic flow problems is risky due to 

the required large investment to add infrastructure.  A 

proven solution to system (re)design is discrete event 

simulation (DES).  DES has been successfully used 

many times in the last 25 years; however, barriers 

still exist for its widespread use, especially in rural 

areas. 

Radio Frequency Identification (RFID) System 

An RFID system communicates over the air at a 

specific frequency, similar to any other radio 

communication.  Its four major components are a 

tag/responder, a reader/transceiver, an antenna, and 

an air interface protocol.  The main advantage of 

using RFID is that it does not require direct contact 

or line-of-sight scanning to gather information [19]. 

RFID systems are gaining ground in automatic 

identification systems and will eventually replace 

bar-coding in some applications.  Applications range 

from inventory control systems, pay by mobile 

phones, automated toll road billings, animal tracking, 

passport identification, race timing, access control 

cards, parking lot optimization systems, and safety 

systems [16][20][26][30][32][37]. 
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In this paper, we used discrete-event simulation to 

evaluate the benefits of RFID in reducing waiting 

during an afterschool pickup process.  Initially, we 

review the literature on the environmental and safety 

impact of traffic congestion, the benefits of 

simulation and RFID.  Next, we describe and model 

the current system, followed by providing validation 

of the model.  We then simulate an economically 

feasible solution based on RFID that dramatically 

reduced traffic congestion. 

 

LITERATURE REVIEW 

 

The Impact on Waiting on Safety and the 

Environment 

  

Ebbesen and Haney [6] performed an extensive field 

study and found that the probability of turning into 

traffic was directly related to the temporal distance of 

oncoming cars.  Additionally, it was found that being 

forced to wait in line before turning substantially 

increased a driver’s risk taking. 

 

Federal tailpipe standards limit exhaust emissions of 

five pollutants [3] hydrocarbons, i.e., carbon dioxide, 

nitrogen oxides, carbon monoxide, particulate matter 

and formaldehyde.  Except in concentrations higher 

than 5,000 parts per million vs. the fresh air norm of 

about 350 ppm, carbon dioxide is not toxic to humans 

[14].  Unfortunately, all other pollutants in tailpipe 

exhaust, whether regulated or not, are toxic to human 

health. Further, car exhaust does not just pollute the 

air outside buildings; it is sucked into buildings via 

air handlers.  Other health hazards of exhaust that are 

not regulated include sulphur dioxide, suspended 

particles, benzene, and polycyclic hydrocarbons [23].   

The toxins in car exhaust have the greatest impact on 

young people, old people, and people with respiratory 

problems, such as asthma, emphysema, and 

bronchitis.  Children with respiratory problems are 

particularly at risk.  According to the Center for 

Disease Control, the percentage of children with 

asthma jumped to 9% in 2005 from 3.6% in 1980 

[22].  Although confounding variables make it 

difficult to ascribe exact causes for the increase, it is 

clear that the toxins in vehicle exhaust increase the 

number and level of asthma attacks and respiratory 

problems in children [27]. 

 

Many studies have found that vehicle emissions are 

associated with respiratory symptoms in children 

[7][25][31][34], including wheezing, medication use, 

school absences [13], and even reduced lung capacity 

[29].
 
 In a 2004 study conducted at ten schools in 

California, researchers found that even relatively low 

concentrations of emission pollutants produced health 

problems in children, including respiratory 

symptoms, worsened asthma symptoms, and 

decreased lung function [18].   

 

The health  benefits of reduced exposure to exhaust 

cannot be included in the benefits calculation 

formula, as the data is not refined enough to allow 

assigning value to reduced exposure to a specific 

volume of emissions for a given number of minutes.  

However, the potential health benefits are substantial 

for children with breathing problems.  

 

Carbon dioxide threatens the earth’s atmosphere by 

trapping heat.  Although the United States has only 

four percent of the world’s population, it consumes 

about one-fourth of the world’s yearly oil production 

and produces about one-fourth of all carbon dioxide 

emissions [11][35]. 

 

One gallon of gasoline produces 19.564 pounds of 

CO2, according to the Energy Information 

Administration [24].  Automobile exhaust contains 

other greenhouse gases (GHG) which are not 

included in the calculation formula as they relate 

more closely to miles driven rather than fuel 

consumed and because they constitute only five to six 

percent of GHG, versus CO2, which accounts for 94-

95 percent of the GHG emitted by tailpipe exhaust 

[9]. 

Gasoline and diesel consumption for vehicles 

depends on fuel economy, which U S automakers 

have long resisted.  For example, five cars with gas 

mileage over 40 miles per gallon (MPG) could be 

purchased in 2005 in the U S; only two cars with 40 

MPG were available in 2007.  In markets outside the 

U S, 113 cars with over 40 MPG could be purchased 

in 2007 [4][12]. 

 

Federal law mandates Corporate Average Fuel 

Economy (CAFE), the weighted average miles per 

gallon of a manufacturer’s fleet of passenger cars for 

sale in the United States in any given model year. 

Current CAFE standards are 27.5 MPG for passenger 

cars, a number that has not changed since model year 

1984[33].  Actual MPG averages are lower than 

federal standards.  For purposes of this study, 20 

MPG will be used to estimate basic fuel economy [3]. 

 

Automobile Fuel Consumed While Idling 

 

Vehicle tailpipe emissions relate directly to gasoline 

combustion.  Running a vehicle at idle speed uses 

less gas than open road driving, therefore produces 

less exhaust.  Unlike open road driving, however, 
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emissions at idle are disproportionately affected by 

temperature, accessory load, idle speed, fuel-air 

mixture, and engine tuning [15]. 

 

Many school districts, primarily in metropolitan 

areas, now ask drivers to turn off vehicles while 

waiting to pick up children from school [1].  Several 

states and many municipalities have legal or 

voluntary restrictions against idling, most frequently 

for heavy-duty or diesel vehicles [10][17].  The EPA 

offers the following advice, “You will save gas by 

turning the engine off and restarting it again if you 

expect to idle for more than 30 seconds. You will 

also prevent pollution by avoiding long idles [8]. 

For purposes of this study, we assume that the 

average vehicle found in the population of interest 

reflects the national average of on-road vehicles in 

2009 that get 20 MPG and that use about .50 

gallons/hour (or 0.00833 gallons/minute) at idle and 

inefficient low speed driving [2]. 

 

Formulae for Fuel Consumption and Carbon 

Footprint 

 

The benefits calculation formula for CO2 is:  

[X number of vehicles] x [(wait Y minutes) x (.00833 

gallons/minute x 19.6 pounds of CO2 per gallon)] = Z 

pounds of CO2 

The benefits calculation formula for fuel expense is: 

[X number of vehicles] x [(wait Y minutes) x (.00833 

gallons/minutes x $3.00 per gallon)] = $ Z.ZZ 

 

Using Computer Simulation to Model Traffic 

Congestion 

 

Computer simulation is a tool that can be used to 

model alternative ways to alleviate traffic congestion. 

The use of computer simulation modeling was a 

success in 2001 when The National Capital Planning 

Commission (NCPC) formed an Interagency Security 

Task Force to examine ways to alleviate traffic 

congestion.  Traffic simulation was used to produce 

seven different design options [5].  Computer 

simulation modeling has also been used to simulate 

varying traffic queues when additional elements are 

introduced [28]. 

  

Simulation modeling can be used predict future 

traffic patterns and congestion.  The Transportation 

Analysis Simulation System (TRANSIMS) is a 

complex computer system that uses existing data to 

predict potential crises.  TRANSIMS is sponsored by 

the Department of Transportation and the 

Environmental Protection Agency and is aimed at 

evaluating environmental changes caused by major 

projects as well as individual choices [36]. 

 

Benefits of RFID to Reduce Waiting 

 

The School-Pass
TM

 carpool dismissal management 

system developed by the MHR Technologies, Inc. 

was implemented in 2005 at St. Elizabeth Catholic 

School and the National Cathedral Elementary 

School.  According to the information from the 

company,  it was able to help school administrators, 

staff, and faculty to increase student safety and 

security, reduce parent wait time by 50-60%, improve 

dismissal operations, reduce traffic impact on nearby 

streets, and improve the change management process 

[21]. 

 

METHODOLOGY 

 

Current System Description 

 

Figure 1 shows the existing system traffic flow for 

the elementary school for kindergarten and first 

grade.  Note:  Figure 1 is not to scale, and only shows 

part of the school relevant to this paper.   At around 

2:50 pm, parents begin arriving to pick up children, 

and school lets out at 2:55.  Parents must enter school 

grounds from the south on a two lane, one-way street.  

Parents collecting kindergarteners use the south loop 

and pickup area #3.  First graders are collected in the 

north loop in pickups #1 and #2, which are teacher 

specific.  If parents have both kindergarteners and 

older children, the older children are instructed to go 

to their younger siblings at pickup #3.  
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Figure 1. Current System Layout and Traffic 

Flow 

 
 

Only one vehicle at a time collects kids at each 

location.  Once collected, parents re-enter the two-

lane, one-way street, choosing either the left lane or 

right lane for west bound and east bound public 

traffic, respectively.  Vehicles leaving the school 

grounds are controlled by a stop sign.  As expected, 

the two-way public traffic lane is busy and restricted 

to 25 mph during this period.  No stop signs or 

stoplights control public traffic in the area. 

  

About 100 vehicles arrive to collect kids from 2:50 

until around 3:15, with a noticeable spike in the 

arrival rate at 2:55.  Teachers supervise children, 

identifying parents before allowing children to begin 

loading.  City law enforcement officers are 

occasionally on-site to monitor traffic, usually at the 

beginning of the school year. 

 

The current design forces parents who have not 

collected and those who have collected to wait in the 

same two-lane, one-way traffic.  The initial 

bottleneck, the north bottleneck, appears because of 

two reasons.  The first is that parents stage, arriving 

prior to students being let out.  Once student pickup 

begins, those that have collected have to wait behind 

those waiting to collect.  The second is waiting to 

enter public traffic creates queues that affect both 

those collecting and those who have already 

collected.  The queues lengthen south on the two 

lane, one-way traffic eventually spilling outside of 

school grounds. 

 

Currently, the major issues are waiting, pollution and 

frustration.  Only minor traffic accidents have 

occurred, and no major injuries have been recorded.  

Interestingly, during data collection, one of the 

researchers witnessed a minor automobile accident as 

vehicles continually started and stopped as they 

inched to collect kids. 

 

Current System Simulation Model Design and 

Validation 

 

Table 1 shows the data collection results and the 

probability distribution goodness-of-fit statistics.  

Table 2 shows the simulation model validation 

statistics and results.  The three key performance 

indicators (kpi) are the average time in system for 

both east bound (556 seconds) and west bound (650 

seconds) vehicles and the maximum number of 

vehicles waiting (62 vehicles) in the loops.  For each, 

twenty days of sampled data was tested against 

twenty days of simulated data.  The null hypothesis 

was that no difference existed, and the t-tests 

demonstrated that the base model was valid.  

Therefore, the current system has up to 60 

parents/vehicles waiting at once and the average wait 

time is 10 minutes, for a system when only 100 kids 

are being collected! 
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Table 1.  Data Collection Results 

Description Parameters 2 GOF Validation 

Public Traffic East Bound Rate (Cars/Minute) Poisson (rate = 6.6) 
2
 = 4.8, df = 5, n = 42 

Public Traffic West Bound Rate (Cars/Minute) Poisson (rate = 7.6) 
2
 = 2.6, df = 5, n = 42 

Pickup Time (all locations) Normal ( = 39,  = 8) 
2
 = 2.6, df = 5, n = 100 

Parent Arrival: 2:55 to 3:00 (Cars/Minute) Poisson (rate = 10/min) 
2
 = 7.6, df = 4, n = 20 

Parent Arrival: 3:00 to 3:05 (Cars/Minute) Poisson (rate = 5/min) 
2
 = 2.6, df = 4, n = 20 

Parent Arrival: 3:05+ (Cars/Minute) Poisson (rate = 1.25/min ) 
2
 = 4.1, df = 4, n = 20 

Average Number of Vehicles 102  

   

% Heading West After Pickup (Left Turn) 45%   

% Heading East After Pickup (Right Turn) 55%   

% Using Pickup #1 33%   

% Using Pickup #2 33%   

% Using Pickup #3 33%   

 

Table 2.  Model Validation Results 

Key Performance Indicator (kpi) Validation Test Conclusion: Fail to Reject 

West Bound Average TIS (Left Turn) = 650 sec t-test n1 = n2 = 20, p-value = 0.64 

East Bound Average TIS (Right Turn) = 556 sec t-test n1 = n2 = 20, p-value = 0.82 

Average Maximum Queue Size = 63 cars t-test n1 = n2 = 20, p-value = 0.39 

 

PROPOSED SYSTEM DESCRIPTION USING 

RFID TO REDUCE AFTERSCHOOL PICKUP 

TIMES 

 

Design solutions began with interviews with local 

law enforcement, parents and school administration.  

Many ideas were proposed.  Most involved new 

traffic light systems, which are expensive.  However, 

a common issue discussed was how long it took for 

kids to load in their parent/guardian’s vehicle.  The 

act of loading was no problem (most kids want to go 

home!); however, identifying vehicles and staging 

children was often found to be an issue.  Vehicle 

identification is the responsibility of the teacher, who 

must often rely on the children, who may not be 

paying attention.  The identification act, therefore, 

was a potential activity that could be attacked.  

Additionally, demand spiked exactly when school 

was let out.  Sudden demand created queues quickly.  

Parents that arrived 10 minutes later experienced very 

little waiting before collecting. 

 

Therefore, a proposed design was tested using two 

different factors:  (1) decreasing the pickup time and 

(2) smoothing demand.  Additionally, two separate 

experiments were run for two different traffic 

volumes:  100 and 150 cars.  The null hypotheses 

area shown below:   

 

H null demand pattern, 100:  at 100 cars, mean time-in-

system is the same for spiky demand and level 

demand 

 

H null pickup time, 100:  at 100 cars, mean time-in-system 

is the same for the different pickup times  

 

H null demand pattern, 150:  at 150 cars, mean time-in-

system is the same for spiky demand and level 

demand 

 

H null pickup time, 150:  at 150 cars, mean time-in-system 

is the same for the different pickup times 

 

ANALYSIS 

 

The proposed design was tested by a simulated 

experiment and two-factor ANOVA with replication.  

Two different ANOVA were performed.  The first 

was using the current volume of 100 cars entering the 

system, following by increasing volume to 150 cars, 

which would reflect continued population growth.   

The simulation model was developed with SIMUL8 

with a MS Excel interface.  MS Excel with its Data 

Analysis add-in was used to perform the ANOVA. 

 

Figure 2 shows the average time in system (ATIS) 

with different average pickup times.  Based on the 

validation study, pickup times were assumed to 

follow a normal distribution.  Additionally, the 

coefficient of variation was assumed to remain 

constant at 0.20.  As expected, as the pickup time 

decreased, the ATIS also decreased.  Recall from 

Table 1 that the current system has pickup times 

around 40 seconds.  Diminishing returns seem to 
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occur when the pickup times moved from twenty to 

ten seconds.  Additionally, leveling demand also 

reduced the ATIS for almost all levels of pickup 

times.  Finally, the larger volume of 150 cars 

negatively impacts the ATIS. 

 

 

 

 

 

 

Figure 2. Average Time in System as a Function of Pickup Time and Demand Patterns 

 
 

Tables 3 through 6 show the ANOVA tables for the 

ATIS and maximum number of cars waiting for 100 

cars and 150 cars.  Both the average pickup time and 

demand pattern are significant for ATIS and only the 

average pickup time is significant for the maximum 

number of cars waiting.  No interaction effects 

occurred in any of the ANOVA. 

 

 

Table 3.  ATIS ANOVA Table:  Number of Cars = 100 

 
 

Table 4.  Maximum Number of Cars Waiting ANOVA Table:  Number of Cars = 100 

 
 

Table 5.  ATIS ANOVA Table:  Number of Cars = 150 
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Table 6.  Maximum Number of Cars Waiting ANOVA Table:  Number of Cars = 150 

 
 

Table 7 show the benefits of the proposed system 

with level demand for a range of pickup times and 

number of vehicles against the current system of a 

forty second pickup time and spiky demand.   

 

Table 7. Benefits of the Proposed System vs. Current System 

 

 
 

IMPLEMENTATION 

 

The proposed RFID networked system consists of 

two RFID readers, RFID tags, a computer system, a 

database server, a web server, and LCD monitors, as 

shown in Figure 3.  RFID tags are located on the 

windshield of the parent/guardian’s vehicle.  One 

RFID reader will scan parent arrivals at the school’s 

south entrance area; thus, identification occurs prior 

to the parents entering any pickup area, reducing 

pickup time.   The unique tag ID is then sent through 

the network to the main computer system in the Data 

Center to verify the parents against the Parents-

Students Database.   Once verified, the system will 

display the parent-student photos in the order of their 

parents’ arrival sequence over all the LCD monitors, 

which are located at the pickup locations.  Teachers 

can sequence students according to the information 

from the LCD monitors.  Sequencing speeds up the 

pickup process by reducing out-of-order student 

waiting, which is common for students who want to 

be the first in line.  The second RFID reader will be 

installed at the north exit. Once an RFID tag is 

scanned, the computer system will log the exit time 

and remove the parent-student photos from the LCD 

monitors.  

Figure 3. The RFID Networked System

Readers and tags cost $1500 and $10, respectively.  

The estimated initial cost of the proposed RFID 

system is estimated to be $14, 300.  Based solely on 

fuel savings, costs outweigh benefits; however, other 

benefits exist such as increased productivity, less 

pollution, increased safety and security, less 

frustration,  and fewer accidents. 
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CONCLUSION 

 

In this paper, we used discrete-event simulation 

(DES) to model the benefits of RFID to reduce traffic 

congestion at an afterschool pickup site.  RFID 

reducing pickup times and demand management 

policies that converted spiky demand into level 

demand were found to significantly reduce ATIS.  At 

the rural Oklahoma school used in the study, 

reducing pickup times by twenty seconds could save 

around three thousand dollars annually in fuel costs 

and could reduce the school’s annual carbon footprint 

by up to 58 thousand pounds of carbon dioxide. 

 

Although more difficult to quantify, the proposed 

RFID system also increases safety and security.   The 

proposed system has the potential to reduce accidents 

by reducing parents’ frustration due to waiting.   

Further, the primary security advantage of the 

proposed RFID system is to verify that the adults 

who arrive to pick up children have the authority to 

do so.  The display of the parent-student photos over 

the LCD monitor helps teachers easily identify and 

recognize the faces of parents or guardians. 
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