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Abstract
Recently, Seoul suffered low employment rate, especially on the young age people. Also, The city hall of Seoul
deregulated the food truck’s restriction. Nevertheless, due to the absence of food trucks location, there was the high
closing rate of food trucks in Seoul. Food trucks have inherent characteristics from the traditional restaurants,
especially about mobility. In this analysis, time periods were divided into three categories following to the people’s
eating habits. Because there were conflicts between existing restaurants and food trucks, considering both
restaurants(competitors) and population(consumers) data is appropriate for this analysis by the multi-objective spatial
optimization. As a result, there were temporal differences between multi-objective spatial optimization results of each
time period. This results showed the spatio-temporal dynamics of Seoul’s food trucks optimal locations.
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INTRODUCTION
Income inequality and social polarization by age have been acknowledged as an important issue in Korea since 2000.
One of the important factors that placed workers of younger age in the poverty status is the expensive housing,
especially in Seoul. The median house price in Seoul was 434,850,000 won (over $400,000 USD) in 2016, which was
similar to New York’s median house price. Especially, the ‘period of availability via savings’ 1 in Seoul is 9.2 years
(Statistics Korea, 2016), which means that young people in Korea have to save more than 20 years to buy their own
house. So more and more young people have tended to live with their parents and cannot establish their own companies
in Seoul. Not only is Seoul the capital city of Korea, but it also has a lot of job opportunities for young people, over
47% of the companies located in the Seoul metropolitan area (Statistics Korea, 2016), so most of the young people want
to live and work in Seoul.
High house prices also affect the rise of rent in the business district. That is the main reason why young people in Korea
cannot start up their own businesses. On the contrary, starting up a food truck does not require many funds for young
people, with the average food truck being about 20,000 USD. It is affordable for the young people who have low
investing power than the average person. The Seoul city hall held a special conference on food truck management and
finding new candidate areas for food trucks. According to the result of the meeting, there were several deregulations on
food trucks.
The first change is moving one spot to another spot in one day is now permitted for food truck workers. Before the
deregulation, food trucks were only permitted to work in the authorized zone and could not move to other zones in one
day. This change enabled food truck workers to open their food truck on the road and move to another place in one day.
The second outcome of the meeting is enacting a set of rules for food truck working zones. After the meeting, city hall
announced that the principles of food truck zoning would consider two factors. They want to find new food truck zones
as “a making high profit but avoiding competition from the existing restaurant market area.” So, in this analysis, using a
multi-objective optimization model for maximizing profits and minimizing conflicts with the existing restaurants will
work for this problem.

1

Period of availability via savings means the term that is needed to buy house with the person’s own income savings
without any expense.

434

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

LITERATURE REVIEW
Multi-objective optimization is based on the Pareto optimal concept that defines the set of solutions that were not
inferior to any other feasible solutions. There were several types of research on the spatial multi-objective optimization.
Cao et al. (2011) used the spatial multi-objective optimization method on the land use part. To make diverse scenarios
and spatial decision support systems, the researchers also applied a genetic algorithm to the land use model. Likewise,
Zielinska et al. (2008) applied the spatial multi-objective method on land use allocation. Kuby et al.(2005) made a
trade-off curve of dam removal scenarios with the multi-objective optimization method. Czyzak and Jaszkiewicz(1998)
developed a simulated annealing algorithm for the metaheuristic method of multi-objective optimization. By using
simulated annealing, the calculation time of Pareto optimal set decreased. However, the above studies are based on the
urban planning aspects. There was almost no study using multi-objective methods on the more micro scale issues both
in terms of spatial and economic considerations.
Food trucks location and allocation issue are not well recognized as a social and academic problem. There were some
studies about the restaurants market area or a food desert concept (Widener et al., 2012; Simons, 1992). Food trucks
shared some characteristics of the regular market and the traveling salesman problem. So this report included consumer
and competitor based analysis based on the spatial distribution of population and restaurants.

DATA AND METHODOLOGY
In this research, four types of attribute data were used, three population data and one restaurant distribution data. Table
1 showed definitions and specific meaning of each data. Three population data represents potential consumers in the
city and the number of restaurants represents the confliction and competition for the food trucks.
Table 1. Data characteristics
Name

Definition and
Meaning

Residential
Population

The number of people
who lives in the cell.

Relative Weights per Time Periods

Year

Weekday 11:01-14:00: 0.2

2015

Weekday 17:01-21:00: 0.3
Weekend 14:01-21:00: 0.4
Employment
-Population

The number of people
who has a job in the
cell.

Weekday 11:01-14:00: 0.5

2015

Weekday 17:01-21:00: 0.3
Weekend 14:01-21:00: 0.3

Floating
Population

The number of people
who walked on the
road in the cell.

Weekday 11:01-14:00: 0.3

2016

Weekday 17:01-21:00: 0.4
Weekend 14:01-21:00: 0.3

Restaurants
Distribution

Restaurants exact
spatial distribution

There was no weight difference between time periods

2017
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To calculate the market area of each food truck, ‘Spatial moving average’ method in low pass filter was applied.
Originally, the objective of low pass filter was smoothing the image by eradicating salt and pepper noise (Jansen, 2005),
but it also converted to the meaning of market area in such facilities. It made different weight factors to each cells
following by distance. These weight factors were visualized in Figure 1. Each P and C represents the population and the
number of restaurants in each cell. The relative weights of this cell formulated with the formula below.

𝑃𝑃𝑖𝑖 =

1
(42𝑃𝑃𝑖𝑖 + 14𝑃𝑃𝑖𝑖+1 + 2𝑃𝑃𝑖𝑖+2 + 𝑃𝑃𝑖𝑖+3 )
36

To study the food trucks optimal location with multi-objective
optimization method, a multi-objective model was formulated:

Figure 1. Spatial moving average model
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𝑃𝑃𝑖𝑖 (6)

𝑋𝑋𝑛𝑛𝑛𝑛𝑛𝑛 = {0, 1}, ∀n, t, i (7)
Where:
Decision variable:

Coefficients:

𝑋𝑋𝑖𝑖 = 1, if the cell i was selected in t period, otherwise 0

𝑎𝑎𝑚𝑚𝑚𝑚 = weight factors for population type m of each t period

𝑏𝑏 𝑛𝑛 = decaying demand factor due to the existing food trucks in the cell i
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𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚 = the number of population, type m of t period, in area i
𝐼𝐼𝑖𝑖 = 1, if the cell i touches rothe ad, otherwise 0

𝐶𝐶𝑖𝑖 = the number of lower cost restaurants in the cell i
Objective function of this research is maximizing profit and minimizing competition, represented in formula (1). The
objective function was consisted of two parts that were objective function (2) and objective function (3). The objective
function (2) means maximizing population(P) with population type(m)’s weight factor(a) in each time period(t) and
only the cell touching road can be the feasible options(I). If there were existing food trucks in the cell, the demand of
food trucks will be diminished(b). The objective function (3) is minimizing the competition with existing restaurants
near the cell(C).
There were four constraints in this research. The constraint (4) made upper boundary to the total number of food trucks
in Seoul. It follows the existing number of food trucks in 2017. The second (or third) food truck only can be located in
the cell that already had food trucks (5). It is obvious, but needed in the greedy algorithm. The constraint (6) means the
penalty of demand that if there were existing food trucks. The demand was diminished following to the number of food
trucks in the cell. The final constraint (7) is the binary condition for the decision variable.
In this study, the greedy adding heuristic algorithm was applied to the multi-objective spatial optimization problem.
Although greedy adding algorithm could be stuck in the local optimum, the food truck’s market area is small enough to
be considered as an independent solution, there would be no interruption from the former selected set of solution. The
overall algorithm will follow Figure 2. To acquire a set of Pareto optimal set, comparing 9 weights pairs were done,
from (0.1,0.9) to (0.9, 0.1). Also comparing three time periods reflected temporal aspects of the research. The
optimization process was calculated in R 3.5.0 and also used Arc GIS 10.5 and QGIS 3.0.0.

Figure 2. Research’s algorithm

RESULTS
In the global scale, there were three trade-off curves of each time periods in Figure 3. All of the trade-off curves
represents that if food trucks located in more profitable place, then there would be more competitions with the existing
restaurants. Also, Figure 3 shows that three time periods had different maximized Z values in the graph. Due to the
overlapped area of the high-density population (maximized Z1) and a large number of restaurants concentrated zones, it
tends to decide the relative values of two weight factors. Figure 4 shows overlapped areas of high-density population
and restaurants, an upper circle is Jongro, traditional CBD, and an under circle is Gangnam, new CBD. So, maximizing
profit and minimizing confliction method needed to apply the multi-objective optimization.
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Figure 3. Global scale Pareto optimal sets

Figure 4. Population(left) and restaurants(right) distribution in Seoul
In each time period for local scale, there was a significant change in different weight factors. Figure 5 shows each time
period’s Pareto spatial optimal sets with weight factors (0.1,0.9) and (0.9, 0.1). 0.9 weight factor to potential consumer
index (population data) means that stakeholders put food truck’s profitability as a priority. In the opposite weight set,
the stakeholders put finding niches as a priority objective for them.
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High potential consumer index

High competition index

Weekdays 11:01-14:00

Weekdays 17:01-21:00

Weekend 14:01-21:00

Figure 5. Set of Pareto spatial optimum
All of the spatial optimum had the same tendency of difference in each weight sets. If the stakeholder considered that
preventing penetration of existing market, then they will move out food trucks to the marginalized zone of Seoul. So the
fewer competitions occurred in blue pointed areas. As a result, the stakeholders could find the balanced set of Pareto
optimum set that was not inferior to other sets.
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CONCLUSION
According to this study, there were two implications in both global and local scale. The first thing is that this study
detected the difference between different time periods and weight sets. The graph of each time period and weight set’s
Pareto optimal value, Figure 3, shows the tendency of trade-off curves in food trucks location problem in Seoul. So
spatial optimal locations of the food truck have to be considered with temporal characteristics. The second meaning of
this research is unveiling the exact patterns of difference in the changing of weight factors of each time periods. Even in
the same time period, the optimal locations were marginalized from the CBD in the smaller competition weight
factor(Z2) sets. So it shows the expecting scenarios for food trucks optimal locations with multiple perspectives.
This research has its own values for both food truck workers and stakeholders. And considering temporal characteristic
of the urban area is one of the merits of this research. After this research, transport cost also will be considered between
the optimal locations set between each time period. And the actual pattern and preference of the food truck’s location
and agglomeration effect will be considered both consumer and worker’s perspectives.
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