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Abstract 

The primary areas of application for civilian drones (UAVs) are still photogrammetry and other 

types of missions with photo/video cameras, and more recently with LIDARs. But there are 

niche applications where drones also becoming useful and popular, primarily airborne 

geophysics (using a magnetometer, GPR, EMI and other instruments). Hydrography and 

surface-water hydrology mostly the domain of screwed and autonomous boats/ships, and also 

terrestrial methods, but there we can also see penetration of UAV-based solutions, where 

flying platforms are carrying contactless or submersible sensors 1,2. Hydrographic or 

bathymetric data have high value itself in different domains (dredging, construction, 

navigation), but also plays significant role in surface-water hydrology as bathymetric maps of 

water bodies are necessary for hydraulic engineering and hydrological science applications 3.  

In 2020 SPH Engineering introduced the system consisting of echo sounder integrated with a 

commercially available UAV. In 2020-2021 such systems were delivered to dozens of 

customers around the World, allowing to gather a lot of data and experience for further 

development. 

Upon its introduction, the combination of the echo sounder connected to the drone using 

suspension rope or cable, was questioned regarding accuracy, repeatability, and feasible 

applications. Applications are mostly question of logistics issues and technical limitations 

(size, weight, time to deployment, wind resistance etc.) and that topic is outside of this article. 

Repeatability of measurements is easy to prove with check lines and it has been validated 

many times in surveys as a part of quality control procedure. But since repeatability does not 

guarantee absolute accuracy of the results, the most important question remains - how 

accurate are the measurements with a drone and an echo sounder on a rope? In this article, 

we will discuss the topic of accuracy. 
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Introduction 

Normally, echo sounders are mounted using fixed mountings on screwed or autonomous 

boats or ships. That can be side or in-hull installation. 

 

Figure 1. Echo sounder mounting kit for screwed or autonomous boat, photo courtesy of EofE Ultrasonics Ltd., 

Korea. 

The stability of the sensor in the water is completely determined by the stability of the platform 

(boat or ship) in certain weather conditions. When submergible sensor is used with UAV, the 

only not expensive option is to use suspension rope, which adds one more source of instability 

and raises the problem of sensor stabilization in the water. 
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Figure 2. Drone is towing echo sounder mounted using suspension rope under the UAV. Photo is courtesy of 

ERELIS, Israel. 

If the drone may keep constant altitude over the water surface, instability of the platform 

(drone) itself does not play significant role in such configuration – variations of tilt/roll angles 

of the drone will be compensated by flexible rope. But submerged sensor became extremely 

sensitive to water drag and to waves. Also, towed sensor will have some displacement relative 

to the mounting point/GPS receiver, and that displacement should be minimized and/or 

accounted during the data processing. 

To achieve acceptable stability of the submerged sensor, simple solution proposed – 

additional heavy housing for the echo sounder made of stainless steel. Simple mathematical 

model of submerged echo sounder was created to estimate the water drag force, inclination 

angle of dragged sensor, and sensor displacement. 

Of course, that model allows to estimate parameters caused by sensor dragging in the water 

with approximately constant speed relative to the water. Simple model cannot estimate 

influence of waves or sudden wind gusts. To overcome that problem, another solution was 

adopted: to use echo sounder with integrated tilt sensors and refuse measurements taken at 
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points where sensor inclination in the water exceeds the set threshold. Also, tilt sensors allow 

to collect the data for our mathematical model validation. 

Methods 

Mathematical model of towed submerged echo sounder in a housing 

Model is implemented using set of formulas in Excel. Simple well-known equation to calculate 

water drag force for the cylinder is used: 

 

Where: 

D - drag Force 

Cd - drag coefficient 

Ρ - density of water 

V - velocity 

A - cross-sectional area of echo sounder’s housing 

 

For the simplicity variation of cross-sectional area depending on sensor’s inclination angle was 

not accounted, as we want to keep model as simple as possible. For the drag coefficient we 

used value 1.08 4. 
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Figure 3. Screenshot of mathematical model of towed submerged echo sounder implemented in Excel. 

Using the data collected in tests and real surveys, the model was validated and demonstrated 

good correlation between experimental and estimated values. In fact, the model is a bit 

pessimistic since the theoretical values are higher than the real ones. 
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N Water 

Echo sounder 

model 

Average 

velocity, 

m/s 

Average 

inclination angle, 

degrees 

Inclination 

calculated from the 

model,  

degrees 

Model - fact 

difference. % 

1 fresh D052S 0.52 3.13 4.9 36% 

2 fresh D052S 0.70 6.87 8.8 22% 

3 fresh D052S 0.49 3.81 4.4 13% 

4 fresh D052S 0.70 7.63 8.8 13% 

5 fresh D052S 0.95 12.44 16.0 22% 

6 fresh ECT400 0.60 10.11 11.6 13% 

7 fresh ECT400 0.60 9.68 11.6 17% 

8 fresh ECT400 0.70 12.99 15.7 17% 

9 salt ECT400 0.70 10.47 16.1 35% 

10 salt ECT400 0.78 14.97 19.7 24% 

Table 1. Comparison of estimated and experimental sensor inclination values. 
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Selecting the survey speed 

Using the model described above, we can select appropriate survey speed (or speed of the 

drone relative to the water surface) to achieve required precision of measurements. Typically, 

drone systems are used for high-precision engineering surveys in shallow areas (average 

depth <5m), which are considered as “Exclusive order” surveys in 6.  

According to 6, maximum allowable vertical measurement uncertainty is calculated using 

formula: 

 

 

Where for Exclusive orders 

a = 0.15 m, represents that portion of the uncertainty that does not vary with the depth 

b = 0.0075, is a coefficient which represents that portion of the uncertainty that varies with 

the depth 

d is the depth 

For a maximum depth of 5m, typical for the applications of drone-based echo sounder 

system, 𝑻𝑽𝑼𝒎𝒂𝒙 (𝒅) is 0.15m. Vertical measurements uncertainty of a drone with an echo 

sounder on a suspension rope will be the sum of three factors: 

• Precision of RTK receiver used on the drone. For popular drone model DJI M300 

RTK claimed vertical precision is 1.5cm + 1ppm in RTK mode. When NTRIP provider 

is used, with the reasonable distance to provider’s base station up to 20km, vertical 

precision will be 3.5cm or better. 
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• Precision of the echo sounder. For used models (Echologger ECT400 and ECT 

D052S) precision is 0.2% of the depth according to manufacturer’s specification. 

• Depth measurement error due to echo-sounder inclination from vertical orientation, 

can be estimated as 

E = r - COS(i)* r + d - COS(i - b/2)*d 

Where: 

r – length of the suspension rope 

i – sensor inclination 

b – echo sounder beam width 

d – depth 

For the housing parameters as in Figure 3, velocity 0.6m/s, depth 5m, echo sounder beam 

width 5°, sum of all factors above will be 0.15m, allowing to satisfy International Hydrographic 

Organization (IHO) recommendations for Exclusive Order surveys. 

Horizontal accuracy 

For the Exclusive Order surveys total horizontal uncertainty should be less than 1m. Horizontal 

precision of modern RTK GPS receivers is 1cm +1ppm [5]. Estimated sensor displacement 

for the recommended survey velocity 0.6m/s (to achieve requirements for vertical precision), 

will be 0.39m. This means that if the customer does not require better precision than set in 

IHO recommendations, horizontal displacement of the sensor can be ignored. Otherwise, 

horizontal displacement may be taken in account in post-processing. 
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Refusal of erroneous data 

The combination of the drone and echo sounder on the suspension rope is sensitive to sudden 

wind gusts and waves. Because of that, the system allows to set maximum sensor inclination 

angle in settings. 

 

Figure 4: Survey in a surf zone. 

If at the moment of measurement inclination angle of echo sounder is outside of set threshold, 

that measurement is not logged into NMEA data file, still being logged into CSV log for further 

analysis. 
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Figure 5: Gaps in the data: refusal of erroneous measurements due to sensor inclinations outside of 

the set threshold. 

 

 

Results 

Theoretical assumptions and estimations were proved in tests where measurements made 

using drone with echo sounder on the rope were compared with data gathered using may be 

most precise method available – RTK receiver on the measurement pole. Figure 6 

demonstrates results of one of comparisons. Control measurements (in red circles) were made 

using measurement pole with Trimble RTK receiver (exact model was not provided). It is 

clearly visible that difference between two methods is minimal. 
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Figure 6: Checking the accuracy of measurements made using drone with echo sounder on the rope. 

Measurements in red circles were made using measurement pole with Trimble GPS receiver. Data courtesy of 

Geopartner Landinspektorer A/S, Denmark. 

 

 

Future improvements 

All calculations and results above were for initial variant of the echo sounder housings. Model 

and experiments demonstrated that slight increase in housing outer diameter (that will 

increase the weight with not significant increase of water drag) may significantly increase 

sensor stability in the water or allow higher survey velocity with the same precision. 

 

Housing diameter, 

mm 

65 65 75 75 

Velocity, m/s 0.6 0.7 0.6 0.7 
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Sensor Inclination 

angle, degrees 

11.6 15.7 6.1 10.8 

Estimated depth 

measurement error, 

m (for the depth 5m) 

0.15 0.25 0.07 0.13 

Table 2. Estimated depth measurement error for housings with increased diameter vs. current housings. 

 

To improve the system performance, it is planned that all new deliveries will be with increased 

housing diameter. Of course, that way to improve the system characteristics has limits dictated 

by drone’s payload capacity and flight time. But this approach will not tend to visible increase 

the price of the system, allowing to achieve better accuracy and/or productivity of surveying.  

Active stabilization methods like gimbal in towed buoy are not considered at the moment 

because this approach will significantly increase the complexity and price of the system to 

make it less competitive. 
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Conclusions 

Initially, the system with UAV and echo sounder on a suspension rope was questions for its 

accuracy. Data gathered in tests and real surveys, including multiple comparisons with data 

gathered using “traditional” methods (screwed/autonomous boats, measurement poles), 

proved that system may provide accurate results satisfying requirements for most strict 

Exclusive Orders in terms of International Hydrographic Organization. 

The approach to stabilize the towed sensor in the water using additional heavy housing proved 

it’s applicability, including surveying in surf zones and similar rough conditions. 

There are additional reserves to achieve better accuracy or increase productivity of surveying 

using more heavy housings, optionally with replacement stainless steel with more heavy 

alloys.  
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