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Introduction

Hydrography is one of the most important themea gartographic dataset and in literature many
works can be found addressing the generalizatidrydfographic networks.

Many of the approaches proposed use selectioreasdin generalization operator, but also employ
data-enrichment techniques to improve the restilélection; in particular data enrichment is used
to create a finer classification of the network esi§or a hierarchy) in order to enable the selectio
operator to choose the relevant parts of the nétaod delete the less important ones.

Most of these techniques work on the assumptiohttietopology of a hydrographic network is
similar to a tree, mostly without loops, and itisssible then to detect branches that are more or
less important.

However, this assumption is not always true: arrivéh high slope or large sediment load can
form what is called a braided river, a type of al@rconsisting in many small channels branching
and merging, separated by islands called braid bars

In a braided river, the topology of the networkcisaracterized by many loops and this topology
makes less effective the generalization approashried above; furthermore, many factors concur
to make it difficult to define the edge hierarchyvihg the selection process: to due to the small
height difference between consecutive edges iffscdit to understand the flow direction of the
water and most edges can share the same nameaasiichtion.

For these reasons, in some works [Buttenfield, r@avifouya] different approaches to derive
braided streams are proposed; in particular, i plajper we will focus on the method described in
[Savino], that has been implemented and testesvordifferent datasets.

The approach

The approach that we used looks at the network @larear partition and is based on the duality

between faces and edges: instead of working dyre&dth the network edges, the algorithm works

on the faces (also called loops), that in a brasteeam correspond to the braid bars; the author
proposes to generalize braided streams by areagamation instead of edge selection, merging
smaller islands with their neighbors.

Area amalgamation is a well known generalizatiochtéque used by many authors [eg
VanOosterom], but working on braided streams regugsome extra caution in order to obtain a
good and visually coherent generalization.

The first aspect to consider is to preserve atiiaad shape of the network: hard bends or narrow
angles would look “odd” to the eye of the user, ahduld be avoided.

In our approach this is obtained identifying “blowk edges™: a blocking edge is an edge that, if
removed, would create a hard bend in the netwa#& figure 1).



The identification of a blocking edge is perfornmadasuring the angles between the edge and those
connected to it (in other terms, if the edge i¢ paa stroke [see Thompson & Richardson, 1999], it
should be kept). The amalgamation of two neighlgpareas is allowed only if the edge they have
in common is not a blocking edge.
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Figure 1: amalgamation, in blue the network edges, in green the faces of the planar partition; a) input data, the
green face is the one to generalize, b) and c) examples of bad amalgamation; €) and f) examples of good
amalgamation; d) edges and blocking edges for the nodes around the face: red segments indicate edges that, if
removed, will produce narrow angles

A second aspect to consider, while amalgamating iskands, is the final shape of the resulting
polygon.

Due to the inherent characteristics of braided astie the network is an over-simplified
representation of the actual shape of the rivee dlinannels, represented by the edges, may have
shapes —and especially breadth— varying consideratdl while this is not represented in the
network, it should be taken into account while gahzng.

In particular, using the network as a planar gartjtit should be remembered that two islands
sitting on adjacent faces in reality might be qéisieapart depending on the breadth of the channel
between them.

Since merging two islands requires to delete thd pé& the river polygon between them,
amalgamating two islands far away should be avgidsdt could affect negatively the shape of the
river by reducing locally its breadth.

In our approach this is taken into account perfagrthe area amalgamation not on the faces of the
planar partition, but on the geometry of the iskntthese are computed in a pre-processing step
subtracting from the faces the area of the rivdygams (where not present river polygons are
created drawing a user-defined buffer around tlgeed



When amalgamating two islands our algorithm es&ésahe “water loss”, i.e. the size of the river
polygon that would be covered by the geometry lnigigwo islands and tries to minimize it during
the selection of the neighbor to use in the amaddam.

Finally, in order to have a visually more pleasa&sult, the process tries to avoid creating elctyat
shapes, as a cluster of long and narrow shapeteameare visual clutter than a cluster of broad
shapes.

In our approach this is done evaluating the conmessst (area/perimeter ratio) of the resulting shape
while deciding the neighbor to use in the amalg@matrocess.
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Figura 2: from left to right the input network and the river polygons (a), the faces computed using the network
asa planar partition (b), theislands computed as a difference between the faces and theriver polygons
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Figura 3: from left to right, top to bottom: the river polygon, the network, the islands, the triangle strip used to
mer ge two idands, the results of the amalgamation



The process
The process pseudocode is illustrated below:

compute facea of network
compute the geocmetry of each island and ita area

while all islands generalized = false
get amalleat island i
if area > threshcld
all islands generalized = true
break

find neighbouring islands of i

if no neighbours
generalize i a3 lone island
continue

foreach neighbour n of i
find edge e shared between n and i
if & can not be remowved
continue

conpute geometry unicn =n Ui

u
compute compactness of u

find gecmetry u with best ccmpactness
delete i
et n =1

The process loops iteratively on every island dodsswhen all the islands have an area bigger than
a user-defined threshold.

Detecting blocking edges

Blocking edge are detected on each node of theanktvwn edge is called “blocking edge” if after

its removal the other edges on the node form aonaangle. An edge is a “blocking edge” if the
sum of the angle between it and the first edgeisrielft and the first on his right is bigger than a
threshold; this angle threshold was set experintigrita240 degrees.

When merging two adjacent faces, the shared edgeebe them can be removed only if it is not a
blocking edge.

Amalgamation of two islands

The amalgamation is performed on the geometrietheftwo islands using a triangulation based
technique as described in [Jones et al. 1995]. &rfkea of the triangle strip connecting the two
islands corresponds to the water loss: its sizgether with the compactness of the result geometry
are evaluated to decide which neighbor to use i@ #malgamation process. After the
amalgamation, the edge underneath the triangkesrieved from the network.

Generalizing lone islands

An island with no neighbors is called a lone islaih@dan be generalized in three different ways:
= jtis kept, if it is bigger than a threshold



= jtis deleted if smaller than a threshold
= jtis enlarged if its size is between the two thadds above

The deletion of a lone island can be performedeeitiollapsing the loop on its midline or deleting
some of the edges encircling the island.

The enlargement of an island is performed applgngarticular scaling filter to its geometry. This
filter was designed to obtain a more compact stapk displaces the vertices of the geometry
proportionally to their distance from the centroid.
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Figura 4: the enlarging of lone islands; in a) the input data, in b) theresult; the shapein the middle was added to
show the behaviour of the algorithm on aregular shape

Special cases

The approach described was implemented and testad/a datasets consisting each of a water
polygons layer and network layer. The first is dat&dK scale of the Regione Veneto, representing
the Piave river, the second is USGS data repreggtite Platter river subbasin.

Generalizing the two datasets required the algorith be extended to process some special cases:
polygon holes not encircled by network edges amgjlitag edges inside a loop.

Holes in water polygons

A hole in a water polygon corresponds to an islan if it is not encircled by network edges, it is
not detected by the algorithm. These holes mustiémtified during the pre-processing and added
to the list of the islands to process; they alsainine treated differently: as they have no blocking
edges, only the compactness and the water losssaheated during their amalgamation.



Dangling edges

In braided streams, it is possible that water sadadrom a braid bar, creating channels streaming
out of an island; in the network these channelsifdangling edges inside a loop.

During generalization these edges should be detextethey have to be generalized accordingly
with the loop containing them: if the loop contaigithem is amalgamated, they should be deleted
as well; in the case they also form a loop, thigplghould be treated as a lone island with the
exception that, if it is not big enough to be kepshould be deleted (no enlargement allowed) and
the edges should be deleted as well.
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Figure5: special cases: holesin the water polygons not encircled by the network (left), dangling edges forming a
loop inside a bigger loop (right)

Results

The algorithm performed well on both the datasets.
The area thresholds have been experimentally sd0@® sgm (minimum area) and 1,5 sgkm
(maximum area).

Figure6: a) input data, b) generalized data

Application to a different context

The approach proposed in this paper can be usedratgher contexts where a network has many
branches. The algorithm has been tested with agbatrailroad network in proximity of a train
station, where the presence of many railroad segahneates a topology similar to a braided river.



The blocking edge constraint prevents to creatdleénnetwork hard bends that are not compatible
with trains turning radius.

As in the case of river generalization, this altion does not provide a complete solution, as it can
not handle edges that do not form loops (for exangplur lines) and should be coupled with a
network thinning algorithm able to generalize thregke and paired railroad tracks; nevertheless the
results are interesting and worth to be noted.
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Figura 7: a schematized rail network: input (a), the result of a wrong area amalgamation (b), the result of a
correct area amalgamation (c); the concept of blocking edges enablesto avoid the situation in b
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Figura 8: area amalgamation in arailroad network: a) input data, b) data after amalgamation

Conclusion

Braided streams are a challenging feature to gknera

The area amalgamation technique described allowsdocome the limitations of the normal river
network thinning techniques and to produce resiligg both preserve the characteristic cyclic
network topology and enable to control the finah of the generalized geometries.



The technique described can be useful also in atbetexts where networks have many branches
as in the case of a railroad network.

The approach however does not solve all the issndsaided streams.

The blocking edge technique relies too tightly ba shape of the network and where the network
does not approximate correctly the shape of ther rilie algorithm to identify “blocking edges”
may take wrong decisions.

Also, in some cases amalgamation by displacemend ¢ used to reduce the “water loss”.

Finally, although the algorithm tries to remove yonhinor channels (i.e. narrow), the algorithm
should probably be able to identify primary pathghe braided stream, in order to avoid to delete
relevant channels.
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