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Abstrakt: The paper deals with the practical problem of the intelligent weighing and his real solution
by means of unprecedented new progression. The project was concerned with handling and weighing
goods with different weights of individual items. The basic part of the project is a demonstration of
automatic control of the intelligent process of weighing and sorting goods using mostly hardware and
software resources by Phoenix Contact. The basic idea of an intelligent weighing is based on the fact
that the movement dynamics depends on the weight of the goods handled. In the process of movement
control, detailed position and motor current values are measured to calculate the desired weight of the
goods to be transported (handled).
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1 Introduction
The project was concerned with handling and weighing goods with different weights
of individual items. The basic solution aimed to optimize the way goods are stored in
containers for the actual weight of the containers dispatched to be uniform with a minimum
variation of the expected weight. Weighing and sorting lemons is taken as an example to
demonstrate such a problem. The device designed may easily be modified to solve other
problem types, too, as well as to deal with goods having variable weight such as oranges and
potatoes.
The basic part of the project is a demonstration of automatic control of the intelligent
process of weighing and sorting goods using mostly hardware and software resources by
Phoenix Contact. Here, intelligent weighing denotes the sophisticated method of determining
the weight of each goods item on the basis of the movement dynamics during transport.
The project is implemented as a functional model composed of three cooperating parts.
The first part is concerned with handling (transporting) the goods and, subsequently,
determining the weight of each goods item. In the second part, the assigning of goods to
individual containers is optimised for the final weights of containers with several goods items
to be as close to a given weight as possible. The third part provides interactive communication
with the operator. Fig. 1 shows a flow diagram of the entire automatic control system.

2 Intelligent Weighing Subsystem
The goods sorting process requires knowledge of the weight (gi) of each goods item.
The classical approach includes two phases – first the goods is weighed and then moved to a
certain acceptance point depending on the weight determined. In our case, this process is
significantly shortened by using a special method instead of the classical weighing. Here the
fact is used that the movement dynamics depends on the weight of the goods handled. In the
process of movement control, detailed position and motor current values are measured to
calculate the desired weight of the goods to be transported (handled). The above weighing
design has been proven by experiments with favourable results.

The rotary movement for goods movement is produced by a direct-current motor with
permanent magnet with a rated current of 7.5 A and a torque of 0.7 Nm. To the motor, a 0.4 m
long arm is attached with a mechanism at its other end to load and unload goods. The position
of the arm is measured by an absolute rotational-position sensor with a resolution of 10 bits
per revolution. The arm movement control includes three feedback control systems. The
motor current control circuit is implemented in a IB IL DC AR 48/10A servo-amplifier. The
speed and position control systems are implemented by a software solution using the ILC 350
ETH inline controller. These are adaptive control systems working in numerous switched
modes specially adapted to reach the maximum positive and negative arm movement
acceleration. Non-standard modes are necessary to determine goods weight. That the control
system is rather sophisticated is seen from the control intervals of 0.25 ms, 10 ms, and 20 ms
used. In this application, already the limited speed of Interbus in the controller used has a
negative effect. The programs have been developed in the PC Wox 5.10 environment being
written in a structured language (ST).
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Fig. 1 Automation control flow chart

3 Control of arm rotary movement
The rotary movement of an arm with goods is effected by a DC motor without
gearbox. This motor is connected to three control circuits hierarchically arranged and
connected in a cascade – See Fig. 2. This activity is performed in 2 modes – see Fig. 2.
• Standard mode. In this mode, all the three control circuits work normally. It is active
while goods are moved without measuring their weights In Fig. 2, the path is closed
through a switch in position I1.
• Dynamics measurement mode including arm start-up and run-out modes. The position and
speed control loops are switched off. The motor current loop works with the required
value of I2 (arm start-up) or I3 (arm run-out).
The most important is the arm position control circuit (ϕ) as it most impacts the resulting
control properties. In the standard mode, the position control switches between two states
depending on the current control deviation value. If the deviation value is great, the position
control circuit resembles a proportion (P) control, if it is small, it resembles a proportionsummation differential (PSD) control. The system is set for the movement to be as quick as
possible but for the overshoot to be only small for the entire transported goods weight range.

The second control circuit controls the arm movement speed. The required speed (ωZ) is
generated at the output of the preceding position control. In the dynamics measurement mode,
this circuit is switched off. The actual speed (ω) is determined by differentiating the position
sensor data.
The third control circuit controls the current entering the motor (IM) thus controlling also
the motor (MK)’s torque. The required current value (IZ) in the standard mode is defined by
the speed control output (I1). When measuring him dynamics, the required current is switched
to the maximum limit to accelerate the arm (I2), or to the maximum limit for braking (I3).
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Fig. 2 Structure of control for intelligent weighting

4 Operator Communication Subsystem
This part of the system is designed for two-way communication between the device and
the operator. Via the TP 12 T type touch panel, the operator can give instructions for all the
actions taken by the device, modify functions and parameters for weighing and sorting goods.
Such parameters mostly include the container final weight (GSP) and the weight tolerance
interval gmin, gmax for the acceptance of single goods items. On the other hand, the operator
can see a screen displaying the device states, the weights measured, the way the containers are
filled, and some statistical data. The most important information is the goods weight sequence
(gi) and the actual current weights of the containers. The scope and content of such data
shown to the operator is likely to be extended in the future. The software used has been
developed in the Visu+ environment.

5 Implementation
Fig. 3 shows the main components of the device and their connection. Most of the
components of the control system, including the power supply and auxiliary circuits, are
placed in a rack (an instrument box). It was necessary to have the handling, loading, and
unloading mechanisms custom made, which caused delays in the project implementation.
Even mock lemons were made with different weights for the device to be tested. The bulk of
the work was needed to devise the control algorithms and write the corresponding computer
programs.
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6 Conclusion
Properties and parameters of the device implemented:



standard weight limits of sorting goods: 50g to 130g.
accuracy of goods weight specification: about 4% of weight count.

The solution is new in combining the previously separate operations of goods movement
and weighing into a single one. The movement position control has been modified for the
movement dynamics to be as intensive as possible. The details of a movement of goods are
recorded and used afterwards by an algorithm to determine the goods weight from the
movement as a function of time.
The most frequent requirements is to have the containers filled for their resulting weights
being as close as possible to predefined values. It has been proved in practice that, using
Phoenix Contact products, even the most sophisticated tasks of industrial automation can be
managed.
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