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KEY QUESTIONS:

	• Where is an automatic barrier system used in everyday life? 
(Communication)

	• Which functions must the barrier control reasonably fulfill? (Collaboration)

	• Under what conditions should the system open or close? (Critical thinking)

	• What must be considered so that the control can be used at different locations and 
the system functions as robustly as possible? (Creativity)

 THE TEACHING CONCEPT AT A GLANCE

Grade level:	 11 – 13

Time required:	 2 double lessons per unit (expandable up to 10 DL)

Degree of difficulty:	 Model    up to  

	 Programming    up to  

Model type:	 Tabletop model for parking garage barriers

 MODEL DESCRIPTION / TASK

The students plan and implement a 
parking garage barrier for entry and 
exit of a parking garage. 

The requirement to open the barrier 
is initially made via a push 
button (entry) or a button on 
the TXT 4.0 controller display 
(exit). 

Two LEDs provide light signals 
for full opening (green) or during 
the opening and closing process 
(red). A light barrier monitors whether 
a vehicle is in the barrier area during 
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closing. From the number of entries and exits, the number of free parking spaces is deter-
mined and displayed on the TXT 4.0 controller display; when full, the red LED blinks (Parking 
garage 1). 

In a second step, two groups join together and link their models and controls so that one 
barrier serves as the entry and the second as the exit (Parking garage 2).

In the fully developed model, the barrier control is supplemented by optical license plate 
recognition using the USB camera and automatic parking fee calculation (Parking garage 3).

 EVERYDAY RELEVANCE

Barrier-controlled access to parking spaces 
and garages is familiar to the students from 
everyday life.

In particular, automatic access through op-
tical license plate recognition has a high 
motivational value.

The topic could be integrated into preprofes-
sional orientation with regard to IT-related 
occupational fields. Automated switching by 
recording physical variables is used here in 
many fields. Automated object recognition 
in access technology is becoming increas-
ingly important. 

 SUBJECT REFERENCE

Information technology: 	 Advanced programming, conditional loops, functions

Physics: 	 Change of movement 

Technology: 	 Stable construction, construction technology

Mathematics: 	 Angles, conditional counting, time and price calculation

 LESSON PLAN

Introductory phase

Classroom 
discussion 

	• Announce the topic.
	• Ask what the essential features of barrier control are.

Support, if 
necessary

	• Show sensors, actuators and components from the assembly 
kit, use presentation media if necessary. 
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Planning Phase 

Classroom 
discussion

	• The procedure for building the model and the functions to be 
achieved are developed jointly. 

	• The work steps in the app are specified or discussed.

Partner or 
individual 
work 

	• The students familiarize themselves with the app and load the 
corresponding task.

	• The students define meaningful functions of an automatically 
opening and closing barrier.

	• The students use the app to create the requirements list for the 
barrier system to be built.

Optional: 
Partner or 
group work 

	• Optionally, the students sketch possible setups of the barrier 
with additional sensors (light barrier) and actuators (LED).

	• The students discuss the results in the group and choose a 
design.

Construction Phase 

Partner or 
individual 
work

	• The students use the app to build the barrier. The app guides 
them through the program in short steps.

Programming phase of the parking garage barrier (Parking garage 1)

Partner or 
individual 
work

	• The students develop the program for the barrier system. The 
app guides them step by step with open questions through 
the programming task.

	• The app offers assistance.
	• The program is transferred to the TXT 4.0 controller after each 

differentiation step.

Experimentation and test phase of the parking garage barrier  
(Parking garage 1)

Partner or 
individual 
work

	• The parking garage barrier is put into operation.
	• Possible malfunctions in the functional sequence must be 

found and eliminated.
	• Potential troubleshooting is possible based on suggestions in 

the app.
	• Possible optimizations of the hardware and the programming 

can be carried out.
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Final/follow-up phase of the parking garage barrier (Parking garage 1)

Optional: 
Presentation 
and allocation 
of differen
tiations

	• Students (or the entire group) eligible for differentiation may 
be addressed by the teacher. Here, the combination of two 
barriers for separate control of entry and exit is introduced in 
group work.

	• As a further differentiation (or directly after the first program 
without subsequent group work), the USB camera and license 
plate recognition and evaluation in the app are offered. The 
app provides concrete ideas for, e.g., time recording and 
calculation of parking fees.

Programming phase of entry and exit (Parking garage 2)

Partner or 
individual 
work

	• The groups decide which barrier model is responsible for entry 
and which for exit.

	• Linking of the two TXT 4.0 controllers according to learning 
cards

	• Division of program adjustments for entry and exit separately 
(possibly also joint work of both groups)

Experimentation and test phase of entry and exit (Parking garage 2)

Partner or 
group work

	• Commissioning of the system
	• Checking correct communication of the two TXT 4.0 controllers
	• If applicable. Troubleshooting and correction

Final/follow-up phase of entry and exit (Parking garage 2)

Optional: 
Presentation 
and allocation 
of further 
differentiation

	• Now the USB camera and license plate recognition and 
evaluation in the app are offered. The app provides specific 
ideas for, e.g., time recording and calculation of parking fees.

Entry and exit
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Programming phase of license plate recognition (Parking garage 3)

Partner or 
individual 
work

	• If necessary, undo the linking of two barriers and continue 
working in the individual groups

	• Connect the USB camera 
	• Handling of the barcode and its decoding as well as storage in 

a new program
	• Load the program from Parking garage 1
	• Design of the TXT 4.0 controller display according to 

learning cards
	• Step-by-step extension of the program: Recording and storing 

incoming license plates, calculating parking duration and fees 
of exiting vehicles

	• Simulation of the payment process and opening of the barrier, 
including calculation and display of available parking spaces

Experimentation and test phase of license plate recognition (Parking garage 3)

Partner or 
group work

	• Commissioning of the system
	• Test and, if necessary, troubleshoot the individual 

programming steps
	• Test the overall program
	• If applicable. Troubleshooting and correction

Final phase of license plate recognition (Parking garage 3)

Optional: 
Presentation 
and allocation 
of further 
differentiation

	• Groups working particularly efficiently can be given the 
extension task of storing incoming electric and regular cars in 
separate tables and, for example, reserving 4 parking spaces for 
electric cars and 6 parking spaces for regular cars. Parking fees 
can also be calculated in a differentiated way. Independent 
work without learning cards is intended here.

Discussion in 
plenary

	• Project debriefing in class.
	• Clarification of future possible applications in everyday life

License plate recognition
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 METHODOLOGICAL AND INSTRUCTIVE TIPS

Differentiation options
Depending on the duration of the lesson 
series and the strengths of the students, the 
following are possible: 
	• two groups combine their systems as 

entry and exit of a parking garage,
	• they link two TXT 4.0 controllers (entry/

exit) to synchronize counting results,
	• in Parking garage 3, they use the USB 

camera to record license plates for access, 
calculate parking time for exit, and 
display parking fees on the display based 
on the recorded data.

Motivational aspects
The topic of automatic barrier systems is 
familiar to all students from everyday life. 
Automatic license plate recognition, which 
can also be applied to further automation 
processes, motivates intensive engagement 
and solution of a corresponding task.

 PROGRAMMING SKILLS

	• Program start 
	• Infinite loop repeat forever
	• Integration of sensors and actuators
	• Programming of display outputs
	• Programming of touch buttons
	• Camera configuration

	• Loop repeat until
	• Commands wait and wait until
	• Counting loops  

count with – from … to … – by
	• Use of variables and their change
	• Working with subprograms
	• Working with events and threads

 ADDITIONAL MATERIALS

	• Drawing media (paper, whiteboard, or 
projection screen).

Optional download: 

	• Circuit diagram

	• Building 

instructions
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 FUNCTIONS OF THE MODEL AND THEIR TECHNICAL SOLUTIONS

Function of the sensors/actuators Technical solution

Execution of a rotation of an encoder motor Control the drive motor for exactly one 
rotation

Light signals red/green LED Control the LED for free passage and stop

Light barrier interruption

Light barrier interruption

Prevent barrier movement

Count cars

License plate recognition via USB camera Open the barrier

Parking garage 2: 
Connection of two TXT 4.0 controllers

	• Separate control of entry and exit barrier
	• Data exchange between two 

TXT 4.0 controllers

Parking garage 3:
License plate recognition via USB camera

	• Barcode decoding
	• Programming and evaluation of start and 

end times
	• Calculation of parking fees

 MATERIAL LIST

Sensors Function

1 On/Off push button on the 
TXT 4.0 controller

1.	 Switch on the barrier control
2.	 Emergency stop of the barrier

1 photo transistor Light barrier interruption detection, receiver

1 USB camera Barcode recognition

1 mini push buttons  Request for entry 

1 mini push buttons Status query of the barrier (open or closed)

Actuators Function

1 encoder motor 	• Movement
	• Counting of rotations

2 LEDs (1 × red, 1 × green) Status display

1 LED (white) Illumination of light barrier sensor
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