
Architector Whitepaper 

This is the Whitepaper for the Architector C++ framework for computer vision and machine 

control on pc-based systems. Architector provides a common API for components common to 

computer vision and machine control applications, such as camera devices and  image algorithms. 

Additionally Architector provides an easy-to-learn API for setting up a multithreaded processing 

pipeline which automatically takes advantage of multi-core processors and multi-processor 

systems.  



Architector 1.0 Whitepaper  © 2008 Quest Innovations   

 2 

Table of contents

1. INTRODUCTION ....................................................................................................................................... 3 
2. ARCHITECTURE CONCEPTS................................................................................................................ 4 

PROCESSES.......................................................................................................................................................... 4 
DATA .................................................................................................................................................................. 4 
MEMORY MANAGEMENT ..................................................................................................................................... 4 
PROPERTIES......................................................................................................................................................... 5 

3. COMPONENT TYPES............................................................................................................................... 6 
MANAGERS ......................................................................................................................................................... 6 
DATA TYPES........................................................................................................................................................ 6 

Image ............................................................................................................................................................. 6 
Objects........................................................................................................................................................... 6 

PROCESS TYPES ................................................................................................................................................... 7 
Device............................................................................................................................................................ 7 
Operator ........................................................................................................................................................ 7 
Script ............................................................................................................................................................. 7 
Display........................................................................................................................................................... 7 

CONNECTIONS..................................................................................................................................................... 7 
Buffer ............................................................................................................................................................. 7 

UTILITY TYPES .................................................................................................................................................... 7 
Log................................................................................................................................................................. 8 
Lut.................................................................................................................................................................. 8 
Storage........................................................................................................................................................... 8 
Profiler .......................................................................................................................................................... 8 

COMPUTER VISION .............................................................................................................................................. 8 
THIRD PARTY ALGORITHMS................................................................................................................................. 8 

4. PLUGINS ..................................................................................................................................................... 9 
5. ROADMAP FOR FUTURE VERSIONS ................................................................................................ 10 

SMART CAMERA INTEGRATION.......................................................................................................................... 10 
SYSTEM DEVELOPMENT ENVIRONMENT ........................................................................................................... 10 
MULTIPLATFORM .............................................................................................................................................. 10 

 



Architector 1.0 Whitepaper  © 2008 Quest Innovations   

 3 

1. Introduction 

Architector is a flexible C++ framework for creating computer vision and machine control 

applications. Architector goes beyond the typical computer vision algorithm libraries. In addition 

to being an extensive class library, Architector is also an application development framework 

build around a processing pipeline architecture. This innovative architecture enables users to 

quickly create complex applications for image processing tasks, without having to worry about the 

intricacies of multithreaded programming.  

The ever-increasing processing power of modern computers has brought computer vision within 
reach for new applications and the development of image processing algorithms has advanced 
greatly over the years. These two facts provide a solid basis for the computer vision industry for 
the upcoming years. Computer vision application developers need to have extensive knowledge 
of the algorithms they use, but often are trapped in time-consuming tasks of generic application 
development, while they should be testing new algorithms or fine-tuning algorithm parameters. 
Additionally, in this era of multi-core processor, they are required to add multi threading support 
to take advantage of the current hardware.  
 
The Architector framework takes these issues away from the program developers and allows 
them to concentrate on their actual tasks: creating image processing applications which solve 
their or their customer’s needs.  
 
The process and data driven architecture solves many of the problems inherent to computer 
vision programming:  
• Applications written with Architector automatically take advantage of multi-core 

processors and multi-processor systems.  
• Architector offers many components which are needed by any application 
• Architector offers an easy-to-learn API for common components in many applications 

such as camera’s, eliminating the need to learn many specialized API’s. 
 
Architector can support any camera and or image algorithm library. Adding support for new 
components is made easy with Architector plugins. Simply adding a plugin to a designated plugin 
directory will make it’s components available in the framework.   
 
One of the main goals of Architector is to shift to application developer’s effort from actual 
programming to configuring the image processing algorithms. The time-to-market (TTM) 
decreases significantly when using Architector for configuring image processing pipelines, making 
it an ideal tool for rapid application development (RAD). 
 
For more information and API documentation, please visit our websites: 
http://www.quest-innovations.com/ and http://www.architector.nl. 



Architector 1.0 Whitepaper  © 2008 Quest Innovations   

 4 

2. Architecture concepts 

The Architector framework brings the process-data paradigm to C++ programming. Processes 

are objects which act on data objects and are the primitive components in the processing pipeline. 

Processes 
Processes are the active component in processing pipeline. Processes run independently of each 
other and scale to multi-core systems where possible. All processes in Architector are thread-safe 
and can be connected to each other through various buffer types, most notably the first-in first-out 
(FIFO) buffer.  
 

 
Figure 1. Visual representation of the processing pipeline. 

 
Architector provides process types for obtaining images from camera of frame grabber, applying 
image algorithms and displaying images. A general purpose process offers flexibility to the 
programmer to create further process types not foreseen by the library programmers.  
 
Each process has three functions that are called when the process is executing: 

• init  initialize variables and prepare for continuous execution 
• sequence performs one iteration of the programmed task 
• cleanup clean up variables  

 
To create a new process type, simply inherit from Process or one of it’s descendants and re-
implement these three functions. Generally, processes are represented by threads on PC based 
versions of Architector. 

Data 
Data types are not processes but are processed by them. Data flows through a chain or pipeline 
of processes.  
 
In computer vision applications the most notable data type is an image.  

Memory management 
Architector makes extensive use of reference counting pointers (a.k.a. smart pointers). Many 
programming errors can be attributed to failing to free prior claimed memory (memory leak) or 
using a memory block which is already freed (using a dangling pointer). 
 
Architector’s use of smart pointers completely negates these errors by taking care of freeing 
memory. The smart pointers can detect when the original data pointed to is no longer used and 
the memory will be freed properly.  
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Properties 
Each component type provides the property concept, which are key-value pairs which can be 
used to store additional information about the objects. Properties can be added to an object with 
the addProperty function: 
 
addProperty(“Name”, “Default value”, STRING_PROPERTY, ACCESS_ALL, 
CATEGORY_PROCESS, “Description for this property.”); 
 
The above code snippet creates a new string type property which is publicly accessible. The 
CATEGORY_PROCESS value specifies that this property is used as a process value. Finally a 
descriptive text can be specified which can be shown in a graphical user interface to give the user 
a clue about the property’s uses and purpose.  
 
The value of a property can off course be obtained or changed at any moment: 
 
// set a new value: 
setProperty("Name", "The new value"); 
 
// obtain the current value: 
std::string value; 
getProperty("Name", &value); 
 
There are properties for strings, enumerations, signed and unsigned integers and floating point 
numbers. Properties are type safe and thread-safe so the programmer need not worry about 
multi-threading issues when using properties. 
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3. Component types 

Architector offers many common components types needed by computer vision application 

programmers.  

Managers 
Each component type has a corresponding manager, which ‘manage’ the component instances. 
Object creation, deletion and listing existing objects are all handled by each manager. For 
example: to create two operators, obtain a list of all instance names and then destroy all instances, 
only the following code is needed: 
 
// Obtain a pointer to the OperatorManager 
OperatorManager* mgr = OperatorManager::getOperatorManager(); 
 
// Create two operators 
std::string name_op1("operator1"); 
OperatorRefPtr op1 = mgr->create("OperatorType1", name_op1); 
 
std::string name_op2("operator2"); 
OperatorRefPtr op2 = mgr->create("OperatorType2", name_op2); 
 
// Obtain the names of all operator instances 
StringList list = mgr->instanceList(); 
 
// Iterate through the list and release all instances  
for(StringList::iterator it = list.begin(); it != list.end(); ++it) 
{ 
 mgr->releaseInstance(it->c_str()); 
} 
 
Also notice the use of the C++ standard template library. Architector uses the STL in many 
places, ensuring that the user need not learn yet another API. Chances are that the user is already 
familiar with the STL API. 
 
Managers are also used to register new types which are to be used within the Architector 
framework. This functionality is part of the plugin architecture described in chapter 4.  

Data types 

Image 
Images are the most notable data type in the Architector framework.  
 
Since images tend to be large (in terms of bytes) and many within an application, image 
(de)allocation is optimized with a memory pool.  

Objects 
Object is a data type which can be used to pass generic data between processes. All data in an 
Object can be accessed through it’s properties.  
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Process types 

Device 
The Device type offers an abstraction layer around camera’s and framegrabbers. It provides a 
common API for camera’s and framegrabbers.  

Operator 
An Operator is a image processing algorithm. Operators can be configured to run in a separate 
thread each, but multiple operators can also be combined into a single thread should this be 
required.  

Script 
A Script is a general purpose process, which may be used for anything which should run parallel 
to other tasks. The advantage of using a Script object instead of a low-level thread is that a Script 
takes care of connecting with other processes, thread synchronization and plugin support.  

Display 
Displays are components for displaying images on the screen. There are displays for bitmap 
images, graphs and vector images. 

Motion control 
The motion control component is a generalization of many different motion control API that 
have been evaluated. There are implementations for both ‘simple’ linear stages as well as full 
featured 6dof robot arms.  

Connections 

Buffer 
Buffers are used to synchronize processes. A process obtains all input data from a buffer and 
when it is ready it pushes its output data into another buffer, at which moment it becomes 
available to another process.  
 
A process can indicate that it should be connected to a buffer by creating a BufferSlot instance. If 
a buffer slot is non-optional, then a buffer must be connected to it before the process can be 
started.  
 
The connections between processes are managed by the buffers and each buffer has exactly one 
source and one sink connection. The connectSource and connectSink member functions of 
each buffer are used to connect buffers and processes. The snippet below connects the Output 
slot of process1 to the Input slot of process2. 
 
buffer->connectSource(process1, "Output"); 
buffer->connectSink(process2, "Input"); 
 
Examples of buffers are first-in first-out (FIFO) and ring or circular buffers.  

Utility types 
Aside from the above processes and data types, Architector offers some other component types 
which can be used directly or wrapped in a process. 
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Log 
A log is a message writer to handle warnings and error messages. A log object can be used to 
write messages to (e.g.) a log file or user interface elements.  
 
The Log component uses log levels to filter spurious messages from the logs. Each log can be 
connected to various log writers to have multiple outputs for a single log. 

Lut 
Lookup tables are used to translate between indexed images and RGBA bitmap images. Lookup 
tables are mainly used for displaying purposes, but can also be used to transform images or color 
spaces. 

Storage 
Component for saving and loading images to files. Storage objects can be created for any image 
file type such as bmp, jpeg, gif, tiff or png. 

Profiler 
The profiler object can determine the runtime behavior of processes, such as the time each 
iteration takes. This information can be used to optimize certain processes for better 
performance.   

Computer vision 
The Device, Operator and Display types provide the basic functionality needed for computer 
vision applications. A device is used to obtain images, an Operator to apply image processing 
algorithms and a display can be used to view the result on the screen.  

Third party algorithms 
Architector provides it’s own set of image processing algorithms but is designed to take 
advantage to existing libraries too. The OpenCV library has successfully been integrated into 
Architector and other libraries will follow.  
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4. Plugins 

The plugin architecture offers a very flexible method to load only the required components for an 

application.  

Architector can be extended with new classes and components. The plugin architecture simplifies 
loading the required components into the runtime system, such as new operators, camera devices 
or scripts. The PluginLoader class handles plugin requests and searches for available plugins. The 
Registry class can be used to set one or more search paths for plugins at runtime.  
 
The Registry component contains the PLUGIN_PATH property which contains the search path for 
plugins. This property may contain other property names as variables which are substituted when 
the PluginLoader requires the full paths.  
 
For example, say there is a common installation directory: C:\Program Files\Quest 
Innovations\Architector which contains a subdirectory called plugins. Multiple paths are 
allowed too, e.g. C:\MyPlugins can be used for user supplied plugins. The Registry values may 
be set up as: 
 
ARCHITECTOR_PATH = C:\Program Files\Quest Innovations\Architector 
PLUGIN_PATH = %ARCHITECTOR_PATH%\Plugins;C:\MyPlugins 
 
To load a plugin only one line of code is needed: 
 
PluginLoader::getPluginLoader()->loadPluginFile("plugin.dll"); 
 
It is also possible to load all plugins available in the plugin path automatically. 
 
Visit the Architector website for an overview of available plugins. 
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5. Roadmap for future versions 

This whitepaper describes the version 1.0 release of Architector. Many improvements and 

additions are planned for the future. This final chapter gives an insight to what is going to 

happen in the near future.  

In the future Architector will be used as a programming interface for Quest Innovations’ 
intelligent camera platform. While the programming software for this platform is tightly coupled 
to Architector, care will be taken to keep Architector fully usable as a stand-alone development 
framework for computer vision and machine control tasks. 

Smart camera integration 
The smart camera integration project is one of the most exciting things going to happen with 
Architector. Not only will the Architector framework be used for prototyping the embedded 
algorithms, a special version of Architector will be able to run inside the intelligent camera’s. 
Another important feature will be the option to simulate all hardware processes on a PC using 
Architector.  

System Development Environment 
A graphical programming interface will be created to configure the processing pipeline. This 
interface will generate a configuration file which can be loaded at runtime by the Architector 
framework. The ability to generate a processing pipeline quickly and easily even further decreases 
the development time for computer vision algorithm development and algorithm prototyping.  
 
As part of the smart camera integration project, the SDE will be even further improved with the 
smart camera programming tools and a design tool for native graphical user interface design tool. 
The latter can be used to program both PC-based user interfaces as well as touch-screen 
interfaces which can be connected to camera’s directly. 

Data acquisition and control 
Both analogue as well as digital I/O control components are scheduled to be available as add-on 
library to Architector. The concept of an I/O component is not limited to a DAQ pc card or 
TTL signal, but also stretches to any input or output device, e.g. joysticks, mouse, keyboard keys 
and many more. This will help creating powerful user interfaces. 

Multiplatform 
Future versions will support more compiler toolsets, operating systems and smart camera 
platform.  
• GNU GCC on Windows (MinGW) 
• GNU GCC on Linux 
• Quest Innovations’ intelligent camera platform 
 


