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Where, VOT = Y)Y (T, X P, X @, X 365)
I k=1

Ty

P, : Time value per vehicle and person

. Traffic time per vehicle and person in road 1

@), ' Traffic volume per vehicle and person in road 1
k  : Vehicle (1: car, 2: bus, 3: truck)
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D, Link(l), car type(k) car - km
V1, : Operating cost per km of relevant link speed by car type(k)
k : Type (car)
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IR 4| 1 ¢ Impact of the Non—Energy Sectors Diversification on the
Energy Dependency Mitigation: Visualization by the “ IntelSymb” Software
Application
O AA} : Ilaha Rzayeve, Fmin Alasgarov, Orkhan Karim—Zada
o 8°f

This study attempts to consider the linkage between management and computer sciences
in order to develop the software named “IntelSymb” as a demo application to prove data
analysis of non—energy fields' diversification, which will positively influence on energy
dependency mitigation of countries. Afterward, we analyzed 18 years of economic fields of
development (5 sectors) of 13 countries by identifying which patterns mostly prevailed and
which can be dominant in the near future. To make our analysis solid and plausible, as a
future work, we suggest developing a gateway or interface, which will be connected to all
available on-line data bases(WB, UN, OECD, U.S.EIA) for countries analysis by fields. Sample
data consists of energy (TPES and energy import indicators) and non—energy industries
(Main Science and Technology Indicator, Internet user index, and Sales and Production
indicators) statistics from 13 OECD countries over 18 years (1995-2012). Our results show
that the diversification of non—energy industries can have a positive effect on energy sector
dependency (energy consumption and import dependence on crude oil) deceleration. These
results can provide empirical and practical support for energy and non—energy industries
diversification” policies, such as the promoting of Information and Communication Technologies
(ICTs), services and innovative technologies efficiency and management, in other OECD nd
non—OFECD member states with similar energy utilization patterns and policies. Industries,
including the ICT sector, generate around 4 percent of total GHG, but this is much higher
— around 14 percent — if indirect energy use is included. The ICT sector itself (excluding
the broadcasting sector) contributes approximately 2 percent of global GHG emissions, at
just under 1 gigatonne of carbon dioxide equivalent (GtCOZ2eq). Ergo, this can be a good
example and lesson for countries which are dependent and independent on energy, and mainly
emerging oil-based economies, as well as to motivate non—energy industries diversification

in order to be ready to energy crisis and to be able to face any economic crisis as well.
O 7I¥E= : Energy policy, energy diversification, “IntelSymb” software,

renewable energy.



(1 zA%+ 954 2 Foundation of the Information Model for Connected—Cars
O A&} :Hae=Won Seo, Yong—Gu Lee
O Q°F

Recent progress in the next generation of automobile technology is geared towards incorporating
information technology into cars. Collectively called smart cars are bringing intelligence to
cars that provides comfort, convenience and safety. A branch of smart cars is connected—car
system. The dey concept in connected—cars is the sharing of driving information among cars
through decentralized manner enabling collective intelligence. This paper proposes a foundation
of the information model that is necessary to define the driving information for smart—cars.
Road conditions are modeled through a unique data structure that unambiguously represent
the time variant traffics in the streets. Additionally, the modeled data structure is exemplified
in a navigational scenario and usage using UML. Optimal driving route searching is also discussed
using the proposed data structure in a dynamically changing road conditions.

O 7|¥IE : Connected—car, data modeling, route planning, navigation system,
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Effectiveness of ATMS (Advanced Transport
Management Systems) in Asuncion, Paraguay

Sung Ho Oh

Abstract—The advanced traffic lights, the system of traffic
information collection and provision, the CCTVs for traffic control,
and the traffic information center were installed in Asuncion, capital
of Paraguay. A fter pre-post comparison of the installation, significant
changes were found. Even though the traffic volumes were increased,
travel speed was higher, so that travel time from origin to destination
was decreased. the saving values for travel time, gas cost, and
environmental cost are about 47 mullion US dollars per year
Satisfaction survey results for the installation were presented with
statistical significance analysis.

Keywords—Advanced  transport
cffectivencss, Paraguay, traffic lights

management systems,

I. INTRODUCTION

HE city of Asuncion in Paraguay has continuously serious

traffic congestion because of massive population and
geographical problems by urban location. Asuncion’s
population is approximately 0.54million as of 2012, which
means it has a low residential population, but economically
active population from rural area is over 1.5million.
Geographically, Asuncion city has been built as a cone shaped
by performing central area thus vehicle traffic converged on
cental city in peak time and it leads to serious traffic congestion.
For resolving severe traffic congestion causing environmental
pollution, traffic accident and the others, city government of
Asuncion decided to introduce Korean Advanced Traffic
Management System(ATMS) into Asuncion. And the project
was finished at April, 2015, This ATMS includes 78 advanced
traffic signals, 24 video detectors for real time traffic
information, 5 CCTV for traffic control and 6 variable message
in 6 main roads of Asuncion including a few road of CBD. In
addition, traffic control center was built during the project
period.

The core of the project was the new green time depending on
the real-time traffic volumes. Also, the traffic signal
progression, which make automobile pass the signal
intersections without stops, was the other core of the project.
The systems for traffic information and control supported that
the new traffic signal systems work very well. This paper shows
qualitative and quantitative effect of the project in Asuncion,
Paraguay. [2], [5]

II. SURVEY
The quantitative effect of the project is counted based on

Sung Ho Oh 15 Ph. D, Research Fellow 1n Korea Eesearch Institute for
Human  Settlements, Korea  (phone +82-31-380-0343,  e-mail

difference of traffic volumes and speeds with and without
ATMS. This difference would be transferred into travel time,
gas and carbon saving. The qualitative effect of the project is
showed on the 92 people surveys including 6 detailed questions
Surveys for quantitative effect are following. [1], [5]

Before survey: Feb. 28 ~ Mar. 17, 2014

After survey: Jun. 11 ~ Jun. 20, 2015

Survey times: AM peak (6 o’clock~8 o’'clock), non-peak

(11 o’clock~13 o’clock), PM peak (17 o’clock~19 o’clock)
Average Speed Method used for travel speeds
Output of surveys tells us that the average travel speed gets
higher to 22.5 km/h from 16.0 km/h, even though the traffic

volumes are minutely increased. Output of survey is following,.

A. Quantitative Analysis [1], [3], [5]

1. Benefit of Traffic Time Reduction

Traffic time reduction benefit is conversion of traffic time
reduction to monetary value after the project. If traffic speed
increases by the project, it has traffic time reduction effect of all

users who use vehicles. Traffic time cost is calculated by
multiplying traffic volume, traffic time and traffic time value.

VOCS =VOCieforampr  — VOCapurpope
4

vor :ZZ(TH X Py % Qpy X 365)

T k=1
where TE:.’ 18 Traffic time per vehicle and person m road 1,
Fk is Time value per vehicle and person, Q}E ig Traffic

volume per vehicle and person in road 1 and & Vehicle (1:
car, 2: bus, 3: truck).

When traffic volume, traffic time and time value were
applied, daily average time reduction benefit of 3 axes is
$ 46,200/day and annual average benefit is $16.9 mil/year.

TABLEI
TRAFFIC VOLUMES AND DIFFERENCE
Road Before After Difference(veh fhr)
Survey(veh fhr) Survey(veh /hr)
AM M AM L AM 2
Peak Peake Peak Peak Deak Peak
MCaLopezy 6472 5,388 6,652 3,511 180 123
San Martin (2 T%) (22%6)
Eusebio Ayala 4,640 3316 A4TI5 3395 135 79
¥ (2.8%) (2.3%)
De Gaulle
FdoDela 3,168 2936 3228 2,984 a0 48
shoh@krihs re kr)
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Moray (19%) (16%)
Bartolome
total 14,280 11,640 14,655 11,850 375 250
(2.6%) (2.1%)
TABLEII
AVERAGE TRAVEL TIME
AMPeak travel travel difference
time(min:sec) speedm/b)
before after before after %
Espana m 1943 1637 239 285 193
out  37.00 3335 128 146 141
Meal Lopez m 30:20 18:06 174 395 76
out 43:26 2220 1232 236 45
Eusebio Ayala in 2315 1837 183 229 249
out  26:06 1920 163 320 350
Femendo dela in 2446 1837 15.0 200 330
Hlora out 3153 1938 17 189 624
total 2805 2007 160 x5 409
TABLETI
TIME REDUCTION BENEFIT CALCULATION RESULT
Category Before After Benefit(s) Annual
proj ects(s) praject(s) benefit(s)
Axmisno 3 57,240 37524 18715 7,196,101

Amigno 4 74,188 54,890 19,298 7043833
Amsno 5 28,909 21,659 7,250 646,305
Total 160,337 114,073 46,263 16,886,23%

2. Benefit of Vehicle Operating Cost Reduction

Vehicle operating cost reduction benefit is divided into fuel
cost, engine oil cost, tire abrasion cost, maintenance cost and
depreciation cost

VOCS = VOCoerorproper  — VOCapmmproge
N

voc :2 Z(Bk X VT, X 365)

i k=0)

P
v TF:‘ 1s Operating

and K

where DER 1s Link(l), car type(k) car— km

cost per km of relevant link speed by car type(k)
Type (car)

Using vehicle operating cost per speed, the vehicle operating
cost reduction benefit was estimated. As aresult, daily average
vehicle operating cost reduction benefit of 3 axes is
$22,700/day. Annual average reduction 1s $8.3 mil/year.

TAEBLEIV

Fig. 1 Spatial boundary

VEHICLE CPERATING COST EEDUCTION BENEFIT CALCULATION EESULT

Category Before
projects(s)

Amsno 3 59.922
Axisno 4 87,632
Axizno 5 47 654
Total 195,208

After
project(s)
5L067
78117
43,366
172,550

Benefit(s)

8833
9,514
4,288
00,657

Annual
benddit(s)
3232300
3472733
1,565,237
8,270,270

3. Benefit of Environmental cost reduction
Environmental cost reduction benefit is calculated using air
pollution cost and air pollution cost per car type and speed

VOPCS = VOPCyeporepropet — VOPCaterpropet

_16_




N
VOC:ZZ(D,, X VT,  365)
T

where ‘D1 is Link(l), car type(k) carkm:, ¥2% isAir

pollution cost per km of relevant link speed of car type(k) &
is Type (car)

Using air pollution cost per speed, the air pollution cost
reduction benefit was estimated. As a result, the daily average
air pollution cost reduction benefit of 3 axes is $1,500/day.
Annual average reduction is $0.55 mil/year.

THBLE V

AIR POLLUTION COST REDUCTION BENEFIT CALCULATION RESULT
Category Before After Benefit(s) Annual
prujects(s) project(s) benefit(s)

Amsno 3 1376 785 591 215,880
Axsno 4 1918 1,260 658 240,281
Axmisne 5 997 737 260 85211
Total 4291 2782 1,509 551,372

4. Total benefits

Traffic time reduction benefit, vehicle operating cost
reduction benefit and air pollution reduction cost of 3 axes is
annually average $25.7 mil/year

TABLEVI
3-A¥ES BENEFIT CALCULATION EESULT
Category  Traffic time Vehicle Environmental Total
reduction operating cost reduction benefit
benefit cost benefit
reduction
benefit
Amsno 7,196,101 3232300 215880 10,644,281
=
Axmsno 7.043833 3472733 240,281 10.756.847
4
Axizno. 2,646,305 1565237 95211 4306753
5
Total 16,886,239 8,270,270 351372 25707881

To calculate the other 3 axes where no benefit was calculated
(axe no. 1, 2 and 6), the benefit per km on axes no. 3 4 and 5
was calculated, which was multiplied to the extension of 3 axes.
total extension of axe no. 3, 4 and 5 was 22.1 km. Benefit per
km is about $1.2 mil/year. Total extension of axe no. 1, 2 and 6
was total 18.4 km with 4. 9km, 9.0km and 4.5km respectively.
Total benefit of remaining 3 axes is $21.4 miliyear
Accordingly, annual economic benefit of Asuncion City ATMS
project is about § 47.1 mil/year

TABLE VII
BENEFIT CALCULATION RESULT
Benefitof  Extensio  Benefit/  Extensio Benefitof Total
are 3,4,5  nof axes km nofaxes axes1, 2.6 benefit
@) 34,5 1,06 ® (A+B)
§25,70788 22 Tkm $1,163.25 18 4km $2140384  §47.11173
3 £} 8 2

In benefit item, traffic time reduction benefit was 65.7%,
vehicle operating cost reduction benefit was 32.2% and

environmental cost reduction benefit was 2.1%.
s - Traffic time reduction benefit : § 31 mil/year
- Vehicle operating cost reduction benefit : § 15 mil/year
- Environmental cost reduction benefit: $1 mil/year

B. Qualitative Analysis [5]

Questionnaire survey had been done for qualitative analysis.
Total 92 peopl ed to questi ire. Among them, male
was 47% and female was 53%. As for age, 20s were the most
with 31% followed by 30s with 29%, 40s with 17% and over
50s with 12%

Fig. 2 Gender and age of respondents

As for the reduction of stop at new signaled intersection, 23%
of respondents answered "Very positive" followed by "Slightly
positive" with 49%, "Same as before” with 13%, "Slightly
negative" with 14%, and "Very negative" with 1%. As for the
reduction of wait-time at new signaled intersection, 53% of
respondents answered "Slightly positive" followed by "Very
positive” with 20%, "Same as before" with12%, "Slightly
negative" with 13% and "Very negative" with 2%.

__Verynegative

; 1%

_17_




Fig. 3 Reduction of stop and wait-time at new signaled intersection

As for visibility of new traffic signal light, "Very positive"
was 75% of the respondents followed by "Slightly positive"
with 19%, "Same as before" with 3% and "Slightly negative"
with 3%. As for safety improvement at walking, "Very positive"
was the most with 39%, followed by "Slightly positive" with
30%, "Same as before" with 21%, "Slightly negative" with 9%
and "Very negative" with 1%

Same as
before

3%

_very negative
3%

__Very negative
negative

Fig. 4 Visibility and Safety improvement at walking

As for the positive impact on city view, "Very positive” was
the most with 52% followed by "Slightly positive” with 31%,
"Same as before” with 10% and "Slightly negative" with 7%.
As for the check of real-time traffic information on road, 55%
answered Yes and 45% answered No.

Slightly
s

same as before

Fig. 5 City view improvement and Real time traffic information check

As for usefulness of real time traffic information, “Very
positive” was 54% followed by Slightly positive with 34%.
Thus, positive answers account for 88%. As for accuracy of real
time traffic information, "Very positive' was 21% and "Slightly
positive" was 61%. "Do not know" was 10%, "Shghtly
negative' was 6% and "Very negative" was 2%.

Fig. 6 Usefulness and Accuracy of real time traffic information

1. CONCLUSION

The paper shows that the effect of ATMS in Asuncion,
Paraguay, is very prominent as annual economic benefit of
Asuncion City ATMS project is about $ 47.1 mil/year. Also in
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the questionnaire survey citizens in Asuncion response very
positive for each question. But there are many limitations for
output of this paper. While economic benefits were calculated
based on standard method, it was an estimated value by
applying various assumptions due to lack of data. As aresult of
calculation of benefit in 6 axes in east-west, no negative (-)
benefit of south-north due to signal interlock with east-west
direction was not reflected. In addition, 92 questionnaire
surveys couldn’t give us statistic confidence.
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