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ADV® Flow Angle Measurement 
 

1. Introduction 
Current meters are commonly evaluated for accuracy based on their ability to measure flow in a 
single direction.  The most accurate means of testing current meter response is a tow test where 
the instrument is towed at a known speed through a stationary body of water.   

The SonTek ADV (Acoustic Doppler Velocimeter) measures more than just unidirectional flow; 
it reports 3D water velocity.  In some applications, the accuracy of the flow direction is of equal 
or greater importance than the magnitude of velocity.  This document presents results of ADV 
testing to establish its ability to measure flow direction. 

2. Flow Angle Accuracy 
The ADV normally reports velocity data in a Cartesian (XYZ) coordinate system relative to 
probe orientation.  While some system configurations use an internal compass and tilt sensor to 
report data in Earth or ENU (East-North-Up) coordinates, these systems first calculate velocity 
in XYZ coordinates before rotating velocity data to an ENU coordinate system.  When 
evaluating flow direction measurement, two aspects are considered. 

• The accuracy with which the XYZ coordinate axes are known, which determines the 
accuracy with which the probe can be aligned. 

• The ability of the ADV to measure flow direction relative to its XYZ coordinate system. 
 

3. ADV Testing 
Tests were performed to evaluate ADV performance using SonTek’s tow calibration facility.   

3.1. System Configuration 
These tests were performed using a SonTek Argonaut-ADV. 

• The Argonaut-ADV operates at an acoustic frequency of 10 MHz; the system used has a 
3D down looking probe with the sampling volume 10 cm from the tip of the probe.   

• All ADV systems and probe configurations (10 MHz ADV laboratory and field systems, 
the Argonaut-ADV, the 5 MHz ADVOcean, and the 16 MHz MicroADV) operate on the 
same principles and use the same signal processing algorithms. 

• The results of these tests can be applied to any SonTek ADV. 
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3.2. Definition of XYZ Coordinate System 
One goal was to determine the accuracy with which the XYZ coordinate system is defined. 

• The ADV X-axis is defined by aligning the X-axis with the direction of travel in the 
SonTek tow tank during the probe calibration procedure. 

• The Y and Z-axes are mathematically forced to be orthogonal to the X-axis. 
• During these tests, the ADV X-axis was aligned with the direction of travel using the 

same procedure as during probe calibration.   
• The resultant velocity vector was used as a direct measure how accurately the ADV 

coordinate system is known. 
 

3.3. ADV Flow Direction Accuracy 
The following procedure was used to evaluate the ability to measure flow angle. 

• The probe X-axis was aligned with the tow tank direction of travel using the same 
procedure as during the probe calibration procedure.   

• The probe was towed in both directions and the resultant velocity vector was calculated. 
• The probe was rotated so the X-axis was a known angle off the direction of travel. 
• At each angle, the probe was towed in both directions and the resultant velocity vector 

calculated. 
• Calculated flow angles (from the resultant velocity vector) were compared with the 

mounting angle. 
 

4. Results 

4.1. Definition of XYZ Coordinate System 

After aligning the probe X-axis with the direction of travel, the measured flow angle (ideally 0°) 
gives a direct measure of the accuracy with which the probe X-axis is known. 

• Comparisons have been done with multiple probes on multiple occasions 
• The minimum measured flow angle was 0.01°. 
• The maximum measured flow angle was 1.24°. 
• The standard deviation of flow angles was less than ±1.0°. 
• The probe coordinate system is defined with an accuracy of ±1.0°. 
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4.2. ADV Flow Direction Accuracy 
The figure below plots mounting angle versus measured flow angle  

• Angles were run from –12° to 12° in 2° increments. 
• The total error combines three sources:   

o Uncertainty in the definition of the X-axis (constant for these tests since the same 
reference was used for all angles). 

o Uncertainty in the mounting angle (estimated as ±0.5°). 
o ADV measurement error. 
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The accuracy of the flow angle measurements can be judged in a number of ways. 

• The mean difference between the flow angle and the mounting angle is 0.30°.   
o This is a good estimate of how well the X-axis was aligned. 

• The standard deviation of the difference between flow angle and mounting angle is 0.25°.   
o This includes measurement and mounting angle uncertainty. 

• Comparing measured flow angle for runs in opposite directions (at the same mounting 
angle) gives a good measure of the accuracy of the ADV flow direction. 

o The mean difference is 0.03°. 
o The standard deviation of the difference is 0.23°. 

 
From these tests, we conservatively specify the accuracy of ADV flow angle measurement as 
follows. 

• The ADV X-axis is known within ±1.0°. 
• The ADV measures flow direction relative to its XYZ coordinate system within 

±0.5°. 
 

Figure 1 – ADV Flow Angle Measurement Accuracy 
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5. Application Note:  Fish Screen Measurements 
The test results presented here were largely motivated by inquiries from a SonTek customer 
making velocity measurements near a large fish screen. 

• The customer’s primary interest is the approach velocity to the fish screen (the 
component of velocity normal to the screen face). 

• The ratio of the sweeping velocity (the component parallel to the face of the screen) to 
the approach velocity is on the order of 10:1.  This corresponds to small flow angles 
relative to the screen face (~6°). 

• Small errors in flow direction can result in large errors in approach velocity since the 
approach velocity is a small portion of the total velocity field. 

o For a true flow angle of 6°, a 2° error in flow angle gives a more than 30% error 
in approach velocity. 

 
During field tests, the customer measured approach velocities consistently larger than expected. 

• The ability of the ADV to measure small flow angles was questioned as a possible source 
of the differences seen in field data. 

• These tests were designed to evaluate ADV performance, particularly at small flow 
angles.  The customer was present during testing. 

• ADV performance matched or exceeded all expectations. 
• ADV uncertainties are too small to account for the differences seen. 
• Based on the results of these tests, we removed the ADV as the potential cause of the 

differences seen in the field data.   
• No definitive explanation of the customer’s results has been found. 

 
 

 


