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Shape	Interrogation

• Process	of	extraction	of	information	from	geometric	models	for	use	in	
• Shape	Creation
• Shape	Visualization
• Shape	Analysis
• Design
• Fabrication/Inspection



Shape	Interrogation

• The	problem	can	be	reduced	to	solving	for	the	zeros	(or	singular	
points)	of	vector	fields.	
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Shape	Interrogation

“Singularity	is	almost	invariably	a	clue”
Sir	Arthur	Conan	Doyle



Outline

• Shape	Interrogation
• Motivation
• Problem	Formulation
• Mapping	Shape	Interrogation
• Suggested	Future	Research	Topics



Motivation:	Intersections

• B-Rep	Creation
• Visualization
• Contouring
• Ray	Tracing

• Mesh	Generation
• NC	Machining	Paths
• Inhomogeneous	
Model	Evaluation
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Motivation:	Distance	Function	Computation

• Shape	Comparison
• Symmetry	Detection
• Intersections
• Inspection
• Localization
• Robotics
• Motion	Planning

B-spline q(t) with a new knot vector T = {tj} and a new con- 
trol polygon Q. This new B-spline curve approximates the 
curve r(t). Second, insert the removed knot tj in the new curve 
q(t). This yields a B-spline curve r(f)(t) with the same knot 
vector T as the initial curve but with its control polygon R (f~ 
different from the initial one. The final (faired) B-spline curve 
now has C 3 continuity at  the knot tj and the k~ discontinuity 
zero at tha t  knot. A number  of algorithms for the knot re- 
moval exist [18,58,59]. Knot insertion also is a well-known 
problem [9]. 

The local fairing method can be used for the fairing of an 
integral  bicubic B-spline surface. The rows and the columns 
of the control polyhedron of the surface are treated as con- 
trol polygons of a network of cubic curves which are faired 
as above. 

Measures of shape change 
A number  of measures can be used to compare the initial 

with the faired curve or surface and also to compare the re- 
sults of different fairing methods [59]. These measures in- 
clude: 

1. Local and global ks discontinuities zi and 4. 
2. Number  of control points altered. 
3. Total deviation of the control points h = Y~=o"-I 

IR~ f) - R~i) I of the initial and final curves R~ ~ and R~ f). 
4. Maximum deviation of the control points M = 

maxIR~ f) - R~) I for i = 0 . . . . .  n - 1. The maximum deviation 
of the control points gives an upper bound for the maximum 
deviation of an integral B-spline curve due to the convex 
hull property of the B-spline curves [46]. 

5. Number  of unwanted inflection points. An unwanted 
inflection point is an inflection point which was not implied 
by the original control polygon. 

The definition of total h and maximum M deviation can 
be easily extended to a B-spline surface. The maximum de- 
viation of an integral B-spline surface is bounded by the 
maximum deviation of corresponding control points due to 
the convex hull property of B-spline surfaces [2]. 

VII I .  Inspect ion  

The major focus of our recent work has been to provide 
automated support for inspection, tha t  is, the verification of 
shape conformance of a measured manufactured object with 
a toleranced geometric description of its design [50,1,29]. 

Minimum distance 
Typically, mechanical inspection of a manufactured object 

yields a dense set of measured points, see Fig. 9. An initial 
measure of the quality of the manufactur ing process can be 
given by determining the minimum distance between each 
of these points and the design surface for the manufactured 
object. In PRAXITELES the design surface is a NURBS sur- 
face, either supplied directly or converted from another rep- 
resentation. Given this surface R(u, v) and a set of measured 
points ri, 1 -< i -< n, PRAXITELES determines the min imum 
distances di between ri and R(u, v). The min imum distance 
is generally along the orthogonal projection of a point to the 
surface, al though it may also be along the orthogonal pro- 
jection of a point to an edge of the surface or even between 
a point and a vertex of the surface. Because we wish to pre- 
serve the sign in order to distinguish between undercut  and 
overcut, we do not use the Euclidean distance 

d(ri, R(u, v)) = ~/(ri - R(u, v)) 2 (42) 

but rather,  the oriented distance 

d(ri, R(u, v)) = [ri - R(u, v)]. N(u, v) (43) 

Fig. 9 Design surface and measured points 

where N(u, v) is the surface unit  normal [33] at (u, v) cor- 
responding to the minimum distance point. 

A similar minimum distance capability is also available 
in PRAXITELES for curves. 

Localization 
It is possible tha t  a slight reorientation of the measured 

point set in space might  allow it to more closely conform to 
the design surface. Localization is the optimization process 
tha t  searches for the rigid-body motion (a rotational matrix 
C and translation vector t), which applied against  the mea- 
sured points qi reduces their root-mean-square (rms) dis- 
tance [29] 

~ / ~  d2(qi, R(u, v)) 
,=1  rms = (44) 

n 

where 

qi = [C]ri + t (45) 

The result  of the localization is a set of distances d, and 
parametric  coordinates (ui, vi) of the minimum distance pro- 
jections onto the design surface. We can define a new point 
set Pi = (ui, v,, di). This can be interpreted as a discrete height 
function of the manufactur ing error defined over the param- 
eter space of the design surface (Fig. 10). For visualization 
purposes, the points can be contoured by assigning to each 
point a color from a continuous spectrum of colors repre- 
senting the range of distances. Alternatively, for a given dis- 
tance do, we can separate the point set Pi into two subsets: 
Pin, those within the tolerance, and Pout, those outside of the 
tolerance. 

I Pin i f - d o  <-- di <- +do 
p~ E (46) 

~Po,t otherwise 

For visualization the two point sets can be distinguished by 
color (Fig. 11). 

A similar 2-D localization capability is also available in 
PRAXITELES for curves. 

Continuous representation of manufacturing error 
For NC machining rework planning it is more appropriate 

to define the out of tolerance areas of a manufactured sur- 
face as continuous parametric regions with well-defined closed 
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Motivation:	Differential	Geometry

• Ridges	and	Cusps
• Curvature	Extrema
• Curvature	Contouring
• Adaptive	Tessellation
• Applications

• Animation
• Simulation
• Geometric	Design
• Fairing
• NC	Machining
• Tool	Size	Selection

Gaussian	curvature Mean	curvature

Max	principal	curvature Min	principal	curvature



Motivation:	Feature	Recognition

• Medial	Axis	
Transform
• Symmetry	
Transforms
• Shape
Fingerprints



Motivation:	Offsets

• Offset	Singularities
• Offset	Intersections
• NC	Machining
• Tool	Path	Planning
• Tolerance	Regions
• Localization
• Inspection
• Medial	Axis	
Transform
• Symmetry	
Transforms
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Problem	Formulation:	Classification	and	
Approach
System	class Method

1.	Nonlinear	polynomials Representation	in	multivariate	Bernstein	basis	within	a	box

Subdivision	 /	Convex	hull	 to	eliminate	boxes	not	containing	 roots	(PP	:	
Projected	Polyhedron	 Algorithm)

Rounded	 Interval	Arithmetic	(IPP:	Interval	Projected	Polyhedron	
Algorithm)

2. Nonlinear	polynomials	 and	
radicals	of	nonlinear	polynomials	

Auxiliary	variable	/	higher	dimensional	polynomial	 problem,	 reduce	
problem	to	class	1	
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Mapping	Shape	Interrogation:	Degree	versus	Dimension
M
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Suggested	Future	Research	Topics

• Deriving	design	from	function	for	multi-material	objects,	light	
compliant	structures	and	micro-sensors
• Semantic	shape	descriptors	from	large	point	cloud	data	with	
uncertainty
• Physics-based	and	data-driven	design	methods	for	high-
dimensionality	problems	with	uncertainty



Deriving	Design	from	Function

(a) (c)

(b) (d)



Deriving	Design	from	Function
Plane Cut

graded composition(a)

A drug−cell primitive Pill Drug delivery device

(b)



Deriving	Design	from	Function
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Mathematical Models for in-Plane Moduli of Honeycomb Structures-A Review 

 
Imran Ali and Yu Jing Jun 

School of Mechanical and Automation Engineering, Beihang University, 37 号 Xueyuan Rd, Haidian, 
Beijing, China 

 
Abstract: Honeycomb structures are light weight cellular structures having high strength to weight ratio with 
enormous applications in aerospace industry, high speed automobiles, computers and other electronics equipment 
bodies and recently as flexible structures and mechanisms. In this paper a review of mathematical models for stress 
strain behaviour of two dimensional honeycomb structures is presented. As proposed by different authors, 
expressions for in-plane Elastic Moduli and shear Modulus are presented and compared on same scale dimensions. 
In addition to that, effects of number of unit cells on effective in plane and out of plane Moduli of the testing 
specimen for regular honeycombs and open and closed cell foams, are also reviewed. 
 
Keywords: Auxetic honeycombs, flexure model, honeycomb structures, hinging model, stretching model 

 
INTRODUCTION 

 
Honeycomb cellular materials are now widely used 

in light weight construction especially in aircrafts, 
missiles, space vehicles, compliant mechanisms and 
flexible structures and high speed automobiles. Usually 
these materials are used as sandwich panels. The typical 
structural sandwich panel or shell consists of three 
layers. Two relatively thin, high-density and high 
strength face sheets are adhesively bonded to a soft, 
light weight, and relatively thicker core as shown in 
Fig. 1. The core carries the transverse shear load and 
keeps relative distance between the face sheets, while 
face sheets carry in plane loads and bending moment. 
Honeycomb sandwich structure possesses high specific 
strength and specific rigidity and it can resist high wind 
pressure, reduce vibrations, isolate sound, maintain 
temperature, retard fire and possesses less density etc. 
In addition, there is no need of large area riveting which 
alleviates stress concentration and thus greatly enhances 
the fatigue strength. 

Tom (1997) as well as Hoffman (1958) report 
some earlier examples, the Mosquito aircraft is 
considered as the first industrial scale application. 
Initially honeycombs were used as sandwich structures 
for high out-of-plane stiffness and as low density 
impact energy absorption materials (Zhao and Grrard, 
1998; Vinson, 1999; Khan, 2006). The in-plane 
properties are two to three orders less in magnitude than 
that of highly stiff and strong out-of-plane properties. 
For this reason in-plane properties were considered to 
be limited for design applications. But in recent years 
researchers   are   motivated   to   use the lower in-plane  

 
 
Fig. 1: A typical sandwich panel with regular hexagonal 

honeycomb core 
 
stiffness for designing flexible meso-structures for 
applications that need high deformation for given loads. 
Such as morphing air-craft skins e.g. (Olympio and 
Gandhi, 2007; Bubert et al., 2008; Jaehyung et al., 
2010) proposed high shear strength and strain honey 
comb structures,  (Kwangwon Kim et al., 2012) 
proposed FEA models of modified Auxetic 
honeycombs as high strain flexures. 

The computational time for finite element 
honeycomb sandwich models increase rapidly as the 
number of cells in the core increase, that also require a 
more sophisticated computer. Therefore, to attain 
efficiency in numerical analysis, the honeycomb core is 
usually replaced with an equivalent continuum model 
and analysed in terms of their effective properties rather 
than by consideration of their real cellular structure, by  

Bio-inspired	Robotics	&	Design	Laboratory,	SUTD;		
http://brd.sutd.edu.sg

Honeycomb	structure,	I.	Ali	&	Y.J.	Jun,	RJAS,	
E&T,	2014
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https://solarenergyengineering.asmedigitalcollection.asme.org/data/Journals/J
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Deriving	Design	from	Function:	Micro-sensor	Design
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Physics-based	and	Data-driven	Design	Methods:	Multi-Fidelity	Thermal	Design	Tool

Low-fidelity Mid-fidelity High-fidelity

Fidelity

# of Samples

Experimental Data/Correlation

Lumped models (0d, 1d)
Thermodynamic models Reduced Order Models

Under-resolved thermal field Fully resolved thermal field

High Performance
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The heat transfer coefficient associated with a tube is determined by its position
in the bank. The coefficient for a tube in the first row is approximately equal to
that for a single tube in cross flow, whereas larger heat transfer coefficients are
associated with tubes of the inner rows. The tubes of the first few rows act as a
turbulence-generating grid, which increases the heat transfer coefficient for tubes in
the following rows. In most configurations, however, heat transfer conditions stabi-
lize, such that little change occurs in the convection coefficient for a tube beyond
the fourth or fifth row.

Generally, we wish to know the average heat transfer coefficient for the entire
tube bundle. For airflow across tube bundles composed of 10 or more rows (NL !
10), Grimison [19] has obtained a correlation of the form

(7.58)

where C1 and m are listed in Table 7.5 and

(7.59)

It has become common practice to extend this result to other fluids through insertion
of the factor 1.13Pr1/3, in which case

ReD,max ! 

!VmaxD
"

NuD " C1 Rem
D,max  !NL ! 10

2000 # ReD,max # 40,000
Pr " 0.7 "

438 Chapter 7 ! External Flow

TABLE 7.5 Constants of Equations 7.58 and 7.60 for airflow over a
tube bank of 10 or more rows [19]

ST/D

1.25 1.5 2.0 3.0

SL/D C1 m C1 m C1 m C1 m

Aligned
1.25 0.348 0.592 0.275 0.608 0.100 0.704 0.0633 0.752
1.50 0.367 0.586 0.250 0.620 0.101 0.702 0.0678 0.744
2.00 0.418 0.570 0.299 0.602 0.229 0.632 0.198 0.648
3.00 0.290 0.601 0.357 0.584 0.374 0.581 0.286 0.608

Staggered
0.600 — — — — — — 0.213 0.636
0.900 — — — — 0.446 0.571 0.401 0.581
1.000 — — 0.497 0.558 — — — —
1.125 — — — — 0.478 0.565 0.518 0.560
1.250 0.518 0.556 0.505 0.554 0.519 0.556 0.522 0.562
1.500 0.451 0.568 0.460 0.562 0.452 0.568 0.488 0.568
2.000 0.404 0.572 0.416 0.568 0.482 0.556 0.449 0.570
3.000 0.310 0.592 0.356 0.580 0.440 0.562 0.428 0.574
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Experimental Data/Correlation

 Lumped models (0d, 1d) 
Thermodynamic models

reaches T!. This reduction is due to convection heat transfer at the solid–liquid inter-
face. The essence of the lumped capacitance method is the assumption that the tem-
perature of the solid is spatially uniform at any instant during the transient process.
This assumption implies that temperature gradients within the solid are negligible.

From Fourier’s law, heat conduction in the absence of a temperature gradient
implies the existence of infinite thermal conductivity. Such a condition is clearly
impossible. However, the condition is closely approximated if the resistance to con-
duction within the solid is small compared with the resistance to heat transfer between
the solid and its surroundings. For now we assume that this is, in fact, the case.

In neglecting temperature gradients within the solid, we can no longer consider
the problem from within the framework of the heat equation. Instead, the transient
temperature response is determined by formulating an overall energy balance on the
solid. This balance must relate the rate of heat loss at the surface to the rate of
change of the internal energy. Applying Equation 1.11c to the control volume of
Figure 5.1, this requirement takes the form

(5.1)

or

(5.2)

Introducing the temperature difference

(5.3)

and recognizing that (d!/dt) " (dT/dt) if T! is constant, it follows that

Separating variables and integrating from the initial condition, for which t " 0 and
T(0) " Ti, we then obtain

where

(5.4)!i ! Ti # T!

"Vc
hAs

! !

!i

 

d!
!

 " # ! t

0
dt

"Vc
hAs

 

d!
dt  " # !

! ! T # T!

#hAs(T # T!) " "Vc 

dT
dt

#Ėout " Ėst

5.1 ! The Lumped Capacitance Method 257

E
•

out = qconv

E
•

stT(t)

Ti

Liquid

t < 0
T = Ti

T∞ < Ti

t ≥ 0
T = T(t)

FIGURE 5.1 Cooling of a hot metal forging.
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Reduced dynamics 
(Optimally Time-dependent)

U1(t = 0.8) U1(t = 1.2) U1(t = 1.6)

U1(t = 2.0) U1(t = 2.4) U1(t = 2.8) U1(t = 3.2)

Figure 10: Initial evolution of the first mode and the trajectory of the Navier-Stokes equations,
starting from t = 0.4 with the time advancement of �t = 0.4 time units. The mode is visualized
by the iso-surface of the velocity magnitude equal to 0.03. The time-dependent base flow (DNS)
is visualized by smoke volume rendering of a scalar field.

U1(t = 130) U2(t = 130) U3(t = 130) U4(t = 130)

U1(t = 132) U2(t = 132) U3(t = 132) U4(t = 132)
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U1(t = 138) U2(t = 138) U3(t = 138) U4(t = 138)

U1(t = 140) U2(t = 140) U3(t = 140) U4(t = 140)

Figure 11: Snapshots of the OTD modes Ui(x, t) and the trajectory of the Navier-Stokes
equations. Each row shows all four modes at a given time, with the first row taken at t = 130.
Time advancement from one row to the next is �t = 2 time units. The modes are visualized by
the iso-surface of the velocity magnitude equal to 0.02. The time-dependent base flow (DNS) is
visualized by smoke volume rendering of a scalar field.

In particular we have illustrated the computation of the OTD modes in order to capture energy
growths/exchanges occurring in: i) linear systems including the advection-di↵usion operator in a
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5 Natural Convection

5.1 Mean Fields

@u

@t

=� (u ·r)u�rp+r2
u (60)

� E[yiyj ](ui ·r)uj +RaPrE[yizj ]Tj + E[fs]

@T (x, t)

@t

=� (u ·r)T +r2
T � E[yizj ](ui ·r)Tj ] (61)

5.2 Stochastic Coe�cients

dyi(t;!)

dt

=

⌧
� (u ·r)uj � (uj ·r)u+r2

uj , ui

�
yj (62)

+RaPr

⌧
Tj , ui

�
zj

�
⌧
(uj ·r)uk , ui

��
yjyk � E[yjyk]

�

+

⌧
fs � E[fs] , ui

�

dzi(t;!)

dt

=

⌧
� (u ·r)Tj +r2

Tj , Ti

�
zj (63)

⌧
� (uj ·r)T , Ti

�
yj

�
⌧
(uj ·r)Tk , Ti

��
yjzk � E[yjzk]

�

5.3 DO Basis

@ui(x, t)

@t

=

✓
� (u ·r)ui � (ui ·r)u+r2

ui

◆
(64)

�C

�1
ij (uj ·r)uk E[yiyjyk] +rpi

+RaPrC

�1
ij E[yizj ]Tj

+C

�1
ij E[fsyi]

�C

�1
ij Gijuj

r · ui =0 (65)

@Ti(x, t)

@t

=�
✓
(T ·r)Ti + (Ti ·r)T +r2

Ti

◆
(66)

�C

�1
ij (Tj ·r)Tk E[zizjzk] +rpi

+C

�1
ij E[fszi]

�C

�1
ij GijTj

where:

10

Under-resolved thermal field
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Fully resolved thermal field
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The heat transfer coefficient associated with a tube is determined by its position
in the bank. The coefficient for a tube in the first row is approximately equal to
that for a single tube in cross flow, whereas larger heat transfer coefficients are
associated with tubes of the inner rows. The tubes of the first few rows act as a
turbulence-generating grid, which increases the heat transfer coefficient for tubes in
the following rows. In most configurations, however, heat transfer conditions stabi-
lize, such that little change occurs in the convection coefficient for a tube beyond
the fourth or fifth row.

Generally, we wish to know the average heat transfer coefficient for the entire
tube bundle. For airflow across tube bundles composed of 10 or more rows (NL !
10), Grimison [19] has obtained a correlation of the form

(7.58)

where C1 and m are listed in Table 7.5 and

(7.59)

It has become common practice to extend this result to other fluids through insertion
of the factor 1.13Pr1/3, in which case

ReD,max ! 

!VmaxD
"

NuD " C1 Rem
D,max  !NL ! 10

2000 # ReD,max # 40,000
Pr " 0.7 "
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TABLE 7.5 Constants of Equations 7.58 and 7.60 for airflow over a
tube bank of 10 or more rows [19]

ST/D

1.25 1.5 2.0 3.0

SL/D C1 m C1 m C1 m C1 m

Aligned
1.25 0.348 0.592 0.275 0.608 0.100 0.704 0.0633 0.752
1.50 0.367 0.586 0.250 0.620 0.101 0.702 0.0678 0.744
2.00 0.418 0.570 0.299 0.602 0.229 0.632 0.198 0.648
3.00 0.290 0.601 0.357 0.584 0.374 0.581 0.286 0.608

Staggered
0.600 — — — — — — 0.213 0.636
0.900 — — — — 0.446 0.571 0.401 0.581
1.000 — — 0.497 0.558 — — — —
1.125 — — — — 0.478 0.565 0.518 0.560
1.250 0.518 0.556 0.505 0.554 0.519 0.556 0.522 0.562
1.500 0.451 0.568 0.460 0.562 0.452 0.568 0.488 0.568
2.000 0.404 0.572 0.416 0.568 0.482 0.556 0.449 0.570
3.000 0.310 0.592 0.356 0.580 0.440 0.562 0.428 0.574
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Experimental Data/Correlation

 Lumped models (0d, 1d) 
Thermodynamic models

reaches T!. This reduction is due to convection heat transfer at the solid–liquid inter-
face. The essence of the lumped capacitance method is the assumption that the tem-
perature of the solid is spatially uniform at any instant during the transient process.
This assumption implies that temperature gradients within the solid are negligible.

From Fourier’s law, heat conduction in the absence of a temperature gradient
implies the existence of infinite thermal conductivity. Such a condition is clearly
impossible. However, the condition is closely approximated if the resistance to con-
duction within the solid is small compared with the resistance to heat transfer between
the solid and its surroundings. For now we assume that this is, in fact, the case.

In neglecting temperature gradients within the solid, we can no longer consider
the problem from within the framework of the heat equation. Instead, the transient
temperature response is determined by formulating an overall energy balance on the
solid. This balance must relate the rate of heat loss at the surface to the rate of
change of the internal energy. Applying Equation 1.11c to the control volume of
Figure 5.1, this requirement takes the form

(5.1)

or

(5.2)

Introducing the temperature difference

(5.3)

and recognizing that (d!/dt) " (dT/dt) if T! is constant, it follows that

Separating variables and integrating from the initial condition, for which t " 0 and
T(0) " Ti, we then obtain

where

(5.4)!i ! Ti # T!

"Vc
hAs

! !
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!

 " # ! t
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d!
dt  " # !
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dT
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#Ėout " Ėst
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E
•

out = qconv

E
•

stT(t)

Ti

Liquid

t < 0
T = Ti

T∞ < Ti

t ≥ 0
T = T(t)

FIGURE 5.1 Cooling of a hot metal forging.
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Reduced dynamics 
(Optimally Time-dependent)

U1(t = 0.8) U1(t = 1.2) U1(t = 1.6)

U1(t = 2.0) U1(t = 2.4) U1(t = 2.8) U1(t = 3.2)

Figure 10: Initial evolution of the first mode and the trajectory of the Navier-Stokes equations,
starting from t = 0.4 with the time advancement of �t = 0.4 time units. The mode is visualized
by the iso-surface of the velocity magnitude equal to 0.03. The time-dependent base flow (DNS)
is visualized by smoke volume rendering of a scalar field.
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Figure 11: Snapshots of the OTD modes Ui(x, t) and the trajectory of the Navier-Stokes
equations. Each row shows all four modes at a given time, with the first row taken at t = 130.
Time advancement from one row to the next is �t = 2 time units. The modes are visualized by
the iso-surface of the velocity magnitude equal to 0.02. The time-dependent base flow (DNS) is
visualized by smoke volume rendering of a scalar field.

In particular we have illustrated the computation of the OTD modes in order to capture energy
growths/exchanges occurring in: i) linear systems including the advection-di↵usion operator in a
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5 Natural Convection

5.1 Mean Fields

@u

@t

=� (u ·r)u�rp+r2
u (60)

� E[yiyj ](ui ·r)uj +RaPrE[yizj ]Tj + E[fs]

@T (x, t)

@t

=� (u ·r)T +r2
T � E[yizj ](ui ·r)Tj ] (61)

5.2 Stochastic Coe�cients

dyi(t;!)

dt

=

⌧
� (u ·r)uj � (uj ·r)u+r2

uj , ui

�
yj (62)
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⌧
� (uj ·r)T , Ti
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�
⌧
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��
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�

5.3 DO Basis

@ui(x, t)

@t

=

✓
� (u ·r)ui � (ui ·r)u+r2

ui

◆
(64)

�C

�1
ij (uj ·r)uk E[yiyjyk] +rpi

+RaPrC

�1
ij E[yizj ]Tj

+C

�1
ij E[fsyi]

�C

�1
ij Gijuj

r · ui =0 (65)

@Ti(x, t)

@t

=�
✓
(T ·r)Ti + (Ti ·r)T +r2

Ti

◆
(66)

�C

�1
ij (Tj ·r)Tk E[zizjzk] +rpi

+C

�1
ij E[fszi]

�C

�1
ij GijTj

where:
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Current	Research	Overview



Autonomous	 Water	Sampling Environmental	Optical	Sensor

UAV

Current	Research	Overview	:	Hierarchical	
Adaptive	Sampling



Current	Research	Overview:	Inspection	of	
Structures



S S

Optimal	Path	Planning	Problem Optimal	Inspection	Planning	Problem

Obstacle-free	path	that	reaches	
the	goal	region

Obstacle-free	path	that	entirely	
sweeps	the	structure

Path	Planning	versus	Inspection	Planning



G.	Papadopoulos	 et	al.	IROS	2011,	JFR	2014

Inspection	of	Marine	Structures



Example	of	Inspection	Planning



Offshore	Structure	Inspection



Panorama	of	the	Caldecott	station	excavation	site.	This	site	will	host	an	MRT	station	for	the	new	Thomson-East	Coast	line.

Semantic	Mapping	of	Evolving	Complex	Spaces



Mapping	with	Drones
• Instrumented	UAVs	(drones)	for	rapid	

surface	data	acquisition

• Sensors:	Stereo	cameras,	laser	range	
finders,	GPS,	 IMU

• Rapid	acquisition	of	3D	point	clouds	via	
LIDAR	

• Post	processing	of	point	cloud	data

• Feature	recognition	for	identification	of	
key	structural	components	(semantic	
mapping)
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