
Describing a Point Pattern

空間分析 ( Geog 2017 )｜台大地理系

Spatial Analysis
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The Era of Geotagging: What’s the Next?

(a) Clustering (b) Dispersion/Uniform (c) Random



Spatial Point Pattern Analysis

 Measuring Geographic Distribution 

 Spatial Mean & Standard Distance

 Spatial Median

 Standard Deviational Ellipse

 Analyzing Global Patterns

 Quandrat Analysis

 Nearest Neighbor Methods

 Ripley’s K Function

Exploratory Analysis:

Descriptive Statistics 

Confirmatory Analysis:

Inferential Statistics 



Issues of Point Pattern Description

 WHAT are the centrality & dispersion of a set of 

points data. 

 WHY mapping the centrality & dispersion.

 HOW to measure the centrality & dispersion.



Why mapping the centrality & dispersion of 
a set of points



Measures of Centrality

 Mean Center 

 Weighted mean center

 Median Center

1. Center of Minimum Distance

 Euclidean distance / Manhattan distance

2. As the region is divided into 4  quadrants with equal 

numbers of data point

 Weighted median center
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Mean Center



Median Center

Minimize Σi

Euclidean distance

歐幾里得距離

Manhattan distance

曼哈頓距離



Mean Center vs. Median Center



Central Feature



Summary



Mean

Median

Demo: Schools in Tainan City

267/424= 63%
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Demo: Geographic Center (weighted by population)



https://www2.census.gov/geo/pdfs/reference/cenpop2010/centerpop_geographic2010.pdf



Mean centers of the United States population

Map showing changes to the mean center of population 
for the United States, 1790–2010 (US Census Bureau)



Data from sports-reference.com. Created by Ben Blatt
http://www.slate.com/articles/sports/culturebox/2014/10/baseball_player_map_a

_new_u_s_map_based_on_where_baseball_players_were_born.html

1900-2014

http://www.slate.com/articles/sports/culturebox/2014/10/baseball_player_map_a_new_u_s_map_based_on_where_baseball_players_were_born.html


台灣人口中心的變遷：1897-2010



Measures of Dispersion

 Standard Distance

 A spatial analogy of Std. Dev. to describe the distribution of 

points around the mean center

 Does not capture any directional bias and  capture the shape 

of the distribution

 Weighted Std. Distance

 Standard Deviational Ellipse

 gives dispersion in two dimensions
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Standard Distance
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Standard Deviational Ellipse

長(短)軸的長度
(標準差)
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Standard Deviational Ellipse

X-Y軸的標準差

旋轉角度

長(短)軸的長度
(標準差)



Std Distance vs. Std Deviational Ellipse
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Standard Deviational Ellipse



1. Daytime burglaries tend to be slightly more concentrated 

2. The differences in the locations

Daytime burglaries Nighttime burglaries

Comparisons of spatial distributions





Demo：Describing a Point Pattern

 提供圖資(schools.shp)：

 台南地區學校分佈

 分析方法：

 Spatial Distribution

 Spatial Mean Center

 Median Center

 Central Feature

 Standard Distance

 Standard Deviational Ellipse

Mean Center

Median Center

Central Feature



Sample Data: schools_sf



0. Data Preparation

產生連續數值的屬性

產生類別數值的屬性

擷取特定屬性的圖資



0. Data Preparation: School_df



Comparisons

school_clusterschools_sf



R packages: aspace



1. Mean and Median Centers

Mean.Center <- mean_centre (id=1, points=School_df[,1:2])

Median.Center <- median_centre (id=1, points=School_df[,1:2])

建立 sf 格式的point data

Median.Center_sfg = st_point(c(Median.Center[,2],Median.Center[,3]))

Median.Center_sfc = st_sfc(Median.Center_sfg)

Median.Center_sf <- st_sf(Median.Center_sfc)

st_crs(Median.Center_sf) <- st_crs(schools_sf)

tm_shape(Median.Center_sf)+tm_dots(col="green", size= 0.5)



補充： %>% 運算元

Mean.Center_sfg = st_point(c(Mean.Center[,2],Mean.Center[,3]))

Mean.Center_sfc = st_sfc(Mean.Center_sfg)

Mean.Center_sf <- st_sf(Mean.Center_sfc)

library(magrittr)

Mean.Center.Coor <- c(Mean.Center[,2],Mean.Center[,3])

Mean.Center_sf <- Mean.Center.Coor %>% st_point %>% st_sfc %>% st_sf



Comparisons

Median center 

Mean center 



2. Weighted Mean Center

W.Mean.Center <- mean_centre (id=1, weighted=TRUE, weights=School_df$students, 

points=School_df[,1:2])

W.Mean.Center.Coor <- c(W.Mean.Center[,2],W.Mean.Center[,3])

W.Mean.Center_sf <- W.Mean.Center.Coor %>% st_point %>% st_sfc %>% st_sf

st_crs(W.Mean.Center_sf) <- st_crs(schools_sf)

tm_shape(W.Mean.Center_sf)+tm_dots(col="green", size= 0.5)



3. SDD: Standard Distance

school.SDD<- calc_sdd(id=1, points=School_df[,1:2])



Mapping Standard Distance: R code

center.x<- school.SDD$CENTRE.x

center.y<- school.SDD$CENTRE.y

center.coor <- c(center.x, center.y)

center_sf<- center.coor %>% st_point %>% st_sfc %>% st_sf

st_crs(center_sf) <- st_crs(schools_sf)

rad<- school.SDD$SDD.radius

SD_sf<- st_buffer(center_sf, rad)

SD_lyr <- tm_shape(SD_sf) + tm_borders(col = "blue") +

tm_layout(frame = F)

Center_lyr <- tm_shape(center_sf) + tm_dots(col="blue", size= 0.5)

schools_lyr+ Center_lyr+ SD_lyr



Mapping Standard Distance（results）



Weighted Standard Distance

school.SDD2<- calc_sdd(id=1, points = School_df[,1:2], 

weighted = TRUE, weights=School_df$students)



Export SDD to Shapefile

# ESRI Shapefile type 1=point, 3=polyLine, 5=polygon

shp <- convert.to.shapefile( sddloc, sddatt, "id", 5) 

write.shapefile(shp, "SDD_Shape", arcgis=T)

# reading shp and mapping

SDD_Shape_sf <- st_read("SDD_Shape.shp")

st_crs(SDD_Shape_sf) <- st_crs(schools_sf)

schools_lyr+ tm_shape(SDD_Shape_sf) + 

tm_borders(col = "blue")+tm_layout(frame = F)



4. SDE: Standard Deviational Ellipse

school.SDE <- calc_sde(id=1, points=School_df[,1:2])



Mapping Standard Deviational Ellipse



5. Central Feature

school.CF<- CF(id=1, points=School_df[,1:2])

CF.x<- school.CF$CF.x

CF.y<- school.CF$CF.y

CF.coor <- c(CF.x, CF.y)

CF_sf <- CF.coor %>% st_point %>% st_sfc %>% st_sf

st_crs(CF_sf) <- st_crs(schools_sf)

CF_lyr <- tm_shape(CF_sf) + tm_dots(col = “blue”, size= 0.5) +

tm_layout(frame = F)

schools_lyr + CF_lyr



6. Mean centers by grouping attributes



Mean centers by grouping attributes

type <- schools_sf$type

newid<- unique(type)

xx<-vector(); yy<-vector(); ctype<-vector()

for (i in 1:2){

index<-(type == newid[i])

newschool<-schools_sf[index, ]

xcoor<-newschool$X_coor

ycoor<-newschool$Y_coor

newschool.mc <- mean_centre(id=1, points=cbind(xcoor, ycoor))

xx[i]<-newschool.mc$CENTRE.x

yy[i]<-newschool.mc$CENTRE.y

ctype[i]<-newid[i]

}



Mean centers by grouping attributes (cont’d)

newcenterxy <- data.frame(xx,yy, ctype)

New_sf <- st_as_sf(newcenterxy , coords=c("xx","yy"))

st_crs(New_sf) <- st_crs(schools_sf)



Mean centers by grouping attributes (cont’d)

New_lyr <- tm_shape(New_sf) + 

tm_dots(col="ctype", palette=c(Cluster='blue', Isolation='cyan'), size= 0.5) 

+ tm_layout(frame = F) 

schools_lyr2 <- tm_shape(schools_sf) +   

tm_dots("type", palette=c(Cluster='red', Isolation='orange'), size= 0.1) + 

tm_layout(frame = F)

schools_lyr2 + New_lyr



實習：描述疾病擴散的時空趨勢

 圖資 point_event.shp

 登革熱病例分佈 (僅為實習為目的，不是真實資料)



Task 1: Exploring temporal trends in different time-scales

By week

By periodweek 01~07: period 1
week 08~15: period 2
week 16~23: period 3
week 24~31: period 4
week 32~39: period 5
week 40~47: period 6
week 48~55: period 7



Task 2: Exploring spatial trends in different periods

擷取高雄地區的登革熱病例分佈

參考結果



本週作業：計算各縣市人口中心點

 圖資：

 台灣鄉鎮人口 Popn_TWN2.shp

 範例內容:

 產生台灣縣市邊界，並計算各縣市幾何中心

 利用台灣鄉鎮人口加權方式，產生各縣市的人口中心點

 比較幾何中心點與人口中心點的差異

繳交期限：4/26 下午2:00



產生台灣各縣市的幾何中心點



利用各鄉鎮人口加權，產生各縣市的人口中心點

Population Center

Geometric Center



幾何中心

人口中心

預期結果：比較各縣市的人口中心與幾何中心



提醒：4/19期中考 (open-book)

 考試範圍：

 Cartography: projected coordinate system; thematic mapping

 GIS operations: fishnet; buffer zones; intersections; data join; 

data summarized by attributes or locations

 Basic statistics: probability distributions; inferential statistics

 R Programming: user-defined functions

 Describing point patterns: centrality and dispersions

Midterm

Exam


