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1 Tank Level

1.1 Source Code

ref app tank level.c

1.2 Description

The tank level reference application shows how the Acconeer’s Distance Detector can be used to measure the fluid level
in a tank by measuring the distance in three sectors (close, mid, and far). The application will measure the distance from
the sensor to the fluid surface. If the height of the tank is known, the distance to the water surface can be used to calculate
the fluid level from the bottom of the tank. Using this formula:

fluid_level = height_of_tank - distance_to_surface

The application uses different configurations to optimize for the specific range. The first range is measuring very close
to the sensor (-0.11 to 0.12 m) and utilizes recorded threshold to filter out the direct leakage and static objects in the
tank. Since the close range is measuring in the range of direct leakage, the distance measurement will be less accurate
than beyond the direct leakage. Also, it only measures if there are any sample points above the threshold and reports the
distance to the first sample point above the threshold. This will make the distance measurement less accurate and it should
be used to detect if the surface is inside the close range or not, rather than measuring the actual distance.

Figure 1: Detection withing the close range

If no surface is detected in the first sector, the application measures in the mid range (0.1 to 0.47 m). The mid range also
utilizes recorded threshold to filter out static objects. In this sector, it is possible to measure the distance to the surface
accurately compared to the close range.
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Figure 2: Detection within the mid range

When recording the background of the close and mid range, the fluid level must be outside the range, i.e. further away
than 0.47 m from the sensor. Otherwise, the water might not be detected accurately since it will be part of the recorded
background.

For larger tanks (height >0.5 m), the far range (0.19 to 1.49 m) will be used when the fluid level is beyond the mid range
sector. The far range utilizes Constant False Alarm Rate (CFAR) threshold to accurately detect the distance to the fluid
level. The CFAR threshold will require no background recording, which means it uses less memory but might detect static
objects.

Figure 3: No detection withing the far range. Bottom of tank at ˜0.8 m and floor at ˜1.1 m

One measurement for the application consists of the distance detector measuring these three ranges. If a peak is detected,
the ranges further out are skipped. This is to avoid strong double reflections.

To limit the measurement update rate, a call to a sleep function can be added after the far range measurement (a comment
in the source code advises where to add a call to a sleep function). If there is a long time between measurements in the
application, the sensor should be recalibrated before starting a measurement using the sensor calibration function. The
sensor needs to be recalibrated to account for changes in the surrounding environment.

1.3 Configuration

As mentioned above, the Tank Level reference application uses the Acconeer Distance Detector, see Read-the-Docs for a
detailed description and acc detector distance.h for the API. The Distance Detector is built on top of the Envelope Service,
see Read-the-Docs for a detailed description and acc service envelope.h for the API.

To be able to easier test similar use cases using the RSS API or the Python Exploration Tool, the configuration used in the
Reference Application can be seen in the tables below.
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Service Parameter Close Mid Far

running average factor 0.0 0.0 0.0
asynchronous measurement true true true
downsampling factor 1 1 4
gain* 0.32 0.5 0.82
hw accelerated average samples 10 10 10
maximize signal attenuation true false false
noise level normalization true true true
power save mode ready ready ready
profile 1 1 2
start -0.11 0.10 0.19
length 0.23 0.37 1.30
end 0.12 0.47 1.49
repetition mode On Demand On Demand On Demand
tx disable false false false

Distance Detector Parameter Close Mid Far

threshold type Rec Rec CFAR
sweep averaging 30 30 10
record background sweeps 30 30 CFAR
threshold sensitivity 0.2 0.2 0.4
cfar threshold window n/a n/a 0.03
cfar threshold guard n/a n/a 0.12
cfar threshold only lower distance n/a n/a False
peak sorting type strongest strongest strongest
measurement sample above threshold** true false false

*Note that this is the initial gain used in the Reference Application, but then it can be changed depending on if the data
saturates.

**Note that this is not a configuration for the Detector, but rather a result that is used instead of the standard distance
result.

1.4 Testing

1.4.1 Test setup

The reference application is tested using a plastic water tank. The volume of the tank is 220 liters and the height is 0.785
m and the diameter 0.67 m. It is set up according to the images below using an XM132 module and LH132 with an
FZP lens in the outermost position (D2). The FZP lens is attached directly to the lid with double-sided tape. See Getting
Started Guide Lenses for more information about lenses and performance.
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Figure 4: Tank setup
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Figure 5: XM132 setup on tank

1.4.2 Test execution

The test was performed by measuring the water level while filling and emptying the tank. First, the backgrounds for the
close and mid range are recorded while the tank is empty. Then, water is filled until the water level is just beneath the lens
and the water is let out again.

1.4.3 Test results

The empty tank is ˜0.8 m. Since the tap on the tank was ˜0.05 m from the bottom of the tank, it is not completely emptied
during testing.

Table 3: Memory Usage for Reference Application Tank Level on
XM132.

Memory Usage [kB]

Flash 82
Static memory 12
Stack 2
Heap 14
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Table 4: Power Consumption for Reference Application Tank Level
on XM132. The power consumption of the reference application will
depend on the integration and the actual application. For example, the
power consumption will depend on the fluid level since only the close
range will be executed if the fluid level is detected within the close
range. Also, these numbers are for active measurements, sleeping in
the application, and thereby decreasing the measurement rate, will lower
the total power consumption of the application.

Range
Mean current

[mA] Voltage [V]
Power
[mW]

Average execution time
[ms]

Power consumption
[mWs]

Close 44 1.8 79 620 49
Mid 44 1.8 79 1000 79
Far 44 1.8 79 270 21

Figure 6: Filling and emptying tank

Result The graph shows how the water surface gets closer to the sensor when the tank is filled. It is clear to see that the
surface reaches the close range at 0.12 m and the characteristics of the line changes. The distance accuracy is not as good
when measuring in the close range since the measurement is affected by the direct leakage and the close range measures
the distance to the first sample point above threshold rather than the distance to the center of a peak.

1.5 Limitations

There are limitations to the tank level application. The sensor calibration can fail if the water surface is too close to the
sensor during sensor calibration. This is an issue if the sensor is re-calibrated between measurements due to a long time
between measurements.

If the lens becomes wet because of liquid touching the lens or because of condensation, the measurement can become
faulty since the lens will become visible to the sensor.
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2 Disclaimer

The information herein is believed to be correct as of the date issued. Acconeer AB (“Acconeer”) will not be responsible
for damages of any nature resulting from the use or reliance upon the information contained herein. Acconeer makes no
warranties, expressed or implied, of merchantability or fitness for a particular purpose or course of performance or usage
of trade. Therefore, it is the user’s responsibility to thoroughly test the product in their particular application to
determine its performance, efficacy and safety. Users should obtain the latest relevant information before placing orders.

Unless Acconeer has explicitly designated an individual Acconeer product as meeting the requirement of a particular
industry standard, Acconeer is not responsible for any failure to meet such industry standard requirements.

Unless explicitly stated herein this document Acconeer has not performed any regulatory conformity test. It is the user’s
responsibility to assure that necessary regulatory conditions are met and approvals have been obtained when using the
product. Regardless of whether the product has passed any conformity test, this document does not constitute any
regulatory approval of the user’s product or application using Acconeer’s product.

Nothing contained herein is to be considered as permission or a recommendation to infringe any patent or any other
intellectual property right. No license, express or implied, to any intellectual property right is granted by Acconeer
herein.

Acconeer reserves the right to at any time correct, change, amend, enhance, modify, and improve this document and/or
Acconeer products without notice.

This document supersedes and replaces all information supplied prior to the publication hereof.
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