














 

First, we show how a set of attributed intersection points captures 
the style of an existing urban layout (Figure 8). We used our 
program to create a copy of the attributed intersection points of 
Lafayette. This is interactively accomplished via a single mouse-
dragging and pasting operation. The copied intersection points are 
automatically connected in a way that closely resembles the layout 
of the original city. Notice for instance how the main (longest and 
widest) streets in the synthetic city are almost identical to those of 
the example city. The errors in the recovered network are due to 
the presence of highly atypical streets and to the stochastic nature 
of our algorithm. While this particular result could also be 
accomplished by a simple copy and paste, it serves to show the 
effectiveness of our representation in capturing the style of a city 
using a mostly stochastic process. 
To compose larger layouts, we demonstrate several types of 
synthesis operations. Figure 9 shows an urban layout (left) with 
grid-pattern city blocks (e.g., Buenos Aires) growing into an empty 
area inside the layout (e.g., a park). First, the user has placed a set 
of attributed intersection points taken from a similar grid-pattern 
city (middle). Street segments are automatically generated to 
connect the points in a way that closely resembles the style of the 
original city. In a second experiment (right), the user has placed a 
different set of attributed intersection points copied from a city 
with a more irregular street pattern (e.g., Istanbul -- see right side 
of Figure 10). Again, street segments exhibiting a style similar to 
that of the example city are created to connect the intersection 
points. In this latter case, there is a clear (but rough) transition in 

the style of the street network. Notice the higher tortuosity of the 
new streets and the small angles at many of the intersection points. 
In both cases, new streets are reasonably connected to the original 
street network. 
A result of a spatially varying blending operation is shown in 
Figure 10. Example layout fragments are extracted from urban 
areas of different styles: one exhibiting a grid-pattern (left), and 
one exhibiting an irregular pattern (right). A new street network is 
generated as a combination of both patterns (middle). The blending 
value provided by the user defines the attributes of the upper points 
to be more similar to those of the intersection points in the grid 
pattern, and a different blending value defines the attributes of the 
lower points to be more similar to those of the points in the 
irregular pattern. On a large scale, the blending of both styles is 
visible from a view of the entire new layout. On a small scale, the 
blending is also seen in details such as the higher variance in the 
distance between intersection points at the bottom of the layout 
(similar to the irregular pattern), and the lower tortuosity of the 
street segments at top of the layout (similar to the grid pattern). 
Figure 11 shows the result of a sequence of join and blend 
operations. The original street network of an existing irregular 
pattern city is loaded by the user. A copy of the set of attributed 
intersection points of a grid-pattern city is then placed to the 
northwest (left) of the original layout. Next, a copy of the 
intersection points of both the irregular pattern city and the grid 
pattern city are placed in the space between the original city and 

Figure 10. Blending. The user takes attributed intersection points of two fragments (left, right) from cities with different styles. Our 
quadtree-based approach modifies the points so that they encode a spatially varying (North-South) blend of both styles. A new street 
network is created by our street generation algorithm that intuitively resembles a merge of the example street networks (middle). 

Figure 11. Join and Blend. Sequences of join and blend operations have been used to generate both street networks. In this case, the blue 
fragment (with grid pattern) and the red fragment (with irregular pattern) are connected in two different positions relative to each other. 
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the points dropped in the previous step. The system automatically 
calculates a new street network that joins the original city with the 
grid pattern points and that exhibits a blended style. 
Figures 12 and 13 present additional examples. Figure 12 is an 
example of two layout fragments exhibiting irregular (left) and 
regular (right) patterns that have been joined together. The street 
network is the result from a spatially varying blending value, 
yielding a smooth transition between the two layout fragment 
styles. The parcel imagery is also interpolated between both cities, 
i.e., parcels towards the left side of the blend region used more 
textures from the irregular pattern city, while parcels on the right 
side used more textures from the regular pattern city. The blend 
parameter is used to modulate a simple probability value that 
determines which layout is searched for the best fitting parcel 
image. Such interpolations can be used to easily assemble a city 
from a variety of layout fragments and associated imagery. 
Figure 13 shows an expansion of a city producing both structure 
and images. Observe how a similar style of streets is produced and 
the seam between the original and new blocks is hard to see. 

7. CONCLUSIONS 
We have presented an interactive system to synthesize new layouts 
by example. The structure and image data of example layout 
fragments is separated. Then, both a structured-based synthesis and 
an image-based synthesis are performed resulting in a new 
synthetically created urban layout. Our core synthesis algorithm 
can be used to perform several high-level editing operations such 
as joining, expanding, and blending example layout fragments. The 
last option, blending, provides a powerful, yet intuitive, way to 
synthesize new layout fragments by blending between the styles of 
several examples. All operations are fully interactive except for 
parcel image generation which in our current implementation may 
take from seconds to several minutes. Nonetheless, new and 
complete layouts with plausible street networks and aerial imagery 
can be quickly generated without the user being concerned about 
low-level details. Our approach is useful to a variety of 
applications for virtual environments, entertainment, architecture, 
emergency management, and urban planning. 

Figure 12. Larger example using multiple operations. (top) A fragment with irregular pattern (left) is joined together with a fragment 
with grid pattern (right) by a street network resulting from a spatially varying blending operation. (middle) Parcel imagery is generated 
by example from fragment on left side and (bottom) as an interpolation of imagery from both fragments. 

Figure 13. Expansion with Images. A layout fragment with an irregular pattern is automatically expanded to the East. New streets are 
connected to the example fragment and exhibit a similar style as the streets of the fragment. Imagery is also re-used to populate the new 
street network. Notice the difficult-to-see transition between the original fragment and the new streets and parcels. 
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Limitations. We have identified three limitations in our synthesis 
algorithm. First, the parcel image generation process assumes there 
is sufficient variety of parcel shapes and sizes available to fit in the 
synthetically created parcels. This results from our image-reuse 
strategy. If the provided input layout is too small or has a small 
variety of parcel shapes, it will be difficult to find good matches 
for parcel filling without severe image warps and high parcel 
image repetition. As our system is applied to larger areas, this issue 
becomes progressively less problematic. Second, while parcel 
images are selected from existing areas of the same general 
classification (e.g., zoning), contextual information is in general 
not used to select and warp parcel images. This is not strictly a 
limitation, but it may cause unwanted image warping. Third, 
without user editing, our method is not well suited for reproducing 
highly atypical streets of an example layout fragment. Since our 
system relies on street intersection points, an atypical street will 
have relatively few intersection points that capture its style and a 
street network different to the original one might be produced. An 
example of this case are the odd-looking streets synthesized from 
the duplicated intersection points of the streets with atypical 
orientation, near the center of the original urban layout of Lafayette 
(Figure 8). In these cases, the user would need to correct the 
generated street network. 
Future Work. We are pursuing several items for future work. 
First, we would like to extend our approach to also consider the 
underlying terrain geometry. Thus in addition to characterizing the 
street network on a plane, changes in the terrain height should 
affect growth patterns. Second, a natural extension is to further 
produce synthetic content within each parcel. One option is to use 
a procedural modeling engine to generate 3D content within each 
parcel (e.g., [Aliaga et al. 2007, Mueller et al. 2006, Wonka et al. 
2003]). A third direction of future work is to integrate our system 
with an urban simulation (e.g., [Waddell et al. 2007]) engine to 
provide automatic high-level control to guide the urban expansion. 
Furthermore, we could develop a feedback loop to generate 
visualizations of the urban spaces during a simulation. 
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