Forecasting Parking Availability
for Providing Value-Added Services
to Customers of Parking Lots

Business Analytics Using Forecasting
Team 1
Aylada Khunvaranont
Ching-Yu Li
Tsun-Hsien Tang
Tzu-Hsin Hsieh
Wan-Yi Chou

Executive Summary
Business Problem
Taiwan is considered as a small island comparing to her population. Besides, with high
population density in the city area such as in Taipei city, New Taipei city, it is quite difficult to
find an available parking space in those places. Therefore, we want to propose a mobile
application that can provide parking lot information to customer with value-added services
such as the availability of the parking lot and information about how long the customer needs
to wait if the parking lot is full. With our proposed mobile application, the customer can plan
their schedule in advance which can increase their satisfaction in using the facility. Moreover,
with the forecasting approximate waiting time, the customer will be prepared for waiting
which can help lower their frustration. Additionally, the parking lot company can better
manage their parking lots via the user log in the mobile application.
Data
We have acquired data from one of the Taiwanese parking lot company. The primary data
set we used is mainly a collection of timestamp of going in and coming out cars from the
parking lots. In addition, we also have secondary data set such as of forecasted weather,
department store holiday promotion period, forecasting number of airport passengers
(ridership). The data we used for analysis is in two months period time (2016/3-2016/4) as a
proof of concept to our project.
Forecasting Solution
To begin with, we explored the data and chose six parking lots based on their use. In
addition, basically, the time series of those parking lots has no trend but seasonality. Then
we have tried many forecasting models in order to obtain the most suitable output for our
value-added services. We have provided the outcomes with point values and in range of
forecasted values. In terms of the performance, our models can capture the pattern of each
different type of parking lots and provide a useful forecasting. For more information, please
refer to the detailed report below.
Recommendations
We would like to suggest that the company should collect the user data in terms of whether
or not the customers that submit the queries actually use the facility as a way to measure the
usability of the application.
Since we are forecasting the availability of the parking lots in every five minutes interval for a
week in advance which takes a great computational power, we would like to recommend that
the company should have computers that are powerful enough.
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Detailed Report
1. Problem Description
●

●

Business Goal
Our goal is to provide the customers of parking lots with value-added services. Our
stakeholders are Taiwanese Parking Lot Company and their customers. We hope to
help the parking lot company to provide value-added services in form of mobile
application. In other words, using the app can benefit the user in terms of being able
to arrange their schedule in advance, lower their waiting frustration, and increase
their satisfaction for the parking lot of this company. In addition, the company can
increase their customer loyalty and have better management for each parking lot.
Forecasting Goal
In order to match with our business goal, our forecasting goal is to forecast parking
space availability in every five minutes interval for one week in advance for each
parking lot. Furthermore, we have implemented an indicator which will show the
availability status of the parking space. The indicator will show green when the
parking lot is empty, yellow when it is mid-full and red if it is almost full. When the
indicator shows red light, the second function will be triggered. We then forecast the
approximate waiting time so that the customer will know how long it takes to wait for
a space, which can help reduce their anxiety and frustration in waiting.

2. Data Description
We have acquired the data from one of the Taiwanese car park company. The dataset
includes the parking lots all over Taiwan owned by the company. First, we have categorized
our data according to features such as average parking hours, amount of car parked, in and
out time, and crowded hours. Then, we have chosen 6 different types of area (airport,
business, night market, high speed rail, department store, and transfer station, see Table 2
in Appendix) as a proof of concept. These six parking lots are located in Taipei, Taoyuan
and Taichung and the data set is from Mar1 - Apr30, 2016. After cleaning the data, we are
left with total of 99,937 records and 6 columns. The columns are data measuring in_date,
in_time, no. of car in parking lot, parking lot, and category, as shown in below table.

Table 1: Example of our data
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3. Data Preparation
●

●

●

●

Data Preprocessing
We plot time series for visualization and we found out that we have incomplete data
on March 31 which the server died and no data is collected and we have long holiday
(Ching Ming Festival) from April 2-5 where it can affect our forecast because we have
no enough data for holiday. We impute data by calculating the average of past data.
External Data - Weather Forecast
We have crawled weather forecast data from World Weather Online as our external
data. The data set contains 24 variables (e.g. tempC, precipMM, etc) and is recorded
in 3 hour interval. Therefore, we have manually adjusted it to suit our 5 minute
interval (forecast parking space) and 1 hour interval (forecast waiting time).
External Data - Promotion Period in Department Store
During the promotion period, the usage of parking lots will abruptly increase. We can
distinguish whether or not the date is during the promotion period by capturing the
peaks caused by promotion (See Figure A2).
External Data - Passenger Per Hour of Taiwan Taoyuan International Airport
Forecasting passenger of the airport might help us to capture the local peak or
extreme value of parking usage at airport parking station. We can download the data
from the government website (See Figure A3).

4. Forecasting Solution and Time plot of series with future forecasts
●

●

Methods Applied
We used seasonal naïve as our benchmark. We tried to forecasting using neural
network, ARIMA, linear regression, MA, smoothing and ensemble for parking space
and waiting time for each parking lot.
Performance Evaluation
We use MAPE to compare performance of 6
parking lots and use RMSE to choose best
model between all methods for each parking lot
(for instance, Table 2 shows the evaluation of
working place which has the best performance).
Then, we use this best model to compare with
ensemble and benchmark (see Figure A2 in
Appendix). Furthermore, we plot 95% empirical
P.I. of waiting time (Figure 1), finding Saturday Table 2: Evaluation of working place
is under-forecasted, it can be additional
information to adjust our model in the future.

Figure 1: 95% Empirical prediction interval for waiting time of working place
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Forecast Parking Space
In the following, we will keep using the example of working place. In the residual plot
(Figure 2), the error of forecasting parking space is always within 10 spaces. The
output result might not be good enough, but we find some intervals with seriously
under-forecasting and over-forecasting which are always occurred at the midnight,
therefore, we think that this probably will not affect the use of the application.

Figure 2: (Left) Forecasting parking space of working place with training and validation. (Right)
Forecasting waiting time of working place with training and validation. More in Figure A4 and Figure
A5.

●

Forecast Waiting Time
From the residual plot in Figure 2, we can see
that the errors of forecasting parking space are
sometimes going up and down like crazy, we
also found out that the serious under-forecasting
and over-forecasting are always occurred at
midnight again. Therefore, if we ignore those
error peaks, our forecast in waiting time are
always lower than 10 minutes; we think that
users can afford this much waiting time.

Table 3: Best forecasting models

5. Conclusions and operation recommendations
Our results offer a useful forecasting for the parking availability. With respect to providing
value-add service, the company will embed our function into the existing mobile application.
● Recommendations
In order to make the forecast more accurate, the company could acquire more external
data, e.g. ridership of MRT with domain knowledge. Secondly, once a certain parking lot
would be full according to the forecasting, the company should offer alternatives for
customers. Lastly, to further evaluate the contribution of this function, the company could
record whether users actually park the parking lots they query.
● Limitations
Forecasting more than 200 parking lots availability every single five minutes and updating
frequently may cost a lot. Therefore, the lack of computation power might somehow affect
the efficiency of this function. Another limitation is that the uncertainty of waiting time hard
to deal with, as the large prediction interval shown in Figure 1.
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Appendix
Table A1: Parking Lot Category

Figure A1: Time-series plot for 6 category parking lot
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Table A2: Evaluation for 6 parking lots

Figure A2: External data for department store parking lot
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Figure A3: External data for Airport Parking lot

Figure A4: Time-series plot for parking space forecasting
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Figure A5: Time-series plot for waiting time forecasting
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