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Abstract

Abstract

Keywords : Smart Buildings, Machine Learning, Parking Demand Analysis, Big
Data Analytics, Artificial Intelligence

The development of smart buildings originated from advancements in information
technology and automation in foreign countries, applied to building equipment control
and facility management. As of June 2023, there were 1,196 smart building cases
approved by the Ministry of the Interior, indicating significant growth in the smart

building sector.

With rapid economic development and urbanization in Taiwan, increasing car
ownership has led to severe urban parking shortages. The value of parking usage data
is evident. In 2023, our institute completed a feasibility study on integrating big data
from the Ministry of the Interior with smart building data, revealing the high

socioeconomic value of parking usage data associated with smart buildings.

To enhance the economic and social value of smart building data, this study aims
to predict parking demand using smart building and big data from the Ministry of the
Interior. By collecting case data from smart buildings in Taiwan, we will establish a
parking demand prediction model and optimize parking space decisions through case
simulations. The final results will be presented in a proposal for the Ministry's big data

competition.
Research Methods

(a) Statistical Analysis: Using statistical methods, we clean and summarize data on
parking spaces in smart buildings and other related variables. Descriptive statistical
analysis is employed to understand data distribution and basic statistics, providing

a foundation for subsequent econometric and machine learning models.

(b) Multiple Linear Regression and Logistic Regression Models: Using R, we construct
multiple linear regression models to examine the impact of various factors on
parking demand. Additionally, logistic regression models analyze the nonlinear
relationships between independent variables and parking service levels, estimating

parking demand classifications.
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(c) Machine Learning: We utilize R to build K-Nearest Neighbor (KNN) models, a type
of supervised learning, to estimate parking service levels using data on parking
usage in smart buildings. KNN is advantageous due to its simplicity, broad

applicability, and ease of integration with other methods.

(d) Expert Discussions: We convene experts in statistics and data analysis to discuss
results, policy recommendations, and data privacy feasibility concerning the

application of smart building and big data in predicting parking demand.
Preliminary Findings and Recommendations

(a) High Parking Usage in Social Housing, Low in Schools and Hospitals: Statistical
analysis shows significant imbalances in parking supply and demand in smart
buildings. Social housing experiences high usage, while schools and hospitals have
low usage during nights and holidays. Commercial areas exhibit high daytime and
low nighttime usage, indicating that parking demand is closely related to building

function, location, and nearby public transport.

(b) Significant Factors Affecting Parking Usage: Empirical analysis reveals that
weather, parking fees, neighboring building use, public transport convenience, and

population density significantly impact parking usage.

(c) High Accuracy of Machine Learning Models: The KNN model accurately estimates
parking service levels with a 92% success rate, meeting expected targets. Given data
on neighboring building use, weather, public transport, and population density, the

model can effectively predict parking service levels for new buildings.

(d) Standardization of Parking Usage Data: The study suggests that future government
platforms for real-time parking information should standardize data conversion

processes, as all data must be numerical for effective modeling.

Major Outcomes

(a) The multiple linear regression model constructed in this study shows that most of
the independent variables have a significant impact on the utilization rate of parking
space attached to smart buildings, and the residual test results are in line with the
assumptions of the linear regression model, in which the three independent variables

of land use, nearby public transportation accessibility and parking fee rate are the

XIv
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key factors affecting parking demand.

(b) The research results show that the K-nearest neighbor algorithm has a significant
advantage in dealing with complex parking service level prediction, with an
accuracy rate of 90%, which can effectively predict the parking demand of new
buildings, accurately plan the parking space, and provide a reference for new

buildings to estimate the additional parking spaces on their own.

(c) The analysis of social housing optimization shows that Xiaowan Social Housing
experiences peak parking demand on weekdays, while Jiankang Second District
peaks on weekends. During these times, parking demand from both residents and
surrounding areas exceeds the available legal spaces. Outside of these peak periods,
sufficient parking is available, reducing the strain on public parking and improving

the potential for social housing to be self-sustaining.

(d) The research results of the Hackathon competition show that barrier-free parking
spaces are used more on weekdays, with peak hours from 8 a.m. to 5 p.m. In Taipei's
Da'an, Zhongshan, and Zhongzheng Districts, these spaces are in short supply,
especially at public buildings like schools, parks, and squares. However, MRT

station parking lots have an oversupply of barrier-free spaces.
Main Recommendations
Recommendation 1

Promote machine learning algorithms to improve the accuracy of parking
predictions in smart buildings and open up value-added applications: immediate

actionable suggestions
Organizer: Institute of Architecture, Ministry of the Interior
Co-organizers: None

The K-nearest neighbor algorithm in this study shows potential as a key tool for
future parking planning. To validate its generality, it is suggested to expand the sample
size and apply it to different cities. Integrating diverse data, such as real-time social and
economic information, can further enhance model accuracy. Connecting idle parking

spaces in real time and enabling value-added applications could not only improve traffic

XV
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and parking utilization but also generate extra income for smart buildings, boosting
self-sustainability. Additionally, smart buildings should be integrated with smart city
systems like transportation, energy management, and environmental monitoring for

comprehensive solutions.
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B 0= %H(parameter) - # fE(intercept) °
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LF e (B F itk D)
A #& B3 (Null hypothesis) Hy:Bi=B==6,=0.
%t * B3R (alternative hypothesis) — Hy: By, Bo, -, B FER 0.
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2.THe T(F %k D)

B & B (Null hypothesis)  Ho: f5; = 0(i = 1,2, , k).

4t = f3i(alternative hypothesis)  Hg: B # 0(0 = 1,2, k).
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¥ ORFEPTEEA
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FEER L D er =g @mp L P § L N T
. B s SR
4

Casel 1 79%  79%  19%  T7%  88%  79%  90%  85%  79%  73%  82%
Case2 3 66%  67%  65%  43%  95%  91%  91%  95%  65%  60%  70%
Case3 5 2% 75%  63%  T7%  93%  T4%  64%  62%  69%  68%  76%
Cased 6 35%  37%  31%  34%  43%  39%  30%  29%  33%  41%  32%
Case5 7 8% 8% 9% 8%  11% 7%  13% 7% 9% 8% 8%
Case6 8 7%  T6%  T1%  74% 2%  88%  94%  84%  78% 2%  81%
Case7 9 85%  85%  85%  86% 6% 8%  19%  16%  86%  86%  82%
CaseS8 10 33%  41%  11%  46%  92%  33%  19% 9%  32%  23%  40%
Case9 11 84%  85%  82%  83%  88%  85%  80%  78%  85%  78%  86%
Casel0 12 82%  82%  83%  75%  96%  89%  95%  95%  83%  80%  84%
Casell 13 55%  58%  47%  56%  95%  60%  T2%  55%  54%  47%  60%
Casel2 14 83%  86% 6%  87%  93%  84%  75%  69%  84%  78%  85%
Casel3 15 85%  84%  87%  88%  85%  76%  93%  82%  86%  83%  86%
Casel4 16 79%  19% 8%  T1%  86%  T1%  80% 8%  78%  77%  79%
Casel5 17 54%  55%  51%  52%  69%  S1%  59%  51%  54%  56%  54%
Casel6 18 78% 8%  80%  80%  69%  70% 7%  T73%  77%  83%  T74%
Casel7 19 85%  85%  85%  86%  84%  76%  84%  79%  85%  88%  85%
Casel8 20 48%  49%  47%  49%  48%  46%  45%  43%  47%  63%  44%
Casel9 21 50%  46%  59%  47%  16%  20%  43%  43%  54%  64%  41%
Case20 2 71% 2%  69%  T3%  68%  66%  64%  63%  T3%  66%  73%
Case21 23 87%  88%  83%  88%  89%  86%  82%  79%  87%  82%  88%
Case22 24 50%  47%  58%  27%  T1%  67%  82%  96%  49%  47%  54%
Case23 25 86%  86%  87%  89%  80% 8%  83%  85%  86%  85%  86%
Case24 27 81%  81%  81%  79%  73%  76%  18%  18%  80%  85%  78%
Case25 28 8%  10% 3% 4%  28% 8% 1% 3% 1% 4%  10%
Case26 29 79% 7%  85% 2%  66% 4%  86%  19%  19%  82%  76%
Case27 30 23%  31% 3%  20%  85%  14% 7% 1%  22%  11%  30%
Case28 31 48%  51%  39%  44%  85%  49%  46%  42%  42%  62%  48%

(FRXR: AP T HER)
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Lo B B
Casel 79% 4800 1 7 2 239 11 1 305 11
Case2 66% 7200 3 4 3 432 19 1 610 11
Case3 72% 3000 5 11 2 194 8 0 555 10
Case4 35% 4800 6 11 2 401 25 0 745
Case5 8% 3500 7 4 122 19 0 238 6
Caseb 77% 4200 8 3 31 17 1 336
Case7 85% 3500 9 2 349 21 0 956 10
Case8 33% 3000 10 12 3 120 15 0 375 9
Case9 84% 4600 11 12 2 170 22 2 640 10
Casel0 82% 0 12 12 3 33 16 0 528
Casell 55% 4500 13 12 3 91 15 0 462 9
Casel2 83% 5250 14 2 2 134 18 1 1031 19
Casel3 85% 5250 15 2 2 148 22 1 936 18
Casel4 79% 5200 16 3 4 239 15 1 468 15
Casel5 54% 4800 17 3 1 98 19 0 317 12
Casel6 78% 4800 18 3 2 369 19 0 404 11
Casel? 85% 4800 19 3 2 268 20 0 355 10
Casel8 48% 4800 20 3 1 704 15 0 312 12
Casel9 50% 3000 21 10 2 64 22 1 845 14
Case20 71% 3000 22 10 2 325 22 1 850 14
Case21 87% 3000 23 10 2 237 17 0 1077 8
Case22 50% 0 24 8 3 48 18 1 319 9
Case23 86% 4800 25 8 2 132 11 0 173
Case24 81% 4800 27 8 2 145 33 1 441 19
Case25 8% 4000 28 4 4 142 9 0 287 22
Case26 79% 4800 29 9 2 92 21 0 798 12
Case27 23% 3000 30 12 3 366 16 0 396
Case28 48% 0 31 12 3 160 9 0 201 4

(FR &R : 2F7 ER)
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7%4% -ﬁfﬂf ID % ¥ o 1R B N LR A = 5=

= A N R L ST
Casel 1 79% 11 229 0 0 31232 0.17 84 0.06
Case2 3 66% 11 10 3943 146 14535 0.23 200 0.03
Case3 5 72% 10 7 2 0 8465 0.05 186 0.04
Case4 6 35% 8 4 4 0 0 0 0 0.04
Case5 7 8% 6 18 13 39 318 0.09 1250 0.06
Case6 8 77% 10 237 185 19477 0.09 840 0.04
Case7 9 85% 10 4 121 1147 107586 0.17 89 0.08
Case8 10 33% 9 10 248 36 1898 0.18 160 0.04
Case9 11 84% 10 2 4 146 36373 0.04 198 0.03
Casel0 12 82% 8 3 241 0 0 0 0 0.05
Casell 13 55% 9 241 0 0 0 0 0.05
Casel2 14 83% 19 2 185 98562 0.15 189 0.05
Casel3 15 85% 18 13 76 381 35860 0.15 145 0.06
Casel4 16 79% 15 10 0 55 1460 0.14 300 0.03
Casel5 17 54% 12 4 0 0 0 0 0 0.09
Casel6 18 78% 11 26 0 0 0 0 0 0.09
Casel7 19 85% 10 4 0 0 0 0 0 0.09
Casel8 20 48% 12 22 0 0 0 0 0 0.09
Casel9 21 50% 14 19 129 317 26087 0.17 86 0.08
Case20 22 71% 14 19 13 1 26087 0.17 86 0.08
Case21 23 87% 8 0 0 267 10332 0.21 68 0.05
Case22 24 50% 9 2 42 58 5008 0.19 131 0.08
Case23 25 86% 8 3 2 0 0 0 0 0.08
Case24 27 81% 19 0 227 103 10031 0.14 209 0.06
Case25 28 8% 22 30 246 0 0 0 0 0.04
Case26 29 79% 12 10 1020 262 49273 0.2 104 0.05
Case27 30 23% 8 7 676 6 32 0 0 0.05
Case28 31 48% 4 0 676 6 32 0 0 0.05

(FR%B: *FTER)
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L P E 70 2 61% 27% 12% S(ABRE)
M WWE 347 7 17% 76% 6% 4(8BR)
N EEE 446 9 34% 62% 5% S5(ABEH)
(o] hl|E 57 2 40% 56% 5% 5(@%@%}
P ALWLE 288 6 35% 61% 4% 4B )
Q PUE 143 4 33% | 63% | 4% S(ABERE)
R KEE 92 4 60% 36% 3% S5(AEEH)
S AEZE 287 5 9% 88% 2% S5(ABRE)
T 12 E 85 2 63% 35% 2% S(EEDL)
U THE 77 2 78% 21% 2% S(HEEDR)
\" ibig@ 64 2 68% 30% 1% S(IEER)
W 1632 E 44 1 69% 29% 1% S5(3EEIR)
X U E 113 3 57% 42% 1% S(ABEFH)
Y KEE 84 2 72% 27% 1% S5(ABEH)
Z hl|E 105 2 72% 27% 1% 5(@%@%}
AA P LE 255 6 57% 42% 1% S5(ABEH)
AB pE 142 3 28% 72% 1% 5(@% BH)
AC KEZE 240 4 39% 61% 0% S5(ABEH)
AD THE 164 3 68% 32% 0% 5(E3§ﬁ5}
AE hE 184 4 33% 67% 0% S5(ABEH)
AF NHME 70 1 92% | 8% 0% S(AERE)
AG icig @ 328 7 68% 32% 0% S(ABEH)
AH THE 176 5 66% 33% 0% S5(ABEH)
Al AEE 252 11 54% 46% 0% S(ABEFH)
Al KEE 108 2 72% 28% 0% S5(ABEEH)
AK PUE 850 17 37% | 63% | 0% S(ABRE)
AL & 973 20 68% 32% 0% S5(AEEE)
AM PR E 306 5 86% 14% 0% S(EE)
AN 112 & 37 1 96% 4% 0% S(EEDL)
AOQO 1R E 24 1 98% 2% 0% S5(HEEDR)
AP WLE 69 2 68% 32% 0% (ABEF)
AQ A WE 310 14 57% 43% 0% 5(’2}% 2H)
AR EEE 1998 29 34% 66% 0% S(ABEH)
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