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GIS & ASD

Editorial Preface

It's been a while since the last issue of theX&TIc Magazine appeared. A lot has happened since then.

There were changes in thedTIC board and in other ¥oTIC committees. A major change happened

in the XooTic Magazine Committee. The editorial board in 2005 consistdefino Lindwer, Slavomir
Estok, Michiel van Osch, and Ladislau Posta. From this plaeevould like to thank Nico Kuijpers,
Yarema Mazuryk, and Chris Delnooz for their work as editdre XooTic Magazine.

Due to various reasons, theoXTiC Magazine Committee decided to not be bounded by the "oneghém

issue” for the magazine. Therefore, the current issue genaticles from the fields of Geographic Infor
mation Systems (GIS) and Analytical Software Design (ASD).

In the first article, Marc van Kreveld and Bettina Speckmaresent the first algorithms for rectangular
cartogram construction. A rectangular cartogram is a tfpwaap where every region is a rectangle. The

size of the rectangles is chosen such that their areas ezpr@geographic variable (e.g. population).

In the second article, Rob Dekker reports the results of estigation of several object-based classifica-

tions and change detection techniques used in map updating.

Last, but not least, Guy Broadfoot and George Kielty, prekew Verum applied ASD, a new approach
that applies software engineering mathematics to indstoftware development, to develop the software

controlling an advanced mechatronics subsystem beindapma by Philips Applied Technologies, De
partment of Mechatronics, in the Netherlands.

The magazine ends with a list of recerTI publications.
Enjoy reading this magazine!

Ladislau Posta, editor
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De toekomst heb je grotendeels zelf
in de hand. Ook als het om je loop-
baan gaat. Daarvoor ben je bij TOPIC
zelf verantwoordelijk. Uiteraard
staan we je hierin bij. Bij TOPIC werk
je aan de meest uitdagende klussen.
Topklussen, waardoor je sneller
doorgroeit.

Wat wil je bereiken? Dat bepaal jij
zelf. Om je te helpen bij het vaststel-
len van je doelen en de realisatie
hiervan, voer je bij TOPIC een voor-
jaarsgesprek. Dit gesprek gaat uit
van jouw wensen en ambities. Hierin
kun je aangeven welke stap in je car-
riére je wilt zetten, wat je wilt berei-
ken op korte en op lange termijn en
hoe je bij je gestelde doelen wilt

komen. Het gesprek wordt
besloten met een handte-
kening van beide zijden.
Klinkt formeel? Zeker,
maar dat is een
bewuste keuze. Zo zijn
jij en TOPIC er zeker van
dat er met de afspraken
serieus wordt omgegaan. Je
toekomst verwezenlijk je dus bij
TOPIC.

(‘BPIC groeit hard, goede
mensen zijn welkom
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Topic Software Group, postbus 440, 5680 AK Best, tel 0499 33 69 79, e-mail info@topic.nl, internet www.topic.nl



Automated Construction of Rectangular
Cartograms

Marc van Kreveld, Bettina Speckmann

A rectangular cartogram is a type of map where every region is a rectangle.
The size of the rectangles is chosen such that their areas represent a geo-
graphic variable (e.g., population). Good rectangular cartograms are hard to
generate: The area specifications for each rectangle may make it impossible
to realize correct adjacencies between the regions and so hamper the intuitive
understanding of the map.

We present the first algorithms for rectangular cartogram construction. Our
algorithms depend on a precise formalization of region adjacencies and build
upon existing VLSI layout algorithms. An implementation of our algorithms and
various tests show that in practice, visually pleasing rectangular cartograms
with small cartographic error can be generated effectively.

Introduction erally do not touch anymore. The third type of car-
togram is the rectangular cartogram, introduced by

. Raisz in 1934 [13], where each region is represented
Cartographers have developed many different te / arectangle. This has the advantage that the sizes

nigues to visualize statistical data about a set of reg- : :
. : . . area) of the regions can be estimated much better
gions like countries, states or counti€artograms

) n with the first twi .
are among the most well known and widely usetga th the first two types

of these techniques. The regions of a cartogram
are deformed such that the area of a region corre- 'S -
sponds to a particular geographic variable [3]. The .
most common variable is population: In a popu- . o P
lation cartogram, the areas of the regions are pro- }

portional to their population. Since the sizes of the -

regions are not their true sizes they generally can- “UNow
not keep both their shape and their adjacencies. A —
good cartogram, however, preserves the recogniz- LN R
ability in some way. " e o

PT ES

Globally speaking, there are three types of car- on ™
togram. The standard type (tledntiguous area
cartogran) has deformed regions so that the déigure 1: The population of Europe (country codes
sired sizes can be obtained and the adjacendiesording to the ISO 3611 standard).

kept. Algorithms for such cartograms are described

in [4, 5, 8, 15]. The second type of cartogram is th&lgorithms for cartograms have been studied for
non-contiguous area cartogram [12]. The regioonser thirty years, but no method for producing rect-
have the true shape, but are scaled down and gangular cartograms has been developed so far [16].

BY
NL PL RU

DE

“oms
“0>m

1This work has previously been published as part of [11].
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Quality criteria. Whether a rectangular cartogranarating triangles has a rectangular dual this does not
is good is determined by several factors. One iohply that an error free cartogram for this graph ex-
these is thecartographic error[4, 5], which is de- ists.

fined for each region asA: — As | /As, WhereA; .

is the area of the region in the cartogram aads Re_sults. We present the fl_rst fully automated al-
the specified area of that region, given by the gg(_)rlthms for the computation of rectangular car-

ographic variable to be shown. The following lisfo9rams. We formalize the region adjacencies based
summarizes the most important quality criteria; O their geographic location and are so able to enu-
merate and process all feasilveetangular layouts

e Average cartographic error. for a particular subdivision (i.e., map). The precise
e Maximum cartographic error. steps that lead us from the input data to an algo-
e Correct adjacencies of the rectangles. rithmically processable rectangular subdivision are
¢ Maximum aspect ratio. sketched in Section .

e Suitable relative positions. In [11] we describe three algorithms that com-

For a purely rectangular cartogram we cannot e&gte a cartogram from a_rectangular layout. Here
pect to simultaneously satisfy all criteria well. Rel€ co”ncc:jentrate on the_S|mEIest_ ‘J_”ev\‘/’f thesle, the
cently, Heilmann et al. [6] presented rectanguldP ¢2"'€ segment moving heuristic We evalu-

map approximations that have zero cartographic 8}ﬁ3d tr_‘llz easy Iand fefﬂue_nt reurlsnc _experlmgn—
ror but do not satisfy the other criteria. tally. e results of our implementation can be

found in Section . A Java prototype can be
Related work. Rectangular cartograms are closel§een ahttp://www.win.tue.nl/ ~ speck-
related tofloor plansfor electronic chips. Floor man/demos/carto

planning aims to represent a planar graph byeits-

angular dua) defined as follows. Arectangular . . .

partition of a rectangldR s a partition oRinto a set Algorithmic Outline

‘R of non-overlapping rectangles such that no four

rectangles ifR meet at the same point. A rectanAssume that we are given an administrative subdi-
gular dual of a planar graptG, V) is a rectangular vision into a set of regions. The adjacencies of the
partition R, such that(i) there is a one-to-one corfegions can be represented in a graphwhich is
respondence between the rectangleRirand the the face graph of the subdivision.

nodes inG, and (ii) two rectangles ifR share a 1. Preprocessing: The face graptF is in most

common boundary if and only if the correspondin . .
. . ases already triangulated (except for its outer face).
nodes inG are connected. The following theorem
. . In order to construct a rectangular dual Bfwe
was proven in [10]: : . .
first have to process internal vertices of degree less
than four and then triangulate any remaining non-

Theorem 0.1 A planar graph G has a rectangular .
flangular faces.

dual R with four rectangles on the boundary of R

and only if 2. Directed edge labels:Any two nodes in the
1. every interior face is a triangle and the exterioface graph have at least one direction of adjacency
face is a quadrangle, and which follows naturally from their geographic lo-

cation. While in theory there are four different di-
rections of adjacency any two nodes can have, in

Most maps give rise to triangulated graphs, becalyactice only one or two directions are reasonable.

usually at most three regions meet at any one poi@ur algorithms go through all possible combina-

Separating triangles occasionally arise, for exatiwns of direction assignments and determine which
ple, Luxembourg does not border any sea and is onie gives a correct or the best result. While in the-
cident to only three countries. This implies that ary there can be an exponential number of options,
purely rectangular cartogram with correct adjaceim practice there is often only one natural choice for
cies does not exist for Europe. Also note that &he direction of adjacency between two regions. We
though every triangulated planar graph without segall a particular choice of adjacency directiondia

2. G has no separating triangles.

XOOTIC MAGAZINE



rected edge labelingA face graph with a directed error while maintaining reasonable aspect ratios gnd

edge labeling can be represented by a rectangulative positions.

dual if and only if Segment moving heuristic.A simple but efficient

1. every internal region has at least one North, oheuristic that works as follows. Consider the maxi-
South, one East, and one West neighbor, andmal vertical segments and maximal horizontal s€g-

2. when traversing the neighbors of a node ments in the layout, for example the vertical seg
clockwise order starting at the western mostent in Figure 2 that has Kentucky (KY) to its left
North neighbor we first encounter all Norttand West Virginia (WV) and Virginia (VA) to its

neighbors, then all East neighbors, then alght. This segment can be moved a little to the left,

South neighbors and finally all West neighborsnaking Kentucky smaller and the Virginias larger,

A realizable directed edge labeling constitutesg

ular edge labelingor F as defined in [7] which im- €€t
mediately implies our observation. The segment moving heuristic loops over all max

or it can be moved to the right with the opposite ef-

imal segments and moves each with a small step
3. Rectangular layout: To actually represent ain the direction that decreases the maximum erfor

face graph together with a realizable directed edgethe adjacent regions. After a number of itef
labeling as a rectangular dual we have to pay spgions, one can expect that all maximal segmen
cial attention to the nodes on the outer face singave moved to a locally optimal position. However

ts

’

they may miss neighbors in up to three directionge have no proof that the method reaches the glopal

To compensate for that we add four special regiopgtimum, or that it even converges.

NORTH, EAST, SOUTH, and WEST, aswell88a The segment moving heuristic has some important

regionsthat help to preserve the original outline of 4 antagesti) it can be used for any rectangular
the subdivision. Then we can employ the algorlthmyout (i) one iterative step for all maximal seg
by He and Kant [7] to construct @ctangular lay- mens take©(n) time, (iii ) no area need to be speg
ogt, i.e., the unique _rectangular dual of a rea_llzab}ﬁed for sea rectanglesjv) a bound on the aspect
directed edge labeling. The output of our impleytig can be specified, arfs) adjacencies betweer]

mentation of the algorithm by He and Kant is showg rectangles can be preserved, but need not |be.
in Figure 2. Not preserving adjacencies can help to reduce gar-

tographic error.

NORTH

ND VT | NH =i
mT MN
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g o e Implementation and experiments
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objective was to discover whether rectangular ca

cA ok — ™

Az NM AR

™ [—{ms| AL

[ = ]

the US. segment moving heuristic actually finds a good ca
togram if it exist. Secondary objectives of the e

4. Area assignment: For a given set of area val-Periments are to determine to what extent the carto-

- l_ tograms with reasonably small cartographic error

exist, given that they are rather restrictive in the pgs-
sibilities to represent all rectangle areas correctly.
Figure 2: One oft608 possible rectangular layouts of Obviously, we can only answer this question if the

We have implemented the segment moving heurjis-
I I tic and tested it on several data sets. The main

r-

ues and a given rectangular layout we would like ffaphic error depends on maximum aspect ratio gnd

decide if an assignment of the area values to the g@rrect or false adjacencies. We were also interest
gions is possible without destroying the correct at the dependency of the error on the percentage
jacencies. Should the answer be negative or sho@l§a used by the sea.

ed
of

the question be undecidable, then we still want @ur layout data sets consist of the 36 countries |of

compute a cartogram that has a small cartograpBEuarope and the 48 contiguous states of the USA. F
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| Dataset| Sea | Aspectratio | Ave.error | Max. error |

Euelec.| 20% 8 0.071 0.280
Euelec.| 20% 9 0.070 0.183
Euelec.| 20% 10 0.067 0.179
Euelec.| 20% 11 0.065 0.155
Euelec.| 20% 12 0.054 0.137
Euelec.| 10% 10 0.098 0.320
Euelec.| 15% 10 0.076 0.245
Euelec.| 20% 10 0.067 0.179
Euelec.| 25% 10 0.049 0.126

Table 1: Errors for different aspect ratios and sea pergestécorrect adjacencies).

NO

Europe, we joined Belgium and Luxembourg, and
Ukraine and Moldova, because rectangular duals do el -
not exist if Luxembourg or Moldova are included as =
a separate country. Europe hbs sea rectangles :I . B o]
and the US data set has For Europe we allowed - " "
10 pairs of adjacent countries to be in different rel- o e

ative position, leading t@024 possible layouts. Of el o
these,768 correspond to a realizable directed edge |
labeling. For the USA we havis pairs,8192 pos- " |
sible layouts, and608 of these are realizable. In i cs
the experiments, afl68 or 4608 layouts are consid- o = ;r;j ™
ered and the one giving the lowest average error is

chosen as the cartogram. Figure 3: A cartogram depicting the electricity
As numeric data we considered for Europe thwoduction of Europe.
population and the electricity production taken

from [2]. For the USA we consider ulatio . .
[2] exop " Table 1 shows errors for various settings for the

native populationnumber ofarms and total length s )
of highways The data is provided by the US Cen@lectrluty production data set. The rectangular lay-

sus bureau in th&tatistical Abstract of the UnitedOUt chosen for the table is thg one W'.th lowest a\(—
Stated! erage error. The corresponding maximum error is

shown only for completeness. In the table we ob-

Preliminary tests on all data sets showed that g a that the error goes down with a larger allowed
false adjacency option always gives considera pect ratio, as expected. For Europe and popula-

lower error than correct adjacencies. The false ad{%—n (not shown in the table), errors below 0.1 on
cency option always allowed cartograms with Ve average with correct adjacencies were only ob-
age error of only a feyv percent. A small part of thﬁ’;lined for aspect ratios greater théh The table
errors is due to the discrete steps taken when MAYso shows that a larger sea percentage brings the

ing the segments. Since cartograms are interprefgeh, joyn. This is as expected because sea rectan-

visually and show a global picture, errors of a féyjag can grow or shrink to reduce the error of adja-
percent on the average are acceptable. Errors

efit countries, while a sea rectangle cannot have an

few perc%nt are also present in standard, COmpulgizy, in its area. So, more sea means more freedom
generated contiguous cartograms [4, 5, 8, 9]. W aquce errors. However, sea rectangles should

note that most hand-made rectangular cartogragi pecome so small that they visually (nearly) dis-
also have false adjacencies and that aspect rat'oﬁg%ear

more thar20 can be observed.

Fl

Soms
So>m

BG

Table 2 shows errors for various settings for two US
data sets. Again, we choose the rectangular layout
giving the lowest average error. In the US highway

http:/www.census.gov/statab/www/
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| Data set | Adjacency| Aspectratio | Ave.error [ Max. error |

US population false 8 0.104 0.278
US population false 9 0.085 0.193
US population false 10 0.052 0.295
US population false 11 0.030 0.091
US population false 12 0.022 0.056
US population correct 12 0.327 0.618
US population correct 13 0.319 0.608
US population correct 14 0.317 0.612
US population correct 15 0.314 0.569
US population correct 16 0.308 0.612
US highway correct 6 0.073 0.188
US highway correct 7 0.059 0.111
US highway correct 8 0.058 0.101
US highway correct 9 0.058 0.101
US highway correct 10 0.058 0.101

Table 2: Errors for different aspect ratios, and correcadsd adjacencies. Sea 20%.

data set, aspect ratios abovelo not seem to de-average error betwedn03 and0.06, except for the
crease the error below a certain value. In the U&ms data. Here an aspect ratio20fgives an av-
population data set, correct adjacencies give a largeage error of just below.1. Figures 1 and 3 show|
error than is acceptable. Even an aspect ratiorettangular cartograms for Europe. The former h
40 gave an average error of over3. We ran the false adjacencies and aspect ratio bounded By
same tests for the native population data and ag#ie latter has correct adjacencies and aspect ri
observed that the error decreases with larger asgemtinded by8. The average error is roughy.06
ratio. An aspect ratio of combined with false ad-in both cartograms.

jacency gives a cartogram with average error below
0.04 (see Fig. 4). Only the highways data allowed
correct adjacencies, small aspect ratio, and small er- Wi N
ror simultaneously. ox )
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Figures 4, 5, 6, and 7 show rectangular cartograms| | ..
of the US. Three of them have false adjacencies, but .
we can observe that adjacencies are only slightly ™
disturbed in all cases (which is the same as for
hand-made rectangular cartograms). The data sets
allowed an aspect ratio dfo or lower to yield an Figure 6: The highway kilometers of the US.
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Figure 7: The farms of the US.

Conclusion

[5]

[6]

[7]

[8]

In this paper we presented the first algorithms to

compute rectangular cartograms. We showed ho

to formalize region adjacencies in order to gen
erate algorithmically processable layouts. An in-
teresting open problem is whether rectangular car-
togram construction (correct or minimum error) can
be done in polynomial time.

We experimentally studied the quality of our sed10]

ment moving heuristic and showed that it is very
effective in producing aesthetic rectangular car-

tograms with only small cartographic error.

O

U[rlll]

tests show the dependency of the error on the aspec

ratio, correct adjacencies, and sea percentage. The

quality of the cartograms generated is comparable

to hand-made rectangular cartograms.
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Object-based updating of land-use maps of
urban areas using satellite remote sensing

R.J. Dekker

Geographical information in the form of maps is continuously subjected to
change, especially in urban areas. Therefore maps have to be updated, which
can be done using satellite remote sensing techniques since many satellites
are in orbit today. In this paper several object-based classification and change
detection techniques are investigated. An important aspect in map-updating
is the translation from land cover (image domain) to land use (map domain).
To study the results of several techniques, data of Landsat 5 TM (30 m), ERS
1 (30 m), lkonos (4 m) and PHARUS (4 m) were used. The focus was on
data of urban areas in the Netherlands. Classification of the images was done
using spectral information, texture and in one case information on the rela-
tion between adjacent objects. Non-parametric techniques were applied be-
cause most textures appeared to be non-Gaussian distributed. The classifica-
tion accuracy of Landsat 5 TM was best, second was ERS 1 and third were
the results of PHARUS and Ikonos. Several reasons are given, but classifying
high-resolution images is clearly more difficult than classifying low-resolution
images. In case of change detection, pre-classification techniques were pre-
ferred. Although the methods can be improved, more information is required,
e.g. from combining sensors or from the map to be updated. Map updating
may not become fully automatic, but the job of a human operator can be made
easier using the techniques investigated in this paper.

Introduction tively high. To keep maps up to date, it is impor-
tant to know where the change took place, what has
changed, how it is changed and if it is relevant for

The world is rich of geographical information in théhe map. To answer these questions satellite remote

form of maps. We all know paper maps but todagensing techniques can be used, since many com-

more and more maps become available digitalipercial satellites are currently in orbit. Examples

Examples of such maps are the Digital Chart afe Landsat, Spot, Ikonos, Quickbird, ERS, Envisat,

the World (DCW), the Vector Map (VMap) productand Radarsat. More are planned.

series and national digital maps as the TOPvecttie remote sensing techniques that are discussed
product series of the Topografische Dienst Kadaster,this paper focus on land-use classification and
Netherlands national mapping agency. The are@fange detection. An important development in
of applications of those maps are various: envirothese techniques that is addressed here is object ori-
mental planning, agriculture, forestry, tourism, demtation. For evaluation some of these techniques
fence, and many more. Because the Earth’s surfaggyre applied to satellite data of several areas in the
that maps attempt to describe, develops, maps Ri&herlands, including data of Landsat 5 TM (30

continuously subjected to change, especially in yf), ERS 1 (30 m), Ikonos (4 m) and PHARUS (4
ban areas where the pace of development is rela-
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m). Landsat 5 and Ikonos are optical/infrared sateeuntry: almost every acre has a function. Com-
lites. ERS 1 is a radar satellite. PHARUS (Grepared to many other countries the Netherlands is
danus et al. 1996) is an airborne imaging radauite urbanised, especially in the west and south.
representing the future generation of radar sat@hree test areas were selected:

lites which is planned to be in orbit from 2005 (e.g. Zwoll 4 Vel i th tre to the East of
Radarsat 2, Cosmo/SkyMed and TerraSAR). Thi& £Wolle and Ve uwe, In the centre to the tast o )
the Netherlands, is a less dense urban area. It is

paper is based on an earlier publication by the au- )
thor ([6]). dominated by meadow and forest (Veluwe).

e Randstad Holland, a dispersed but dense urban
area in the west of the Netherlands. It contains
Land Cover and Land Use residential areas, industry, greenhouses, pasture,
arable land, and some forest. The area includes
two of the four largest cities in the Netherlands,
Rotterdam and The Hague.
The Hague, in the west of the Randstad Holland
by the North Sea is quite a green city. It con-

An important aspect in translating satellite images
into maps is that satellites give a physical descrip-
tion of the earth’s surface (materials, surface rough®
ness, structure), while most maps give a functional *” , _ )
(socio-economic) description. Both descriptions are (@S much forest and is built against a (natural)

referred to as land cover and land use respectively sand dune area that protects- a Iargg part of the
and are often mixed up ([1], [9]). Examples of land Netherlgnds from thg sea. This area is chosen to
cover are grass, trees, building and asphalt. Exam- Study higher resolution data.

ples of land use are agricultural, residential, conjte maps of the first two areas are from VMap level
mercial and industrial. Most land use classes afgy the Netherlands (1:250,000) that was produced
composed of several land cover types, and have gf-1998. The information model behind VMap is
ten a many-to-many relationship ([11], [4], [9]), Seghe Digital Geographic Information Exchange Stan-
also figure 1. dard - Feature Attribute Coding Catalogue ([8])
which was developed by the Digital Geographic In-
land cover land use formation Working Group ([8]). About 150 types of
entities are included. Because some VMap level 1
land-use types are rather close, the map was concep-
tually generalised by merging areas with different
codes into a map with less classes. For instance, for-
trees est includes the classes orchard/plantation and trees,
which is conceptually valid in the Netherlands. Un-
commercial fortunately, VMap level 1 does not show areas that
contain industrial activity only, if reproduced these
building are included in urban. Figure 2 shows the map of the
area of Zwolle and Veluwe. The map of The Hague
comes from the TOP10vector series of the Nether-
lands (1:10,000). It was updated in 1999. Due to the
large number of land-use classes the TOP10vector
was conceptually generalised as well. It is shown
in Figure 3. The satellite data are summarised in
table 1. There is no relation between useful resolu-
tion and pixel spacing (i.e. sampling distance). If
the resolution is higher than the pixel spacing, this
Test Areas and Data means that the images are oversampled. The num-
ber of looks is a measure for the speckle-noise re-
In this paper classification and change detectiondaction. For instance, when the number of looks is
applied to satellite images of the Netherlands. Theree, this means that the speckle-noise is reduced
Netherlands can be characterised as a well-plantgdaveraging three independent images (the band-

grass

Residential

industrial

asphalt

Figure 1: Many-to-many relationship between land
cover and land use (Fisher et al. 2002).
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width of one image corresponds to one-third of thexties of objects can be different for different pola
antenna beam). The polarisation stands for the dsations. Some acquisitions are previous to the m
entation of the radar waves. The backscatter prappdates but the differences in land use are small.

sensor Landsat5 TM ERS 1 Ikonos PHARUS
type optical/infrared radar optical/infrared radar (airborne)
altitude 705 km 785 km 681 km 6 km
useful resolution | 30 m 30m 4m 4m
useful bands 6 (0.45-2.35:m) 1(5.3cm) 4 (0.45-0.88:m) 1(5.3cm)
visual 3 - 3 -
infrared 3 - 1
microwave - 1 - 1
number of images| 1 1 1 2
number of looks N/A 3 N/A 5
polarisation (used) N/A vV N/A HH
test area Zwolle and Veluwe| Randstad Holland The Hague The Hague
acquisition data 18 October 1993 | 23 June 1995 23 September 2000 26 April 1996
27 January 1998
pixel spacing 20 m 20m 2m 2m
size 1500x1500 pixels | 3209x3273 pixels| 1353x1825 pixels | 1353x1825 pixels
30x30 km 64x65 km 2.7x3.7 km 2.7x3.7 km

Table 1: Overview of satellite data of the three test areas.

Classification Techniques metric, meaning that they decide if a feature-vect
belongs to a certain class, based on the parai

o _ ters of the class probability-density-function (e.
Classification technigues, how to translate a Satﬁ{'ean and standard deviation). A problem wil

lite image into land cover or even land use, CqRege classifiers is that most assume the featu
be divided in various categories. Two are dgs pe normally distributed. Although other class
scribed: feature-based and knowledge-based (figrs can be designed, there can still be the prd
rule-based) techniques. In feature-based classifiggy of features having different distributions. Lin
tion images are classified based on a set of distifg yp these distributions is sometimes possible
guishing characteristics or features. A feature cafving variable transformations, but not alway
be the spectral intensity, texture, pqlanmetnc_mfo'rqnother solution is to apply non-parametric tect
mation, etc. Texturg can _become |mportant if Onhﬁques, which consider the whole population ar
one spectral band is available, e.g. in case of & only the mean and standard deviation. An ¢
radar images. Therefore a set of texture measutesye of a non-parametric classifier is thaearest

was investigated with respect to their Separabi”%ighbour KNN) classifier which is based on the

of land use in the ERS 1 image of the Randstrﬂgﬁmwing distance ([10]):
Holland ([6]). The measures that performed best ) Tt
were mean intensity (actually no texture), variance, & = (X—Xinn)" 257 (X = Xinn)

weighted-rank fill ratio and semivariograms. Thﬁerexi AN is thek-th nearest neighbour of clas®

weighted-rank fill ratio is an order-statistic, which ig, o+ ,re vectoX under test and, the covariance ma-
defined as the ratio of the power of the 5% brightegl, of cjassi. The smallest distance determines th
pixels of an object and the total power of all pixelg, a5 This procedure is also referred to as the

The semivariogram is a eo-statistic measure, WhighejckNN procedure. For computational reasof
is an indicator of the geospatial distribution of te>%l) can be simplified to:

tures (e.g. repeatability, depth).
- g2 — 5N (% —Xi,NN) 2
The most popular feature-based classifiers are para- Y4 = =1 T

—
1
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Herex; is thej-th element of feature vectot with [5]). One of them, especially designed for radar im-
dimensionn. x;j nn is thej-th element of thek-th ages, applies an adaptive filter to the ratio image, to
nearest neighbouf; nn andoj; is the standard devi-reduce the speckle-noise which is typical for radar
ation of all j-th elements of all sample feature veémages.

tors of class. Post-classification change detection is applied to the
Another example of a non-parametric classifier @assification results of images. The advantage of
the knowledge-based or rule-based classifier ([11jjs method is that it applies to information from
[15]). The most common rule in such classificasources that are difficult to combine before classifi-
tion is theif-thenrule: if conditiontheninference. cation (e.g. optical/infrared, radar, digital maps). A
Fuzzy rule-based systems follow the same rules, elisadvantage of this method is that it is sensitive to
cept that conditions are not hard. In a basic rulelassification errors.

based system for instance the condition if a radghe change detection techniques discussed can be
tone is dark, is determined by a hard threshold @pplied to pixels and objects as well. Matching the
the radar backscatter. In a fuzzy rule-based sygsults with existing map objects will show which
tem this condition is determined by a membershiffeas or objects have changed. In object-based
function which describes the degree of membershiange detection it is important that the boundaries
to a fuzzy set ([2]). Because land cover and lanfl the object under test are the same. Otherwise
use have many-to-many relationships, knowledagiver or larger polygons that indicate false change
based or rule-based classification systems are iq%{y occur. One way to overcome this problem is
to convert one to another ([11], [4]). to apply multi-channel segmentation in which both
The classification techniques that were discuss@tiages are input to the segmentation process ([3],
can be applied to pixels or objects. From a lan{t8]).

cover point of view, an object is a region or segment

in which the feature space is homogeneous to some ) )

degree, so it fits one (physical) description. Frof€Sults and Discussion

a land-use point of view an object fits one function.

In general, object-based classification is preferred t@ investigate the effects of these classification and
pixel-based classification (i.e. pixel-by-pixel classthange detection techniques, several were applied
fication) because it is more accurate ([13]). Objed@ the objects that were recognised from data that

can be extracted from the satellite image using sé¥ere discussed. Addressed were spectral and tex-
mentation techniques ([14], [2]). tural features. Non-parametric techniques were ap-

plied because most features, especially the texture

measures, appeared to be non-Gaussian distributed.
Change Detection Techniques The classifiers were trained manually by selecting

a number of appropriate training objects. Table 2
Change detection is useful when we have to upd&li¥es an overview of the results.
a map of an area and do not know which parts halvand use classification of Landsat 5 TM was done
changed. Several technigques exist which can b&ing a fuzzy rule-base which included rules based
divided into two categories: pre-classification armmh the spectral intensities, texture (i.e. standard
post-classification change detection. The basic pdeviation) and some rules considering the relation
classification methods are image differencing amgtween adjacent objects. Figures 2 and 3 shows
image ratioing ([17], [16]), which compare the imthe result. The relatively high percentage of correct
ages directly, before classification. Image differenclassification (Pcc) is mainly due to the high num-
ing is subtracting the before image from the aftéer of bands compared to the low number of classes.
image. Image ratioing is dividing the first by th@&esides, this area is less complex because it is dom-
latter. Generally, image ratioing is less sensitive boated by natural land cover instead of urban. The
radiometric errors, and preferred in case of radaffect of using a fuzzy classifier must not be over-
change detection due to the radar image statistiestimated. The rules on the spectral intensities and
Other pre-classification methods, based on imagature are based on training sample-areas, as with
differencing and ratioing, have been designed ([1Tfe Nearest Neighbour (NN) classifier.
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sensor nr.of bands | res. | map scale | classifier | texture | nrofclass. | Pcc | kappa
Landsat 5TM | 6 30m | vMapl 250K | fuzzy yes 4 82.9 | 59.6
ERS 1 1 30m | VMapl | 250K | NN yes 5 52.1 | 36.3
Ikonos 4 4m TOP10 | 10K NN no 5 42.4 | 26.8
PHARUS 1 am TOP10 | 10K NN yes 3 48.3 | 29.4

Table 2: Overview of land-use classification experiments.

The ERS 1 image was classified using different tethe result. The result is worse than that of Landsat 5

ture measures because only one band was availabM.which is due to the lower number of bands, the
The best performing texture measures (i.e. mean imgher complexity of the scene, and the higher num-

tensity, variance, weighted-rank fill ratio and sember of classes. Again, it can not be fully ascribed
variograms) were applied. The results show thite classifier.

the textures improve classification but the results affie classification accuracy of PHARUS, using the

not optimal. This is due to the fact that (i) the classame map, was slightly better. The best performi

definitions between the map (land use) and the ifgxture measures were applied here as well. Haw-

age (land cover) are not exactly the same, (ii) tRger, the result was not better than that of ERS
fact that the map shows deficiencies, and (iii) thgesides the reasons mentioned with the classifi

faCt that the |and-c0ver information content Of ER@)n Of ERS 1’ th|S was Caused by the fact that radar

1 leaves something to be desired. reflections are often due to parts of buildings inste

of the whole building (e.g. wall-ground reflections).

The NN classification of the high-resolution sen-
sors lkonos and PHARUS is not optimal. Classi-

fying high-resolution imagery is clearly more diffi

other hand, different maps were used for differe
resolutions.

RRYE VW,
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Figure 2: Classification of the test area Zwolle and o .\\ | _ - . v
Veluwe. Urban =red; forest = green; water = blue; oth .!’ . Gl % A us o
= light yellow; unclassified = black. E:E’ ‘ : = s t
v oL i
H\ -,L ¥ ‘A\,r o
The classification result of Ikonos shows the lov @) ' ;ﬁh.‘g: . ..
est Pcc. The reason for this was found in the fa¢’ 4 o .
that different land covers are made up of the sarme= - ) =

materials (e.g. roofs and roads are often made Eigure 3: VMap level 1 of the test area Zwolle and
of tarmac) and that the map that was used showéduwe (source: Topografische Dienst Kadaster)
deficiencies as well. Using texture did not improveandsat 5 TM image.
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In case of the change detection techniques, three ;@g&“‘@"" x%@;&;;};ig
were applied to the two PHARUS images: %’\Zgy/’l/} . ~:‘;%, @%&,@%l/é‘!
- . : SN AR
e Pre-classification change detection applied to 77, f@?'.ﬁ' /f Q@‘:\é\?@\"l{g&“
the ratio image using an adaptive filter /, \'7’" v 3 NV '@g)\
o/l

e Pre-classification change detection by multi-
channel segmentation
e Post-classification change detection

Pre-classification techniques are preferred to post-
classification change detection, unless the classifi-
cation is accurate but this was not the case, see
table 2. The difference between pre-classification
change detection applied to the filtered ratio image
and by multi-channel segmentation is small. The
first slightly better preserves smaller objects, while
the latter better reproduces the shape of the changed
objects. The main reason for that is found in the fact

that the speckle in the PHARUS images was alrealg?éure 4: Classification of the generalised TOP10vector

quite low due to its relatively high number of l00ks ¢ The Hague. Buildings = red: roads/bare soil = light

yellow; low vegetation = light green; trees = dark green;
) water = blue; other land use = white,
Conclusions shadow/unclassified = black.

Despite the fact that it is not easy to make a good
comparison between the sensors due to different
numbers of bands, areas, maps, scales and numbers [
of classes, the results are indicative for what can be
achieved in image classification and change detec-
tion today. Although the methods can be improved,
more information is required in the map-updating
process. Instead of using a single sensor, images
from multiple sensors covering different parts of
the spectrum can be applied (e.g. combine opti-
cal/infrared with radar). Another possibility is to
include information on the relation between adja-
cent objects (this was only done for Landsat 5 TM)
or information from the map that has to be updated.
Techniques that improve the vector results of clas-
sification may be required as well.

Map updating may not become fully automatic,
.bUt th.e Job of a h“ma” operato_r can k.)e m.ade eIa-lsg-ure 5: Generalised TOP10vector of The Hague
ier using the te.chnlq.ues investigated in this pap?gource: Topografische Dienst Kadaster) Ikonos image.
Change detection will reduce the number of areas

an operator has to check for changes, and object-

based classification of those areas will provide the

operator with the new map objects. And althougReferences

the objects may not all be perfectly shaped and clas-

sified, the operator does not have to do all the worfl] M.J. Barnsley, L. Moller-Jensen, S.L. Baim-
especially when the percentage of correct classifica- ferring Urban Land Use through Spatial and
tion is high. Structural Pattern RecognitigrRemote Sens-

XOOTIC MAGAZINE



2]

[3]

ing and Urban Analysis - GISDATA 9115- [12] H.S.F. Greidanus,

144, 2001.

U.C. Benz, P. Hofmann, G. Willhauck, I.
Lingenfelder, M. HeynenMulti-resolution,

object-oriented fuzzy analysis of remote sens-

ing data for GlIS-ready informatignlISPRS

Journal of Photogrammetry & Remote Sen§l3]

ing. Vol. 58,239-258 2004.

R.G. Caves, S. Quegamulti-channel SAR
Segmentation: Algorithm and Applications
Proc. European Symp. on Satellite Remote
Sensing Il, Paris241-251 1995.

[14]

[4] J. Cihlar, L.J.M. Janserkrom Land Cover to

[5]

[6]

[7]

[8]

[9]

[10]

[11]

Land Use: A Methodology for Efficient Land
Use Mapping over large Areasrofessional
Geographer, Vol. 52, No. 275-289 2001

R.J. Dekker,Speckle filtering in satellite SAR
change detection imagerinternational Jour-

nal of Remote Sensing, Vol. 19, No. $133- [16]

1146 1998.

R.J. Dekker,Object-based updating of land-

use maps of urban areas using satellite remote
sensingMSc thesis, Vrije Universiteit Ams-[17]

terdam, The Netherlands, 2003a

R.J. Dekker,Texture Analysis and Classifica-
tion of ERS SAR Images for Map Updating of

Urban Areas in The NetherlandEEE Trans- [18]
actions on Geoscience and Remote Sensing,

Vol. 41, No. 9,1950-1958

DGIWG, 2000: DIGEST Edition 2.1. Dig-
ital Geographic Information Working Group
(DGIWG). http://www.digest.org/ [accessed
21 March 2004]

P.F. Fisher, A.J. Comber, R. Wadswortiand

use and Land cover: Contradiction or ComContact Information

plement In: Re-Presenting GIS. D. Unwin
(editor), Wiley, Chichester, 2002

K. Fukunaga,Introduction to Statistical Pat-
tern Recognition Second Edition. Academic
Press, San Diego, CA, 1990

Gong , P., and Howarth, P.Land Cover to
Land Use Conversion: a Knowledge-Based
Approach. Annual Conference of ASERSnN-
ver, Colorado, Vol. 4447-456 1990

[15]

Koomen, P. Snoeij, H. PouwelBjrst Results

and Status of the PHARUS Phased Array
Airborne SARIEEE International Geoscience
and Remote Sensing Symposium (IGARSS),

Lincoln, Nebraskal633-1635 1996

L.L.F. Janssen, M.N. Jaarsma, E.T.M. van der

Linden, Integrating Topographic Data with

Remote Sensing for Land-Cover Classifica-
tion. Photogrammetric Engineering and Re-

mote Sensing, Vol. 56, No. 111503-1506
1990

C.J. Oliver,Review article: information from
SAR images]. Phys. D: Appl. Phys., Vol. 24,
1493-1514 1991

J.A. RichardsRemote Sensing Digital Imagé

Analysis: An Introduction Second Edition.
Springer-Verlag, Germany, 1993

E.J.M. Rignot, , J.J. van ZyGhange detection
techniques for ERS-1 SAR datBEE Trans-

P. Hoogeboom, PJ.

174

actions on Geoscience and Remote Sensing,

Vol. 31, No. 4,896-906 1993.

A. Singh, Digital change detection techniqus
using remotely-sensed data, review article. |
ternational Journal of Remote Sensing, Va
10, No. 6,989-1003 1989

G. Willhauck, Comparison of object oriented
classification techniques and standard imag
analysis for the use of change detection b
tween SPOT multispectral satellite images af
aerial photos International Archives of Pho-
togrammetry and Remote Sensing, Amstd
dam, The Netherlands, Vol. XXXIII, Supple-
ment B3,35-42 2000.

R.J. Dekker

TNO Defence, Security and Safety
P.O. Box 96864

2509 JG The Hague

The Netherlands

Phone +31 70 374 04 31

Fax +31 70 374 06 54
rob.dekker@tno.nl

July 2005

je
e_
nd

=
1




Verum
specialises in the
mathematical
design and
verification of
software
systems for the
original
equipment

manufacturer M a ki n g S Oftwa re

(OEM),
automotive, Wo r k
medical and

telecoms
markets.

ERUM




Analytical Software Design Case MaglLev
Stage Software Project for Philips Applied
Technologies

Guy H. Broadfoot, George Kielty

Product innovation, quality and time to market are key elements in the bat-
tle to achieve and sustain competitive advantage. For a growing number of
businesses, this means software development. Software is now an essential
component embedded in an ever increasing array of products. It has become
an important means of realising product innovation and is a key determinant of
both product quality and time-to-market. For many businesses, software has
become business-critical and software development is a strategic business ac-
tivity. At the same time, software development continues to suffer from poor
predictability. Existing development methods appear to have reached a quality
ceiling that incremental improvements in process and technology are unlikely
to breach. To break through this ceiling, a different approach is needed. In this
paper, we describe how Verum applied Analytical Software Design (ASD), a
new approach that applies software engineering mathematics to industrial soft-
ware development, to develop the software controlling an advanced mechatron-
ics subsystem being developed by Philips Applied Technologies in the Nether-
lands.

“ASD is a formal method that is informal enough to be appliegiactice” G.P.M. Haagh
Senior Software Architect, Philips Applied Technologies

Introduction reliable answers to the questions “When will it be
ready?”, “What will it cost?” and “How well will it
work?” These are the very questions that software

Product innovation, quality and time to market amtevelopers are least able to answer.

key elements in the battle to achieve and sustaii recent years, in an attempt to overcome these
competitive advantage. For a growing number gfoplems, companies have invested heavily in soft-
businesses, this means software development. S@fire development process improvements, technol-
ware is now an essential component embeddedyi§y, infrastructure and training. In spite of this, the
an ever increasing array of products. It has beco%idw increasing complexity and amount of soft-
an important means of realising product innovatiqgare still presents a serious challenge. According to
and is a key determinant of both product quality angydies, 40% - 50% of total development costs are
time-to-market. For many businesses, software f@ﬁically lost on avoidable rework [4]; 15% - 25%
becomebusiness criticabnd software developmeniyf software defects are delivered to customers [4];
is astrategichusiness activity. in 2002, software failures cost the U.S. economy an
Today, software development continues to suffestimated $59.5 billion [7].

from poor predictability. Business managers need
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Existing development methods appear to hadestrial quality levels considered suitable for the fi-
reached a quality ceiling that incremental improveral product. Since its initial development, defects
ments in process and technology are unlikely t@ave emerged at regular intervals, including soft-
breach. The amount and complexity of in-productyare crashes and race conditions. By January 2005,
embedded software is growing exponentially; amore than 20 versions were present in the software
cording to the SEI, productivity in the most suceonfiguration management system, each represent-
cessful organisations is improving linearly, at beshg a major release to fix multiple errors.

The challenges many businesses experience devel-

oping embedded software and being able to guaran-

tee its quality and correct functioning is a testament
to this growing capability gap and inability of cur-
rent testing-centric software development practices
to bridge it. To bridge this divide, a different, more
formal, approach is needed.

The Case: The MagLev Stage

Philips Applied Technologiésis part of the Dutch

Royal Philips Electronics group of companies. Part

of its mission is to develop innovative solution§'9ure 1: MaglLev Stage

for advanced manufacturing. It is a leading devel-

oper of industrial vision systems and high precision

mechatronic systems. In September 2004, it was decided that a new

One of its latest products is a highly accurate, hi rsion of the controller software would have to
performance “stage” known as the MagLev Staﬁ developed in order to achieve required quality
(see figure 1). This is a subsystem designed to gjandards. Given the complex nature of the soft-
incorporated in a variety of industrial systems th¥{are, Philips Applied Technologies and Verum to-
require high speed, highly accurate material po§iether applied Analytical Software Design (ASD)
tioning, especially in high vacuum situations, fdiechniques in which the complete software design
applications such as e-beam inspection and laisenodelled mathmatically and model-checked for
cutting. It uses advanced magnetic levitation sé&@rrectness before implementation starts. After ver-

vos and achieves a repeatable sub-micron scanrif!d the design mathematically, Verum's ASD

accuracy (130 Nanometers or better). techniques enabled 90% of the new code to be gen-
An essential part of the MagLev Stage is the coﬁ.—rated in _C_:++' automatically from the verified de-
trol software embedded in it. This software coord 9" specifications.
nates the actions of the multi-axis controllers and
provides an Application Program Interface (API)

to customer developed domain specific application ) )
software. Technical Details

Early in 2004, a “proof of concept” version of the

control software was developed to enable the niEhe MagLev Stage consists of twabstagesalled
chanical and electronic sub-systems to be develogkdIntermediate Substagind theCarrier Substage
and tested. This development took about 10 weealespectively. Each substage is controlled by its own
in order to achieve a level of “good weather” funadedicated multi-axis controller. The multi-axis con-
tionality useful for the product development. Altrollers are existing subsystems previously devel-
though suitable for its purpose as a “proof of comped by Philips Applied Technologies and used in
cept” prototype, this software was not of the imsther products.

www.apptech.philips.com
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The Manipulator component implements the API

CMacCB > gupetage /\ SubStage Philips Applied Technologies senior architect re-

Intermediate )  Jgamer

Substage

=) S /‘I“ quired the execution architecture to minimise cop-

N e /5 text s,thchlng with execution remaining undgr th
- - caller’s thread context as long as possible. Figure 3

is a context diagram of the Manipulator component.

This shows the Manipulator as implementing i

Figure 2: MagLev Software Overview client API (IStage), sending asynchronous call-back

notifications to the client application (IStageCB

Figure 2 shows the overall organisation of the sof#sing the SubStage API (ISubStage) and receiving
ware into two major components, name|y tkle- notifications from the two substages via the ISup-

nipulator and theSubStage In the diagram, soft- StageCB call-back interface;. All the !SubStageC
ware components are depicted by rectangles; mayents are routed to the Manipulator via a queue g

interfaces are depicted by the labelled ovals. are executed under the context of a separate defer

The SubStage component is responsible for contrfocedure call (DPC) server thread.

ling a single substage via its dedicated multi-axis
controller known as 81AC. The diagram shows two
instances of the SubStage component, one control-

Responses

Stimul ISubStageCB

ling the !ntermediate Substage gnd one controlling =N
the Carrier Substage. The Manipulator component ’
coordinates and controls the two substage compo- Susstage /

Substage

nents. All actions that are specific to a single MAC —
are implemented in the SubStage component; all ac- Rosporos

tions requiring coordination between the substages, T

such as most movements and all exception and er-

ror handling, are implemented in the Manipulatdtigure 4. SubStage Context Diagram
component. As is usual in such systems, the “good

weather” behaviour, although complex, is relativelgigure 4 shows the context of each SubStage cg

straight forward; the majority of the program logiponent instance. It implements an APl used by

to be used by the customer-developed domain spe-
Manipulator cific application software. It must be “thread safe;

that is, able to support multi-threaded client applica-

1 \ tions while handling asynchronous call-back events

=\ from the two substages. For efficiency reasons, the

m-

is required to handle all the various exception cothe Manipulator (ISubStage and ISubStageCB) and

ditions that can occur. uses the interfaces provided by the MAC (IMac and
IMacCB). The SubStage receives API calls from

the Manipulator and asynchronous event notifig
tions from the MAC via a queue and a separate DF
server thread. The ISubStage interface realise
high level abstraction of the physical substage, w
high level moves implemented in terms of the prin
\ °°°°° itive move operations provided at the MAC inter

ISubStage face

Manipulator

Responses

ISubStage

An Overview of ASD

Analytical Software design is based on two design

Figure 3: Manipulator Context Diagram principles:
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e Business critical software must be based on dequirements and designs as black box functions.
signs that are verified before implementatiofihese specifications are traceable to the original
starts; requirements specifications and remain completely

¢ Software Architects and Designers must use descessible to the critical project stakeholders. This
signs and architectures that can be verified usiaows them to play a key role in verifying the ASD
currently available tools and techniques. specifications and retain control over them. At the

same time, ASD specifications provide the degree

, . : . of rigour and precision necessary for mathematical
With one exception, all branches of engineerin ag/sis P y

routinely apply their specific branches of mathemat- _
ics to specification and design. Modelling adesiﬂSD applies the Box Structured Development
is cheaper than building a prototype and testing /€thod [5, 6] following the principles of stepwise
Itis also more certain; testing is by definition an ex¢finement to transform the black box design spec-
ercise in sampling and can never provide Comp|ég§atlons mto _state box specifications from which
coverage or certainty of correctness. An architdRfo9ramming is based.

charged with designing an earthquake-proof buildhe ASD Model Generator generates mathematical
ing does not build it and wait for an earthquake tmodels from the black box and state box specifi-
test it! Instead, the design is mathematically modations and designs automatically. These models
elled and subjected to rigorous mathematical anafre generated in the process algebra CSP [3, 10]
sis. and can be formally analysed and verified using the

The one exception is software engineering. Apdpedel checker FDR [1]. For example, we can use
from those few domains (mostly safety critical’®€ model checker to verify (i) whether a design
where formal design and verification methods apatisfies its functional requirements; (ii) whether
mandated, mathematics are not routinely appliedtﬂ? _state box coding specification is behaviourally
software specification or design. Instead, relianceSguivalent to the black box design; and (iii) whether
placed on informal inspection-based methods aftf design uses other components according to their
testing. As a consequence, defects injected earlygifemal functional specifications.

the life-cycle during specification and design actiche ASD Code Generator can generate significant
ities are frequently not detected and removed urinounts of code automatically from the ASD spec-
after implementation is substantially complete ariications. The principle advantage of code genera-
integration testing begins. This is the most expetion is correctness; the code is generated automati-
sive time to correct defects and occurs at a point¢ally from the ASD specifications that have already
the life-cycle that results in the maximum impact opeen formally verified. Code generation may not be
time to market. For many kinds of errors, such @pplicable to every project but in those cases where
race conditions and deadlocks, this is also the le#dds, significant development efficiency gains can be
certain way to find them. achieved.

Analytical Software Desighcombines the practi-ASD uses Statistical Testing methods based on Us-
cal application of software engineering mathematge Models derived directly from the ASD Specifi-
ics and modelling with specification methods tha&gations to test software components against the ver-
avoid difficult mathematical notations and remaified designs. The ASD Test Case Generator and
understandable to all project stakeholders. In addinalyser generates large numbers of self-running
tion, it uses statistical techniques for software cortest cases and analyses their results.

ponent testing and advanced code generation tegfyure 5 shows the main elements of ASD.
niques. From a single set of design specificatiormhe functional specification is analysed using the
the necessary mathematical models, program c®lquence-based Specification method extended to
and statistical test cases are generated autom@table nondterminism to be captured. This enables
cally. the externally visible behaviour of the system to be
ASD uses the Sequence-based Specificatgpecified with precision and guarantees complete-
method [8, 9] to specify functional performanceess.

2patent applied for under patent application number GB 04130
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can be lower on some projects.

Finally, from the same set of design specification
large numbers of statisitically selected test case (¢
ModelChecking be generated in the form of self running tests and
the results analysed by the ASD Test Analyser.
s v

[ csp
Black Box

ﬂ Applying ASD to the MaglLev Stage
Development

Hand-written + Generated
Code Code

SBY(T,S)~>(T'R)
Design

Generated

+ ‘ Test Cases

_ . chitect and software engineer from Philips Applig
Figure 5: ASD Overview

. N goals of the project were:
Because ASD specifications avoid difficult mathe-

matical notations and are fully traceable to the origt. To re-develop the MaglLev Stage control soft-

inal specifications, they can be validated by inspec- ware to industrial quality standards as quick
tion with project stakeholders. Next, the design is as possible;

specified using Sequence-based Specification. This For Philips Applied Technologies to gain pract
still remains a creative, inventive design activity re- cal experience of applying ASD in practice wit
quiring skill and experience combined with domain 3 view to assessing its applicability to other tyf

knowledge. With ASD, however, the design is typ- ical software developments carried out withip

ically captured with much more precision than is  Philips Applied Technology.
usual with conventional development methods, rais-

ing many issues early in the life cycle and resolvinghe work proceded as follows: firstly, an ASD spe¢

them before implementation haS Started_ iﬁca.tion Of the MAC interface (IMaC and IMaCCB)

The ASD model Generator is used to generate p}%@s made based on existing specifications and the
fpert knowledge of the senior architect. This black

lﬁox function was plotted in the form of a state tran

cess algebra models of both the specification and
design so that the design can be verified for compti- ) _
ance with the specification. In most cases, a des@Hon diagram and reviewed by the team.
cannot be verified in isolation; it depends on its ekiext, an ASD specification of the client applicg
ecution environment and the components it uses s AP (IStage and IStageCB) was made based
its complete behaviour. In ASD, used componeHie existing implementation and with frequent re
interfaces are specified using Sequence-based Sgéences to the existing code. The process of mak
ification, the corresponding mathematical modelde ASD specification raised a significant number
are generated using the ASD Model Generator aplRecification issues, most of which were resolved
these models, combined with those of the desighe senior architect based on his extensive dom

are verified for compliance with the specificatiorknowledge and experience gained in developing the

For CSP models, this verification is done mathem&gginal “proof of concept” prototype.
ically using the model checker FDR. Errors detectdthe architecture was then developed, partitionil
during the verification are corrected in the desighe major functions of the control software betwee
specification, new CSP models are generated dahd Manipulator component and the two instanc
the verification is repeated. (This is typically a vergf the SubStage component; an ASD specifig
rapid cycle.) tion of the SubStage interfaces (ISubStage, ISU

When the design has been verified, the ASD Co&t29eCB) was made, reflecting the first “guess”
Generator is used to generate program source c8 SubStage abstraction.

in C++ or C or other similar languages. The peiFhe first major design task was the design of t
centage of the total code that can be generated thianipulator. This was specified using Sequeng
way varies from project to project. Experience supased Specification. As the design evolved, t
gests this is typically between 70% and 90%, butptecision of the ASD interface specifications

Technologies and two employees from Verum. The

an

The design team consisted of a senior software @ar-
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the client interface and the SubStage interface WaBR was used to check the SubStage design plus
extremely beneficial. As the design neared corfte MAC interface against the SubStage interface.
pletion, the ASD Model Generator was used fbhe SubStage interface model was the same one
generate the CSP models of the client interfacesed to verify the Manipulator design.

(IStage, I1StageCB), the SubStage interfaces (ISylyyring the SubStage design, it proved impossible
Stage, ISubStageCB) and the Manipulator desigf.implement the SubStage interface exactly as it
The parallel composition of the Manipulator desigRad been specified and it was necessary to change
model plus two instances of the SubStage Interfages This involved changing the ASD SubStage in-
(one for the Intermediate SubStage and one for i@face specification, regenerating its mathematical
Carrier SubStage) were verified against the clieffodel and then verifying the Manipulator design
interface model using the model checker. This wagainst the changed SubStage interface to assess
done after first verifying with the model checkefhe impact of the changes on the Manipulator de-
that the design was free from divergence, internghn. Where necessary, the Manipulator design was
inconsistencies and deadlocks. changed and verified against the modified SubStage
During this process, many design and some spedcifiterface specification. This enabled the impact of
cation errors were discovered by the model checkeSubStage design alternatives on the Manipulator to
As they were discovered, the appropriate ASD spdie assessed quickly and provided additional input
ification was updated to correct the error, new matfor making often difficult technical choices.

ematical models generated and the verification cf¢hen both the Manipulator and SubStage designs
tinued. This cycle occurs quite rapidly, finding angere completed and verified by model checking, the
fixing several errors per hour. This differs signife++ code of both the Manipulator and th SubStage

icantly form conventional, testing-based develogyas generated using the ASD Code Generator.
ment method. Unlike conventional testing:

e All of this is done without having written any
program code or executing any test cases. Resuylts
e This form of verification is based on mathemat-
ical prqof and is total. ltis equwglent to 100.0/ The ASD specification of the MAC interfaces took
execution path:overage, something un‘PJ[Che'Vébout 1 week; the specification of the client API in-
abl-e by testing. S ) terface and the SubStage interface took about the
e This form of verification is particularly good alga e time, The MAC interface specification has
uncovering dynamic behavioural errors such g8 yansition rules and 12 canonical sequences, the
deadlgcks, rgce conditions apq d§3|gn behaqungst of which is 5 stimuli long. The ASD specifi-
that violates interfaces specifications. Such &f54io of the client API has 345 transition rules and
rors are extremely difficult to detect and diag3 ¢anonical sequences. The SubStage interface has
nose using conventional testing because thgifg yansition rules and 13 canonical sequences.

nondterministic nature makes them to reprodu . . .
P %%e ASD design and verification of the Manipula-

and repair. .
. e . ... tortook about 4 weeks to complete. The design was
e This verification is done before investing in im- .
| tati tth ; . - thextremely complex due to the complex behaviour
plementation, at the most economic poINt I Tt the MAC as this was still visible at the Sub-
life-cycle. . .
Stage interface plus the event driven and concur-
When the Manipulator design was completed ameint nature of the behaviour. Due to its complex-
verified, work began on the SubStage desigty, the Manipulator design was hierachically de-
Again, this was specified using the Sequence-baseuinposed into a top level design together with 3
Specification Method. In this case, the implesignificant lower level sub-designs. In total, the
mented interface is the SubStage interface (ISudesign has 1,700 transition rules and 28 canoni-
Stage, ISubStageCB) and the used interface is ta sequences. This hierarchical design structure
MAC interface (IMac, IMacCB). As the designwas carried through into the generated mathemat-
neared completion, the CSP models were generaiteal models and the generated C++ code, providing

automatically using the ASD Model Generator arfdll traceability between these different views.
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During the design verification of the manipulatosues such as coordinate transformations or “gly

about 200 errors were detected in the model chedode interfacing the software to the rest of the run-

ing phase. Most of these fell into one of two catime environment. Although the final run-time plat

egories: i) internal inconsistencies where the d®rm was VxWorks, component testing was done by
sign violated the interface specifications of the us&8rum under Windows XP. Testing in the final Vx-

components or was unable to react correctly to ndiWorks environment is being performed by Philig
fications arriving asynchronously from the used impplied Technologies.

terfaces; ii) race conditions that were particularlyhe comparative results of this project are shown

difficult due to a) the number of unstable statgg figure 6. Philips Applied Technologies calcy

in the SubStage specification arising from the ngytes that its code production rate for a typical soft-

ture of the underlying MAC behaviour and b) th/are development, including design, specificatio

loose coupling between the Manipulator and th@ding and testing effort, is about 6,000 executable

SUbStage introduced by the event notification quellges of code per man year. The Origina| MagLe

mechanism. The order of verification was as fo‘lproof of Concept" software was produced at a rate
lows: i) to verify freedom from race conditions, dinf 8,727 executable lines of code per man year.

vergence and deadlocks; ii) to verify complicanqgesktop integration testing of this software, usir

with the used SubStage interface specifications; émulated hardware, found 60 defects, resulting in a

to verify compliance with the client API specificajarge - but undocumented - amount of rework.
tions, the interface implemented by the design.

_ o In 2004, when considering the redesign of the Ma-
The ASD deSIgn and verification of the SUbStaQﬁ_eV software using traditional methods1 the Ap_

e

V

g

took about 4 weeks to complete. Due to its comgtied Technologies design team expected to produce

plexity, the design was hierarchically decomposeghproximately 5000 lines of code in 6 man week

into a top level design plus 5 lower level suby productivity equivalent to 18,000 executable lines

designs. In total, the design has 4,700 transitigf code per man year. Based on their experien

rules and a total of 84 canonical sequences. The @4th the “proof of concept” version, they also obvit

der of verification was the same as described abOMgsly expected an increase in the qua“ty of the e
Again, the number of unstable states in the bgsgyt.

haviour of the MAC together with the deCOUp"nQJItimater the redesign of the MaglLev softwar
caused by the event notification queue resultedv{)?le performed together with employees of Veru
a very complex design with many possibilities folﬁsing ASD. The result was the production of 17,0(
race conditions and other unexpected behaviodf. . iabie lines of code in 45 man weeks of effo
During the verification, in the prder of 200 errorﬁmluding all specification, design, design verifica
were detected by model checking and removed. tion, coding and desktop integration testing effol
After all designs were completed and mathematfhis equates to a production rate of 15,000 ex
cally verified, the C++ code was generated. TRhgitable lines of code per man year. The stated eff
generated code is structured according to the Wedptures the contributions from both Applied Tec
known State Pattern [2] and was tailored to meet thg|ogies design staff and Verum’'s employees.

code architecture required by Philips Applied Teclyiso captures the learning curve needed by both g
nologies. This is a normal part of the ASD codges; Verum's employees to learn about the MagL
generation process; experience shows that “staplication and Applied Technologies engineers
dard” code generators are frequently too inflexiblgarn how to work with ASD. Much of this learn-
in the style and strucure of the code they gengfy curve would not be required for future projects
ate. Every project and development environmeplrthermore, application of ASD to the design ¢
has specific requirements for the generated cod&fi system resulted in the discovery of about 4
ensure that it properly integrates with the rest of thfects during design verification. The average ¢
code base and the run-time platform. In this projeggrt to find and fix each defect was approximate
the run-time platform was VxWorks. Intotal 17,006 man hour per defect. Consequentially the so
executable lines of code were generated, represgére delivered to Philips Applied Technologies hg

ing more than 90% of the code. The hand writtefivery low defect rate. During desktop integratig
code was either concerned with domain specific is-

S.

ce

d

>

SER

I,
5

e-
ort

—
1

ar-
=
to

1°Z)

DO
of-
y
ift-
NS

July 2005



Author- G Haagh

Date: 2005.03.23

Key
Assumption
Input
Estimate

Invarients
elOCAOC 0.545
Workang days per year 200

Comparative Project Data

Proaf of Inilial estimale fr ~~ Redesign
Typical Project Concept redesign with ASD

Elective LOC 88000 4000 5000 32000 Note 1
Eleclive ¢l OC AWM 2182 2727 17455
Eliet (my) ] 0.25 0.15 1.14 Note 2
el OCimy i o2y 16182 15378
Defects durmnyg desk mieqgration 60 5
Ellor for defect comection alot very litle
Defects aller release (PRs) 86
Defect comechon efion (my) 0.75
Defect level (per kel OC) 179
Efimtfdefect (md) 114

Notes

Note1l: This are generated and handeoded Enes 280N generaied LOC 3NN handwritten LOC

Nate?: Wk by ApgTech 051
Wk by VERUM 0625

Defect= A problem i the code that lead to a PR that was comected

Figure 6: Comparitive Results

testing with simulated hardware, only 5 errors were no extra cost as compared to traditional working
found and very little effort was required to correct methods.

these errors. e The number of defects found during desktop in-
Of course, the number of executable lines of code is tegration is reduced by a factor 12

a poor indicator of the complexity of a piece of soft-e The perceived quality of the code is MUCH

ware. Comparison of hand versus automatic code higher (supported by the figures)

generation techniques leads to a discussion of the

relative efficiency of each technique, with no obvi¥erum's employees also observed that:

ous conclusions except that automatically generated 1o complexity of the MagLev (re)design prob-
code leads to far lower error rates. Unfortunately, |om was much greater than that anticipated by
there are no other common metrics that give an in- o Applied Technologies design team

gicgtion of co_mdplegin;]in this (I:as_e. I?o;ve\la-:r, tLhe. The use of ASD exposed the complexity of the
esign team judged t € comp eX'tY of the MaglLev (re)design problem during the earliest moments
design to be at least twice that estimated at the be- of the development

inning of the project, even with the experience of ) .
ﬁavinggproducgd ; broof of concept ver:gion. e The MagLev software was delivered on time ac-

- . . cording to original expectations
As a result, Philips Applied Technologies drew the,

followi lusi ¢ h licati £ ASD The MagLev software was delivered in line with
oflowing conciusions from the application o effort estimates, bearing in mind the unexpected
to the redesign of the MagLev software:

complexity of the design problem.

e Overall the use of ASD in the design/code/unkAt the time of writing this report, the MagLev soft-
test phases is cost neutral w.r.t. traditional waysre remained to be tested with real hardware and
of working; that is, the benefits were gained agleased to real customers. Therefore Applied Tech-
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nologies has only measured the effect of ASD aware for the MagLev Stage. We are particularly ir

early lifecycle phases and has yet to experience tebted to G.P.M. Haagh Senior Software Architg

benefits ASD brings to system testing, release aadd Rutger van Beusekom Software Engineer, b

maintenance. of Philips Applied Technologies, for their cooper
ation and positive contribution in applying ASD t¢
this development.

Conclusions
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