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Abstract. ImLib3D is a C++ library for 3D medical image processing
research. It provides a carefully designed, object-oriented, standards con-
forming C++ library, as well as a separate visualization system. Focus
has been put on simplicity for the researcher who is considered to be the
end-user. Source code is freely available and has been placed in an open
collaborative development environment.

1 Introduction

The rapidly increasing complexity of medical image processing systems is a threat
to the reproducibility of scientific work in this field. Reimplementing published
work is often not feasible. Shared source code and shared development plat-
forms are therefore becoming a necessity. Open source provides a well estab-
lished framework for cooperative development, including high quality tools such
as SourceForge.net. The ongoing success of systems such as Linux has proved
that the Open Source model favors software quality. For the neuroscience com-
munity, Matlab® (mathworks.com) based Statistical Parametric Mapping (SPM:
http://www.fil.ion.ucl.ac.uk/spm) is an important effort in this direction. How-
ever, ImLib3D, which is a stand-alone C++ library, has inherent performance
and software engineering advantages over Matlab based code. ImLib3D is an al-
ternative to The Insight Toolkit (ITK: itk.org), which also provides an interesting
C++ framework designed for 3D medical image processing.

ImLib3D (imlib3d.sourceforge.net) provides an object oriented, C++, 3D im-
age processing library with a separate visualization system. The objective of the
library is to create a a framework that motivates collaborative work, is simple
to use and provides a coherent basis for research and development in medical
image processing. The library is currently at a mature stage of development and
is actively constructing a user base.

2 Description of ImLib3D

An overview of ImLib3D is shown in Fig. 1. The fundamental elements are the
image classes that have been implemented as STL-like templated containers with
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Fig. 1. (left) Overview of elements in ImLib3D. (right) Example of viewer rendering

STL-compliant iterators for traversing images or sub-images in various manners.
It is therefore simple for the end-user to create images of arbitrary types, such
as floating point images, complex-valued images, or deformation fields whose
elements are 3D vectors. The use of templates also results in highly efficient
code. Extensible attributes allow the user to dynamically add information to
images, such as regions of interest, background values, and patient information.

ImLib3D defines a unified framework for describing image processing opera-
tors in XML format. Each operator has a full documentation as well as a precise
description of argument types, allowing for automatic generation of fully docu-
mented viewer dialogs, command line interfaces, as well as dynamic extension
with user defined image processors (image processor plugins). The command-
line interface is particularly useful for high-level scripting, database interfacing
and easy experimentation. Many low-level image processors are currently im-
plemented: arithmetic, image-statistics (average, median, ...), morphological op-
erations (erosion, distance transforms, connected component labeling, skeleton)
with customizable structuring elements (neighborhoods), thresholding (simple,
Otsu, ...), image transformations (affine or transformation field) with several
methods of interpolation (including S-spline), linear filtering (arbitrary or sep-
arable convolutions, very fast Fourier domain filtering: fftw.org), image normal-
ization and more.

The separate viewer features multi-planar (3 cross slices through a volume)
views as well as surface rendering. Serial MRI may be visualized using anima-
tions. With the annotation system the user may interactively add and visualize
textual or graphical information on images. The viewer is also dynamical exten-
sible by user defined viewer plugins (dynamic libraries).



1y 6gsens-n-qdi@osoq

{uotTiewIoFep=+abeIaAE

¢ (uoT1PWIOISPR ‘ TINN
‘[T]serae’soInos)uotierlsTbheyeTqeuIoyag: s dcdl
pPT2TJ ©SI2AUT Sair

100 ATTPn3oP uOoT3RIISTLOT //

fuoTiPWIOISP JASPIOTA

(++T !()®@zTs serie>T
PT9TF UOTJPWIOIOpP 9HPWTIIS]JUT ppe ‘sebewlT se[le [[e I0F

f(0O=zTs" [0

(1Tnsax® Jagobewl ‘seTie’ <JgEobePwI>I0209A 1SUOD

!{()ezTs serie /0" I=yx2beI2AE

{

}

{0=T 37 ®zTs)I0J

£((0’0"0) Fac103n) TTTa obexsare
]serae)sbeasae JAEPTSTA

‘soanos Jggebeuwr)edeysuteigebeIsAyolWIOISURIL PTOA

“UONeNSIZAI 9[qeULI0JAp Jursn pANdwiod ‘pII1y UOTIRULIOJIP

19q PNOM ST} SIOJRIAN INOYITA

£ () puea=Td,
}
! ()pua ebewt=id !()utbaq-abewr=d)i03]
!d poxseRI031LIT: iFgEabew

(++d

:SIOJRI) SUISN QUOZ
paysew © y[em 01 Moy smoys d[durexa Jurmoqoj ayJ, ‘o0pod
SuiAyrdwrs Apeard pue ooueuwojrad Juraordwr ‘(Jeurioy
o3e10)s eyep oNI[) S[EIdp uoneiudwddwr IPIY SIOILIA]

OLITUIIUOD

UOZ pIYSDUL  QUOZ ADINSUDIIIA apdunts

RN EL

‘(dew: :p3s)
soon  AIeurq ur  paJols
Qe SJUSWIR[Q  0IAZ-UOU
‘sodewr asreds 1o, ‘soSewr
osteds pue soewr asim-11q
apnpour  sagdewr jpedwo)

i a6 | |
i | [Eme=stly [qevsen ] [1aeped | [jgeoem
{()puex=(z ‘A ‘x)sbeut ;aaix_?%”
, ) , }((z*K'x)yseRr-obewt) I T = m, = -mmm
{(1Tnsa1‘ebeIsAR ‘20IN0S) PTSTISSISAUIYITMUIOTISURT, asdr }(++% £()UIDTM 0BEWTSX {Q=X 2UT)TOT W wuzm,rm sQW Jeaurjgesbew]
uorjrwroysuer] burArdde Aq ureaq ebeisar a3nduwoo // } (++& ! () 3ubTon-sbewr>k f{g=K 3uT)I0F [pieba, | H ! v
{ (sbexane’c ‘g ‘sbexane) 7911 Tax0xddyueTssnes: :qedl } (++2 ¢()uadeq-ebewr>z {g=z 3uT)I0J Geabewig | [Geabewesieds | [GeauEiios
preTy burirnsex eyj yjoouws // l T ]

V
aeebew|

:Ayorerory
payrdurss Gurmo[oy 2yl ur pozr
-uedio ‘sofewr joedwoo pue (agae
—uTejuod) pIepuelS Yloq sopiaoid
acqrug “Ayorerdry SSe)

{GT=90UETIRA" (£“Z‘G)seTae
{ppT=2bexsne- (¢‘z‘g)seTaE

£(0G“0G“0G) SeTIR <T9POWTELOTASTIRIAS>UEIDUTRIUCD

!{{!{ooueTIen‘ShRIOAP 1POTI} T[SPOWIEROTIASTIRS 210NIIS

:2dA) woisno ' Jo oFewn

*SJRULIO] A[1J pIepuL)S
WOIJ UOISIOAUOD I0J 9[qe[leAR oI
S[OO, "Poseq TTINX 2Ie S deqrTu
'sadA) oFewrr OLOULS QI0)S  JoUURD
sjewIoj o[ Junsixg -JewrIoj I

*010 ‘(Qurjds-g 3urpnjour)
saojejodadyur ‘(-ojur juaned :x9) sadAy
Areniqie Jo sajnqLIjje paweu paurjop
IOSN Q[QISUAIXD  ISAINUI  JO SuOIFar
SuruIjep 10J SYSBW :Se yons soynqrnie
reuondo oAy sdfewnr  (gqryw

! (,AEWT"18813,) T TIOLSITIM " shewTAu
{00T=(g‘z'g)sbeuriu

(£'z’G) 2B enrea sbeut ssbueyo //

Soﬁooﬁoodmmmaiewommmmi
obewt jutod HuTlLOTI © £91BDIO //

ofeWI-IUI Ue Suroowss pue JuideroAe Aq poUTULIRP SI
odeys urerq a3eroae ue Q1Y ‘sodA) xopdwroo yons enduewr oy
As®3 11 sayew SIY [, "paAjoAul suonerado ay) yum d[quedwod are
Aoy se Suof se ‘aFewr jo 2d4) Aue 0y parjdde oq Aew s1ossaooxd
o3ew oLRUAS pue siojered( "seFewr OLIOUST WOIJ pajeaId A[Ised
QIe ‘(JAcpTeTd) Sp[elj uoneunojop se yons ‘sadAy xordwio)

ue s91eaId 1osn e o[dwrexd FuIMO[[0] Y3 U] "UONN[OS JUBII[S
ue sopraoad (soyerdwdy) SurwweisSord ouoUIN  '9[qISLY)
jou st adA) yoeo 10J s10ss9001d dFewWr pue SISSR[D SUNLIMIY
*SP[R1  UOTBULIOJIP IO ‘sagewil panjeA-x9[dwod ‘sagewr jurod
Suneoy se se yons ‘sadA) JUAIIp Auew Jo (SIQUTRIUOD (J§)
sofeun Junendruewr sarmbar Sursseoord oFewr] *AyoLIdUIN

:sAem Auewr ut 9gew-qns € Jo 93BWI UR Y3NoIy) Sunjem
10 pasn 9q ABW SI0JLIA] “XBIUAS PIYSI[QRISI [[9M ‘PIepuels
e JULRJOo ‘SI0RINT AI-TLS Sosn (eqrywy  -dewr
Ue JO [eSIQARN JUSIDNJA puk o[dws 10J S[00) dIe SI0JLIA]

g|dwex3 apon

SJojela)| sebew| qeqrjwy

ruonendruew a3ewr o1seq jo ojdurexo
ue SI QIO "9sn 0} Ased 2q 0) paudIsop
u2aq ARy Ay, ‘s1ourejuod pajejdura)
MI-TLS st pajuswdwr u2aq dAeYy
jey) sesserd oSewr sepraoxrd ggqrwy

'SA[NpOW PApEO]
AreorweuAp porddns-1asn Aq papuaixe 9q os[e Aeur
SI JOMIIA OUJ, "JOMIIA dY) WOIJ PI[[ed ARQANIRIdIUL
9q ued (SUOISUAIX? JAsn papnjour) siojerdado Jursseoord
afewr [y 'pejelouuR pue pAIpe 9q Aew sofewy
‘UONRZI[ENSIA (J§ PuUB Suonewiue ‘SMaIA reuefdninur
Suumieoj 1omora [euondo ue sopraoid gqruy

a10W pue
uonezieurIou K1sud)
-ur ‘(Sro'myzy  Sumeiiy
UTRWOP IOLINO, IS8 AI9A
‘SUOIIN[OAUOD J[qere ol e
-dos 10 Areniqre) Juuo)

¢ (s3usunbae’,w0TITPPY.,) SUENAGTTED

18U ab10J921n0S PEqI|Wi//dny

Buiyosyo juswnbie-
Kianb juawnbie-

*s10ss9001d 9Fewt ur-jIng
pue s[00} ‘sasse[o o3ewr Jurpnjour ‘Surssadoid
9fewI OMAWN[OA 10 AINONNSEIJUT [BNUISSI

sjuawnbie ousuab ayesadA)-
awep Ag |8

syseu siouf
sabeu 2 spp

-juowo]d SuLmdnns dqe uibnid Jamalp
-ZIuoISnd yum ("0 s
-ULIOJSURT) QOURISIP ‘UOTIS
-019) suonerado [eor3of
-oydiow ‘sonsness aewr
‘onounpue :pAuswrdurn
Apuarmd are s10ssaooxd
ofewr  [9AQ]-MO]  AueIN

Juawabeuep
uibn|d Jamaip

Bunjoayo juswnbie-
Busied juswnbie-

aur] puewwo)

Buiiapuai gg
uonewuy
Jeueidiyniy

-1 Ieaur ‘uonejodiur wondsea .
JO SPOYIRUI [RIQAJS YIIM 5 oy sop1aoid Arerqry oy, "1omarA o3ewr djeredos
(PIeY UOTIRULIOJSURI) IO H ® pue A1eiqr ++) 201nos uado ue ST gqru
QuIjje)  SuonBULIOJSURI) M
ofewrr  ‘Surpjoysaryy ‘s m

s

g

uondiiosaq TNX

+10553201d abew| Buissasoid

abew) SMAIA

JOMAIA

SUO|ISUalX3
pauljaq Jasn

® uoyduosap |ny apiaoid ®

e UoRouny - €= $10SS8201d abew|

$10S53901d abew|
urjing geaiwi

paulaq Jesn 0e91u] dul| swbeuep

‘s]00,
105s3901d abew| N siooL

puewwo)

‘owm-a1tdwod 1e sadA) parrnbar [[e 10y pajenue)sur
9q Aewr Aoy jey) os sdnoi3-ojedwray paudisse are s10ss0001d OLQULN) 'sI10ss9001d 9FEWIT UMO
1Y) PIM EqUTW] Pud)xd A[edrureudp os[e Aew s1as() 10ss3001d a3ewt yoea jo uondriosap
TINX PR[IeI2p B wolj I[Inq A[[eINeUIoINe I8 SI0LJIUI SUI| PUBWIUIOD PUE ‘STO[RIP JOMIIA 1]
soorjIUI (TeqITw] uf “s1ojerddo Jurssaoord oFewr Auew Jurdeuew sarnbar Furssadord aFewy

sainquuy-iesn .m._e_m._w__
sasse|) abew

$10553901d
abew| ul-yjing

Kieaqi

acqruwi

JOMBIA

Qouely ‘3Imoqsens ¢g0LY ‘“Aisioatun [ Smoqsens / SUND ¥00L-JNN  ddI (2)
QdueL] YOINII] 00FL9 “AISIOATU( [ S1n0QsENS / SAND SOOL-MINN LIIST (1)

++9) Ul Ylomawel Buissadoid abew [eaipap\ ‘©21n0g uadQ ‘ua1oy3 uy : qegiw|

2¥NOFSVYLS

UNILSVd SINOT [l ILISYIAINN

N

i\

s10ssa004d abew| MBINIBAQ

*9p0J 9[qESNAI PUE JUIIDTJJ
Sunum droy AIqISudIXe
Iosn pue s101e1d Juel[dwod-T1S
‘sofewrr  (pajejdwey)  omoued
‘uSI1Sop Ie[npow pue PIJUSLIO
290[q0  "u3ISIP [NJAIB)

JUQUILOIIAUD DATIE
-10qe[[0d © ur paoeyd ST qeqrwy
-aremijos daoidurr pue jdepe ‘A3
-IpOW 0} WOPAAIJ SUTAIS ‘IoyNNy
das © s903 9omog uadQ “AIqIo
-npoIdar oINULIOS 10J [BNUISSI
ST 2IBM1JOS SUNNQINSI] "YOIeasar
Surssaoord aFewr Jo joadse Jofewr

© s1 aremyos *9danog wadQ

‘sowrwrergord paoud
-11odXoUn I0J UIAD Asn 03 Ased 1
ayew douerjdwod sprepuels pue
siojerado  oanmuy  -3urssadoxd
o3ewr [edIpoW (J§ UI SIQWIWRIS
-01d pue SIOYOIBISAI UO PIsno

-0J ST dEqrTW *asn 0} Aseq

— s|eob ubiseq

| ZIOH Q01qey ‘Yoedswry [ned-uedf . YIA wIslqio], . ‘0sog [90IRN




