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  2.8 SPEED CURVE DEVELOPMENT   
 

 Boat speed is the only factor that determines the 
outcome of the race, as finish positions are determined by 
the average boat speed over the distance. During the 
stroke cycle, boat speed varies substantially. The crew 
accelerates the boat on the drive as they apply force with 
their oars. On the recovery, at racing rates, boat speed 
increases, then decreases as the crew moves their mass, 
from the finish back to catch position. The Purcerverance 
Boat Speed Curve (Figure 2.8a) illustrates the variation of 
boat speed throughout the stroke cycle. This graph links 
boat speed to rowing technique, with oar positions 
represented by vertical lines.  
 

Figure 2.8a        Purcerverance Boat Speed Curve   
 

 

 
 Dr. Kleshney, in his book The Biomechanics of Rowing 
(2016), notes that boat acceleration rates can provide 
insight into the effectiveness of the crew’s rowing 
technique. The Purcerverance Boat Speed Curve shows 
boat speed in metres per second on the left (y) axis, while 
the right (y) axis provides a scale for boat acceleration 
(m/s2). Vertical lines represent the technique positions of 
full reach, entry, oar perpendicular (to the boat), blade 
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extraction, feather, full reach2 and entry2 to complete the 
stroke cycle. A vertical line indicating the boat’s peak speed 
serves as a data point for further analysis or for evaluating 
rowing technique. The horizontal (x) axis of the graph 
represents time and links boat speed and acceleration with 
the technique positions. The Purcerverance Boat Speed 
Curve can provide objective values for rowing technique 
based on speed, acceleration, or time. Figure 2.8b Curve 
Analysis Math shows many of the objective values that can 
be extracted from the data. 
 

Figure 2.8b              Curve Analysis Math   
 

 
 

 Rowing technique analysis based on boat speed will 
help coaches review biomechanics and bladework. 
Objective values for parts of the stroke are known as 
technique factors, and allow coaches to identify and focus 
on specific opportunities to improve crew performance. The 
technique factor's objective values can be compared with 
the crew's previous values or with the top crew’s values to 
set improvement goals. The technique factor values allow 
coaches to target specific opportunities; however, they do 
not provide guidance related to the biomechanical 
(technique) changes required. Section 2.9 Objective 
Analysis will review technique factors and how values are 
calculated.    
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 This section outlines the capture of video and the 
extraction of data to develop boat speed curves and identify 
the oar positions (technique) needed to objectively analyze 
rowing technique.  

 2.8.1 Camera Setup and Video Capture  

 Capturing video for speed curve development is the first 
step in the process and can be done with video cameras or 
smartphones. Simple video capture allows coaches to view 
rowing technique. More advanced analysis requires 
specific setups for recording on a camera or smartphone. 
The camera can be set up stationary, on land or in a vehicle 
(coachboat or car), moving at a constant speed, parallel to 
the shell and pointed perpendicular to the shell's path, as 
shown in Figures 2.8.1a On-Land Camera Setup and 
2.8.1b Camera Setup (Boat or Vehicle).  
 The camera settings and setup are critical to video 
quality. The video file format must be compatible with the 
video analysis software. The video must provide a clear 
image, and the file size should be manageable for transfer. 
 The following outline will review the camera setup to 
maximize video recording quality. The on-land camera 
setup includes the sections below, A and B. For a moving 
camera setup, include A and C.  

A. Smartphone/Camera Settings: 

1   Set the camera to record 60 frames per second 
(FPS). 

2   Ensure the camera stabilization setting is 'on'. 
3    Angle the camera up or down to ensure the shell is 

in the middle of the viewfinder. 
4    Aim the smartphone perpendicular to the path of 

the shell. 
5    Video on bright days with the sun behind the 

camera. 
6    Place a bow maker on the shell (for tracking). 
 

 The first six camera settings are required for both on-
land and on-water camera setups. 
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B. ON-LAND Stationary Camera Setup 

7   Set the smartphone about 50 meters from the 
shell's path  

8   Connect or hold the smartphone completely 
stationary using a support (tripod, chair, boat 
stretcher).  

9  Zoom camera in or out to record two full strokes, 
including three catches. 

10  Watch this YouTube video! 
https://www.youtube.com/watch?v=JGeZkvKpAfo 

 
Figure 2.8.1a             Camera Setup on Land 

 

 
 
C. MOVING Camera Setup in Boat or Car 

7    The camera must be held stationary in the coach 
boat or vehicle and aimed perpendicular to the shell.  

8    The entire shell must be near the middle of the 
camera frame. Zoom in to maximize the boat. 
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Figure 2.8.1b             Camera Setup on Boat or Car 

 

 

 
9    The coach boat must be on relatively calm water, 

travelling parallel and at constant speed beside the 
middle of the shell, near the oarlock pins. 

10   The coach boat should be a minimum of 15m from 
a single shell, 25m for an eight. 

11   The shell must be travelling along (on top) a buoy 
line (buoy captured in the video) that will be used 
for movement reference. 

12  Record a minimum of six strokes, and the video 
should be a maximum of twenty seconds in length.  

 
 The camera settings listed above are critical for high-
quality video capture and analysis. A checkbox list ensures 
that all settings are ready before video capture. 
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 2.8.2 Video Analysis Software   

 Boat speed can be derived from a video recording 
captured from a controlled camera setup. Software that can 
track image movement within the video, such as Dartfish or 
Kinovea, can be used to identify the boat's speed during 
playback. This software can measure distance in the video 
using a reference at the same depth (distance from the 
camera) in the frame. By tracking a part of the boat, such 
as the bow marker, frame by frame, the measured distance 
and the frames-per-second (FPS) time yield the boat’s 
speed. The interval speed of the boat from frame-to-frame 
provides the speed curve data that serves as the basis for 
analysis. 
 Once the video has been captured and downloaded to a 
computer, use video analysis software that has the 
following capabilities:  

1. Video frame stop action 

2. Frame-by-frame movement backward and forward 

3. Time tracking shows one one-hundredth of a second 

4. Frame zoom capability 

5. Drawing tools (to draw lines on video for reference) 

6. Image tracking that provides distance and speed.   

7. Measuring tool to assess distances 

 

 Measuring distance in the video requires an object of 
known length in the frame at the same distance from the 
camera to serve as a reference. The boat's length is the 
reference measurement and should be taken with the boat 
in the middle of the frame to minimize parallax error. 
Likewise, the blade's width can serve as a reference for 
measuring the blade slip distance from entry to extraction. 
Distance measurements and identification of individual 
frame times for various oar/blade positions provide 
additional data for analysis. 
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 2.8.3 Boat Speed Identification  

 Video captured from a controlled camera setup, as 
outlined in Section 2.8.1 Camera Setup and Video Capture, 
can be used with video-tracking software to determine boat 
speed. Software that tracks the movement of specific 
images within a video enables advanced analysis. 
Software such as Dartfish or Kinovea can track boat speed. 
 The video software requires a reference dimension to 
measure distances on the video. The reference dimension 
is typically the length of the shell, a known length that is at 
the same distance from the camera as the tracking 
movement. Figure 2.8.3a Boat Length in Videoshows a line 
drawn on the shell from bow to stern and designated as the 
boat's length. 
 
Figure 2.8.3a         Boat Length in Video 
 

 
 The video analysis software allows a tracking marker to 
be placed on the edge of the bow marker, as shown in 
Figure 2.8.3b Tracking Marker. The marker follows 
coloured pixels in the video and moves with them frame by 
frame as the software records the distance and time. The 
software uses the reference dimension to determine the 
distance the marker moves between video frames. A 
summary of the distances moved each frame can be 
extracted from the video software.  
 
Figure 2.8.3b                   Tracking Marker 
 

 
 The video file must be set up to capture an entire stroke, 
with additional tracking before the first catch and after the 

10.31m 
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second catch. Play the video to a position where the crew 
is on the recovery and the oars are perpendicular to the 
boat, then set the ‘que in’ point for the tracking. Forward 
the video and set the end of the tracking, which is the ‘que 
out’ point after the second catch, when the oars are on the 
drive and perpendicular to the boat. 
 Ensure the tracking marker is set to measure and record 
the data in meters. If you are using Dartfish software, you 
need to connect the tracking marker to a data capture table. 
Play the video from que-in to que-out, allowing the tracking 
marker to follow the bow marker, and capture the 
movement data. The data can typically be extracted from 
the software by exporting it to a .txt or .csv file.  
 
 Step to Measure Boat Speed in Video 

1) Open the video file in the tracking software program. 

2) With the boat in the middle of the frame, place the 
reference dimension on the shell from bow to stern and 
designate the line the length of the boat. 

3) Set the que-in point before the first catch and the que-
out point after the second catch.  

4) With the video at the que-in position, set the tracking 
maker on the bow marker 

5) Ensure the time, movement and speed of the tracking 
marker data is captured 

6) Play the video (lower speed) to capture the tracking 
marker movement data 

7) Export the data from the software to a .txt or .csv file. 

      

 Figure 2.8.3c Tracking Data (csv) is a .csv file exported 
from the video analysis software showing Time, Distance, 
and Speed of the tracking marker. 
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Figure 2.8.3c             Tracking Data (csv) 
 

 
 
 Boat speed data extracted from a camera captured from 
a moving vehicle includes both negative and positive boat 
speeds. 
 Using Microsoft Excel, boat movement data extracted 
from the video can be used to produce a boat speed curve. 
The video, captured at 60 frames per second (FPS), 
typically yields inconsistent data due to the high data-
collection frequency (0.01667 seconds), the boat's 
distance from the camera, and the video quality. Graphing 
the raw data in an Excel spreadsheet using a scatter plot 
of time and interval speed produces a jagged outline of 
boat speed, as illustrated in Figure 2.8.3d Raw Data Boat 
Speed.  
 Boat speed does not vary instantaneously, as shown in 
Figure 2.8.3d (Raw Data Boat Speed). A smoothing factor 
spreadsheet is required to determine the actual curve. To 
transform the raw data into a more accurate representation 
of boat speed, a spreadsheet is used to average the 
interval speeds. Figure 2.8.3e (Raw Smoothing 
Calculations) shows the smoothing spreadsheet. Below the 
spreadsheet, the cell formulas are listed to provide the 
detailed calculations used to smooth the curve. The first 
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three columns include the raw data copied from the raw 
data file exported from the video analysis software.         
 
Figure 2.8.3d            Raw Data Boat Speed 
 

 
 
 
Figure 2.8.3e         Data Smoothing Calculations 
 

 
 



(Speed Curve Development) Technique 

NOTES ON ROWING (February 23, 2026) 323

A) Raw data video frame time  

B) Raw data track marker movement 

C) Raw data interval speed of tracking marker 

D) Calculation [=ABS(AVERAGE (C18,C19,C21,C22))] 

E) Calculation [=AVERAGE (D19:D21)] 

F) Calculation [=AVERAGE (E19:E21)] 

G) Calculation [=ROUND (A20,3)] 

H) Calculation [=(G20-G19)*(I19+I20)/2+H19] 

I)  Calculation [=AVERAGE (F19:F21)] 

 
 The smoothing spreadsheet averages point data over 
five video frames. At a video capture rate of 60 FPS, the 
data averages over 0.083 seconds to provide a more 
accurate representation of the boat’s speed variation. 
Figure 2.8.3f Boat Speed curve is an Excel scatter graph of 
the boat’s speed.      
 
Figure 2.8.3f              Boat Speed Curve  
 

 
 
 Along with boat speed, acceleration can be determined 
by calculating the change in speed over time. Acceleration 
is measured in meters per second per second (m/s2). The 
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green line on the graph represents boat acceleration, and 
it is referenced on the right vertical axis. Acceleration is 
typically measured for parts of the stroke, for example, from 
entry to extraction. This example is a technique factor. 
 The speed curve data can be used to calculate the 
boat’s acceleration during the stroke cycle. Acceleration is 
the change in speed divided by the change in time. Both 
time and speed at each interval are data points, and the 
Excel spreadsheet can be expanded to calculate boat 
acceleration, as shown in Figure 2.8.3g Calculate 
Acceleration. 

 
  Figure 2.8.3g           Calculate Acceleration   
 

 
 

J) Calculation  

     [=(AVG(I19:I21)-AVG(I18:I20))/(G20-G19)] 

K) Calculation [=AVERAGE(J19:J21)] 

 

 The formulas that calculate boat acceleration provide 
the data required to develop an Excel scatter graph curve. 
The curve can be on the same graph as the boat speed; 
however, because acceleration is in m/s2 and boat speed 
is in m/s, a Secondary (y) Axis is required. The horizontal 
(x) axis is time and will match the speed curve.  

 Figure 2.8.3h Boat Acceleration Curve shows the boat’s 
acceleration plotted alongside the boat speed curve. The 
acceleration curve is plotted against time on the horizontal 
(x) axis and against acceleration on the vertical (y) axis. 



(Speed Curve Development) Technique 

NOTES ON ROWING (February 23, 2026) 325

The secondary acceleration axis on the right is in metres 
per second squared (m/s2).   
 

  Figure 2.8.3h           Boat Acceleration Curve  
 

 
 
 The acceleration axis values include both positive and 
negative values as the shell increases and decreases 
speed through the stroke. Zero acceleration or constant 
speed is highlighted as a horizontal green line on the graph.    

 2.8.4 Technique Positions Identification   

 Rowing technique analysis based on boat speed 
provides objective insight into effective rowing technique. 
Analyzing rowing technique based on boat speed requires 
that rowing technique and speed be linked. The athlete's 
position and the oar's position throughout the stroke can 
identify the phases of the stroke cycle. There are typically 
seven oar positions that mark the catch, drive (power 
application), extraction and recovery phases. These seven 
positions allow the measurement and calculation of 
technique analysis factors. The oar positions include: 

1. Full reach, when the athlete is at full reach, oar at 
catch angle  
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2. Blade entry, when the blade becomes completely 
buried  

3. Oar perpendicular to the boat: when the oar 
reaches perpendicular to the boat on drive 

4. Blade extraction occurs when the blade tip stops 
moving in a direction opposite to the boat 

5. Blade feather: when the blade reaches the feather 
position and the athlete is in the finish position, the 
oar at the finish angle 

6. Full reach 2, similar to (1) Full reach   

7. Blade entry 2, similar to (2) Blade entry 

 To identify the oar positions, open the video file in the 
analysis software. The analysis software typically displays 
the video frame time in milliseconds (1/1000th of a second). 
Use the frame-by-frame advance tool to move the video to 
specific oar positions and record the frame time associated 
with each oar position. These oar positions must be from 
the same stroke during which boat speed was captured.   
The following sections detail and describe the seven 
specific oar positions related to technique: 

 2.8.4.1 Full Reach Frame Time    

 The first position of the oar to identify by time is when 
the athlete is in the full reach position at the catch. At this 
point, the oar is at the catch angle. Typically, at full reach, 
top-level athletes have their blades very close to the 
water's surface as shown in Figure 2.8.4.1a Full Reach. 

Figure 2.8.4.1a.              Full Reach  
 

 

2.802 
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 This position is sometimes difficult to identify on the 
video because the athlete's body appears to remain in the 
same position for several video frames. If no body 
movement towards the bow is identifiable, the frame before 
the blades touch the water will show the athlete in the full 
reach position. Record the video frame time at which the 
athlete is in the full reach position.  

 2.8.4.2 Blade Entry Frame Time 

 The second position of the oar to identify is the entry, 
when the blade becomes fully buried. This position is 
typically easy to find by moving the video frame-by-frame 
forward and backward to determine when the blade is fully 
covered. At times, it may be challenging to decide between 
two frames due to water splash, and referencing the oar 
shaft angle into the water may help identify the correct 
frame. Record the time of the frame as the blade entry time. 

Figure 2.8.4.2a.                  Entry  
 

 
 
 Identifying the Blade Entry time for crew boats may be 
difficult if their entry timings are not synchronized. The time 
determined for a crew boat is the average time of the 
blades at full bury. Moving the video back and forth will 
allow identification of the time for multiple blades. Average 
the times to identify the frame time most applicable to the 
crew. 

 2.8.4.3 Oar Perpendicular Frame Time     

 The oar's perpendicular position in time is indicated 
when the oar shaft is perpendicular to the boat. The frame 

2.986 
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time identifies the stroke position. The video can be played 
frame-by-frame to determine when the oar is in the 
perpendicular position. If the oar is not near the centre of 
the video frame when perpendicular, it may be challenging 
to identify the correct frame. Note on the analysis sheet that 
the time at perpendicular is only estimated. 

Figure 2.8.4.3a.                  Oar Perpendicular  
 

 
 
 In crew boats, it is hard to determine the time if oars do 
not reach the perpendicular in the same frame. Review the 
estimated time for each oar and use the average as the 
identity perpendicular. Record the time.  

 2.8.4.4 Blade Extraction Frame Time     

 The release phase begins with the blade's extraction at 
the end of the late drive phase of the stroke, as shown in 
Figure 2.8.4.4a Blade Extraction.  
 

Figure 2.8.4.4a                  Blade Extraction  
 

 
 

3.336 

3.536 
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 During the late drive, the oar rotates towards the stern 
of the boat. The extraction point is identified when the blade 
begins to move horizontally in the same direction as the 
boat. This typically occurs when the blade is half out of the 
water. At that point, the oar no longer acts as a lever to 
apply force on the oarlock. Record the extraction point time. 
Figure 2.8.4.4a, Blade Extraction Point, shows the position 
of the blade in three successive video frames and identifies 
the blade extraction point.  

Figure 2.8.4.4b                  Blade Extraction Point  

 
 
 The blade extraction point time is the video frame before 
the blade starts to move in the same direction as the boat. 
Record the time of the frame. Again, record the average 
extraction time for a crew boat on the Technique Analysis 
Record Chart, Figure 3.10.12a.   

 2.8.4.5 Blade Feather Frame Time 

 The point in the stroke the blade becomes fully feathered 
is the finish position as shown in Figure 2.8.4.5a Finish 
position. 

Figure 2.8.4.5a          Finish Position  
 

 
 

3.653 
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 In the finish position the athlete is sitting closest to the 
bow, and the oar is at the finish angle. The feather time is 
the frame time the blades first reach the feather position. In 
crew boats with poor timing, use the average frame time. 
Record the feather time.  

 2.8.4.6 Full Reach 2 Frame Time 

 As with the first Full Reach position, the frame time for 
Full Reach 2 must be identified. Review Figure 2.8.4.1a 
Full Reach for details. Record the time. In the example 
curve, the full reach 2 video frame time is 4.404.  

 2.8.4.7 Blade Entry 2 Frame Time 

 Blade Entry 2 is similar to the first Blade Entry time and 
blade position identified in Figure 2.8.4.2a Blade Entry. The 
stroke rate is calculated from the total time of one complete 
stroke cycle, which is Entry 2 time minus Entry 1 time. 
Record the Blade Entry 2. In this example, it is 4.587. 

 2.8.5 Boat Speed Spreadsheet  

 The position of the athlete and oar throughout the stroke 
has been identified by time within the same stroke that 
generated the boat speed curve. When all the oar position 
points (video frame times) are known, they can be inserted 
into the spreadsheet individually.   
 Figure 2.8.5a Oar Position Data is a table in an Excel file 
that provides the data for the vertical lines on the graph that 
indicate the oar positions. This data can be inserted into 
the graph by clicking the boat speed graph, selecting Chart 
Design, then selecting Data, which opens the Select Data 
Source dialogue box. Select Add to enter the oar position 
(technique) points. These data lines must be referenced to 
the primary left (speed) axis. The coordinates in the table 
below provide the x and y limits of the line.  
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Figure 2.8.5a            Oar Position Data  
 

oar position line  oar position line  

full reach (x) 2.802 2.802 feather (x) 3.653 3.653 

full reach (y) 10 0 feather (y) 10 0 

entry (x) 2.986 2.986 entry2 (x) 4.404 4.404 

entry (y) 10 0 entry2 (y) 10 0 

perpendicular (x) 3.336 3.336 full reach 2 (x) 4.587 4.587 

perpendicular (y) 10 0 full reach 2 (y) 10 0 

extraction (x) 3.536 3.536     

extraction (y) 10 0       

 
 These data points (times) will also be used for technique 
factor calculations discussed in Section 2.9 Objective 
Analysis. Once the data is added to the spreadsheet, the 
end result is Figure 2.8.6a Speed Curve Racing.   

 2.8.6 Boat Speed Curves  

 Figure 2.8.6a Speed Curve Racing is the combination of 
boat speed, acceleration and oar position data referenced 
by time.  
 
Figure 2.8.6a          Speed Curve Racing 
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 During practices at lower rates and intensities, the 
duration of the drive and recovery may be significantly 
different from those in racing. The intensity of the power 
application during the drive will vary considerably 
depending on the assigned workout intensity. The duration 
of recovery also varies with stroke rate, and at low rates it 
can be two to four times longer than in racing.  
 
Figure 2.8.6b          Speed Curve Practice 
 

 
 
 The practice curve can show the relationship between 
the movements of the rowing technique at race rate and at 
practice rate. This comparison can help coaches identify 
opportunities to improve rowing technique that lead to 
increases in boat speed.   
 The boat speed curve is a visual representation of the 
rowing stroke that links speed and technique. Section 2.9, 
Objective Analysis, provides an overview of technique 
factors, their calculations, and typical values.  


