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Fig. 1. Concept of an SIP4.0 factory with pasted lines 

 

In an actual small- and medium-sized-factory it is nearly impossible to work with this kind of navigation. Possible 

errors in a small- and medium-sized company with pasted lines would be strong wear or pollution of the lines. Also, a 

perfect contrast between the lines and the ground is rare and if there is a high contrast, it is possible that the sun irritates 

the line following sensors of the robot. Additionally, sometimes people or machines would cross the lines of the robot, 

which have to avoid a collision.  

Because of these reasons a second concept for the test factory was created. In this concept a two-dimensional plan of 

the factory would be generated. The factory would be divided in rectangles of the same height and width, preferably in 

the size of the stations or the mobile robot. This plan would be saved into the mobile robot and would be represented there 

through an array. With this array the mobile robot knows the factory structure and could plan the path global through the 

factory. For this path planning an algorithm named A* would be very common. [8] 

On the other hand, for the local navigation sensors like a gyroscope, odometry or infrared could be used. The infrared 

would be used to detect obstacles, which are not recorded in the global array plan and for a communication with other 

mobile robots and working stations. Therefore, the work stations would have an infrared transmitter, so the robot have a 

redundancy to know which station is sending infrared data and knowing also, due to that where his position in the factory 

is. But a big disadvantage of this concept is the weakness in dynamic factory structures. Because each time the factory 

arrangement would change, the whole plan or array must be updated and saved into the robot again. The symbolic sketch 

of this second concept is shown on the Fig. 2.  

 

 
 

Fig. 2. Concept of a SIP4.0 factory with a two-dimensional plan 
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The second concept has how already mentioned a big disadvantage with big and variable stations which has a dynamic 

factory structure. However, the plan creation must be perfect and this is very exhausting for the user when it comes to 

rebuilding it. Therefore, a third concept for small- and medium-sized companies were created. These factories of this 

companies are in most cases chaotically formed because they have been growing over time. Thus, these factories didn't 

have perfect structed machines and working stations. In addition, obstacles like humans or lift trucks can get in the way 

of mobile robots. 

Because of these points in this third concept all machines (stations) can communicate with the mobile robots which 

calculates its way to the stations completely dynamical with an additional local obstacles avoidance. With infrared and 

ultrasonic sensors, the local obstacle avoidance will be made. In addition, the infrared signals will be used for a station 

recognition like in the second concept. Optional the mobile robot could use a camera or a laser to generate a dynamic plan 

of the factory. Through appropriate placement of the sensors the robot can identify the height of the obstacles and can 

drive beneath tables or chairs for example. [3]. Also for this third concept a symbolic sketch was included as Fig. 3.  

 

 
 

Fig. 3. Concept of a chaotically formed factory 

 

This concept would be the best fitting concept to build in every small- and medium-sized company. With a laser sensor 

the mobile robot could generate a map of the factory for the self-localization in a dynamically created global map. In 

addition to that, the mobile robot could get information's where the allowed safety areas to drive though are. This should 

be used as redundancy for the safety driving along safety areas in the factory. 

 

3.2 Station concepts: 

 

After the concept of the own test factory was clear, the stations, which represent the machines in this test factory, and 

the mobile robots were conceptualized. First it was considered which states are necessary to display different test cases. 

For the communication between the control system and every station a wireless network access is needed. Therefore, a 

Raspberry Pi (RPi) will be used. However, two different Raspberry Pi's got analysed in greater detail [9]: 

 
 Raspberry Pi 3 Raspberry Pi Zero W 

Size 85,6mm x 56mm 65mm x 30mm 

CPU cores 4 1 

CPU frequency 4x 1200 MHz 1000 MHz 

RAM 1024 MB 512 MB 

WLAN Yes Yes 

 

Table 1. Comparison of Raspberry Pi 3/Zero W 
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http://www.ros.org/
https://www.datenreise.de/raspberry-pi-unterschiede-zwischen-den-modellen/
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