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Abstract 
 
The ultrasonic data acquisition and 

analysis system software concept is 
analyzed. Modular software configura-
tion is suggested. It should be capable 
to adapt to new hardware configura-
tions. The core-based structure is sug-
gested. External units planned are: ac-
quisition, imaging, processing, analysis 
and tools. Acquisition unit is for hard-
ware control, data exchange and com-
munication. Structure is controlled by 
separate software and core is only us-
ing the defined DLL module. Imaging 
unit is responsible for visualization of 
data as line plot A-scan, color coded, 
mesh, surface or contour plot of B- or 
C-scan, volume rendering. Graphic us-
er interface (GUI) is planned to be two-
fold. One part of GUI resides in core 
such as menu, toolbars, views, controls 
and status bar management. Remain-
ing parts of GUI are coming together 
with external units. Only essential for 
the current state controls are displayed 
so user is not disrupted by variety of 
buttons and whiskers. 

 

1. Introduction 
 
Nowadays many applications are us-

ing ultrasound. It can be used in tech-
nical diagnostics, navigation, security, 
or in medical diagnostics and treatment. 

Large variety of measurement devic-
es are created for this purpose. How-

ever, market is missing not expensive, 
portable, yet sufficiently functional and 
flexible ultrasonic measurement system 
dedicated for scientific research. Such 
system should be configurable and with 
possibility to extend and adapt to differ-
ent scientific or commercial applica-
tions. 

Hardware of such system is already 
under development [1]. This hardware 
will need the modern software. The aim 
of this publication is to analyze the mo-
dern design techniques and concepts of 
software dedicated for data acquisition 
and processing. The software consid-
erations for ultrasonic data collection 
and evaluation system should be recti-
fied.  

 

2. Software architecture 
 
Currently existing commercial frame-

works with image processing and visu-
alization capabilities [2] include Amira, 
Analyze, AVS[3], IDL[4], IRIS Explorer, 
Matlab [5]. Commercial versions of 
VolView [6], and MeVisLab [7] are also 
available. But commercially available 
frameworks are expensive and not suit-
able for budget application that we tar-
get. In this case we consider that would 
be the best to use popular freeware 
open source libraries or frameworks 
[2,9,10]. It can be MITK, VolView, 
MeVisLab or SCIRun [2]. MITK is ori-
ented for end-user applications with 
fixed algorithm configurations. VolView 
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is the best for non-repetitive end-user 
applications based on existing function-
ality. MeVisLab and SCIRun are the 
best for creating applications prototypes 
using visual data-flow programming. 

However all of them can not satisfy 
our needs because they have already 
defined user interface and limited num-
ber of algorithms and functionality. 
Therefore decision was taken to write 
our framework on the base of ITK and 
VTK libraries using the C++ language 
as glue and QT library for GUI (graph-
ical user interface). Suggested tools 
hierarchy is in Figure 1. 
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Figure 1. Tools hierarchy 

 
The justification for such decision is: 
– libraries are open source therefore 

are wanted for budget applications; 
– they are multiplatform, permanently 

under development and already popular 
in academic community so the availabil-
ity of solutions similar to ours is high.  

The software architecture structure is 
presented in Figure 2. 
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Figure 2. System architecture 

 
The top agent in PAC hierarchy is 

Core that is mostly responsible for or-
ganizing connections and data exchan-
ge between different agents. The sub-

agents can be distributed into several 
groups: Data acquisition (DA), Signal 
processing (SP), Visualization (Vi) and 
Controls (Ctrl). 

 

2.1. Core agent 
 
Core is responsible of control of un-

derlying agents and their interaction. 
This agent also builds GUI screens and 
widgets into composition. The whole 
hierarchy of the application is compo-
sed according to Presentation – Ab-
straction – Controller design pattern 
where each agent of the hierarchy is 
responsible for certain functionality of 
the system and is implemented accord-
ing to Model –View - Controller pattern. 
All the units are derived from base unit 
class single for every agent. 

 

2.2. Data acquisition agent 
 
This agent is responsible for data 

acquisition from ultrasonic device. The 
structure ultrasonic device is shown in 
Figure 3 [11]. 
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Figure 3. Hardware structure 

 
The connection with external hard-

ware is accomplished via USB inter-
face, but the possibility to use other 
data collection and control interfaces as 
well as other USB device types is fore-
seen. For this purpose software acqui-
sition agent must be derived from base 
data acquisition agent class. Hardware 
structure is described and DA agent 
structure is controlled by separate soft-
ware and Core is only using the defined 
DLL module. 
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During acquisition process DA agent 
work as separate thread in parallel with 
other threads. All the data obtained for 
the hardware is stored in agent’s data 
buffer. We suggest using client – server 
computing architecture which separates 
a client from a server. Suggested struc-
ture of workflow is presented in Fig. 4.  
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Figure 4. Workflow structure 

 
The data acquisition and signal pro-

cessing agents are located on server 
side. The server always takes data from 
data acquisition device, makes signal 
processing and sends to client by re-
quest. 

The visualization and controls agents 
can be located at client side. The Core 
agent resides both on client side and on 
application side since it is responsible 
for task synchronization and GUI which 
interacts with user.  

Such workflow structure allows to be 
realized in simple way, when server 
and client are in one single process. 
Still they work as separate threads but 
use common memory. Workflow can be 
made more complex, when server and 
client threads are working as separate 
processes on different computers. Then 
number of servers can be increased, 
allowing for multiple data source man-
agement (Figure 5). 
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Figure 5. Multisource manager 

The communication can be done by 
using TCP/IP connection increasing the 
remote capabilities of the system. 

 

2.3. Signal processing agent 
 
Signal processing agent is responsi-

ble for signal processing. Notable that 
thanks to template based data interface 
signals supplied for the same pro-
cessing routine can be 1D, 2D 3D–
dimensional. It can be used as 
standalone processing unit with individ-
ual data input and output nodes and 
parameters node. Or, single SP units 
can be combined to create more com-
plicated processing branches (Figure 
6). 
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Figure 6. Chaining of signal processing units by 
forced execution 

 
Every unit has one or more inputs 

and outputs and one or several para-
meter inputs. Several units can be com-
bined into serial or split branch. Every 
unit has its own GUI for parameters and 
can be stored in separate DLL file. Sa-
me is applicable for all agents. 

The execution of split branches is 
complicated. By default it is processed 
forward. But execution on request prin-
ciple can be applied. Such approach is 
extremely useful if algorithm has a lot of 
branches and is time time-consuming. 
Then unit should be made of two parts: 
processing and run manager (Figure 7). 
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Figure 7. Signal processing unit chain with 

requested execution 
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Chained units can pass the pro-
cessing request up to the desired 
branch, so whole tree update is not 
necessary. Here we present the exam-
ple from the ITK library:  

 
filter2->SetInput( filter1->GetOutput() ) 
filter3-> SetInput( filter2->GetOutput() ) 
filter3-> Update() 

 
Predicted units for SP agent: 
– FFT 
– Filters; 
– Arithmetic operations; 
– Morphological operations; 
– Cross-correlation processing; 
– Radon transformation; 
– Segmentation (thresholding); 
– Averaging (moving average); 
– Wavelet processing; 
– Color coding; 
– Detector (peak, min, max); 
– Geometry measurement. 
 

2.4. Visualization agent 
 
Visualization agent is responsible for 

data imaging. Since data can be of dif-
ferent dimensionality, it is necessary to 
have the corresponding imaging possi-
bilities. The most popular imaging mo-
des are presented in Figure 8.  
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Figure 8. Possible imaging modes 

In general visualization can be grou-
ped in 1D, 2D and 3D modes. The 1D 
imaging example is an A-scan (Figure 
9).  
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Figure 9. Line plot of received signal (A-scan) 

 
The two most popular 2D imaging mo-
des are B-scan (Figure 10) and C-scan 
(Figure 11).  

 

 
 

Figure 10. B-scan of 3 reflectors 
 

Another subdivision of 2D images 
can be grouped into:  

– color coded; 
– grey scale; 
– mesh;  
– surface lighting; 
– contour plot; 
– or can be a combination of 

mentionned above. 
In general 2D images can be ob-

tained also from other sources such as 
line scan or matrix optical cameras, X-
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ray devices. Software should be capa-
ble of multiple data source data fusion 
both coordinate and imaging sense. 

 

 
 

Figure 11. C-scan of 3 reflectors 

 
The most attractive imaging mode is 

3D (Figure 12 [12]). 
 

 
 

Figure 12. 3D-scan 

 
3D scan is volume visualization and 

needs more processing time. Now with 
new computer performance, 3D image 
processing and visualization becomes 
more and more popular. 

There are two types of 3D visualiza-
tion: 

– segmentation; 
– volume rendering. 
Segmentation is the application of 

synthetic geometric primitives which are 
obtained from thresholded volume ob-
jects.  

Volume rendering is more realistic, 
but more difficult for human eye percep-
tion. Very often a combination of seg-
mentation and volume rendering is 
used. 

In our software 1D, 2D and 3D visu-
alization will be realized as screen 
agent derived from base screen agent 
class.  

 

2.5. Controls agent 
 
Controls agent is responsible for set-

ting and passing the parameters to 
units. These tools are planned into new 
software: 

– image navigation; 
– distance, angle measurement; 
– algorithm execution; 
– absolute coordinates measurement; 
– subvolume selection. 
 

3. Conclusions 
 
The described software architecture 

allows for budget and fast software de-
velopment for ultrasonic data acquisi-
tion system. Flexible software configu-
rability is embedded. Such architecture 
allows connecting another type of data 
acquisition equipment such as optical, 
infrared cameras, X-raying devices etc. 

Simple software configuration can be 
easily grown for more complex tasks. 
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