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1. Introduction and summaries

1.1 Background

The CBA was founded in 1988 based on three small research groups, from Uppsala Univer-
sity (UU), the Swedish University for Agricultural Sciences (SLU) and the Swedish Na-
tional Environmental Protection Agency (SNV). In 1995 a re-organisation of CBA took
place, to reflect the actual situation of that time, and from 1 July, 1995, we are a pure uni-
versity entity. The employees are employed at either university, and the Ph.D. students are
admitted at any of the three faculties where we have a Ph.D. program (NT at UU, Sand JLT
at SLU), but CBA is administered by UU. A valuable consequence of the new constitution
is the formation of the CBA reference group, consisting of (at present) seven organisations
with an interest in the applications of image analysis.

The present fiscal year has been one of strong expansion, both because we have been suc-
cessful in getting research grants of various types and because the SLU group, where Prof.
Borgefors arrived only in the Fall of 1993, has become fully operational. However, the ex-
pansion will be even greater during the next fiscal year, through grants that were rewarded
during this year but will not be really started until the next. Ewert Bengisson was co-
ordinator for the National image analysis research programme application VISIT (VISual
Information Technology) which was granted by The Swedish Foundation for Strategic Re-
search. VISIT will be administered by CBA and will finance projects at both universities (as
well in at least five other universities). Tommy Lindell became co-ordinator for a big EU
project on lake quality. Gunilla Borgefors and Tommy Lindell were heavily involved in the
formation of the environmental surveillance programme RESE (REmote Sensing for the En-
vironment) granted by the Foundation for Strategic Environmental Research, which will
also finance projects at both universities.

CBA assembles an annual report describing the various activities that have taken place dur-
ing the year. This annual report is intended for anyone interested in our work, e.g., the
founding bodies, sponsors, co-operation partners and our research colleagues.

In the next two subsections the research at CBA is briefly summarised in English and Swed-
ish, respectively. A more detailed description of each research project can be found in sec-
tion 5. Section 2 describes the organisational and financial aspects of CBA. The other as-
pects of our work are briefly summarised in the introduction to each section which is printed
in a larger font than the following detailed material.

1.2 Summary

According to the founding documents, the objective of the Centre for Image Analysis is "to
create the know-how needed for an operative and sensible use of digital image analysis in
society, particularly in the fields of environment and medicine.” The research work is organ-
ised in three groups: The image analysis group at UU, which works mainly with medical
applications and is headed by Ewert Bengtsson: the aquatic remote sensing group at UU,
headed by Tommy Lindell: and the image analysis and remote sensing group at SLU headed
by Gunilla Borgefors, which concentrates forestry and environmental applications.

The UU image analysis group has had its main focus on the medical application field where
tomographic volume images from different sensors, particularly PET (Positron emission To-



mography) images and light microscopic images of cancerous tissues and cells have been
analysed.

Our NUTEK-sponsored work on bladder cancer has continued and reached a conclusion in
two doctoral theses presented this year by Heung-Kook Choi and Torsten Jarkrans. The
principle is to put information from texture, object oriented analysis, and minimal-spanning-
tree analysis together into a unified grading algorithm which was tested on a new clinical
material. I was shown that automatic analysis can be as accurate as a pathologist.

New methods for applying colour classification algorithms to the analysis of histological tis-
sues has been developed further and is currently being tested on routine clinical material.
Similar colour analysis algorithms have also been applied to the detection of eyes and mouth
in portraits. This work was financed by the company ID-kort AB.

The work on computer assisted analysis of light microscopic cell images has a long tradition
in our group, dating back to 1973. Work on our first application, the automated pre-
screening of routine specimens from gynaecological health control, was restarted this year
after a pause since 1987. This new project is financed by the Chicago based company Accu-
med which is developing commercial products in the field.

Lennart Thurfjell has continued his work on the 3D computerised brain atlas. Funding has
been received from NUTEK for Thurfjell and a new graduate student that stared during the
year.

In collaboration with other groups, we have a project to develop methods for evaluating bi-
opsy strategies in prostate cancer diagnosis, based on 3D modelling.

Methods for quantitatively evaluating and describing structures in 3D volume images has
also been studied in another more basic methodological project supported by TFR. This pro-
jectinvolves both universities.

In support of these different projects, as well as in order to provide an improved platform for
the education in image analysis, we have continued work on our general platform for image
analysis, the IMP system.

The general objective of Aquatic remote sensing research is to strengthen digital remote
sensing in general, focused on the fields of bio- and geosciences. The coupling to the ge-
osciences creates a natural connection between remote sensing and Geographic Information
Systems (GIS). The present activities vary from mapping and monitoring of waste water dis-
charge and distribution of plumes in lakes and seas to the mapping of subsurface ridges in
tropical and subtropic seas.

The use of satellite and airborne sensors for water quality surveillance is a long term project
in co-operation with, among others, NIVA, Norway. One important area of research is the
development of image analysis techniques and environmental applications in imaging spec-
trometry.

During the year a big grant, for which Tommy Lindell is responsible, was given by EU. It
concerns monitoring of the water quality of European lakes and includes participants from
many European countries.

The GIS work is concentrated on environmental impact assessments and deals with the
planning of new infrastructure and industrial establishment. Our main projects today deal
with coastal zone mapping and planning. An ongoing large scale project in Jamaica is an
example of this.



The SLU Image Analysis and Remote Sensing group is headed by Professor Gunilla Borge-
fors. The group and its activities has steadily grown since 1993 when she arrived, adding a
new major project and accompanying Ph.D. student approximately every six months. The
aim of the group is three-fold: to do applied image analysis research in co-operation with
groups outside CBA: to do basic image analysis research; and to be a central SLU source for
image analysis knowledge.

Several projects are aimed at forestry applications. SJFR finances a project were high reso-
lution colour infrared images are used for forest inventory. Image variables to be extracted
are, for example, horizontal tree crown area, tree species, and tree positions in the image.
Another project has essentially the same goal, but using a radically different sensor, the new
CARABAS radar, developed at the National Defence Research Establishment in Linkoping.
This sensor should, in contrast to conventional SAR radar, be well adapted to vegetation
analysis. Its potential is so far largely unknown, but preliminary results are promising.

The graduate school in Wood and Fiber Science finances a forestry project at a completely
different scale. The aim is to develop objective and, as far as possible, automatic methods
for description and analysis of wood fibre morphology, where the fibre is modelled in all its
dimensions.

One project is aimed at analysis of remote sensed images for agricultural uses, in particular
methods using pixel neighbourhoods rather than single pixels. So, far, this has been concen-
trated on extraction of field borders. A Ph.D. student from Belarus spent 6 months with us
on this, and now a full time Ph.D. student continues the work. A more application oriented
project in the same area is financed by EU though Statistics Sweden (SCB). The aim of that
is crop prediction using existing European models but adapting them to Swedish conditions.

NUTEK finances a project on low and medium level image analysis on general SIMD and
MIMD parallel machines, to see who much these Kinds of architectures can speed up the
heavy computations. In contrast to other similar projects we have concentrated on opera-
tions that need global rather than local image information, these being a much harder to
speed up.

Since the mid 1980s Gunilla Borgefors has co-operated with Dr. Gabriella Sanniti di Baja at
Istituto di Cibernetica, Napoli, Italy, on various aspects of digital shape in two and higher
dimensions. Skeletonization (or thinning) denotes the process where objects are reduced o
structures of lower dimension. Together with Ingela Nystrém from the UU group, we have
developed skeletonization methods for 3D images. We also worked on shape preservation
and skeletonizing in 2D binary resolution pyramids, together with Dr. Giuliana Ramella.

In the future we will continue our research in the areas outlined above, with a focus on
methods for analysis of multi-dimensional and multi-spectral images coming from various
Sensors.

1.3 Sammanfattning pa svenska (Summary in Swedish)

Centrum for bildanalys, CBA, ir ett forskningscentrum som grundades 1988, baserat pd tre
smi forskningsgrupper frin Uppsala universitet, (UU), Sveriges Lantbruksuniversitet,
(SLU), och Naturvirdsverket (SNV). Den forsta juli 1995 dindrades konstitutionen i enlighet
med hur CBA hade utvecklats sig, si att vi blev en ren universitetsorganisation. Personalen
dr anstilld vid resp. universitet och doktoranderna antas vid nigon av de tre fakulteter dir vi
har doktorandprogram (NT vid UU, S och JLT vid SLU), men CBA administreras i sin hel-



het av UU. En viirdefull foljd av den nya Konstitutionen ir bildandet av CBA referensgrupp,
som fOr nirvarande bestir av sju organisationer med intresse for tillimpningar av bildana-
lys. Dessa idr: Fiskeriverket, Forsvarets forskningsanstalt, Riksantikvarielimbetet, Skog-
Forsk, Naturvirdsverket, STFi, och Uppsala akademiska sjukhus. I juni 1996 tillsattes des-
sutom en permanent professor i bildanalys vid UU, med Ewert Bengtsson som innehavare.

Det budgetir som ticks av denna drsrapport omfattar 18-midnadersperioden juli 1995 till
dec. 1996. Det har varit en tid av stark expansion, dels diirfor aut CBA har varit framgings-
rikt i att f2 in nya forskningsmedel, dels dirfor au SLU-gruppen, diir Prof. Borgefors starta-
de hosten 1993, har kommit iging pa allvar. Expansionen kommer att bli dnnu stérre under
niista budgetir, eftersom minga av de projekt som beslutats under innevarande budgetir inte
startar forriin under niista. Ewert Bengtsson var koordinator f6r VISIT (VISual Information
Technology) det nationella forskningsprogram inom bildanalys som Stiftelsen fOr strategisk
forskning (SFF) beviljat. VISIT kommer att administreras av CBA och finansiera projekt
vid bida universiteten (samt vid de flesta andra svenska universitet). Tommy Lindell blev
koordinator [or ett stort EU-projekt om vatienkvalitén i Europas stora insjoar, som innefattar
deltagare frin minga Linder. Gunilla Borgefors och Tommy Lindell har varit djupt engage-
rade i planeringen av miljoovervakingsprogrammet RESE (REmote Sensing for the Envi-
ronment) som finansieras av Miljostrategiska fonden (MISTRA). Borgefors ir projektledare
och RESE kommer dven det att finansiera projekt vid bida universiteten.

Enligt vir konstitution gilller ljande: "Huvudinrikiningen for CBA skall vara digital bilda-
nalys inom bio- och geovetenskaperna. Forskningen skall syfta till tillimpning inom frimst
miljo och vatten, jord- och skogsbruket samt medicin. ... Vid CBA skall bedrivas forskning,
dels inom bild- och fjirranalysen som sidan, med malet att utveckla biittre algoritmer, meto-
der och system for dessa typer av tillimpningar, dels inom de angivna omridena med direk-
ta tillimpningar och projekt. CBA skall medverka till att bildanalystekniken sprids och til-
Kimpas idven inom andra institutioner. ... CBA skall vara ett kompetenscentrum med
internationell kompetensnivd."

Forskningen organiseras i tre grupper: bildanalys vid UU, akvatisk fjérranalys vid UU, och
bild- och fjirranalys vid SLU. Centrum for bildanalys hade 961230 tio doktorander, sju dis-
puterade, tvd projektanstillda, och tvdl administrativ personal. Tvi doktorander disputerade
under hostterminen 1996. Under borjan av 1997 kommer Atta nya doktorander att rekryteras.
Fordelningen pd doktorandniva 4r jimn mellan universiteten, medan endast en disputerad
finns vid SLU. I praktiken dr verksamheten mycket viil integrerad.

Det mesta av CBA aktivitet liknar den vid vilken universitetsinstitution som helst, men ad-
ministrationen blir med nédviindighet nagot mer komplicerad, p g a av vilr niira relation till
tvil universitet. Arets budget omfattade omkring 13.5 millioner kr, varav 45% kommer frin
de tvi universiteten och de dvriga 55% frin forskningsrid, NUTEK, EU, och minga mindre
Killlor. Dessutom deltar vi i undervisningen pd grundniva via andra institutioner vid UU till
ett belopp av c:a 2 millioner kr.

UU-gruppens huvudiema dr medicinska tillimpningar didr tomografiska bilder frin olika
sensorer samt mikroskopiska bilder av cancerogena viivnader och celler har analyserats.

Virt NUTEK-stidda projekt angidende cancer i urinbldsan har fortsatt och under dret resul-
terat i tvi doktorsavhandlingar, av Heung-Kook Choi och Torsten Jarkrans. Principen dr au
kombinera information frin textur, objektanalys och MST-analys till ett enhetligt grade-
ringssystem vilket testades pd ett omfattande kliniskt material. De visade att automatisk ana-
lys kan vara lika bra som den som utfors av en patolog.



Nya metoder for ant anviinda firgbaserade klassificeringsalgoritmer pd histologiska preparat
har vidareutvecklats och testas for niirvarande pa Kliniskt material. Liknande Cirganalysalgo-
ritmer har ocksd anviints for att lokalisera dgon och mun i fotografier for korkort o. dyl. Det
senare arbetet har stotts ekonomiskt av foretaget ID-kort AB.

Arbetet med datorstddd analys av ljusmikroskopiska cellbilder har en ling tradition i grup-
pen, det startade redan 1973. Arbetet med vir forsta tillimpning, den automatiska fGrgransk-
ningen av rutinpreparat frin gynekologisk hidlsokontroll derupptogs under 1994 efter et
uppehill sedan 1987. Detta projekt finansieras av det i Chicago baserade foretaget Accumed
International Inc. som utvecklar kommersiella produkter inom omridet.

Lennart Thurfjell har fortsatt sitt arbete med sin 3D datoriserade hjidrnatlas. Ekonomiskt stid
har kommit frin NUTEK for Thurfjell och for en doktorand som startat sitt arbete under
aret.

I ett annat projekt utvecklar vi metoder fOr att utviirdera strategier fOr nalbiopsier vid prosta-
tacancerdiagos baserade pa 3D modeller.

Metoder for att kvantitativt utviirdera och beskriva strukturer i 3D volymbilder har ocksd
studerats i ett grundforskningsprojekt med ekonomiskt stéd frin TFR. Detta projekt bedrivs
inom bida universiteten.

Sivil for au stodja dessa olika projekt som for att tillhandahdlla et forbdurat verkiyg for
utbildning i bildanalys har arbetet med den generella bildanalysprogramvaran IMP fortsatt.

Huvudmilet for den Akvatiska fjirranal ysgruppen dr att stirka digital fjirranalys i allmiin-
het, fokuserat pa omridena bio- och geovetenskap. Kopplingen till geovetenskap skapar en
naturlig koppling mellan fjirranalys och geografiska informationssystem (GIS). Nuvarande
aktiviteter spinner frin kartering och dvervakning av utsliipp av avioppsvatten, fOrdelning
av plymer i hav och sjoar till kartering av undervattensryggar i tropiska och subtropiska
hav.

Anviindningen av satelliter och flygburna sensorer for vatenkvalitebvervakning dr ett ling-
siktigt projekt som bedrivs i samarbete med bland andra NIVA i Norge. Eut viktigt tillimp-
ningsomride 4&r utvecklingen av bildanalysteknik och miljotillimpningar inom avbildande
spektrometri.

Under dret har ett stort anslag, med Tommy Lindell som ansvarig, beviljats av EU. Det av-
ser overvakning av vattenkvalite i europeiska insjoar och bedrivs i samarbete med ett antal
EU-kinder.

Arbetet med GIS idr koncentrerat till méitningar av miljopaverkan och handlar om att planera
ny infrastruktur och industriella etableringar. Virt huvudprojekt for nirvarande dr kartering
och planering av Kustnira zoner. Ett storskaligt projekt pd Jamaica ror detta omride.

Bild och fjirranalysgruppen vid SLU leds av professor Gunilla Borgefors. Gruppens mal ir
trefaldigt: att bedriva tillimpad bildanalysforskning i samarbete med grupper utanfor cen-
trum; att bedriva grundforskning i bildanalys: att vara en kunskapsresurs i bildanalys [or
SLU.

Arbete inom et flertal skogstillimningsprojekt bedrivs. SIFR finansierar ett projekt diir hig-
upplista infrardda firgbilder anviinds for skogsinventering. Bildegenskaper som tas fram dr
L. ex. horisontell yta for trikdkronorna, tridarter samt trikdens lige. Eu annat projekt har hu-
vudsakligen samma mdl, men en helt annan sensor anviinds, den nya CARABAS radarn, ut-
vecklad vid FOA i Linkoping. Denna sensor tycks, i motsats till traditionell SAR-radar, vara



vill anpassad till analys av vegetation. Dess méjligheter ir iin s linge till stora delar okiinda
men preliminiira resultat dr lovande.

Forskarskolan Tri och trifiber finansierar ett skogsprojekt i helt annan skala diir syftet ir au
utveckla en objektiv, och sd Eingt som mdojligt, automatisk metod for karakterisering och
analys av triifibrers form, diir fibern modelleras i alla sina dimensioner.

Ett annat projekts mal dr att analysera fjdrranalysbilder for jordbrukstillimpningar, speciellt
metoder baserade pa lokala pixelomgivningar snarare dn enstaka pixel. Hittills har detta
koncentrerats pi detektion av av dkrarnas Kanter. En doktorand frin Vitryssland tillbringade
sex minader hos oss och arbetade inom detta projekt, nu arbetar en ny heltidsdoktorand
inom projekiet. Ett mer tillimpningsorienterat projekt inom samma omride ir finansierat av
EU genom Statistiska Centralbyrin (SCB). Syfiet ir skrdeprognos med anviindning av eu-
ropeiska modeller, men anpassade till svenska forhallanden.

NUTEK finansierar ett projekt inom bildanalys pa lig- och medelnivi pd generella SIMD-
och MIMD-parallella datorer. Syfiet ir att studera hur mycket denna typ av arkitekturer kan
Oka hastigheten hos tunga beriikningar. I motsats till andra liknande projekt har vi koncen-
trerat oss pi operationer som behover global snarare én lokal information, eftersom dessa ir
mycket svirare att effektivisera hastighetsmiissigt.

Gunilla Borgefors har sedan mitten av 1980-talet samarbetat med Dr Gabriella Sanniti di
Baja vid Instituto di Cibernetica, Neapel, Italien. Samarbetet ror olika aspekter av digital
form i tvik och fler dimensioner. Skelettering beskriver en process diir ett objekt reduceras
till strukturer av igre dimensionalitet. Tillsammans med Ingela Nystrom frain UU-gruppen
har en metod for skelettering av volymsbilder utvecklats. Forskning inom omridet form och
skelettering i tvidimensionella bindra upplosningspyramider, bedrivs i samarbete med Dr
Giuliana Ramella.

Den kvantitativa omfattningen av verksamheten vid CBA framgir av de olika listorna dver
publikationer, seminarier, konferensdeltagande, studiebesdk etc i denna drsrapport. Vi skall
hiir inte tynga texten med ytterligare statistik.

I framtiden avser vi att folja pd den inslagna viigen, diir forskning runt volymsbilder och
multi- och hyperspekitrala bilder kommer att ges sdrskilt utrymme. Efter den ytterligare 6k-
ning som nu beslutade stora projekt innebilr har vi diremot inte ambitionen att viixa sirskilt
mycket ytterligare.
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2. Organization

The CBA consists of three research groups. We were at 19961231 a total of 22 persons,
seven of which are PhD:s. Most of the activity at CBA is similar to a department within any
university but the administration becomes somewhat more complicated due 1o our close re-
lation to two different universities. Only about 45% of the budget of about 13.5 million SEK
was covered by funds from the two universities. The rest came from various outside sources.

2.1 Constitution

The CBA was founded in 1988 based on twee small research groups, from Uppsala University (ULU), the
Swedish University for Agriculmral Sciences (SLU) and the Swedish National Environmental Protection
Agency (SNV). In 1995 a re-organization of CBA took place to reflect the acmal simation of that time, and
from | July, 1995, we are a pure university entity. The employees are employed at either university, and the
Ph.D. smdents are admined & any of the three faculties where we have a Ph.D. program (NT &t UU and S or
JLTat SLU), but CBA i adminisiered by UU.

The CBA is directed by a board with representatives from the universities and the personnel organizations. The
board meets about four times per year 1o draw up the overall policies for the work at CBA and 10 mke respon-
sibility for the budget. In between board meatings CBA is headed by a director who is appointed by UU and
who also serves & chairman of the board. During this year Gunilla Borgefors has served as director with Olle
Eriksson & deputy. The other board members have been: Ewen Bengisson UU, Nils-Einar Eriksson TCO,
Bengt Gustafsson UU, Anders Hemmingsson UU, Christer Kiselman UU (suppl), Tommy Lindell SACO,
Thomas Nybrandt SLU, Hikan Okson SLU, and Magne Tuvesson SLU (suppl).

Acoording to the founding documens the objective of the CBA is "to create the know-how needed for an op-
erative and sensibk use of digital image analysis in society, particularly in the fields of environment and medi-
cine”. The research work is organized in three groups: The image analysis group st UU which works mainly
with medical applications and is headed by Ewert Bengssson, the group in aquatic remote sensing, headed by
Tommy Lindell and the image analysis and remote sensing group at SLU headed by Gunilla Borgefors.
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2.2 Finances

The CBA is financed through the two univessities, through research contracts and granss and through coopera-
tion projects with other organizations. The brief listing below describes our overall economy for the |8 month
fiscal year 199506 including both internal and exiemal incomes and expendimres. Since pan of our economy
is handled at UU and pan at SLU, this summary is based on joining the two accounss and clearing intemal
transactions. Additionally we have around 2 MSEK in personnel costs covered through teaching administrated
through the Depantments of Scientific Computing and of Geoscience st UU. The numbers are rounded to the
nearest 1000 SEK. The total sum increased about 30% since the previous fiscal year (per 12 mmiths). Below
the same numbers are ako given as pie chans. 1t is worth noting that of our own activities (teaching excluded)
55% are finmanced through outside funding.

12



2.3 Reference group

To increase the inkeraction with the world outside the universities, the new constimtion of CBA (see Section
2.1) defines a reference group of official bodies that makes a small annual contribution to CBA in exchange
for a monthly information letter, consulting possibilities, and several informative meetings annually. Two
meetings were held this period. The first was a preliminary meeting 960422 © which a large number of organi-
sations had been invited. At this meating the plans for, and mativation behind, the reference group were pre-
sented. The first "real” meeting of the reference group was held 961126 were Genend image analysis methods
from the theses of Choi and Jarkrans were presented.

Al present the reference group consists of the following organsations:
National Board of Fisheries

National Defence Research Establishment

The National Board of Antiquitys

The Forestry Research Institute of Sweden

Swedish National Environmental Protection Agency
Swedish Pulp and Paper Research Institute

Uppsala University Hospital

13



2.4 Staff

Gunilla Borgefors, Professor, PhD, director, SLU
Olle Eriksson, Lecturer, PhD, deputy director, UU
Ewert W Bengtsson, Professor, PhD, UU

Tommy Lindell, Docent, PhD, UU

Tomas Brandtberg, Doctoral Student, SLU, UU
Heung-Kook Choi, Doctoral Student, -960930, UU
Anders Forsmoo, Doctoral Student, 951101-, SLU
Hans Frimmel, Doctoral Student, UU

Roger Hult, Doctoral Student, 960101-, UU

Torsten Jarkrans, Adjunct, PhD, UU

Maittias Moéll, Doctoral Student, 960701-, SLU

Jakob Nisell, Research engineer, part time (~50%), SLU
Bo Nordin, Researcher, PhD, UU

Ingela Nystrom, Doctoral Student, UU

Petter Ranefall, Doctoral Student, UU

Anna Pettersson, Doctomal Student, 960208-, SLU
Lennart Thurfjell, Researcher, PhD, part time (80%), UU
Fredrik Walter, Doctoral Student, SLU

Daniel Wedjesjo, Doctoral Student, -951031, SLU
Catherine Ostlund, Doctoral Student, UU

Helena Olsson, Administration
Marcelo Toledo, Administration, 950918-

Hua Guo, project work, 9609-, SLU
Yueqin Sun, project work, 9603-, UU

The letters afier the name mdicate the employer for each person. The mierpretation is as follows: UL - Uppsala Univeraty,
SLU - Swedish Umversaty of Agricultural Scaences. The staff can inaddition to regular mail elephone and fax tothe CBA
be reached through email at an address whichusually & ther first name followed by 0F chauwse.

L W o
ALy -,
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3. Undergraduate education

CBA does not have responsibility for organizing undergraduate education at any of the two
universities. The staff at CBA is, however, involved in teaching several courses organized
by other departments. We also offer several Master thesis projects (examensarbeten) each
year.

3.1 Courses

The undergraduste courses which staff from CBA have tsught have mainly been organtzed through the Department of Sa
entific Computing at UL These courses have dealt with subjects clasely related © our research 1.0 Computenized image
amlyss and Computer graphics. We have ako taught courses in programmang m C and C++.

At SLU we have not yet given any undergraduate courses but plans are in progress for affering courses m owr faeld ako at
that universty.

During the periad covered by this repart, we have been mvolved in the followang courses:

1. Introduction to sclentific programming

Name: Olle Eriksson, Period: Sep-Nov 1995

Topic: Introduction to computer programmang using C++ .
Computers and Programming

Name: Tarsten Jarkrans, Period: Sep-Nov 1995
Topic: Distance course in programming wsing C++ (18h lectures).

3. Satellite image interpretation
Name: Tommy Lindell, Penod: Oct 1995
Topic: Partof a basac level remate semsmg course, Gecscrences

4 Satellite remote sensing

Name: Tommy Lindell, Peniad: Nov 1995

Topic: General review of kechniques m remate semsing for the image analysis course
5. Object-oriented programming

Name: Olle Enksson, Hans Frimmel, Periad: Nov-Dec 1995

Topic: Intraduction to C++.

Comment Acourse given for Sandviken AB

6. Computers and Programming
Name: Petter Ranefall, Period: Oct-Dec 1995
Topi: Programmang uwsing C++
7. Computerized Image Analysis
Name: Ewert Bengtsson, Period: Nov-Dec 1995
Tapic: a full 5 cred#t course on image analysx, mcliding lab excercries and examination
Comment given at Umed Umversity.
8 Digital remote sensing
Name: Tommy Lindell, Period: Nov 1995 - Jan 1996
Topi: Course on hasic level Geascrences

9. Introduction to sclentific programming
Name: Fredrk Walter, Period: Jan 199%.
Topic: Intraducton o computer programmang using C++ .
10. Computer Assisted Image Analysis
Name: Tarsten Jarkrans Penod: Jan-March 199%
Topie: Lectures and laborations in mage amlyss for 15 students.

11. Sclentific programming
Name: Olle Eniksson, Period: Mar-May 1996
Topic: Programmang using C++ .

1=
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Computer Assisted Image Analysis
Name: Petier Ranefall, Ewert Bengtsson, Ingela Nystrém, Period: March-May 1996
Topic: Lectures and laborations in mage amlyss for 15 students.

Computer Graphics

Name: Tarsten Jarkrans, Hans Fimmel Period: March-May 1996
Topic: Lectures and laborations in computer graphics.
Introduction to sclentific programming

Name: Olle Eriksson, Period: Sep-Nov 1996

Topic: Intraduction to compuler programaming using C++ .
Object-oriented programming using C++

Name: Bo Nordin, Period: Oct-Dec 196

Topic: Inroduction to C++.
Comment Anational distance course - most contacts between students and teachers via emaul

Computer Graphics
Name: Bo Nordin, Period: Oct-Dec 196
Topic: Inroduction to computer graphics (40h lectures and 10h bbaratons ).

Software Tools

Name: Olle Eriksson, Period: Jan-March 196

Topic: Object anented design and and amalyss, saftwre oals.
Object-oriented programming using C++ (TDB3)
Name: Bo Nordin, Period: Jun-Aug 199

Topic: Inroduction to C++.
Comment Anational distance course

Satellite image interpretation
Name: Tommy Lindell, Penad: Oct 196
Topic: Partof a basac level remate semsmg course, Geoscrences

Digital remote sensing
Name: Tommy Lindell, Period: Dec-Jan 19961997
Topic: Course on hasic level Geascrences

. Intreduction to sclentific programming

Name: Tarsten Jarkrans, Penod: OctMar 196197
Topic: Intraduction to computer programmang using C++ .

3.2 Master thesis projects

The center has arganized the follvwing master thess projects which have been carnied out this year:

Topic: Reconstruction of insects’ ganglion
Sudent: Roger Hult

Advisar: Ewert Bengtsson

Period: 9507-9512

Abgtacr The purpose of this undergraduste thess work 5 © recomstruct insects” ganghon from consecutive shees
mack by a microtome. The project stself was imtiated several yaars ago by Professor Chrstine Dahl at the Department
af Enomalogy at Uppsals Umiversity. The main difficully when reconstructing the 3D structure from this type of data
w that the shces normally are misaligned In this thess two algonthms for alignment have been tred out, besdes dong
the alignment manually. These two algarithms are Hierarchical Chamfer Matching Algorithm and an miensity hased
carrelation fechnique. These are referred ©0 as HOMA and Grey -makch thoughout this thesis. HOMA uses mforma-
tion from the edges af the images © create a dstance mage and tries (o minimase the sum of the values inthe distance
map that the contowr hit. Grey-match wses grey-level intensataes and tries 10 maxmmise the camrelation between ad poent
slices by altering trans ltson m x- and y-dmecton and ako the rotaton about the z-axs. Because of the nature of o
kgical data and that the samples used in this thess were ongimally not inlended for ths purpose, both of the algo
rithms have diffsculiaes m some cases. What is decaded © be a good masching & rather subjective, although bad corre-
ltxon values give a lunt of of the maxching & otlly wrang.
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Topic: Development of a windows based system for evaluation of mottle in full tone printed paper
surfaces

Sudent: Anna Svird

Advisor: Ewert Bengtsson

Period: 9507-9512

Abgimer A windows program has been developed, for evalution of mottle m full one printed paper surfaces, with
help of image amalyss. Farlier visual judgment has been wsed for evaluating the degree of unevenness in the printed
samples. This isa very time consuming method, and # doesn’t always give reliable results. The development if a new
PC hased system & an important skep in making an equipment available for the paper malk. It will make it easier to
perform a lrger number of mottke evaluations, which i turn will give a better know kedge of the reasons for mottle in
printed paper. The mages are read from a line scanner. there has also been some tests done % change the maging
equipment into a smalkr OCD-camera. The mages are evalusted with frequency analysis. The degree of mattle is
given as the varance of the grayscak in the mage. A scparation of the frequency domam & done into a number of
wavekngth arcas. The varance is then summed for the different arcas, and given as resull. The wavelength can here
be seen as a measurement of the sze of the mevenness. A large varance m one of the wavelength arcas means that
the unevenness m the sample has this characterstic size.

Topic: Image Analysks algorithms for inspecting of the superconducting LHC-cable

Stadent: Tobias Ohman

Advisor: Ewert Bengtsson

Period: 9601-9606

Abstmucr This paper concerns the idea of using image malysis © imspect a supercanducting cable, which is o be wed
m high feld magnets within the LHC pmject st CERN. The methods described here, are hased on direct extracton of
data from images. Ths data 5 then used © reconstruct a smplified, structural representation of the mage. Features
from this mode]l makes the foundation of a clasifier which chssfies mages into the two possible classes "faull’ or
‘normal’.

Topic: Targe detection in IR (Infra Red) video
Sudent: Tomas Holm

Advisor: Ewert Bengtsson

Period: 9601-9607

Abgtact Rescarch about paint target detection systems for IR-cameras. Followmg subjects have been penctrated:
how nomse affect paint targets m IR-camera. Clasification of backgrounds m IR-amages. Test of different pomt target
detection methods, The results are followang: noise and paint targets can not be separated by oking at the form of
the signal i the spatil plne. IR-mmage background classification 1s difficult due to the different adjustment that can
be done on the IR-camera. Several different pomt target detection methods were tested and four of them were easy to
mmplement and showed food result, they were: Target detection system developed by EMW (Ericson Mxrowave Sys
tems AB) in Mdilndal, Robmson filter, Top-Hat transform and Motion detection. Data fusion between Mation detec-
tion and other target detection methods showed food result

Topic: Digital image analysks of clumps and clusters of cells in cervical cancer screening

Sudent: Kenneth Jomsson

Advisor: Ewert Bengtsson

Period: 9603-9609

Absgmcr Despite aver 40 years of active rescarch, automated cervical cancer screening is still an unsolved problem.
However, as a result of the mcoreasing computational power of modern digital computers in conjuncton with new so-
phasticated methods for specimen preparation, image acquesiton and image amalysis sigm ficant progress & now beng
madke. The principal objective of this thess was © investigate whether # 15 possible © extract discnimanatory mforma.
tion from clumps and clusters of cells m standard PAP smears. Inmany specimens, the majporty of the cells are part of
aggregates and the successiul clasificaton of these coukd morease the rehahihity of the PAP-smear analyss. the meth
ods consider stem from several different arcas wathn digstal image amalyss and mathematacal sttstics. These mchde
mage enhancement and segmentaon, feature extraction, cluster amalyss and sttstical clas fication. Emphasas was
placed on the improvement of exsting enlancement echmques, the development of new segmentation algorithms and
the application of known methods within cluster analysis. The results indicate that #t & quike feasibke o extract valu
ahble information from di fferent types of cell aggregates.

Topic: Detection of small airborne targets in visual and infrared images

Suden: Fredrk Lingvall

Advisor: Gunill Borgefors, Thomas Anderssan®, Bengt Anderssan*

Funding: CebmsTech Electranics AB, Jarfalla (*)

Perod: %06-9611

Comment The work was done at Celsius Tech AB, Jarfalla.

Abgmcr A crucal component in infrared and visual search and track systems & the detection of targets. The subse-
quent tracking problem m largely salved. Several technaques that are wseful for the poblem of detecting small asr
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borne targets m images from such systems were investigated. These mclude: a number of filkening technxjues for en
hancing the sigmal-o-clitter ratia, especally matched fillers in 2D and 3D (sequences); segmentation methods,
especially 2D hxogram methads based on the co-occurmence matn x; object measuring i the segmented images, espe-
cally basic form measures; and fimally chssfication of objects hased on these measures.

Topic: Using texture of remote sensed images for classification of agricultural scenes

Sadent: Lars Bergqvist

Advisor: Gunilla Borgefors

Funding: TFR

Period: 9608-9701

Abgacr Texture data and spectral mformaton from remote semsed agncultural scenes (SPOT -mmages) were wed for
distmgushing between different crop types in agnculural fickds. The co-occurmence method was used for the texture
amlysts. The chssification results, using several classification methods, were compared © experiments where only
spectral data was wsed. The comparson unfortumately showed that no significant improvement & achieved when tex-
ture data is miroduced. Even though the fiekds do contam texture, this texture is not related 1o the crop, at least not in
the bw resolution passible m satelhie images. An overview of allermtive methods and related work have ako been
performed as an introduction to future work in this arca.



4. Graduate education

At CBA during the period covered by this report, there have been six doctoral students in
computerized image analysis at UU, one in remote sensing at UU and five in image analysis
and remote sensing at SLU, i.e., a total of 12. Four of these started their studies duning the
period and two students defended their PhD theses.

4.1 Courses

CBA has for several years organoed graduate courses m "Apphication anented mage amalyss”. These courses have been
miended for rescarchers and research students in other fields who wish to karn digtal mage amlyss for use i ther own
rescarch and have therefare had their focus morne on practical issues than on theory. These courses wually have students
from both universtiex, ogether with some from industry. We have ako given a mumber of other graduate courses. During
the perod covered by this report the followang graduste courses were given:

1. Application oriented image analysks
Period: Oct-Dec, 1995
Cweditx S
Examiner: Gunilla Borgefors
Lecarers Fwert Bengtsson, Tommy Lindell, Torsten Jarkrans, Bo Nordin, Lennart Thurfjell
Topic: Acourse in Apphcation onented mmage analyss for PhD students.

Application oriented image analysis

Period: Oct-Dec, 199

Cwedite 5

Examiner: Gunilla Borgefors

Lecarers Fwert Bengisson, Tommy Lndell, Bo Nardm, Ingela Nystrdm, Lennant Thurfjell
Topie: Acourse in Apphcation onented mmage analyss for PhD students.

3 Visual Form
Period 96019605
Credite 3
Examiner: Gunills Borgefors
Topic: Selected papers from the 2nd Intermatiomal Conference on Vil Form, Capni, ltaly, where presented by the
students.

4. Classification and Decision Theory
Period 9605-9606
Credits 5
Examiner: Lennant Bondesson, Mathematscal Statistacs, UU
Lecavers Gunillh Bargefors, Tomas Brandiberg, Mats Gustafsson, Lennart Narell, Finn Pedersen, Daetrch von Ro-
sen
Tapic: The course was partly based on "Duda & Hart: Pattern Classification and Scene Analysis” In addition o clas
sical statistacs, several "modern” class ficatson methads were covered. The main kecturers were Bondessan and Narell.

-~

4.2 Dissertations

New Methods for Image Analysis of Tissue Section

Name: Heung Kook Cha

Dissenation dase: 960920

Publisher: Uppsala University, Sweden ISBN:91.554.3829.X

Abguer Computenized image amlyses using new and highly developed methads have the potential of mereasing the re
producibility of the grading of makignant bludder carcnoma compared % the conventional subjective grading made by pa-
tholagsts. In an effort to develop such methads fexture analysis, marphology analysis and graph hased amlyss were car-
ried out from Feulgen stamed histological fissue sections. A comrect segmentation of regioms of interest & a prerequisite for
further studaes. A lnstogram based global thresholding segmentation and texture hased local segmentation usng 3X3 masks
an mages were developed for ths purpose. The extural features were based on the spatial gray-fone co-occurmence prob.
ahility matrces. The morphologacal features were extractad from gray scale images, hinary images obtuned by threshaold:
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mg the nucles and several other images denived through mage processing operations. The graph based features were ex
tracted from the mammum spannng trees connectng all nucka. The large numbers of extracted features were evaluated in
relation to subjective grading and other factors related 0 prognoss using multivanatke sttxtcal methods and mulilayer
hackpropagation newral netwarks. All the methods were angimally developed and tested on one set of patient materal and
then tested for reproducibebity on an entwely different set of patient matenial. The results mdicate reasomably good repro-
ducibility for the best sets of features. It should thus be possibk ©0 use s kind of image amlyss as a prognastic tool for
hladder carcinoma patienis.

Algorithms for Cell Image Analysis in Cytology and Pathology

Name: Tarsten Jarkrans

Dissenation dase: 96105 ]

Publisher: Uppsala University, Sweden ISBN:91.554.3844.X

Abgact Scene segmentation and feature extraction are essential companents of automatc computerzed cell image analy-
sis. Algonthms have been developed for the amlyss of cell images in a project whase aim was © comstruct an aulomated
prescreener for cervical cywology specamens. For the segmentation, two methads were developed, bath of which assume
knowledge of a pomnt mside cach nuckus. The firdt methad traces all sharp edges around the cell with the purpose of
fnching the best chosed boundary of the cell mickus and the cysoplasm. The other method searches for the most compact
cell nuclues and cyoplasm by tracing so-demsty confours at every reasomnable gray-lkevel As the overlap of cell nuclke is
ane type of arefact that needs to be dentified a method for overlyp detection was tested. In another study, this method
was compared with an alernative approach. In a patholagy project, the amm was © develop a method for an objective
gradmg of hswhgcal iswe sections from mahgnant bladder carcmoma. For this purpose, morphologe amalyss and
graph based amalyss were tested. For the morphologacal amalyss, features were extracted from gray scale mmages, from
hinary images oblamed by thresholding the nucles and from several other images denved through image processang opera-
sons. The graph based features were extracted from the mmmmum spanning trees connecting all nucles. The lirge numbers
af extracted features were evalusted by malang a comparson with the results of subjective grading and other factors re-
lated 10 prognesss using mulivarate statistical methods. All the methods were angimlly developed and tested on ane set
af patient material and then tested for reproducibility on an entirely different set of materal. The results indicate that there
s reascnahly good reproducibility for the most important features.

S
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The skeleton image for the grade | mage (2) and the grade 3 mage (b). The zoi mage for grade | (c) and grade 3
(d). The zxi image and the himary image merged for grade 1 (¢) and grade 3 (f).



5. Research

The CBA is conducting a whole range of projects from basic image analysis research to di-
rect application work. By keeping close touch both with the theoretical front line research
and with real life application projects we believe we can make the best contribution to our
field. In keeping with the stated goal for our center we have given priority to applications in
the fields of biomedicine and the environmental sciences. Lately we have also started pro-
jects relevant for the forest industry. Most of the application projects are carried out in close
cooperation with other departments.

In this section we list our current research projects and provide a short description of each.
They are grouped by application and ends with basic projects.

5.1 Current research projects

. Topic: 3D medical image analysis based on a computerized brain atlas
Name: Lennart Thurfjell, Ewert Bengtsson, Rager Hult, Jesper Andersson
Funding: NUTEK
Period: 9501
Panners Depariments of Newroradiology and Clinxcal Neurophysialagy at the Karohnska Insttute and Hospital and
the Department of Physics at the Umiversaty of Stockholm. Cooperation ako with the PET Center in Uppsala.
Abgaer Thes i1s a bong term project developmng the took for medical research and fulure clinxcal image wsage. A
computertzed bram aths was developed in an carlier project and documenited in a thess by Thurfjell in May 1994, ax
well as in several purnal papers. It 15 used chncally and for rescarch m around a dazen centers workl wade. In the
current project several new algorthms that wall extend the wablhty of the atlas are bemng developed. Examples of
such algonthms are improved inter-mdividual regstration methads. The aths will also be wed as a platform for
madel hased image segmentation methods, an mmpartant enabling echnology for routine wse of 3D magmng and “var
tual reakity” fechmques m medical diagnoss and treatment planning. A new docioral student started in the fallof 1995
and another student will start in carly 1997, Jesper Andersson from Uppsala PET Center & also warking part ime on
this project.

FIGURE: Surface renderrings of the brain kbes (keft) and the ventricks, hippocampus and amygdala (night)



Topic: Optimizing the 3D placement of needle biopsies of the prostate

Name: Hans Frimmel, Ewert Bengtsson

Funding: UL

Period: 9505

Panners Chnster Busch, Mxchael Higgman, Lars Egevad, Department of Pathalogy, Uppsals Umverssty Hosmtal,
Ingrxd Carlbom, Digstal Equipment Corporation.

Abgacr In arder to obtun a rehablke dugnoss of prostate cancer m preparation for possible surgery or other therapy
needke hiopsies need to be taken of the prestate issue. The placement of these biopsies is critical since oo few ar
wrong ly onented bopsies may lead © a missed tumor and a false negative result. In s project we are studyng how
the hiopsies should be placed based on 3D modeling of the cancer dustribution obtained from the study of about 50
resected prostates which have been digitized slice by slice, registered and remapped %0 a common coardmate system.
The resuliing 3D cancer dstribution & visumloed through computer graphics fechmiques as well as used for mathe-
matical opimuations of the needle plcement strategies. The project 5 based on previous wark at DEC research labs
m Cambrlge, USA and carried out incooperation with the Department of Pathology at Uppsala Umiversaty

Topic: Computerized wound image analysis

Name: Ewert Bengtsson, Bo Nordin

Funding: The mdustrial lason affice UL, CWA Institute AB

Period: 95(2--

Abgmact When an open wound is healing a necessary first step & for yellow and black mflammatary and necratac
arcas 1o be cleared and red granubation txsue will became visible before the reepstalisation can ke plce. Based on
thes the wound healing process can be momitored through a quantitative amalyss of colar phatographs of the wounds
taken at regular tme intervals. This quantitative evaluation of the healing process & of particular interest to pharma-
ceutcal companes developmg new wound treatment compounds. In 198890 we develaped a hardwareSaoftware sys
tem for ths purpose in collaboration with Pharmaca. Later thes system was taken over by CWA Imsaluie AB. Now
the old hardware has become obsolete and CWA asked ws ©0 implement a new verson hased on madern compuier
techmobgy. We decided 1o use IMP (see anather project descripion ) as a platform and developed a new software for
s applcationdunng 1995, Thes software has been esied and further improved during 196,

Topic: Standardisation of histopathological grading through digital image analysis
Name: Tarsten Jarkrans, Heung Kook Chod, Ewert Bengtsson

Funding: NUTEK, UU

Period: AN07-9512

Panners Chnster Busch, Department of Pathology, Uppsala Universaty Hospital

Abgacr The dagnoss of cancer s mainly based on vsual evalustion of histapathologcal specimens m a light ma.
crescape. In ths evalation the pathologst s usually very good at recognizing the type of cancer but has much mare
cdiffsculty m recogmzng the mahgnancy grade. The latter & mmpartant in the determmation of an adequate treatment of
the patient. In ths project we are developing methods for computer asssited grading of tumors. We have concentrated
the wark on bladder cancer since this & a histalogacally well defined type of cancer. The analysis has proceeded along
twa chi flerent complementing hines: Evaluating the overall order/disorder of the txsue by fexture analysis and evaliat
mg the fssoe archikecture by dentifying and measuring the rebtionships between the mdividual cells that make up the
tissue. Thisis supplemenied by graph theoretical methads for evalusting dsarder in the organization of objects in his
whgical tssues. Fach hne of rescarch was presented as the core parts of two dockoral dissertations by Chai and
Jarkrans resepctively during the fall of 1996 (see the section on doctaral dssertaions). The develaped methads were
ako tested and compared on a new mdependent patient matenial during 1996. The results were submatted and accepted
for publacationin a purnal and wall appear in 1997.

Topic: Quantification of immunohistochemistry using digital image analysis

Name: Petter Ranefall, Ewert Bengtsson

Funding: NUTEK

Period: 9307 .-

Panners Christer Busch, Depariment of Pathology, Uppsaks University Hospital

Abgmct Modern methods inimmaunchsochemistry makes #t passible %o create very specific stains that quantstatively
shows presence of proteins, enzymes, ancogenes eic. The human visual system is goad at qualdatively evaluating mm-
ages but not at retrieving the quantitative information. In this project we are developing methods for quanttative
amlyss of color mmages in cyohgy and histopathalogy. These methods provide new took for hsopatho b gical re-
scarch and clmxal practice with substantial potential for becoming the hass for new products. Two different ap
proaches have been followed hased on supervised and unsupervised clasificatonSegmentation of the images respec-
tvely. In the supervised case the operator marks a few tymcal arcas m the mage and a chssifer & created and
apphed ©© the rest of the mage based on this. Ths allws good contral over the segmentation but ako mroduces
some subjectivity. In the unsupervised approach a fully automatic segmentation is achieved hased an the assumption
that the image contains some passtive and some negative celk. This removes the subjectivity in the sekecton of train.
mg arcas but it & still necessary © visually sekect relevant fields of view for the analysis. Descripions of both meth.
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ads have been accepied for publccation in jourmals. The methods have been implemented in 2 wer frendly softwane
and are bemng wed in apphcation anented studses ot the Department of Pathology at Uppsals University Hospatal.

Topic: Computer assisted cervical cytology

Name: Ewert Bengtsson, Bo Nordin, Martin Potappel, Kenneth Jonssan

Funding: AccuMed International Inc

Period: 9407 .

Absimer The computer assisted or automated analysis of cell specimens from the ulerine cervix, so called PAP-
smears, oblamed during gynecolagical health control is one of the long standing problems in digdtal image amalyss.
One af the groups that formed the CBA was active in ths feld 19731987, In the spring of 1994 we were contacted
by the Chxcago based company AccuMed which was interested m developing products based on our old resulis. A
rescarch coaperation contract was signed and we have sance the summer 1994 carmied out 2 number of studies in coop-
eration with AccuMed. In the fall of 1995 a study concerned the passabihity of analyzang clumps of cells and not only
the free-lying cells was completed by a vaiting student from Holland, Martin Potappel. This study was followed by
mare detailed chump and cluster amalyss ncluding implementation of the methads m the AccuMed software by a
Master Thesis student, Kenneth Jonsson. He completed his project in the fall of 1996, The cooperation with Accu-
Med wall continue also during 1997.

Topic: Wood Fibre Morphology

Name: Mattias Moéll, Gunills Bargefors

Funding: Wood and Wood Fiber graduate school

Period: 95(9.-

Panners Prol. Enk Stdhl, Dept. of Forest Production, SLU, Garpenberg

Abgacr The morphalogy of woaod fibre 5 of grast mmpartance 1o the mechamical properties of pulp and paper. For
the forest mdusiry o be able 1o produce new products, renew proceses, and 1o maximise the use of the Swedish wood
fibre potential, mare knowkedge of the fibre morphology & needed. The aim of this project & 1o develop an objective
and, as far as passible, automatic method for descripion and amalyss of wood fibre morphology, where the fibre is
madelled m all #ts dmensions. The method & based on the we of a zoom macroscope and digial mage amlysis.
Methads for camectly identifying and linking the parts of crossing fibres mast be developed, as mast methods for
measurement of kngth, width and cell wall wadth along the whole fitre.

The projectis a part of the graduate schoal *"Woaod and Wood fiber” established by SIFR and SLU.

Topic: Root length measurement using digital image analysis

Name: Tomas Brandtherg, Gunilla Borgefors

Funding: Dept. of Ecology and Environmental Research (EMC), SLU

Period: 94109509

Panners Helena Elmgvist, EMC, SLU, Uppsak: Johan Wiklund, Compuler Vixon Laboratory, Dept. of EE,
Linkdping University.

Abgmact The mam goal of the project & © automate the extraction of root lengths from images depcting growing
roots in sail. The project is run m clase cooperation with EMC and & splt m©o two parts. The fird part included
thresholding, distance transformation and skeltonzzang of the roots. The second part mvolved constructing three cone
volution kernel paars, abke 0 extract lines and edgex, 1.¢. roat surfaces and root edges, i the digital mages. The ker-
nels were optimised by Johan Wiklund.

Topic: Digital image classification of compression wood in Norway spruce discs
Name: Fredrik Walker, Gumlla Borgefors

Funding: S faculty, SL.U

Period: 9401 .

Partners Mats Warensjd, Dept. of farestry products, SLU, Uppsale

Abgcr Compression wood & an mpartant defect m woad praducts. To understand the relationships between com-
pression wood and warpage in the sawn wood product, the Dept. of forestry products studies thn dscs cut from Nor-
way spruce. Ow part of the project has been © develop an mieractive system that automatically sdentifies normal
woaod and two degrees of compression wood 1n colour mmages of these discs. The arcas of the three wood types and
the approxamate location of the compression wood were extracted. The extracted data from the amalyss has been com-
pared tothe real sawn wood products.

Topic: Analysis of forests using high resolution CIR aerial images

Name: Tomas Brandtherg, Gunilla Borgefors

Funding: SIFR

Period: 9402

Abgtiacr The maan goal of the project is 1o develop methods for automating forest inventary. wsing high spatml reso-
luson calour infrared aenal images (CIR). The resolution of the 50 acral mages wsed as the st set of the project is
high enough 1o make the indivadual tree crowns visible and accessble for amalyss. Image vanables © be extracted are
horzontal tree crown area, tree species and tree pasations. Automation of the mage amalyss is emphasized. We have
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showed that # » possible to dstingumsh between spruce on one hand, and pme and birch on the other, using a
structure-based algorthm

The two-dimensoml acnal mage mformation coukd, in the future, be integrated wath a tree heght profike, eg. froma
bser system, 10 make three-dimensioml measurements passible. Flight heaght for the photographs and the laser pro
file meter & 600 m

FIGURE: Aeral mage withauomatically sdentified tree crowns

. Topic: Extraction of forest parameters from CARABAS radar data

Name: Fredrk Walter, Gumlla Borgefors

Funding: S faculty, SLU

Period: 9407

Panners Division of Survellince and Secker Systems, National Defence Research Esubhshment, Lmkiiping
Abgmer CARABAS in a completely new type of radar, developed at the National Defence Research Estab hshment
It &, in sharp contrast to conventonal SAR radar, well adapted 1o the mieresting scatterers in the forest, 1.¢. trunks and
ather large objects. The gaal of the project 15 1o develop methods for extracting forest parameters from the rader data
Farest tree valume have been compared 0 CARABAS magery. The study shows that there is a strong correlation
between forest momass and CARABAS rader data. A methad for relative camrection of CARABAS data had 10 be
develped. The comrection 15 needed due ©© large vanation m incidence angle over the mage. In the end of 1996, st
fhghts were made wath the new generation sensor, CARABAS 1L Due o0 its improved sensor technalagy, the data will
have higher spatml qualaty than befare

The project will continue with studies negarding the possibilaty of extracting mformation from indivadual trees in the
magery. Studies regarding other interesting parameters, like tree species composiion and tree heaght, wall also be per
formed. Other sources of information, such as other types of images, ground truth data and geokgical data, wall be
wed m combmaton with the rader data

. Topic: Automated Analysis of Agricultural Remote Sensed Images

Name: Anna Pettersson, Dmatry Lagunovsky, Gunilla Borgefors

Funding: JL.T faculty, SLU

Period: 902

Absacr Informaton of agncultural activataes are increasmgly collected wsmg remotke semsmng, especially within the
Furopean Umaon. Crop species adentification, crop area, and yield predacton and estimation are important measure
menix, that can be faciltated by remate sensing. Today the image amalyss is mestly manual, or at least is wsing heavy
human inleracton. As an increasing mumber of satellftes and other sensors provide more and mere mformation, there
& a need for mieractive or even automated analyss of the remote sensed images. The goal of this project is to develop
betier and more atomated methods for the analyas of agnculural images than those avalable today. The focus wall
be an neaghbourhoad operations, rather than “classical” spectral analysis. Asa first step, a method for astomated feld
boarder extraction & under development. A prion knowlkedge of the idd boarders will protably greatly improve the
results of subsequent classa ficaton



13. Topic: Application of remote sensing for agricultural crop production in Sweden
Name: Jakob Nuell, Gunills Bargefars
Funding: Furopean Commassion through Statistacs Sweden (SCH)
Perind: %611 -
Panners Suntic Sweden (SCB): Dept. of Crap Production Sceencex, SLU, Uppsala; Swedish Metearological and
Hydrobgical Institute (SMHI), Narrképng: Joaint Rescarch Centre (JRC), Ispra, Ialy
Abgtacr The mam goal of the project = 1o find new objective and less expersive methods for crop yiekl estimaton
for Sweden. The Institule for Remotke Sensing Application, IRSA, has been conducting and implementing a crop yeld
mformation system for mad Furopean condiions, within the MARS project. Their methods will be adopled 1o Swedish
condiions. We will ise NOAA AVHRR mages © follow vegetstion growth over large areas in Skine and Skara.
borgs lin. Homogeneous areas of 5 km x 5 km will be defined and followed during the vegetation season. High reso-
lution images from Landsat TM and/ar SPOT will be wsed for calibration of the crap relationship 1o the AVHRR data
and for the defmition of the hamogeneous arcas . There will be a chose collaboration with Department of Crop Produc-
tion, SLU where a crop grow th model hased on OGMS madel is being developed.

14. Topic: Environmental applications of Imaging Spectrometry
Name: Tommy Lindell, Catherine Ostlund
Funding: Swedsh Space Board
Period: 9207 -
Parnners K. Sérensen, NIVA, OSLO, Narway, F1. Berta Andersson, Deptof Environmental Assessment, SLU
Abguer To develap our own algorthms for data vemlzaton and amlyss based on SIPS and EASVPACE. The
system will contan a displymng function for spectral dat and the comnection % the recovery mage. It should ako
contain the unpacking of the spectral data for displaying ot in "signature™ form and present 1t ©ogether with the recov-
ery image for the detection and analyss of different features. There should also be a routme for cakulsting different
types of stitxtics from the speciml data, mcluding routines for atmospheric camections and calibrations. The system
should ako dsplay the spatnl data togethea wath the recovery image for the detection and amalyss of different fea-
tures. New ways of presemting and analyzing the data based on PCA and PLS will be developed. The knowledge wall
be apphied © envronmental mapping and monstoning 1n water and wetlind sites, concentrating on detecting of differ-
ent types of phyoplankson and other types of sus pended matier and the chss ficatson of perpphyon.

15. Topic: Coastal dynamics research in the wider Caribbean
Name: Tommy Lindell
Funding: SAREC
Period: 9107-9612
Panners John Norrman, Dept of Geosciences, Uppsala
Abgmct The projact has been hased on, or supporied by, remole sensing information, and mchded the followng
fems:
« Identification of some specific omd generating arcas and estmation of the status of surrounding shores.
- Identification of transpart forms.
- Identification of ercsion, ransport and accumulation arcas associted with oolitic and non-oolitic arcas.
- Determanation of trams port directions and intensaty.
« Evaluation of the esimations within the coastal zone hased on remole sensing.
« Evaluation of the usefulness of available remote semsing data for lind-use and land -cover mapping. particularly with
respect o agriculture and forestry.

16. Topic: Land-use mapping of the Vilsandi National Park, Estonia
Name: Tommy Lindell, Jakob Nisell
Funding: Swedsh Space Corporation
Period: 1995
Panners Arvo Kullapere, Vilsandi National Park, Estonm
Abstimer The Vilsandi Natiomal Park is a located on the western coast of Saaremaa island alng the Baltic coast of
Eswonia. The park laes within the Saaremaa Bicosphere reserve. The arca & important for hird breading and hird resting
place and has bong been of utmeost mmpartance as a protecied arca of the Baltic coast.
The present project reparts a bnduse/lnd-cover sakellie magery clasification and a coastal type classification of
the Vilsandi Natomal Park. The classification 15 based ona LANDS AT scene from May, 1993,
Faeld ground truth reconmaissance studaes were carmied out inJune of 1994 and served asa hass for mproved clsaf
cation. Bath supervised, unsupervised and manual clasification, as well as semi-manual inlerpretation methads were
wsed Ko separate 2] chsses. The clssafication results gave the followng generabsed bind use/land cover compesston:
- 24% agnculural linds and pastures
< 33 % forests
« 32% coastalalvar, plamns and wetlands
- 10% other lind-use
The resulls are presented i map form and statstics. The automatic coastal chssfication was made wsing a method,
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develeoped at CBA. The fiekd work made m 1994, served ax a cabibration for the classification. The results show that
mesd af the coastlne conssts of moramce deposats with some exceptions for rocks and sand.

The project has provided the followmg benefits:

« A bnduse/land cover map of the national park that can be wsed for environmental planming insade the park
manitaring of the land asefland .cover changes

- Mapping and momoring forests and agricultural land

The project has also contamed educational stems m the ficld of remote sensing for the Esonian environment monitor-
mg group of EEIC and personnel at Vilsandi National Park.

Topic: Integrated Coastal Planning - Jamaica

Name: Tommy Lindell

Funding: Sxla

Period: 1994

Panners John Norrman, Dept of Geosciences, Uppsaks , Chiefs of County planning Lars-Ulrik Bergstrim and Orjan
Malund, Chif of Caty Planning Kaj Wejander and the Staff of Natural Resources Conservation Authanity, Kngsion,
Jamaica

Abgucr The imtial phase of the project was concentrated on collection of hasic background information, fiekd inven-
wores, mital trammglexchange of experiences between our counterparts and ourselves and attempts % buikd up a net
work af contact persons, engaged i coastal planning and management ssues. The Coastal Zone Mamagement (GZM)
branch aof the Natural Resources Conservation Authority (NRCA) has the operational respansihility for the project.
The project organzation comprses a Steering Commitiee, a Reference Group, a Project Group and ourselves as advis
mg consulants.

A number of comscaous and well organed NGOs are engaged in coastal environmental ssues. They have good rels-
tans 0 NRCA. There are some semsslive arcas along the coast wath already occurrng envronmental disturbances,
risks for matural hazards but ako becase of an expedted ounsm expansion.

Training i remaote semsing and GIS and mapping of coastal marpholgy have taken plce m Uppsals and Kingston.
The ad jacent mventory pragram was been carnied out for most of the coast, the rest estimated 1o be completed during
1997. The legislative hass for coastal plnning/management & in transiion. Obsolete parks of same laws are updated
and some new regubtions like the Local Impmovement Act or the Marecullural Act are being prepared. It is also wr
gent to contnue the traiming program, and a second warkshop in Inkegrated Coastal Mamgement and planning was
held m Kingston in August of 1996,

A hasic palicy of the project & 10 amm af a lermomzation between economic development and environmental consid-
erations, with the emphass on strengthening the legal basis ax well as on implementation means and reahmtion of
plans and decsons. Up all now the asumptions and proposed suggestions in the working plan have proved © be
relevant for the project. The work during this first two phases have on the whale proceeded m lne wath the prehna.
nary schedule. During the last phase, we have to strengthen and miensify the netwark of contact persans, try o attan
an effective extrovert information and estabhsh an adive public partscipation m the plinmng process.

Topic: Construction of a GIS applied for physical planning.

Name: Tommy Lindell, Tomas Brandiherg

Funding: The Swedish Council for Buikling Research

Period: 9%

Panner: Chef City Planning Kaj Wejander

Absmer A GIS has been constructed for physical plnning activities. The system & hased on MAPINF(Q, focusing on
the localzaton of envronment disturbang activataes. Map data m digntal form has been supphed by the county author.
iy and routines for cakulsting di fferent buffermng zonex, bgical operations on the zones and specally designed output
has been deveboped. The program has been mnplemented on a PC system at the office of the aty architect in Sdder-
hamn, Northern Sweden.

Topic: Satellite Remote Sensing for Lake Monitoring (SALMON)
Name: Tommy Lindell

Funding: EL)

Period: 199

Panners The project has the following participating pariners:

< CNR-IRRS CONR-IRRS, Milano, ltalyCNR-ISDGM CNR-ISDG Venezia, ltaly

< JRC-El Joumt Research Centre- Enveronment Institute Water Research Mamagement

- UMI-DB Umiversit degli Studi, Dip.o Bokga

- HUT-LST Helsinki Techmcal University - Laboratary of Space Technolagy

- FEA-IRD Finnish Envronment Agency

- UUP-CBA Centre for Image Analysis(CBA), Uppsala Universaty

« UUP-IL Department of Lmnaology, Uppsals Univeraty

Abgmcr Objpctives

The overall objective of the project is the evaluation of the capabihties of current and forthcomang spacebarme remotke



sensang for the momorng of Ewopean bke water qualny.

To thisend, the followmg specific objectives will be targeted:

- mieraction with endusers © define thew needs for the momorng of water quakbty (parameters, accuracy, fre-
quency

- evaliation of the capabilities of current mstruments and methods © fill these needs;

- mprovement of the processing methods for remote semsing data including calibration, atmospheric carrection, and
carrection for salar zenithangle;

- acquisition of arbame and m-sit data during campaigns invalving instruments similr © the next generation of
spaceborne mstruments (e.g. hyperspectral passive observation, fluarescence lidar);

- evaliation of the capabilitaes of these arbame mstruments 1o fill these needs;

- defmiton of an optimal spaceborne semsar for the purpose of lake water quality manstaoring.

The project & focused on the use of remole sensing measurements, in different regions of the electromagnetic spec-
trum (optical, thermal infrared, macrowave), with the support of lmnaolagical olservations. The combmations of these
measurements will allow the development and the evaluton of techmques for remote sensang data processing.

The project is organzed inlo five main work-packages: Introductary activities, Preliminary application of remote
sensing algonithms, Synchronous remote semsing and Emnokgical surveys, Data analysis and methodolagical valida-
tion and First use and dissemmation of project resulis.

The project results and conclusions will be widely dstributed. The promotion will be achxeved through vanous com-
munication media:

- scaenti fic communacations;

- electromic (Internet & WWW, mulimeds, eic. );

- demonstrations packages designed for the bcal ke management agencies:

-aCD-ROM for educatiomal purpasesing partin the project.

20. Topic: Multiresolution Binary Images: Shape and Skeletons
Name: Gunilla Borgefors
Funding: SLU,CNR
Period: 9501 -
Panners Gabriclls Sanmiti di Baja, Gubam Ramella; Istituto di Cibernetica, ONR, Arco Felice, luly
Abgmct Multiresolution structures have proved very useful in mage amlyss. However, when the resalution of a
himary image © changed, the shapes of the objects m the mage is quickly serowsly dssoried. The reason is that “nor-
mal” averaging can not be wed, as each pixel value mast be etther one or zero. We have developed several methads
for shape preservation in bmary pyramads, methods that are significant improvements of exasting ones. The maan ap-
proach & to implcatly or exphcitly amalyse large, overbpping neghbourhoads m the image © comstrua the Jower
resoluion image. Skeletomzation, where an object is reduced 1o a stick-like figure, has ako been a successful ap-
proach to shape manpulation and recogmtion. Multiresolution skektons can be constructed from muliresolutson b
mary pyramick. Lmling the results from dhfferent resolution levels can improve the results.

FIGURE: Standard hinary pyramad, uwsing the AND rule a), shape preserving hinary pyramad b). The ongmal image
(level (has notshown.
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21. Topic: Digital distance transforms
Name: Gunilla Borgefors
Funding: SLU
Period: 93(9 .-
Abgtiacr Th is an ongaing project where the geametry of dscoreet spaces is mvestigated. A majpor consaderation & to
measure global distances within the spaces using kocal operations, that 5 wing distance trams forms . Other aspects of
the differences between Rn and Zn are ako comsadered. The digital geometry m 3D & quite complex, more so than
generally realised. The properties of semi-regular weighted distance trans forms in 3D have been discovered and inves-
tigated. An artick on 3D dstance transforms was published n Computer Vision and Image Understanding, Nov.
1996. Latkely, some effort has been spent on 4D problems.

22. Topic: Visualization of Distance Transforms in Four Dimensions
Name: Hua Guo, Gunills Bargefors
Funding: SLU
Period: 9609-9702
Abgacr The frst atempts of opaimsmng weighted distances transforms 1s from 1984, However, not much has been
done since, partially because visualization of the results 15 still a chalkenge. The purpose of his project 5 © visualze
the hyper-spheres associated with different weighted distance tramsforms in 4D, These spheres are hy per-pal yhedra
with different number and shape of facets. The approach & © comstruct an mage sequence of the 2D projections of
the valume images resulting from traversing the hyper-volume with a plne.

23. Topic: Skeletonization of volume images
Name: Gunill Borgefors, Ingela Nystriim
Funding: TFR, SLU, UL
Period: 9501 .-
Parntners Gabrielh Sanma di Baja, Istituto di Cibernetica, CNR, Arco Feliae, laly
Abgacr Skektonzzaton (or thinning) denotes the process where objects are reduced to structures of lower dimen-
sion. Skektonzzation reduces objects in 2D mages (o a set of planar curves and objects in volume (3D ) images o a set
af 3D surfaces. In volume images, skeletomzation might furthermare compress the skeleton to a set of 3D curves.
Unlke the surface skeletons, which are reversible, the curve skeleton would express only certaan aspects af the ongs
mal shape. Skektomzing volume mmages & a promsing appraach for quantihication and manipulation of volumetnc
shape, which & becaming morne and mare essentaal, especially n medical image amlyss. We have developed a navel
methad for reducing a 3D object 1o a surface skeleton. This surface skeleton can then be reduced 10 a curve skeleton
wsing another of owr methads. In both cases, voxels are ieratively removed according 1o condiions of thew Jocal
neighbowrhoods. In previous papers on 3D skeletonzation, the methods have mastly been exemphified using quite tmy
fest mages, that makes ot difficult © understand what the results would be in mare apphcation anented examples. Owr
methads have been tested wath goad resulis on large 1ages.
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FIGURE: The surface and curve skeletons of a pyramad .




24. Topic: SIMD and MIMD parallel algorithms for image analysis
Name: Anders Forsmoa, Gumlla Borgefors
Funding: NUTEK
Period: 9408
Abgtiact Images used m many practical applcatons contan huge amounts of data (but not necessanly much mfor.
mation ). To be abk © extract mformation m reascanable times, paralle] archtectures can be used. The purpase of ths
project is to develap parallel algorthms and implementations for mage analyss, with a specal emphass on shape
amlysi, starting with distance trams forms. These aperations are global in the semse that information must be trans
ferred long dstances over the mage. Ths & in sharp contrast %o kcal fillers, that are much simpler to mmplement in
parallel. D tance trans forms are used as part of many complex algorthms, such ax maiching of imagex, finding bmary
skeletanx, path phaning. and many other basic image amlyss took. The project should lead 0 increased understand-
mg of the behaviour of paralle] dstance trans forms on SIMD and MIMD architectures, which are very different and
pose different problems.

25. Topic: The development of a general image analysis software platform
Name: Bo Nordin, Ewert Bengtsson
Funding: UU
Period: 88017
Pantners: Uppsaka Bikihchandling AB, Diascan AB, Uppsala, Wallac Oy, Abo, Finland
Abgucr  In recognition of the need in image amlyss research 1o have a good pltform for interactive wark with
digital images we several years ago starked a project with the aim of developing such a platform. This has been a very
lrge project (about 13 man years of which CBA has put inabout 4) which woulkd have been impossible © fimance by
regular research money. But through a cooperation with a group of companies we have coardmated our mierests of
obtumng a good software platform for research with their interest m development of a new software product: a gen
eral purpase software system on which speaific commercial image analysas applcations casaly can be mplemenited.
The effort reached the goak of creating a platform useful bath for specific apphcastons and for general purpose mm-
age analyas work called IMP. Unfortunately a change of company ownership in Wallac led 10 a cancellation of the
marketing plans. So presently a "product” 1s avaslsble but no marketing organation. At CBA the IMP system is used
as a software hasis for mest of the teaching and research in mage amlyss. During this year Emited new develop
ments and mamnienance work has been carried out but a major revison & planned for 1997,

26. Topic: Inspecting the LHC superconducting cable
Name: Yueqin Sun, Ewert Bengtsson, Tobias Ohman, Joakim Lindblad
Funding: NFR, CERN
Period: 9605
Panners CERN
Absuct In the development of the next generation elementary particle research acceleratar at CERN, the Large Hy-
dron Callider, LHC, 6000 km of superconducting cable has % be manufactured. This cable has 0 be "perfect”™ without
any crossing stranck or other mregulanites. In arder 1o ensure this the cable has © be mspecied through compuierized
mage analysis technjues. The CBA has been commissioned by CERN &0 develop such an inspection system m a
three phase project. In the first phase, during the spring of 1996, a feashility sty was carried out using static
mages and our general image analyss platform IMP. The resulis were documented as a Master Thess repant by To-
bias Ohman and an CBA internal report by Yuegin Sun and presented at CERN in July 1996. Based on his study a
proposal for a real tme mspection system was developed by Bengtsson and presented at CERN in September. This
kxd to the second phase during which the analysas algonthms were mplemented in an IVP micgrated camera/paralkel]
processar and a Pentum PC.  In addstson to Sun a second Master Thess student, Joakim Lindblad carmed out this
work. A first working implementation became operational m the end of 1996, The amalyss speed & about XX scan-
hnes across the cable per second. In the third project phase the system will be equipped with a wser interface for gen-
erating alarms, saving images which document the detected ermrors eic and installed and tested first at CERN and then
al a cable manufacturing plant. This phase 1s expected ©0 be comp keted before the summer of 1997,

5.2 Cooperation partners

The CBA has an extersive cooperation with other research groups locally as well as mtomlly and intermatsomally . Ouwr
rescarch phiksophy is that good application work inimage amlyss requizs good competence both in mage amalyss tech
mology and in the specific application fiekd. We have, and are constanily builkding, the highest possible expertse in image
amlyss within our center and are sediing the expertise m the applications through clase cooperations with other research.
ers.

We are also trying %0 bring owr results out from the rescarch sstuation mo ral workd we. In order © achieve this we are
cooperating with several companices, local and central government agencies, and hospitak. In our Istof projects above and
the Istof publcations in the next section the names and affilations of many of these cooperation partners can be found.
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6. Publications

Our research results have been published in journals, books and conference proceedings as
well as in our own report series. The list covers papers with a publication date in the range
950701-961231. As can be seen from the lists in the following sections we have published
five journal articles and book chapiers, nine papers in refereed international conferences, six
papers in workshops and other non-refereed conferences and several reports and similar
publications. CBA has its own report series, that has now been complemented with a series
of internal reports.

6.1 Journals and book chapters

ra

3D Segmentation of Medical Structures by Integration of Raycasting with Ana-

tomic Knowledge
Authars Tde Araujo Buck (1), HH Ehncke(1), W Strasser (1) and L. Thurfjell

1) Institut fur Informatik, Umversity of Tubmngen
Joumal: Computer & Graphics
Volume: 19 Number: 3 Pages: 441.449 Year: 1995
Absgmct We present a graphically interactive procedure which is wsed 1o register a digital anstomic brain aths with
the tamographic patient volume. Patient structures 1o he segmenied are outlined by bcal elastic defommation of carre-
sponding objects from the amtomy madel Ths s pedormed m voxel space using a cost mmimization procedure.
The anatomac knowledge acquired i this manner is stared i a pateent specific valume dataset and guides a raycaster
with respect to the localzation of object surfaces m arder %o contral the result of the defarmation process. Thus ob-
Fcts, which so far coukd not have been segmented approprately or only afler fediows manual editing efforts, become
accessible by physicians. We present several results demomstrating the high quality and practicality of the method.

Classification of Compression Wood using Digital Image Analysis
Authors Chnster Andersson (1), Frednk Wakler

1) Deptof Forest Products, UPPSALA
Joumal: Forest Products Journal
Volume: 45 Number: 11/12 Pages: 8§7.92 Year: 195
Keywords: Compression Woad, Image Anlyss
Abgmer Compression Wood causes warping m sawn woad products. In order %0 compare the deformations m boards
awn from logs that commanly have compression woad, a dstinct clasification method for compressson wood mast
be used. Visual human detection m combmation with a plnmeter maght be used © determane the amount of com-
pression woad m a bog oross section, but this & a subjective and very ime-consuming method. This paper describes a
new method that wses digital mmage analysas echmiques. Color mmages of wood desks that were 2 10 3 mm thich were
digized. The computer program developed uses a supervsed maxvmum-lkebhood chssfhcaton 1o discimmnate be-
tween three kinds of wood-types in the mages: narmal woaod, mald, and severe compression wood. The mest mmpar-
tant descrpiors computed by the program are the proportions of different woo-types and the angle from the path o the
center of gravity of the two kinds of compreesion wood. The advantages of ths method are that # is mare objective,
faster, and casier 1o implement than other metods. The estimations of the amount of total and mikd compression wood
are quite goad, while those of severe compression woad are notl so good. The estimation of the angle are satisfactary.
The use of computer omagraphy and ultravio ket Eght might be ather approaches © classfy compression woad.

On Digital Distance Transforms in Three Dimensions

Author: G. Borgefors

Joumal: Computer Vixon and Image Understanding

Volume: 62, Number: 3, Pages: 368-376, Year: 199

Abgmcr Digital distance transforms in 3D have been considered for more than ten years. However, not all of the
camplexities invalved have been unravelled. In this paper the complete geametry and equations for 3D transforms
hased on a 3x3x3 neighbourhood of kocal distances are given. A new type of valid distance transforms have been dis-
covered. The optimal solutions are compuied, where optimality & defined as minmmising the maxamum di fference
from the true Euclxdean distance, thus making the distance transforms as direction independent as possible. The well
known (3,45) DT is confrmed as the most practical weighted DT, where the distance & set 0 3 between neighbours
sharing an arca, 4 between neighbours sharing an edge, and 5 baween neighbours sharing a paint.
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4. Discretization - problems and solutions

Author: Gunilla Borgefors

In: Les Houches session LV Progress m Picture Processing, Eds. H. Maitre, ). Zinn-Justin, Ekevier, Amsterdam
Pages: 80 Year: 1996

Abgtacr The fact that digital images are dscrete representations rather than functions m the comtmuous plane, have
profound consequences. These consequences are not primanly hnked © resolution, so they can not be arcumvented
by wng high resolution magery. Instead they are hnked © the flow of data and information wathm the mage, when
various processing algorthms are performed. The data can only jump from pixel to neighbouring pivel, ke the pieces
on a gaming board, and not flow freely like pamt over a paper. Unwanied and unexpected distartions can easily be the
resull, when we try to compuie ghohal properties from local operations (and bal operations & wsually all we CAN
perform). Vanows ways of digilzing an image are fist dscussed. As hierarchical structures are necessary took for
mage analysis, the smtability of the digitizing schemes i this respect are treated next. As an example of how to com-
pute global properties from kcal operations, distance transforms will be covered rather extensively. The sk = 1o
campute the distance between objects far from each other in the mage, wsng only a small “peep-hok” (neaghbowr.
hood ), and not even knowing in which diredtion to go. Fmally, some examples of applcations of distance transforms
will be given.

Analysing non-convex 2D and 3D patterns
Authors G. Bargefors and G. Sanms i Baja(l)

1) Istituto di Cibernstaca, CNR. Napaly, ITALY
Joumal: Computer Vision and Image Understanching
Volume: 63 Number: 1 Pages: 145.157 Year: 1996
Abgmct A non-convex patiern can be amalysed by describing s concavity regions. These can be identified by com-
puting the difference between the convex hull of the pattern and the pattern ielfl. A sustable approxmmation of the
convex hull can be obtuned by repeatedly filling local concavities of the patiern. Parallel and sequentmal algonthms
are proposed, o fill concavities of 2D and 3D patterns. The resulting approxmmation of the convex hull is a coverng
poly gon or palyhedron, which & esther convex or nearly convex. Exact measures of worst remaming concavities and
created protnssons are given. The concavity regions are extracted and different features are presented and computed.
Hicrarchical pattern descriptions are ako suggestad, based onthe we of concavity trees.

6.2 Refereed conference proceedings

Finding Facial Features Using an HLS Colour Space

Authors Petter Rancfall, Bo Nordin, Fwert Bengtssan

Conference: Sth Inernational Conference on Image Amlyss and Processimg, Samremo, laly

Pages: 191-196 Year: 1995 Publisher: Springer Verhg

Abgmcr A method for finding facial features using mformation from an HLS cokour space is presented. This method
attempts to find the face with simpk single hand operations and i case of failure a maore advanced methad & used.
Using ths approach the mice photos which are the majorty will he handled quackly, more difficult photos will be han
dled with mare advanced methads and anly a few images will be reported as fadlures.

Synthesising objects and scenes using the reverse distance transformation in 2D
and 3D

Authors | Nystrim, G. Borgefors

Conference: Sth International Conference on Image Amalyss and Processig, Samremo, ltaly

Pages: 441.426 Year: 1995 Publisher: Springer Verhg

Keywards: Synthetic image, Reverse dstance transform, Volume mmage

Abgtact The reverse dstance transformation has proved wseful in mage symheses. This paper dscrbes how dignal
ohject are created from a number of seed libek in an mage. The shape of the obtained objects depends on the metnc
wsed. In 2D the Fuchidean and the 3.4 metrics are mentioned, and in 3D the D%, D*26, and the 3.4.5 metric are
discussed. The proposed method has no need of expensive CAD systems. It & an excellent image synthess tool when
developing image processing algorithms, ie. shape quanti fication, visualisation, scene amalysis and range imaging, as
the obtuned objects are welldefined in the image. The method & most advantageous in 3D, ax there is an incraesing
need for volume images, but synthessing objects in 2D can ako be useful

Minimum Spanning Trees (MST) as a Tool for Describing Tissue Architecture

when Grading Bladder Carcinoma

Authors: Heung Kook Choi, Fwert Bengtsson, Tarsten Jarkrans, Janos Vasko!, Kenneth Wester! . Per-Uno Malm.
. 2 :

siriim ™, Crister Busch

DDep of Pathology and 3 Mrology, Uppsala Uniiversity Haspital

Conference: Sth International Conference on Image Amalyss and Processing, Sanremo, laly
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Pages: 615.620 Year: 1995 Publisher: Springer Verhg

Abgtract In ths plot study we have mvestigated the possible wse of mnmum spanmng trees, MST.as a way of quan
tattively describing the issue archstecture when developing a computer program for maligmacy grading of transational
cell bladder carcinoma. The MST was created by connecting the centre paints of the nucks i the tssue section image.
These nucks were found be threshalding the mage at an automatically determined threshold followed by a connected
campanent labeling and a watershed algonthm for separation of overlapping nucks. Clusters were defined inthe MST
by threshaolding the edge lengths. For these clusters geametric and demsiometric features were measures. These fea-
tures were compuared by multivariate sttstical methods %o the subjective grading by the ppthokgist and the resulling
camespondence was 85 & on a material of 40 samples.

Mapping the Cellular Contents of Pap-Smears
Authors Fwert Bengtsson, Bo Nordin, Peter Gombrich!, Richard Domanik !

'AccuMed International, Chicago, USA
Conference: Fourth Intermatonal Conference an the Computenized Cywology and Heswolg Laboratary
Year: 1996
Keywards: cellanalysix, screening, segmentation, exoskeletons
Abgimer Most appraaches ©o the automated or compuler assisted analysis of cervical cytology specimens have con
centrated on free- lying celk either by preparing mono-layers ar by ignaring large clusters and clumps in the analysis
af the conventiomal smears. It &, however, well known that a sigm ficant proportion of the cells are located m clumps
and dusters and ignoning these may lead o missed pasitives. We have therefore studied this problem and developed
algonthms that can segment  clumps and clusters mio cell nucles and cytoplsms. The algorthms use non-hncar
greyscale processng and mathematical merphology operatioons on images aquired at selected 1llumanation wave-
kengths. Based on the segmentation resulis the size and cellular contents of the clumps can be quanistatively described
and used as pant of the specamen analysas strategy. The alganthms will ako detect arcas %o demse that they can not be
penetrated by hght and thus not analyzed atall. This mformaton is wsed m a new concept for suppartng the cytalagy
bbaratary under development at AccuMed Intermational. In the Madel 3001IM Specimen Mapping Station the speci
men & aulomatically scanned and a 3D route map showmg the bcation of all relevant cellular material is created. This
map & then wsed by the screning macroscopes tooplimaze the path used for visually screening the specimens, mchid
mg keepmg the specimen m focus. Smce on the average 3060% of the specimen comnts of white space, opaque
arcas ar other srelevant objects this provides a significant ime saving. The route map can be used in hasic screening
macroscope with matanized stage and focus (Madel 2000/2001) where # ensures that all cellular matenial is asesed
and viewed in an efficeent way. It may ako be used m an mage processing  enhanced screeming microscope (Madel
IOOF0NE ) where the faelds 1o be analyzed are brought into focus, captured, normalwed with relation ©o illumination
miensty and color and displayed. The mapper can also wse the information obtuned m the prescreening phase for
determaning specimen adequacy and, if desired, sart madequate or particularly difficull specimens inlo a separate
work-stream. Anather possibilaty is %o give high or ow priorty © certan types of matenal Arcas mainly occupaed by
hlood celk can for mstance be put mko a separate part of the routemap.

Multiresolution Representation of Shape in Binary Images
Authors G. Bargefors, G. Ramelk!), G Sannisi di Baja')

Dissituto di Cibernetica ONR, Arco Felice (Napali), Ity
Conference: 6th Int. Workshop on Discrete Geametry for Computer Imagery, Lyon, France
Papes: 51.58 Year: 1996
Publisher: Lecture Notes in Computer Scaence 1176, Springer Verlag
Keywards: Binary pyramad, mulresalution representation, shape preservation
Abgacr Bmary pyramids can be wed for multmesolution pattern repasentation. The two “standard® py ramads
schemex, OR- and AND-pyramads, have, however, senows drawhacks, as they distart the shape sigm icantly. In OR-
pyramads black pixels spread all over the array due © expansion and merging of chse regions. The shape of the ongs
mal patiern is rapidly blurred. In AND-pyramick narrow regions of the mitial patiern may esther completely vansh ar
hecome disconnected. In hath casex, the shape of the pattern & not preserved. Here alternative approaches, ammed at
mproving shape and topolagy preservation in bmary pyramids, are presented. The firdt approach combines the OR
and AND rules, whereas the second approach wses grey-kevel images as an mermedite step. The algarithms are casy
% implement and produce sigm ficantly betier results than the ones obtaaned by OR/AND py ramads.

Detection of agricultural fields in satellite images
Aushors: Anma Pettersson, Fredrik Walter, Dmitry Lagunowski! !
Nnstitute of Engincering Cybernetics, Minsk, BELARUS
Conference: %4 Remole semsing in agriculture, NJF Semanar, Jokicinen, Finland
Pages: 6367 Year: 199
Publisher: Reparts of the Finnsh geodetic instituke
Keywords: Remotke semsing, agriculture, satellite, mage analysis, gop, methadaolagy, field detection
Abgmct Thes study desaribes a new automatac field extraction algorithm which integrates edge detection, 1.6, detec-
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ton of spectral changes, and region growmg, 1.¢. clistenng of homagencows arcas.  Even though some problems re-
mams & be solved, these imtial resulis are promssng.

Multiresolution Skeletonization in Binary Pyramid
Authors: G, Bargefors, G. Sanniti di Baja!

Mstituto di Cibernetica CNR, Arco Felice (Napali), Italy
Conference: 13th Int. Conf. on Pattern Recagmtion (13ICPR). Vienna, Austria
Pages: 57574 Year: 1996
Keywords: Shape analysix, Bmary mage
Abgacr A mulimesolution skeltonuation algorthm is presented. The underlying data structure 15 2 hinary AND-
pyramad. Notwithstanching the fact that the AND-pyramad 15 likely to break pattern comnectedness at lower resaluton
kevek, the algonthm generates comected skeletons at all resolution kevek. It can most convensently be implemented
oan a paralke] SIMD architecture, but efficient MIMD and sequential implementations are also possible. A hserarchy
amcn g skeketon branches at vanous resolutions levels & ako mroduced.

Surface Skeletonization of Volume Objects
Authors Gunilla Bargefors, Ingela Nystrdm and Gabriella Sanniti di Baja!)

sttt di Cibernetica, National Research Council af Italy, Arco Felice (Napali), Italy
Conference: Intermatiomal Workshop on Structural and Syntactical Pattern Recogmtion (SSPR'9%6 ), Lespzag., Germany
Pages: 251.259 Year: 1996 Publisher: Springer-Verhg
Abgacr Took for quantitative amlyss of wolime mages are becoming more mpartant, as volume images are be-
caming more commen in @ number of applacation fiekls, but especially m hiomedical tomo graphic images at different
scales. Here we present a methad for reducing a volume (3D) object 10 a surface skeleton. The onigmal object can bhe
recovered from #ts skeleton. The method is hased on the noton of “multple vaxek,” denved from that of “muliple
piaels” in the 2D case. It comnts of two phases. During the first phase non-multiple voxek are iteratively remaved.
During the second phase, the remaming set of vaxek is thinned © a set of one-vaxel thick surfaces and curves. This
skeltanzzation method requires only a small number of local (3x3x3 neighbowhood) operations per vaxel no extra
mencry and no kok-up bles. It 5 susted both for sequential and paralle] implementation. We exemphify the resulis
af the methad ona number of 128x]128x]1 28 mages.

Shape Preserving Binary Pyramids
Aushors G. Bargefors, G. Sannii di Baja'!
Mstituto di Cibernetica CNR, Arco Felice (Napali), Italy
Conference: Partoguese Conference on Pattern Recognition (RECPAD'96), Guimares, Portugal
Pages: 197-203 Year: 1996
Keywords: Shape analysix, Bmary image
Abguer Two approaaches aimed af snproving shape and topology preservation i bnary pyramads are presented.
Both are casy 1o implementand produce significantly better results than the ones obtained by standard OR/AND pyra-
mads.

6.3 Non-refereed conferences and workshops

l-

12

Comparison of two texture based methods for cell nucleus segmentation

Authors Heung-Kook Chot, Ewert Bengtsson

Conference: Sympasmum on Image Analyss (SSAB "96), Lund

Pages: 3690 Year: 1996 Publisher- SSAB

Keywords: Segmentation, almear dscrmminanta hackpropegation neural network textural features.

Abgmcr In ths paper we described two cell nuckus segmentation algonthms - a2 multvanate hnear dscrmmamant
algonthm and a hackpropegation newral netwark algonthm. Textural features of 3 X 3 masks on the grayone mages
from Feulgen stamed hsobgical tssue sedomns were cakulsted. Using a step-wise lmear dscrminant analyss, we
sclected the seven most significant features for the classifier. In the multhyer hackpropagation neural networks, we
wsed 28 texture features o the input layer, X nodes in hidden layers and 2 nodes in the output layer. The resulis
mdicates that these methads are comparable in their performance for owr materal,

Radiometric Calibration of CARABAS Radar Images over Forested Areas

Authars: Frednk Waller

Conference: Sympesmum on Image Analysas (SSAB "96), Lund

Pages: 111-114 Year: 1996 Publisher: SSAB

Keywards: CARABAS, SAR, forest mventory, radiometnc chbration

Abgmcr CARABAS & a newly developed airborne imaging synthetic aperture radar. It differs a lot from carlier
microwave radar systems, by wsing wavelengths of 3-15 meters. There & a strang comrelation between above-ground
hiomass and the reflected electro-magnetic waves. The moxdence angle of the radar vanes a Jot over the scene, which
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leads to different hackscattering properties for the objects on the ground. Thux, in order o make estmmations of hio-
mass from the CARABAS mages possible, the mages have © be radiometncally comected. Five forest stands of
approxmmately the same volume content were chasen in the investigated forested arca. The hackscatiening fiom these
stands were compared o the distance from the sensor. A hnear regression equation was developed from  that masenial
and was used to calibrate the other pixels m the image.

Automated tree species classification in high resolution aerial images using a Hough transform
technique

Author: Tomas Brandtherg

Address: Centre for Image Analysas Ligerhyddvagen 17 75237 Uppsak

Conference: Sympasmum on Image Analysas (SSAB '96), Lund

Pages: 115-119 Year: 1996 Publisher: SSAB

Keywards: pattern recognition, spruce, remole semsing, acrial image, image analy s

Abgmer An automated mage amlyss method for tree species clasification indigital high resolution acrial images is
presented here. The algonithm & hased on the structure of the miernal pattern (also callad fexture) of individual tree
crowns. The mfrared hyer of colour infrared acrial images & used and the different crown paterns are broughtout by
wsing the second arder Laplace trans form. Skeletomzation is wsed as a technxjue for data compression and 1o enhance
features %0 be wsed m the subsequent amlyss. The resulting skeleton branches are one pixel thick but sall contans the
structural  pattern that was identifaed by the Laphoe transform. The skeleton is splt m&o simpk segments, with no
branches. The drecton of cach mdividual segment m a tree crown & calculated and a simple Hough  transform tech:
mgue & used for analysang whether they collectively have a parallel or radml structural belaviow. We can clearly
discrimmate between Picea abaes, with a typxcal radial pattern, and Pinus sy lvestrs and Betula sp., often dominated
by paralle] structures. The pine hax, m ouwr images, a more clearly paralke] pattern, which is probaby caused by a com-
hmton of the mchmtxon angle of the sunhght and a shght camera maoton during exposure.

Finding "Brush Strokes" and "Spots" in Practice: Fibroblasts and Collagen
Authors Petter Rancfall Margan Chsta.fsm". Gunmnilla Bargefars, Ewert Bengtsson

DiMedical Bio Care Sweden AB. Gothenburg
Conference: Sympasmum on Image Analysas (SSAB '96), Lund
Pages: 134138 Year: 1996 Publisher: SSAB
Abgtact In this artick we descnibe a method for segmenting colowr images produced with uncontralled 1 llumamatxon
conditions and contaming diffuse objects resembling brush strokes. The method & fully automatc and hesed on a
hphce transform of the hue image. We also present a methad to find spots in the image. A practical application for
these methods is %o segment a cell culture mio filvoblasis, collagen and hackground.

Prostate needle biopsy visualisation

Authors Hans Fimmel

Conference: Symposmum on Image Analysas (SSAB '96), Lund

Pages: 11-13 Year: 1996 Publisher: SSAB

Keywards: prostate, cancer, bopsy, 3D, vemlse

Abgmct Prostate cancer is for men the most common form of cancer. It is therefare important to develop relabke
ways of dagnosing prostate cancer. Taday the fnal checking whether cancer & present or not & done by mseriing
long thin needles which takes hiopsies. The opic for this paper is how these needles should be placed. Today it & the
choxe of the doctor alone, which makes it rely heavily on his'her own experience. Ultrasound images normally gusdes
the doctar and the 3D feeling s very poor. It would help a Jot if there was a protocol which tells where m the prostake
© put the needles 1o gain most mformation. In ths paper we describe a project which & trying 1o find such a pratacol
by using the doctars experence inconjuncion with 3D computer madek of prostates.

3D reconstruction os insects” ganglion

Authors Roger Hult

Conference: Sympasmum on Image Analyss (SSAB "96), Lund

Pages: 9195 Year: 1996 Publisher: SSAB

Abgucr The purpaose of this paper is %o recomstruct msect’s ganglion from consecutive shces made by a macrotome.
The maan difficulty when reconstructing the 3D structure from thes type of data & that the shoes need o be aligned. In
ths paper two methods for alignment are dscussed, besades manual alignment. The two methods are; “Hierarchical
Chamfer Macching Algorsthm™ and an “intensaty hased cormrelation eechmque™ HCMA creates a dstance image wsing
miormation from the edgex, then tres © mimmase the sum of the values m  the dstance map that the contour hat.
Grey-maitch uses grey-kevel miensities and tnes © maamse the correlation between adjacent shoes by allermng trans
ktxon m x and ydmection and rotton aboul the z-axs. To improve semsitivily and processng speed only paints
with high gradient values are used for the matching. Becawse of the nature of hiological data, both of the algarithms
have ther difficulties in some cases. What is comsdered to be a good matching & rather subjective, although a bad
carrelation value gives a hint if the makching & extremely bad.



6.4 Other Publications

1. Anviindning av GIS fir planeringsiindamil i Siderhamns kommun
Authors T. Brandtberg, T. Lindell, K. Wejnder
Publisher: Centre for image analysas Rappart 19
Pages: 27 Year: 1995

Annual Report 199495

Aushor: Lennant Thurfjell, Ewert Bengtsson
Publisher: Centre for image analysis
Pages: 49 Year: 1995

3. Fordag till datastruktur fGe fiberanalys
Author: D. Wedjesjé
Publisher: Centre for image analysis Rappart X)
Pages: 25 Year: 1995

4 Detection of agricultural fidds in remole sensed images
Author: D. Lagunovsky
Publisher: Centre for image analysis Rappart 21
Pages: 15 Year: 1996

5. A Survey of the chamfer matching algorithm
Author: Gunills Borgefors
Year: 1996

6. Land Surveyors Background Coursewaork
Author: Vdmantas Gurklys
Year: 1996
7. An image analysis system lor ins pecting the LHC superconducting cable

Authar: Sun Yuvengin
Year: 1996

=
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7. Activities

Computerized image analysis is a technology which is finding increased application in many
fields. A consequence of this is an increasing interest in our work from the surrounding soci-
ety. We are trying to meet this interest by preparing workshops and seminars, receiving visi-
tors, making visits, giving presentations, participating in conferences, etc. In the following
sections we have tried to list these activities for the year 1995/96. These lists do not cover
all the informal contacts through which we have informed about our field of work. We have
also left out all meetings within ongoing research projects and all lectures we have given or
attended as part of the regular educational activities of CBA. Still the lists become quite
extensive.

We have organized six seminars with invited guests in addition to the 45 internal seminars
held at CBA. We have also actively participated in 21 other seminars. We have given two
invited and 13 other presentations at conferences as well as presented six posters and at-
tended another 23 conferences without making presentations. One researcher has spent an
extended period as visiting researcher abroad at two occasions and we have had two longer
term visitors at the CBA. We have made 38 visits to other research groups and we have re-
ceived a large number of visitors at CBA at 37 different occasions. Finally we have listed 21
international and I8 national committees and similar duties in which we have served.

7.1 Seminars held outside CBA

I.  Name: Ewert Benglsson
Dage: 950821
Address: Department of Toxcology, Uppsals Umversaty
Tule: Computerzzed mage analysis in ouacology Comment: Invited lecture in Nardac summer schoolon oxcalagy

=

Name: Petter Ranefall

Dage: 951019

Address: Uppsala University hosptal

Tuke: Segmentton of stuned cells - Image amlyss as a wal for ppthologists

Commenr A semmar for a small group of researchers, followed by a dscussion about thar passible use of image
amalyse in their research.

3. Name: Tommy Lindell
Dage: 951023
Address: Terracom, Uppsaka
Tuke: Course in Differemul GPS

4. Name: Ewert Benglsson
Dage: 951110
Address: Department of Technology, UU
Tuke: Overview of computenized mage analysas Comment: Two how kecture for last year students of matenal science

program

5. Name: Gunilla Borgefors

Dage: 951123

Address: SLU, Garpenberg

Tule: Digital Image Analysis

Commenr Withm the Nardie pastgraduate course in Robotacs wath applcation to forestry operations
6. Neme: Gunilla Borgefors

Dage: 951128

Address: Dept. of Physical Geography, Stockholm Umversaty
Tuke: Rescarch at the Centre for Image Analyss
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10.

I3.

14.

I5.

16.

17.

Name: Gunilla Borgefors

Dage: 951207

Address: Faculty of Physacs, Delft University of Technology, The Netherlands
Tuke: The strange behaviowr of seemangly innocent distance trans forms m 3D

Name: Gunilla Borgefors

Dage: %0110

Address: CBD, Hégskalan i Halmstad
Tuke: Ongomg rescarch st CHA

Name: Ewerl Benglsson

Dase: %0126

Address: Department of Zoalagy, UL

Tulke: Computerzed mage analyss

Comment Introductary lecture as part of a graduste course 1 zoalogy

Name: Gunilla Borgefors

Dage: %0216

Address: Swedish Pulp and Paper Rescarch Institute, Stockhalm
Tuke: Generating, Amalysing and visuahsing volume images

Name: Tommy Lindell

Date: W3 15

Address: Gesscwences, UL

Titlke: Asurvey of complcating factorsin the amalyss of satellite imagery

. Name: Ewert Benglsson

Dage: 960402

Address: Teknkum, UL

Telke: Compulerized Image Analysis

Comment Twohour introductary kecture for undergraduate students

Name: Gunilla Borgefors
Dage: 960515

Address: Depl. of Food Sceence, Swedish Universaty of Agrculiural Sciences, Ullum, Uppsak
Tale: Image anlysis for quantitative measurements of food quality
Comment Sartmg paint for cooperation m the Foad 21 MISTRA applacation

Name: Ewerl Benglsson, Fredrik Walter

Derge: 9608 19-21

Address: Jukkas jirvi

Tule: Presentation of our research plans during the MISTRA program RESE planning con ference
Comment Fredrk made the presentation, Ewert was supparter

Name: Petler Ranefall

Dersee: 960028

Address: Fritherghs Herrgind, Orsundshro

Tale: Helautomatsk kvanti fiering av infargade celler

Compwnt This seminar was a part of a two-day meeting about prostate cancer and hladder cancer arganized by the
Department of Pathology, Uppsala University. The seminar was held i swedish.

Name: Ewerl Benglsson

Deagee: 96 1000708

Address: Haga Conference Castle

Tale: Faculty Board Planning conference
Comment Atendee as member of the board.

Name: Lennart Thurljell

Dege: 961010

Address: Viasteris Sjukhus

Tatke: Brain aflas for SPECT

Compwnt The presentation was held at a national wer group meeting for GE SPECT wsers spansored by General
Electric

Name: Ewert Benglsson

Deage: 961104

Address: Teknkum, UL
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19.

Tulke: Computerzed Image Analysas
Commenr Twohour introductary kecture for undergraduate students

Name: Ewert Benglsson

Dage: %1108

Address: Maan hall (Aula) at MIC, Uppsala

Tule: Mathematics Education

Commenr Warkshop as pant of the strategic planmng of the divsson chared by EWB organized manly by Chrester
Kiselman

. Name: Ewerl Benglsson

Dage: %1120.21

Address: Sitra Brunn Con ference Center

Tuke: Appomtment Commatiee Con ference

Commenr Atiended a two day conference for members of “tnsteftns hgsnimnder™ st UU faculty of sceence and
echmobogy

. Name: Gunilla Borgelors

Date: %1122
Address: Facullty of Medxane, Uppsals Umiversaty
Tulke: Presenttonof CBA, especially owr medical imagery applications

7.2 Seminars at CBA with invited guest lecturers

=

Name: Dr. Tomas Gustavson

Das: 951116

Address: CTH, Gothenburg

Tuke: Medical Image Amalyss m Gothenburg - Present and fulure activites

Name: Dr. Bjirn Kruse

Dage: 951212

Address: Dept. Electncal Engincening, Lmkiiping Umiversaty

Tulke: ANonlincar Maodel for Reflexaon of Images on Trams lucent Medha (e.g. Paper)

Name: Thomas Persson

Dase: 960424

Address: Systems and Control Group, Uppsals Universty
Tule: Use of Digital Image Analysis for Walk Analysis

Name: Dr. Tony Lindeberg

Dage: 960522

Address: Computational Vision and Active Perception Laboratory, KTH, Stockhalm
Titke: Feature Detection with Automatic Scalke Selection

Name: Praol. Mats Nylinder et al.

Dase: %1018

Address: Dept. of Forest Praducts, SLU. Uppsala

Titke: Three mage analysis related projects at the Dept. of Forest Products

Name: Dr. Tim Paston

Dage: %1118

Address: Inst. of Systems Science, Natiomal Univeraty of Smgapare, Singapare
Tale: Dextrows Virtual Work

7.3 Seminars at CBA

These sermamars were almost all held m Swedish

Name: Martin Potapped

Dage: 950821

Tuke: Clumps and cluster analyzing m PAP-smears
Dage: 950828

Tuke: Prostate visuahization
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10.

I3.

14,

I5.

l6.

17.

Name: Hans Frimmel
Dase: 950828
Tile: Prostate visuahzation

Name: Ingela Nystriim, Petter Ranelall
Deage: 950904
Tuke: Pre-ICIAP Poster Sessaon

Name: Olke Eriksson
Dase: 950911
Tle: News in our compuler sysiem

Name: Ewerl Benglsson
Dage: 950918
Tulke: How to find cancer celk

Name: Torsten Jarkrans
Dase: 950025
Tilke: The elements of cancer

Name: Catherine Ostlund
Dage: 951002
Tuke: Nose removal m IS images

Name: Heung Kook Choi, Petter Ranefall
Dage: 95100
Titke: The Sanremo Conference (8th ICIAP)

Name: Daniedd Wedjes ji
Dage: 951016
Tike: Adata structure for wood fitwes

Name: Tomas Brandtberg
Dage: 951023
Tulke: Auomated amalyss of forest using high resolution digital images

Name: Gunilla Borgefors
Dage: 951030
Tuke: Shape preserving bmary pyramads

. Name: Lennart Thurljell

Dage: 951113

Tike: Auomatic mier-individual regstration
Name: Roger Hult

Dage: 951120

Tatke: 3D reconstruction of insect gangla

Name: Tommy Lindell
Dage: 951204
Tuke: The Jamaican Project. Pragress report

Name: Bo Nordin
Date: 960108
Tulke: IMP

Name: Pelle Ranclall
Dage: %0115
Telke: Cosmetic colour analyss

Name: Fredrik Walter
Dase: 960122
Tatke: Make your own CD

Name: Torsten Jarkrans
Dase: 960129

Tuke: Separation of overlappmng objects
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19.

I3

27.

-]

0.

Name: Anna Sviird
Dae: 960212

Tuke: Developmentof a windows based system for evaluation of mottk m full one printed paper surfaces.
. Name: Heung-Kook Chal

Dage: %0226
Tuke: Hough trams form

. Name: Ewert Benglson

Dase: %WO304
Title: Interactive cell amlys

. Name: Hans Frimmel, Fredrik Walter

Dage: 960511
Tike: "Music video™

. Name: Tomas Brantherg

Dae: %0318
Tuke: Fuzzy systems

. Name: Anna Peltersson

Dage: %0325
Tuke: The project st Skoglorsk

. Name: Anders Forsmoo

Dage: 9604001
Telke: Evaluation of distance trans forms ona SIMD-computer

. Name: Roger Hult

Dase: 0415
Talke: aspects an 3D viaualwation

Name: Olle Eriksson
Dase: 960629
Tulke: System news

. Name: Tommy Lindell

Dase: 960506
Title: The EU projects

. Name: Finn Pedersen

Dase: 960513
Tike: Ssmultionof an Xeray detectar

Name: Gunilla Borgefors
Dase: W05
Tike: On distance transforms in 4D

. Name: Hans Frimmel

Dage: %0605
Tuke: Scale space

. Name: Petter Ranefall

Dase: WHOM2
Talke: Mixtures of Normal Distributsons

. Name: Kenneth

Deagee: W609(0
Tike: Extraction of dscrminative mformation
from clumps and clusters of cells in standard PAP- smears

. Name: Heung-Kook Chai

Date: 900 16
Tuke: Generaldscwssion of Chot's thesss

. Name: Ingela Nystriom

Dae: %D23

Tale: Surface Skektonzzation of Volume Objects (SSPR Leiprag)
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Name: Thomas Halm
Dae: WO
Tuke: Target Detection m IR Vadeo

. Name: Fredrik Lingvall

Dage: %0710
Tuke: Detection of Samll Airborne Targets m Vsl & Infrared Images

. Name: Fredrik Walter

Dase: 961014
Tutle: Intel MMX

. Name: Torsten Jarkrans

Dase: %1021
Tuke: Repetition before dissertation

. Name: Catherine Osthund

Dae: %1028
Tuke: May the chromaticaty technaue mmprove IS images?

Name: Roger Hult
Dage: %1111
Tuke: Implemenation of a surface trackmg algorthm

. Name: Mattias Modll

Dage: %1202
Titke: Fiber Marphology

Name: Fredrik Walter

Dase: 9% 1206

Tatke: Anmmation in Computer Graphics

Comment Seminar at the Computer Graphics course

. Name: Hans Frimmel

Dase: 9612009
Tule: Prostata Transforms

. Name: Tomas Brandtberyg

Dase: %1216

Tuke: Auomatic delmeation of mdividual tree crowns m high spatal resolution acral images

7.4 Conference participation

Invited speakers

=]

Name: Fredrik Walter

Dase: 960528

Conference: Map Days 96, Norrkiiping

Telke: Bomass estimation wsing CARABAS radar mages
Comment InSwedhsh.

Name: Tomas Brandtberg

Dage: %0328

Conference: Map Days 96, Norrkiiping

Talke: Auomated amalysis of forest wsing high resolution CIR aenial images

Oral presentations

Name: Roger Hult

Conference: Symposmum on image analysis, SSAB 9%
Dage: W07 960508

Address: Lund

Tuke: 3D reconstruction of insects” ganghon
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Name: Hans Frimmel

Conference: Symposmum on image analysis, SSAB 9%
Dage: 90R07-960508

Address: Lund

Tulke: Prostate need ke hiopsy visualization

Name: Petter Ranefall

Conference: Sympasum on image analysix, SSAB 9%

Dage: W07 960508

Address: Lund

Tuke: Fanding " Brush Strokes” and "Spots™ in Practice: Fibroblasts and Collagen

Name: Tomas Brandtberg

Conference: Symposmum on image analysix, SSAB 9%

Dase: WOBO7 960508

Address: Lund

Tuke: Auomated tree species chissafication m ligh resaolution acnal images usang a Hough transform technague

Name: Fredrik Walter

Conference: Sympasum on image analysix, SSAB 9%

Dage: W07 960508

Address: Lund

Title: Rachometrc Calibration of CARABAS Radar Images Over Forested Arcas

Name: Heung-Kook Choi

Conference: Sympasmum on image analysis, SSAB 9%

Dae: WOIBO7-960508

Address: Lund

Tuke: Comparson of two texture hased methods for cell nuclews segmentation.

Name: Ewerl Benglsson

Conference: Fourth Intermatiomal Conference an the Computenized Cyology and Heko gy Laboratory
Dage: %WO317-20

Address: Drake Hatel, Clucago, USA

Tuke: Mapping the Cellular Contents of PAP-Smears

Name: Tommy Lindell

Conference: FMAC

Dage: 9020708

Address: ESA, Parx, France

Tuke: Conference on Prehmanary results of the ESA Campasgn wath the ROSIS Sensar

Name: Lennart Thurljell

Caonference: NUTEK pragram conference 1996 in medical echmology
Dase: 96021819

Address: Industrhuset, Stockhalm

Tuke: Abramatlas asa diagnastic ©al in nuclear medcine

Name: Ingela Nystrim

Conference: Internatiomal Workshop on Structural and Syntactical Pattern Recogmtion (SSPR96)
Derge: 9608 19.9608 23

Address: Lewpzig, Germany

Tulke: Surface Skeltonzaton of Valume Objects

Name: Tomas Brandtberg

Conference: Tekmska Misian 9%

Dase: %1019

Address: Stockholmsmissan, Alvs i, Sweden.

Tale: Remate sensing in foresiry

. Name: Anna Peltersson

Conference: Remote sensing in agrcu Hure

Dage: 961021961023

Address: Finnsh A gricultural Research Centre, Jokomen, Finland
Telke: Detection of agricultural fiekls mn stellile images
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. Name: Gunilla Borgefors

Conference: 6hInt. Workshop an Discrete Geametry for Compuier Imagery (6 DGCI)
Date: 91113961115

Address: Lyon, France

Take: Multiresolution Representation of Shape in Binary Images

Poster presentations

3

Name: Ewert Benglsson

Conference: Fourth Intermatxomal Conference an the Computenized Cyology and Hewlgy Laboratory
Dage: %W05317-20

Address: Drake Hotel, Chicago, USA

Take: Mapping the Cellular Contents of PAP-Smears

Name: Petter Ranefall

Conference: Sth International Conference on Image Amlyss and Processing
Dage: 9509 13.95(0915

Address: Sanrema, laly

Tale: Fanding Facml Features Using an HLS Caolour Space

Name: Heung-Kook Choi

Conference: Sth International Conference on Image Amlyss and Processing

Dase: 95(913.95(0915

Address: Sanrema, laly

Title: Mimmum Spanning Trees (MST) as a Tool for Describing Tesue Architecture when Grading Bladder Caray
noma

Name: Ingela Nystrim, Gunilla Borgelors

Conference: Sth International Conference on Image Amlyss and Processing

Dage: 959 13.95(915

Address: Sanrema, laly

Tuke: Synthesasang Objects and Scenes Using the Reverse Dstance Tansformation in 2D and 3D

Name: Tomas Brandtberg

Conference: Tekmska Massan 9%

Dase: 91015961019

Address: Stockholmsmassan, Alvs i, Sweden.
Tuke: Remote sensing in forestry

Name: Gunilla Borgefors

Conference: 13t Inl. Conf. on Pattern Recogmtion (ICPR’96)
Date: 90825960829

Address: Vienm, Austria

Tuke: Multiresolution Skeletomzation in Binary Pyramad

Attendee

=

Name: Gunilla Borgefors, Pelter Ranefall, Heung- Kook Chai
Conference: Sth Inernational Conference on Image Amlyss and Processing
Dase: 950013950915

Address: San Rema, laly

Name: Ewerl Benglsson, Gunilla Bargelors
Conference: NUTEK parallell computing con ference
Dage: 95(928.29

Address: MIC, Uppsala

Name: Ewerl Benglsson

Conference: Nutek program conference for computations using super and paralle] computers
Date: 95(928.95(0029

Address: Uppsala

Name: Gunilla Borgefors
Conference: Garpenberg Conference 1995: Robatics 1 Farestry
Dage: 951121
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Address: S1.U, Garpenberg

Name: Fredrik Walter, Gunilla Borgefors

Conference: Workshopon low frequency SAR and farestry applications
Dage: 951201

Address: FOA, Linképing

Name: Ewert Benglsson

Conference: TDB9%

Derte: 6020406

Address: Aronsharg, Bilsta

Comment Participation m the banmal staff conference of the Department of Scaentific Computing

Name: Anders Forsmoo

Conference: Nordic Furopant Conference
Dage: 2229

Address: KTH, Stockholm

Name: Ewerl Bengtson, Heung-Kook Chaoi, Gunilla Bargefors, Thomas Brandberg, Anders Forsmoo, Hans
Frimmel, Roger Hull, Anna Pettersson, Petter Ranefall, Fredrik Walter

Conference: Sympasmum on image analysix, SSAB 9

Date: WOBAT7- 96308

Address: Lund

Name: Gunilla Borgefors

Conference: Portoguese Conference on Pattern Recogmtion (RECPAD'96)
Dase: 9605321960522

Address: Guimaraex, Partugal

Name: Anders Forsmoo

Conference: Pedagogsk imroduktion UL vil 96
Dase: W36

Address: Uppsala Universitet

Name: Tommy Lindell

Conference: Teachmgin Geosciences
Dage: 9041314

Address: Eklundshof

. Name: Ewerl Benglsson, Lennart Thurfjdl

Conference: NUTEK program conference 199 in medical echmology
Dase: 960417940419
Address: Stockholm

Name: Anders Forsmoa, Hans Frimmel
Conference: Conference on Clssical Scale Space
Deagee: 9605 109605 13

Address: DIKU Copenhagen Denmark

Name: Roger Hult

Conference: Analyze Trainming Course
Dage: 960523960524

Address: Europa Hatel, Gatwick, Londan

Name: Roger Hult

Conference: Amneslirarkonferens i numerisk amalys och datalagi 1996
Dage: %60612.9606 14

Address: Lund, Ven

Name: Gunilla Borgefors, Ingela Nysiriim

Conference: lnt. Warkshop on Structural and Syntactical Patiern Recogmtion
Dase: 9608 X)1-960823

Address: Lempag, Germany

Name: Ingela Nystrim, Gunilla Borgefors

Conference: 13t Intermatxoml Conference on Pattern Recogmution (ICPR'9%)
Dase: 90825960829

Address: Vienm, Austra



18. Name: Ewert Benglsson, Roger Hult, Lennart Thurljell
Conference: VBC'96 Vewmlzation m Bomedical Computing
Date: %60022.960025
Address: Umversity of Hamburg, Hamburg, Germany

19, Name: Mattizs Mo&ll, Gunilla Borgefors
Conference: Workshop Skok boster, The mierface forest - industry, Graduate schoal: Woaod and wood fiber
Dae: %N23.25
Address: Skokoster

). Name: Mattias Mo&ll
Conference: Furapean Conference on Pulp and Paper Resaurch - the present and the future
Dage: %1010
Address: Foresta Hokel & Conference Ladmgi

21. Name: Jakoh Nisdl, Anna Petterssan
Conference: Remote Sensing in Agrculural Sciences
Dae: 9%1021-23
Address: Jokomen, Finland

. Name: Anders Forsmoo, Roger Hult
Conference: SIGRAD96
Date: %1200
Address: Nacka Forum, Sockhalm

23, Name: Anders Forsmoo
Conference: Soltware for Paralke]l Computing
Dase: 9%1216-17
Address: Parallkeldaworcentrum, PDC, KTH, Stockhalm

13

7.5 Visits to other research groups (for at least 2 weeks)

I. Name: Tommy Lindell
Host: NRCA
Address: Kngston Jamaxa
Dage: 951113951202
Topic: Coastal Plinming
Comment: Warkshop m Coastal Management and Plinming . Preparations for field work

Name: Tommy Lindell

Hos: NRCA

Address: Kmgston Jamasca

Date: 960122960217

Topic: Coastal Plinming

Comment Faeld wark on submarme condstsons along the coast of Jamaica

(5]

7.6 Shorter visits to other research groups

I.  Name: Tomas Brandtherg
Host: SCA Skog AB
Address: Approxmmately at Stide, 4 km west of Sundsvall
Dage: 950713
Tapic: Abnel control of the test arca and #ts qualaty, especally the state of the forest
Compwnr Feld inventary is planned for the spring 1996.

I3

Name: Tommy Lindell

Host: Ewopean Commassxon

Address: Bndgesown, Barbados

Dage: 950802950804

Topic: Discussions an a propased project o map Anguillan sand resources
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Name: Tommy Lindell

Host: NRCA

Address: Kmgstion, Jamaica

Dage: 950804950817

Topic: Work on coastal plan of Jamasca

Name: Tommy Lindell

Host: Dr Bugenxo Zilok

Address: CNR, Milina, laly

Dase: 950823.950624

Topic: Work on proposal 0 EUon Monstaring of hke water qualaty

Name: Ewerl Benglsson

Host: Medsan Pharmaceuticals AB Jan Vincent

Address: AR 4, 74174 Uppsaka

Dage: 950908

Topi: Discusson of passable cooperation on wound mage data communiacation for remaote compuier analysas

Name: Catherine Ostiund

Host: Sam Ekstrand

Address: IVI. Hikmgegatan 43 Stockholm

Dage: 950912

Topi: Dscamssions about project propasal for MISTRA. (Prelminary project mame: Methods for Detection of
Changes in Aquatic Ecosystems and Momorng of Algae Blooms.)

Name: Ewerl Benglsson

Host: Siemens Elema AB Gosta Sjdhalm
Address: Solna

Dage: 950914

Topi: Discusson of passable cooperation

Name: Ewerl Benglsson

Hos: IVA, Royal Academy of Engincering Sciences
Address: Stockholm

Dage: 9509026

Topi: Meeting on innovation hased enterprises.

Name: Gunilla Borgefors

Host: Gabriella Sanniti i Bajp

Address: Isttio i Cibernetica CNR, Arco Felice (Napoki ), ltaly
Dage: 950017950024

Topic: Ongomg research cooperation

Name: Tomas Brandiberg, Gunilla Borgefors, Heung Kook Chai, Fredrik Walter, Daniel Wedjes ji
Host: Stora Teknik

Address: Falun

Dage: 951005

Topic: Presentation of the image amalyss gomg on at Stora and dscussions on possible future cooperation

Name: Ewert Benglsson

Hos: Peter Gombrich, Dick Domamk

Address: AccuMed Inc 920N Franklin St Suite 402 Chicaga, 11, 60610, USA

Dage: 951000.951014

Topic: Contimued dscussion as part of our research coaperation on automated cell image analysas of Pap-smears

. Name: Ewert Benglsson

Hog: Gustafl Appelberg NUTEK Affarsutveckling

Address: 117 86 Stockholm

Dage: 951025

Topic: Discussion about possible NUTEK support for the commercalsation of the research results inow Quantitative
Patholagy research.

Name: Ewerl Benglsson

Host: Dr D. Leroy

Address: LHC-MMS Cern CH-121]1 Geneva 23
Dage: 951202-04
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Topi: Decussion of plnned coaperation an development of image amlyss hased mspection of the LHC supercon
ducting cable.

Name: Gunilla Borgefors

Hos: lan T. Young Address: Faculty of Physicx, Delft University of Technokgy, The Netherlandks
Dage: 951206-951207

Topic: Rescarch at the Pattern Recogmtion group in Delft

Name: Mot personell at CBA
Hos: LMV and Byggforsk
Address: Gavle

Dage: 951220

Topic: Anmual CBA excursion

Name: Gunilla Borgefors

Host: Kerstin Malmevist

Address: CBD, Higskalan i Halmstad

Dage: %0110

Topie: Common interests, especially as concerns printing and paper quality

Name: Tomas Brandtherg

Hox: Karografiska Sillskapet, Uppsala

Address: SGU, Uppsal.

Dage: %0129

Topic: Semanar concerming phnnming of new B2 narthof Uppsala.
Commenr CBA - Reportna. 9 were presented and dstrnibuted.

Name: Lennart Thurljell

Hog: lan Smath

Address: Institute for Biodiagnostics, Natiomal Research Council of Camada (IBD NRC) Wmnnipeg, Canada

Dage: 90205960207

Topic: Methadalogical aspects on functional bram magmng with MRL

Compwent Lennart Thurfjell was mvited by a group at the MR centre, Karolmka Hospital, %0 jom them in a visit to
IBD NRC. The mam purpose was (o dscuss arcas for collaboration between the MR centre and IBDNRC.

Name: Ewertl Benglsson, Gunilla Borgefors

Hos: Foundation for strategic rescarch

Address: Warld Trade Center, Stockholm

Date: %0219

Topi: Hearing on the application VISIT - ViSwmal Information Technalagy with S wedish and intermational experts.
Comment The hearing was prepared at two full day meamgs in Swodcholm an 960205 and 960214 chaared by EWB

. Name: Ewert Benglsson

Hos: Peter Gombrich, Richard Domamik, PhD.

Address: AccuMed Internatiomal Inc, Chicago

Dage: WHO313.20

Topic: Discussions of continued cooperation on automated cellimage amalysas.

. Name: Tommy Lindell

Hog: Gardon Jolly

Address: Godalming, England

Dage: %0402

Topic: Discussion on EU Project Clean Seas

Compent Decided to not partacipate in s EU project depending upon oo httke money availble for our part and no
suppart whatsoever from Uppsala Universty on the project

. Name: Ewert Benglsson and several others from CBA

Hos: Post Office Mail Sorting Termmalin Uppsak

Dase: %0508

Topic: Demamstration of new mail sarting equipment and discussion of the problems m automatically reading some
adresses, evaluation of possible asstance insalving the problems from CBA.

. Name: Ewert Benglsson

Hos: Lars Hellgren and Nils Engstrim

Address: Computerized Wound Amalyss (CWA) Institute AB, V. Fréilunda
Dage: 960531

Topic: Discussion of contmued cooperation m the wound mmage analyss fiek
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. Name: Tomas Brandtherg

Hos: SCA Skog AB

Address: The forest at Huljen, near S¥ide, 40 km west Sundsvall.

Dage: 9606-9609

Topic: Forestinventary of the acrial photographs inthe projekt SJFR-Brandtherg.

Comment: Fredrik Waller, CBA, was assisting during two weeks of the approxamately six weeks. Partially paid by
SCA Skog AB.

. Name: Ewert Benglsson

Host: Hans Dahlin, mamagmng director

Address: Helax AB 10 year celebration Uppsala Castle

Deage: 960608

Topic: Invited guest at the Helax company 10 year anniversary celebration

. Name: Ewert Bengtsson and Tobias Ohman

Hos: Dr D Leroy

Address: LHC-MMS, Cern, Geneva, Switzerland

D ge: 9606299600701

Topic: Presentation of results foom pilot study of LHC cable mspection project, dscussion aboul requirements for
phase 2of the project.

Name: Ewert Bengtson Fredrik Walter

Hoxgt: MDC ™ Mil jidstacentrum”™

Address: Kruma

Dage: %0821

Topic: Participated as mvited guests i the official opening of the MDC

. Name: Gunilla Borgefors

Hog: International Association for Pattern Recogmuion (IAPR)
Address: Vienm, Austra

Dage: 960827960828

Topie: Governing Board meeting of the IAPR

. Name: Catherine Ostlund, Tommy Lindell

Hos: Eugemo Zaloh

Address: Comsigho Nazomle delle Ricerche (CNR) Milano ltaly
Dage: %O02-960904

Topic: Kick-off BC SALMON project. Vst CNR.

. Name: Gunilla Borgefors, Tomas Brantdberg

Hos: IVL

Address: Stockholm

Dage: %0903

Topic: Farestevaluation from acral photographs

. Name: Gunilla Borgefors

Host: Tor Allemus

Address: Medical Information Centre, Karohnska Insttute, Stockholm
Dage: 9% 1005

Topic: The Visihle Human - how can a hbrary make ot avaalable?

. Name: Lennart Thurljell

Hoxt: Tomas Hindmarch

Address: MR-centre, Karolnska Hospital, Stockholm

Dage: 9% 1003

Topic: Letened % a seminar presented by Gordon Scart, the Institute for Bodiagnastics (IBD ), Wmmpeg, Canada.
Discussion about a collaboration wath IBD.

Name: Catherine Ostlund

Hos: Yo Sucksdarff

Address: Finnsh Enveonment Institute Kesikatu 6 P.O. Box 140 FIN 00251 Helsinki Finland

Date: 961004

Topi: Talk © Tuula Hanmnonen about her work with the AISA magmg spectrometer. Meet people wathm the
SALMON project.



. Name: Gunilla Borgefors, Jacob Nisell

Address: Arhnda

Dase: 961024

Topic: Applcaton of Remotke Sensing for estimation of agnculural crop praducton in Sweden (EU-project)
Commenr kack-ofl meeting

. Name: Tommy Lindell

Host: NRCA

Address: Kmgston Jamasca

Dase: %1106-961122

Topic: Coastal Planming

Commenr Preparations for estabhshing a water qualaty network in Jamasca Field work on submarme condstions along
the coast of amasca

Name: Fredrik Walter

Host: FOA

Address: Karkkroma

Dase: 91111

Topic: Faeld data collection during the CARABAS 11 BALTASAR 96 experiment, 3 days

. Name: Ewert Benglsson

Host: Hams Ovesen

Address: Encsson Telecom AB 126 25 Siockholm

Date: %1124

Topi: Discussonof plnned Telepatho ko gy project in cooperation with among others Chrsster Busch

. Name: Gunilla Borgefors

Hog: Terry Fountun

Address: Dept. of Physics and Astronomy, University College London

Dage: %1129

Topi: Celebratory lunch for the hfe achevement of Prof. Machael Dufl. Visit ©o the mage analyss group of Umver.
sty College London.

7.7 Visiting scientists (staying at least 2 weeks)

3

Name: Dmitry Lagunovsky

Address: Belarussian Academy of Sciences, Minsk, Belarus

Hos: Gunill Borgefors

Dage: 950828951127

Topic: ldentifying agrculural felds m satellte mmagery Comment: Part of the SLU program for exchange with the
Fastern former USSR states

Name: Vidmantas Gurklys

Address: Lahuanan Agriculiural Universaty, Water and lind mamagement dept., Kaumas- Akademija, Lithuania
Host: Gunill Borgefors

Deagee: W60506- 960600

Topic: General GIS 1ok

7.8 Other visitors

'.

2

Name: A group from Department of Animal Physidogy, SLU

Address: SLU

Hos: Lennant Thurfjell

Dage: 9509029

Topic: To get an overview of owr rescarch m image analysix, especally m the fiek of macroscopy .

Name: Dr. A. Mazilisuskas, Dr. Z. Dabkevicius, Pral. H. Linnér

Address: Luhuanan Umvenisty of Agriculture, Lihuanan Inststute of Agriculture
Hos: Jakob Nxell, Gunill Bargefars

Dase: 951024

Topic: Presentationof GIS acivities st CBA
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Name: Mr. P. Vassen, Ms. V. Perdigao, and representatives from SCB, SLR, and SLU Crop Produdion
Address: IRSA, Ispra, laly

Hos: Gunills Borgefors, Jakob Nuell

Dage: 951115

Topic: Presentation of CBA activities on remofke semsing for agricultural applications, amming at the planned EU co-
aperation project “Multi-level monstaring of agricultural land and crop yiekls in Sweden”

Name: Sven Nikson

Address: Dep. of degnostic radialagy, Uppsals Umversaty Hospatal

Hos: Lennant Thurfjell

Dag: 951127

Topi: Dncussion about a passible cooperation in a project where the task is to define tumer valumes in from CT-
mages

Name: Gabridla Sanniti di Baja

Address: Isto di Cobernetica ONR, Arco Felice (Napoh ), laly

Hos: Gunills Borgefors

Dage: 951211-951217

Topi: Contimuing coaperation inshape analysis

Name: Olol Andrén and Helena Elmgvist

Address: EMC, Swedish Univeraty of Agnculural Sciences, Uppsala.

Hog: Tomas Brandtherg

Dage: 951211

Topi: Dscusion about an applcation of automated rool mage amalyss and presentation of fnal results m the root
project.

Comment Gunilla Bargefors and Anders Forsmoo were akoon the meeting.

Name: Lena Gustalson, Johan Bergstriim

Address: SkogFarsk, Uppala

o s: Gunill Borgefors, Tomas Brandtherg

Dage: 960112

Topic: Discussions an a GIS project to find regions for lindscape planning in Sweden

Name: David Roberts, Jonas Garding, Jonas Larsson, Kaj Ericson

Address: Darthmouth Hitcchcock Medical Center, CA: ELEKTA Stackholm, Dep of Neworadwlgy Karolnska Hos-
pital

Hos: Lennant Thurfjell

Dage: 960227

Topi: Discussion about the development of a high resolution bram atlas for planning of sterectactic surgery

Name: Students fram the course Computer Assisted Inage Analysis, MNL, 5p.

Hos: Tarsten Jarkrans

Dage: W30, 960306

Topic: The two how study visils waere a part of the course.

Comment Demonstrations: Fredrik Walter, Roger Hult, Petier Rancfall, Lenmart Thurfjell, Tobias Ohman, Torsten
Jarkrans

Name: Lars-Ulrik Bergstrom
Hos: Tommy Lindell

Dage: WO307

Topic: Jamaican Planmning

Name: YrjoSuckusdordl and colleagues
Address: Silja Line, Stockhalm

Hog: Tommy Lindell

Dage: %327

Topi: Prehmmary dscussions on EU project

. Name: Invited representatives of Swedish agencies and organizations

Hose CBA

Date: %0422

Topic: Information abowt the work of CBA and plans for creating a Reference group m which the different organwa.
tians are mvited (o participatke
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. Name: Gordan Jdly, Satellite Observation Systems Lid. England

Hos: Tommy Lindell
Dage: %0423
Topi: Discussonon proposed EU project

Name: Students from the course "Digital Image Analysis TF'

Address: Dept. of Scentific Computing, Uppsals Umiversaty

Hos: Ingela Nystrim

Dage: WO505-960506

Tapic: The students came n 4 groups for a two hour study visit, which was a part of the course. Comment: Demaon-
strators: Fwert Bengtson, Gunilla Bargefors, Tomas Brandiberg, Hans Fimmel, Kenneth Jomson, Petter Raefall,
Lennart Thurfjell, Fredrik Walter, Catherine Ostlund and the host. Ewert, Petter and the host were ako seachers for the
course.

Name: Eugeio Zilioli

Address: CNR, Mikan, ltaly
Hog: Tommy Lindell

Dage: 960514

Topic: Discussions an EU project

Name: Students fram the course Computer Graphics

Hos: Tarsten Jarkrans

Dage: %0515

Topic: The two howr study vessl was a part of the course.

Comment Demonstrations: Tomas Brantherg, Petier Rancfall, Kenneth Janssan, Tobias Ohman, Tarsten Jarkrans

Name: Hakan Lindstrim et al.

Address: SIMS, Swedsh Umversty of Agnicultural Scences, Ultuma

Hog: Gunills Borgefors

Dae: %0617

Topi: Possilihties of using mage analysas for measuning wood parameters

Name: Stallan Séderstrim

Address: K1 lmovation, Stockholm

Host: Ewert Bengtsson

Dage: %062

Topie: Discussion about the possible cooperation interest between K Innovation and CBA

Name: Eugeio Zilioli

Address: CNR, Mikan, ltaly

Hog: Tommy Lindell

Dae: %0626-27

Topic: Fmal preparations for EU project SALMON

. Name: Curt Orbert

Address: Allevigen 10, 746 31 Biku

Host: Ewert Bengtsson

Dage: %070

Topie: Consubed owr former student Orbert about problems related 1o the CERN LHC mspection project

. Name: Eugeino Zilioli

Address: CNR, Milan, ltaly

Hos: Tommy Lindell

Dage: 96082]1.23

Topic: Rewriting of Final Warkpackage for EU project SALMON

. Name: Eugenio Zilioli

Address: CNR, Milan, ltaly

Hos: Tommy Lindell

Dage: %60902-04

Topic: Kick off Meetng for EU project SALMON

. Name: Britta Fagerberg, Lars Haghlad

Address: Statistics Sweden, Dept. of Crop Praduction Sceence, SLU

Hox: Gunill Borgefors, Jacob Nisell

Dase: 960918

Tapic: Application of Remote Sensing for estimation of agrcuhural crop praduction in Sweden (ELU project)
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. Name: UN Welander

Address: Inststutonen fir Oral Radiologi, Karolinska Institutet, Huddinge

Hos: Ewert Bengtsson

Dage: 960026

Topic: Discussion about a passible joint proposal to the Foundation for Strategic Rescarch on image amalysis applica-
tions o odonkology

. Name: Yvonne Ridderstrile with students

Address: Department of Anmmal Physiology, SLU
Hos: Anna Petterssan

Deage: 961007

Topic: Smdy visit by PhD-course m ammal physiokgy

. Name: Members of the "Kartogralika sallskapet’ in Uppsala

Hos: Tomas Brandtherg

Address: c/o Chrstian Elvhage SGL, Uppsah

Dage: 961021

Topic: Aveit 1oCBA including a presentation of CBA and of fowr project presentations at warkstations.

. Name: Curt T. Reimann

Address: Dept. of Rachation Sciences, Uppsala univeraty
Host: Ewert Bengtsson, Gumnilla Borgefors

Dage: 961022

Topic: Analysis of Atomac Force Micrascaophy mmages

. Name: Annica Karlsson

Address: Systems and control group, Uppsals Universaty
Hos: Ingela Nystrim

Dae: %1030

Topi: Walk analysas of colbw mages

Comment Discusson and help with references

. Name: Orjan Smedby

Address: Dept. of Rachology, Uppsals Univeraty Hospatal

Host: Lennant Thurfjell

Dage: %1113

Topic: Discuss the segmentation of organs in the thorax data from the Vissbke Human

. Name: Department of Agricultural Engineering, SLU.

Hos: Tomas Brandtherg

Date: %1113

Topic: Shont presentation of CBA and three workstation demaonstrations. Comment: Workstation demonstrations by
Anma Pettersson (Agricultural fields ), Jakob Nisell (Classification) and Tomas Brandtherg (Remaote sensing in for-
esiry).

. Name: Bjirn Henningsson (1), Thomas Nikson (2), Brita Swan (3)

Address: 1,2: 51U 3: Stora Corporate Rescarch, Falun

Host: Gunilla Borgefors

Date: %1126

Topi: Passble fulure CBA invalvement m the WURC project (Woaod Ultrastructure Research Centre).

. Name: Reference group for CBA

Host: CBA

Dage: %1126

Topi: General mage analyss methods from the theses of Chor and Jarkrans. The future of the Reference group.
Comment: The first meeting of the CBA reference group.

Name: Eugenio Zilioli

Address: CNR, Mikan, ltaly

Hos: Tommy Lindell

Date: %1128.29

Topi: Preparatson of Firt Quarkerly Report for EU project SALMON

. Name: Eugenio Zilioli

Address: CNR, Milan, ltaly
Hos: Tommy Lindell
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Dage: 9612026
Topi: Discussons on commeon ssues aof the SALMON Project. Discusssons with different representatives of the CBA
and demes of projects and mstrumentaton. Discussions with Prof. Cunt Forsberg and Dr. Don Perrsan and visal 1o
Frken Labaratary

. Name: Group af UU department heads (" prefekter”)

Host: Ewert Bengtsson

Dase: %1211

Topie: Vistto CBA and discussion about vanous problems encounterd as a department head.
Commenr One of several meetngs with this group durmng 199506

. Name: Josiane Zerubia, Jean-Michel Chanseriaux, Jean-Charles Dubais

Address: INRIA, France

Host: Ewert Bengtsson

Dase: %1211

Tapic: Visit o UU by official delagation fram INRIA, France arganized through the French Embassy. Host was
EWRB and the vist went 1o CBA and CMD

. Name: Dariusz Pictka

Address: Pohsh academy of science Imstitute of baocybernetacs Warszaw, Poland

Host: Ewert Bengtsson, Torden Jarkrans, Petter Ranefall

Date: %1216-20

Topi: Viatto CBA supported by Royal Academy of Sceence. Presentation of ow currrent work and dscussion of
possible fulure cooperation

Comment Demonstirations: Torsten Jarkmns, Petier Ranefall, Hans Frimmel, Lennart Thurfjell. Dscssions: Torsten
Jarkrans, Ewert Bengisson, Bosse Nordin and Chnister Busch.

7.9 Committees

International

(&

Name: Tommy Lindell
Compugee: Affilate Associate Professar, Univ of Washington, Seattle, USA
Dase: -85

Name: Tommy Lindell
Commigee: Officer for Valle Scandmavian Exchange Program, Univ of Washingion, Seattke, USA
Dase: -85 -

Name: Gunilla Borgefors
Commigee: Chaw of the Membership Commatice, Intermatiomal Assocaton for Patiern Recogmtion
Dase: A)--

Name: Gunilla Borgelors

Commigee: Edivor for "Pattern Recogmtion and Image Analysis: Advances m Mathematxcal Theory and Applaca-
tons”

Dage: 9310

Comment Publshed by Interperodica Pubhishmg m Cooperation with the "Cybemnetics™ Scentific Councail, Russian
Academy of Sciences

Name: Gunilla Borgefors
Commigee: 15 Vice President, International Association for Pattern Recognition
Dage: 94.96

Name: Gunilla Borgefors

Committee: Editoral board member, "Rivista di informatica™

Dage: Q0B

Comment Published by the lalan Association for Informatics and Automatic Computation, Mikna, laly

Name: Gunilla Borgefors

Commigee: Edivoral board member, “Image Processing and Communiacations”
Dage: 904

Comment: Published by the Instituie of Tekcommunxcations, Bydgoszcz, Poland
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13;

14,

15.

16.

17.

19.

Name: Ewert Benglsson

Commigee: Edioral board member of *Computer methads and programs in bomedicne™
Dage: 9.

Comment Pubhshed by Elsevaer.

Name: Ewerl Benglsson

Commigtee: Edioral board member of “Machine Graphics & Vison™
Dage: 9.

Comment Pubhshed by the Polsh Academy of Science

Name: Ewerl Benglsson

Commigee: Inernational Evaluation Commattee on NFR spansored IT-research at the Medical Faculty in Bergen
Dage: 95101920

Commenr EB was ane of four intermatsonal experts appomied 1o evaluate ths research program in preparation for the
creation of a full chair in Medcal IT at the Univeraty of Bergen

Name: Gunilla Borgefors

Commigtee: Member of the promotion commatiee for the dissertation of G.WA M. van der Heajden, Faculty of Phys
i, Delft Umversaty of Technalagy, The Netherlands

Dage: 9512(7

. Name: Gunilla Borgefors

Committee: Member of the Baard of Examiners for the Ph.D. dissertationof Wong Wai Him, City Universsty of Hong
Kong, Hang Kong

Dage: 961206

Compwnt Exammation by group tekephone call o Hong Kang

Name: Ewert Benglsson

Commiee: Dsertation commitiee and opponent for dissertation of Kamgasingam Yogesan, Institutt for Informatiid,
Univ., Oslo

Dage: 951207

Comment: The tille of the thesss was: Texture Analy ysis as a Prognostic and Diagnestic Toolin Tumer Pathology

Name: Ewerl Benglsson

Committee: Dusertation commitiee and oppanent for dssertation of Ingvil Hovik, Institutt for Informatikk, Univ.,
sk

Dase: 951208

Comment: The title of the thess was: "Verkloy og metader for komprimering av MR bilder |

Name: Gunilla Borgefors

Commigtee: Commatiee member for the Ph.D. dusertation of Ashwata M. Kumar, Indian Institue of Techmology,
Kharagpur, India

Dase: 0201960530

Name: Gunilla Borgefors
Commigee: Saentific Commitiee of 3rd Internation Conference on Visual Form, Capri, ltaly, 28.30 May 1997
Dage: 960501-.970530

Name: Gunilla Borgefors

Commigee: Publicaton Char and Techmcal Programme Commatice of AVBPA: Audior and Video-hased Biometne
Person Authentication, Crams-Montana, Switzerlnd, 12-14 March 1997

Dage: 960501970514

Name: Gunilla Borgelors

Commigee: Scentific Commatiee of PRIPY7: Fourth Intermatiomal Conference on Pattern Recognition and Informa-
tion Processing, May 2022, 1997, Minsk, Belarus

Dage: 960501.970522

Name: Gunilla Borgefors

Commigee: Independent expert for the evalmtion of the Furopean Commission Programme A griculture and Frsheries
(FAIR-3)

Deage: 60506-9605 10

Comment Evaluation ook place in Brssels, Belgmum

. Name: Gunilla Borgefors

Commigee: Member of the program commitiee for Intermatiomal Conference on Image Processing, Lausanne, Switzer-
land, 1996.
Dage: 960301960331
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2l.

Name: Gunilla Borgelors
Commigee: Expent for evalutation for the passtion of Full Professar in Image processing, Umversaty of Osla, Norway
Dage: 960915961231

National

2

10.

I1.

Name: Gunilla Borgefors

Commigee: Board member, Swedish Socety for Automated Image Amlyss
Dase: 1986--

Compent President 1988.92

Name: Gunilla Borgefors

Commigtee: Member, Swedish Parhamentarans and Scentists

Dage: 1987--

Comment Members are elected. Only one scientst per ficld admatted.

Name: Ewerl Benglsson
Committee: Member of the ekectanial commatiee for the faculty of science and echnokogy at Uppsal Umiversaty
Dage: 1993.-

Name: Ewert Benglsson

Committee: Steermg commatiee af the DIXL, Digatal X-ray project

Dage: 95--

Comment: A jomi project between depariments of physics, radiation research, radwology and CBA. About six meet-
mgs during the year. Finn Pedersen, former graduste student at CBA & project mamager

Name: Ewert Benglsson

Commigee: NUTEK Sweening Commuatice on (styrgrupp) Mimmally Invas ve Medxal Techmology

Dase: 1993199

Comment Meeting about 101mes per year making decisions about funding projects for about 8 MSEK per year.

Name: Gunilla Borgefors

Commigee: SLU review commatiee for SOU 1995.78 "The Swedish Space Program®
Dase: 9511

Commenr SOU = Statens Offenthga Dirednm gar

Name: Ewerl Benglsson

Commigtee: Appainments board (Tjansefirslagsndmnden) for the mathematics computer science divesson st UL
Dae: 1996199

Comment Regular member since 1991

Name: Ewert Benglsson

Commigee: Dean of the divison of mathematics and computer science of the facully of scence and technology at
Uppsals Univeraty

Dage: 960701 - (3 years)

Comment Includes many different meetings and other responsibihtes such as being a member of the board of the fac-
ulty

Name: Tomas Brandtherg

Committee: Karografiska silkkapet, Uppsala.
Date: 960129

Commenr Member of the board.

Name: Gunilla Borgefors
Committee: Commatiee member for the Ph.D. dissertation of Wes Zhang, Royal Imstitute of Technalogy, Stockhalm
Dage: 951108

Name: Ewerl Benglsson

Commigtee: Disertation commitiee for Else Nygren at CMD, UU

Dage: 960528

Comment The title of the thesis: "From paper © computer screen. Human information processing and user mierface
design”

. Name: Gunilla Borgefors

Commigee: Expent for evalutation for the position of Assistant Professar n Sigmal processing, especally newral nets,
at Uppsaks Universaty
Dage: WHO501-9%60630
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14.

I5.

16.

17.

Name: Ewert Benglsson

Committee: Member of the dissertation commitiee of Tomas Uhlm at CVAP, NADA, KTH
Dage: %0505

Comment The title of the thess was: "Fiation and Seemng Sy stems”

Name: Ewerl Benglsson

Commigee: Opponent for dissertation of U Mattsson at the Faculty of Odanology ., Gétcbarg Umversaty

Date: OS50

Comment The ttle of the Thess was "Computer- Asssited Image Amalyss of Skan Erythema and Oral Mucosal Le-
sions m Humans®

Name: Gunilla Borgefors

Commigtee: Opponent for the Lic. dusertation of Anders Ekman, Dept. of Computer and Information Science,
Linképing Universty

Dase: %0606

Name: Ewert Benglsson

Commigee: Sirategic plnning for the extended division of mathematics and computer science

Dae: %608.9612

Comment Chared a working group assigned with the task of creating a 10 year strategac plan for the divsson. The
CBA hosted several meetngs wath this warkmg group as well as helped admnstrate two workshops

Name: Gunilla Borgefors
Commigtee: Commitiee member for the Ph.D. dissertation of Heung Kook Choi, Uppsala University
Dase: %09X)

Name: Ewerl Benglsson

Commitee: Dusertaion Commitiee for Jesper Andersson, Department of Radation Scaencex, Uppsala Umiv. PET
Centre

Dage: 9% 1006

Comment Thesis on Functional Newrommagmng with PET, Methodokgical Aspects
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