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This poster is about a localization system for an autonomous mobile robot with a precision of about 2-4 cm

in closed rooms of up to 50 m× 50 m in size at a cost of significantly below 1000¤.

Every year, great amounts of

grain spoils even though it is

properly stored in dedicated si-

los. To reduces the resulting

financial losses many farmers

experience, engineers have de-

veloped a special robot called

grainbutler (Figure 1).
Figure 1: The grainbutler.

Current research has addressed the development of a suitable

localization system, which has to meet the following criteria:

costs below 1000¤ and precision better than 20 cm in closed

rooms of up to 50 m× 50 m in size. The grainbutler is sup-

posed to cover the entire area in a systematic way and to cir-

culate the grain.

The localization system

was realized and tested

in both a laboratory as

well as the actual grain

silo.

Frequency Distance Imprecision

40 KHz 7.5 m 21.30 mm

5 KHz 50.0 m 40.17 mm

Table 1: Measurement Results.

In all experiments, the bursts were of five periods in duration.

Then, the time difference between the emitted and received

signals is used to determine the time of flight. The results in

Table 1 show that a 5 KHz sonic signal can yield a precision

better than 50 mm at a distance of up to 50 m. Because of the

robot’s speed of about 1 m per minute, one or two measure-

ments per second is sufficient, in which all echos have entirely

vanished.

Figure 2 illustrates the archi-

tecture of the localization sys-

tem. It consits of a transmitter

that is mounted on the robot’s

surface and four independent

receivers that are mounted at

the silos four corners.
Figure 2: The basic system.

At certain time intervals, e.g., every 10 seconds the robot

simultaneously emits two signals, an electrical start-of-

transmission signal and a sonic burst. Since these two sig-

nals travel at significantly different speeds, each receiver can

utilize the time difference of their arrival to determine its dis-

tance to the sender.

Sonic transmission is very sen-

sitive to various forms of back-

ground noise. Due to the sys-

tem design, each receiver al-

ready knows the shape of the

transmitted signal. It can thus

auto correlate it with the signal

actually received.
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Figure 3: Auto-correlation.

Figure 3 displays that this approach, also know as auto-

correlation, exhibits a significant peak at the point in time

where the transmitted signal was found within the received

signal.

The localization system with audible sonic signals has two advantages. First, the costs are significantly

below 1000¤, and second, the precision is better than 50 mm. The auto-correlation method has improved

the noise robustness and has decreased the required transmission energy.
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