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Introduction

 We are group Indecisive and we have chosen to analyze and rectify issues with the 

current parking system employed by the city of Atlanta.  This system consists of a series of up to 

eight parking spots (with sequential three-digit number identifiers) assigned to single meter 

kiosks  manufactured and maintained by Duncan Solutions Incorporated and PARKAtlanta 

respectively.  It was selected because it is overly time consuming, has a confusing and poorly 

laid out interface, and is utilized at some point by nearly every visitor and resident of the city.  In 

addition, the current system is also inaccessible to a large portion of drivers including (but not 

limited to) wheelchair users, many non-English speakers, and those individuals who suffer from 

varying degrees of illiteracy.  We feel that by correcting these issues, we can not only approve 

the system’s overall efficiency, but also users’ satisfaction with it.  

Description of the Existing System

Goal:

The goal of the Duncan Solutions electronic parking meter is to provide a pay by space 

number parking meter that employs software that enables cities to optimize performance and 

enhance enforcement techniques. Duncan Solutions electronic parking meters utilize their 

proprietary AutoTRAX software to provide real time reporting to a central location, allowing for 

constant monitoring of up to thousands of parking meters concurrently (Duncan Solutions Inc, 

2011). 

Layout of the parking area:

 The city of Atlanta has parking areas located all across the city, even extending into the 

Atlanta Metropolitan Area (PARKAtlanta, 2011).  Those there are a large number of these 
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parking areas, they are all fundamentally similar.  As such, we have chosen to utilize the parking 

area located along Fifth Street in Technology Square as our ‘prototypical’ system for analysis.  

As such, all references to the system from this point forward will be in reference to that 

particular system, but will be expected to generalize to all other similar systems employed 

throughout the city.  

Like systems employed city-wide, the system located on Fifth Street in Technology 

Square exists to facilitate paid parking along the street. The current system consists of a series of 

parallel parking spots and a meter kiosk that allows users to pay for the use of each spot. The 

spots are individually numbered with sequential three digit Arabic numerals, and between four 

and eight spots along one side of each block are associated with each individual meter kiosk. The 

kiosk is located on the sidewalk, approximately central to the group of parking spots it serves.

Layout of the meter kiosk and graphical user interface (GUI):

The meter kiosk is 18 inches wide and 70 inches tall. The current kiosk has several 

modules. The components can be divided into several categories: number pad, step-by-step 

instructions, payment (cash slot, credit card slot), parking rates, an increase time panel, and 

receipt and coin return receptacles. Far removed from the other buttons is a cancel and language 

panel.

The screen is 4 inches tall by 3 inches wide. Information on the display is approximately 

a 36 pixel font size. This screen updates throughout the process to provide information pertinent 

to the user's current step in the payment process.
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There is no consistent color theme throughout the interface. Number buttons, the asterisk, 

and the language button are grey. The increase time buttons are blue and the print receipt button 

is green. Most intuitive is the cancel button, which is red. The predominant colors of the static 

instruction panel are white and blue (See Figure 1).

Figure 1: The picture on the left depicts the GUI in its entirety.  The pictures on the top and bottom right of the 
figure are close-ups of the number buttons, card entry, and coin and receipt returns respectively.

The current kiosk has more buttons than are necessary, and this leads to a cluttered and 

unintuitive interface. Functions can be consolidated and these buttons can be rearranged to 

minimize the users’ crossover. Some functionality is not possible with the current GUI. There is 

no button that will allow the user to decrease the amount of time they are paying for; the user 

must cancel the transaction and restart the payment process. This system could benefit greatly 

from fewer buttons, extended functionality, and an intuitive layout and color scheme for the 

physical buttons.
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Layout of the printed receipt:

 The printed receipt is approximately three inches wide and two inches long.  It displays 

the following information: zone number, space number, purchase date and time, expiration date 

and time, the “PARKAtlanta” logo, and a written notice informing users that they are not 

required to display it in their vehicle (See Figure 2).  The back of the receipt is bare with the 

Figure 2: This figure depicts the front of the receipt and encompasses all additional information that users of the 
current system receive if they choose to get one.

exception of a series of blue lines and the “PARKAtlanta” logo. Getting a receipt is optional and 

users may chose to forgo it towards the end of their interaction with the system.

Accessibility:

 The meter kiosk is 70 inches tall.  The average eye-level of individuals in wheelchairs 

ranges from 43-51 inches (Americans With Disabilities Act, 1990) thus, the system as is is 

inaccessible to a large portion of wheelchair confined individuals.  In the state of Georgia, one 
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can obtain a drivers permit at 15 years old.  In the US alone there are over 2.7 million wheelchair 

users over 15, this means that the system is inaccessible to a fair number of people (Emmer, 

2009).  

In addition, the parking spaces associated with each meter are often not wide enough to 

accommodate many wheelchair access able vehicles, a majority of which have access ramps that 

need to be raised and lowered to allow the driver to exit and re-enter his or her vehicle.  Most 

ramps are between 38 and 51 inches long (Vantage Mobility International, LLC) [see all three 

references].  This means, in order for every spot to be accessible to wheelchair bound patrons, it 

must be wide enough to house not just a wheelchair accessible vehicle, but its ramp as well.

This brings up two further points: the numbering of the spaces and curb cut-aways.  In the 

current system, the spot numbers are listed in such a manner that it is very easy to just park over 

them and thus not know which spot designation to enter into the meter.  This problem is 

exacerbated with wheelchair accessible vehicles because they are even larger than standard 

SUVS, which are in turn larger than the standard motor vehicle.  In addition, if the individual 

parking spots are to be made truly wheelchair accessible, each one should have a curb cut-away 

to allow the operators to easily transition from the street to the sidewalk.

The meter has no auditory interface, thus, despite having instructions available in a few 

different languages, one must be literate to use the system.  Though drivers in Georgia are 

required to take a written test to obtain a license, not all drivers are licensed (State of Georgia 

DoDS, 2011).  In addition, other states and countries may have different requirements.  Atlanta is 

an international city, and ideally this meter should be accessible to all possible drivers.  
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Despite claims by Duncan Solutions that the GUI is glare resistant and easy to see in a 

variety of environments, it is hard to see in the dark, and on sunny days high amounts of glare 

are observed. 

System Requirements

• The system needs to better facilitate drivers paying for use of a parking space.

• There are two classes of users

o Frequent

o Infrequent

• System must function optimally for both user classes.  At present, neither user class is 

able to utilize the system effectively.

• The system must operate in real time.

• The system must maintain the state of parking spaces (occupied or vacant).

• Status of spaces communicated to User/Customer and Attendant.

o Users must be aware how much time they are purchasing and when said time 

expires.

o Attendants must be made aware when users’ time expires so that they may ticket 

them accordingly.

• The system must be able to function continuously twenty four hours a day and seven days 

a week.  The current system fulfills this requirement by utilizing solar panels and a 

storage battery (Duncan Solutions Inc, 2011).
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• Due to its’ constant use, the system must be able to deal with various abnormal 

contingencies ranging from adverse weather conditions to being struck by a moving 

vehicle.

Mission Statement

 Our mission is to analyze the Duncan Solutions Multi-Space parking meter system 

(including both the meter itself and the parking spaces associated with it) and to either modify 

the current system or design an alternative system that is more accessible, has increased usability, 

greater user satisfaction, and overall improved performance.  Performance will be quantified as 

the time it takes for the user to complete their interaction with the system and the accuracy in 

which they do so.

Mission Scenarios

Scenario 1 (Existing System):

Thomas hurriedly procures the last parking spot available along 5th Street as he is late for 

an important meeting. He exits his vehicle and approaches the parking meter only to be dismayed 

by the line of individuals already eagerly waiting their turn to pay for their parking. Annoyed, 

Thomas waits in line and checks his watch several times. Finally there is only one more patron 

remaining–an older woman who looks at him suspiciously as she secures her payment. She 

occasionally checks over her shoulder to take a glance at Thomas to make sure he isn’t taking 

note of her payment information. Sighing, Thomas becomes visibly annoyed. 
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As Thomas finally gets to approach the machine, he notices a new line forming behind 

him of patrons wishing to add time to their parking spot. He pauses for a moment as he tries to 

recall which space number is his. Under the mounting pressure of what was perceived as the 

building annoyance of those behind him, he storms back to his vehicle’s space to procure the 

number. Returning to the machine he is faced with a second short wait for others to use the 

machine.

Once his turn comes around, Thomas enters his parking space number and selects one 

hour using the keypad and presses the green button. Thomas is prompted by the system to select 

his payment preference. Selecting credit card, he produces his wallet and inserts his card. 

Nothing happens. Thomas pauses for a moment and takes note of the image indicating proper 

card orientation and repeats his insertion. His payment is accepted and a receipt is printed. He 

stuffs the receipt in his jacket pocket without looking at it. He then pulls out his cell phone and 

sets a timer for 55 minutes to avoid a parking fine. Thomas walks hurriedly down the sidewalk to 

his meeting, amazed at how long he spent just to pay for parking.

Scenario 2 (Existing System):

Alyssa nervously parallel parks her vehicle in parking spot number 3. It’s the one she 

prefers on her weekly visits to 5th Street because it presents the least risk of backing into a street 

lamp. Parallel parking makes her nervous because she is uncomfortable with driving backwards. 

She exits her vehicle and approaches the parking meter while considering herself lucky to have 

procured her favorite parking spot. She enters her parking space into the meter without really 

consciously thinking about her actions. Using the parking meter has become routine do to the 
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frequency of her visits. So much so that when she is presented with other kinds of meters in other 

places she is caught off guard. Alyssa selects two hours using the keypad and presses the green 

button. She fishes out the appropriate amount of cash out of her wallet. The regularity of her trips 

has prompted her to keep the exact amount needed in a special side pouch so that she can get on 

her way quicker. She inserts the bills into the receptacle and waits to observe that the machine 

has accepted her payment. Well trained in what to expect, she moves her hand to the receipt 

printer in anticipation of the result. She grabs her receipt while walking away from the machine.

Scenario 3 (Revised System):

Kathy reluctantly pulls her SUV into one of the final remaining parking slots along 5th 

Street. It is Monday and she’d rather be in bed, but knows she has a full day ahead of her. She 

starts towards the parking meter, stopping suddenly to turn around and remember that she left her 

coffee in the cup holder of her car. After retrieving it, she approaches the electronic parking 

meter. 

Kathy realizes that she needs her space number to complete the transaction, and her 

forgetfulness of her coffee had caused her to fail to make note of it. She observes the space 

number diagram sticker on the front of the meter and sighs in relief. She sets her coffee down on 

the shelf provided for personal belongings during transactions, freeing up her hands to enter her 

space number. She follows the simple directions on the instruction sticker to select her preferred 

form of payment–cash. She inserts the correct denomination after checking the rates on the 

machine itself. She is prompted to take her receipt and stuffs it into her purse as she walks away.

Later in the day (after sunset), Kathy again finds herself at the meter. She has had to 

return to the office to deal with an unfolding crisis with one of her assignments at work. Once 
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she approaches the meter she struggles to remember which parking spot she is in since she had 

come and gone three times today. Her momentary frustrations reside as she is able to see the 

parking space number painted on the curb with luminescent paint behind her SUV. Relieved 

because a line she wasn’t interested in waiting in was forming behind her, she enters the number 

and proceeds to complete her transaction. This time, she is using the company credit card to pay 

for her space. She swipes the card according to the directions that are well lit for the low light 

conditions, and waits for the receipt. She is satisfied that the credit card receiver is located near 

the same place that she entered cash earlier and so she already knew where to receive her receipt. 

She takes the receipt and again stuffs it in her purse and travels about her business.

Mission Profiles

The improvements made to the system are shown to improve in the areas of system 

performance and total lifecycle costs over time. Figure 3 demonstrates the positive changes. As 

system performance / effectiveness increases, so do the cost of the improvements and therefore 

the system’s total lifecycle costs go up. There is also a certain point at which money spent 

improving the system no longer has a large impact on performance, but costs more money in the 

long run and therefore the most responsible and resourceful system finds itself in what is labeled 

as the optimal zone in Figure 3. Figure 4 shows how the proposed changes to the electronic 

parking meter enhance user interaction speed as their frequency of use also increases. 
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Figure 3: A graph depicting the positive system performance graphed in terms of the lifecycle cost over time.

 

Figure 4: A graph depicting how the original and proposed system will increase performance with increased use.
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The mission profile for using the Duncan Solutions multi-space parking meter includes a 

series of recurrent actions that result in users successfully interacting with a point of sale 

machine. Users park in one of the spaces allocated to a particular Duncan Solution meter. Users 

provide necessary information about their space and payment preferences to the meter through 

an interface consisting of tactile and visual displays. The outcome is successful payment 

resulting in a receipt as evidence. At certain times a user may choose to return to the meter to add 

more time for the parking space, again interacting with the tactile and visual displays on the 

meter to negotiate their preferences. This process repeats itself 24/7 for multiple users for the 

predetermined times that the meter is active. At certain times, a system maintainer may interact 

with the machine to collect spent monies and perform any necessary repairs in the event of 

damage or malfunction.

User Analysis

Users will be of either gender.  The age range of users is from 15 (the minimum age to 

receive a driver’s permit in Georgia) to 85 (the age at which most individuals stop driving either 

of their own volition, or because they were advised to do so by a doctor) (Dollemore, 2002).  

Users will be required to possess the level of visual acuity required to operate a vehicle as per the 

current standards of the state of Georgia.  These are as follows: “Individuals must have visual 

acuity (Snellen) of at least 20/60, corrected or uncorrected, in at least one eye, and a horizontal 

field of vision of at least 140 degrees binocularly, or in the event that only one eye has usable 

vision, horizontal field of vision must be at least 70 degrees temporally and 50 degrees 

nasally.” (Macular Degeneration Support, 2003). At present, there are no restrictions placed on 

drivers based on their ability to hear and process sound, see colors, or their level of contrast 
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sensitivity.  Because of this, though users will be expected to possess the aforementioned level of 

visual acuity, they will not be expected to be able to do any task which would require them to 

have set levels of those abilities, with one exception.  If a user is not literate, that user must be 

able to hear a normal frequency range of sounds (from 20-20000 Hz) to utilize the system 

(Calderelli & Campanella, 2003).

Users will range in height from 43 inches to 76.598 inches (the lower bound of the 

average eye level for wheelchair users to the 99th percentile in height for males (HermanMiller 

Incorporated, 2003) (Americans With Disabilities Act, 1990).  Users will be required to have 

knowledge of Arabic numerals and be able to relate them to quantities and location data 

presented by the UI (i.e. be able to associate their parking space with a numeric code, and be able 

to understand numeric quantities of time (hours and minutes) and money (dollars and cents).  

The design personas on the following pages were developed to represent both typical users of the 

system and atypical users to best illustrate the behavior and needs they require in an ideal 

parking system.
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Environmental Analysis

Our system will be optimized for use during the day and at night, along with during 

inclement weather conditions.  Like the current system our meter will be encased in stainless 

steel, making it resistant to potential impact from something as small as a piece of hail, to 

something as large and as forceful as a moving car.  This housing also provides extra protection 

for funds should the meters be placed in high crime areas. 

Metered areas are primarily trafficked during the day, and though the spots which they 

are assigned may be in use during the evening, the meters often are not due to variable spans of 

time in which free parking is permitted (i.e. free parking from 9 pm to 5 am).  Because of this, 

and the area of the country in which they are located (Georgia), it is imperative that the meters 

function well in high sunlight conditions.  As such, the housing of the meter itself should 

minimize the level and intensity of sunlight reflecting off its surfaces (glare).

Though the system will primarily be used high light conditions, this will not always be 

the case.  As such, it much also be able to function in pitch black and low light conditions. The 

current system generates some light, but this is mostly due to the ambient glow of the interface 

display and some light that carries over from streetlamps. In order to provide better lighting for 

the system in low light conditions, and to provide a reduction in glare in both high and low light 

conditions; the new system will have photoreceptive lighting around the periphery of the front of 

the meter (the side facing the user while they are interacting with the system), a screen that is 

back-lit based on the photoreceptors to improve visibility, and a visor surrounding it to reduce 

the light level from outside sources (see Figure 5 for an example of the visor).  
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Figure 5: An example of a visor of the type to be used in our new system (Nova Solutions Inc., 2011)

In addition, the new system will also make use luminescent paint to enable it to be easier 

to see at night and in low light conditions.  The current system includes markings on the meter 

itself to indicate its function (such as a ‘P’ boxed in blue to represent its’ status as a parking 

apparatus) as well as numeric curbside markings indicating parking space numbers.  However, 

these markings are already difficult to see in normal light conditions (especially the space 

numbers) and are near impossible to perceive at night.  To remedy this, the new system will 

utilize luminescent paint to ensure that the markings maintain maximum clarity and readability at 

all light levels.  In addition to ensuring that the markings are clear, luminescent paints come in a 

variety of colors.  This allows the possibility of color coding i.e. matching the color of spot 

numbers to their corresponding meters.  For an example of what these paints look like during 

high and low light conditions see Figure 6.

 

Figure 6: The image on the left of the figure depicts concrete painted with luminescent paint in high light conditions.  The 
image on the right of the figure depicts concrete painted with the same luminescent paint in low light conditions 
(Luminescent Paint Technologies L.L.C., 2009).
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Noise reduction is also a prime environmental concern, as cities in general have a high 

incidence of outside noise ranging from traffic, to special events, weekend festivals, etc. and 

Atlanta is no exception.  Though our new system will contain an auditory interface (something 

the current system lacks), sound interference is only a primary user concern if a user has visual 

or literary impairments (see User Analysis and Accessibility for more details).  In this case, the 

new system will have an audio jack for those users to plug in headphones to help block out the 

outside noise and isolate the informative sound generated by the system.

Preliminary Task Analysis

The following are a list of tasks that users would like to see the system accomplish divided into 

categories in terms of which step in the overall system they are referring to:

• Parking

o Make it quicker and easier to put car in spot (maybe increase the size of spaces)

o Know that car will be safe in spot

o Have easily accessible and safe exit from car

• Paying for parking space

o Deposit money for use of parking space

 Only pay for time used

 Allow for various forms of payment (credit, debit, cash, etc.)

o Track amount of time allowed to be in space

 If pre-payed, track when more payment is due
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 Track when maximum time limit reached

• Notify about status of parking

o Alert to special conditions (such as free parking on weekends)

o Alert user when time allotted is about to be reached

• Facilitate user interaction

o Allow user to put down stuff

• Users like double confirmation of physical receipt

• Users would like to have a touch screen interface where they don’t need to read 

instructions

• Users would like a map on the meter kiosk so they can easily identify their spot in terms 

of its location.
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Functional Flow Diagrams

Figure 7: The upper level functional flow describes the basic functionality of the system. The user interacts with the 
system primarily in step 4, which is covered in more detail in lower level functional flows.

Figure 8: The second level of the existing functional flow captures the basic interactions the user will perform when using 
the system.
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Figure 9: The lowest level functional flow provides detail as to how payment is handled by the parking system.
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Figure 10: The upper level functionality of the new system remains unchanged. This level still covers the system from 
parking the vehicle through leaving the parking spot.

 Figure 11: The ability of the user to pay for parking, select a parking spot, and check parking status in any order is now 
represented in the new system. This is new functionality.
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Figure 12: At this level of the functional flow, the ability to enter a new form of payment without canceling out of the 
system has been added.
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Figure 13: The lowest level functional flow of the new system captures the new increase or decrease time function that is 

not present in the existing parking system.
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Decision Action Diagrams

Figure 14: The existing parking system is a relatively linear process. At the highest level, the main decision is how much 

time the parker needs.
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Figure 15: Once the user has decided to interact with the system, the upper level questions are limited due to the linear 

nature of the system.
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Figure 16: The lowest level diagram concerns payment in the system. Here the user decides whether to increase the time 

and when to confirm the transaction. Afterwards there is a waterfall effect that leads either to validation of payment or 

rejection of credit card information.
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Figure 17: The new system’s upper level decision action diagram is identical to the existing system, because the core 

functionality is already optimized.
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Figure 18: The new system’s upper level decision action diagram is identical to the existing system, because the core 

functionality is already optimized.
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Figure 19: The ability of the user to choose whether to pay, select a parking spot, or check parking status first is 

represented by a series of decisions in a circular process. When the user has completed all required tasks in any order, 

they will continue to the next step in the system.
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Figure 20: This level of the diagram closely resembles that of the existing system. Once the user has submitted their 

payment information, the user has no control over the system until the payment has been accepted or rejected.
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Figure 21: The lowest level decision action diagram represents the user’s decision to increase or decrease the amount of 

time he will need parking. The looping demonstrates that the user can increase or decrease the time as many times as 

necessary until they have confirmed the amount of time.
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Function Allocation

Figure 22: A Breakdown of the allocation of each function performed in successfully using the street parking in 

Technology Square.
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Alternative Analysis

• Discussion of different changes we could have made to the functional flow

◦ In our observations of users, we noticed that many users did not realize that 

entering their space number was the first step to the payment transaction on the 

kiosk. Most users wanted to skip ahead and attempted to insert a card for 

payment, or tried to add time. Several alternative functional flows were 

conceptualized to try and better suit what users wanted to do, but no linear flow 

suited every user’s perceptions. Therefore, while the interface was rearranged to 

suit an “optimal” flow that mirrors the current order of operations, the system’s 

flow has been redesigned to accept each operation in the payment process out of 

order.

• Discussion of the various alternative solutions

◦ Incorporating a payment system for parking within a busy city is not a new 

problem. Many corporations have attempted to solve this problem with a variety 

of implementations. All of these systems indeed solve the problem of allowing 

individuals to park while generating income for the city. However, many suffer 

from downfalls in consumer experience. That is, making the task more difficult 

than it needs to be.

◦ Traditional single space parking meters were the first solution to this problem. 

Users insert coins as payment and they can see the time they have left on the 

meter screen. One of the main problems of this system is there are no options for 

payment. A user must have coins with them if they wish to use the meters. Also, 
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the amount of and cost of maintenance time is extremely high. Maintenance 

workers must travel machine to machine to inspect and perform required 

maintenance. This can take a long time due to the number of machines that exist 

in the city. Finally, collections worker must travel to every meter to collect change 

when the meters are full. One way to minimize the time would be to hire more 

workers, however paying for more workers is very costly as well. 

◦ A revision to the traditional single space meters has a credit card reader in 

addition to the coin deposit slot. This solve the issue of allowing people to pay by 

multiple means. However, there is still only one meter per space. Cost for 

collections may decrease due to the amount of people using credit cards, but 

maintenance costs remain the same due to the number of meters.

◦ Finally, another alternative is payment by phone. This allows users with 

smartphones to enter time via an application that doesn’t require them to 

physically be at the parking space. This works for users who have smartphones, 

but it is limited in that not all users have these devices. That means that in 

addition to the application, the city will still need some form of standard meter. 

There would be a cost of hiring staff to make sure the application is functioning 

correctly in addition to the staff required to maintain meters.
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Task Analysis
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Figure 23: A Task Analysis demonstrating the flow 

of each task addressed by the user within the 

current system.



Figure 23: CTA for the current system

Figure 23: CTA for the current system

Figure 23: CTA for the current system
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Figure 24: A Task Analysis demonstrating the flow 

of each task addressed by the user within the 

redesigned system.



Workload Analysis
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Figure 25: This figure explains the estimated time for the primary functions, all of which are allocated to the human, of the 

parking system.  Use system is the most time consuming task.
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Figure 26: This figure shows the estimated time to complete each of the human allocated sub-function of the primary function “use system”(4).
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Figure 27: This figures shows the estimated time to complete each of the human allocated sub-functions of “the pay for parking” (4.5) sub-

function.



Cost Projections and Benefits

The prototype was designed to incorporate the most beneficial additions for the user at 

the least cost to the city. The existing multi-space parking systems are modular in nature, 

meaning each piece is an individual unit. These units are combined in a set arrangement to form 

the structure of the meter. The majority of our redesign simply requires rearrangement of these 

units. The cost of this is negligible, as only the main housing unit would have to be 

reconstructed. With no added materials used in its creation it would remain at its current price for 

all newly created systems. Also, the buttons that were changed would remain the same cost as 

other similar buttons already existing on the device.

 The features that would create a cost to the city are the phospholuminescent paint, 

programming time for the interface, and the cost of the photoreceptive lights. The paint costs 

approximately twenty five dollars per can, however if the city repainted all of the spots at once, 

they could buy the paint in larger quantities and get a discount for a bulk purchase. A 

programmer tasked with changing the ordering of the screens and also changing the text 

presented at each screen would take approximately one week of work (forty hours) at a set rate 

per hour. Finally, the photoreceptive lights would be an expensive cost, but could be offset by the 

lack of need to provide a streetlamp in the area surrounding the system, which would offset the 

cost. 

 Though these are costs that are all necessary upfront, the enhanced usability of the system 

would mean that more people would be able to use it and thus would result in larger profits over 

time. 
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List and Description of Modifications

Space Numbering:

 Due to the limited visibility of the space numbers from a distance, we increased the size 

of the numbering on the spaces. The space numbers also now border the parking space itself, 

making it easy to determine which space is associated with which number. The numbers are also 

visible from various orientations, making the space number visible at a distance. 

Figure 28: The parking space design of the existing system, and the prototype respectively

Design and Layout:

 The layout of the interface was cluttered, with similar functions located in different areas 

of the screen. The prototype groups similar functions together, and also aligns those groups to 

generate a straight flow through the system during use. For example, in the existing meter, the 

add time buttons are located to the left of the numeric keypad which is used to input the space 

number. Because the space number will be entered first by typical users, the numeric keypad has 

been moved to the left.
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Figure 29: The layout of the existing system and the layout of the prototype, respectively

 Another layout change served to reduce confusion over which button acts as “next”. The 

current interface uses both the orange pound sign and the green button at different points in the 

transaction. The new system will only use one green button, which is denoted with a right facing 

arrow to denote forward movement.

Figure 30: The two buttons which serve as “next” on the existing system, followed by the new interface with a single green 
“next” button

Additional functionality has been added with the inclusion of a decrease time button. 

Users will have the ability to decrease time if they happen to press the add time button too many 
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times prior to completing their transaction. This prevents users from having to cancel their 

transactions if they mistakenly add too much time and thus decrease the amount of time that they 

will spend at the meter.

The instructions on the screen have been reduced to only include information that is not 

available within the system. Information about the space number has been added to assist users 

who did not make a note of their space number before approaching the system. This information 

is provided via two means. The first is a depiction of the parking space to show where the space 

numbers are. The second is a map correlating the spaces associated with the meter and their 

locations. The dual nature of this chart will help users find their spot while at the meter and also 

be aware of the need to view the space number the next time they use the system. Also, the 

payment information has been translated into images to account for users who are illiterate. 

Finally, the steps of use for the system have been removed. The system now displays an option 

for the first step immediately upon approaching the system – “Please enter space number”. In the 

event that the user does not read this and does another step first, the system will store that 

information so the user does not have to re-enter it later. For example if the user swipes their card 

upon walking up to the system, their payment information will be stored until they get to the add 

time screen.
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Figure 31: The instructions on the existing system and on the prototype, respectively.

 Finally, there has been an addition of a shelf to aid in multi-tasking. The payment process 

is a two handed operation, as users have to extract the payment from a pocket or carrier of some 

sort. The system now accommodates users who happen to be carrying extra things with a pull out 

shelf that is recessed so nothing will fall off. It is also gated in that it will not fully close if 

anything is inside, preventing people from leaving things at the machine.

Figure 32: Close up of the prototype showing the fully extended shelf.
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Accessibility:

 The prototype addresses accessibility for users in varying environmental conditions as 

well as users that are in wheelchairs.

 The environmental conditions addressed are glare and nighttime use. The glare is reduced 

in three ways. A hood will be placed over the system to shield it from the sun. The lack of light is 

then offset by having a backlit glare reduced screen as well as lights around the periphery that are 

sensitive and change based on light conditions. 

Figure 33: The existing system shown with glare and the prototype with glare reducing features, respectively

During night use, it is difficult to see the parking space number and also find the meter 

associated with those spaces. To account for this we use a paint that glows during low light 

conditions. The parking spaces, the boundaries for those spaces, and also the parking symbol on 

the parking meter all will be decorated using this paint.
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Figure 34: The prototype in daylight and low light scenes, respectively.

 Finally, for wheelchair accessibility we have slightly lowered the display. This new 

height will better accommodate users who are seated while still maintaining accessibility for 

taller users.

Figure 35: Far view of the existing system and the prototype, respectively.
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Mockup

Figure 36: Prototype (Away View)

An analysis and redesign of the Duncan Solutions Electronic Parking Meter             52



Figure 37: Prototype (Interface Layout)
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Figure 38: Parking Space in daytime and lowlight conditions, respectively
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Conclusion

The improved parking system increases productivity by simplifying the tasks of 

determining parking spot number and providing payment. Through study of users of the current 

system, unnecessary functions were removed, and other functions were added based upon user 

requirements. By taking a holistic approach to the problem, the redesigned parking system 

allows the user to complete the task in less time at minimal cost to the parking authority.
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Appendix

User Observations (October 5):

User A had to step away from kiosk to go check spot number.

User A took off sunglasses to use kiosk.

User A paid in cash, bill and change, got change back.

Bike rack may be close enough to interfere with access

User B group discussed spot number, may have given up

User C had to cancel credit card transaction, try again

User D worked quickly, seemed expert

User E spent a while with cash, went to check space number, switch to a card, messed with 
multiple card orientations. Extended frustration. Pressed "add time" button repeatedly, and 1, and 
"print receipt"

User F spent some idle time in front of machine, but otherwise seemed effective.

User G spent significant time reading instructions, hit same button repeatedly, turned card 
around, repeated steps. Exhibited frustration, mashed buttons. Returns to number pad. Had to 
signal his party to go ahead without him.

user 2 interview user 1 interview
touch screen - instructions 
should be in the display, 
not on a board.  Give me 
the first, then the second 
step.  Something as simple 
as printing a ticket

I like double confirmation

space number - I don 
tkonw what the space 
number is if I have not used 
it before

adding time feature - "I guess it was easy""

maybe if it had been on a 
board it wuld have been 
better for me

instead of focusing on the money, you are 
focused on the time, I don’t even know how 
much it was"
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What is the reason for the 
receipt - Proof that you 
have printed the receipt

overall the experience was fine, I mean, you 
know, once I got the card in the right way It was 
perfect. 
nice because I never have change.  

Raw Task Time Data:

numbers n user 3 12:00 AM user 1 12:00 AM user 2 (same 
as one trial 2)

12:02 AM standing 
around 
waiting by 
car

12:02 AM insert card 12:02 AM determines 
amount of 
time we need

12:04 AM   12:04 AM 12:04 AM while exiting 
car 

12:06 AM leaves for 
meter

12:06 AM 12:06 AM learns space 
number

12:08 AM 12:08 AM 12:08 AM
12:10 AM arrives and 

begins 
scanning and 
reading 
looking all 
around

12:10 AM struggling 
with card

12:10 AM

12:12 AM   12:12 AM 12:12 AM
12:14 AM 12:14 AM  12:14 AM
12:16 AM refocuses 

towards 
directions

12:16 AM 12:16 AM

12:18 AM 12:18 AM 12:18 AM
12:20 AM asks to 

himself whats 
the space 
number 
quickly 
turning his 
head to look 
towards the 
space

12:20 AM what am I 
doing wrong 
once she 
determines 
first step she 
is very quick 
to get on the 
hunt

12:20 AM finally arrives 
at meter
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numbers n user 3 12:00 AM user 1 12:00 AM user 2 (same 
as one trial 2)

12:22 AM 12:22 AM whats our 
space 
number? (

12:22 AM immediately 
entering 
space 
number

12:24 AM 12:24 AM 12:24 AM  
12:26 AM looking all 

around
12:26 AM  12:26 AM

12:28 AM 12:28 AM immediate 
find of enter 
button - hits 
this 
repeatedly

12:28 AM

12:30 AM 12:30 AM …thinking 12:30 AM
12:32 AM 12:32 AM begins to 

enter card 
slowly

12:32 AM enters credit 
card

12:34 AM 12:34 AM inserts card 
again

12:34 AM

12:36 AM looking all 
around

12:36 AM 12:36 AM waits

12:38 AM 12:38 AM 12:38 AM
12:40 AM somehow 

knows the 
number

12:40 AM looks around 
seems 
impatient

12:40 AM

12:42 AM enters 
number

12:42 AM  12:42 AM "see how 
easy that 
was" 
followed by 
"unreadable 
card?"

12:44 AM hesitates but 
quickly hits 
the orange 
button

12:44 AM 12:44 AM immediately 
glances at 
credit card

12:46 AM  12:46 AM 12:46 AM
12:48 AM 12:48 AM 12:48 AM
12:50 AM 12:50 AM 12:50 AM enters card in
12:52 AM enters card 12:52 AM 12:52 AM
12:54 AM  12:54 AM renters card 12:54 AM
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numbers n user 3 12:00 AM user 1 12:00 AM user 2 (same 
as one trial 2)

12:56 AM 12:56 AM  12:56 AM is prompted 
and reenters

12:58 AM waiting 12:58 AM 12:58 AM  
1:00 AM 1:00 AM 1:00 AM immediately 

renters space 
number (no 
real recall 
effort)

1:02 AM 1:02 AM 1:02 AM immediate 
proper swipe

1:04 AM 1:04 AM 1:04 AM
1:06 AM 1:06 AM 1:06 AM
1:08 AM waiting 1:08 AM 1:08 AM
1:10 AM hits green 

button
1:10 AM 1:10 AM

1:12 AM then finds out 
and goes "it 
says 
insufficient 
amount"

1:12 AM 1:12 AM

1:14 AM  1:14 AM 1:14 AM quickly says 
"ummm what 
do I want, 
add time…"

1:16 AM says lets do it 
again

1:16 AM 1:16 AM  clicks up 
three times

1:18 AM 1:18 AM 1:18 AM
1:20 AM enters space 

number
1:20 AM 1:20 AM what do you 

want til 1230
1:22 AM then 

immediately 
card

1:22 AM 1:22 AM discussion 
about how 
much time

1:24 AM 1:24 AM waiting 1:24 AM
1:26 AM 1:26 AM 1:26 AM
1:28 AM 1:28 AM 1:28 AM
1:30 AM 1:30 AM 1:30 AM
1:32 AM waits 1:32 AM 1:32 AM great use of 

"til this time" 
model
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numbers n user 3 12:00 AM user 1 12:00 AM user 2 (same 
as one trial 2)

1:34 AM 1:34 AM 1:34 AM then spends 
a moment 
hitting the 
green button

1:36 AM 1:36 AM 1:36 AM waits
1:38 AM something 

went wrong
1:38 AM 1:38 AM

1:40 AM enters space 
number

1:40 AM 1:40 AM

1:42 AM 1:42 AM 1:42 AM
1:44 AM 1:44 AM 1:44 AM
1:46 AM 1:46 AM 1:46 AM spends a 

moment 
about to hit 
green button, 
then 
immediately 
hits 1 for 
receipt

1:48 AM rehits enter 1:48 AM machine 
actually 
broke

1:48 AM  

1:50 AM 1:50 AM 1:50 AM
1:52 AM 1:52 AM 1:52 AM
1:54 AM 1:54 AM 1:54 AM receipt takes 

five seconds 
to print

1:56 AM 1:56 AM 1:56 AM walks 
towards car, 
stops 
walking, 
glances at 
receipt for 
1.5 seconds, 
says "lets put 
this in car" 
while 
beginning to 
continue 
walking
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numbers n user 3 12:00 AM user 1 12:00 AM user 2 (same 
as one trial 2)

1:58 AM decides to 
enter space 
number

1:58 AM 1:58 AM

2:00 AM 2:00 AM 2:00 AM
2:02 AM inserts card 

immediately
2:02 AM 2:02 AM

2:04 AM 2:04 AM 2:04 AM opens car 
door

2:06 AM 2:06 AM 2:06 AM
2:08 AM 2:08 AM 2:08 AM places 

receipt on 
dash

2:10 AM 2:10 AM 2:10 AM
2:12 AM 2:12 AM 2:12 AM grabs 

belongings 
and leaves

2:14 AM 2:14 AM 2:14 AM
2:16 AM 2:16 AM 2:16 AM
2:18 AM adding time 2:18 AM 2:18 AM
2:20 AM 2:20 AM 2:20 AM
2:22 AM 2:22 AM 2:22 AM
2:24 AM 2:24 AM 2:24 AM
2:26 AM 2:26 AM 2:26 AM
2:28 AM 2:28 AM 2:28 AM
2:30 AM 2:30 AM 2:30 AM
2:32 AM 2:32 AM 2:32 AM
2:34 AM 2:34 AM 2:34 AM
2:36 AM calculates 

how much 
time he 
needs, 
decisively 
hits green 
button

2:36 AM 2:36 AM

2:38 AM 2:38 AM 2:38 AM
2:40 AM 2:40 AM 2:40 AM
2:42 AM 2:42 AM 2:42 AM
2:44 AM 2:44 AM 2:44 AM
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numbers n user 3 12:00 AM user 1 12:00 AM user 2 (same 
as one trial 2)

2:46 AM 2:46 AM 2:46 AM
2:48 AM 2:48 AM 2:48 AM
2:50 AM 2:50 AM 2:50 AM
2:52 AM 2:52 AM 2:52 AM
2:54 AM hits one for 

receipt
2:54 AM 2:54 AM

2:56 AM 2:56 AM 2:56 AM
2:58 AM 2:58 AM 2:58 AM
3:00 AM 3:00 AM 3:00 AM
3:02 AM 3:02 AM 3:02 AM
3:04 AM 3:04 AM 3:04 AM
3:06 AM as it prints, 

he 
immediately 
goes down to 
it (sonic cue)

3:06 AM 3:06 AM

3:08 AM picks up two 
receipts and 
is confused 
why

3:08 AM 3:08 AM

3:10 AM  3:10 AM 3:10 AM
3:12 AM 3:12 AM 3:12 AM
3:14 AM 3:14 AM 3:14 AM
3:16 AM 3:16 AM 3:16 AM
3:18 AM 3:18 AM 3:18 AM
3:20 AM looks at both, 

can I use 
both oh I you 
have some 
else's receipt

3:20 AM 3:20 AM

3:22 AM 3:22 AM 3:22 AM
3:24 AM 3:24 AM 3:24 AM
3:26 AM 3:26 AM 3:26 AM
3:28 AM 3:28 AM 3:28 AM
3:30 AM lets go back 

to the car
3:30 AM 3:30 AM
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numbers n user 3 12:00 AM user 1 12:00 AM user 2 (same 
as one trial 2)

3:32 AM barely 
glances at 
receipt

3:32 AM 3:32 AM

3:34 AM 3:34 AM 3:34 AM
3:36 AM 3:36 AM 3:36 AM
3:38 AM 3:38 AM 3:38 AM
3:40 AM 3:40 AM 3:40 AM
3:42 AM 3:42 AM 3:42 AM
3:44 AM 3:44 AM 3:44 AM
3:46 AM hands me the 

receipt- he 
doesn’t know 
if he needed 
it

3:46 AM 3:46 AM

3:48 AM 3:48 AM 3:48 AM
3:50 AM 3:50 AM 3:50 AM
3:52 AM 3:52 AM 3:52 AM
3:54 AM 3:54 AM 3:54 AM
3:56 AM 3:56 AM 3:56 AM
3:58 AM 3:58 AM 3:58 AM
4:00 AM 4:00 AM 4:00 AM
4:02 AM 4:02 AM 4:02 AM
4:04 AM 4:04 AM 4:04 AM
4:06 AM 4:06 AM 4:06 AM
4:08 AM 4:08 AM 4:08 AM
4:10 AM 4:10 AM 4:10 AM
4:12 AM 4:12 AM 4:12 AM
4:14 AM 4:14 AM 4:14 AM
4:16 AM 4:16 AM 4:16 AM
4:18 AM 4:18 AM 4:18 AM
4:20 AM 4:20 AM 4:20 AM
4:22 AM 4:22 AM 4:22 AM
4:24 AM 4:24 AM 4:24 AM
4:26 AM 4:26 AM 4:26 AM
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