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1. INTRODUCTION
Conventional method of viewing the results is via post-

processing the data (results) after completion of a simulation. 
With the desire for developing a rapid visualisation system, 
a method is to be developed during the run-time, instead 
of viewing the post-processed data. This can be achieved 
by implementing interactive visualisation techniques like 
changing the camera view, colour and other parameters 
related to computer graphics, that allows spontaneous control 
of	 the	data	visualisation	displays	and	enhances	 the	scientific	
visualisation. Scientists can interactively compute output 
data in the visualisation diagnostics and through this, steer 
the parameters of simulation code in real-time, called as 
Interactive	 scientific	 visualisation.	 Here	 is	 an	 attempt	 to	 do	
this using an application of free surface simulation. Since this 
work is interdisciplinary, literature review has been highlighted 
by	 keeping	 fluid	 simulation	 application	 model	 in	 different	
categories like visualisation, computational steering, and 
synthetic vision. As far as independent areas are concerned, 
there exist ample literature, but the integration of all these 
technologies is rarely available. 

1.1 Visualisation
Overview	of	 the	 early	 approaches	 in	 the	field	of	 ocean	

visualisation, issues related to plunged breaking waves 

modelling due to sinusoidal assumption in the parametric 
surface, as well as effective use of graphics hardware to 
achieve more realism can be found1-3. The most closely related 
work	 to	 the	 scientific	 visualisation	 of	 the	 current	 topic	 is	
solution of 2-D Navier-Strokes equation via a computational 
fluid	dynamics	(CFD)	method	mapping	the	surfaces	into	3-D	
and	achieve	realistic	real-time	fluid	surface	behaviours	by	Jim	
X. Chen4, et al.	Interactive	scientific	visualization,	as	currently	
understood and practiced, is still a relatively new discipline and 
many unresolved problems of visualisation are discussed5.

1.2 Synthetic Vision
The synthetic vision information systems is an emerging 

revolutionary technology, which will be an added value to 
cockpit displays that give pilots a clear ‘out-of-the-window’ 
view, regardless of fog (weather) or low ambient lighting 
conditions.	Visual	displays	is	often	the	most	efficient	method	
of presenting safety-critical data to pilots in real-time. 
Background of synthetic vision and human factor issues has 
been briefed in a panel discussion6 from the perspective of 
government, academic, military and industry. D.C. Foyle7, 
et al. have reviewed some of the research related to enhance 
synthetic vision systems. Out-of-the-window viewing in low 
visibility weather with limited display characteristics, that 
may result in degradation of the visual cues, is discuss. To 
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counteract such degradation, augmented displays are proposed 
to enhance the necessary visual cues back to the scene. The 
studies8   demonstrate that such a visualisation cockpit decision-
support	 system	 significantly	 improves	 the	 performance	 of	
helicopter pilots during landing under turbulent conditions. 
Their proposed plan focuses on a simulated-assisted reality 
system for aerial vehicles using 3-D to provide pilots with clear 
and	intuitive	means	of	understanding	their	flying	environment.	
When	the	aircraft	interacts	with	the	fluids	such	as	turbulent	air,	
fog, clouds or water, a study regarding the reactions from these 
obstructions and the visualisation in real-time will be helpful. 
This proof of concept is modelled, simulated, and visualised 
in real-time. The technologies like real-time physics-based 
computation and synthetic vision in aircraft are proposed. 
Lawrence9, et al. have given future directions of research 
towards design of added functionality display concept for 
accident prevention and increased operational capability.

1.3 Computational Steering
With the advancement in computer processing power and 

networking,	modelling	and	simulation	forms	a	significant	way	
of solving complex problems. Previously, the problems tackled 
in batch mode can now be visualised at run-time10. During run-
time, one can interact and control the simulation by coupling 
a supercomputer with visualisation and steering interface and 
also alter parameters of the computation depending on the 
needs. This ability to monitor and change parameters of the 
computational process at run-time from anywhere without 
delay in visualising the result, is called computational steering, 
i.e., integration of computation, visualization, and control into 
one system.

Different tools like access grid, reality grid, steering 
library, etc. can be used to develop such a system. Pickles11, 
et al. have steered many applications by enabling the 
steering library. The advances in computational steering 
and	 combination	 of	 real-time	 scientific	 visualisation	
will	 influence	emerging	 trends	 in	synthetic	vision	 from	
research pilot projects to meaningful applications in 
avionics.  

2. SIMULATIONS
An	 important	 property	 of	 a	 fluid	 is	 its	 dynamic	

behaviour. The author has introduced to computer 
graphics, the applications of Arbitrary Lagrangian 
Eulerian	(ALE)	formulation	for	free-surface	flows	using	
the characteristic-based split (CBS) scheme which they 
have developed in C language as numerical solution tool 
in simulation engine, to have a low-level control for interaction 
with the simulator. The target problem is formulated by 
discretising the model and further processing it through the 
finite	method,	which	results	in	a	large	system	of	simultaneous	
ordinary differential equations. By solving these equations, the 
models which simulate the dynamics at each steps, have been 
designed. A standard broken dam simulation is taken as test case 
application. The details of the numerical formulations as well 
as	their	first	levels	of	non-interactive	scientific	visualisations	
are found12,13 and the extension of this work is presented.

2.1 Visualiser
Developers have lots of choices when they have to design 

and	 implement	 scientific	 visualisation	 applications.	 Several	
open source and commercial visualisation frameworks and 
tools, such as VTK, AVS, IRIS-Explorer, Khoros, and Labview, 
simplify	the	construction	and	configuration	of	a	visualisation	
system. Some of these also provide mechanisms for connecting 
to external solvers, and visualise its results. Researchers who 
are interested in capitalising 3-D visualisation capabilities to 
view and better present the results of their computations can 
use such tools to quickly render and animate results. VTK 
designer provides researchers an open source visualisation 
system	that	offers	the	flexibility	of	a	toolkit	and	ease	of	use	of	
commercial graphical user interface (GUI) tools that allows 
researchers to just concentrate on the computation aspects of 
their solver and not be concerned about rendering, interaction, 
and user interface (UI). 

2.1.1 Case Study
The value addition provided by the VTK designer used in 

solving the broken dam simulation problem is demonstrated. 
Flow visualisation system has the following entities:

Input	 to	 the	solver	 (in	 this	case,	 it	 is	 input	file	of	finite	• 
element method (FEM) engine).
Flow visualisation solver (FVS)• 
Output	files	containing	the	results	of	FVS• 
3-D renderer that displays the results of FVS• 
UI that helps user to interact with the results and modify • 
the inputs to FVS.
These entities are related to each other as shown in  

Fig. 1.

Figure 1. Relationship of entities relation to each other.

The	flow	visualisation	solver	accepts	inputs	in	the	form	
of	input	files	and	computes	the	flow.	The	computed	results	are	
written	 into	 output	 files	 as	 a	 set	 of	 (x,y) coordinates, where 
each	output	file	describes	the	flow	at	a	given	instance	of	time.	
The	output	files	are	then	treated	as	input	to	an	OpenGL/VTK	
program,	 which	 then	 renders	 the	 flow	 in	 3-D.	 In	 this	 case,	
simulation is in 2-D and third dimension is simply extruded 
to visualise the results in 3-D. User interaction with the 3-D 
view-port will have to be explicitly handled and programmed. 
Additionally, the user interface required for changing input 
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parameters to the solver have to be programmed as well. To 
do all of the above, a researcher would have to know the 
following:

Fortran and FEM for implementing the solver• 
C++, OpenGL (or VTK) to implement the 3-D rendering • 
system
Qt/MFC/wx Widgets/GLUT to implement the user • 
interface using which input parameters may be altered.
VTK designer to drastically simplify the visualisation 

process is used. Although it has its share of concepts and 
features to learn, these proved to be much simple when 
compared to C++, OpenGL, and VTK etc.

With VTK designer, user can directly import the output 
files	 into	 a	 pre-written	 easy-to-use	 GUI,	 view	 and	 interact	
with results by writing small snippets of JavaScript code. The 
JavaScript	 code	only	 imports	data	 from	 the	output	files	 into	
VTK designer and all the 3-D rendering (Fig. 2), interaction 
and OpenGL state-management are handled by VTK designer. 
Additionally, a plug-in is written for VTK designer to further 
simplify this.

The plug-in takes care of directly reading output from 
FVS and visualising it in VTK designer (Fig. 3). With this 

setup in place, they can just concentrate on the solver part 
and not be concerned about rendering and UI. Figure 4 is a 
screenshot of VTK designer with the FVS plug-in. The VTK 
function	(vtkDamVisFileReader)	reads	data	from	output	files	
generated by FVS and renders these in VTK designer using 
pre-written rendering modules.

Figure 3.  Direct linkage (without conventional output files).

Figure 4. A snapshot of wire frame fluid flow model.

Figure 2. Without rendering modules.

 
3. APPLICATIONS 

Considering	the	scientific	data,	which	is	generated	in	this	
simulation	of	fluid	flow,	they	animate	the	flow	pattern	using	the	
VTK designer as a part of this research work. The snapshots of 
the	dynamic	fluid	flow	visualisation	are	shown	in	Figs	4,	5	and	
6 as illustrations and the further animation details and abstract 
formulation	of	this	free	surface	flow	are	discussed13.

In	the	data	flow	diagram	(DFD)	shown	in	Fig.	7,	the	source	
and the sink are the simulator and the visualiser, respectively, 
and are represented using rectangles. Computational steering 
environment	forms	the	process	in	the	data	flow	diagram	and	
hence is represented in form of ellipse. The researcher can 
initially	give	inputs	through	conventional	file	system	(or	through	
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 Figure 6. A snapshot of fluid flow after rendering.

Figure 5. Pipeline execution for fluid animation.

GUI) to the computational environment, which are supplied as 
parameters to the simulation. Depending on the parameters, 
the result is calculated and sent back to the visualisation 
environment and the same is animated/rendered as output. 
Changes can be made at run-time, by directly manipulating 
the input data (supplied as state variable to the simulation) in 
GUI through computational steering environment, and the new 
results are calculated and rendered.  

3.1 Steering 
With the closed loop of computational steering, scientists 

can react to output image as these take place through 
interactively manipulating the input parameter. This technique 
enhances	 efficiency	 significantly	 by	 minimising	 the	 delay	
between changes to input parameters and the corresponding 

display of the results14. This technique is adopted for this 
work	and	is	further	classified	and	distinguished	as	geometrical	
steering	and	properties	steering–	a	new	classification	introduced	
by the authors.

3.1.1  Geometrical Steering 
While running the simulation, user can introduce some 

obstruction	 in	 visualisation	 in	 the	 direction	 of	 flow	 path	
abruptly at arbitrary position and time. System will detect the 
collision	of	obstruction	with	the	flow	surface	and	the	constraints	
will be updated in the variables of boundary conditions in the 
FEM engine. Accordingly, immediate effect of change in the 
flow	 direction	 can	 be	 observed,	which	 is	 not	 pre-defined	 in	
the code, and since it deals with the geometry of simulation, it 
is called this as geometrical steering. To further illustrate the 
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concept	of	geometric	 steering,	Fig.	6	 shows	 the	flow	before	
obstruction	 and	 Fig.	 8	 shows	 the	 flow	 after	 obstruction	 is	
introduced through GUI. 

3.1.2  Properties Steering
A simple sliding bar was created in the GUI. A 

variable g (gravitation) in the diffuse term of the FEM 
engine, as a test case was taken. This variable was 
directly linked to the sliding bar. Any modification in 
the sliding bar is the modification of the corresponding 
variable in the running program. Similarly, one can 
include other properties of flow by altering the position 
of sliding bar, hence, one can call it properties steering. 

The corresponding change in the rate of flow in the 
visualisation during interaction is observed.

The issue of providing human intervention in the 
timing loop of a real-time simulation (steering support) 
for variables, that are not visible in the visualisation, is 
addressed. Implementation of the same can be done in 
many ways. In this work, the values of the variable g 
(gravitation) can be altered through a sliding bar in the 
GUI (when the simulation is running) which does the 
steering. The abrupt changes in flow rate were observed 
in the output, for the corresponding changes made in the 
variables. This work provides a novel combination of 
simulation, visualization, and interaction. In addition to 
computational steering, a method of controlled execution 
was used to manipulate the communication structure 
during run-time, using shared memory.

4. DYNAMIC GEOMETRY USING PARAMETRIC 
APPROACH
There are different ways of representing data15 for 

geometrical models, such as polygon mesh surfaces, parametric 
surfaces, quadric surfaces and particle-based methods. The 
present work is an extension of the work from polygon mesh 
surfaces to parametric surfaces16. The details of the underlying 
formulation/methodology are explained, so that any researcher/
user can use the technique for steering. In general, this will 
help to design similar type of interfaces to implement the 
computational steering. 

Knowing the computed coordinates of the free surface 
(nodes of the FEM mesh, transforming this node to the 
geometric mesh) from the simulation at every time step. The 
control points of the free surface have been calculated, in the 

Figure 7. Steering environment.

Figure 8. Geometric steering due to obstruction.
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reverse direction using formulation of parametric curves/
surfaces. Further  parametric surface has been regenerated 
by taking the weighted summation of product of control 
points and blending functions (Hermite/Bezier formulation). 
Implementation of this adds to generate more realistic surfaces 
than through polygon approximation. This method will help to 
extend the work to breakable surfaces to achieve more realism 
in visualisation.

To make the simulation strictly real-time, instead of 
computing the numerical methods in a time loop, timer of 
the system have been connected to calculate the real-time 
steps	 in	 simulation,	 instead	of	fixed	 time	 step	 interval	using	
conventional loop. With this, the authors initiated to consider 
the hardware issues/solutions to move it towards really real-
time, instead of nearly real-time. They have also extended 
the work using C for graphics (CG) to program for hardware-
related issues such as speeding up of rendering process and 
other display requirements for real-time visualisation issues in 
GPU level.

5. CONCLUSIONS
Lot of research is going on in the area of simulation, 

steering, and scientific visualisation as independent 
areas. But when integration is considered, extensive 
information fusion works need to be done to synchronise 
all the information. Real-time issues also arise to get 
physical realistic responses for the interactions in virtual 
environment.  

Computational steering is the process of changing the 
data of the computer program during run-time and visualise the 
effect as the data changes. The use of computational steering 
enables the scientist to view their results dynamically during 
run-time, instead of waiting for the post-processed output. It 
also reduces the time to observe the response of the simulation 
for the changed parameter. The authors found this technique 
suitable in the area of avionics, especially when the aircraft 
in	interacting	with	fluid	and	its	responses	in	real-time	can	be	
simulated and visualised in synthetic vision.

 Aragon8 has carried out studies with and without visual 
hazard indicators for crash analysis and also demonstrates that 
simple and static visualisations yield improved performance 
on safety-critical tasks. To design a system, which can not only 
perform dynamic simulation and visualisation, but which can 
be mapped into real world, in real-time, and can also handle 
interaction	with	flow	using	computational	steering	technique,	
has been described.

With reference to our generic architecture, which 
allows information fusion for various human-machine 
interfaces, it focuses on visualisation and computational 
steering only in the context of synthetic vision. They 
have designed the system from scratch. Figures 1-5 
show one of the preliminary steps to reach the generic 
system architecture. A comprehensive, yet extensible 
VTK designer, which handles most of the framework, 

was used. A case study has been described from the 
field of computational fluid dynamics to the area of 
computer graphics.

To provide a novel combination of simulation, 
visualization, and interaction, an attempt has been made 
to present human intervention in the timing loop of a 
real-time simulation (steering support) for variables that 
are not visible in the visualization. This was accomplished 
through a GUI sliding bar which changes the gravitation 
values to interact with simulation, by making changes 
in the variables abrupt changes of the flow rate in the 
output are observed. To do this computational steering, 
shared memory is used as communication structure to 
manipulate the data during run-time.

Application of this technology to synthetic vision 
information systems of aircraft has been proposed. In this 
technology, even though there is no vision at the outset, 
the pilot is still operating the aircraft through a synthetic 
vision display. This system provides situational awareness 
to the pilot using hydrological databases obtained using 
GPS. Another alternative, such as simulation engines, along 
with the data available from the databases, is proposed. 
With this, not only projection of animated data on the 
display systems along the flight path (sky high way) is 
displayed, but pilot can also visualise the physics-based 
reactions of the data along the flight path.
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