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Safety Information 

Please read this entire manual before setting up or operating this equipment. The non-compliance 
of this manual could result in damage to the equipment. Also in the case of non-compliance 
injuries of individuals cannot be excluded totally. 



 

To make sure that the protection provided of and by this equipment is not impaired, do not use or 
install this equipment in any manner other than that specified in this manual.  
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1. Introduction 

The exact and real-time knowledge of the discharge is an important task in the fields of 
hydrography, water storage management, irrigation and prevention of natural hazards. It is the 
requirement to calculate water structures and for an economical management of water 
resources and is the base for simulations of hydrological processes with mathematical-physical 
models.  

The SQ-3 sensor is a continuous measurement device for the contact-free determination of 
the discharge of open rivers and channels. It combines two contact-free sensors in one system. 
On one hand the water level is measured by a transit time measurement of an ultrasonic signal. 
On the other hand the flow velocity at the surface is simultaneously determined by the principle 
of Doppler frequency shift. These two measurements are internally combined and provide the 
discharge using a predefined calibration of the measurement site. 

Backwater situations caused by inflows, weirs and downstream standing water bodies show 
no stable relation between water level and discharge. In many situations hysteresis effects 
with different relations for rising and falling water levels occur. Therefore the determination of 
such relations is affected by a substantial uncertainty. Only the additional information of flow 
velocity allows the calculation of the discharge under these difficult conditions. 

Due to the contact-free measurement methods the SQ-3 can be installed on extension arms 
or in radial manhole shafts without expensive structural measures in the channel or river. The 
radar sensor is located outside the danger area of flood events and allows a low maintenance 
operation over many years. 
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2. Overview of the installation steps 

The following overview lists the most important steps for a full installation of the SQ-3 at a 
measurement site. The installation is divided in the calibration of the measurement site, 
establishing a connection with the SQ-3 and the parameterization of the measurement device. 

Calibration of the measurement site 

The result of the calibration of the measurement site is the discharge table. This table is the 
basis for the calculation of the discharge out of the water level and velocity measurement.  

1. Selection of the measurement site (chapter 5.1) 

2. Selection of the mounting position and direction of the SQ-3 sensor (chapter 5.2) 

3. Collection of information of the measurement site (chapter 5.3.1) 

 a. Determination or provision of the cross section profile 

 b. Determination of the roughnesses in the cross section of the river 

 c. Exact determination of the mounting position of the SQ-3 sensor 

 d. Information about existing water level measurements (gauge platesé) 

 e. Documentation of the measurement site with photographs 

4. Selection of a reference system for the water level (chapter 5.3.2) 

5. Calibration of the measurement site and provision of the discharge table (chapter 
5.3.3) 

Establishing a connection with the SQ-3 

1. Installation of the "Q-Commander" or usage of a terminal program 

2. Installation of the interface converter (chapter 6.1.1) 

3. Connecting and supplying the SQ-3 sensor with power (chapter 3.5) 

4. Setting of the connection parameters (chapter 6.1.2) 

5. Establishing the connection (chapter 6.1.3) 

Parameterization of the SQ-3 

1. Setting of language, decimal character, units and decimal places (chapter 6.2) 

2. Defining of the trigger for the measurements (chapter 6.3.1) 

3. Setting and adjusting of the water level measurement (chapter 6.3.2) 

4. Setting the parameters of the velocity measurement (chapter 6.3.3) 

5. Transferring of the discharge table (chapter 6.4) 

6. Defining and setting of the data output (chapters 7 and 7.4) 

7. Connection of a data logger (chapters 7.2.8, 7.3.4 and 0) 

 



8 

3. Specifications 

3.1. General 

General 

Power supply 6é30 V; Reverse voltage protection, overvoltage protection 

Consumption at 12 V Standby approx. 1 mA 
Active measurement approx. 140 mA 

Operating temperature -35é60 °C (-31é140 °F) 

Storage temperature -40é60 °C (-40é140 °F) 

Protection rating IP 68 

Lightning protection Integrated protection against indirect lightning with a 
discharge capacity of 0,6 kW Ppp 

Table 1: General specifications 

3.2. Velocity measurement 

Velocity measurement 

Detectable measurement 
range 

0.10é15 m/s (depending on the flow conditions) 

Accuracy ± 0.01 m/s; ± 1 % 

Resolution 1 mm/s 

Direction recognition +/- 

Measurement duration 5é240 s 

Measurement interval 8 sé5 h 

Measurement frequency 24 GHz (K-Band) 

Radar opening angle 12 ° 

Distance to water surface 0.10é35 m 

Vertical inclination measured internally 

Table 2: Specifications of the velocity measurement 

 

Automatic vertical angle compensation 

Accuracy ± 1 ° 

Resolution ± 0.1 ° 

Table 3: Specifications of the internal angle measurement 
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3.3. Water level measurement 

Water level measurement 

 SQ-3(a) SQ-6(a) SQ-15(a) 

Measurement range 
(from level sensor to water 
surface) 

0.3é3 m  
0.984é 9.84 ft. 

0.35é6 m  
1.148é 19.68 ft. 

0.5é15 m  
0é 49.21 ft 

Resolution 2 mm 2 mm 1 mm 

Accuracy ± 7.5 mm;  
± 0,25 % FS 

± 17.5 mm;  
± 0,25 % FS 

± 2 mm;  
± 0,025 % FS 

Level sensor opening 
angle 

15° 12° 10° 

Table 4: Specifications of the water level measurement 

3.4. Housing 

The system housing is made of Zytel 103HSL NC010. This material was chosen because of 
its resistance to aggressive chemicals typically found in sewage channels.  

 

Figure 1: Housing with attached mounting cube 
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Figure 2: Housing and mounting cube dimensions 

3.5. Pin configurations 

 

Figure 3: Connectors MAIN and LEVEL (SQ-15) 

The connectors MAIN and LEVEL (SQ-15 only) are located at the back of the device housing.  
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3.5.1. Connector MAIN 

 

Figure 4: Pin configuration of the connector MAIN  

MAIN (8 Pins) 

Power supply 1 GND Ground 

2 Vsupply +6é+30 V 

Digital switching output 3 DIG-OUT Max. 1.5 A 

RS-485 interface 4 RS485 A1 1 x RS-485 (1200é115200 Baud) 

5 RS485 B1 

SDI-12 interface 6 SDI-12 1 x SDI-12 (1200 Baud) 

Analog outputs 

(SQ-3a, SQ-6a, and SQ-15a 
only) 

7 IOUT2 Water level (4é20 mA) 

8 IOUT4 Discharge (4é20 mA) 

Table 5: Configuration of the connector MAIN 

 

 Attention The analog outputs are related to pin 1 (GND). 

                                                

1 According to the TI notation and differs from the standard EIA notation 
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3.5.2. Connection wire for connector MAIN 

Connection wire 

white 1 GND Ground 

brow 2 Vsupply +6é+30 V 

green 3 DIG-OUT Low level:   0 V 
High level:  Vsupply 
Impulse duration: 30ms, 100ms, or 
500ms 

yellow 4 RS485 A2 1 x RS-485 (1200é115200 Baud) 

gray 5 RS485 B2 

pink 6 SDI12 1 x SDI-12 (1200 Baud) 

blue 7 IOUT2 Water level (SQ-3a, SQ-6a, and SQ-15a) 

red 8 IOUT4 Discharge (SQ-3a, SQ-6a, and SQ-15a) 

Table 6: Configuration of the connection cable for the connector MAIN 

3.5.3. Connector LEVEL (SQ-15 only) 

LEVEL (4 Pins) 

Level sensor power 
supply 

1 Vout Supply voltage for level sensor 

2 GND Ground 

4é20 mA input 3 IIN Water level 

Unassigned (NC) 4 - - 

Table 7: Configuration of the connector LEVEL (SQ-15 only) 

 

                                                

2 According to the TI notation and differs from the standard EIA notation 
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4. Principle of measurement 

The SQ-3 measures the water level contact-free with an ultrasonic sensor and the flow velocity 
with a Doppler radar sensor at the water surface and calculates the discharge.  

 

Figure 5: Principle of measurement of the SQ-3 

4.1. Water level 

4.1.1. Definition 

The water level W is the vertical distance of a point of the water surface above or below a 
relation datum, for example defined by gauge zero GZ. 

      

Figure 6: Water level W and gauge zero GZ 

4.1.2. Principle of measurement 

The water level is measured contact-free using the principle of transit time measurements of 
reflected signals. The ultrasonic sensor is installed above a river and transmits a short micro 
wave impulse in the direction of the water surface. This impulse is reflected at the water surface 
and is recorded by the same sensor now working as receiver. The time between transmitting 
and receiving the impulse is directly proportional to the distance from sensor to water surface. 

GZ 
W 

W 

GZ 
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4.2. Flow velocity 

4.2.1. Principle of measurement 

The contact-free measurement of the flow velocity is based on the principle of the Doppler 
Effect. The integrated velocity radar sensor transmits a signal with a constant frequency in a 
specific angle to the water surface. There the signal is reflected and shifted in frequency due 
to the Doppler Effect by movements of the water surface. The reflected signal is received by 
the antenna of the integrated velocity radar sensor. By comparing the emitted frequency to the 
frequency of the reflected signal from the water surface the local velocity can be determined. 

4.2.2. Radar spectrum 

The integrated velocity radar sensor has an opening angle of 12°. Therefore the signals of an 
area are measured. The size of the area depends on the inclination angle and the distance 
from the sensor to the reflecting water surface. The velocities appearing in this area have a 
specific distribution depending on the current conditions. The velocity distribution is determined 
with a digital signal processor via spectral analysis and the dominant velocity in the 
measurement area is calculated. Spectra can be outputted and used to evaluate 
measurements at measurement sites. 

4.2.3. Direction separation 

Movements can either appear in direction to or from the integrated velocity radar sensor. 
Depending on the direction a frequency shift to higher or lower frequencies occurs. This 
circumstance allows the SQ-3 sensor to separate the movements by their directions and to 
separately evaluate the corresponding velocity distributions. 

4.2.4. Inclination angle measurement 

As the SQ-3 sensor is directed in a specific angle to the water surface an angle correction has 
to be applied. The SQ-3 sensor internally measures its vertical inclination and uses this value 
for the automatic angle correction. 

4.2.5. Conditions of the water surface 

The water surface has to move observably and a minimum roughness has to be present to 
measure an interpretable Doppler frequency shift. The more rippled the water surface and the 
higher the flow velocity is the more reliable the measurement results are. The minimum ripple 
height for a valid analysis is about 2 mm depending on the used frequency. For very slow 
moving rivers this requirement might not be fulfilled and a continuous and correct velocity 
measurement cannot be guaranteed. 

4.3. Determination of the discharge 

4.3.1. Base equation 

The discharge Q is the volume of water V flowing through a cross section of a river per time 
unit t. Therefore the dimension is m³/s, l/s, ft³/s or m³/day. 

ὗ
ὠ

ὸ
 

By using the continuity equation the equation can be transformed in the base equation of the 
discharge measurement. 

ὗ ὃϽὺ  

A is the wetted cross sectional area and vm is the mean flow velocity 
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The integrated velocity radar sensor measures the local velocity vl at the water surface and 
not the mean velocity vm. Therefore a dimensionless correction factor k had to be implemented 
to calculate the mean velocity based on the measured local velocity. 

ὺ

ὺ
ὯO ὺ ὯϽὺ 

The k-factor depends on the flow conditions and consequently on the water level. Usually it is 
in the range of 60 to 90 %. In combination with the base equation the equation for the 
calculation of the discharge in the SQ-3 sensor is derived. 

ὗ ὃὡ ϽὯὡ Ͻὺ  

For the SQ-3 a discharge table is generated out of the cross section areas A (W) and the k-
factors k (W) in relation to the water level W. This table is deposited in the SQ-3 sensor and is 
the basis for the discharge calculation. It is essential that the water levels of the discharge 
table correspond to the same datum as the level measurement of the SQ-3 sensor "Level (W)". 

4.3.2. k-Factors 

The k-factors depend on the conditions of the measurement site and have to be determined 
individually for every measurement site.  

The k-factors are determined by modeling with a numeric hydraulic model. The k-factors 
depend in common on the water level, the shape of the cross section, the roughness of the 
river and the position of the SQ-3 sensor. The advantage of modeling is the instant calculation 
of the discharge from the time of the installation and the covering of the complete water level 
range.  

Modeling can for example be performed with the PC software "Q-Commander" by Sommer. 
Additionally reference measurements can be used to verify existing k-factors from models and 
allow a manual correction. 

4.3.3. Cross section area 

The cross section area A (W) as a function of the water level is calculated from the cross 
section profile. Software for this procedure is for example the software "Q-Commander" by 
Sommer. 

4.3.4. Calculation 

In the SQ-3 sensor the cross section area and the k-factors are deposited in a discharge table. 
This discharge table is the base for the discharge calculation using linear interpolation.  

 

Figure 7: Calculation scheme for the discharge 
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5. Measurement site 

5.1. Selection and evaluation 

The selection of a suitable measurement site for the SQ-3 is crucial for the reliability and the 
accuracy of the measurement results. Requirements related to the hydraulic situation and the 
mounting of the sensor have to be fulfilled. 

5.1.1. Hydraulic requirements 

Velocity distribution in the cross section 

In general the velocity distribution at the measurement site must not be changed by time 
variable influences like fluctuating inflows and regulated weirs. Therefore a minimal distance 
to such influences of the fivefold to tenfold of the channel width upstream and downstream of 
the measurement site is recommended.  

Avoiding of stationary waves 

There must be no stationary waves present in the field of view of the SQ-3 because they can 
negatively influence the measurement accuracy. Stationary waves are caused by (big) stones 
and other flotsam. The impact of such objects is moreover depending on the water level. On 
one hand stationary waves cause errors in angle as the radar impulse is reflected from the 
stationary wave and not the plane water surface. On the other hand they may influence the 
gauge measurement as stationary waves at the water surface are interpreted as higher water 
levels.  

Range with unchanging cross section 

Especially when modelling measurement sites the cross section in the range of the complete 
measurement has to be stable. Pillars of bridges and bends or corners in the channel represent 
changes of the cross section. The range with unchanging cross section should be the twofold 
of the distance between the mounting height of the SQ-3 and the minimum water level 
upstream and half the distance downstream of the measurement. 

Stable cross section 

The calculation of the discharge uses the cross section area (see 4.3). Therefore the cross 
section of the river must not change as this causes the need of a new site calibration. Examples 
for changes of the cross section are abrasion of the channel bed, the agglomeration of bed 
loads or the relocation of sand banks. Changes of the cross section may be identified by 
changes in the W-v relation. 

Adequate wave movements 

Waves or ripples with a height of at least 2 mm have to be present at the water surface over 
the full gauge range. Especially for very slowly flowing rivers this requirement is often not 
fulfilled (see 4.2.5). 

5.1.2. Mounting requirements 

Height of mounting 

The SQ-3 can be mounted in a range from 0.1 to 3 m respectively 6 m above the water surface. 
The SQ-15 model can be installed at a vertical distance of up to 15 meters to the water surface.  

 Attention The default operation range of the water level sensor is 3 m. The operation 
range can be optionally extended to 6 m or 15 m, which require a special 
sensor version.  



17 

Stable sensor mounting 

The sensor has to be mounted stable and the installation rig may not move. An exception is 
the mounting on cables, which requires a new determination of the inclination angle every 
measurement (see chapter 6.3.3.2).  

Free field of view 

The SQ-3 sensor interprets all movements in its field of view. Therefore no moving objects 
may be present in the field of view of the SQ-3.  

Viewing direction 

The SQ-3 should be mounted so that the velocity radar sensor is pointed upstream. Using an 
upstream direction has essential advantages and is strongly recommended. For installations 
on bridges the influence of pillars on the flow conditions are avoided. Additionally the influences 
of rain and snow fall can be eliminated by a direction separation of the velocity measurement 
(see 4.2.3). The integrated velocity radar sensor can distinguish between movements directed 
at the sensor and away from the sensor. As rainfall moves downwards and therefore away 
from the radar sensor, these parts of the measured velocites can be filtered out.  

Installations in closed channels 

Especially in situations with ceilings multiple reflections may occur. Thereby the radar signal 
may not only be reflected back to the sensor by the water surface but through multiple 
reflections from the ceiling of the closed channel the SQ-3 is installed in. This may influence 
the received signals and the measurement results. Multiple reflections are minimized by as 
smooth as possible ceilings and by avoiding rectangular edges. For more detailed information 
on how to proceed if such an installation is unavoidable please see chapter 10.2. 

When the SQ-3 is installed in an open channel or above a natural river it has to be assured 
that no rain or melt water from the bridge or ceiling is draining through the field of view of the 
velocity radar. The occurrence of such events may influence the measurement strongly during 
rain fall. 
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5.2. Mounting of the sensor 

The SQ-3 sensor can be mounted in different ways.  

Manhole mounting 

Sommer offers a versatile mounting accessory suitable for circular manholes that allows for 
easy and quick installations.  

 

 

Figure 8: Manhole mounting 

The SQ-3 mounting position can be horizontally and vertically adjusted. Additionally the 
horizontal mounting angle can be easily adjusted by turning the mounting pole.  

Manhole mounting specifications 

Manhole diameter 580é690 mm 

Adjustable mounting pole 
length 

0.5é2.5 m (alternative pole lengths available) 

Adjustable mounting 
angle 

0é360Á 
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Mounting cube 

 

 

 

If no bridges are available the sensor can be mounted on extension arms protruding from one 
bank into the river or channel. Sommer suggests installing rotatable attachments to simplify 
the maintenance tasks.  
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5.3. Site Calibration 

Every measurement site demands its individual calibration. The calibration is deposited in the 
form of the discharge table in the SQ-3. It is used to calculate the discharge based on the 
measured water level and velocity. 

5.3.1. Necessary Information 

Cross section profile 

The cross section profile is a vertical section through the channel from the river bed to the 
maximum expected water level. It is necessary for the calculation of the cross section areas A 
(W) and the modeling of the k-factors k (W) (see chapter 4.3).  

The cross section is usually taken at the position of the water level measurement. The height 
information is either in local height coordinates, in absolute height above the sea level or as 
distance from a point at the top downwards. 

 

Figure 9: Cross section profile in local height H 

 

Figure 10: Cross section profile in sea level SL 
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Figure 11: Cross section profile in distance downwards D 

Roughnesses 

An estimation of the roughnesses in the cross section profile is necessary to model the k-
factors. The roughness is specified as absolute roughness kS, Strickler coefficient kSt or 
Manning coefficient n. For the software "Q-Commander" a description of the condition at the 
border in the form "Bed of sand" or "Brick stone walls" is sufficient to constitute the roughness 
coefficients. 

SQ-3 position 

The exact position of the SQ-3 in the reference system has to be known. This information is 
essential for modelling the k-factors and adjusting the water level measurement. 

 

Figure 12: Cross section profile with SQ-3 position in local height 

Pictures 

It is recommended to document the measurement site with pictures. These help to understand 
the situation at the measurement site and are useful for a post processing. 

Adequate motives are: 

o Measurement site with the installation position of the sensor 
o Situation of the river in viewing direction upstream and downstream 
o Flow conditions at the measurement site 
o Information to the roughnesses in the cross section 
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5.3.2. Selection of a reference system 

The requirement for a correct usage of the calibration in form of the discharge table is a unique 
reference system "Level (W)" for the measurement site. The measurements of the water level, 
the mounting position of the SQ-3 sensor and the cross section profile have to relate to each 
other. Especially the water level in the discharge table and the water level measurement in the 
SQ-3 sensor have to be consistent with each other.  

To select the reference system for a measurement site, situations with an existing water level 
measurement and without a water level measurement have to be differed. 

Sites with an existing water level measurement 

If a water level measurement is already present at the measurement site (i.e. a gauge plate or 
a gauge sensor) it is recommended to use the gauge zero of the existing measurement as the 
reference point. The point of the gauge zero is usually unique and defined permanently. 
Moreover the consistency of the existing water level measurement and the SQ-3 measurement 
simplifies the interpretation. The height position of the gauge zero (GZ) has to be known in the 
reference system of the cross section. 

 

Figure 13: Gauge zero GZ of a gauge plate for a cross section in local height H 

In the example the gauge zero GZ at -0.21 m is the reference point for the cross section 
identified by local height H and width. With the reference point the profile is transferred into the 
water level.  

Sites without an existing water level measurement 

For measurement sites without an existing water level measurement a new reference system 
has to be defined. It is recommended to select a fixed-point as reference point to allow a later 
reproduction of the definition of the reference system. It is essential to document the reference 
point and its relation to the water level W properly. 

For channels with a stable river bed a point on the bed can be selected as reference point and 
gauge zero simultaneously. The advantage is the usually simple determination of the actual 
water level and therefore an easy adjusting procedure of the water level measurement in the 
SQ-3 sensor. 

For all other measurement sites a fixed point has to be selected. Examples are survey points 
or unique points on bridges or assemblies. This point has to be known in the coordinates of 
the cross section. It is not necessary that the height position of the reference point has to be 
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selected as gauge zero. But the relation of the height of the reference point has to be related 
absolutely to the gauge zero.  

 

Figure 14: Gauge zero GZ with fixed point for a cross section in local height H 

In the following example a fixed-point was defined at a unique point on the bridge. The height 
of the point is 5 m in the reference system of the cross section H. The gauge zero was defined 
as -0.21 m in the system of the cross section H. So the fixed point is at 5.21 m in the system 
of the water level measurement W and the cross section can be transferred into the reference 
system of the water level W. 

5.3.3. Creating the discharge table 

The calibration of the measurement site is expressed in the form of the discharge table. This 
table is stored in the SQ-3 sensor and is the base for the calculation of the discharge out of 
the water level and velocity measurements described in chapter 4.3 and in the following figure. 

 

Figure 15: Meaning of the values of a line in the discharge table 

The discharge table consists of the cross section area A (W) and the k-factor k (W) in 
dependence of the water level W. The area of the cross section is derived from the cross 
section profile. The k-factor, used to calculate the measured local velocity at the water surface 
into the mean velocity, is determined according to chapter 4.3.2. The water levels in the 
discharge table have to correlate exactly with the water level measurement of the SQ-3 sensor. 

In the discharge table up to 16 lines can be edited. The sequence is from low to high water 
levels. Values between two water levels are linear interpolated in the SQ-3 sensor. 
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Number Gauge [m] k-value [%] Area [m²] 

01 0,4 64,0 4,7 

02 0,6 68,7 9,5 

03 0,8 72,1 14,4 

04 1,08 74,2 21,5 

05 1,6 74,7 35,7 

06 2,12 75,0 51,5 

07 3,16 77,7 84,0 

08 4,9 79,5 141,8 

09 6,7 80,7 202,4 

10    

11    

12    

13    

14    

15    

16    

Figure 16: Example of a discharge table 

An appropriate and relatively easy way to create the discharge table is using the software 
"Q-Commander" by Sommer. The cross section profile, the roughnesses and the sensor 
position can be entered and the discharge table is calculated automatically. The discharge 
table is then sent to the SQ-3. Alternative procedures are described in chapter 4.3.2. 
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6. SQ-3 Sensor 

6.1. Direct connection 

In this section establishing a direct connection from a PC or a laptop to the SQ-3 sensor is 
described.  

6.1.1. Converter 

The SQ-3 sensor has a RS-485 interface. To establish a direct connection to a computer using 
a converter is necessary. 

Converter USB to RS-485 

The first possibility is the connection with a USB interface. Compatible converters can be 
ordered separately from Sommer. 

The converter is connected to a free USB interface and the drivers have to be installed. This 
supplies a (virtual) COM port that is used for the connection.  

The SQ-3 sensor is connected according to the schematic diagram below. 

 

6.1.2. Connection settings 

The communication settings by factory default are listed below and have to be set for the COM 
port on the first connection. 

Baud rate 9600 

Data bits 8 

Parity none 

Stop bits 1 

Flow control none 

Table 8: Default connection settings 
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6.1.3. Communication 

The communication with the sensor is performed either with a terminal program using the 
sensor menu or with the PC software Q-Commander with automatic communication using 
sensor commands.  

Plug the USB connector of the USB/RS-485 converter in any USB port of your computer and 
use the software Q-Commander to define a connection and set the required parameters.  

Install and start the 
software Q-Commander.  

 

 

Fig. 1: Q-Commander 

To define a local serial 
connection click 
ñCommunication 
assistentò and follow the 
on-screen instructions. 

 

 

Fig. 2: Q-Commander: Communication assistent 

 

 Terminal program and sensor menu 

In the software "Q-Commander" a terminal program is included. However, the communication 
with a SQ-3 device can be performed with any terminal program.  
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In a first step the COM port assigned to the USB/RS-485 converter has to be assigned to a 
connection and the communication settings have to be set (see previous chapter).  

After defining and saving 
the connection as 
described in chapter 
6.1.3 switch to the 
ñParameter (F2)ò tab in 
Q-Commander.  

On the right hand side of 
the program window 
select ñConnectionò as 
ñModeò and select the 
previously created 
ñConnectionò from the 
drop-down list. 

Click ñConnectò to 
establish the connection 
with the SQ-3.  

Fig. 3: Save the defined connection 

Figure 17: Establishing a connection with the SQ-3 

When the power supply of the SQ-3 is switched on a boot message is outputted and displayed 
in the terminal window.  

Boot SQ- X 2_21r00 S00 D01!  

Figure 18: Boot message and initialization message 

In the boot message the SQ-3 sensor is identified with its firmware version and the address in 
the RS-485 bus (Sésystem key; Dédevice number)  

The sensor menu can be opened by quickly entering three question marks "???".  

 

 Hint As an unwanted switching into the menu mode has to be avoided the timing 
of the three question marks "???" is very restrictive and must never be 
finished with an "Enter". This is especially important for command line tools, 
which may automatically send a closing "Carriage returnò. 
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Main menu  

=========  

 

A  Measurement trigger ------------  interval  

B  Measurement interval -----------  600 sec  

C  AUX  

D  Level (W)  

E  Velocity (v)  

F  Discharge table  

G  DIG - OUT output  

H  Technics  

I  Special functions  

 

Choice (X  for exit):  

Figure 19: Main menu 

The menu items are selected by entering the letter left of the label. Either submenus are 
opened or the selected parameter is displayed with its unit. Changes are confirmed with "Enter" 
or discarded with "Esc". Menus are closed with "X". 

 Hint All parameters of the menu are described in detail in chapter 9. 

After closing the main menu with "X" the sensor performs an initialization. The beginning and 
the end of the initialization procedure are displayed with these two messages outputted by the 
SQ-3: 

Start init!  

Init done!  

Figure 20: Initialization message 

 Q-Commander 

A simple and comfortable way to communicate with the SQ-3 sensor is the PC software 
"Q-Commander" by Sommer.  

After editing the communication settings, the communication to the sensor is established. At 
first all parameters set on the SQ-3 are transferred from the sensor to the PC and are displayed 
in a local menu structure according to the sensor menu. 

 Attention At the first communication with a new sensor version the parameter schema 
of the sensor has to be transferred. Only then the menu structure is known 
in the "Q-Commander". 

All parameters can be saved locally in files and can be edited. Modified or all parameters can 
be uploaded to the sensor.  
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Further features of "Q-Commander" are: 

o Profile-Mode for site calibrations with entering of cross sections and creation of discharge 
tables (see 5.3) (only "Q-Commander") 

o Transferring of discharge tables to SQ-3 sensors (only "Q-Commander") 
o Spectrum-Mode to visualize radar spectra (see 4.2.2) 
o Terminal-Mode to check data transfer strings and for direct call of the sensor menu.  

 Hints All parameters of the menu are described in detail in chapter 9. 

  A detailed description of the "Q-Commander" can be found in the online 
help or in the "Q-Commander" manual. 

6.2. Basic settings 

The basic settings have to be set when first setting-up the SQ-3 sensor at a measurement site. 
They are located in the menu "G Technics" and the submenu "G-L Units and decimals" of the 
SQ-3 sensor (see chapter 9). 

6.2.1. Language 

This setting defines the menu language. 

6.2.2. Decimal character 

Defines the character used as decimal separator in the menu and serial data output strings 
(ASCII).  

6.2.3. Units and decimals 

The units and number of decimals have to be defined for all measured and calculated values. 
The settings have to be set prior to all other settings as all values are saved internally in this 
format. Therefore all related parameters must be reedited elaborately after a later change of 
any of these settings. 

6.3. Measurement settings 

6.3.1. Timely triggering of measurements 

In the SQ-3 sensor measurements can be triggered in different ways. Either they are started 
internally based on a set interval or they are triggered externally by using the TRIG input or by 
RS-485/SDI-12 commands. The type of trigger is set in the menu item 
"A Measurement trigger". 

 Attention Outputting measurement results is independent from performing 
measurements. The measurement result output time has to be defined 
separately via menu item G-J-D Measurement output time. 

Internal measurement interval 

The measurements are started by the SQ-3 sensor in a defined interval. The interval is set in 
the menu item "B Measurement interval". 

External trigger 

The measurements are started externally by a rising flank of the signal at the TRIG-input. 
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External command 

The measurements are triggered by commands received by the sensor via the RS-485 or 
SDI-12 interface. 

6.3.2. Water level measurement 

 Adjustment 

The most important setting for the water level and discharge measurement is the level 
adjustment. It is essential that the measured water level W is related to the reference system 
used for the profile and respectively the discharge table (see chapter 5.3.2). 

Performing the water level adjustment is different for sites with and without existing water level 
measurements. 

Adjustment with known water level 

The adjustment with existing water level measurements is very simple as the actual water level 
is known. It is essential that the gauge zero GZ of the existing water level measurement is 
defined as the reference point for the discharge table.  

The water level measurement of the SQ-3 sensor is simply set to the known value of the 
existing water level measurement. This is done with the menu item "C-D Adjustment" in the 
menu "C Level (W)". Thereby first a water level measurement of the SQ-3 sensor is performed 
and the actual value is outputted. In the next step the target value of the water level is entered 
as "Set point level". It has to be the actual water level known from the existing water level 
measurement. After confirming the input the water level measurement of the SQ-3 sensor is 
automatically adjusted to the given value and the mounting height of the SQ-3 sensor WRQ in 
the reference system W is calculated. 

  

Figure 21: Water level adjustment with known water level 

Adjustment with unknown water level 

If no water level of an existing water level measurement is known, the mounting height of the 
SQ-3 sensor WRQ can be set directly. The requirement for this procedure is knowledge of the 
exact vertical position of the SQ-3 sensor WRQ in the reference system W. The value of WRQ 
is entered in the menu item "C-E WRQ, SQ-3 fixation level".  
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Figure 22: Water level adjustment by setting of the mounting level WRQ 

 Setting of the special water levels 

The velocity measurement might be obstructed at low water levels. Therefore the SQ-3 sensor 
offers the possibility to set low level border WLL. If the water level drops below the WLL, the 
velocity measurement is stopped to avoid wrong measurements. The water level measurement 
is still performed and the discharge is calculated by extrapolating the velocity from the WLL 
downwards. The zero point for the extrapolation of the velocity is the flow stop level WFS. The 
velocity at the low level border WLL is calculated by the W-v relation, which needs the 
maximum level WMA to define the learning range (see chapter 6.5). If during the installation 
water level is below the WLL the W-v relation has not been learned yet. Therefore a temporary 
velocity can be set in the menu item "G-H-J Start veloc. at WLL" to get calculated values for 
the discharge during installation. 

In general the special water levels respect the rule: WRQ > WMA > WLL > WFS  

 

Figure 23: Special water levels 

WRQ, SQ-3 fixation level 

The SQ-3 fixation level is the mounting height of the ultrasonic level sensor in the reference 
system W. It is either entered directly or is automatically calculated when performing an 
adjustment of the water level. The height of the SQ-3 sensor is measured from the lower edge 
of the plate at the water level sensor.  

WMA, maximum level 

The maximum level is the upper limit of the range for the W-v relation. 

WLL, low level border 

The low level border is the water level, from which on the velocity measurement is sufficient 
enough. A guidance value is 5 cm above the river bed or poking out stones in the measurement 
area. 

The low level border is the lower limit of the range for the W-v relation.  
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 Attention Below the low level border no velocity measurement is performed any 
more. 

WCF, cease to flow level 

The flow stop level is the water level down to that the velocities are linear extrapolated from 
the low level border. The velocity at the flow stop level is always 0.  

6.3.3. Velocity measurement 

 Settings 

The measurement of the velocity depends on the mounting position of the SQ-3 sensor and 
the flow conditions at the site. Therefor specific settings have to be defined to describe the 
local situation at the measurement site. All the settings are located in the menus "D Velocity 
(v)" and "G-H Tech. velocity (v)". 

Viewing direction 

The viewing direction describes the orientation of the SQ-3 sensor in relation to the flowing 
direction of the river. Either the SQ-3 sensor is mounted against the flow direction looking 
"upstream" or it is installed in flow direction looking "downstream". 

Possible flow direction 

Due to the direction separation (see chapter 4.2.3) the integrated velocity radar sensor can 
identify the flow direction. Therefore it has to be defined, if the river only flows in one direction 
or if two flow directions can occur as for example under tidal influences. 

Maximum and minimal velocity 

The maximum velocity defines the maximum expected velocity. The velocity measurement is 
optimized for this setting. Usually a value of 5 m/s is sufficient. For this value no safety margin 
has to be accounted for as the velocity radar sensor already includes one. 

The minimal velocity defines the minimal velocity for the determination. No lower velocities are 
considered. 

Measurement spot optimization 

The measurement spot optimization describes the expected velocity distribution in the 
measurement spot. The more irregular the distribution is, the wider the spectral band width 
has to be selected. The analysis algorithm for the velocity is optimized for this setting of the 
velocity radar sensor. 

For the first measurements at a new measurement site the selection ñstandardò is 
recommended. Later on the measurement may be optimized by selecting another river type.  

Measurement duration 

The measurement duration defines the duration of a single measurement. During this time the 
velocity radar signal is recorded and the radar spectrum is calculated. Usually measurement 
durations of 60 s are recommended. For very regularly flowing rivers a lower measurement 
duration can be selected. 

Measurement type 

The measurement type describes if the measurement is either performed continuously over 
the complete measurement time, or if the measurement time is divided in five parts by 
systematic time breaks. The sequenced method is more representative but the processing is 
slower. By default the selection should be set to "continuous". 
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Criteria and behavior for invalid measurements 

Measurements of the velocity can be defined as invalid with the criteria quality (SNR) and 
opposite direction content (Stop measurements). The criteria and the behavior if such invalid 
measurements occur can be controlled in multiple parameters. 

 Inclination measurement 

As described in chapter 4.2.4 for every velocity measurement an angle correction has to be 
applied. This is done using an internal inclination measurement of the SQ-3 sensor. If the 
sensor is mounted stable it is sufficient to measure the installation angle only on the first 
measurement after the restart of the SQ-3 sensor. If the sensor can swing it is recommended 
to perform an inclination measurement during every velocity measurement. This setting is set 
with the menu item "G-F-B Inclination measurement". 

 Radar spectrum 

With the software "Q-Commander" radar spectra measured by the integrated radar sensors 
can be received and displayed. The radar sensor is switched into spectrum mode and the 
spectra are outputted and displayed continuously. 

 

Figure 24: Radar spectrum 

The radar spectrum is displayed for movement in both directions (up and downstream). In the 
lower half of the graph the spectrum of movements in direction away from the radar sensor are 
displayed, in the upper half movements in direction to the radar sensor are displayed. The 
calculated velocity is identified with a line. The yellow marked area is used for the calculation.  

By interpreting the radar spectra a detailed analysis of the velocity measurement at the 
measurement site is possible. Spectra can be narrow or wide, one or more maxima can occur 
and only one or both velocity directions can be identified. This awareness can result in a 
modification of the settings for the velocity measurement. For detailed information on how to 
proceed when more than one peak in the displayed spectrum is visible please see chapter 
10.2. 

6.4. Discharge table 

To calculate the discharge from the measurements of the water level and the velocity, a 
discharge table is needed. This table is the result of a site calibration as described in chapter 
5.3.  
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The discharge table is deposited in the radar sensor. It is either edited directly in the menu "E 
Discharge table" or the discharge table is uploaded to the SQ-3 sensor with the PC software 
"Q-Commander". 

6.5. W-v relation 

The SQ-3 sensor supports the functionality of W-v learning. Thereby a stable relation between 
water level W and the flow velocity is assumed. This relation is generated internally in the SQ-
3 sensor and is adjusted continuously. The usage of the W-v relation results in additional 
measurement values for the velocity and the discharge. 

6.5.1. Usage 

The W-v relation can be used to smooth velocity measurements and consequently the 
discharge. The water level fluctuates in general only minimal, while the velocity depending on 
the flow conditions can show strong fluctuations. The usage of the learned velocities from the 
W-v relation according to the measured water level therefore results in smoother measurement 
values. 

Additionally the W-v relation is used to extrapolate velocities for water levels below the low 
level border WLL. At low water levels for examples stones can influence the flow condition in 
a way that the velocity measurement is invalid. Or velocity measurements cannot be possible 
as the sensor is directed on dry areas. For these low water levels the velocities can be 
extrapolated from the W-v relation and therefore provide valid values for the velocity and the 
discharge (see chapter 6.3.2.2).  

 

Figure 25: Extrapolation of the velocity below the low level border WLL 

 

 Attention If no stable W-v relation is present at the measurement site the learning of 
the W-v relation will provide instable results as well. 

6.5.2. Learning of the W-v relation 

For the range between the two water levels "WMA maximum level" and "WLL low level border" 
internally a table with 16 value pairs is created consisting out of water levels and learned 
velocities. These learned velocities of the table are now continuously adjusted with every 
measurement. By and by the complete range of the water level is passed through and a 
relatively stable relation between water level and velocity is formed, if the measurement site 
allows this. Consequently for every measured water level a learned velocity and respectively 
a learned discharge can be assigned by linear interpolation.  

 Attention The duration for the learning of the W-v relation is influenced by the 
fluctuation of the water level at the measurement site. 
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6.5.3. Settings 

Water levels for the W-v relation 

The range of water level, in which the W-v relation is learned, is defined by the special water 
levels described in chapter 6.3.2.2.  

Activation 

The usage of the W-v relation is activated as soon as one of the special water levels WMA, 
WLL or WFS is different from 0. 

W-v priority 

By default the W-v priority is deactivated and the measured velocity and discharge are output 
in the serial and analog outputs. In the serial outputs the learned velocity and learned discharge 
are output as special values. 

By activation the W-v priority the output of the measurement values is switched. The learned 
velocity and discharge are now in the main values and the measured velocity and discharge 
are in the special values. This selection is performed with the menu item "G-D W-v priority" 

Resetting the learned W-v relation 

With the menu items "C-I W-v table reset" and "H-H W-v table reset" the W-v table is deleted 
and the W-v learning starts from scratch. This is especially necessary if water levels for the W-
v relation are changed or the SQ-3 sensor is installed at a new measurement site. 
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7. Serial data output 

The SQ-3 sensor includes a RS-485 and a SDI-12 interface for data output and 
communication. 

7.1. Measurement values 

The measurement values of the SQ-3 sensor are arranged in a fixed sequence. Every value 
is identified with an increasing index. The measurement values are divided in groups. 

Main values 

The main values contain the most important measurement values. These values are always 
included data output. The units and decimal places are depending on the settings in the 
submenu "G-L Units and decimals".  

Index Measurement value Description 

01 AUX Measurement value of the optional sensor at AUX 

02 Water level Measured water level  

03 Velocity3 Measured velocity 

04 Quality (SNR) Quality value with SNR (see appendix 10.1.2) 

05 Discharge3 Measured discharge  

06 Total discharge Measured total discharge volume 

Table 9: Main values (ñSommer newò protocol) 

Special values 

The special values are usually the learned velocity and the learned discharge. By activating 
the W-v priority with the menu item "G-D W-v priority" the measured velocity and measured 
discharge are output instead. The learned velocity and the learned discharge then are output 
in the main values. The output of the special values has to be activated in the menu item "G-
J-E MO information". 

Index Measurement value Unit Description 

07 Learned Velocity3  Learned velocity from the W-v relation 

08 Learned Discharge3  Discharge of the learned velocity 

09 Opposite direction content % Relation between the velocity 
distributions in analysis direction and 
opposite direction 

10 Supply voltage V Voltage at the supply input 

Table 10: Special values (ñSommer newò protocol) 

                                                

3 The positions of the measured and learned velocities and discharges can be switched with the menu 
item "G-D W-v priority". 
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Analysis values 

The 11 analysis values provide information to the velocity measurement and can be interpreted 
by experts. . The output of the analysis values has to be activated in the menu item "G-J-E MO 
information". 

Index Measurement value Unit Description 

11 Peak width mm/s Band width of the signal 

12 CSR % Corrected intensity 

13 Area of the peak   

14 RMS at the PIC mV  

15 Amplification  Value of the amplification regulation 

16 Amplification relation %  

17 Signal relation %  

18 Error code   

19 not used   

20 not used   

21 not used   

Table 11: Analysis values (ñSommer newò protocol) 

7.2. RS-485 Interface 

The settings for the output of the measurement data via the RS-485 interface are in the 
submenu "RS-485 protocol". 

7.2.1. System key and device number 

The system key and the device number are used to identify a SQ-3 sensor in serial output 
protocols and commands. This is essential if multiple devices (SQ-3 sensors and data loggers) 
are operated within a bus system. 

System key 

The system key separates different conceptual bus systems. This may be necessary if the 
remote radio coverages of two measurement systems overlap. In general the setting should 
be set to 00. 

Device number 

The device number is unique and identifies a device in a bus system. 

7.2.2. Output time 

The serial data output can be triggered in different ways. The selection is in submenu "0 RS-
485 protocol". 

Just per command 

The serial data output is controlled by commands via the RS-485 interface. 
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After measurement 

The serial data output is performed automatically right after every measurement. The starting 
points for measurements are described in chapter 6.3.1. 

Per TRIG input 

The serial data output is triggered by an increasing slope on the TRIG input.  

If additionally the measurement is triggered by the TRIG input too, a measurement is started 
simultaneously with the output of the last measurement values. 

7.2.3. Operation modes 

Out of the combination of triggering the measurements (see chapter 6.3.1) and the data output 
(see chapter 7.2.2) the following operation modes are derived. 

Pushing mode 

This is the default operation mode. The measurements are triggered internally by the 
measurement interval and the data output is performed automatically after the finishing of a 
measurement. So the measurements and data outputs are controlled completely by the 
internal interval. No external trigger is needed.  

Polling mode 

A connected data logger triggers the measurements and the output of the data individually 
either by external commands or by the TRIG input.  

Apparent polling 

A connected data logger triggers only the measurements. The data output is performed 
automatically after the measurement. The triggering of the measurement is performed either 
by external commands or the TRIG input.  

7.2.4. Additional output strings 

The output protocols have separate output strings for the main values, the special values and 
the analysis values (see chapter 7.1). Only the main values are always output. The output 
strings of the special values and the analysis values can additionally be activated with the 
setting "G-J-E MO Information". 

7.2.5. Waking-up of a connected data logger 

The SQ-3 sensor supports waking-up connected data loggers independent of the protocol. 
Normally this feature is only used in pushing mode. The settings are in the submenu "0 RS-485 
protocol". 

Sync sequence 

The sync sequence consists out of "UU~?~?" and is sent directly before a command. The aim 
is to synchronize the receiving UART.  

Prefix 

The prefix is an arbitrary character; the SQ-3 sensor uses a blank. The character is sent prior 
to any communication. Then the time of the "G-J-G MO prefix holdback" is waited and the 
command is sent afterwards. With this procedure the receiving device has time to wake-up. 



39 

7.2.6. Output protocols 

For the output of measurement values via the RS-485 interface different protocols are 
available. They are selected with the menu item "G-J-C Output protocol type". 

 ñSommer newò protocol 

The data strings of the ñSommer newò protocol consist of a header with the system key, device 
number and a string number, multiple measurement values with their corresponding 
measurement index according to chapter 7.1 and a closing sequence. The format of header, 
measurement values and closing sequence is described in detail in appendix 10.3.1.1. 

Main values 

The main values are identified by the string number 00 right after G. 

Protocol string 

#M0001G00se01   -17.4|02    8806|03   0.433|04   40.93|05    0.00|0699999.98|59DF; 

Table 12: Example of protocol string with main values in ñSommer newò protocol 

#M0001G00se Header with system key 00, device number 01 and string number 00 

0199999 . 98|  No value assigned respectively always 99999.98  

02    8806|  Water level 

03   0.433|  Velocity4 

04   40.93|  Quality (SNR) (see appendix 10.1.2) 

05    0. 00|  Discharge4 

0699999.98|  Total discharge volume 

59DF;  Closing sequence 

Table 13: Main values in ñSommer newò protocol 

Special values 

The special values are identified by the string number 01 right after G. 

Protocol string 

#M0001G01se07   0.000|08    0.00|09      46|10   15.13|E30C; 

Table 14: Example of protocol string with special values in ñSommer newò protocol 

#M0001G01se Header with system key 00, device number 01 and string number 01 

07   0.000|  Learned velocity4 

08    0.00|  Learned discharge4 

09      46|  Opposite direction content 

10   15.13|  Supply voltage 

E30C;  Closing sequence 

Table 15: Special values in ñSommer newò protocol 

                                                

4 The positions of the measured and learned velocity and discharge can be switched with the menu item 
"G-D W-v priority". 
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Analysis values 

The Analysis values are identified by the string numbers 02 and 03 right after G. 

Protocol string 

#M0001G02se11     430|12     293|13      78|14    116|15   11075|16     -40|E08D; 

#M0001G03se17       0|18       0|19 9999998|20 9999998|21 9999998|3827; 

Table 16: Example of protocol strings with analysis values in ñSommer newò protocol 

#M0001G02se Header with system key 00, device number 01 and string number 02 
for the analysis values 11 to 16 

11     430|  Peak width [mm/s] 

12     293|  CSR [%] 

13      78|  Area of the peak 

14     116|  RMS at the PIC 

15   11075|  Amplification 

16     - 40|  Amplification relation [%] 

E08D;  Closing sequence 

Table 17: Analysis values 1 in ñSommer newò protocol 

#M0001G03se Header with system key 00, device number 01 and string number 03 
for the analysis values 17 to 21 

17       0|  Signal relation [%] 

18       0|  Error code 

19 9999998|  not used 

20 9999998|  not used 

21 9999998|  not used 

3827;  Closing sequence 

Table 18: Analysis values 2 in ñSommer newò protocol 

 Standard protocol 

The Standard protocol is similar to the ñSommer newò protocol. But the output is simplified and 
eventually easier to interpret. The format is described in 10.3.1.2 in detail. 

Measurement values 

The measurement values are outputted with the identifier "M_". In the measurement values 
the main values and the special values are included according to the sequence described in 
chapter 10.3.1.2. 

Protocol string 

M_0001    -17.3     6458    0.679    35.93     0.00 99999.98    0.679     0.00       46    15.13 

Table 19: Example of protocol string with measurement values in Standard protocol 
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M_0001 Header with identifier for measurement values 

 99999.98  No value assigned respectively always 99999.98  

     6458  Water level 

    0.679  Velocity 5 

    35.93  Quality (SNR) (see appendix 10.1.2) 

     0.00  Discharge5 

 99999.98  Total discharge volume 

    0.679  learned velocity5 

     0.00  learned discharge5 

       46 Opposite direction content 

    15.13  Supply voltage 

Table 20: Measurement values in Standard protocol 

Analysis values 

The measurement values are outputted with the identifier "Z_". 

Protocol string 

Z_0001      664      239       61       91    11075       47        0      200  9999998  9999998  
9999998 

Table 21: Example of protocol string with analysis values in Standard protocol 

Z_0001  Header with identifier for analysis values 

      664  Peak width [mm/s] 

      239  CSR [%] 

       61 Area of the peak 

       91 RMS at the PIC 

    11075  Amplification 

       47 Amplification relation [%] 

        0 Signal relation [%] 

      200  Error code 

  9999998  not used 

  9999998  not used 

  9999998  not used 

Table 22: Analysis values in Standard protocol 

 Modbus 

The measurement values can be read out via the Modbus protocol by a Modbus master (see 
description in chapter 7.4) 

                                                

5 The positions of the measured and learned velocity and discharge can be switched with the menu item 
"G-D W-v priority". 
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7.2.7. Commands 

Commands can be sent via the RS-485 interface to the SQ-3 sensor to start measurements, 
request output strings, request measurement values and to parameterize the SQ-3 sensor. A 
more detailed description is provided in appendix 0. 

 Types of commands 

Writing command with receiving confirmation 

The identifier is "W". The command demands a closing sequence with a valid CRC-16. The 
receiving SQ-3 sensor returns a confirmation of receipt. 

Writing command without receiving confirmation 

The identifier is "S". The command demands no closing sequence and therefore no CRC-16. 
The receiving SQ-3 sensor does not acknowledge the receiving of the command 

Reading command 

The identifier is "R". The command demands a closing sequence with a valid CRC-16. The 
receiving SQ-3 sensor returns the requested measurement value or parameter. 

 Triggering of measurements 

The command "$mt" triggers a complete measurement sequence (velocity, water level and 
AUX measurement).  

Command Answer 

#W0001$mt|BE85; #A0001ok$mt|4FA9; 

#S0001$mt|7F43; none 

Table 23: Triggering a measurement 

 Requesting of output string 

The command "$pt" requests the output strings.  

Command Answer 

#W0001$pt|EE20; #A0001ok$mt|8C35; 

#S0001$pt| none 

Table 24: Requesting the output strings 

 Requesting of single measurement values 

The reading command "R" with the index of the requested measurement values according to 
chapter 7.1 requests single measurement values. A detailed description is in appendix 0. 

Command Answer 

#R0001_010cv|EA62; #A0001ok_010cv874,9   |5997; 

Table 25: Requesting of the water level with index 01 

7.2.8. Connection to a data logger 

A data logger to receive measurement values via the RS-485 interface is connected according 
to the following wiring diagram. 
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Figure 26: Wiring diagram for a data logger with an RS-485 interface 
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7.3. SDI-12 interface 

SDI-12 (Serial Data Interface at 1200 Baud) is a serial data communication standard for 
interfacing multiple sensors with a single data recorder. SDI-12 uses a shared bus with a 
ground wire, a data wire (indicated as SDI-12) and an optional +12 V wire. A detailed 
description on how the SDI-12 interface can be used is included in appendix 10.4 and on 
www.sdi-12.org. 

7.3.1. SDI-12 address 

The SQ-3 sensor is identified with a unique address in the SDI-12 bus system. The address 
can be changed in the menu item "G-C SDI-12 address" or with the SDI-12 command class 
"A". The default address is 0. 

7.3.2. Measurement values of the main cycle 

The sequence of the main, special and analysis values is according to the description in 
chapter 7.1. These values can be requested by the command groups "aM!", "aMC!", "aC!" and 
"aCC!" and by the command classes "R" and "RC" in interval mode.  

7.3.3. Operation modes of the SQ-3 sensor 

Out of the combination of triggering the measurements (see chapter 6.3.1) the following 
operation modes for the SQ-3 sensor are possible. 

Interval mode 

This is the default operation mode. The measurements are triggered internally in the set 
measurement interval. So the measurement values are available anytime via the SDI-12 BUS. 
Therefore the measurement values only have to be requested by class "R" (SDI-12 version > 
1.2 necessary). For commands of the command groups "aM!", "aMC!", "aC!" and "aCC!" a 
virtual measurement time of 1 s is specified. 

Polling mode 

A connected SDI-12 data logger triggers and controls the output of data autonomously by using 
commands of the command groups "aM!", "aMC!", "aC!" and "aCC!". For this mode the 
measurements of the SQ-3 sensor have to be triggered by external commands (see chapter 
6.3.1 or the menu item "A Measurement trigger" in chapter 9). 

 

http://www.sdi-12.org/
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7.3.4. Connection to a data logger 

SDI-12 uses a shared bus with a ground wire, a data wire (indicated as SDI-12) and an optional 
+12 V wire. A data logger is connected according to the following diagram:  

 

Figure 27: Wiring diagram for a data logger with SDI-12 interface 

 

 Comment The connection with the 12 V wire for power supply is optional and 
depends on the connected SDI-12 Master device (typically a data logger).  

7.4. Modbus 

The measurement values can be read out via the Modbus protocol by a Modbus master. In the 
SQ-3 sensor the Modbus protocol is not fully implemented for parameterization and controlling 
of the Sensor. Therefore the SQ-3 sensor has to be parameterized by the menu parameters. 

With the default settings of the SQ-3 sensor an operation with the Modbus protocol is not 
possible. Therefore the sensor has to be set to Modbus compatible.  

All supported Modbus functions and the register assignment are described in appendix 10.5. 

7.4.1. Output protocol type Modbus 

The output in the Modbus protocol is activated with the menu item "G-J-C Output protocol type" 
and the selection "Modbus". 
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7.4.2. Modbus default settings 

The SQ-3 sensor can be simply set to Modbus compatible settings with the command "G-J-H 
MODBUS, set default". The settings include multiple parameters described in appendix 10.5.1. 

If the settings of the Modbus master do not match the Modbus default settings of the SQ-3 
sensor, the adoption of these parameters may only be performed after setting the SQ-3 sensor 
into Modbus default settings. 

 Attention After performing the command "G-J-H MODBUS, set default" the 
connection settings of a local terminal or the software "Q-Commander" 
have to be adjusted. 

7.4.3. Modbus device address 

The device address for the Modbus protocol can be changed with the menu item "G-J-I 
MODBUS, device address". The device address is predefined with 35 out of compatibility 
reasons. 

7.4.4. Connection to a Modbus 

The SQ-3 sensor is connected to a Modbus according to the following table. The labels 
correspond to the connector MAIN (see chapter 3.5.1) and the connection wire for the 
connector MAIN (see chapter 3.5.2).  

Modbus Connector MAIN Connection wire Description 

Common Pin A White GND 

D1 - B/B Pin D Yellow RS-485 A 

D0 - A/A Pin E Grey RS-485 B 

Table 26: Connection to a Modbus 

The radar sensor does not have termination resistors and does not need BUS polarization 
resistors. Therefore a RS-485 BUS termination has to be implemented externally. 

 Attention The converter USB/RS485 converter and the Modbus must never be 
connected simultaneously to the SQ-3 sensor. 
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8. Analog data output 

 Attention The analog data output via the 4é20 mA outputs is only possible with the 
versions SQ-3a, SQ-6a, and SQ-15a. 

Measurement values can be outputted via analog outputs. The settings for the analog outputs 
are located in the submenu "G-I 4-20 mA outputs". The pin configuration for the analog 4é20 
mA outputs is described in chapter 3.5. 

8.1. Analog outputs 

IOUT2 ï level 

At output IOUT2 the water level is outputted. The output corresponds to a linear equation 
defined by the span between 4 and 20 mA and the value of the 4 mA signal. 

IOUT4 - discharge 

Output IOUT4 is used for outputting the discharge measurement result. Only the 20 mA value 
for the maximum discharge can be set. 

If only the flow direction downstream is allowed the 4 mA value corresponds to discharge of 0 
m³/s. If both flow directions are possible a discharge of 0 m³/s the corresponding outputted 
current is 12 mA (half the available scale from 4-20mA). The maximal negative velocity 
corresponds to 4 mA and the maximal positive velocity 20 mA. 

 

Figure 28: Definition of the 4 to20 mA signal with "D-B possible flow directions" (a) "just 
downstream" and (b) "two (tide)" 

  


























































































