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Preface 

First, we would like to thank all contributors to this book. The book contains chapters 
deal with the most recent research and development in geoinformation science and 
accepted for presentation at the Geoinformation Week 2024 International Conference as 
part of the Joint International Conference event (in conjunction with FIG Commission 
5, FIG Commission 7, FIG LADM & 3D LA, and UN-Habitat STDM Conferences). In 
brief, themes of 34 chapters are 3D Buildings Modelling, UAV based Mapping, Geo-
based Artificial Intelligence / Deep Learning, Marine Information System, Satellite based 
Image Processing & Analysis, and GIS & Land Administration. All accepted chapters 
were reviewed by the experts of the disciplines. We would like to thank all reviewers for 
their insightful comments and suggestions where their inputs elevate the quality of the 
chapters. We also hope these contributions able to provide new knowledge in geospatial 
science and trigger more interesting research in the near future. 
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Abstract. This paper describes the overall trends in 3D geoinformation and the 
Land Administration Domain Model (LADM). Several aspects of these domains, 
such as data collection, processing, modeling, databasing, and visualization, are 
under investigation by researchers in academia or industry. Their works have 
been reported in international meetings and conferences, which have discussed 
increasingly advanced methods and techniques. In general, 3D geoinformation 
has advanced considerably, as is seen in current discussions within the 3D GIS 
community and the LADM and 3D Land Administration (LA) group. Conferences, 
workshops, and specialized user group meetings worldwide provide the latest 
research and development on the subject. This paper highlights the most recent 
findings on these two major domains in 3D geoinformation and provides insights 
into possible future developments. 

Keywords: 3D geoinformation · LADM · 3D data fusion · Semantic modeling 

1 Introduction 

Geoinformation science has existed since the 1960s as a simple system to manage geo-
graphic objects for environmental research in North America, specifically Canada [1]. 
Later, additional systems were researched and developed by the community. Initially, 
these systems were categorized as 2D due to the nature of data at that time. These days, 
systems can handle spatial data in more than two dimensions; they also have more pos-
sibilities in terms of processing and visualization, as reported by [2]. The research and 
development of 3D GIS domains began around the mid-1990s when several major spa-
tial object primitives were explored and recognized as 3D spatial objects; thus, a proper 
data model could be established. Several data models have been reported since then, 
such as spatial theory by [3] and other models by [4]. These models have since been 
further developed for greater flexibility in object and relationship connections. These 
connections between objects provide a better understanding of the 3D situations we 
perceive in the real world. An increasing number of research groups in academia and 
industry (vendors) have pursued greater performance in the processing and databasing 
stages. Here, a database’s data structure and object indexing play a vital role in making 
the related processes and analyses faster, as reported by [5].

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025 
A. Abdul-Rahman et al. (Eds.): GeoWeek 2024, LNGC, pp. 3–16, 2025. 
https://doi.org/10.1007/978-3-031-86654-8_1 
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Another important aspect of 3D GIS is semantic labeling (assigning and validation) of 
3D buildings, which provides an accurate and fast way of recognizing information about 
the objects. The trend indicates the utilization of machine learning and deep learning to 
assist in the labeling process, as mentioned by [6]. This process requires large datasets 
to develop a robust segmentation model to achieve the desired outcome. Technological 
advancements have opened doors for further research on the automation and refinement 
of semantic labeling processes, making it possible to handle complex and large-scale 
3D spatial datasets more efficiently. Moreover, integrating artificial intelligence with 3D 
GIS has facilitated improvements in data acquisition, generation, and the overall quality 
of geospatial processes. 

3D building generation has been investigated for quite some time, especially in the 
context of acquisition techniques. However, research on combining techniques in one 
computing environment is lacking, as reported by [7]. Recent research shows that the 
accuracy of the combined techniques (fusion) could be improved by using a Laplacian 
algorithm. The optimal configuration of this fusion method is a subject of significant 
discussion, as reported by [8]. Ensuring high accuracy and completeness in 3D models is 
both essential and challenging when utilizing different datasets. One of the key challenges 
lies in developing effective data integration methods to generate 3D models from these 
varied datasets, such as the integration of multi-source point clouds as proposed by [9]. 
In the future, these valuable 3D models can be used in various applications such as urban 
planning and land management. 

The integration of land and 3D spatial objects, as offered by the Land Administration 
Domain Model (LADM), results in better data modeling for managing and disseminating 
information. Thus, this integrated model (with well-defined classes) is an effective and 
reliable land management system, as reported by several researchers such as [10–12]. 
The LADM has the potential to be further developed to address more advanced situations 
and other international standards and formats, including CityGML, CityJSON, BIM/IFC, 
and INTERLIS. 

In general, four main aspects of the 3D GIS domain have been investigated: spatial 
data acquisition, spatial data processing, spatial databases, and visualization, similar to 
what has been researched thus far in the 2D domain. These investigations aim to generate 
more advanced spatial data modeling and visualization concepts and techniques. The 
community is also investigating interoperability and standards related to 3D spatial 
data—for example, to share and disseminate data and information. 3D geoinformation 
research has been investigated in academia and by major software vendors. 

Section 2 describes the status and perspective of 3D GIS. Section 3 describes the 
status and perspective of LADM. Finally, Sect. 4 concludes the paper. 

2 3D  GIS  

The third dimension of geoinformation has been explored and investigated since the mid-
1990s [13–15]. GIS improves upon simple 2D data capability by being able to handle and 
manage point cloud data (from LiDAR and other similar data collection systems). The 
goal is better processing with fast algorithms; databases should also be able to perform 
searches quickly. Smart indexing for spatial records and objects is of prime importance
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for many research groups in academia and industry (software development houses). As 
reported by [2], digital twins and 3D city models are a significant research trend in 
the community. In Germany, TU Munich and HFT Stuttgart researchers have presented 
on CityGML 3.0, while the University of Melbourne group has investigated the same 
model for 3D underground land administration. These proceedings address point clouds 
and 3D building reconstruction, and BIM and GIS continue to be research topics in the 
community. One particularly interesting paper on the use of CityJSON for energy demand 
calculation examined JSON as an alternative (or a complement) for CityGML, and other 
works have described 3D indoor navigation for pedestrian interaction purposes (all of the 
preceding papers are discussed in [16]). We also acknowledge that several groups in the 
3D geoinformation domain are investigating 3D data fusion and the semantic modeling 
of 3D buildings. 

2.1 Data Fusion for 3D Models 

3D models representing 3D objects can be generated from datasets like images and point 
clouds. Achieving accurate and complete 3D models is challenging due to the weaknesses 
of each spatial data acquisition method and the presence of occlusions. Thus, the fusion 
of several datasets has been utilized to overcome these weaknesses and subsequently 
generate complete 3D models, as demonstrated in [17, 18]. Point cloud datasets are com-
monly integrated with iterative closest point (ICP) registration. However, post-processing 
of this ICP registration reveals some limitations, including stratified redundancies [19] 
and gaps within the interconnected regions [9]. Consequently, enhancing 3D fused mod-
els to achieve more accurate representations is a key research focus, with methods such 
as the Laplacian fusion offering potential improvements. We believe that developing 
and improving data fusion methods could provide a better outcome. Specifically, the 
advancements should focus on handling large point clouds with varying accuracy and 
scale and address the complex geometrical holes in 3D fused models. 3D fused models, 
which are point cloud models, can be reconstructed into 3D models based on faces and 
could be developed for larger areas like 3D city models, as reported by [20], the potential 
applications of which include energy demand estimation, the classification of building 
types, and 3D cadastre. Examples of 3D models of major cities include Singapore [21], 
Helsinki [22], Rotterdam [23], and several Japanese cities [24]. 

Figure 1 illustrates the development of 3D building models. Spatial data can be 
obtained using several acquisition techniques, such as airborne laser scanning (ALS), 
terrestrial laser scanning (TLS), and drone photogrammetry. These datasets are integrated 
and enhanced through data fusion into 3D fused building models, and subsequently, 3D 
building models are reconstructed based on these fused datasets. Developing 3D rep-
resentations for an urban environment results in 3D city models, including buildings, 
streets, and other infrastructure. These models are useful for urban applications, such as 
3D cadastre and heat demand analysis for buildings. In the next five years, the develop-
ment of data fusion for point cloud datasets will likely involve automated processes (to 
quickly and efficiently integrate big data).
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Fig. 1. Development of 3D models through data fusion. 

2.2 Semantic Segmentation of 3D Models 

As urban environments grow in complexity, detailed and accurate 3D city models 
become increasingly crucial for urban planning, GIS, and the development of smart 
cities. CityGML has emerged as a standard for modeling and exchanging 3D city mod-
els, encompassing various aspects such as buildings, transportation, vegetation, bodies of 
water, and more [25]. The semantic segmentation of building models using deep learning 
within the context of CityGML has opened possibilities for automating and improving 
certain processes. Semantic segmentation involves classifying each element of a build-
ing model into predefined categories. Efficiency and scalability are the motivation for 
integrating deep learning with CityGML for semantic segmentation. Traditional manual 
methods for segmenting building models are labor-intensive, making them challenging 
for large datasets. In contrast, deep learning techniques can process vast amounts of data 
with minimal human intervention, leading to significant time and cost savings. 

Moreover, the semantic segmentation of building models is crucial for creating 
detailed databases of building components and structures. By automatically identify-
ing and classifying elements such as walls, roofs, and windows, deep learning methods 
facilitate the creation of comprehensive semantic labels. These labels can then be con-
verted into structured data for databases, cataloging every aspect of building assets and 
structural elements. This structured data is invaluable for various applications, includ-
ing building management, smart city development, and geospatial analysis. Figure 2 
illustrates the concept of building segmentation within CityGML to locate and generate 
databases of building components.
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Fig. 2. The overall concept of building segmentation within CityGML. 

3 The LADM 

The Land Administration Domain Model (LADM) has been utilized in various countries, 
providing a useful structure or concept for managing land administration (LA). The 
flexibility of this standard allows it to be adapted for different systems worldwide and 
integrated with 3D spatial units. [26] stated that ISO 19152:2012 LADM serves as the 
official model for 3D parcel representation in the provincial city of Shenzhen in China, 
as well as in Finland, Malaysia, and Scotland. Additionally, approximately 35% of the 
countries involved in the adoption of LADM have indicated that their cadastral databases 
are either fully or partially based on this standard. The integration of 3D data into the 
LADM is a significant and ongoing development aimed at enhancing the capacity of land 
administration systems (LAS) to handle complex spatial information. Several countries, 
including the Netherlands [27], Sweden [28], Singapore [29], and Australia [30], have 
conducted pilot projects and implemented prototypes to test and refine these capabilities. 

LADM has now been extended (i.e., LADM Edition II) to cover both land and marine 
environments, including information on land value and use [31]. This second edition has 
multiple parts with different purposes, as shown in Fig. 3. Part 1 represents LADM’s 
generic conceptual model. Part 2 extends on LADM Edition I’s land registration with 
a refined survey model, 3D spatial profiles, and semantically enriched code lists. Part 3 
focuses on the rights, restrictions, and responsibilities (RRRs) of marine georegulation, 
aligning them with land concepts to provide seamless land and marine administration; 
this part is refined from the IHO S-121 Standards for Maritime Limits and Boundaries. 
Part 4 focuses on valuation information as it pertains to LA, detailing the characteristics 
and semantics of valuation registries that are commonly managed by government agen-
cies. Part 5 represents the RRRs regarding spatial plan information, including land use, 
and Part 6 concerns the implementation of LADM (i.e., the methodology of developing 
country profiles and frameworks representing LA processes). 

These domains are crucial for better administration, as reported by [32]. This standard 
is designed with flexibility, enabling the consolidation of a variety of data sources such 
as BIM/IFC, GIS information, property valuations, and cadastral records. As illustrated 
in Fig. 4, this seamless integration paves the way for versatile applications and services. 
In line with this trend, the integration of 3D building models with LADM appears 
particularly promising, especially as the number of complex buildings continues to grow. 
These complex scenarios require proper handling through comprehensive data models. 
The utilization of building information modeling (BIM) as a data source is increasingly
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Fig. 3. The multiple parts of LADM Edition II (adopted from [32]). 

attracting attention from researchers around the globe [33–36], who aim to merge it with 
LADM to enhance 3D land and property management. The authors of this paper are 
currently conducting an initiative to combine LADM Edition II with BIM for better 3D 
land management in Sarawak, a Malaysian state. Through such integration, authorities 
could enjoy a unified administration system that encompasses legal, spatial, and technical 
information, all of which support the development of smart city initiatives. 

Table 1 (in Appendix) contains an overview of LADM implementations associated 
with various disciplines, including integration with BIM/IFC and CityGML, 2D and 
3D underground mapping, 3D cadastre, building valuation information, RRR mapping 
for strata buildings, web-based applications, applied marine cadaster, and incorporating 
temporal elements (3D + time). It details the researchers responsible for these imple-
mentations, the year in which the research was conducted, the researchers’ contributions, 
challenges, improvements, and recommendations from various countries that use LADM 
as part of their development. 

Characterizing multifunctional structures is challenging, particularly where infor-
mation about legal boundaries and rights, restrictions, and responsibilities (RRRs) must 
be identified. Apart from that, there are also challenges in integrating LADM with other 
standards, including CityGML, CityJSON, IndoorGML, and INTERLIS. These stan-
dards within LADM are under development and consideration by the relevant authori-
ties. This initiative to incorporate various standards is in line with the UN’s Sustainable 
Development Goal (SDG) 9 (industry, innovation, and infrastructure) and SDG 11 (sus-
tainable cities and communities). By leveraging advanced models and data integration, 
land administration systems offer improved sustainable development and urban planning 
initiatives.
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Fig. 4. Integration of data sources through the unified data model for applications and services. 

4 Conclusion 

This paper discussed the overall trends and development in 3D geoinformation, par-
ticularly in the disciplines of 3D GIS, 3D data fusion, semantic modeling, and LADM. 
Recent research has revealed that the domain is highly linked with computing, mathemat-
ics, databases, and visualization. Web and desktop computing platforms also play crucial 
roles in visualizing and disseminating spatial objects and information in 3D. Researchers 
in 3D geoinformation and the Land Administration Domain Model (LADM) have made 
significant advancements in techniques, processing, computing tools, algorithms, and 
standards. Currently, research communities are investigating better solutions and ser-
vices, as seen in many major GIS vendors’ advertisements and information. Above all, 
the 3D geoinformation domain will surely remain active, strong, and innovative. 

Appendix



10 A. Abdul Rahman et al.
Ta

bl
e 
1.
 
O
ve
rv
ie
w
 o
f 
L
A
D
M
 im

pl
em

en
ta
tio

ns
 in

 s
om

e 
co
un
tr
ie
s.
 

R
es
ea
rc
he
r(
s)
/Y
ea
r

C
on

tr
ib
ut
io
ns

Im
pr
ov
em

en
ts

C
ha
lle
ng
es

R
ec
om

m
en
da
tio

n 

L
em

m
en
 e
t a
l. 
(2
01
3)
 [
37
]

T
he
 p
ub
lic
at
io
n 
of
 la
nd
 

st
an
da
rd
 I
SO

 1
91

52
:2
01

2 
L
A
D
M
 p
ro
vi
de
s 
a 
ge
ne
ri
c 

re
pr
es
en
ta
tio

n 
m
od
el
 w
hi
ch
 

co
ve
rs
 b
ot
h 
sp
at
ia
l (
m
ai
n 

cl
as
s:
 L
A
_S

pa
tia
lU
ni
t)
 a
nd
 

no
n-
sp
at
ia
l a
sp
ec
ts
 (
m
ai
n 

cl
as
se
s:
 L
A
_P

ar
ty
, 

L
A
_R

R
R
, a
nd

 L
A
_B

A
U
ni
t)
 

A
 d
es
cr
ip
tiv

e 
st
an
da
rd
 

ap
pl
ic
ab
le
 w
or
ld
w
id
e 
fo
r 
a 

va
ri
et
y 
of
 s
pa
tia
l u

ni
ts
 (
e.
g.
, 

la
nd
 p
ar
ce
ls
, l
eg
al
 s
pa
ce
s 

ar
ou

nd
 b
ui
ld
in
gs
, u
til
iti
es
, 

an
d 
ne
tw
or
ks
) 

C
om

pl
ex
ity

 in
 m

od
el
in
g 
an
d 

bu
ild

in
g 
an
 in

te
rn
at
io
na
l 

co
ns
en
su
s 
fo
r 
re
fin

ed
 

co
un

tr
y 
pr
ofi

le
s 

Se
le
ct
in
g 
th
e 
re
le
va
nt
 

cl
as
se
s 
fr
om

 L
A
D
M
 a
nd
 

ad
di
ng
 c
ou
nt
ry
-s
pe
ci
fic
 

at
tr
ib
ut
es
 a
nd
 a
ss
oc
ia
tio

ns
 

be
tw
ee
n 
cl
as
se
s 
fo
r 
co
un
tr
y 

pr
ofi

le
 d
ev
el
op
m
en
t 

T
ri
ni
da
d 
&
 T
ob
ag
o 

G
ri
ff
th
-C

ha
rl
es
 a
nd

 E
dw

ar
ds
 

(2
01
4)
 [
38
];
 G
ri
ffi
th
-C

ha
rl
es
 

et
 a
l. 
(2
01
8)
 [
39
] 

D
ev
el
op
in
g 
a 
3D

 
L
A
D
M
-b
as
ed
 s
ys
te
m
 

ac
co
m
m
od
at
in
g 
ex
is
tin

g 
le
ga
l c
om

po
ne
nt
s 
an
d 

ex
te
nd
in
g 
to
 m

ar
in
e 
an
d 

fis
ca
l c
ad
as
tr
e 
de
ta
ils
 

T
he
 e
xt
en
de
d 
L
A
D
M
 

co
un

tr
y 
pr
ofi

le
 a
ls
o 

in
co
rp
or
at
es
 S
T
D
M
 a
s 

in
fo
rm

al
 v
al
ue
 p
ar
ce
ls
 

N
ew

 s
ys
te
m
s 
ca
n 
be
 

hi
nd
er
ed
 b
y 
a 
la
ck
 o
f 

te
ch
ni
ca
l d

ev
el
op
m
en
t, 

m
ai
nt
en
an
ce
 s
ki
lls
, a
nd
 

ef
fe
ct
iv
e 
us
er
 e
ng
ag
em

en
t 

T
he
 p
la
nn

in
g 
da
ta
ba
se
 

ne
ed
s 
to
 b
e 
al
ig
ne
d 
w
ith

 th
e 

pr
op
er
ty
 ta
xa
tio

n 
sy
st
em

 to
 

en
su
re
 c
on
si
st
en
cy
 b
et
w
ee
n 

de
si
gn
at
ed
 a
nd
 a
ct
ua
l l
an
d 

us
e 

Po
la
nd

 
G
óź
dź

 e
t a
l. 
(2
01
4)
 [
40
];
 

G
óź
dź

 a
nd
 v
an
 O
os
te
ro
m
 

(2
01
6)
 [
41
];
 B
yd
ło
sz
 (
20

20
) 

[4
2]
 

In
ve
st
ig
at
in
g 
th
e 
po

ss
ib
ili
ty
 

of
 in

te
gr
at
in
g 
C
ity

G
M
L
 f
or
 

ca
da
st
ra
l p

ur
po
se
s 
by
 

in
te
gr
at
in
g 
th
e 
co
nc
ep
tu
al
 

le
ve
l o

f 
L
A
D
M
 a
nd
 

de
ve
lo
pi
ng
 n
at
io
na
l 

in
fo
rm

at
io
n 
in
fr
as
tr
uc
tu
re
 

In
co
rp
or
at
in
g 
th
e 
sp
at
ia
l 

el
em

en
ts
 o
f 
th
e 
L
A
D
M
 in

to
 

th
e 
C
ity

G
M
L
 d
at
a 
m
od
el
, 

hi
gh
lig

ht
in
g 
th
e 
in
te
rr
el
at
io
n 

be
tw
ee
n 
th
es
e 
st
an
da
rd
s 

So
m
e 
cl
as
se
s 
(e
.g
., 
pa
rt
ie
s,
 

ad
m
in
is
tr
at
iv
e 
un

its
, a
nd

 
ri
gh

ts
) 
ar
e 
di
ffi
cu
lt 
to
 

in
tr
od
uc
e 
be
ca
us
e 
of
 

m
is
si
ng

 c
ou

nt
er
pa
rt
s 
in
 

C
ity

G
M
L
. L

ac
k 
of
 c
le
ar
 

da
ta
 s
tr
uc
tu
re
s 
de
fin

ed
 in

 
U
M
L
 a
nd
 d
at
ab
as
es
 

L
O
D
2 
is
 r
ec
om

m
en
de
d 
as
 

th
e 
m
os
t c
on
ve
ni
en
t l
ev
el
 o
f 

de
ta
il.
 T
he
 a
pp
lic
at
io
n 
of
 

so
lu
tio

ns
 s
uc
h 
as
 I
FC

, 
C
ity

G
M
L
, o

r 
L
an
dI
nf
ra
 in

 a
 

3D
 c
ad
as
tr
e 
ca
n 
be
 

co
ns
id
er
ed

(c
on
ti
nu
ed

)



The Third Dimension of GIS and LADM – Current Status and Perspectives 11

Ta
bl
e
1.

(c
on
ti
nu
ed

)

R
es
ea
rc
he
r(
s)
/Y
ea
r

C
on

tr
ib
ut
io
ns

Im
pr
ov
em

en
ts

C
ha
lle
ng
es

R
ec
om

m
en
da
tio

n

M
al
ay
si
a 

Z
ul
ki
fli
 e
t a
l. 
(2
01

4)
 [
43
];
 

R
aj
ab
if
ar
d 
et
 a
l. 
(2
01
8)
 [
44
];
 

Z
ul
ki
fli
 e
t a
l. 
(2
01

9)
 [
45
];
 

H
an
afi
 a
nd
 H
as
sa
n 
(2
01
9)
 

[4
6]
; Z

am
zu
ri
 e
t a
l. 
(2
02

1)
 

[4
7]
; A

tu
lu
kw

u 
et
 a
l. 
(2
02

4)
 

[4
8]
; Z

am
zu
ri
 e
t a
l. 
(2
02

4)
 

[4
9]
 

E
xt
en
di
ng
 th

e 
L
A
D
M
 

co
un

tr
y 
pr
ofi

le
 w
ith

 3
D
 

re
pr
es
en
ta
tio

ns
 (
bu
ild

in
gs
 

an
d 
lo
ts
),
 f
ul
l v

er
si
on

 
m
an
ag
em

en
t, 
hi
st
or
ic
al
 

in
fo
rm

at
io
n,
 th

e 
po

ss
ib
ili
ty
 

to
 g
ro
up

 m
ul
tip

le
 s
pa
tia

l 
un

its
 in

 o
ne
 b
as
ic
 

ad
m
in
is
tr
at
iv
e 
un

it 
w
ith

 th
e 

sa
m
e 
ri
gh
ts
 a
tta
ch
ed
, a
nd
 

le
ga
l s
pa
ce
s 
ar
ou
nd
 u
til
iti
es
 

(i
n 
3D

).
 R
ea
liz
in
g 

L
A
D
M
-b
as
ed
 3
D
 c
ad
as
tr
al
 

re
gi
st
ra
tio

n 
an
d 

im
pl
em

en
tin

g 
3D

-N
C
D
B
. 

Fu
rt
he
r 
de
ve
lo
pi
ng
 th

e 
co
un

tr
y 
pr
ofi

le
 to

 e
nc
om

pa
ss
 

st
ra
ta
 m

an
ag
em

en
t, 
m
ar
in
e 

ca
da
st
re
, a
nd
 4
D
 (
3D

 +
 

tim
e)
 

T
he
 L
A
D
M
-b
as
ed
 

ex
te
ns
io
ns
 p
ro
vi
de
 a
 

co
m
pr
eh
en
si
ve
 s
tr
uc
tu
re
 f
or
 

ad
m
in
is
tr
at
io
n 
in
 M

al
ay
si
a,
 

en
co
m
pa
ss
in
g 
m
ul
tip

le
 

do
m
ai
ns
, i
nc
lu
di
ng
 la
nd
, 

st
ra
ta
 b
ui
ld
in
gs
, m

ar
in
e,
 a
nd
 

in
di
ge
no

us
 R
R
R
s 

L
ac
ki
ng
 a
va
ila
bl
e 
da
ta
 

ca
us
es
 d
if
fic
ul
tie
s 
in
 

re
al
iz
in
g 
re
al
-w

or
ld
 

si
tu
at
io
ns
 a
nd

 e
ns
ur
in
g 
da
ta
 

co
m
pa
tib

ili
ty
 a
nd
 s
ea
m
le
ss
 

in
te
gr
at
io
n 
w
ith

ou
t d

at
a 
lo
ss
 

or
 in

co
ns
is
te
nc
ie
s 

N
ee
d 
fo
r 
co
or
di
na
tio

n 
am

on
g 
ag
en
ci
es
 f
or
 

ef
fe
ct
iv
e 
im

pl
em

en
ta
tio

n

(c
on
ti
nu
ed

)



12 A. Abdul Rahman et al.
Ta

bl
e
1.

(c
on
ti
nu
ed

)

R
es
ea
rc
he
r(
s)
/Y
ea
r

C
on

tr
ib
ut
io
ns

Im
pr
ov
em

en
ts

C
ha
lle
ng
es

R
ec
om

m
en
da
tio

n

T
he

 N
et
he

rl
an

ds
 

K
ar
a 
et
 a
l. 
(2
01
9)
 [
50
];
 

H
ag
em

an
s 
et
 a
l. 
(2
02
2)
 [
51
] 

O
ne
 o
f 
th
e 
ea
rl
ie
st
 in

iti
at
iv
es
 

to
 im

pl
em

en
t L

A
D
M
 in

to
 

la
nd
 a
dm

in
is
tr
at
io
n 
to
 e
xt
en
d 

th
e 
co
un

tr
y 
pr
ofi

le
 w
ith

 3
D
 

ca
da
st
re
 a
nd
 v
al
ua
tio

n 
in
fo
rm

at
io
n.
 N
ew

ly
 s
ur
ve
ye
d 

ca
da
st
ra
l b

ou
nd
ar
y 
ge
om

et
ry
 

is
 d
oc
um

en
te
d 
by
 a
pp
ly
in
g 
a 

su
b-
pa
ck
ag
e 
(S
ur
ve
y 
an
d 

R
ep
re
se
nt
at
io
n)
 f
or
 a
 s
ol
id
 

so
lu
tio

n 
to
 th

e 
pr
oc
es
s 

D
ev
el
op
ed
 a
nd
 im

pl
em

en
te
d 

ad
va
nc
ed
 te
ch
no
lo
gi
es
 to

 
su
pp
or
t L

A
D
M
, s
uc
h 
as
 

in
te
gr
at
in
g 
L
A
D
M
 w
ith

 3
D
 

ca
da
st
re
 s
ys
te
m
s 
an
d 

C
ity

G
M
L
 

E
ns
ur
in
g 
hi
gh

-q
ua
lit
y 
an
d 

co
ns
is
te
nt
 d
at
a 
ac
ro
ss
 

di
ff
er
en
t r
eg
io
ns
 a
nd
 

sy
st
em

s 

C
on

tin
ue
 to

 in
ve
st
 in

 
te
ch
no
lo
gi
ca
l a
dv
an
ce
m
en
ts
 

th
at
 c
an
 e
nh
an
ce
 th

e 
ca
pa
bi
lit
ie
s 
of
 L
A
D
M
, s
uc
h 

as
 in

co
rp
or
at
in
g 
A
I 
an
d 

m
ac
hi
ne
 le
ar
ni
ng
 f
or
 d
at
a 

an
al
ys
is
 a
nd
 

de
ci
si
on
-m

ak
in
g.
 P
ro
m
ot
e 

th
e 
us
e 
of
 c
lo
ud

-b
as
ed
 

so
lu
tio

ns
 f
or
 d
at
a 
sh
ar
in
g 

am
on
g 
st
ak
eh
ol
de
rs
 

C
yp
ru
s 

E
lia
 e
t a
l. 
(2
01
1)
 [
52
];
 

D
em

et
ri
ad
es
 e
t a
l. 
(2
02
3)
 

[5
3]
 

Pr
op
os
ed
 a
 v
al
ua
tio

n 
m
od
el
 

an
d 
de
m
on
st
ra
te
d 
ho
w
 B
IM

 
ca
n 
en
ha
nc
e 
th
e 
va
lu
at
io
n 

pr
oc
es
s 
by
 c
om

pr
eh
en
si
ve
ly
 

re
pr
es
en
tin

g 
la
nd
 

ch
ar
ac
te
ri
st
ic
s 
in
 a
 3
D
 

en
vi
ro
nm

en
t. 
Sh

ow
ed
 th

e 
po

te
nt
ia
l f
or
 B
IM

 to
 

st
re
am

lin
e 
va
lu
at
io
n 

pr
oc
es
se
s 
an
d 
im

pr
ov
e 

co
m
pl
ia
nc
e 
w
ith

 in
du
st
ry
 

re
gu

la
tio

ns
 

Fu
tu
re
 c
ap
ab
ili
ty
 to

 
re
pr
es
en
t l
eg
al
 s
pa
ce
s 

re
la
te
d 
to
 a
pa
rt
m
en
ts
 o
r 

ut
ili
ty
 in

fr
as
tr
uc
tu
re
s 
as
 3
D
 

sp
at
ia
l u

ni
ts
 

T
he
 n
on

-o
ne
-t
o-
on

e 
co
rr
es
po
nd
en
ce
 b
et
w
ee
n 
th
e 

ex
is
tin

g 
va
lu
at
io
n 
m
od
el
 

re
qu

ir
es
 a
dj
us
tm

en
ts
. T

he
 

ab
se
nc
e 
of
 c
er
ta
in
 a
ttr
ib
ut
es
 

in
 I
SO

 1
91

52
-4
 th

at
 a
re
 

pr
es
en
t i
n 
C
yp

ru
s’
s 
ex
is
tin

g 
va
lu
at
io
n 
m
od
el
 n
ec
es
si
ta
te
s 

cr
ea
tiv

e 
m
od
el
in
g 
so
lu
tio

ns
 

T
he
 e
st
ab
lis
hm

en
t o

f 
a 

da
ta
ba
se
 f
or
 th

e 
pr
op

os
ed
 

va
lu
at
io
n 
m
od
el
 in

 
al
ig
nm

en
t w

ith
 I
SO

 
19
15
2-
4.
 T
he
 d
ev
el
op
m
en
t 

of
 3
D
 v
is
ua
liz
at
io
n 
of
 th

e 
m
od
el
 to

 s
up
po
rt
 la
nd
 v
al
ue
 

qu
er
ie
s 
an
d 
pr
es
en
t r
es
ul
ts
 

vi
su
al
ly
. T

he
 b
id
ir
ec
tio

na
l 

ex
ch
an
ge
 o
f 
da
ta
 b
et
w
ee
n 

th
e 
IF
C
 m

od
el
 a
nd
 th

e 
da
ta
ba
se
 to

 a
ut
om

at
e 

va
lu
at
io
n 
pr
oc
es
se
s



The Third Dimension of GIS and LADM – Current Status and Perspectives 13

References 

1. Burrough, P.A.: Principles of Geographical Information Systems for Land Resources Assess-
ment (Monographs on Soil and Resources Survey No. 12). Oxford University Press, Oxford, 
UK (1986) 

2. Rahman, A.A.: The 3D geoinfo journey from 2006 to 2022—a reflection. In: Kolbe, T.H., 
Donaubauer, A., Beil, C. (eds.) Recent Advances in 3D Geoinformation Science. 3DGeoInfo 
2023. Lecture Notes in Geoinformation and Cartography, pp. 853–861. Springer, Cham 
(2024). https://doi.org/10.1007/978-3-031-43699-4_51 

3. Molenaar, M.: An Introduction to the Theory of Spatial Object Modelling for GIS. Taylor & 
Francis, Milton Park (1998) 

4. Zlatanova, S., Rahman, A.A., Shi, W.Z.: Topological models and frameworks for 3D spa-
tial objects. Comput. Geosci. 30(4), 419–428 (2004). https://doi.org/10.1016/j.cageo.2003. 
06.004 

5. Azri, S., Ujang, U., Castro, F.A., Abdul-Rahman, A., Mioc, D.: Classified and clustered data 
constellation: An efficient approach of 3D urban data management. ISPRS J. Photogramm. 
Remote. Sens. 113, 30–42 (2016) 

6. Rashidan, H., Musliman, I.A., Sani, M.J., Abdul Rahman, A.: Semantic labeling of 3D build-
ings by using graph neural network (GNN). Int. Arch. Photogramm. Remote. Sens. Spat. 
Inf. Sci. 48, 307–311 (2024). https://doi.org/10.5194/isprs-archives-XLVIII-4-W9-2024-307-
2024 

7. Mutiarasari, W.M., Rahman, M.Z.A., Rahman, A.A.: Investigating data fusion from three 
different point cloud datasets using iterative closest point (ICP) registration. In: Kolbe, T.H., 
Donaubauer, A., Beil, C. (eds.) Recent Advances in 3D Geoinformation Science. 3DGeoInfo 
2023. Lecture Notes in Geoinformation and Cartography, pp. 299–308. Springer, Cham 
(2023). https://doi.org/10.1007/978-3-031-43699-4_18 

8. Maset, E., Valente, R., Iamoni, M., Haider, M., Fusiello, A.: Integration of photogrammetry 
and portable mobile mapping technology for 3D modeling of cultural heritage sites: The case 
study of the Bziza Temple. Int. Arch. Photogramm. Remote Sens. Spat. Inf. Sci. XLIII-B2, 
831–837 (2022). https://doi.org/10.5194/isprs-archives-XLIII-B2-2022-831-2022 

9. Li, S., Ge, X., Hu, H., Zhu, Q.: Laplacian fusion approach of multi-source point clouds for 
detail enhancement. ISPRS J. Photogramm. Remote. Sens. 171, 385–396 (2021). https://doi. 
org/10.1016/j.isprsjprs.2020.11.021 

10. Kara, A., van Oosterom, P., Lemmen, C., Kalogianni, E.: Design of the new structure and 
capabilities of LADM edition II including 3D aspects. Land Use Pol., 137, 107003 (2024). 
https://doi.org/10.1016/j.landusepol.2023.107003 

11. Zamzuri, A., Abdul-Rahman, A., Hassan, M. I., van Oosterom, P.: 3D land administration 
system for Wilayah Sarawak based on LADM edition II—preliminary works. In: van Oost-
erom, P., Paasch, J. M. (eds.) 11th International FIG Land Administration Domain Model/3D 
Land Administration Workshop, pp. 149–166 (2023). https://doi.org/10.4233/uuid:b617293f-
e902-4c08-ba93-b72aff2ee30d 

12. Guler, D.: Implementation of 3D spatial planning through the integration of the standards. 
Trans. GIS 27(8), 2252–2277 (2023). https://doi.org/10.1111/tgis.13122 

13. Abdul-Rahman, A.: The design and implementation of a two and three-dimensional triangular 
irregular network based GIS. PhD Thesis. University of Glasgow, UK (2000). https://theses. 
gla.ac.uk/4069/ 

14. Zlatanova, S.: 3D GIS for urban development. PhD Thesis. ITC The Netherlands & Technical 
University of Graz, Austria (2000). https://zlatanova.xyz/PhDthesis/ 

15. Pilouk, M.: Integrated modelling for 3D GIS. PhD Thesis. Wageningen Agricultural 
University and ITC (1996). https://edepot.wur.nl/210498

https://doi.org/10.1007/978-3-031-43699-4_51
https://doi.org/10.1016/j.cageo.2003.06.004
https://doi.org/10.1016/j.cageo.2003.06.004
https://doi.org/10.5194/isprs-archives-XLVIII-4-W9-2024-307-2024
https://doi.org/10.5194/isprs-archives-XLVIII-4-W9-2024-307-2024
https://doi.org/10.1007/978-3-031-43699-4_18
https://doi.org/10.5194/isprs-archives-XLIII-B2-2022-831-2022
https://doi.org/10.1016/j.isprsjprs.2020.11.021
https://doi.org/10.1016/j.isprsjprs.2020.11.021
https://doi.org/10.1016/j.landusepol.2023.107003
https://doi.org/10.4233/uuid:b617293f-e902-4c08-ba93-b72aff2ee30d
https://doi.org/10.4233/uuid:b617293f-e902-4c08-ba93-b72aff2ee30d
https://doi.org/10.1111/tgis.13122
https://theses.gla.ac.uk/4069/
https://theses.gla.ac.uk/4069/
https://zlatanova.xyz/PhDthesis/
https://edepot.wur.nl/210498

