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Using Google Street View for Street-Level
Urban Form Analysis, a Case Study
in Cambridge, Massachusetts

Xiaojiang Li and Carlo Ratti

Abstract City streets are a focal point of human activities in urban areas. As an
important element of urban form, streets are also a major interface of the social
interaction between urban dwellers and urban built environment. Quantifying the
urban built environment is thus important for us to understand the potential impact
of the urban built environment on urban dwellers. The publicly accessible Google
Street View (GSV), which captures the streetscape appearances of cities around the
world, provides a very good tool for urban studies at a fine level. In this study, we
illustrated using GSV for describing and mapping urban form at street-level in terms
of the enclosure of street canyons in Cambridge, Massachusetts. We further mapped
and analyzed the influence of street enclosure on solar radiation reaching the street
canyons by estimating the sunlight duration in street canyons. Some other potential
applications of GSV data were also introduced in this paper. The results of this
study would shed new light on future urban studies using the publicly accessible and
globally available GSV data. Other researchers may find the method illustrated in
this study is directly deployable for different studies related to urban form analysis.

1 Introduction

City streets are a focal point of human activities in urban areas (Li et al. 2017). As an
important element of urban form, streets are amajor interface of the social interaction
between urban dwellers and urban built environment. The openness of street canyons
influences human perception of the environment, and enclosed street canyons may
give a feeling of oppressiveness to pedestrians (Asgarzadeh et al. 2012, 2014). The
urban form would also influence the energy balance in street canyons, which would
further affect human thermal comfort and exposure to sunlight (Carrasco-Hernandez
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et al. 2015; Li et al. 2017). This effect on human thermal comfort is more obvious
during hot summer.

Quantifying the urban form is thus important for us to understand the potential
impacts of the urban built environment on urban dwellers. Based on digital city
models, various metrics can be calculated to describe and quantify different aspects
of urban form. With the availability of high-resolution digital city models, it would
be also possible to simulate the transmission of solar radiation within street canyons
(Gal et al. 2009; Ratti and Richens 2004). However, digital city models cannot fully
represent the streetscapes because most digital city models oversimplify the complex
geometries of street canyons (Carrasco-Hernandez et al. 2015). In addition, the urban
vegetation, which is a very important part of the urban natural system, is usually not
included in those digital citymodels (Li et al. 2018).What ismore, the high-resolution
building city models are not always available in many cities.

The publicly accessibleGoogle StreetView (GSV),which captures the streetscape
appearances of cities around the world, provides a very good tool for urban studies
at a fine level. GSV was first introduced in 3D city modeling (Torii et al. 2009;
Lee 2009; Micusik and Kosecka 2009) because the panoramic sequences in GSV
can be used to reconstruct the 3D model of streetscapes. Since GSV represents
the physical appearance of streetscapes and may have more direct connection with
human perception of environment, GSV was further used to map human perception
of environment using crowdsourcing method (Salesses et al. 2013; Naik et al. 2014).
Based on time-series GSV images, Naik et al. (2017) measured the changes in the
physical appearances of neighborhoods in five U.S. cities. The strong associations
between the social characteristics and the streetscape appearance changes show that
the GSV-based method can help to predict neighborhood improvement.

In this study, we illustrated using GSV for describing and modeling the enclosure
of street canyons in Cambridge, Massachusetts. We estimated and mapped the sky
view factor (SVF), which is a very important parameter of urban form, at street-level
using GSV. We further mapped and analyzed the spatial distributions of sunlight
duration in urban street canyons in Cambridge, MA during leaf-on seasons based on
the generated hemispherical images from GSV panoramas.

2 Data Preparation

2.1 Google Street View (GSV) Panorama Collection

GSV panoramas can be collected from Google Server using Google Maps Applica-
tion Programming Interfaces (APIs). In this study, in order to collect GSV panora-
mas to represent the urban form, we first created sample sites every 100 m along
the streets. Figure 1a shows the generated sample sites along streets in Cambridge,
Massachusetts. Based on the coordinates of these sample sites, we further collected
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Fig. 1 The workflow for GSV panorama collection, a the created sample sites in Cambridge,
Massachusetts, b the metadata of GSV panoramas, c a GSV panorama of one sample site

the metadata of GSV panoramas in the study area. Here is an example of collecting
the metadata of a GSV panorama located at (42.359048, −71.093574),

URL: http://maps.google.com/cbk?output=xml&ll=42.359048,-71.093574
Metadata of the a GSV panorama
{
   "copyright" : "© 2017 Google", 
   "date" : "2017-9", 

"location" : {
      "lat" : 42.358964, 
      "lng" : -71.093537 
   }, 

"pano_id" : " 4G5km0yE7QsmzxE7YBPRYw",
   "pano_yaw_deg": " 341.80734"
}

Based on the panorama IDs in the metadata, GSV panoramas can also be down-
loaded. Figure 1 shows the workflow of collecting GSV panorama metadata and the
final GSV panoramas. In this study, we developed a Python script (Appendix A)
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to download tiles of GSV panoramas and mosaic them to a panorama for each site
using the panorama ID as input.

2.2 Geometric Transform of Google Street View (GSV)
Panoramas

The collected GSV panoramas are in the form of equidistant cylindrical projection as
shown in Fig. 1c. For urban form studies, the cylindrical projection GSV panoramas
need to be transformed to equidistant azimuthal projection. Figure 2 shows the geo-
metric model of transforming cylindrical projection to azimuthal projection. A GSV
panorama with width of Wc and height of Hc can be re-projected to an azimuthal
hemispherical image with the width and height ofWc/π . For any pixel (xf , yf ) in the
generated hemispherical image, the corresponding pixel in the cylindrical panorama
should be (xc, yc),

xc " θ

2π
Wc

yc " r
r0
Hc (1)

where r and θ are the distance of the pixel (xf , yf ) to the center of the hemispherical
image and the zenith angle, respectively (Fig. 2).

Considering the fact that the central column in the cylindrical image represents the
driving direction of the GSV vehicle rather than the true north direction. Therefore,
the generated hemispherical images need to be further rotated by the yaw angle to
make sure the generated hemispherical images represent the north, east, south, and
the west direction correctly. The yaw angle can be accessed from the metadata of
GSV panorama in Sect. 2.1. The pixel (xf , yf ) in the synthetic hemispherical images
should be further converted into (xf ′, yf ′) in the rotated hemispherical images as,

x′
f " xf cosϕ − yf sin ϕ

y′
f " xf sin ϕ + yf cosϕ

ϕ " 360 − yaw (2)

where yaw is the yaw angle from the metadata of GSV panorama.

2.3 Image Classification

The sky extraction is a requisite step to derive urban form information from hemi-
spherical images. In this study, we applied the object-based image classification
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Fig. 2 Geometrical transform of equidistant cylindrical projection to equidistant azimuthal projec-
tion (hemispherical image)

method to classify the hemispherical into sky pixels and non-sky pixels the sky
(Li et al. 2018). Hemispherical images were first segmented into homogeneous and
physically meaningful objects based on the mean-shift algorithm (Comaniciu and
Meer 2002; Li et al. 2018). Figure 3b shows segmentation results on hemispherical
images. Compared with the original hemispherical images (Fig. 3a), the segmented
images have enhanced difference between sky pixels and non-sky pixels.

Since sky pixels are usually brighter than non-sky pixels and non-sky greenery
pixels usually have higher values in the ExG (2×green− blue− red) image, we used
the brightness and ExG to extract the sky pixels from the segmented hemispherical
images . TheOtsu’smethod (Otsu 1979)was then used to find the optimum thresholds
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Fig. 3 The classification of sky pixels in three generated hemispherical images, a the original
hemispherical images generated from GSV panoramas, b the segmented images using mean-shift
algorithm, c the sky classification results

to separate sky pixels and non-sky pixels. Those pixels that have higher Brightness
and lower ExG values than optimum thresholds are sky pixels. Figure 3c shows the
classification results of sky pixels on three generated hemispherical images based on
the above spectral and geometrical rules.
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3 Estimating and Mapping the Sky View Factor
in Different Seasons

The sky view factor (SVF) is an important parameter of urban form. The SVF was
proposed by urban climatologists to describe the amount of solar radiation reaching
the street canyons. The SVF is defined as (Steyn 1980),

SVF " 1
πr20

!

Sp

dSp (3)

where r0 is the radius of the hemispheric radiating environment, Sp is the area of
the circle sky area projected on the ground. When the sky is totally obstructed the
SVF is zero, and the SVF is one when there is no obstruction for a site. In summer,
building blocks and tree canopies act as major obstructions of sky in street canyons,
while building block is the main obstruction in winter since trees are leafless. There-
fore, in this study, we used the GSV-based photographic method and the building
height model-based simulation method to estimate and SVF in summer and winter,
respectively.

The photographic method is one of the standard methods for SVF estimation. In
this study, we used the hemispherical images generated from GSV panoramas taken
in summer to estimate the SVF in street canyons of Cambridge during summer.
The photographic method (Steyn 1980; Johnson and Watson 1984) first divides the
fisheye image into n concentric annular rings of equal width, and then sums up all
annular sections representing the visible sky. The SVF is then calculated as

SVF " 1
2π

sin
" π

2n

# n$

i"1

sin
%

π (2i − 1)
2n

&
αi (4)

where n is the total number of rings, i is the ring index, and αi is the angular width
in ith ring. Based on previous studies (Chen et al. 2012), in this study, we set the n to
37. Since GSV panoramas used in this study were captured during leaf-on seasons,
therefore, building blocks and street trees both act as obstructions of solar radiation in
street canyons. The estimated SVFusingGSV-based photographicmethod represents
the openness of street canyons in summer.

In winter, trees are leafless and building blocks act as the main obstruction. There-
fore, we further estimated the SVF in winter using the simulation method based on
building height model and ray-tracing algorithm. In the simulation method, the SVF
can be estimated based on the simulation of light radiation in the building height
model with consideration of the obstruction of building blocks only. The SVF can
be calculated as (Gal et al. 2009),

SVF " 1 − 1
360

359$

α"0

sin2βα (5)
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where βα is the obstruction angle of the obstruction building at horizontal direction
of α, and can be calculated as the following formula considering the fact that GSV
panoramas were captured at a height of 2.5 m,

βα " max(βα,i) " max
%
arctan

Hα,i − 2.5
Dα,i

&
(6)

where βα,i is the obstruction angle of building i along the horizontal direction α,Hα,i

is the height of building i, and Dα,i is the distance between the building i and the site
of the GSV panorama.

Figure 4a shows the spatial distribution of the SVF values in winter with the con-
sideration of the obstruction of building blocks only. The central and southern parts of
the study area, which around Harvard Square and Kendall Square, have significantly
lower SVFvalues than other regions. This is because of the large numbers of high-rise
buildings in there. In summer, the street tree canopies would also act as obstruction
and should be considered in calculating the real SVF. Figure 4b shows the spatial
distribution of the SVF map in summer using the GSV-based photographic method,
which considers the obstruction effects of both the building blocks and the street tree
canopies. There is no obvious pattern in the SVF distribution after considering the
obstruction effects of both buildings and street trees in the study area.

Fig. 4 The spatial distributions of SVF in Cambridge,MA and hemispherical images with different
SVF values, a the SVF map in winter when building blocks are the major obstruction, b the GSV-
based photographic SVF map in summer when tree canopies and buildings both act as obstruction
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4 Estimating Direct Sunlight Duration in Street Canyons

The sunlight duration, which measures the duration of sunlight in a given period,
is an important climatological parameter influencing the human thermal comfort
within street canyons. It would also influence pedestrian activities in street canyons
during hot summer. The sunlight duration in street canyons is influenced by the
spatial configuration of urban features and the orientation of streets. Based on the
hemispherical images generated from GSV panoramas, it is possible to estimate the
spatio-temporal distribution of the sunlight duration at street level.

The sun positions can be calculated with high accuracy, as it varies with the
location of those sites and time. By overlaying the hemispherical image and sun path
for a given day at one site, it is possible tomeasure the duration of sunshine throughout
a day for the site. Figure 5 shows the overlays of sun positions on hemispherical
images from 5:00 a.m. to 7:00 p.m. on September 1st at three sites.

By assuming that the sunlight would be blocked if the sun were not located in the
open sky areas on the hemispherical images, we calculated the sunlight duration for
one site as the duration of sunlight not blocked by obstructions for this site within the
street canyon. The calculation was based on the assumption that the weather is sunny
and cloudless. Although the result may not represent the real sunlight duration in
cloudy or raining day, this simulation would give an estimate of the potential sunlight
duration theoretically, which would provide a reference for urban planning.

Figure 6 shows the spatial distributions of direct sunlight duration at site level and
block group levels on August 1st. Different parts of the study area have very different
spatial distributions of sunlight duration. Generally, the northwestern and eastern
parts of the study area have longer sunlight duration. This study also shows that it is
possible to estimate the spatio-temporal distribution of sunlight durationwithin street
canyons at large scales with a fine temporal resolution. Considering the abundance of
GSV data in cities around the world, the proposed automatic method would provide
a huge impetus to all studies relating street canyons level solar radiation.

Fig. 5 The overlay of the sun path of September 1st, 2014 on three hemispheircal images taken in
September
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Fig. 6 The spatial distribution of direct sunlight duration in Cambridge, MA

5 Other Potential Applications

The globally available and publicly accessible street-level images would bene-
fit urban environmental studies at street-level dramatically for cities around the
world. For example, based on the proposed green view index calculated from GSV
images (Li et al. 2015), the Treepedia (http://senseable.mit.edu/treepedia) project
was launched to map and compare the spatial distributions of street greenery for
cities around the world. Currently, the Treepedia project has mapped street greenery
formore than 30 cities around theworld. Figure 7 shows the spatial distribution of the
green view index in Boston. Environmental metrics derived fromGSV images would
help urban planners, public health researchers, and social scientists to investigate the
interaction of physical environment and human beings from a new perspective at fine
level.

The progress in artificial intelligence research would make deriving more infor-
mation possible from street-level images. Figure 8 shows the image classification
results using the PSPnet (pyramid scene parsing network) deep learning algorithm
(Zhao et al. 2016) on GVS images. Different kinds of urban features along the streets
can be recognized accurately, which would be useful for urban planning.

Google has collected street-level images for most countries of the world and
Google keeps updating the street-level images database periodically. In 2014, Google
launched the time-machine tool in Google Street View service, and users can access
the historical GSV images. It would make studying the temporal changes of the
streetscapes possible using the street-level images. Figure 9 shows the changes of
streetscapes at two sites of Cambridge, Massachusetts in GSV panoramas.

Other than Google Street View, there are more and more street-level images
providers, such as Tencent Street View, Baidu Street View, Bing Maps Streetside,
andMapillary, etc. The coming autonomous vehicle technologies would also provide

http://senseable.mit.edu/treepedia
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Fig. 7 The green View index map in Boston from Treepedia

abundant street-level images for urban studies in future. Future urban form studies
will benefits significantly frommore abundant street-level images andmore advanced
image processing algorithms.

6 Discussion and Conclusion

This study presented a case study in Cambridge, MA using the publicly accessible
Google Street View (GSV) panoramas and building height model to derive quantita-
tive information of urban form at street-level. Based on the quantitative information
derived from GSV panoramas and the building height model, it is possible to esti-
mate the spatio-temporal distributions of sky view factor (SVF) and the sunlight
duration at the street canyon level. Different from the building height model, the
GSV panoramas represent the actual appearance of streetscape, therefore, the GSV
images would be a perfect data source for mapping the urban form with considera-
tion of the urban natural ecosystem. With combination of the building height model,
it is possible to map the spatio-temporal distribution of SVF and sunlight duration
in different seasons. The GSV would also be a surrogate for those study areas with
high-resolution digital city models not available.

This study showed that that GSV is a very promising data source for urban studies
considering its public accessibility and global availability. The developed workflow
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Fig. 8 Image classification results on GSV images using pyramid scene parsing convolutional
neural network

Fig. 9 The changes of streetscape at two sites of Cambridge, MA in GSV panoramas
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for urban form analysis in this study is totally automatic and without any human
intervention. Therefore, it is possible to simply and rapidly estimate the SVF and
sunlight duration at street-level for any city with GSV service available. The GSV-
based method is suitable for large-scale SVF estimation can help researchers, urban
planners and managers better understand the influence of urban form on the urban
microclimate, urban air pollution migration, and human perception of urban envi-
ronment.

While this study has showed using GSV to estimate and map the urban form
information quantitatively, there are still some limitations that should be addressed in
future applications. First,GSV imageswere capturedwithin street canyons, therefore,
GSV is only suitable for estimating the urban form informationwithin street canyons.
Combining with different data sources would help us to make a better understanding
of the urban form.

In addition, although the SVF and direct sunlight duration are important parame-
ters for understanding the urban form and its performance in cities, the performances
may vary in different cities. In the future study, more parameters need to be consid-
ered to better represent the human experience in street canyons.

Although GSV images make it possible accurately derive fine-level urban form
information at a large scale, future studies should also consider giving more focus
on humans. With the advancement in deep learning and abundance of human GPS
trajectories, it is possible to derive more information from street-level images and
better investigate the interaction between humans and urban built environment at a
fine level.

Acknowledgements We would like to thank Bill. Y. Cai for providing the technical support in
processing Google Street View images based on convolutional neural networks.

Appendix A

The code for collecting Google Street View panoramas from Google’s server based
on the Google Maps API, https://github.com/xiaojianggis/skyview.
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