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Mobile food business is a business which venders use facilities like trucks and push 

carts to transport and sell food on streets or private properties. The study area has a size 

of 15.64 square miles, and it’s only a quarter of the San Francisco City. Inside the study 

area, there are 48 push carts and 321 food trucks. The mobile food business spreads out all 

over the San Francisco City, and the street-food becomes more and more popular today. To 

build and study the point process model on linear network is one of the most powerful ways 

to help us get the general idea of the spatial structure of mobile food facility locations in 

San Francisco City. This thesis is focused on forming point process data on linear network 

by using the information from the Internet and identifying the spatial structure of the 

mobile food facility locations based on K-function, pair correlation function, mark 
connection function, and point process model on linear network. 
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CHAPTER 1 

Introduction 

         In today’s society, mobile food trucks and carts are challenging our nation of 

convenience food. The definition of convenience food is a prepackaged food which 

can be prepared quickly and easily. By the definition of convenience food we can 

see, in past time, what convenience food needs is quickly and easily. Today, as a 

customer, people have higher and higher standards for the taste and quality of food. 

As a vender, because of the low-cost of mobile food facility, more and more people 

choose it to start their catering business. Combining these two conditions, mobile 

food business is in a unique position which makes the convenience food so different 

from its traditional way—it not only prepares food quickly and easily, but also 

provides tasty and good looking food for people who don't have a lot of money and 

time. 

         Today in the United States, there are approximately 3 million food trucks and 

more than 5 million food carts operating. This statistics indicates that in every 

square-mile, we are expected to see about 2 to 3 food truck or carts on average in the 

United States today.  And the average number of mobile food business per square-

mile should be greater in big cities like San Francisco. Geographical analysis is one 

of the most powerful tools to help us get a general idea of the structure of mobile 

food business with different facilities in San Francisco City. The record of mobile 

food business in San Francisco City, combine with the San Francisco City map, is 

invaluable material to analyze point pattern of mobile food business on San 

Francisco City roads, which is a linear network. This study can help us know more 
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about the point patterns of mobile food business locations and also the venders to 

find the spots for them to start their business.   

         As the limited resource of data in point process on linear network format, the 

core of this thesis is to find a way to collect and form dataset in point process on 

linear network format and do follow-up analysis with various statistic methods. We 

are trying to find information to help people get a better understanding of the 

structure of mobile food business locations with different types of facilities in San 

Francisco City.  
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CHAPTER 2 

Data Description 

         This data set contains two parts: the point patterns data of Mobile Food Permit, 

which is from the website of City & County of San Francisco Department of Public 

Works, and the linear network data of San Francisco City map, which is from 

OpenStreetMap.  

         The Mobile Food Permit data set is recorded the mobile food permit 

informations in San Francisco City from September 24th, 2012 to June 26th, 2013, 

and it contains 711 observations. There are 23 variables recorded form each permit 

applicants. This thesis is focus mainly on the facility type, which is push cart and 

truck, of mobile food business during the above time period. The number of push 

carts and trucks inside the study area is listed in Table 2.1. 

         The San Francisco City map contains the co-ordinates information of the street 

intersections, and the study area only covers 1/4 of San Francisco City. After 

extracting data from Mobile Food Permit data set of the study area, there remains 

369 observations. The original map of study area in San Francisco City is shown in 

Figure 2.1.  

 

Type of Facility Number of Facility 

Push Cart 48 

Truck 321 
 

Table 2.1: Frequency of Push Carts and Trucks in the Study Area 
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Figure 2.1: Original Map of the Study Area in San Francisco City 
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CHAPTER 3 

 

Data Management and Exploratory 

 

         Management and exploratory of dataset are necessary steps before we can do 

the data analysis. Data management can eliminate the unnecessary data and 

variables, and data exploratory can help us get the initial information of the dataset. 

For the mobile food business locations in San Francisco City data, we focused on 

managing the San Francisco City map and exploring the point patterns of mobile 

food business location on the map. 

 

3.1. Linear Map Data 

 

3.1.1. Data From OpenStreetMap 

         The street map data of San Francisco City is from a website called 

OpenStreetMap. OpenStreetMap is a collaborative project to create a free editable 

map of the world. In this website, it offers different kinds of information, like roads, 

highways, building numbers, coffee shops and etc., on the world map. The only 

information we need is the co-ordinates of every street intersection in the study area. 

After the data was downloaded from the website, all the information other than roads 

were removed from the dataset.  

         The data downloaded from OpenStreetMap is in OSM format, and roads are in  
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Figure 3.1: Original Road Map From OpenStreetMap Website 

 

pixel form, which means the roads are formed by dots standing for pixel units (see 

Figure 3.1). In order to form a linear network, only the street intersection points are 

needed. Therefore, we need to remove the points which are not the street 

intersections out of the map.  

         Several loop functions were built to extract the street intersection in R. In the 

data downloaded from OpenStreetMap, every node and every way has its unique ID 

number. Therefore, we could use their ID number to identify the street intersection 

nodes of the ways. First of all, we need to know the nodes in every way, so the way 

ID numbers were extracted from dataset and the nodes were tracked down by using 

the ID number of ways. After we got the ID number of nodes in every way, a loop 

function was used to find the ID number of nodes which are the intersection points 

of two ways. And those intersection nodes are the street intersection points we are 

looking for. 
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         As there are some duplicated nodes for some street intersections, therefore a 

transformation to turn the OSM object to an igraph object is necessary. During the 

transformation process, the as_igraph function will save only one node for every 

street intersections and eliminate all the other duplicated nodes automatically. 

Besides, the edge list, which is needed to form the linear network, can be found in 

the igraph object after the transformation. After the OSM object was transformed to 

an igraph object, the node ID numbers in the igraph object were used to extract the 

latitudes and longitudes co-ordinates from the original OSM object. Those co-

ordinates of the nodes are the co-ordinates of street intersections, and they were 

needed to form the linear network. 

 

3.1.2. Forming Data 

         The R packages “osmar” and “spatstat” are used to organize and analyze the 

dataset. The R package “spatstat” requests the target dataset to be an object of class 

lpp, which lpp represents point process on linear network. As a point process on 

linear network data in lpp format could not be found directly, it’s necessary to form 

the lpp format dataset after the related data was found. There are two parts in an lpp 

object. One part is an object of class ppp which represents point process in two-

dimension plane, and it contains the point process data. The other part is an object of 

class linnet which represents network of line segments, and it contains the linear 

network of roads data. 

         First of all, the latitudes and longitudes of mobile food business location were 

used to form the ppp object, and the variable Facility is used as marks in the ppp 

object. The point process pattern is shown in Figure 3.2. Secondly, the latitudes and 

longitudes of the street intersections and the edge list were used to form linnet 

object. The linear network map is shown in Figure 3.3.In the final step, an lpp object 
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was form by the ppp object and linnet object above, and it’s the dataset used to 

perform all the analysis in this thesis. The final map of point process on linear 

network is shown in Figure 3.4. 

 

Figure 3.2: Point Pattern of Mobile Food Business Locations; Black Dots Represent 

Trucks, and Red Squares Represent Push Carts. 

 

 

Figure 3.3: Linear Network Map of the Study Area 
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Figure 3.4: The Map of Mobile Food Business Locations with Type of Facilities; 

Blue Dots Represent Truck, and Red Squares Represent Push Cart. 

 

3.2. Point Process Data on the Map 

         There are three general point patterns for a point pattern in linear network: 

random, regular, and clustered. If the pattern of a point process on linear network is 

random, that means any point is equally likely to occur at any location and the 

position of any points is not affected by the position of any other point on the linear 

network. If the pattern of a point process on linear network is regular, that means 
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every point is as far from all of its neighbors as possible. If the pattern of a point 

process on linear network is clustered, that means many points are concentrated 

close together in few areas on the linear network, and large areas that contain very 

few or no points on the linear network. 

         From the initial view of the mobile food business locations on the study area 

map for both trucks and push carts (Figure 3.1.2(c)), we can see there are only few 

points on the west side. Most of the points are concentrated on the east and middle 

side, especially the northeast corner. The pattern of mobile food business locations 

on the study area may be clustered, and further analysis is needed to determine the 

real pattern. 

        The food truck business locations, which are the blue dots on the map, has 

similar structure as the overall point process. Most of the food trucks are 

concentrated on the east and middle side, and only few food trucks are operating on 

the west side. The clustered pattern is still expected to see in the food truck business 

locations on the study area, and further analysis is also needed to determine the real 

pattern. 

         The push carts business locations, has something different from the overall 

structure. There are only few food carts on the south side, and most of the food carts 

are concentrated on the northeast side. On the northwest side, there is no food cart 

observed. The pattern of food carts business locations on the study area is expected 

to be clustered, and further analysis is needed to determine the real pattern. 
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CHAPTER 4 

Point Process on Linear Network Analysis 

 

         In the process of analysis, the overall structure was not the only thing has been 

analyzed. The structure of food truck locations and food cart locations also have 

been analyzed. During the analyzing process, K-function, L-function, and pair 

correlation function will be used to determine the pattern of the point process. Mark 

connection function will be used to determine the relationship between food trucks 

and food carts within certain ratio. Finally, point process models on linear network 

will be used to determine the relationship between the point structure and its 

intensity function with respect to latitudes and longitudes.                       

 

4.1. Methods 

 

4.1.1. K-functions and L-functions 

         Ripley’s K-function is a tool in spatial analysis to describe how point patterns 

occur over a given area within different distance scales. For every point in the point 

process, the K-function calculates the number of other events which fall inside the 

circle with radius r. In two dimensions, the K-function is defined as: 

K(r) = A ∑ ∑ 𝑤𝑖𝑗𝐼𝑡(𝑖,𝑗)/𝑛2

𝑛

𝑗=1

𝑛

𝑖=1
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where n is the sample size, A is the total point pattern area, 𝑤𝑖𝑗  is the correct for 

edge effect, and 𝐼𝑡(𝑖,𝑗) is an indicator whose value is 1 when the distance between 

features is less than or equal to r, otherwise it is 0.  

        The K-function is used to detect the pattern of point process. Under the 

assumption of complete spatial randomness, the expected number of events within 

the radius distance r of an event is: 

K(r) =  𝜋𝑟2 

where 𝜋𝑟2 is the size of the circle. If the K-function has value less than 𝜋𝑟2, the 

point pattern of the point process is regular. If the K-function has value larger than 

𝜋𝑟2, the point pattern of the point process is clustered. 

         Sometimes it’s hard to compare the value of K(r) and 𝜋𝑟2 in a K-function plot, 

and L-function is needed to help us compare the value of K(r) and 𝜋𝑟2. L-function is 

a standardized version of the K-function, and it’s defined as: 

L(r) =  √�̂�(𝑟)

𝜋
 – r . 

In this way, we can determine the point pattern by comparing the L(r) value and 0. If 

the L-function is equal to 0, the point pattern of the point process is complete spatial 

randomness. If the L-function has positive value, the point pattern of the point 

process is clustered. If the L-function has negative value, the point pattern of the 

point process is regular. 

 

  

4.1.2. Pair Correlation Functions  

         Pair correlation function has the similar characteristic as the K-function, but it 

offers the information in an easier understanding way. It measures spatial association 

within rings rather than cumulative circles. If both of intensity function λ and second 

order product density 𝜆(2) exit, the pair correlation function g(r) is defined as: 
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g(r) =  
𝐴

4𝜋𝑟2𝑛2
(∑ ∑ 𝛿(𝑟 − 𝑟𝑖𝑗)

𝑗≠𝑖𝑖

) 

where n is the sample size, A is the total point patter area, 𝑟𝑖𝑗 is the distance between 

the pair points i and j. The pair correlation function is the conditional probability 

density of finding a particle at r, given that there is a particle at the co-ordinate 

origin. For the Poisson process or complete spatial randomness, the value of g(r) is 

equal to 1. If g(r) has value larger than 1, the point process is a cluster process. If 

g(r) has value less than 1, the point process is a regular process.  

 

4.1.3. Mark Connection Function 

         The mark connection function 𝑝𝑖𝑗(𝑟) are another refined tool for the 

correlation analysis of qualitative marks. It’s the conditional probability that two 

points at distance r have marks i and j, given that these points are in the same point 

process. The mark connection function is defined as: 

𝑝𝑖𝑗(𝑟) =  𝑝𝑖𝑝𝑗

𝑔𝑖𝑗(𝑟)

𝑔(𝑟)
 

where 𝑝𝑖 is the probability that a point is type i, 𝑝𝑗 is the probability that a point is 

type j, 𝑔𝑖𝑗(𝑟) the partial pair correlation function, and 𝑔(𝑟) is the overall pair 

correlation function. 

 

4.1.4. Point Process Models on Linear Network  

         The point process model on linear network is basically building models for the 

intensity function λ. The latitudes, longitudes, marks are the potential variables in 

the model. The outside source like population density can be added into the model as 
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a layer as well. After the model is built, we can get better ideas of the trend of the 

point process and the relationships between intensity function and the potential 

variables.  

 

4.2. Results 

 

During the analysis process, the mobile food business locations on linear 

network has been analyzed. In order to get a better understanding of the distribution 

of facilities locations, the mobile food business locations on linear network data has 

been divided into food truck only data and food cart only data. The same analysis 

process has been done to both of the divided data.   

         The overall intensity of the point process is 23.6 points per square mile, and 

the intensity of the point process on linear network is 0.964 points per mile. For the 

food truck, the intensity of the point process is 3.07 points per square mile, and the 

intensity of the point process on linear network is 0.124 points per mile. For the food 

cart, the intensity of the point process is 20.50 points per square mile, and the 

intensity of the point process on linear network is 0.838 points per mile. 

 

4.2.1. Mobile Food Business Locations on Linear Network 

K-function and L-function 

         Figure 4.1 shows the K-function for the overall mobile food business location 

on the study area, and Figure 4.2 shows the corresponding L-function. In Figure 4.1, 

the gray area is the pointwise 5% critical envelopes from 150 simulations of a 

complete spatial randomness point process based on a 100 observation sample from 
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the dataset. The red dashed line in the middle is the K-function of complete spatial 

randomness point process on linear network, and the black solid curve is the K-

function of the actual data. 

         In the K-function plot, the curve of K-function values have exceeded the 5% 

critical envelopes, which means the null hypothesis of complete spatial randomness 

is rejected, and there is a strong evident to support that the point process has either 

regular or clustered pattern. Also, in the plot of L-function, the same conclusion can 

be drawn. In the plot, the curve of L-function value has peaks of positive values, 

which indicates a clustered pattern. 

 

Figure 4.1 & 4.2: K-function (left) and L-function (right) for the overall mobile food 

business location on the study area 

 

Pire Correlation Function 

         Figure 4.3 shows the pair correction function of the overall mobile food 

business location on the study area. The red horizontal dashed line is the pair 
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correlation function of a complete spatial randomness point process on linear 

network, and the black curve is the pair correlation function of the actual data. The 

value on the y-axis is the weight of correlation between the points for certain distant-

ratio between them. This pair correlation function is for any two points are nearest 

neighbors in the network, no matter they are food carts or food truck.  

         The values in the curve increase at the beginning and start to decrease when 

the distant-ratio is larger than about 0.25 miles. When the distant-ratio is larger than 

about 2.3 miles, there is a sign that shows the pattern changes from clustered pattern 

to either complete spatial randomness or regular pattern. This changes of value in the 

curve indicate that, under 2.3 miles distant-ratio, if the distant-ratio increases, the 

pattern of clustered becomes weaker; if two points have distant-ratio larger than 2.3 

miles, they may not belong to the same cluster.  

 

Figure 4.3: Pair correlation function for any two points are in the point process on 

linear network. 
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         Figure 4.4 shows the cross-type pair correction function of the overall mobile 

food business location on the study area. The red horizontal dashed line is the pair 

correlation function of a complete spatial randomness point process on linear 

network, and the black curve is the pair correlation function of the data. This pair 

correlation function is for two points which are nearest neighbors in the network, 

and they should be with different type of marks. The value on the y-axis is the 

weight of correlation between the points for certain distant-ratio between them.  

          The values in the curve decrease when the distant-ratio is between 0 mile and 

1.6 miles. When the distant-ratio is between about 1.6 mile and 2.3 miles, the pair 

correlation function has value around 1. The changes of value in the curve indicate 

that, when the distant-ratio between two points is under 1.6 miles, the sign of 

clustered pattern becomes weaker with increasing distant-ratio. When the distant-

ratio is between around 1.6 mile and 2.3 mile, the points has patterns close to 

complete spatial randomness. 

 

Figure 4.4: Cross-type pair correction function for two points with different type of 

mark in the point process on linear network. 
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Mark Connection Function  

         Figure 4.5 shows the mark connection function of the overall mobile food 

business location on the study area. The red horizontal dashed line is the value of 

conditional probability that two point at distance r have marks i and j, given that 

these points are in the complete spatial randomness point process; the condition 

probability is 0.113. The black solid curve is the values of the same conditional 

probability given that these points are in the point process of actual data.  

 

Figure 4.5: mark connection function of the overall mobile food business location on 

the study area. 

 

         For different range of distant-ratio, the conditional probability of having push 

cart and truck is different. There are one local minimum and two local maximums in 

the plot. If the distant-ratio of two points is around 0.2 miles, the appearance of push 

carts and trucks are nearby is very unlikely. In the situation of two points have 

distant-ratio is around 0.7 miles and 2.2 miles, it's likely to see a push carts around a 
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truck or trucks around a push cart. From the plot, we can conclude that, for a push 

cart or a truck, it's unlikely for it to do business very close to the other type.   

 

Point Process Model on Linear Network 

         There were two models being built for this data set: one is to study the 

relationship between intensity function and the co-ordinates, and the other one is to 

study the relationship between intensity function and the interaction of marks and 

co-ordinates. All the co-ordinates have been transformed from latitude and longitude 

to miles. The (0,0) point is the location as the minimum latitude and longitude values 

in the original dataset. 

         First model is λ(x, y) = 𝑒(𝑎 +𝑏𝑥 +𝑐𝑦), and Table 4.1 contains the model’s 

coefficients and their standard errors. 

 

 Coefficients S.E. 

Intersection -2.465 0.205 

x (Latitudes-mile) 0.707 0.053 

y (Longitudes-mile) -0.139 0.063 

 

Table 4.1: Coefficients and S.E. of model λ(x, y) = 𝑒(𝑎 +𝑏𝑥 +𝑐𝑦) 

          

         In this model, all the estimated values are significant at 1% level of 

significance. The estimated coefficient of x is 0.707, which means with an additional 

mile away from the (0,0) point, by holding the y in some fixed level, the intensity 

function will increase by 102.79 % on average. This result indicates that more and 
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more points will be found when the direction moves from North towards South. The 

estimated coefficient of y is -0.139, which means with an additional mile away from 

the (0,0) point, by holding the x in a fixed level, the intensity function will decrease 

by 12.98% on average. This results indicates that less and less points will be found 

when the direction moves from East towards West.  

         Second model is λ(x, y) = 𝑒(𝑎 +𝑏𝑥 +𝑐𝑦 +𝑑𝑀𝑎𝑟𝑘𝑠 +𝑒𝑥:𝑀𝑎𝑟𝑘𝑠 + 𝑓𝑦:𝑀𝑎𝑟𝑘𝑠), and the 

estimated coefficients and standard errors are shown in Table 4.2. 

 

 Coefficients S.E. 

Intersection -5.166 0.668 

Truck 3.424 0.702 

x (Latitudes-mile) 0.838 0.159 

y (Longitudes-mile) 0.431 0.063 

Truck : x -0.148 0.169 

Truck : y -0.653 0.195 

Table 4.2: Coefficients and S.E. of model 

λ(x, y) = 𝑒(𝑎 +𝑏𝑥 +𝑐𝑦+𝑑𝑀𝑎𝑟𝑘𝑠+𝑒𝑥:𝑀𝑎𝑟𝑘𝑠 + 𝑓𝑦:𝑀𝑎𝑟𝑘𝑠) 

 

         In this model all the estimated values are significant at 5% significant level, 

except for the interaction between Truck and x. Compare the food carts with food 

trucks, they have similar spatial structure for the direction moves from North 

towards South, as the interaction of Truck and x is insignificant. On the direction 

moves from East towards West, the intensity of food cart increases faster than the 

intensity of food truck. This result indicates that the intensity of food carts changed 
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more quickly than the intensity of food truck on the direction moves from East 

towards West.   

 

4.2.2. Food Truck Locations on Linear Network  

         There are 321 observations are in this data. The point patterns of food truck on 

the study area is shown in Figure 4.6. 

 

Figure 4.6: Point patterns of food truck on the linear network. 
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K-function and L-function 

         The K-function of food truck locations on the study area is shown in Figure 

4.7, and Figure 4.8 shows the corresponding L-function. In Figure 4.7, the gray 

shading area is the pointwise 5% critical envelopes from 150 simulations of a 

complete spatial randomness point process based on a 100 observation sample from 

the original dataset. The red dashed line in the middle is the K-function of complete 

spatial randomness point process on linear network, and the black solid curve is the 

K-function of the actual data. 

 

Figure 4.7 & 4.8: K-function (left) and L-function (right) for the overall mobile food 

business location on the study area 

 

         In the K-function plot, the curve of K-function values have exceeded the 5% 

critical envelopes, which means the null hypothesis of complete spatial randomness 

is rejected, and there is a strong evident says that the point process has either regular 

or clustered pattern. Also, in the plot of L-function, the same conclusion can be 

drawn. In the plot of L-function, the curve of L-function value has peaks of positive 
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values, which indicates the pattern of the point process is clustered. As most of the 

points in the original dataset are food truck, the spatial structures of the original data 

and the spatial structure of food truck data are similar. 

 

Pire Correlation Function 

         Figure 4.9 shows the pair correction function of the food truck locations on the 

study area. The red horizontal dashed line is the pair correlation function of a 

complete spatial randomness point process on linear network, and the black curve is 

the pair correlation function of the actual data. The y-axis is the weight of 

correlation between the points for certain distant-ratio between them. This pair 

correlation function is for any two food trucks are nearest neighbors in the network.  

 

Figure 4.9: Pair correlation function for any two food trucks are in the point process 

on linear network. 
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         The values in the curve increase at the beginning and start to decrease when 

the distant-ratio is greater than about 0.25 miles. When the distant-ratio is larger than 

about 2.3 miles, the pattern has a sign of changing from clustered pattern to either 

regular or complete spatial randomness pattern. The changes of value in the curve 

indicate that, when the distant-ratio between two points is less than 2.3 miles, the 

pattern of clustered becomes weaker with an increasing distant-ratio. If two points 

have distant-ratio larger than 2.3 miles, they may not belong to the same cluster. As 

most of the observations are food trucks in the original data, the food truck data has 

similar spatial structure as the original data. 

 

Point Process Model on Linear Network 

         A model for studying the relationship between intensity of food truck and their 

co-ordinates is built. The model is λ𝑇𝑟𝑢𝑐𝑘(x, y) = 𝑒(𝑎 +𝑏𝑥 +𝑐𝑦), and the estimated 

coefficient and the corresponding standard errors are shown in the Table 4.3. 

 

 Coefficients S.E. 

Intersection -1.741 0.215 

x (Latitudes-mile) 0.691 0.056 

y (Longitudes-mile) -0.222 0.068 

 

Table 4.3: Coefficients and S.E. of model λ𝑇𝑟𝑢𝑐𝑘(x, y) = 𝑒(𝑎 +𝑏𝑥 +𝑐𝑦) 

 

         All the estimated coefficients in this model are significant at 1% level of 

significance. The estimated coefficient of x is 0.69. By holding all the other variables 

constants, for every additional mile increases from North towards South, the 
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intensity function will increase by 99.57% on average. The estimated coefficient of y 

is -0.222. For every additional mile moves from East towards West, by holding all 

the other variables at some fixed levels, the intensity function will decrease by 

19.91% on average. 

 

4.2.3. Food Cart Locations on Linear Network  

         There are only 48 observations are in this data. The point patterns of food carts 

on the study area is shown in Figure 4.10. 

 

Figure 4.10: Point patterns of food cart locations on the linear network. 
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K-function and L-function 

         Figure 4.11 shows the K-function for the food cart locations on the study area, 

and Figure 4.12 shows the corresponding L-function. In Figure 4.11, the gray area is 

the pointwise 5% critical envelopes from 150 simulations of a complete spatial 

randomness point process which is based on the original dataset. The red dashed line 

in the middle is the K-function of complete spatial randomness point process on 

linear network, and the black solid curve is the K-function of the actual data. 

         In the K-function plot, the curve of K-function values has exceeded the 5% 

critical envelopes, which means the null hypothesis of complete spatial randomness 

is rejected, and there is a strong evident supports that the point process has either 

regular or clustered pattern. Also, in the plot of L-function, the same conclusion can 

be drawn. In the plot, the curve of L-function value has peaks of positive values, 

which indicates a pattern of clustered. 

 

Figure 4.11 & 4.12: K-function (left) and L-function (right) for the overall mobile 

food business location on the study area 
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Pire Correlation Function 

         Figure 4.13 shows the pair correction function of the food cart locations on the 

study area. The red horizontal dashed line is the pair correlation function of a 

complete spatial randomness point process on linear network, and the black curve is 

the pair correlation function of the actual data. The y-axis is the weight of 

correlation between the points for certain distant-ratio between them. This pair 

correlation function is for any two food carts are nearest neighbors in the network. 

         The values in the curve increase at the beginning and start to decrease 

smoothly when the distant-ratio is larger than about 0.2 miles. When the distant-ratio 

is greater than about 1.4 miles, there is a sing of pattern changing from clustered to 

either complete spatial randomness or regular. This curve indicates that, under 1.4 

miles distant-ratio, if the distant-ratio increases, the pattern of clustered becomes 

weaker. If two points have distant-ratio is greater than 1.4 miles, they may not 

belong to the same cluster.  

 

Figure 4.13: Pair correlation function for any two food carts are in the point process 

on linear network. 
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Point Process Model on Linear Network 

          A model for studying the relationship between intensity of food cart and their 

co-ordinates is built. The model is λ𝐶𝑎𝑟𝑡(x, y) = 𝑒(𝑎 +𝑏𝑥 +𝑐𝑦), and the estimated 

coefficient and the corresponding standard errors are shown in the Table 4.4. 

 

 Coefficients S.E. 

Intersection -5.166 0.668 

x (Latitudes-mile) 0.838 0.159 

y (Longitudes-mile) 0.431 0.183 

 

Table 4.4: Coefficients and S.E. of model λ𝐶𝑎𝑟𝑡(x, y) = 𝑒(𝑎 +𝑏𝑥 +𝑐𝑦) 

 

         All the estimated coefficients in this model are significant at 5% level of 

significance. The estimated coefficient of x is 0.838. By holding all the other 

variables constants, for every additional mile increase from North towards South, the 

intensity function will increase by 131.17% on average. On the direction moves 

from East towards West, the estimated coefficient of y is 0.431. For an additional 

mile moves from East towards West, by holding all the other variables at some fixed 

levels, the intensity function will increase by 53.88% on average. 

         Unlike the spatial structure of food truck and the original data, the structure of 

food cart is increasing on both North to South and East to West direcions. 
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CHAPTER 5 

Conclusions 

 

1. The patterns of overall point process, the point process of food trucks, and the 

point process of food carts are clustered. Most of the points are concentrated 

close on the east side, and only few points are spreading out over the west 

side.  

2. Most of the observations in the original data is food trucks. On the linear 

network, the spatial structures of the point process of food truck data and the 

point process of original data are similar.  

3. In general, a food truck doesn’t want to run business close to any food carts, 

and a food cart also has no intention to do business close to any food trucks. 

4. Most of the mobile food venders prefer to run their business on the northeast 

side. Only a few mobile food business are operated on the southwest area.  

5. Both of the point process of the food trucks and food carts have the similar 

trends on the direction moves from North towards South. 

6. The food carts have a higher rate of differences between East and West than 

the food trucks.         
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CHAPTER 6 

Limitation and Ideas for Future Research 

 

Limitation 

1. As there is a 50000 nodes limitation of downloading the data from the 

website OpenStreetMap, only part of the mobile food business in San 

Francisco City could be used and analyzed in this thesis. 

2. Because of the size of the dataset and the time consuming process, a 

simulation of 150 times from 100 data is the most reasonable thing to do for 

the original data and the food trucks data.  

3. The Mobile Food Permit dataset only contains data from a short time period. 

 

Ideas for Future Research 

1. Programing work on OpenStreetMap data. As the limitation of 

OpenStreetMap, the mobile food businesses over the whole San Francisco 

City are impossible to be analyzed. More programming work can be done in 

order to get a bigger map from OpenStreetMap.  

2. Data from a longer time period. The data in this thesis contains observations 

from less than one year time period. If there a data contains observations from 

a longer time period can be found, an analysis of spatial trend over time can 

be performed. This analysis can help us to get more information about how 

the mobile food businesses change over time during a year.  

3. Factors that will influent the location of facilities. Factors like population 

density, offices distribution, and tourist season and popular area of San 

Francisco City may have impact to the mobile food venders’ preference of 
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location. Those factors may help us get a better understanding of why the 

clustered pattern exits on those specific locations. 

4. Study subjects other than mobile food business facilities. In the Mobile Food 

Permit dataset, there is so many other information like type of food the 

venders sell, the date of the venders applied and received the permit, number 

of days since they have received the permit, and etc.. Analyzing the 

information above, combine with the San Francisco City map, can also 

provide lots of helpful information to whoever wants to know more about the 

mobile food business in San Francisco City. 
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