
 

 

26   Journal of Outdoor Activities 

The effectiveness of rowing boat setting 

using the Empower Oarlock system 
 

Martin Škopek, Jan Kresta, Josef Heidler, Jakub Tkáč  

J. E. Purkyně University, Faculty of Education, Ústí nad Labem 

 

ABSTRACT 

Introduction: This case study deals with using the Empower Oarlock system on a 

selected rowing crew, which used the Empower Oarlock system to reconfigure its 

rowing boat. The company Nielsen Kellerman, which created this system, claims that 

it can diagnose the pace of the rower and on the basis of the evaluated parameters, it is 

possible to subsequently increase its efficiency or. ship speed. 

Aim of study: The aim of this work is to find out how much the setting of the rowing 

boat has an effect on its speed using the Empower Oarlock system and how much the 

subjective setting of the rowing boat racer differs from the ideal setting of the Empower 

Oarlock system from Nielsen Kellerman. 

Methods: The rowing crew was deliberately chosen from different performance 

categories to differentiate between rowing techniques significantly. During the 

measurement, changes in the posture of both rowers and changes in the boat's speed on 

the measured sections of 350 meters were monitored.  

Results: During the measurement, we found the difference between the boat's personal 

setting and the setting using the parameters of the Empower Oarlock system.  

Conclusion: Since the seat's correction, the crew accelerated at a given distance, and 

we can state that the Empower Oarlock system is effective. 
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SOUHRN 

Úvod: Tato případová studie se zabývá využitím systému Empower Oarlock na 

vybrané veslařské posádce, která pomocí systému Empower Oarlock přenastavila svou 

veslařskou loď. Firma Nielsen Kellerman, která vytvořila tento systém tvrdí, že dokáže 

diagnostikovat tempo veslaře a na základě vyhodnocených parametrů lze následně 

zvýšit jeho efektivitu resp. rychlost lodi. 

Cíl: Cílem této práce je zjistit, jak velký vliv má nastavení veslařské lodi na její rychlost 

pomocí systému Empower Oarlock a jak moc se liší subjektivní nastavení závodníka 

veslařské lodi od ideálního nastavení systémem Empower Oarlock od firmy Nielsen 

Kellerman. 

Metody: Veslařská posádka byla záměrně vybrána z různých výkonnostních kategorií 

z důvodů docílení většího rozdílu mezi technikami veslování. Při měření došlo ke 

sledování změn na posedu obou veslařů a změn v rychlosti lodi v závislosti na měření 

pomocí chytré havlinky od firmy Nielsen Kellerman. V obou částech praktického 

výzkumu jsme zjišťovali časový rozdíl mezi subjektivním nastavením lodi posádkou a 

nastavením dle systému Empower Oarlock. 
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Výsledky: Během měření jsme zjistili značné rozdíly v rychlosti lodi při subjektivním 

nastavením a nastavením pomocí parametrů dle systému Empower Oarlock. 

Závěr: Na základě zjištěných výsledků můžeme konstatovat, že po úpravě posedu dle 

parametrů naměřených systémem Empower Oarlock, dojde ke zrychlení lodi. 

Klíčová slova: Veslování, Empower Oarlock systém, chytrá havlinka. 

 

INTRODUCTION 

Today, modern technologies accompany us in every step. New technologies have not 

escaped rowing either; on the contrary, performances can be monitored in mobile 

applications on smartwatches, phones, or other devices. For both amateur and 

professional users, these advanced technologies are a daily helper in performance 

analysis. There are not many modern technologies in water sports due to their economic 

strength and the complexity of the environment in which they are used. The technology 

has to meet many of the demanding requirements of the environment, so we have 

chosen the technology used in rowing. The company Nielsen Kellerman (2019) created 

the Empower Oarlock system, which, according to the manufacturer, can diagnose the 

rower's pace, and based on the evaluated parameters, its efficiency can be increased.  

The technology in question is a smart oarlock (Fig. 1) from the company Nielsen 

Kellerman (2019), which deals with electronics for water sports, especially rowing. 

Our oarlock has the same construction as commonly used oarlocks; for this reason, it 

can be replaced by a regular oarlock without any other special equipment. The only 

thing that makes the smart oarlock different from the classic one is the small box on 

the other side of the oarlock's axis, where all the angle and pressure sensors are. During 

a ride, the oarlock reads the data of the catch angle, slip, maximum force, tightening 

angle, maximum force angle, wash, stroke length. The system also includes the 

Speedcoach, which shows current data, and thanks to it, the rower can correct his sitting 

position while rowing. Thanks to the Speedcoach device, which uses a GPS to read 

other data suitable for measurements, such as stroke frequency, distance, speed, 

average strokes per 500 meters, heart rate, and more, it is easy to evaluate the collected 

data. Nielsen Kellerman has created a mobile application that can be downloaded to a 

mobile phone for free, so the trainer has the opportunity to monitor the current data of 

the Empower Oarlock device and respond with instructions to the sitting position of 

the rower. 

The system's main advantage is that the company Nielsen Kellerman came up with the 

idea that if the blade is not under the pressure of at least 100 N for paired and 200 N 

for unpaired rowing, then the stroke does not affect. The Empower Oarlock takes this 

information and accordingly defines stroke angles at which the moment of a stroke will 

exceed this border, and when, on the contrary, the pace will decrease. (Empower 

Oarlock, 2020). 
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Figure 1 Empower Oarlock, source: (Empower Oarlock, 2020) 

 

The principle of setting up a rowing boat according to Empower Oarlock 

The setting principle consists of defining the start and end angles of the stroke during 

the ride so that the rower uses his somatotype and physiological advantages for the 

most effective stroke. The rower adjusts the boat according to his feeling, and after the 

first ride, when he obtains the measured data, it is possible to evaluate whether the 

rower's pace is sufficiently compelling according to the rower's level whether he makes 

full use of all his advantages. The leading indicator is the length of the stroke and the 

terms wash and slip (Fig. 2), which determine the stroke's effectiveness and other 

parameters listed below (according to Nielsen-Kellerman, 2020). 

Catch - the oar's position when the oar stops and does not continue in the direction of 

the ship's movement and begins to dive into the water. 

Finish – the end of oar's motion through the water and subsequent removal from water. 

Slip - is the stroke phase from the Catch position before the oar gets a force of 100 N 

for paired rowing and 200 N for unpaired rowing. 

Wash - phase of the stroke, when the oar loses pressure of 100 N / 200 N to the Finish 

position. 

Total Length - the total stroke length from the Catch position to the Finish position. 

Effect Length - distance from Slip position to Wash position - sufficient stroke length. 

Force - maximum or average force. 

Power - power unit Watts. 

Work - work unit Joule. 

Stroke rate – the number of strokes per minute. 

 

Figure 2 Schema of stroke phases 
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For the correct and effective implementation of the rowing technique, high quality and 

maintained material are needed that corresponds to the parameters of the individual 

rower. With modern rowing boats and rowing components, the setting's variability is 

so varied that it is possible to prepare almost any boat for more performance levels of 

the rower. The differences between the unpaired and paired rowing settings are almost 

minimal, as the settings are for the individual components for multi-member crews, not 

for individuals. Skiffs Correct setting of rowing equipment is possible with knowledge 

of several basic parameters monitored in our work, which can then also affect the speed 

of the boat, which are length and position of rails, angle, height and inclination of foot 

stretcher, height, and distance of oarlock, oarlock height, oar inclination, setting and 

length of the oar, stroke force, stroke length, stroke frequency (ČVS, 2011; Kleshnev, 

2019; Nacházelová, 2020; Panuška, 2020).  

This work aims to find out how much the rowing boat setting affects its speed using 

the Empower Oarlock system and how much the rowing boat racer's personal setting 

differs from the ideal setting of the Empower Oarlock system from Nielsen Kellerman. 

Unfortunately, there is currently a lack of broader scientific research on the market 

regarding the issue we are monitoring, and therefore this case study is inspired by the 

work of Smithe (Smithe, 2019), where the rowing range is analyzed in detail based on 

the obtained data.   

 

METHODS 

The testing took place in such a way that the tested crew set up a seat in the boat, 

according to their subjective feeling and performed a warmup on calm water in the 

length of 1 km, where they tested the frequency of pace and effort in which the tested 

sections of 350 meters would be rowed at. After a rest (10 min), they then completed a 

straight section of the track at a distance of 350 meters. At a rate of 34 strokes per 

minute, they covered this distance four times with a pause of 3 minutes. After this 

measurement, the measured data were analyzed, and the settings were subsequently 

corrected according to the Empower Oarlock system. In the next phase of the research, 

there was sufficient rest of the crew so that the fatigue factor did not affect the 

measurement, and then the crew passed the same test as in the previous measurement. 

In both practical research parts, we found the time difference between the ship's 

personal setting by the crew and the setting according to the Empower Oarlock system. 

A crew from different performance categories was selected for the research to achieve 

a more significant difference between rowing techniques and to sufficiently correct the 

crew's posture. A rower with a youth representation history, who is currently rowing at 

the national level, was selected for the stroke position. A rower occupied the bow 

position without a representation history, who is engaged in rowing mainly at the 

recreational level with occasional starts at the regional level. Stable weather conditions 

prevailed throughout the measurement, sunny with a temperature of 25 ° C. Physical 

factors and other external variables were not monitored in this work (e.g., wave size, 

wind, temperature, level, the hydrodynamic shape of the vessel, hydrostatic buoyancy, 

type of flow, somatotype). 
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RESULTS AND DISCUSSION 

As mentioned in the research methodology, the stroke position was a rower with a 

representation history reflected in the parameters of his pace.  

 

Table 1 Stroke position values 

 

Parameter Units Value  

Power Watt 310 

Work Joule 539 

Total length Angle 109 

Effect length Angle 94 

Catch Angle -62 

Finish Angle 48 

Slip Angle 4 

Wash Angle 11 

Max force Newton 548 

Max force Angle -22 

Average force Newton 302 

 

The Stroke position (Table 1) can be used to demonstrate what the ideal stroke should 

look like. The Catch and Finish position's value should be in the ratio 60:40, which 

means that 60% of the stroke should take place before the rafter, therefore the sign -, 

and 40% behind the rafter, we get to almost ideal values in the parameters of the Stroke. 

Length, or the total length of the stroke, should be around 110 °. Even in this case, the 

rower meets the requirements. For rowers who are between 190 cm and 200 cm high, 

the stroke should be over 110 °. Slip and Wash these values should not exceed 10 °; 

otherwise, the rower's sitting position would need to be adjusted. For Slip and Wash 

values, at values above 10 °, the wrong technique of starting or finishing the tempo can 

play a role. The Stroke also has an Effect Length value at a high level, which even 

corresponds to international rowers (Biorow, 2019). 

Force parameters affect the stated values such as watts, work, avg. Force. Ideal values 

were not met for these parameters measured during the research measurement of the 

rowing boat. With these values, the Stroke only reaches the parameters of advanced 

rowers. These values cannot be influenced by the boat's setup but by the rower's fitness 

training and physiological preconditions. The measured value of the angle for the Max 

Force parameter is high for the Stroke, and this value should be as close to zero as 

possible, where the stroke is most efficient towards the ship's propulsion. According to 

the above parameters, the Stroke can be evaluated very positively, considering that it 

is not necessary to correct its sitting position. 

Parameters of the Bow’s stroke 

A rower without significant success at the state level was placed at the bow position, 

devoting himself to this sport occasionally, and therefore his performance is at a lower 

level. This fact was crucial for the research due to the reference to the Empower 
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Oarlock system's different values. Table 2 shows the measured values after the 

subjective adjustment of the boat by the rower. 

 

Table 2 Bow position values after the subjective setting of the boat 

 

Parameter Unit Value 

Power Watt 279 

Work Joule 462 

Total length Angle 101 

Effect length Angle 77 

Catch Angle -55 

Finish Angle 47 

Slip Angle 4 

Wash Angle 21 

Max force Newton 560 

Max force Angle -16 

Average force Newton 254 

 

For the Catch and Finish values, different values can be seen in the sitting position of 

the Bow. The rower has too small values in the Catch and, conversely, large values in 

the Finish position, which means a wrong position in the foot stretcher's setting. The 

length of the stroke length is not large enough concerning the rower's height and 

parameters, which means that the oarlocks' height is unsuitable for this rower. For the 

Wash and Slip values, we see that it is at the correct level and does not exceed 10°. The 

Slip parameter further supports the legs' incorrect position theory because the rower is 

a little stretched when slipping oars in the water, and therefore manages to exceed the 

limit of 100 N just at 4 ° after the slip. The Wash position also shows that the rower 

has his foot stretchers too close together. Thus, a long finish of the stroke is created, 

and the rower loses his pulling force due to his hands' position. As a result, the rower's 

Effect Length decreases to less than 80°, which does not even correspond to a novice's 

values. Interestingly, the value of Max. Force is higher than that of the Stroke, but the 

average force is lower. Another monitored parameter is the Max force angle, which is 

lower than the Stroke's values. This again indicates an improper adjustment of the foot 

stretchers due to the different strength and technical parameters between the two 

rowers. In conclusion, it can be evaluated that in the case of values measured at the 

bow position, it is necessary to change the settings of the boat. According to Catch, 

Finish, and others' parameters, the main change will be a change in the foot stretchers' 

position, which is too far from the rower. The remedy was to move the stretchers closer 

together. Another change that was made concerned the oarlocks, especially the distance 

of oarlocks from the ship. This change was made according to the Total length value, 

which showed a short tempo that does not correspond to the rower's height. The change 

was made by moving the oarlocks closer to the boat, which will cause a slow pace. 

This change needs a response by adjusting the lever's ratio on the oars so that the rower 
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does not overlap with hands, which would make rowing more difficult. After analyzing 

the measured data of the ship's personal setting, during which the crew adjusted the 

position, the changes were evaluated, which led to an increase in the efficiency of the 

position and the acceleration of the crew. The changes were made only for the rower 

sitting in the bow position because the rower in the stroke position had sufficient 

values, to which it was not necessary to react by changing the setting of his sitting 

position. 

Consequent changes made to the sitting position of the Bow (according to Empower 

Oarlock, 2019): 

Foot stretchers 

By moving the stretchers further away from the rower, his sitting position moved more 

towards the boat's stern, resulting in a longer stroke in front of the rafter and a shorter 

one behind the rafter. The optimal position of foot stretchers is about 13 mm away from 

the rower. After this change, the rower got to the right value in the Slip, Wash positions, 

and the stroke ratio in front of and behind the rafter also improved. 

Oarlocks 

Adjusting the oarlocks is one of the more complicated operations because the change 

cannot be made directly on the river, such as changing the foot stretchers' position; the 

oarlock setting needs to be changed on the riverbank. Riggers, which had a distance of 

160 cm before the adjustment, had to be moved on each side towards the ship by 8 mm, 

which meant a rigger with a width of 158.4 cm. After this adjustment of the seat, we 

reached the required values. 

Lever ratio on oars 

Since the oarlock setting has changed, it was necessary to change the length of the oars. 

With modern oars, it is possible to change their length by moving the lever or changing 

the lever's ratio by moving the wreath on the oar further or closer to the rower. The 

oars used in the research had both variants of modifications. An adjustment was chosen 

by changing the inner lever by moving the wreath closer to the lever. This adjustment 

is simple, as it is based on a change in the oarlocks settings, and therefore the wreath 

was moved by 8 mm on each oar. 

The newly measured values (Table 3) show a change in the Bow’s stroke parameters. 

The parameters of stroke and force values have improved. The Length parameter 

improved by 7 °; therefore, the rower reached sufficient values to have a sufficiently 

long pace concerning the Stroke pace. The Catch position also shifted towards the tip 

of the boat, thanks to the shift of the legs further away from the rower. Thus the crew 

is in almost the same positions at the beginning of the pace. The value of the Slip, 

which deteriorated, is caused by moving the legs further away from the rower, so the 

rower was in a more difficult position to start the oars, and the angle was shifted by 3°. 

The Slip value is still low values after seat adjustments. There was an improvement in 

the Wash parameter due to the shift of the legs when the rower did not stretch the pace 

unnecessarily, but due to the shift of the oarlock, the stroke was not shortened, and the 

rower ends the stroke at an angle of 48 °, which is 1 ° more than in subjective 

measurements. The angle of maximum force deteriorated by moving the legs, but 

thanks to the change of posture, there was an improvement in more substantial values. 
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Due to the change in the lever ratio, the rowers achieved higher watts and higher power, 

which affected the work's value. The oar lever's difficulty suited the rowers more than 

the previous subjective setting of the oar lever. 

 

Table 3 Comparison of Bow’s and Stroke’s values 

 

Parameter Units 
Stroke 

Value  

Bow 

Value 

Power Watt 310 286 

Work Joule 539 523 

Total length Angle 109 108 

Effect length Angle 94 89 

Catch Angle -62 -61 

Finish Angle 48 48 

Slip Angle 4 7 

Wash Angle 11 12 

Max force Newton 548 572 

Max force Angle -22 -19 

Average force Newton 302 272 

 

Table 3 shows that the necessary parameters for the unification of the crew Length, 

Catch, and Finish are almost identical, so the stroke is only one crew member does not 

propel practically the same and ship at a time. The setting could be improved a bit more 

because the Stroke should have a stroke a little shorter than the Bow to save power 

during the race and have enough energy to maintain the frequency or change the pace 

during the race. We did not strive for this setting because the crew in this composition 

does not run races, and it would harm the measurement of the tested section. 

After subsequent adjustments, measurements were made again on the same section of 

the river to see if there was an acceleration or not. Table 4 shows the difference of 

measured times (first and third sections measured against the river current). 

 

Table 4 Comparison of the first and second measurements 

 

Before setting             After setting  

Section number Time Section number 

Time Difference 

between 1st 

and 2nd 

measurement 

1.  01:19,2 1. 01:18,5 -0,7 s 

2.  01:10,5 2. 01:10,1 -0,4 s 

3.  01:18,6 3. 01:18,6 0 s 

4.  01:10,2 4. 01:09,7 -0,5 s 

Average 01:14,6 Average 01:14,2 -0.4 s 
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Since the crew covered a distance of 350 m on average 0.6 sec faster in the second 

measurement, at greater distances, this difference could play a significant difference in 

the competition in the placement of crews. 

CONCLUSION 

Due to the achieved results, this system can be used to diagnose the stroke and adjust 

the seat and streamline the crew's stroke. This system of rowing pace diagnostics can 

be used, also to detect inappropriate sitting or technical deficiencies that can be 

corrected by the coach or rower himself during training. We can also state that after 

adjusting the seat according to the Empower Oarlock system's parameters, the ship will 

accelerate.  
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