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Products Used:
•
•
•
•

LabView
IMAQ Vision image processing library
NI-DAQ driver software
PC-TIO-10 Digital I/O hardware with SSR I/O modules

The Challenge:
Building a complex image processing application for the automatic detection, recognition and extraction of
valuable material in a garbage recycling plant.

The Solution:
Design and implementation of a very flexible shape recognition system based on LabView, IMAQ Vision and
National Instruments hardware. The system allows the customer to control the processing parameters of the
system by means of several calibration, teach-in and management screens on a standard high performance PC.

Introduction
As the public consciousness for protection and sustained utilization of natural resources is increasingly growing,
so do the laws of European countries like Germany and Austria adapt to this demand. Every household in these
countries is required to dump the different components of garbage into its own waste-disposer
Although much of the work needed for garbage recycling is done by machines, especially the plastic industry
mobilizes a considerable force of workers for the grading and sorting of incoming waste. There exist sensors
which can distinguish between the different types of plastic base material, but they can only operate on clean and
pre-sorted garbage. Consider that the typical garbage from a household does not only contain those empty
softdrink bottles and composite-plastic milk packs, but also more or less accidentally thrown in waste parts
ranging from cloths to heavy metal pieces.
It was in the Summer of 1997 when a customer of ours decided to develop a new recycling system which was
able to process plastic waste with minimum amount of human intervention. The core of the plant should be
composed of two machines: The first one would recognize all valuable materials (the bottles, milk packs etc.) in
a stream of raw plastic garbage by the means of an image processing sensor. The second machine would swallow
the outflow of this preselected waste and sort it according to material composition. It was our part to create the
vision application. The basic idea was that the typical valuable plastic object has a very specific contour
(ranging from rectangular shapes to the classic ‘Coca Cola’ design) which distinguishes it from the other waste
pieces.
The garbage should be prefiltered by metal detectors and sieves and then be fed onto a conveyor belt which
would present it to a downward looking camera. Image processing software should classify each single object on
the conveyor according to its shape and then decide whether it was worth being recycled or just useless.

System Overview
Our institute has a year long experience in designing and building image processing applications for industrial as
well as academic customers. During our work we have tried out, used and abandoned many different software
tools and development environments which are commercially available. At the time when we began working on
the project, we still did not have a develeopment platform which could fully satisfy the many of our diverging
needs and requirements. In the constant search for better tools it was decided to test the newly created IMAQ
vision modules from National Instruments. Some of our team had knowledge of the ‘G’ programming language,
but we were not sure whether such a complex application as the one envisaged could be created and
implemented successfully.
From the beginning of the design phase we knew it was possible to implement the image processing system on a
standard PC. After initial performance evaluation runs, we also knew that IMAQ would deliver the pixel
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throughput which was necessary for the processing rate that was demanded by the high speed of the conveyor
belt. The following Figure 1 depicts the structure of our sorting machine:

Figure 1: The structure of the garbage sorting machine.

The garbage enters the camera field of view (FOV) from the right side. It moves with a speed of 2.5 m/s below
the CCD which takes an image at least three times a second. This frame rate assures that the conveyor belt is
continuously monitored by the camera including sufficient overlap between images. The image processing
software computes a decision for each object in a frame - whether it is useless waste or precious material. In the
latter case, after about two seconds when the objects reach the left side, valves open and transfer the selected
object with a precise impulse over a gap into a nearby gate.

Figure 2: A closer look at section on the conveyor belt below the point where the camera is mounted.
The garbage enters the passage near the top of this image. Fluorescent tubes on both sides
provide the necessary strong illumination.
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Image Processing
The task of the image processing system is to detect objects on the conveyor belt and classify them according to
different shape criteria. As the conveyor belt becomes very dirty over time, it is necessary to ensure the correct
separation of objects from the background through several hardware and software features.
On the one side, we manipulated our cameras so that they where not only sensitive in the visible part of the
electromagnetic spectrum but also in the infrared. Because of the light absorption characteristic of the conveyor
belt material and the properties of the plastic objects, this measure provided better contrast between foreground
(the objects) and background (the conveyor belt).
The software, on the other side, was designed to be robust against noise and possible shape distortions through
dirt or fluids on the conveyor belt. We achieved this by developing a proper segmentation procedure in
combination with a flexible shape classification algorithm. LabView and IMAQ supported this development
phase with their unreached flexibility. It was easy and convenient to modify and test different image processing
alternatives within a minimum of time. Although we used the very first version of IMAQ for our development
purposes, nearly all necessary functionalities had already been available.
Step A
Fetch image and
reduce its size

Step B
Compute gradient
and threshold

Step C
Fill closed contours to
obtain blobs

Step D
Remove noise and objects
touching the image border

Figure 3: Image preprocessing and segmentation. After a morphological gradient operation has been performed, closed
contours are detected and filled. Remaining smaller noise is removed.

Object Classification
After the object blobs as shown in Figure 3 have been computed, we can move from the level of single pixels to
the much more comfortable regime of abstract binary objects with the help of the IMAQ Complex Particle tool.
For the classification whether a blob coincides with useful material or not, we apply a heuristics which has been
developed together with our customer:
•
•
•
•
•

If the shape is rectangular with smooth borders, it is to be classified as positive
Circular objects are classified positive
Accept an object if its shape is similar to one of the reference shapes stored in a database
Do not allow objects with length/width exceeding a given threshold
Reject objects bigger than a given area

Except of point 3 in the list above, IMAQ supported us perfectly well during implementation of the basic shape
features. For the comparison of the actual object contour with the reference shapes stored in a database, we
implemented a shape description method which is not only completely independent of object position, scaling
and rotation, but also robust against small distortions. This is necessary because the bottles and miscellaneous
fluid containers are usually bent and twisted during their temporary stay in the local garbage dump.
The shape description method which has been very efficiently implemented using the LabView analysis and
array manipulation functions relies on the so called Elliptic Fourier Descriptors. The contour of each object is
resampled to an array of 128 (x,y) co-ordinate pairs. These points are fed into a complex Fourier Transform
giving complex spectral components. Removing the phase and normalizing the magnitude of all spectral
components results in a scale and rotation invariant description of the object's contour.
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In the database of reference shapes we keep only the normalized spectral components - 18 floating point
numbers per shape. Newly acquired object contours are classified with a very simple nearest neighbor algorithm:
The sum of squared differences of each spectral components reference object vs. actual object are taken as
measure for the similarity of the two shapes. If the sum is below a predefined (but user controllable) threshold,
the new object is classified as positive, otherwise it is rejected. With the very efficient LabView VIs for array
manipulation this complete powerful feature calculation and classification algorithm for the spectra was
implemented with not more than 12 nodes!

Moving the Garbage Around
After an object has been recognized as good, it has to be separated from the remaining waste by pushing it onto a
separate conveyor belt. It was at this point that we happily accepted the sound concepts and robust
implementation of the NI-DAQ driver software as well as the very useful features of the PC-TIO-10 hardware.
The basic idea behind object manipulation is to blow pressurized air at the selected parts just when they pass a
distinct point on the conveyor. The impulse of the air pushes the objects upwards into a nearby gate from where
they disappear into the depths of the remaining sorting and classification plant.
Considering that the feeding belt moves at 2.5 m/s and that the average object size is in the range of 20
centimeters, we have to reach a precision in timing of about 5 milliseconds - something that is not easily
accomplished within the Windows NT software environment. The distance of the camera to the gate is about 5
meters, which means that up to about 80 objects are on the conveyor belt between our image processing system
and the valves (see Figure 1 above).
It was clear from the beginning that the programming of the valves and the manipulation of the object ejection
list had to be done within an interrupt handler. Luckily NI-DAQ supports interrupts (IRQ) on the PC-TIO-10
including a very comfortable way to implement IRQ handlers within Windows DLLs. After some
experimentation and testing we finally worked out and implemented the SW structure as shown in Figure 4. The
LabView image processing part creates a list of objects which contains information about the length of the valve
impulse and the time when the valve has to open. This list is passed via a DLL function call to a global list
which is protected by a Semaphore. Either this insertion function (if the list is empty) or the interrupt handler
programs a TIO-10 counter which opens and closes the valve through a Solid State Relais output module. The
falling edge of the valve impulse triggers an IRQ within the TIO-10 board which in turn evokes our callback
function to examine the global object list and program the next event, if available.
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Figure 4: The software structure behind hardware programming.
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The User interface
Our customer wanted not only to have full control of the image processing parameters but also to be able to
teach-in new reference object shapes. For this purpose we implemented a graphical user interface which consists
of several dedicated screens. LabView made the implementation of this feature so easy that we could modify the
appearance and functionality of the program within minutes.

Figure 5: Examples of the graphical user interface. The left image shows the screen during real-time inspection,
the right image shows one of the control screens used for specification of control parameters.

Conclusion
The successful deployment of a fairly complex image processing system based on the LabView and IMAQ
software development paradigm has proven to us the viability and soundness behind the concepts of the ‘G’
programming language. Although we were first-time users of LabView and related products, we estimate that we
have nearly halved the product development time for this specific system. This is mainly due to the flexibility
and performance of the LabView programming environment - we rarely noticed delays caused by compile or
link runs. During the test phase of the system at the customers site, we could adapt and change the user interface
within 30 minutes and less.
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