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Abstract 

 
The aim of this work was to develop devices for elite athletes to record performance related 

parameters during their training. A device was initially designed and built for rowing to record 

the motion of the boat. This was to gain understanding of motion signals in a one dimensional 

plane. The device uses a iPAQ handheld computer for recording and display of data to the user. 

 

Using the knowledge obtained from the accelerometer data of the rowing system an initial 

prototype device was designed and constructed for use in swimming. This device was required 

to be wearable whilst the swimmer was training, thus it had to record the data onboard. A 

second version of the swimming device was constructed to improve the usability of the device. 

 

The swimming device has fully sealed electronics, wireless charging and infrared 

communications. The device records three dimensional acceleration patterns at 150Hz, and can 

store over 6 hours of data using the internal memory.  The device can operate for greater than 12 

hours before needing to be recharged. 

 

The data collected from the swimming device was used to develop processing algorithms to 

extract when the swimmers push off from the wall, the type of stroke they are swimming, and 

for freestyle the stroke count. The results of the wall push off algorithm were compared against 

manual hand timing with 90% algorithm results being with ±1 second of the hand timing data. 

The stroke type identification algorithm determines which stroke is being swum and presently 

has an accuracy of 95%. The results of the freestyle stroke count algorithm were compared 

against manual stroke counts from raw accelerometers data and underwater video. Of the 164 

data sets analysed over 90% of the algorithm results were within ±1 strokes of the manual 

recorded stroke counts. 
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1 Introduction 

 

The performance of elite athletes today has just as much to do with science, as it does with 

training and hard work. The athletes, coaches and scientists are striving to extract every 

fraction of a second improvement they can in timed events. 

 

The measurement of elite athletes performance is commonly done in a laboratory 

environment  [1]. The laboratory testing places limits on how the athlete performs, and as 

such does not exactly replicate how the athlete performs in training or on the field. An athlete 

is most comfortable when they are in their natural environment, this might be at the running 

track for a sprinter, or in the pool for a swimmer. The testing and monitoring of elite athletes 

in their natural training environment is a relatively new area of development that has been 

made possible by advancements in microelectronics and other micro technologies. Whilst it 

may seem a logical progression from laboratory testing, it introduces a whole array of new 

issues that need to be addressed.  

 

In testing athletes outside the laboratory environment we need to consider a number of factors 

and trade offs, these include what are we going to test or measure, what technologies we can 

use to obtain the measure, the practicality of obtaining the measure, and others related to the 

specific sport under consideration. In the case of swimming for example some of the 

considerations are the weight of the apparatus, if it is too heavy it will be a hindrance to the 

swimmer. Size and shape also have an effect on drag developed by the apparatus. The device 

must also be submersible as it is operating in an aquatic environment. Also what measures are 

practically obtainable needs to be considered. 

 

The aspects that need considering when looking to obtain athlete information outside the 

laboratory environment are heavily influenced by, and reliant on, what technology is currently 

available. Through technological innovation and development, new superior devices and 

systems become available, coupled with this development is a general trend for reductions in 

size, power requirements, and cost. The reductions in size and power are very important 

factors when considering sport specific systems, as elite athletes can be very sensitive in 

relation to size and weight of wearable systems.  
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1.1 Research objectives 

 

The objective of this work is to develop an automated system for monitoring an athlete’s 

performance whilst they are in their training and possibly competition environment. The 

system records data from training sessions for later analysis, to extract useful measures, and 

for comparison between sessions. Systems have been developed for both rowing and 

swimming. In rowing a way of evaluating the boat performance is desired, and for swimming 

the swimmers’ stroke related performance information is desired. The systems have been 

automated to provide data not available previously from rowing, and to improve on and 

increase reliability of the current manual system for swimming. 

 

In rowing, measuring the performance of the scull whilst in the water is done commonly with 

a stopwatch to measure the time it takes to travel a certain distance, and stroke rate, that is the 

number of oar strokes per minute. Whilst this information is useful in it’s own right, there is 

no information about the variation of the boat speed or stroke. 

 

The manual system commonly used in swimming requires coaches to record lap times using a 

stopwatch, and the swimmers to count the number of strokes they take to complete the lap of 

the pool. The two data sources are susceptible to various systematic errors. From the coach 

there is going to be some error associated with the stopwatch timing, especially if he is 

monitoring multiple swimmers the chance or error increases. For the swimmer there is also 

the chance of erroneous data since if they are trying to remember the stroke counts for four 

laps they may make a mistake.  

 

In a swimming training environment, lap times and stroke counts are used as a measure of 

training performance and training load, and as such if they contain error these measures are 

not a true indication. The purpose of the automated system is to reduce the error sources, thus 

increasing the reliability in the data and allowing the coach to concentrate of other matters. 
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1.2 Prior research 

 

The use of technology to analyse human movement and athlete performance is not new and 

has been applied in a wide range of areas from swimming [2] to gait analysis [3]. It is 

common to record accelerations at different parts of the body using systems containing three 

orthogonal accelerometers (tri-axial accelerometers), for example at the knee of ankle, 

depending on the research being conducted. 

 

Ohgi [4] has used a tri-axial accelerometer to evaluate fatigue in swimmers. The 

accelerometer device is strapped to the left wrist of the swimmer for the duration of a training 

session. The data collected provides information about the swimmers stroke during the 

training session with the components of the stroke discernable from the data. A system like 

the one described has some value as a training tool as it permits analysis of the individual 

strokes within the same lap or training session, as well as between training sessions. Being 

attached to the wrist and having a weight of 50g the swimmer is going to feel the presence of 

the device whilst swimming. This will potentially affect the swimmers stroke either directly 

due to the device, or by the perceived effect of the devices presence. Whilst the wrist is a 

good place to collect data for arm or stroke related information, depending in the measures 

required it can be difficult to ascertain other information, such as the orientation of the centre 

of mass. 

 

In Evans [8], triaxial acceleration of geriatric patients was measured using accelerometers 

positioned at the sacrum. From the accelerometer data it was possible to determine the heel 

strike. This enabled the extraction of gait related information such as gait cycle and cadence. 

Evans also notes that integrating accelerometer data to obtain velocity and position is very 

erroneous due to noise within the accelerometer device. Due to the noise induced errors in 

velocity and distance, gait parameters are derived by looking at the time difference of events 

within the accelerometer data. Evan’s research is particularly relevant to the present work as it 

shows that parameters can be derived from the acceleration time data without the need for 

direct measurement, as in the heel strike. 
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Accelerometers have also been used by Anderson [9] in the development of a real time 

feedback system. The work focuses on using accelerometers to examine the biomechanics 

pattern of a cyclic sporting activity such as rowing or running. It is stated that the 

biomechanics pattern needs to be of a high level of consistency in skill sports, and a high 

level of efficiency is required in time-based sports. This type of system could provide a 

valuable coaching and training aid, as the athlete can focus on what is an optimal technique. 

Anderson only uses the relative magnitude of the data acquired from the accelerometers. This 

work shows that time curves of relative acceleration magnitudes can provide useful 

information towards the improvement of an athlete’s performance.  

 

The above suggests there is sufficient research in the field to show that the use of 

accelerometers for monitoring human movement in sport is a valid research tool. The research 

shows that directly trying to resolve velocity and distance from accelerometers is erroneous 

due to noise within the device. It is shown that for experiments conducted over a know 

distance that using time based indicators within the acceleration data, for example the heel 

strike in Evans [8], can be used to indirectly gather other parameters from the data. 

 

1.3 Outline 

 

The development of a monitoring device for a rowing scull is discussed in chapter two. The 

device measures a 1D acceleration profile of the front to back motion of the scull to provide 

indirect analysis of a rower’s stroke. 

 

The rowing device is extended in chapter three to measure 3D acceleration at a swimmer’s 

centre of mass, or lower back. In this chapter a proof of concept device is developed. 

 

Chapter four takes the device developed in chapter three and address issues of packaging, 

functionality and usability to develop a more user friendly device in terms of operation and 

wearability. This prototype evolution enabled easier collection of data and a higher quality of 

data. 

 

Experimental design, needs analysis and the type of data collected and how it was collected 

are discussed in chapter five. The primary location for data collection was the AIS pool using 

AIS based athletes. 
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The data collected by the methods discussed in chapter five are analysed in chapter 6. An 

initial gravity based data model is generated to simulate a data set with no external 

interference. Algorithms were then developed to extract a number of parameters. The 

parameters of interest are identifying the stroke type, identifying when the swimmer pushes 

off the wall, and determining the stroke count. 

 

The conclusions from the development of the rowing and swimming monitoring devices are 

discussed in chapter seven and future work is outlined. 
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2 Rowing System 1D Case 

 

Analysis of data collected on human subjects is a complex and non-trivial activity due to the 

complex nature of human movement. In the case of swimming, we are considering a 3D, or real 

world working space, but we have the advantage in pool swimming that the motion is primarily 

in a 2D plane, since the swimmer swims up and down the pool. Whilst this simplifies the 

working space, it was considered important that an even simpler case was considered first to 

gain understanding and experience prior to the more complex domain. In consultation with the 

AIS it was decided to develop a system for rowing prior to embarking on a swimming system. 

 

The consideration of the rowing scull provides us with an environment where the motion is all 

in one direction making the problem in essence a 1D case. A rowing scull is long and narrow 

usually made from plastic, carbon fibre and fibreglass. This is to make the boat as lightweight as 

possible. The advantage of this approach is that with the rowing scull it is easy to see when the 

actions that affect the sculls motion occur, making analysis easier than for the swimming case. 

 

 

Figure 1: Rowing Scull with Acceleration Axis of Interest 

 

The specifications for the system were derived from a system presently used by rowers at the 

AIS, the Nielsen-Kellerman StrokeCoach [6] and SpeedCoach [6]. In the development of the 

specifications, the primary feature the AIS wanted was the ability to record data for later 

analysis and comparison, which was not possible on the existing system. 
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Figure 2: SpeedCoach interface (NK) 

 

The existing Nielsen-Kellerman system can report distance travelled, elapsed time, boat speed 

and strokes per minute. To provide this data the unit uses two sensors; an impeller and a seat 

sensor. The impeller is attached to the bottom of the boat and has a magnet inside it. A magnetic 

pickup sensor is placed in the bottom of the boat and detects the rotation of the magnet in the 

impeller. The seat sensor consists of a magnet attached to the seat of the scull, and a magnetic 

pickup near the seat that detects the passing of the seat. The information provided by the 

SpeedCoach represents the key performance indicators that rowers require. This device is used 

widely by rowers because firstly because it provides the required information and secondly it is 

the most advanced product in the market. 

 

Although the SpeedCoach is the most advanced rowing technology available at this time, it does 

have a number of limitations and drawbacks. A drawback of the unit is the impeller that is 

attached to the bottom of the boat; this is generally used in training only as it adds drag to the 

scull. There is anecdotal evidence from the AIS that indicates this can be up to two seconds over 

2000m. With the SpeedCoach system it is not possible to record any of the reported 

information. The ability to record the information would enable comparison between not only 

an individual rowers training sessions, but also different rowers. 

 

For coaches and athletes the primary method for reviewing performance is through video 

analysis. The system proposed aims to address this issue by providing information about the 

boat and rowers performance on the water, and recording this data for later analysis and 

comparison. This data will provide coaches and rowers with a level of information previously 

unavailable. Using the information provided by the system, coaches and rowers will be able to 

not only closely review their technique and maximise the speed and performance of their boats, 

but also compare against other boats as well.  
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2.1 Design 

 

To develop the new system, an initial list of desired features was first generated. From this list 

of features, methods were explored to obtain the particular feature, for which then technical and 

electronic specifications were developed. The completion of the hardware then permitted the 

software aspects of the system to be addressed. The prototype design was then tested and an 

assessment of its performance conducted. 

 

The specifications for the new system where developed from a list of desired features and 

operating parameters defined in consultation with sports scientist at the AIS. The basis for these 

specifications was the existing Nielsen-Kellerman system. A system that can meet all the 

requirements of the feature list will provide detailed information about the boats performance on 

the water that has not been attainable previously. With detailed information about the boats 

changes in speed and performance on the water, coaches and athletes can identify ways of 

maximising boat speed therefore improving results. Table 1 shows the desired feature list. 

 

 

Desired System Features 

Parameters to Record Boat speed (m/s) 

Stroke Information (strokes/min) 

Heart Rate (Inter Beat Interval) 

Operating Time Greater than 6 hours 

Data Display Use Compaq iPAQ 

Other Features Record all data for post analysis 

Easy to use 

Easy to setup on the boat 

Minimise number of cables 

Table 1: Rowing System Desired Features 

 

From these desired features and parameters, technical requirements were developed to meet the 

requirements. This chapter will detail the hardware design, followed by the firmware design. 

Finally some results are presented to demonstrate its use. 
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2.2 Hardware 

 

Boat speed: 

In the SpeedCoach system, the boat speed is detected by an impeller attached to the bottom of 

the boat. The speed of the boat is less than 10m/s. To measure boat speed, there are two 

approaches that could be used, one is to use the Global Positioning System (GPS) or to use the 

impeller. As GPS was considered too expensive at the time, the impeller was selected to 

measure boat speed. 

 

The impeller has a spinning magnet in it that changes polarity each half rotation. To detect the 

signal from the impeller, a hall effect sensor was required, and since the strength of the magnet 

is low, the sensitivity of the sensor will be required to be high. Figure 4 shows the functional 

blocks required for the pick up circuit. The Melexis MLX90215 was selected because it has a 

high sensitivity, programmable gain, and can be interfaced to easily. The output of the hall 

effect sensor was still very low even on its highest gain setting, this meant an amplification 

stage had to be developed to bring the signal up to a usable level. The final impeller schematic 

with amplifier stage is shown in Figure 3 with the circuit layout in Appendix D. The pick up 

circuit was sealed into a watertight box as shown Figure 5. 

 

 

Figure 3: Impeller Pick-up Circuit 
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Figure 4: Impeller Pickup Circuit Block Diagram 

 

 

 

Figure 5: Impeller and interface unit 

 

Stroke information: 

The SpeedCoach system used a magnetic switch on the seat to determine stroke rate. One of the 

design requirements was to minimise the number of cables, and thus installation complexity of 

the new system. This implied a method for measure stroke information that was contained 

within the main electronics and not external to the system. 

 

To record the stroke rate without counting the number of seat movements, we need to look at 

how the rower and the boat interact with one another. When the rowers take a stroke, they move 

forward on the seat, place the oars in the water, drive with the legs which moves them backward 

on the seat, whilst pulling the oar handles towards their chest. The phases of the stroke can be 

seen in Figure 6. This motion is repeated to accelerate the boat and keep it moving. If the sensor 

is going to be with the main electronics, it is going to be on the boat. From the boat perspective, 

the boat is the object that is moving and undergoing acceleration and deceleration forces. To 

detect these forces we need to consider a sensor that detects forces or rates of change of 

accelerations. These are rate gyroscopes and accelerometers. 
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[10] 

Figure 6: Rowing Stoke Phases 

 

Gyroscopes measure an angular rate of change, for example turning on a point. This is not what 

is desired for this application, as the forces we are considering are not rotational but 

translational. Accelerometers measure acceleration and deceleration applied to the device and 

may measure the acceleration in two or three dimensions depending on the design. 

 

The devices chosen were MEMS (Micro Electro Mechanical Systems) accelerometers to 

measure the acceleration of the boat in a single plane. The operating principal of an 

accelerometer is shown in Figure 7. The acceleration plane of interest is the forward/back 

motion of the boat; the axis is depicted in Figure 1. This sensor configuration can be used to 

record the stroke information of the rower, as when the rower moves on the seat and drives the 

oars through the water, different accelerations are applied to the boat that will be detected by the 

sensor. 

 

Figure 7: Principle of operation of an accelerometer 

 

Heart rate: 

The recording of heart rate provided some interesting challenges. It is not possible to have 

cables attached to the rower, as they these get in the way and are not comfortable. This meant a 

wireless approach had to be considered, which gave two possible directions, develop a custom 

system, or rework a commercially available system. 

 

Suspended Mass

Sensing Fingers

Applied Acceleration

Capacitance between fingers 
changes with applied acceleration
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The rowers are used to wearing Polar [11] heart rate monitor chest straps. The Polar heart rate 

monitors transmit heart beat information to a watch, or to any device that is fitted with a 

receiver. Since receivers and heart rate straps were available, the decision was made to use the 

Polar system. The available receiver was from a Concept II rowing machine and it attached to 

the main unit via a 3-wire cable. No technical information was available for the receiver so 

some reverse engineering was required. 

 

The specification of the receiver was quickly worked out to be a 5V power rail, and ground line 

and a signal line. The signal line produced a square wave pulse whenever a heartbeat was 

transmitted from the Polar heart rate monitor chest strap. The output pulse from the receiver was 

nominally half of the supply rail voltage, or 2.5V in this case. As this output is to be interfaced 

to digital electronics, a digital level is required. The circuit in Figure 8 converts the receiver 

signal into a digital level signal. 

 

 

Figure 8: Heart Rate Pickup Interface Circuit 

 

Having addressed all the requirements for the sensor, a method to record and display this 

information is required. The AIS had already expressed a desire to use a Compaq iPAQ 

handheld computer to record and display the information. The advantage of using the iPAQ 

over a custom designed solution is that the iPAQ provides over 60Mb of storage space and rapid 

user interface and software changes are possible. The iPAQ selected by the AIS was the Model 

3870 as seen in Figure 9. 
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Figure 9: iPAQ. The desired rowing interface 

 

The iPAQ being a handheld computer, or personal digital assistant (PDA), does not have as 

extensive input/output capability as a desktop computer, with serial port and Infrared (IR) the 

primary available resources. IR requires a line of sight connection as it is an optical connection 

and can be adversely effected by strong sunlight. The serial port connection is a wired 

connection, and thus is not effected in the same manner as IR and was selected as the 

communication method between the electronics and the iPAQ. 

 

Using the serial port on the iPAQ to receive data, some electronics is required to convert the 

information from the sensors into a form suitable for transmission over the serial port. The 

functional block diagram of the device electronics is shown in Figure 10. The task of handling 

this information conversion is best suited to a microcontroller. A microcontroller is a device that 

has an array of peripherals such as analogue to digital converts and serial ports, as well as a 

computer that can run software, and control the peripherals, all contained in a single integrated 

circuit. A Hitachi H8/3664 microcontroller has been used by others in the research group [12], 

and it was selected to be used for this task as prior knowledge and experience already existed, as 

did development and prototyping tools.  
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Figure 10: Rowing System Functional diagram 

 

A simple packaging solution was all that was required for this initial prototype. A small plastic 

box was selected that provided sufficient room for the electronics, and is shown in  Figure 11.  

Figure 11 also shows the alignment of the accelerometer axis with the packaging. One end of 

the box was modified to provide all the required input and output connectors. Connectors were 

required for the serial cable, heart rate sensor and impeller pickup sensor. A converter is 

required to allow the microcontroller to communicate with the iPAQ; the circuit in Figure 13 

was constructed to convert the microcontrollers low level serial port signals to RS232 standard 

levels. The circuit layout can be found in Appendix C. The connectors were all of different sizes 

so that the wrong cable could not be plugged in. The device connectors can be seen in Figure 

12. 

 

 

 Figure 11: Rowing Device In Packaging 
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Figure 12: Rowing Device Package Connectors 

 

 

Figure 13: Rowing RS232 Serial Interface 

 

2.3 Firmware 

 

The firmware for the rowing system is an interrupt driven system. The firmware consists of 

three major components, the heart rate interrupt, timer interrupt and main program. A copy of 

the firmware is included in Appendix B. A system overview flowchart is shown in Figure 14, 

and detailed flowcharts in Figure 16 to Figure 18. As described earlier, the heart rate circuit 

produces a square wave pulse when the receiver detected a heart beat; this pulse signal was 

connected to an interrupt pin on the microcontroller (NMI).  
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Figure 14: Rowing Firmware Simplified Entire Flowchart 

 

The timer interrupt, shown in Figure 16, is where the majority of the devices operation takes 

place. There are two parts to the interrupt function, the first part handles sampling and detecting 

the rotation of the impeller and the second part handles getting the accelerometer data and 

packing the data read for transmission. The interrupt routine is configured to trigger at 2400Hz; 

this provides sufficient timing for the impeller code to resolve rotation time to 1/2400second. 

The two sub parts of the routine occur at different rates and two loop counters control this. The 

impeller counter loop operates at 1200Hz and the fast counter loop operates at 150Hz. The fast 

counter loop section of the program is responsible for collecting the accelerometer reading and 

packing the accelerometer, impeller rotation time and heart rate data to be sent to the remote 

client at 150Hz. 

 

In the impeller counter loop, the previous 4 samples of the impeller signal are averaged before it 

is passed to the process impeller data function. Figure 15 demonstrates the operation of the 

processing algorithm. The algorithm needs to calculate a series of parameters so as to track the 

rotation of the impeller. These include the impellers signals minimum and maximum, as well as 

its mean or average value. The first values calculated are the signal maximum and minimum, 

lines A and E respectively in Figure 15. It can be seen in Figure 15 at 7.07seconds the 

maximum and minimum data values, lines A and E respectively, are decreased by 25%. This is 

to allow for variations in magnitude of the input signal and is performed every 100 data 

samples. The remaining lines in the figure are calculated from the current minimum and 

maximum values. A change in the minimum or maximum results in a recalculation of all other 

values. These other values are: Line C is the mean value, line B that is half way between the 

maximum and the mean, and line D that is half way between the mean and the minimum.  
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For a valid impeller rotation to be detected, the input signal must pass below the value of line D, 

then pass above the value of line B, and only once it has passed through the mean value at line 

C will flagged as valid. Line F indicates where the algorithm has detected a completed impeller 

rotation. The algorithm code can be found in Appendix A. 

 

 

Figure 15: Impeller Rotation Detection Algorithm Operations 

 

 

Figure 16: Rowing Timer Interrupt Flowchart 
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The heart rate information is recorded by timing the interval between heartbeats, or more 

commonly called the inter-beat interval (IBI). The heart rate interrupt is shown in Figure 17. 

When the interrupt is first called it checks to see if it has already been called before, if is has not 

it clears the IBI counter and exits. The IBI counter is incremented in the timer interrupt. When 

the function is next called, it checks to see if it has been executed before. If the function has 

been executed previously, the IBI is valid and is stored into a temporary IBI location for sending 

to the client. The IBI value is reset to zero. A flag is also set to tell the system a heartbeat has 

occurred. 

 

  

 

Figure 17: Rowing Firmware Heart Rate Interrupt Flowchart 

 

The critical operations of the main program are to initialise all system wide variables, 

subsystems required and interrupt routines. The flowchart for this shown in Figure 18. Once the 

initialisation and configuration operations are complete the device goes into an infinite loop 

watching the length of the data buffer, as the intensive tasks and operations are handled in 

interrupt service routines. A double buffering scheme has been implemented in the firmware, 

double buffering allows one buffer of data to be processed whilst the other buffer is being filled 

with data. Once the data buffer has been filled with data from the fast loop in the timer interrupt, 

the buffer pointers are swapped and the data transmitted out the serial port to the remote client. 
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Figure 18: Rowing System Main Flowchart 

 

The firmware for the rowing device is simplistic in its operational requirements compared to 

either of the swimming devices. Sections of the devices firmware are not optimised, nor 

efficient, but are sufficient to provide a working prototype. 

 

2.4 Results 

 

The system was placed on a rowing scull as shown in Figure 19 and the unit configured and 

started, the rowers completed their normal training session. Six rowing prototypes were built for 

the AIS to use with their rowers. Data was collected using two units from three training sessions 

initially to test the reliability of the system. The data collected was synchronised to video 

footage for validation. The data collected proved very interesting and informative.  
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Figure 20 shows the accelerometer data collected from the device. The catch phase, which is 

when the oars first go into the water, can be seen at point A in Figure 20. Once the oars are in 

the water the drive phase is entered. During this phase the boat undergoes a large acceleration, 

which is visible in the plot between points A and B. The release, at point B, is when the oars 

come out of the water and the rower is in the recovery phase. The ability to collect this type of 

data on the boat had been previously unavailable. 

 

 

Figure 19: iPAQ Positioned On Scull 

 

 

Figure 20: Rowing Accelerometer Stroke Data 
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2.5 Design Assessment 

 

The operation of the device was as expected, providing detailed information about the boats 

acceleration in the water. The iPAQ software was written by Col Mackintosh from the AIS. 

There were initial problems of lost and corrupted data being collected on the iPAQ, which was 

later identified as a problem with a software component on the iPAQ. A rewrite of the iPAQ 

software by Col Mackintosh rectified this problem. Packaging for the device while sufficient for 

a prototype was not ideal for water based situations. The amount of water that splashed up onto 

the device was greater than expected and some ingress of water was experienced. This was 

overcome by placing the unit in a plastic zip lock bag. The objective of the prototype to provide 

previously unavailable data about the boats acceleration and deceleration on the water was 

attained. This information allowed AIS coaches to modify the technique of rowers and improve 

their distance based training times. The success led the way for the development of the first 

swimming system. 

 

2.6 Addendum 

 

The information delivered by the device was data previously unavailable to rowing coaches. 

The analysis of the data by the AIS coaches enabled them to improve their rowers performance 

through improved times. The development of end user analysis software by Col Mackintosh 

also allowed the coach to compare and analyse training sessions on their computers. These 

factors resulted in the AIS funding product development efforts in conjunction with the CRC for 

microTechnology. The resulting product has been used at international rowing meets by 

Australian teams and is also being provided to the Australian Olympic rowing crews. Patents 

have also been lodged based on this device and have proceeded to PCT stage [13][14].
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3 Swimming Initial Prototype 3D Case 

 

The rowing system provided valuable knowledge and understanding about how the motion of an 

object can be analysed using accelerometers for a single direction (1D) case. Taking this 

knowledge and understanding, requirements for the swimming could now be considered. Whilst 

swimming is still predominantly a single direction activity, additional axes potentially provide 

information about stroke characteristics. 

 

Prior History 

 

Whilst in terms of 3D human motion monitoring applications, swimming provides us with a 

simplified case since, firstly, there are no other moving objects that interact with the swimmer, 

and, secondly, the path of motion is fixed by the pool, being only 50m or 25m in length by the 

width of a lane. With the object space defined, consideration of what parameters of the 

swimmers motion were to be recorded was required. 

 

Swimming is a very technical sport, and there are many areas that can be analysed in an attempt 

to improve a swimmers performance. There are a few methods used in athlete preparations that 

examine swimmers performance whilst in the pool. One is through regular testing consisting of 

a 7x200m step test or 7x50m efficiency test [7]. Another is with detailed biomechanics analysis. 

The two testing methods, the step test and the efficiency test, test different aspects of the 

swimmer. The step test measures endurance of the swimmer using an indirect method of testing 

consisting of seven 200m swims with each 200m increasing in speed. The efficiency test is used 

to analyse a swimmer’s stroke mechanics. The test consists of 7 x 50m swims, with each lap of 

increasing speed. With each lap, the time, stroke rates and stroke counts are recorded, these 

permit analysis of the efficiency of energy utilisation. Biomechanics analysis allows targeted 

testing to be conducted and the most common area analysed is the turn, as time can be gained 

and lost very easily at this point. The region of interest for turns starts 7.5m from the wall at the 

end of the lap, through the turn and till 7.5m out from the wall on the start of the new lap. The 

analysis looks at the ratio of time in to the wall to time out from the wall, turn time, and other 

measures. 
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Figure 21: Portion of a Performance Analysis Report 

 

Figure 21 shows a portion of a biomechanics race analysis report that provides detailed analysis 

of the first 50m of a race. As can be seen there is considerable detail within the report. These 

reports are generated only at major national and international race meets, as they are very labour 

intensive to produce. A series of digital video cameras are located around the pool and the race 

recorded directly to a central computer. This video footage is then analysed manually by a team 

of people to produce the above reports. Whilst there is a large range of data that can be collected 

for analysis, there needs to be a trade off between what equipment is practical to collect data, 

and the data that can be collect data. Swimmers don’t want to wear numerous devices on their 

arms, legs or body, as this impacts on how they swim and how comfortable they feel. Hence the 

data we can collect with the least amount of interference to the swimmer needs to be considered. 

Placing devices on the swimmers arms or legs is not a practical option, as the swimmers will 

feel these as drag and it could affect how they perform. This only leaves the body that the 

device can be attached to. Any object attached to the body is also going to have a drag effect on 

the swimmer if the device is not hydrodynamically efficient. Attaching a device to the front of 

the swimmer is not practical since this area is relatively flat and streamlined, and would prove a 

large hindrance during a turn. The only remaining location is placing the device somewhere on 

the swimmers back. This issue will be discussed in the design stage below. 
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3.1 Design 

 

The swimming system had the following desired requirements: 

 

Desired System Features 

Parameters to Record Lap Time (sec) 

Stroke Count (strokes/lap) 

Stroke Rate (strokes/min) 

Operating Time Greater than 6 hours 

Data Display Offline on PC 

Other Features Record all data for post analysis 

Easy to setup and use 

Must be waterproof 

Must be as small as possible 

Must be as hydrodynamic as 

possible 

Table 2: Swimming 3D Case Desired Features 

 

Using the table of desired features, further specifications were defined. 

 

Parameters to Record: 

The motion of the swimmer needs to be measured from somewhere along the swimmers back as 

this location provides information related to the desired parameters of lap time, stroke count and 

stroke rate. Accelerometers see both static and dynamic accelerations. The earth’s gravitational 

field is a static acceleration seen by the accelerometers, and human movement or motion is a 

dynamic acceleration seen by the accelerometers. The dynamic acceleration generated by a 

swimmer is generally much smaller than the static acceleration due to gravity. While the body 

orientation is of interest, the earth’s gravitational acceleration is always in a constant direction 

towards the centre of the earth, this can be used to track the body orientation relative to gravity. 

 

Measuring the accelerations at the lower back provides sufficient information to derive the 

required measurements. Lap times can be calculated by analysis of the propulsive force 

generated when the swimmer pushes off from the wall. Stroke count, which is the number of 

complete strokes cycles either the left or right arm takes to complete a lap of the pool, can be 

obtained by looking at the rotation of the unit and how the gravitational acceleration is detected 
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by the accelerometers. From these two parameters, lap time and stroke count, other derived 

parameters can be calculated. Stroke rate is a measure of the number of strokes being completed 

per minute. Using the stroke count information, the time elapsed between strokes can be used to 

derive the stroke rate. As the requirements for this device are different to the rowing device a 

second technical review was undertaken. 

 

3.2 Technology Review 

 

The system has to be able to record a minimum of 6 hours worth of data, and store this data 

onboard the device. This is because typically training sessions are approx 3 hours in the 

morning and 3 hours in the afternoon. The data sample rate had been specified at 150Hz across 

all three accelerometer channels. This means that to store 6 hours worth of data would require at 

least 12Mbytes of storage space onboard. This quickly limited the available options. 

 

Sample rate  150Hz 

Number of channels X 3 

Bytes per channel X 1.25 (10bits) 

Storage duration X 21600s (6 Hours) 

Total = 12150000 bytes 

Figure 22: Swimming Device Data Storage Requirements 

Memory 

Some research was conducted to find what sort of large memory technologies where available; 

Large being equal to or greater than 1Mbit. The result of this search yielded the following 

options: 

 

Memory Technology Advantages Disadvantages 

Compact Flash Commercially available up to 

512Mb 

Parallel Interface 

I2c Flash Memory I2c interfaces are common on 

microcontrollers 

Only available up to 1Mbit  

Each chip requires chip 

select line 

Multimedia Cards SPI interface available on card 

Commercially available up to 

512Mb 

Can only be accessed as 

512byte blocks 

Table 3: Summary of Available Storage Technologies 
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A more detailed examination of the technologies is provided below: 

 

Compact Flash: 

Compact flash cards are a commercially available mass storage device, used commonly in 

digital cameras. They are available in sizes up to 512Mb. These devices have an electrical 

interface similar to a hard disk drive. This sort of interface requires data to be supplied to the 

device in parallel format, which requires a very large number of I/O pins on the device, or 

external circuitry. This is a non-ideal solution because of these extra requirements. 

 

I2c Flash Memory: 

At the time of investigation, the largest available I2c flash memory was 1Mbits per chip. This 

technology has the advantage that an I2c controller already existed on the microcontroller. The 

disadvantage was that it would require significant board space to facilitate our memory 

requirements, as well as additional circuitry. Again this is a non-ideal solution. 

 

Multimedia Cards: 

The multimedia card is a mass storage flash memory, available in a range of sizes up to 512Mb. 

They are physically smaller than a compact flash card, being 32mm long, 24mm wide and 

1.5mm thick. The electrical interface consists of 7 connections, thus putting it at an advantage 

over the other memory technologies. The interface to the multimedia card (MMC) has two 

operating modes. This being MMC mode and SPI (Serial Peripheral Interface) mode. The SPI 

mode only requires 4 I/O lines plus power lines. The requirement of only 4 I/O lines is an 

advantage in a microcontroller system. 

 

Since this device is to be used in a aquatic environment, it must be waterproof to protect the 

electronics. Swimming is a very streamlined and highly competitive sport, measured down to 

hundredths of a second. Any object that a swimmer can feel dragging in the water can 

potentially lose them time either by the physical drag or the distraction of the object. This 

consideration was put aside for the initial version and suitable off the self packaging needed to 

be found. The solution found was to use a waterproof enclosure as pictured in Figure 24.  The 

next step in the development was to determine the technical and electronics required to build the 

device. The building of an operational system requires more than just sensors alone. The 

following sections will cover the other issues of communications, supply of power and device 

packaging. 
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The microcontroller platform selected for the swimming device was the same as that used in the 

rowing system. This was done since the platform requirements were very similar. A schematic 

and circuit layout for the microcontroller is in Appendix G. Knowledge of the platform already 

existed which saved time, and the platform had more than enough functionality to handle the 

requirements. The rowing system only required one accelerometer, as it only needed to measure 

one axis of acceleration. The swimming system requires three orthogonal planes of acceleration 

to be measured. To acquire the third acceleration plane, an accelerometer will need to be 

mounted perpendicular to the other accelerometer. 

 

The storage of the data was done using an MMC card. The communications interface used on 

the MMC was an SPI interface. The microcontroller did not have an SPI interface available in 

hardware which meant a software implementation needed to be developed. The MMC was 

interfaced to one of the input/output ports of the microcontroller and software was developed to 

communicate with the card.  

 

Communications 

The ability to communicate with the device is important, as the data is of no value if it can not 

be retrieved from the device. The easiest interface to use for communicating with the 

microcontroller is via the RS232 port. As most computers have serial ports this method was 

selected as the communications medium for the first prototype. For the microcontroller to 

communicate with a computer using RS232, a converter is needed so the electrical signals meet 

the RS232 standard. This converter requires power to operate, given that we are going to be 

running from a battery source, we wish to minimise the amount of power drain. It was decided 

that this converter did not need to be in the device with the main electronics, as it was only 

required when talking to a computer. The converter was therefore placed in the cable that 

attached to the computer, and only delivered power when attached to the device. 

 

Power Supply 

This system needs to operate for greater than 6 hours. The power consumption of the unit is 

low, being less that 100mA at 3.3V. This low power requirement enables a wide variety of 

power supply options to be considered. The use of off the shelf batteries is a more than 

acceptable solution to provide power to the system; it was just a matter of which batteries to 

use. 

 

Using off the shelf batteries the voltage selection is either 1.5V or 9V. The desired power source 

would be to use AA or AAA batteries, and as few as possible. There are two possible solutions 

when considering the desired power source, voltage regulation or the use of a step up power 
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supply. A step up power supply produces an output voltage higher than the input voltage. The 

device operates on a supply voltage of 3.3V. To generate the supply rail from a 9V battery 

requires the use of a voltage regulator. The primary disadvantage of this approach is cost as 9V 

batteries are generally more expensive than AA or AAA batteries, secondly the entire battery 

capacity is not used as the voltage regulator will shutdown when the battery reaches 

approximately 4V. A step up was considered a more practical solution. 

 

The function of a step up power supply is to provide a higher voltage than is available from the 

power source, in our case this is getting 3.3V from a source less than 3.3V. With the help of 

Leon Gourdeas, a research assistant at Griffith University, an array of available step up power 

supply options were explored and compared for efficiency, low component count and 

availability. The chip selected for the task was the NCP1402 by On Semiconductors. This chip 

only requires four external parts to operate and requires only a small printed circuit board area. 

The schematic for the power supply is shown in Figure 23 and a circuit layout in Appendix F. 

Testing of this circuit initially used a single 1.5V battery, and whilst the circuit operated it did 

not operate for the prescribed period. Further testing with two 1.5V cells enabled the circuit to 

operate well beyond the desired operating time at a constant load current. The benefit of this 

circuit is that it allows the batteries to be drained to almost completely flat, which is a better use 

of the battery as compared to using a voltage regulator. 

 

 

Figure 23: Swimming Prototype Step Up Power Supply Circuit 

 

Packaging 

Having identified the primary and support hardware needed to obtain the desired signals the 

next task was to package up the system so it could be tested and evaluated. As the device is 

going to be used in an aquatic environment it must be waterproof when it is being used, but it is 

also has a requirement to change the batteries and download the data from the device. The 

requirement of downloading data and changing the batteries either means external waterproof 



 

29 

 

 

connectors are required, or a housing that can be opened and resealed easily. As this is a first 

version prototype a quick and simple packaging solution was required. Off the shelf waterproof 

enclosures were investigated and a workable solution found. The selected enclosure was a 

OtterBox 1000 Model [17], the case is 111mm x 73mm x 35mm and is rated to a depth of 30m. 

Figure 24 shows the packaged system. 

 

 

 

Figure 24: Swimming Device Version 1  

 

3.3 Firmware 

 

The operation of the prototype swimming device is an evolution in complexity on the rowing 

device, as the device is required to log data to an external memory card and also provide a way 

to recall that data. A task scheduler based operating system had been developed by Wixted [5] 

for other applications within the research group; this operating system was selected to be used 

for the device as it provides flexibility in programming and easy code portability. 

 

The scheduler based operating system executes tasks in a controlled manner. A task is a 

program operation; it can be a simple operation such as turning on a light, or a complex task 

such as data compression. The operating system contains two task lists, real time tasks (RTS) 

and background tasks (BGS). The RTS list is intended for short simple tasks such as sub-system 

initialisation. A task should only be in the RTS if it needs to occur at a specific time or specific 

rate. The BGS should be used for non time critical tasks or long running tasks. Using the 

operating system structure requires careful planing and design of system functions and decisions 

on which schedule they will be operating in.  
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The swimming device has two main operating states, logging mode, where the device is 

collecting data from the accelerometers and writing it to the MMC card, and download mode, 

where the device communicates with a computer to allow retrieval of the stored data. The 

firmware code can be found in Appendix E. The selection of operating mode is dictated by the 

start up procedure. The flow chart in Figure 25 shows the main initialising section of the device. 

 

 

Figure 25: Swimming Prototype Main Flowchart 

 

When the device is first turned on, it sends an acknowledgment request out the communication 

port, which it repeats for five seconds. If during this five second period it receives a reply on the 

communications port, the system assumes a computer is attached and sets a flag to indicate that 

download mode should be executed. Once the five seconds has elapsed either logging mode or 

download mode are initiated within the operating system.  
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In logging mode the operational flowchart is relatively simple. The device is required to be able 

to record multiple sessions of data on the one memory card thus a record table needs to be kept 

to know where sessions begin and end. The firmware was programmed with the ability to 

handle up to ten sessions of data. Figure 26 shows the flowchart for the logging mode of the 

device. On entry into logging mode a new session record is initiated at the next available 

memory location on the memory card and counter to track the number of samples that have been 

recorded is reset to zero. The data sampled from the three accelerometers is packed into a data 

frame format shown in Table 4 prior to being placed in a buffer. Data written to the MMC card 

have to be 512bytes in length, this implies a total of one hundred and twenty eight data frames 

can be stored in a single buffer. A double buffer configuration is utilised within the firmware, 

and once the first buffer is full, the buffers are swapped and the next buffer is filled. At the 

swapping of the buffers, a background scheduler task is initiated to write the buffer with the 

current data in it to the MMC card. This cycle of collecting data and writing continues until the 

device is turned off. 

 

 

Bytes Bits B7 B6 B5 B4 B3 B2 B1 B0 

1 AccX Bits 0-7 

2 AccY Bits 0-7 

3 AccZ Bits 0-7 

4 

Accelerometer 

Data Values 

N/A N/A AccZ 

Bit 9 

AccZ 

Bit 8 

AccY 

Bit 9 

AccY 

Bit 8 

AccX 

Bit 9 

AccX 

Bit 8 

Table 4: Data Structure For Storing Accelerometer Samples 
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Figure 26: Swimming Prototype Logging Mode Flow Chart 

 

The download mode of the device must wait for a command to be sent. A command is one byte 

in length, Table 5 show the four serial commands implemented in the devices firmware, 

although many more could be easily included. When a command is received it is checked 

against the valid commands available. When a corresponding command is found the processing 

function for that command is initiated. Optionally a command can pass additional arguments for 

the processing function. The flow chart of the download routine is shown below in Figure 27. 
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Communications 

Command 

Command Description Ascii 

Command Byte 

Argument Bytes 

Send Memory Status Sends the session table 

information to the client 

software 

1 0 

Send Battery Status Reads the battery voltage 

level and sends it to the 

client software 

2 0 

Send Data Block Send the specified MMC 

card sector to the client 

3 2 (16bit unsigned 

integer, MMC card 

sector number) 

Initialise MMC Card  Reinitialise the MMC card 

and clear sessions table 

6 0 

Table 5: Swimming Initial Prototype Serial Commands 

 

 

Figure 27: Swimming Prototype Download Mode Flow Chart 
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There are four valid serial commands as mentioned above. The send memory status command 

transmits the session’s table to the client machine. The session table contains the information 

about the number of sessions of data on the MMC card, and what blocks they begin and end on. 

The voltage on the batteries can be retrieved using the send battery status command, this data 

can be used to estimate the remaining battery capacity. Requesting data blocks to be sent to the 

client software is the most used of the serial commands. The command takes a block number in 

as an argument and sends the contents of the block back to the client software. The real time 

schedule is configured to provide a time slice of 0.83ms. Data is sent to the client at 38400 

baud, thus to send a 512byte data block takes approximately 133ms (512bytes / 3840 characters 

per second). This time exceeds the real time schedule time slice, so the data must be sent from a 

background schedule. The usage of these serial commands will be covered in the next section 

which discusses the end user client software. 

 

3.4 Client Software 

 

The job of the client software is to show the user what data is available for download, and allow 

them to download the data quickly and easily. This is accomplished with the limited number of 

controls available, and the location of the controls that are present. The client software was 

developed in Microsoft Visual Basic (VB) as VB provides a rapid development environment 

and rapid development cycle as compared to the C programming language. 

 

 

Figure 28: Swimming Prototype Data Download client 
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To download the data from the device the communications cable must be connected from the 

device to the computer. Once connected, the Connect button on the client software is pressed 

followed by turning the device on. This sequence ensures that the download mode is selected on 

the device as the client listens for the acknowledgement query and replies to it. If the client 

software does not receive an acknowledgement query within ten seconds it times out with a 

connection error. On successful connection to the device the client software sends a memory 

status command. This returns the session table to the client and the session information section 

shown in Figure 28 is populated. The session data retrieved from the device enables only the 

download buttons for sessions containing data. The memory card holds 128 data samples per 

data block. A sample rate of 150Hz results in each block holding approximately 0.85 seconds of 

data. The difference between the end and start session block numbers is multiplied by 0.85s to 

obtain the session length. The D/L Session buttons start a download from the device. A file 

dialog box appears to select the name and location of the file to be saved. The client software 

then starts requesting blocks from the device, if the length of the returned data frame is less than 

512byte, or the frame does not appear at the client within two seconds, the client resends the 

request for that frame. The client software whilst simple provides enough features to be able to 

readily use the device. 

 

3.5 Design Assessment 

 

The device on it’s own has no easy way of being attached to the swimmer, in consultation with 

the AIS a belt configuration was devised and implemented as shown in Figure 29. To enable 

underwater video to be captured, in parallel to data be collected, an underwater camera is used. 

The camera is attached to a trolley that can be moved along the entire length of the pool. Figure 

29 is a single video frame from this camera. 
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Figure 29: Swimming Prototype Unit Attached To Swimmer 

 

The belt arrangement devised was adequate to gather some initial data to provide a proof of 

concept, beyond that the device fitment and size were issues of concern to the swimmers. The 

attachment of the device was a serious concern not only to the swimmers, but it also had an 

effect on the data collected. Since the units were not totally secured against the body they had a 

tendency to move around as the swimmer swam. This was particularly noticeable during the 

tumble turn and as the swimmer pushed off from the wall; the unit was very prone to being 

twisted approximately 90 degrees during these moves. 

 

The size of the unit was also a major issue with the present packaging. The swimmers 

experienced very noticeable drag from the device. The primary reason for the drag effect is that 

the shape of the device is not ideal for allowing water to easily flow over it. Since its shape is 

essentially a rectangular box, the flat edges of the box that face the direction of motion provide a 

barrier that the water pushes against. In an ideal package the flat edge would be tapered so the 

water does not see as much resistance. 

 

The device was trialled on a small number of swimmers during a couple of training sessions, 

this allowed for any fine tuning and the collection of a few data sets from different swimmers. 

Figure 30 shows the data collected from a 50m freestyle lap.  

 

The association between the data channels and the axes of motion of the swimmer were 

established using underwater video recorded simultaneously. Using the underwater video, the 

position of turns and strokes could be verified against the collected accelerometer data. There 

was a strong correlation between the accelerometer data and the video information with regards 
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to strokes and turns. In light of the accelerometer data correlation with strokes and turns, a 

second version of the device was required to address some of the non-ideal aspects of the 

current device. 

 

 

Figure 30: Swimming Initial Device Data 
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4 Swimming Limited Release Prototype 3D Case 

 

After successful trials of the first prototype the AIS decided that a second version should be 

developed to address and resolve some of the issues identified from the first prototype. This 

section will detail the specific design requirements of the new version and the redesign of the 

firmware and hardware for the prototype. 

 

4.1 Design 

 

To develop the new specifications and design for the second prototype, the issues with the 

existing prototype and any new features need to be considered, and are shown in Table 6. 

 

 

Issues and New Features for Limited Release Device 

Packaging Smaller than initial prototype 

Fully sealed electronics 

Power Supply Rechargeable batteries plus 

charging system 

Battery charge/level monitor 

Data Communications Wireless communications 

method – Infra Red or Radio 

Other Features Device operated from a press 

button switch 

Table 6: Issues and New Features for Swimming Limited Release Device 

 

Packaging  

The packaging, and more specifically the devices coupling to the body to minimise movement 

on the skin were considered important issues by the AIS. The resolution of this impacts on the 

device as a whole. Discussions with the AIS and the CRC for microTechnology were 

undertaken and it was decided that the device should be fully potted in a silicon/rubber based 

compound; this would make it fully waterproof, it would also make it smaller than the current 

packaging, and it would allow for streamlining of the package for improved performance on the 

swimmer.  
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The potting of the device requires a redesign of some aspects of the device, especially the power 

supply system, how the device operates and how it is to communicate with the outside world. 

The approach taken was to develop the electronics for the device in a modular fashion. The 

modular system design enabled easy addition and removal of system functions. The electronics 

were divided into three modules, the power supply, communications and microcontroller 

modules [16]. Figure 31 shows the results of the modular design. The modular approach 

enabled concurrent engineering practices to be utilised for development and testing. 

 

 

Figure 31: Modular System Design For Swimming 

 

 

Figure 32: Packed Swimming Limited Release Device 
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Power Supply 

As the device is going to be fully potted and sealed, changes need to be made to the power 

supply system, as the use of alkaline off the shelf batteries is no longer a viable solution. 

This means some form of rechargeable battery will be required, and therefore some method of 

charging the battery is also required. There are three types of rechargeable battery technologies 

that are readily available, NiCad (Nickel Cadmium), Ni-MH (Nickel Metal Hydride) and Li-Ion 

(Lithium Ion); each has its benefits. The battery technology chosen was Ni-MH, as it has 

reduced memory effect issues as compared to NiCad. Ni-MH batteries can also be charged at 

any point, they do not need to be discharged fully like NiCad. At the present time Ni-MH 

batteries have a cost advantage over Li-Ion batteries. Ni-MH batteries are readily available in 

many different sizes and power ratings; which enabled flexibility with relation to packaging.  

 

To use the Ni-MH batteries a charging circuit is required, as the device is fully sealed, meaning 

no physical connections are possible, a wireless charging method is needed. The task of 

designing a wireless charger was given to Leon Gourdeas, a research assistant at Griffith 

University, and the schematic and circuit layout are shown in Appendix I. The solution 

developed involved using two wire coils on a ferrite core, much like a transformer, except that 

one of the coils was embedded in the device. The position where the ferrite core passes through 

the device can be seen in Figure 33. The other end of the coil was driven with an AC 

(alternating current) signal. This circuit will not be explained here. 

 

Communications 

As mentioned above the device is fully sealed, which does not allow for physical connections to 

the device, this has an effect on how we communicate with the device as the previous use of a 

serial cable can not be facilitated; again there is a need for a wireless solution. There are two 

main choices when it comes to wireless data communications medium, optical means such as 

Infra-Red (IR), and radio frequency (RF). As overall package size is a consideration, the 

footprint of the communication electronics needs to be kept as small as possible, this tends to 

lead towards the use of IR. RF solutions were considered but had some disadvantage compared 

to IR. RF systems have a greater susceptibility to interference than IR; IR is generally only 

affected by direct sunlight. Ben Jeffrey, a research assistant at Griffith University, undertook the 

design of the IR interface and the schematic and circuit layout are shown in Appendix K.  

 

To charge and communicate with the device a cradle was developed. The cradle has two 

functions, one to supply the source for the inductive charging system, and secondly to provide 

an interface between and computer and the IR communications. The charging electronics was 

designed by Leon Gourdeas, and the IR communications interface designed by Ben Jeffrey. The 
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schematic and printed circuit board for the charging circuit and IR circuit are shown in 

Appendix L. A packed unit on the cradle can be seen in Figure 33. 

 

 

 

Figure 33: Swimming Limited Release Device on Cradle 

 

The operation of the system is significantly different to the first version, as the first version 

could be switched on and off which permitted a simple operating flow. This device is 

effectively running continuously, but needs to be changed between data logging mode, data 

download mode and a sleep mode. To achieve the switching between modes there needs to be 

some way of sending a signal to the device, the simplest of which is to use a switch. For this 

packaging it would be required to be a push button switch. The firmware developed for the 

device permitted mode selection via a single push button switch, and will be discussed in the 

next section. 

 

4.2 Firmware 

 

The firmware operation of the limited release device is of greater complexity than the prototype 

device, an overview of the system operation is shown in Figure 34. The firmware code can be 

found in Appendix H. In the prototype device the unit could be physically switched on and off 

which enabled a simplified mode switching. The present design of the device means the unit is 

effectively on all the time, which makes mode switching more difficult. When the device starts 

the first time it has a number of system configuration and initialisation operations that must be 
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attended to before the device can be used. The device must initialise the MMC card, configure 

the interrupt handler for the operating switch then put the device to sleep. The flow chart for the 

program start operation is shown in Figure 35. 

 

 

Figure 34: Swimming Limited Release Simplified Firmware Flowchart 
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Figure 35: Swimming Limited Release Main Program Flow Chart 

 

Once the device has completed the start up and initialisation routines the device goes to sleep 

and waits for the mode button to be pushed. The operating button on the device serves two 

functions, one is to select the desired mode of operation, and the other is to place a marker in the 

data when the device is operating in logging mode. When the device is in sleep mode and the 

button is pressed this initiates the configuration and starting of a timer as shown in Figure 36. 
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Figure 36: Swimming Limited Release Mode Button Flow Chart 

 

The timer that is started when the button is pushed has to determine whether a change in 

operating mode is to be executed, whether a mark in the data is required, or to ignore the button 

press; the timer interrupt occurs at 600Hz. The flow chart in Figure 37 shows how the different 

sections link together. Once the switch has been pressed a time out period is set to allow the 

switch to stabilise, or de-bounce. 
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Figure 37: Swimming Limited Release Mode Selection Timer Flow Chart 

 

4.3 Client Software 

 

With the major changes to the hardware configuration, new features and functions were required 

in the updated client software. The user interface for the client software can be seen in Figure 38 

and as can be seen there are more controls and functionality present. An issue that was raised 

from the first client software was that the information relating to the data was easily lost, due to 

it not being connected in any way to the computer file. A way to solve this is to record 

important information such as athlete name in the data file as it is downloaded, thus giving some 

linkage between the data file and any other auxiliary information. The athlete information is 

entered into the fields in the athlete group, and test related information could be recorded in the 

test group. This information has proved very useful, as a brief description can be recorded in the 

data set, for example the type of testing the data relates to. Optionally information relating to the 

device itself can be included with the data. 
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Figure 38: Swimming Limited Release Data Download Client 

 

Initiating a connection to the device requires first placing the device into download mode when 

it is on the charger cradle, followed by pressing the connect button on the client software. If the 

client software does not receive a reply to an acknowledgement request within 10 seconds it 

times out with a connection error. On successful connection the session data is requested from 

the device and used to enable and populate the session information on the user interface. 

 

4.4 Design Assessment 

 

The features and design of the limited release device were a significant improvement on the 

initial prototype design. The packaging design on the limited release device made the device 

easier for the swimmer to fit, which also increased their willingness to wear the device. The new 

packaging was more streamlined and adhered more to the body than the initial design. This 

meant the swimmer noticed the device less, again increasing their willingness to wear the 

device. The method of attachment was also improved in this version, using a flexible strap 

wrapped around the body and clipped to either end of the unit. Figure 39 shows the new unit on 

a swimmer. 
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Figure 39: Data collection unit on swimmer 

 

The initial prototype did not adhere to the body reliable; during the tumble turn it was prone to 

flipping 90 degrees and during wall push off the unit had a tendency to move down the trunk of 

the body. These issues were significantly reduced with the packaging on the limited release unit, 

with device flips during the tumble turn occurring infrequently, and better coupling to the body 

therefore reducing total device movement independent of body movement. 

 

 

 

Figure 40: Orientation of accelerometer axes 
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The limited release device was tested in a range of swimmers. The data collected from the new 

device appeared to have less noise on the signals than the initial prototype. As the hardware had 

not been significantly changed between versions this was attributed to less system movement. 

Figure 41 and Figure 42 show examples of the data collected from the initial and limited release 

devices respectively. 

 

 

Figure 41: Swimming Prototype Data Example 

 

 

Figure 42: Swimming Limited Release Data Example 
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To confirm the noise improvement of the limited release device, an analysis of data from both 

devices was conducted. Data was collected from swimmers using the initial prototype device 

and the limited release device. The swimmers swam at approximately the same pace. A Fast 

Fourier Transform (FFT) was applied to each of the channels individually after the signal 

average had been removed. Figure 43 shows the FFT comparison results for a single swimmer. 

The left column of data is from the initial prototype device, and the right column from the 

limited release device. The axes of acceleration are as shown in Figure 40. From the figure it 

can be seen, especially in the X and Z axis, that there is less noise present by the reduced 

number of spikes. 

 

 

Figure 43: FFT Comparison of Initial and Limited Devices on a single swimmer 

 

There were some packaging issues with the device, specifically to do with the devices switch. 

The packaging material did impair the operation of the switch on a limited number of devices. 

With the reduction in noise and improved usability of the device, it provides a sufficient 

platform for large-scale data collection.
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5 Data Collection and Algorithm Development 

 

The accelerometer data collected from a swimmer has a vast amount of information contained 

within it. The primary parameters of interest for this work are stroke type identification, wall 

push off and stroke counts, secondary parameters include stroke rate and lap time. 

 

The interpretation and understanding of accelerometer data can be complex due to the 

mechanical complexity of human motion, and the bodies interaction with its environment and 

external objects. 

 

Accelerometers used to measure body motion are influenced by both static and dynamic 

accelerations. The static acceleration is that due to the earth’s gravitational field being applied 

to the device and is approximately a constant vector, and the dynamic accelerations are due to 

all other motion of the accelerometer. Experimental data has shown that dynamic 

accelerations due to the movement of the body are generally very small in magnitude 

compared to the earth’s static field for swimming applications. 

 

If the motion of the body is confined to a two dimensional plane perpendicular to the earth’s 

surface, the effect of the static gravitational acceleration is not seen by the accelerometer. 

This will result in only the dynamic acceleration being sensed by the accelerometer. Once the 

vectors of body motion are in a three dimensional plane, unless you have an external 

reference point you have a constantly changing frame of reference. Without the external 

reference point, it is extremely difficult to mathematically remove the effects of the 

gravitational field. If the dynamic accelerations of interest are very small with respect to the 

static gravitational field, the static field will virtually saturate the accelerations of interest. 

 

This section introduces the methods and design for data collection, some fundamental 

analysis of the gravity vector followed by the development of specific processing algorithms. 
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5.1 Method and Data Collection Design 

 

The data sets used in this work were collected in conjunction with the AIS using swimmers 

based at the AIS. Data collection was integrated with their daily training. This has the benefit 

of not interrupting their schedule, but more importantly that the training undertaken is 

planned by the coach. This assists in targeting specific training days and also in identifying 

what is happening within the data. There were three main type of data sets collected: 

 

1) Many individuals swimming the same training sets 

2) Many individuals swimming the same training sets with hand lap timing 

3) Individual swimmers with underwater video 

 

With these types of data sets available, there was adequate data for the development of the 

algorithms to extract the desired stroke and lap parameters.  

 

5.2 Gravity Modelling 

 

To validate the accelerometer data and gain an initial understanding of what the swimming 

unit was collecting, a gravity only based model was developed. In this, acceleration due only 

to gravity, or the static acceleration as seen by the accelerometer is included in the model. The 

model was rotated three dimensionally in the same manner as the unit itself is rotated on the 

body during the swimming action. 

 

Accelerometer data devices worn by athletes produce many interacting signals due to the 

complex nature of the motion of the human body. The understanding of these signals is 

difficult and often non intuitive. The development of a model to simulate the ideal motion of 

the recording device was developed to gain a greater understanding of the recorded data. 

 

The outputs of the model are simulated acceleration data that only consider the orientation 

change experienced by the unit undergoing gross motion characteristics associated with 

swimming, thus removing external interaction effects and unwanted system movement. The 

result is an noiseless or ideal dataset. The equations of motion are derived from observation of 

high speed above and below water video of elite athletes, and are a first approximation of 
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motion only. 

 

 

Figure 44: Gravity model for cube in 3 orthogonal axis (gravity in 2 axes) 

 

The use of rotational mechanics equations are used to calculate the gravity only components. 

For certain components of stroke data, it is possible to simplify and approximate these 

equations. 

 

Freestyle stroke data can be simulated through a serious of equations. The first assumption is 

that the absolute sum of the three vector components at any point in time equals the gravity 

vector magnitude. 

 

 ( ) ( ) ( ) 1x y zgA A t A t A t= + + =  (1)  

 

Where: 

 Ag is the magnitude of the gravity vector 

 Ax, Ay and Az is the acceleration vectors of the three axes. 

 t is time 

 

If we assume that the motion of the body is strictly linear, then the vector component 

equations simplify to: 
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 ( )( ) 1 ( )z yA t k A t= − + ×  (4) 

 

Where: 

 cos( )xM θ=  (5) 

 

  M is the magnitude of the acceleration 

  θx is the angle of rotation of YZ plane about the X axis 

  t is the current time step 

 

In the above equation T is the period of the stroke which is defined by the stroke frequency 

and k is a scale factor. 

 

Figure 45 shows the output of the model overlayed against some collected data. The model 

output has not been scaled. It can be seen that there is a strong correlation of the model output 

and the collected data. 
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Figure 45: Freestyle stroke and synthetic (gravity based) data  

5.3 Data Processing 

 

The processing of the accelerometer data is driven by the parameters that are to be extracted. 

The requirements for the swimming device stated the data of most interest was lap time, 

stroke count and stroke rate. The method of identifying stroke type was addressed first, as the 

derived stroke information will need to be processed differently for the different strokes. With 

the identification of the stroke type the time to complete the lap was next considered, the basis 

for lap timing is to identify when the swimmer pushes off the wall. The requirement to 

acquire stroke counts was focused on freestyle as the stroke information is visually easy to 

identify, and freestyle is the stroke commonly swum during training. The processing of stroke 

type, wall push off and stroke counts are detailed below. 

 

5.3.1 Stroke Type Identification 

 

Stroke type identification was selected as the first parameter of investigation since it was easy 

to validate the results. Figure 46 to Figure 49 show a 50m lap of backstroke, freestyle, 

breaststroke and butterfly respectively. There are distinct visual differences between the 

strokes, which will be discussed in turn and summarised in table form (see Table 7). 
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Figure 46: Backstroke example lap 

 

 

Figure 47: Freestyle example lap 

 

Backstroke and Freestyle 

The visual comparison of backstroke and freestyle acceleration traces show that the strokes 

have similar characteristics. For these strokes, stroke related information is obtained from the 

Y channel, and lap information from the X channel. The key difference between these two 
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strokes is the orientation of the device, which is visible in the Z channel. The acceleration 

data is approximately zeroed around 512 on the A/D scale. About 512 is where the 

accelerometer sees zero gravity. Using this information it is seen that the Z channel is 

inverted, as would be expected when considering the strokes as the body orientation is 

opposed. 

 

 

Figure 48: Breaststroke example lap 

 

Figure 49: Butterfly example lap 
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Butterfly and Breaststroke 

The data for butterfly, breaststroke and freestyle are similar to one another. Thus a method 

needed to be developed to differentiate these strokes from one another. The method 

developed calculates a measure of the energy in each of the three channels and uses 

thresholds to determine the stroke type. 

 

An algorithm was developed to take a lap of data and automatically identify the type of 

stroke. As mentioned earlier, the identification of the stroke type is required for later 

extraction of stroke specific parameters. The data is first filtered using a hamming windows 

filter of length 64 and a cut-off frequency of 0.5Hz. This filter removes high frequency 

information caused by vibrations of the device and other rapid movement, leaving only the 

orientation related information. Using the filtered data two measures are calculated for each 

of the three channels of data, the orientation and the energy. 

 

To calculate the orientation for each channel, the average value for the channel is calculated. 

This calculated average is then compared against +-5% of zero gravity. If the value of the 

channel is greater than zero gravity + 5% the device considered to be pointing upwards, and if 

it is 5% below our zero gravity value the device considered to be pointing down. 

 

The energy value for each channel is calculated by removing the average of the channel from 

the channel, summing the absolute channel values, and normalising against the length of the 

data set. The equation for calculating the X channel energy is shown in equation (6). 
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  Where: 

   N is the length of the data being analysed 

 

Once the six measures have been calculated, they can be grouped into combinations to 

identify the stroke types. The identification of freestyle and backstroke has given very good 

results as both strokes have high energy values in the Y channel, and the inversion difference 

in the Z channel. Using the available data sets Table 7 shows the required measure 
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combinations to identify the stroke type within the data. The algorithm correctly identified 

greater than 95% of all data sets it was tested against. The algorithm code is available in 

Appendix M.  

 

 

 

 

 

Channel Orientation Channel Energy Stroke Type 

AX AY AZ AX AY AZ 

Freestyle - - -1g >1 >3 - 

Backstroke - - +1g 1 >2 - 

Breaststroke - - -1g >1 <2 <2 

Butterfly - - -1g >1 <2 >1 

Table 7: Stroke identification summary 

 

5.3.2 Wall Push Off Identification 

 

The correct location and identification of the wall push off is very important algorithm, as the 

output of this is used for stroke count, automatic stroke type identification and lap timing 

algorithms. 

 

Figure 50 shows a typical wall push off for the beginning of a freestyle training lap. The wall 

push off for freestyle is located in the X channel of data. The points A and B depicted on the 

figure show the start and end of the wall push off respectively. The gradient between points A 

and B is generally very steep, with a magnitude difference in excess of the magnitude of 

gravity the accelerometer sees, which is approximately 50 A/D units. 
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Figure 50: Wall push off 

 

The algorithm for detecting the wall push off is comprised of a series of phases. The initial 

phase tracks the slope of the data to search for point A. The slope is calculated by taking the 

current sample i and sample i-5 and using equation (7) to calculate the slope. The slope 

calculated from this equation looks at the gross average over the five samples to reduce the 

effect of noise within the data.  

 

 

 
( ( ) ( 5))

( )
5

( )x xA i A i
slope i round

− −= ; i=1…N (7) 

 

This value is calculated at every sample location. If the slope of the previous five points is 

greater than two, then we are tracking the upward rising slope of the wall push off. This slope 

tracking process is continued until we have a slope that is no longer greater than two. When 

this occurs we have reached the maximal point A. The value and location of point A are then 

stored. The next phase in the algorithm searches 100 samples backwards in time from the 

point A to locate a local minima point B. 

 

Once the points A and B have been found, the absolute value of their difference is calculated 

by subtracting point B values from point A. The result of this is then threshold tested to 

determine if we have a wall push off. If it is determined we have a wall push off, the final 

phase of the algorithm is reached. 
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In this phase the location of the current minima is compared to the location of the previous 

minima. If the difference between them is less than 5 seconds, the current push off point is 

discarded as a false trigger. 

 

The developed algorithm was run against data sets with associated hand recorded times. The 

algorithm code can be found in Appendix N. The algorithm design required no prior 

knowledge of the swimmers technique, nor does it need any calibration. Of the available data 

sets the algorithm produced results for 83 sets. The data sets where from 11 difference 

swimmers, both male and female. The hand timings that were for the data sets were for two 

laps (100m). The timing results generated from the algorithm were subtracted from the hand 

recorded times. The resultant timing error difference is plotted in Figure 51.  

 

 

Figure 51: Histogram of lap timing errors for 83 data sets 

 

The results in Figure 51 show the majority of errors located between –0.5sec to 0.5sec, as this 

is hand timed data there is human reaction time that has not been taken in to account. The 

errors out at the –1sec and 1sec regions are attributed to further refinement required for the 

algorithm. Any error associated with the hand timing has not been accounted for in the 

comparison of the results. 

 

5.3.3 Stroke Count 

 

The ability to accurately identify strokes within a lap was identified as a parameter of interest. 
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This measure is used by coaches during a training session to track workload, and the 

swimmer is responsible for giving the coach the correct information. 

 

From the stroke patterns show earlier (Figure 46 to Figure 49) it is evident that one technique 

will not work for all strokes as the stroke related information is not in the same channel for all 

strokes. Freestyle was selected as the stroke to initially analyse as it was the most prevalent 

stroke in the dataset and is the stroke most commonly use during performance testing [7]. 

 

 

Figure 52: Stroke count identification example 

 

The stroke count algorithm inputs are coupled from the wall push off algorithm and it is these 

inputs that define the region of analysis. To simplify data processing the algorithm outputs are 

split into two segments, top and bottom. Physically these terms relate the strokes of the left 

and right hand. The top segment was defined as the strokes that occurred above the signal 

mean (a positive peak), and the bottom segment defined as those that occur below the mean (a 

negative peak). 

 

The algorithm tracks from the beginning of the data searching for the first maxima or minima. 

When a maxima occurs, point A in Figure 52, another maxima can not occur till a minima has 

been found, point B in Figure 52, and vice versa. Figure 52 shows an example of the 

algorithm output. The algorithm code can be found in Appendix O. 

 

The algorithm was run against 164 data sets for which stroke counts had been manually 

obtained from the raw accelerometer data. The data contained sets contained a 50 meter 
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freestyle lap from 8 swimmers, both male and female. Figure 53 and Figure 54 shows the 

resultant error between manually counted strokes and algorithm counted strokes. The results 

show that 34% for the top side, and 43% for the bottom side, the algorithm calculated one 

stroke more than the manual data. The results also show that there is no error greater than ±2 

counts of the manual count. This stroke count processing technique does not require any 

calibration or prior knowledge of the swimmers stroke technique to obtain this level of 

accuracy. 

 

 

 

Figure 53: Top side stroke count algorithm variation to manual stroke count 164 data sets 

 

 

 

Figure 54: Bottom side stroke count algorithm variation to manual stroke count 164 data sets 

 

This technique has shown good results for freestyle and could be easily adapted to backstroke 

as the stroke information is similar. Stroke count techniques for breaststroke and butterfly 

require further investigation since the stroke nature is very different to freestyle. 
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5.4 Visualisation 

 

The visualisation of the accelerometer data form the swimming devices requires the ability to 

view any of the three axes of acceleration in any combination. The reason for this is that 

whilst certain aspect of the data, such as strokes, appears in a single channel, one or both of 

the other channels is needed to identify for example the boundaries of a lap. The viewing of 

all three axes simultaneously is the most common method used. To view and handle multi 

channel data set a data processing toolbox for Matlab had been developed with the research 

group [18]. The toolbox utilised a known data standard for input data files, shown in Figure 

55, and utilised a specific data standard to exchange data between the tools. The toolbox 

contains numerous processing functions some of which are described in Table 8. Additional 

processing tools can be easily written and added. 

 

Athelete Tracking project V2.# application 

(c) Griffith University CRC for Microtechnology & AIS 

6 ;Device ID 

V0.9  ;Download code version 

12_Sep_03_10:27:57AM ;date_time 

150 ;Sample rate(Hz) 

Adam_P ;Name 
 ;Age 

M ;Sex (M/F) 

 ;Femur(cm) 

 ;Tibia(cm) 

 ;Upp arm(cm) 

 ;forearm(cm) 

 ;Other 1 

 ;Other 2 

 ;Other 3 

 ;Other 4 

Adam_P ;Athlete name 

1 ;Test number 

swim ;Sport code 

8x100m_with_underwater_filming ;Test description 

 ;Vertical up  

 ;Horizontal forward  

517 511 481 0 
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Figure 55: Example of ADAT Toolbox .ad File Format 

 

Toolbox Function Description 

ADATconv Converts .ad file to ADAT data structure 

ADATview Displays all channels of data within a data structure 

ADATfft Performs a Fast Fourier Transform on each data channel 

ADATsmooth Performs low pass filtering to each data channel 

ADATremoveaverage Removes the mean or average value from each data channel 

Table 8: Example of some ADAT Toolbox Functions 

 

The design of the toolbox enables quick and easy viewing and manipulation of data sets. For 

example to load a data file into Matlab using the toolbox you would issue the following 

command is used: 

athdata = ADATconv(‘filename’) 

This will load the data file ‘filename’ into the variable called athdata. To then view the 

data set you use the following command: 

ADATview(athdata) 

If the data file were swimming data the resultant plot could look similar to Figure 56. 

 

 

Figure 56: ADAT Toolbox View Example 
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5.5 Validation 

 

To validate the accelerometers, trials were conducted with video and accelerometer data 

recorded in parallel.  

 

The video was collected using a underwater camera connected to a digital video recorded. 

The underwater camera was on a trolley such that it could be moved along the entire length of 

the pool. The video footage was digitised to computer. To synchronise the video and 

accelerometer data, the wall push off point was identified using a frame counter on the video 

and the wall push off algorithm results from the accelerometer data.  

 

As no software existed to visualise and analyse video and accelerometer data simultaneously 

an application was developed to meet this need, Table 9 details the software requirements. 

The software is written in Microsoft Visual C++ as this language provides easier access to 

Microsoft Windows graphics and multimedia functions. The application uses DirectX for 

handling video playback and accelerometer graphing functions. Figure 57 shows the 

completed user interface and the application with video and accelerometer data displayed. 

The following sections the controls and functions available in the software will be discussed. 

 

Video Software Requirements 

User Interface Easy To use and understand 

Ability to directly load .ad files 

Ability to load any video format 

Viewing Features Scrolling accelerometer data in sync with 

video stream 

Ability to zoom accelerometer data 

Video Features Increase or decrease video playback speed 

Single Video Frame Stepping 

Select and loop play video segments 

Table 9: Video Software Requirements 
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Figure 57: Swimming Video Accelerometer Application 

 

File Menu 

The file menu, show in Figure 58 provides the user with various options for loading and 

saving files within the application. The Load Accel Data enables the user to select a .ad file to 

be loaded into the program, and likewise the Load Video File option enables the user to select 

the appropriate video file. 
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Figure 58: Swimming Video Application File Menu 

 

The software also has a feature then enables the user to load and save project files. A project 

file is used to record the name of the accelerometer and video data file, as well as store the 

offset value. This is useful as it means the data and video files can be stored in different 

locations, but easily access for viewing within the applications. 

 

View Menu 

The view menu in Figure 59 only has one function available, which enable the user to view 

the athlete information stored in the accelerometer data file. An example of the accelerometer 

information windows is shown in Figure 60 

 

 

Figure 59: Swimming Video Application View Menu 

 

 

Figure 60: Swimming Application Athlete Information Window 
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To make the software easy to use all necessary controls are available on the user interface. 

The controls are grouped together into logical groups. These groups are video controls, 

playback rate, accelerometer and video position. The functions within these groups will be 

detailed below. 

 

Video Control and Playback Rate 

The video control group show in Figure 61 provides the controls for the video file. There are 

five buttons within the group, each providing a basic function. The Play, Pause and Stop 

buttons provide the operation they are labelled. The << and >> buttons are for single frame 

stepping, the << button steps backwards one frame, and the >> button steps forward one 

frame. These buttons can be used if a video is playing or paused. The video will move 

forward or backward one frame and then pause the video. The data in the Accelerometer Data 

window will move in response to the video position. The playback rate group in Figure 62 

provide a single control for varying the speed at which the video plays. The control can be 

slid to select one quarter play back speed through to double speed playback in one quarter 

steps. 

 

 

Figure 61: Software Video Control Group 

 

 

Figure 62: Software Playback Control Group 

 

Video Position 

The video position group provides a variety of additional video control features. The slider 

bar that extends the entire width of the control group is used to drag the video clip to any 

desired location within the clip. The time window displays the time of the current position 

relative to the start of the file. To align the accelerometer and video data streams the Start 

Offset value is used. This value is a positive offset of accelerometer data samples required to 
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match the two data streams. The software also has the functionality to only play a selected 

region of a video clip. When the video is paused the Set Start Pnt and Set End Pnt buttons are 

used to select the start and end points of a region respectively. The video will be played from 

the start point and stop at the end point. If the Loop Sel option is ticked the selection is played 

in a continuous loop. The Clear Sel button clears the selected region. 

 

 

Figure 63: Software Video Position Control Group 

 

Accelerometer Controls 

Accelerometer data is scrolled in the Accel Data Bar window whenever video is being played. 

The accelerometer control group provides options for how this data is displayed. There are 

three channels of accelerometer data that can be displayed and each channel can be turned on 

or off using the three tick boxes in the control group. The times axis of the accelerometer data 

can be set to one of six different scales, which are selectable using the Zoom Adjust slide 

control. 

 

 

Figure 64: Software Accelerometer Control Group 

 

The value of combining the video and accelerometer data together is greater then either of the 

individual data sources. The software has been used for manual verification of stroke counts. 

The software has also assisted in gaining understanding of the accelerometers signals with 

respect to turns and strokes. The software provides a very useful tool for visual analysis. 
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5.6 Conclusions 

 

The algorithm results and comparisons shown in Section 5.3 show that the data collected from 

the device contains sufficient information to extract wall push offs, stroke counts and to 

identify the stroke type. The algorithms developed are very generalised as they require no 

prior knowledge of the swimmers stroke, nor do they need any calibration. The algorithms are 

also designed with firmware implementation in mind. Easy of implementation, and no 

requirement for prior knowledge of the swimmers stroke are relevant algorithm issues with 

respect to possible commercialisation of the device.
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6 Conclusions and Future Work 

6.1 Conclusions 

 

This work has taken the initial steps in filling a need for detailed in-situ analysis of athlete 

performance in rowing and swimming. For rowing, the ability to record and analyse detailed 

information about the boats performance in the water has provided the coaches and athletes with 

new tools to assist in enhancing their performance. In swimming detailed performance analysis 

is undertaken, but only at state and national competitions and infrequently during training. Thus 

it is desirable to be able to have some method of obtaining performance related parameters. 

 

A device has been built and tested for rowing. The device has enabled data about boat 

performance to be recorded in-situ for later analysis. The data collected by this device has 

proven extremely useful to coaches and athletes. This device is being developed further by the 

CRC for microTechnology and the AIS with a view of commercialisation. 

 

For swimming an initial prototype device has been built and tested. This device established the 

framework and basis for the refinement of this prototype into a limited release device. The 

processed results from the data collected with these devices have shown good correlation to 

manual results. 

 

The devices have been able to provide coaches and athletes with useful parameters. The use of 

accelerometers has been shown as a useful tool for monitoring human movement patterns, 

particularly in rowing and swimming. The devices, whilst useful in their current form, could be 

developed further to provide more detailed data and increased convenience of use to the user. 

The areas of particular interest for future work include improving the packaging, wireless 

communications, onboard development of the algorithms, the extraction of new parameters, and 

turn analysis. These topics will be discussed in detail in the next section.  

 

6.2 Future Work 

 

There are a number of areas of this work that could be extended in future work. The packaging 

of the device is a critical factor in the devices long term success and would benefit from fluid 

mechanics analysis. The analysis could be used to optimise the packaging from a 

hydrodynamics perspective and thus reduce the drag issues that affect the current device. 
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One area of future interest will be in communicating wirelessly with the device, if not in the 

water, when the swimmer get out of the pool. The idea behind this being that the data can be 

downloaded from the unit whilst it is in operation without the need to remove the device from 

the swimmer. Another advantage of having wireless communications with the unit is that from a 

race perspective the device could be designed to receive a start trigger when the start gun is 

fired, thus enabling some measure of reaction times. 

 

The processing algorithms currently rely on the entire raw data being available. The raw data is 

currently stored on the device with only a bit packing method. Further data compression should 

be possible using a difference method, and this would increase the storage capability of the 

device as well as increase the effective download data rate. 

 

Implementation of the algorithms into the devices onboard firmware is another area of interest 

and possible future development. The idea behind this is that if analysis was performed onboard 

the device, the end user can optionally download only the analysis results, or download the raw 

data and the analysis results. This has the benefit of reducing communications bandwidth when 

complete raw data is not required. 

 

The current processing algorithms only extract a very limited number of parameters. Further 

work is needed in developing algorithms to extract and derive more quantitative and qualitative 

data. So examples include intra-stroke times and variations, magnitude of body roll and velocity 

variations.  

 

Turns are a critical part of swimming as time can be easily lost in an inefficient turn. Most 

detailed testing is concentrated on turn analysis. Using the accelerometer data to perform some 

basic turn analysis would be beneficial in between more rigorous testing. 

 

The use of the device in long term studies has yet to be explored. Long term studies could be 

conducted to investigate stroke performance variation with respect to training or injury recovery 

assessments.



 

74 

 

 

References 

 

 [1] Hawley, J. 

 Guidelines for laboratory and field testing of athletic potential and performance 

 Basic and Applied Sciences for Sports Medicine 

 edited by Maughan, R. 

 Butterworth-Heinemann, Oxford, 1999 

 

[2] Ohgi, Y. 

 Microcomputer-based Accelerometer Sensor Device for Sports Biomechanics 

 IEEE Sensors 2002 Conf. Proc 

 Vol 1, 2002, 699-704 

 

 [3] Auvinet, B., Gloria, E., Renault, G., Barrey. E. 

Runner’s stride analysis: comparison of kinematic and kinetic analyses under field 

conditions 

Science & Sport 

 Vol 17, 2002, 92-94 

 

[4] Ohgi, Y., Ichikawa, H. 

Fatigue Evaluation by Using Microcomputer-Based Acceleration Data Logger for 

Swimming Research 

  Biomechanics and Medicine IXth Proc 

2002, 463-468 

 

[5] Wixted A., James, D., Thiel, D. 

Low Power Operating System and Wireless Networking for a Real Time Sensor 

Network 

 ICITA 

 Nov 2002, Bathurst, Australia 

 

[6] Nielsen-Kellerman 

 SpeedCoach Instructions; equipment for rowing crews & coaching [online] 

Available from: http://www.nkhome.com/rp/speedcoach/instructions.html 

(Accessed 31 March 2004) 

 



 

75 

 

 

[7] Pyne, D., Maw. G., Goldsmith, W. 

Protocols for the Physiological Assessment of Swimmers 

Physiological Tests for Elite Athletes 

Edited by Gore, C. 

 Human Kinetics, USA, 2000 

 

[8] Evans, A., Duncan, G., Gilchrist, W. 

 Recording accelerations in body movements 

 Medical & Biological Engineering & Computing 

 January 2991, 102-104 

 

[9] Anderson, R., Harrison, A., Lyons, G. 

 Accelerometer based kinematic biofeedback to improve athletic performance 

 The Engineering of Sport 4 

 Edited by Ujihashi, S., Haake, S. 

 Blackwell Science, Oxford, UK, 2002, 803-809 

 

[10] Bradford Grammar School Boat Club 

 The idiots guide to rowing [online] 

Available from: http://www.bgsbc.co.uk/igtr.shtml 

(Accessed 14 April 2004) 

 

[11] Polar Electro 

 Available from: http://www.polar.fi/polar/channels/eng/index.html 

 (Access 14 April 2004) 

 

[12] James, D.,Wixted, A., Gourdeas, L., Jeffrey, B., Filipou, B., Hanna, B., Pope, K., 

Freudigmann, J., Thiel, D. 

V2 Telemetry Prototype Specifications and Description 

 Griffith University CRC Internal Documentation 

 May 2002 

 

[13] M.B.T.L. Limited, Davey, N., James, D. 

Patent No 2002952407, Monitoring On Water Sports,  

Filed 1st Nov 2002 

 



 

76 

 

 

[14] M.B.T.L. Limited, Davey, N., James, D. 

 

Patent No 2003903123, Monitoring On Water Sports,  

Filed 23 Jun 2003 

 

[15] Davey, N., James, D., Anderson, M. 

Signal analysis of accelerometry data using gravity based modelling 

SPIE Microelectronics: Design, Technology, and Packaging 

10-12 December 2003, Perth, Australia 

 

[16] Davey, N., James, D., Gourdeas, L. 

An integrated platform for micro sensor data acquisition, storage and analysis 

SPIE Microelectronics: Design, Technology, and Packaging 

10-12 December 2003, Perth, Australia 

 

[17] Otter Products, LLC 

 Available from: http://www.otterbox.com/product.cfm?product=132&code=NA 

 (Access 16 April 2004) 

 

[18] Wixted, A., James, D., Davey, N. 

Athlete Data Processing Toolbox 

 Griffith University CRC Internal Documentation 

January 2003

 



Appendix A 
 
 
 
 
 
 
 
 
 
 
 
 

Matlab Impeller Rotation Detection Algorithm 
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mymax=0; 
mymin=1024; 
mymean=512; 
 
mymean=round( ((mymax-mymin)/2)+mymin); 
myhigh=mymean+((mymax-mymean)/2); 
mylow=mymean-((mymean-mymin)/2); 
 
mywait=0; 
count=0; 
counter=0; 
docnt=0; 
 
for i=1:1:length(sig) 
     
    counter = counter + 1; 
     
    if((mymax - mymin) > 50) 
            if(docnt == 0) 
                if(sig(i) < mymean) 
                    count=count+1; 
                    mcount(i)=1; 
                    docnt=1; 
                end 
            end 
             
            if(docnt == 1) 
                if(sig(i) < mylow) 
                    docnt = 2; 
                end 
            end 
             
            if(docnt == 2) 
                if(sig(i) > myhigh) 
                    docnt = 0; 
                end 
            end 
    end 
     
    if(sig(i)>mymax) 
        mymax=sig(i); 
        mymean = round( ((mymax-mymin)/2)+mymin); 
        myhigh = mymean+((mymax-mymean)/2); 
        mylow = mymean-((mymean-mymin)/2); 
    end 
     
    if(sig(i)<mymin) 
        mymin=sig(i); 
        mymean = round( ((mymax-mymin)/2)+mymin); 
        myhigh = mymean+((mymax-mymean)/2); 
        mylow = mymean-((mymean-mymin)/2); 
    end 
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    if(counter > 100) 
        mymin = mymin + round((mymean-mymin)/4); 
        mymax = mymax - round((mymax-mymean)/4); 
        mymean=round( ((mymax-mymin)/2)+mymin); 
        myhigh = mymean+((mymax-mymean)/2); 
        mylow = mymean-((mymean-mymin)/2); 
        counter=0; 
    end 
         
    mmin(i)=mymin; 
    mmax(i)=mymax; 
    mmean(i)=mymean; 
    mhigh(i)=myhigh; 
    mlow(i)=mylow; 
end 
 
retval = count; 
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Rowing Firmware Code 
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/***********************************************************************/ 
/*                                                                     */ 
/*  FILE        :AISRowing.c                                           */ 
/*  DESCRIPTION :Main Program                                          */ 
/*  CPU TYPE    :H8/3664F                                              */ 
/*                                                                     */ 
/*  This file is generated by Hitachi Project Generator (Ver.2.1).     */ 
/*                                                                     */ 
/***********************************************************************/ 
                   
#include "iodefine.h" 
#include "sci3.h" 
#include <machine.h> 
struct SCI_Init_Params SCI_Init_Data={B19200,P_NONE,1,8}; 
unsigned short addra; 
unsigned short addrb; 
unsigned short addrc; 
unsigned short addrd; 
unsigned int *pointer; 
unsigned char HR_Current; 
unsigned char HR_Prev; 
unsigned char HR_Counter; 
unsigned char HR_Flag; 
unsigned char HR_Trig; 
unsigned short HR_deadtime_counter; 
unsigned short fast_counter; 
unsigned short slow_counter; 
unsigned short imp_counter; 
unsigned short accel_counter; 
unsigned short accel_cal_counter; 
unsigned char buff_curr; 
unsigned char buff_prev; 
unsigned char data_counter; 
unsigned char send_counter; 
unsigned char send_counter_index; 
unsigned char frame_counter; 
unsigned char data_buffer[16][2]; // was 10 
unsigned short imp_curr; 
unsigned short imp_prev_1; 
unsigned short imp_prev_2; 
unsigned short imp_prev_3; 
unsigned short imp_data; 
int imp_max; 
int imp_min; 
int imp_mean; 
int imp_high; 
int imp_low; 
int imp_count; 
int imp_do_count; 
int imp_loop_counter; 
 
unsigned short imp_rot_time; // time it takes impeller to rotate once 
unsigned short imp_rot_curr_time; // variable to store reading 
 
unsigned char irq0_count; 
unsigned short irq0_counter_start; 
unsigned short irq0_counter_finish; 
unsigned short irq0_counter_value; 
unsigned short irq0_counter_start_prev; 
unsigned short irq0_counter_t2; 
 
unsigned char irq3_count; 
unsigned short irq3_counter_start; 
unsigned short irq3_counter_finish; 
unsigned short irq3_counter_value; 
unsigned short irq3_counter_start_prev; 
unsigned short irq3_counter_t2; 
 
unsigned long irq0_t2_cal; 
unsigned long irq0_z_cal; 
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unsigned long irq0_k_cal; 
unsigned long irq0_za; 
unsigned short irq0_a; 
unsigned long irq0_t2_sum; 
 
unsigned long irq3_t2_cal; 
unsigned long irq3_z_cal; 
unsigned long irq3_k_cal; 
unsigned long irq3_za; 
unsigned short irq3_a; 
unsigned long irq3_t2_sum; 
 
int i; 
 
void Send_Data(void); 
 
void HardwareSetup() 
{ 
 TV.TCNTV = 0x00;  // Clear Timver V 
 TV.TCORA = 0x1f;  // Set Timer compare to 1f => 2400Hz 
 TV.TCRV1.BIT.ICKS = 1; // Set clk/128 counter pulse 
 TV.TCRV0.BYTE = 0x4b; // Set clock frequency and INT on compare 
 
 IO.PMR1.BIT.TXD = 1; // Setup SCI3 TX Pin 
 InitSCI3(SCI_Init_Data);// Init Serial Port 
 
 AD.CSR.BIT.ADIE = 0; // Turn Off ADC Interrupts 
 AD.CSR.BIT.ADST = 0; // Stop ADC 
 AD.CSR.BIT.SCAN = 1; // Setup ADC for Scan mode 
 AD.CSR.BIT.CKS  = 0; // Setup for 134 States 
 AD.CSR.BIT.CH   = 3; //  
 AD.CSR.BIT.ADIE = 1; // Setup ADC Interrupts 
 
 IO.PMR1.BIT.IRQ0 = 1; // Setup IRQ0 Input : ACCEL Y Axis (Up Down Motion) 
 IEGR1.BIT.IEG0 = 1;  // Set IRQ0 To Rising Edge Trigger 
 IENR1.BIT.IEN0 = 1;  // Enable IRQ0 Interrupts 
 
 IO.PMR1.BIT.IRQ3 = 1; // Setup IRQ3 Input : ACCEL X Axis (Front Back Motion) 
 IEGR1.BIT.IEG3 = 1;  // Set IRQ3 To Rising Edge Trigger 
 IENR1.BIT.IEN3 = 1;  // Enable IRQ3 Interrupts 
 
 TW.TCRW.BIT.CKS = 1; // Set Timer W to clk/2 
 TW.TMRW.BIT.CTS = 1; // Start Timer W 
 
 IO.PCR1 = 0x60;   // Setup For Pulsed LED Output 
 
 fast_counter = 16;  // to give us a 150Hz counter (2400/16) 
 slow_counter = 2400; // To give us a 1Hz counter (2400/2400) 
 imp_counter = 2;  // To give us a 1200Hz counter (2400/2) 
 accel_counter = 600; // This variable is to readjust the T2 Calibration after time 
 accel_cal_counter = 8; 
 
 buff_curr = 0; 
 buff_prev = 1; 
 data_counter = 0; 
 send_counter = 0; 
 
 frame_counter = 0; 
 
 HR_Current = 0; 
 HR_Prev = 0; 
 HR_Counter = 0; 
 HR_Flag = 0; 
 HR_deadtime_counter = 480; //this equals 200ms through the delay loop 
 HR_Trig = 0; 
 
 irq0_count = 0; 
 irq0_counter_start = 0; 
 irq0_counter_finish = 0; 
 irq0_counter_value = 0; 
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 irq0_counter_start_prev = 0; 
 irq0_counter_t2 = 0; 
 
 irq3_count = 0; 
 irq3_counter_start = 0; 
 irq3_counter_finish = 0; 
 irq3_counter_value = 0; 
 irq3_counter_start_prev = 0; 
 irq3_counter_t2 = 0; 
 
 imp_max = 0; 
 imp_min = 1024; 
 imp_mean = 512; 
 
 imp_high = imp_mean+((imp_max-imp_mean)/2); 
 imp_low = imp_mean-((imp_mean-imp_min)/2); 
 imp_count = 0; 
 imp_do_count = 0; 
 imp_loop_counter = 0; 
 
 imp_data = 0; 
 imp_curr = 0; 
 imp_prev_1 = 0; 
 imp_prev_2 = 0; 
 imp_prev_3 = 0; 
 
 imp_rot_time = 0; 
 
 irq0_t2_cal = 33089; 
 irq0_z_cal = 7483; 
 irq0_k_cal = 34592; // 16384 scale factor 
 irq0_t2_sum = 0; 
 
 irq3_t2_cal = 33262; 
 irq3_z_cal = 7043; 
 irq3_k_cal = 38684; // 16384 scale factor 
 irq3_t2_sum = 0; 
 
 AD.CSR.BIT.ADST = 1; 
 
} 
 
void main(void) 
{ 
 while(1) 
  { 
  if(data_counter == 4) // was 5, 6 for testing 
   { 
    buff_prev = buff_curr; 
    if(buff_curr == 0) 
     buff_curr = 1; 
    else 
     buff_curr = 0; 
 
    data_counter = 0; 
    send_counter = 4; // was 5, 6 for testing 
 
    Send_Data(); 
   } 
  }  
} 
 
void Send_Data(void) 
{ 
 send_counter_index = 0; 
 
 PutChar(0xEE); 
 if(HR_Flag == 0) 
  PutChar(0x13); 
 else 
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  PutChar(0x14); 
 
 PutChar(frame_counter++); 
 
 for(i=0;i<send_counter;i++) 
  PutChar(data_buffer[send_counter_index++][buff_prev]); 
 
 if(HR_Flag == 1) 
  { 
   PutChar(HR_Counter); 
   HR_Flag = 0; 
  } 
} 
 
 
// Accel Y Axis (Up Down Motion) 
// vector 14 IRQ0 
__interrupt(vect=14) void INT_IRQ0(void) 
{ 
 if(irq0_count == 0) 
  { 
   irq0_counter_start = TW.TCNT; 
   IEGR1.BIT.IEG0 = 0;  // IRQ0 Falling Edge Trigger 
   irq0_count = 1; 
 
   irq0_counter_t2 = irq0_counter_start - irq0_counter_start_prev; 
  } 
 else 
  { 
   irq0_counter_finish = TW.TCNT; 
   IEGR1.BIT.IEG0 = 1;  // IRQ0 Rising Edge Trigger 
   irq0_count = 0; 
 
   irq0_counter_value = irq0_counter_finish - irq0_counter_start; 
    
   irq0_counter_start_prev = irq0_counter_start; 
  } 
 
 IRR1.BIT.IRRI0 &= 0; //Read and Clear Flag 
} 
 
// Accel X Axis (Front Back Motion) 
// vector 17 IRQ3 
__interrupt(vect=17) void INT_IRQ3(void) 
{ 
 if(irq3_count == 0) 
  { 
   irq3_counter_start = TW.TCNT; 
   IEGR1.BIT.IEG3 = 0;  // IRQ0 Falling Edge Trigger 
   irq3_count = 1; 
 
   irq3_counter_t2 = irq3_counter_start - irq3_counter_start_prev; 
  } 
 else 
  { 
   irq3_counter_finish = TW.TCNT; 
   IEGR1.BIT.IEG3 = 1;  // IRQ0 Rising Edge Trigger 
   irq3_count = 0; 
 
   irq3_counter_value = irq3_counter_finish - irq3_counter_start; 
    
   irq3_counter_start_prev = irq3_counter_start; 
  } 
 
 IRR1.BIT.IRRI3 &= 0; //Read and Clear Flag 
 
} 
 
// Timer Loop Running At 1200Hz 
// vector 22 Timer V 
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__interrupt(vect=22) void INT_TimerV(void) 
{ 
 ++imp_rot_time; 
 
 --fast_counter; 
 --slow_counter; 
 --imp_counter; 
 
 
 if(HR_Trig == 1) 
  { 
  --HR_deadtime_counter; 
  if(HR_deadtime_counter == 0) 
   { 
   HR_Trig = 0; 
   } 
  } 
 
 if(imp_counter == 0) 
  { 
  imp_counter = 2; 
 
  imp_data = (imp_prev_3 + imp_prev_2 + imp_prev_1 + imp_curr)/4; 
  imp_prev_3 = imp_prev_2; 
  imp_prev_2 = imp_prev_1; 
  imp_prev_1 = imp_curr; 
 
  ++imp_loop_counter; 
 
  if( (imp_max - imp_min) > 100) 
   { 
   if(imp_do_count == 0) 
    { 
    if(imp_data < imp_mean) 
     { 
      imp_rot_curr_time = imp_rot_time; 
      imp_rot_time = 0; 
      imp_do_count = 1; 
     } 
    } 
 
   if(imp_do_count == 1) 
    { 
     if(imp_data < imp_low) 
      { 
       imp_do_count = 2; 
      } 
    } 
 
   if(imp_do_count == 2) 
    { 
    if(imp_data > imp_mean) 
     { 
      imp_rot_curr_time = imp_rot_time; 
      imp_rot_time = 0; 
      imp_do_count = 3; 
     } 
    } 
 
   if(imp_do_count == 3) 
    { 
     if(imp_data > imp_high) 
      { 
       imp_do_count = 0; 
      } 
    } 
 
   } 
 
  if(imp_data > imp_max) 
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   { 
   imp_max = imp_data; 
   imp_mean = imp_min+((imp_max - imp_min)/2); 
   imp_high = imp_mean+((imp_max - imp_mean)/2); 
   imp_low = imp_mean-((imp_mean - imp_min)/2); 
   } 
   
  if(imp_data < imp_min) 
   { 
   imp_min = imp_data; 
   imp_mean = imp_min+((imp_max - imp_min)/2); 
   imp_high = imp_mean+((imp_max - imp_mean)/2); 
   imp_low = imp_mean-((imp_mean - imp_min)/2); 
   } 
   
  if(imp_loop_counter > 200) 
   { 
   imp_min = imp_min + ((imp_mean - imp_min)/4); 
   imp_max = imp_max - ((imp_max - imp_mean)/4); 
   imp_mean = imp_min+((imp_max - imp_min)/2); 
   imp_high = imp_mean+((imp_max - imp_mean)/2); 
   imp_low = imp_mean-((imp_mean - imp_min)/2); 
   imp_loop_counter = 0; 
   } 
  } 
 
 if(slow_counter == 0) 
  { 
   slow_counter = 2400; 
 
   HR_Counter = HR_Current; 
   HR_Current = 0; 
   HR_Flag = 1; 
  } 
 
 if(fast_counter == 0) 
  { 
   fast_counter = 16; 
 
   irq3_za = (irq3_z_cal * irq3_counter_t2) / irq3_t2_cal; 
   irq3_a = (irq3_k_cal * (irq3_counter_value - irq3_za)) / irq3_counter_t2; 
 
   data_buffer[data_counter++][buff_curr] = irq3_a & 0xff; 
   data_buffer[data_counter++][buff_curr] = irq3_a >> 8; 
   data_buffer[data_counter++][buff_curr] = imp_rot_curr_time & 0xff; 
   data_buffer[data_counter++][buff_curr] = imp_rot_curr_time >> 8; 
   imp_rot_curr_time = 0; 
   imp_count = 0; 
 
  } 
 
 TV.TCSRV.BIT.CMFA &= 0;  // Read and Clear Flag 
} 
 
// ADC Interrupt Routine 
// vector 25 ADI 
__interrupt(vect=25) void INT_ADI(void)  
{ 
 pointer = &AD.DRA; 
 addra = *pointer; 
 ++pointer; 
 addrb = *pointer; 
 ++pointer; 
 addrc = *pointer; 
 ++pointer; 
 addrd = *pointer; 
 
 addrd = addrd >> 6; 
 imp_curr = addrd; 
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 AD.CSR.BIT.ADF &= 0; 
} 
 
// vector 7 NMI  
__interrupt(vect=7) void INT_NMI(void) 
{ 
 if(HR_Trig == 0) 
  { 
  ++HR_Current; 
  HR_Trig = 1; 
  HR_deadtime_counter = 480; 
  } 
} 
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Rowing RS232 and Heart Rate Printed Circuit Board 
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Rowing Impeller Pickup Printed Circuit Board 
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Bottom layer 

 
 

Top layer 
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Swimming Initial Prototype Firmware 
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 #include <machine.h> 
#include "iodefine.h" 

#include <stdio.h> 
#include <stdlib.h> 
#include <string.h> 
 
/* Definitions */ 
typedef unsigned char BOOL; 
#define TRUE (1) 
#define FALSE (0) 
#define PACKET_LEN 53           /* length of data packet                 */ 
#define BGSHED 1      // Background schedule  
#define RTSHED 0                // Real Time Schedule 
#define SIO_MODE_OFF 0   // No Serial Operations 
#define SIO_MODE_TX  1   // No Serial Operations 
#define SIO_MODE_RX  2   // No Serial Operations 
 
typedef struct { 
   scheduleItem *firstItem, *lastItem; 
} scheduleList; 
 
scheduleList schedule[2];          // declare two schedules  
 
/* GLOBAL VARIABLES */ 
unsigned long currentIntervalCount=0; 
unsigned long nextScheduleInterval=1;     // must be one more than initial value of currentIntervalCount 
BOOL          executeBGS;      //used to avoid unnecessary cycles 
looking at BGS 
unsigned char sio_mode = SIO_MODE_OFF; // no serial operations 
 
//******************************************************************************** 
// Other Defines 
//******************************************************************************** 
#define MODE_LOGGING 0 
#define MODE_DOWNLOAD 1 
#define MODE_UNKNOWN 2 
 
//********************************************************************************* 
// Other Global Vars 
//********************************************************************************* 
unsigned char curr_buff; 
unsigned char prev_buff; 
unsigned char mmc_command_buff[6]; // buffer to store MMC command structure 
unsigned short mmc_block_index=1; 
unsigned char mmc_response; 
unsigned short mmc_byte_counter; 
unsigned int *pointer;   // pointer to ADC registers 
unsigned short battery_value; // stores value read from ADC for battery level 
unsigned char battery_low;  // bool, if 1, battery low, if 0 battery ok 
unsigned char memory_low;  // bool, if 1, memory getting full, if 0 memory still ok 
unsigned char sio_rx_char;  // var for serial rx 
unsigned char running_mode;  // set the mode of the unit, 
unsigned char i; 
unsigned char test; 
unsigned char sampling_go; 
unsigned short counter; 
unsigned char ADC_Read_Flag; 
 
unsigned char ADC_Read_Power; 
/* Function Prototypes */ 
void main(void); 
void HardwareSetup(void); 
void ADC_Init(void); 
void ADC_Get_Sample(void); 
void ADC_Get_Data_ISR(void); 
void ADC_Get_Power_Sample(void); 
void Accel_Sample_Data(void); 
void Accel_Init_Timer(void); 
void Accel_Init_IRQ0(void); 
void Accel_Init_IRQ1(void); 
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 void Accel_Init_IRQ2(void); 
 

void SCI3_Init(void); 
void SCI3_Wait_For_CMD(void); 
void SCI3_TX_Send_Ack(void); 
 
void Configure_Mode(void); 
void Send_Card_Data(void); 
void Send_Card_Data1(void); 
void Send_Memory_Status(void); 
void Configure_Session(void); 
void Init_Card_Sessions(void); 
void SCI3_RX_Card_Address(void); 
void Send_Ack(void); 
void TX_Send_Card_Data(void); 
 
//********************************************************************************* 
// Main 
//********************************************************************************* 
 
void main(void) 
{ 
   /* stuffing around with clock speeds */ 
 
   SYSCR2.BIT.MA  = CLOCK_DIVIDE_SELECT;   //divide crystal by whatever 
 
    /* initialise the data buffer */ 
 ptr_data_start=data_buf; 
 ptr_data_end=(ptr_buf_end=&data_buf[BUF_SIZE-1]); 
 
 MMC_Card_Init();   // Init MMC IO Lines 
 mmc_response = MMC_Card_Reset(); // Reset MMC Card 
 
 if(mmc_response == FALSE) 
  { 
   PowerLed_On();    
   sleep(); 
  } 
  
//---------------------------------------------------------------------- 
// If we made it through startup, then lets get everything happening.. 
//---------------------------------------------------------------------- 
// Flash LED once every 2 seconds to indicate we are alive 
addScheduleItem(RTSHED,1,2400,PowerLed_On, 40, 1,-1);  
addScheduleItem(RTSHED,120,2400,PowerLed_Off, 40, 1,-1);  
 
// If our battery is getting low, flash every 1 second 
addScheduleItem(RTSHED,1200,2400,Battery_Status_On, 40, 1,-1); 
addScheduleItem(RTSHED,1320,2400,Battery_Status_Off, 40, 1,-1); 
 
// if our memory is getting full, flash 3 times in 2 seconds 
addScheduleItem(RTSHED,1800,2400,Memory_Status_On, 40, 1,-1); 
addScheduleItem(RTSHED,1920,2400,Memory_Status_Off, 40, 1,-1); 
 
// At this stage... lets just setup ADC once.. 
addScheduleItem(RTSHED,10,0,ADC_Init, 30, 1,1); 
 
// every 1 seconds get sample 
addScheduleItem(RTSHED,1194,8,ADC_Get_Sample, 10, 1,-1); 
 
// every 15 seconds get battery sample 
addScheduleItem(RTSHED,1198,18000,ADC_Get_Power_Sample, 10, 1,-1); 
 
//Setup serial port 
addScheduleItem(RTSHED,1,0,SCI3_Init, 10, 1,1);  
 
//Setup serial port 
addScheduleItem(RTSHED,120,1200,Send_Ack, 10, 1,3);  
 
//After serial setup, wait approx 5 seconds and check what running mode we are in 
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 addScheduleItem(RTSHED,6000,0,Configure_Mode,30,1,1); 
 

// Add Data Sampling to RTS, to start one second from now 
//addScheduleItem(RTSHED,1200,7,ADC_Get_Sample,10,1,-1); 
 
// Add Data Sampling to RTS, to start one second from now 
addScheduleItem(RTSHED,1200,8,Accel_Sample_Data,10,1,-1); 
 
 
   executeBGS=TRUE; 
   startScheduler(); 
   while (TRUE) { 
     if(executeBGS){ 
      executeBackgroundSchedule(); 
       } 
       sleep(); 
    } 
 
} 
//------------------------------------------------------------------------------------ 
// User Functions - Serial Related 
//------------------------------------------------------------------------------------ 
//******************************************************************************** 
// SCI3 Init 
//******************************************************************************** 
void SCI3_Init(void) 
{ 
 rx_func = SCI3_Wait_For_CMD; 
 sio_mode = SIO_MODE_RX; 
} 
 
//******************************************************************************** 
// SCI RX Download Cmd 
//******************************************************************************** 
void SCI_RX_Download_Cmd(void) 
{ 
 // wait for a command from the PC 
 sio_rx_char = SCI3.RDR; 
 
 // These command codes I've just made up... 
 // probably not the best... but if it works why change it... 
 
 // Lets send memory status 
 if(sio_rx_char == '1') 
  { 
  SCI3.SCR3.BIT.TE = 0; 
 
  addScheduleItem(BGSHED,0,0,Send_Memory_Status,10,1,0); 
 
  } 
 // Lets send battery status 
 else if(sio_rx_char == '2') 
  { 
  AD.CSR.BIT.ADST = 0; // Stop ADC (Incase it's running..) 
 
  while(AD.CSR.BIT.ADST == 1); 
 
  SCI3.SCR3.BIT.TE = 0; 
  SCI3.SSR.BIT.TDRE &= 0; // clear empty flag 
 
  SCI3.SCR3.BIT.TE = 1; 
  SCI3.SCR3.BIT.TIE = 0; 
  SCI3.SCR3.BIT.TEIE = 0; 
 
  while(SCI3.SSR.BIT.TDRE == 0); 
  SCI3.SSR.BIT.TDRE &= 0; // clear empty flag 
  SCI3.TDR = (Power_Chan1 >>2) & 0xff; // send value 
 
  while(SCI3.SSR.BIT.TDRE == 0); 
  SCI3.SSR.BIT.TDRE &= 0; // clear empty flag 
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   SCI3.TDR = (Power_Chan2 >>2) & 0xff; // send value 
 

  while(SCI3.SSR.BIT.TDRE == 0); 
  SCI3.SSR.BIT.TDRE &= 0; // clear empty flag 
  SCI3.TDR = (Power_Chan3 >>2) & 0xff; // send value 
 
  while(SCI3.SSR.BIT.TDRE == 0); 
  SCI3.SSR.BIT.TDRE &= 0; // clear empty flag 
  SCI3.TDR = (Power_Chan4 >>2) & 0xff; // send value 
 
 
  } 
 // We are going to do some stuff with data 
 else if(sio_rx_char == '3') 
  { 
 
  mmc_download_block_track = 0; 
  SCI3.SCR3.BIT.TE = 0; 
  SCI3.SCR3.BIT.TIE = 0; 
  SCI3.SCR3.BIT.TEIE = 0; 
 
  rx_func = SCI3_RX_Card_Address; 
 
  } 
 // Do a calibration run of the accelerometers 
 else if(sio_rx_char == '4') 
  { 
 
  } 
 // Go into a test mode 
 else if(sio_rx_char == '5') 
  { 
 
  } 
 // Init Card Contents 
 else if(sio_rx_char == '6') 
  { 
  addScheduleItem(BGSHED,0,0,Init_Card_Sessions,10,1,0); 
  } 
 
} 
 
//******************************************************************************** 
// SCI3 Wait For CMD 
//******************************************************************************** 
void SCI3_Wait_For_CMD(void) 
{ 
 // in here we decide what we are going to do.. log or talk to the pc 
 
 sio_rx_char = SCI3.RDR; 
 
 if(sio_rx_char == 'X') 
  { 
  // if we get our char... set variables and shutdown SCI 
  running_mode = MODE_DOWNLOAD; 
 
  SCI3.SCR3.BIT.RIE = 0; 
  SCI3.SCR3.BIT.RE = 0; 
  rx_func = NULL; 
  sio_mode = SIO_MODE_OFF; // setup mode off 
  } 
} 
 
//******************************************************************************** 
// SCI3 TX Send Ack 
//******************************************************************************** 
void SCI3_TX_Send_Ack(void) 
{ 
 SCI3.SSR.BIT.TDRE &= 0; // clear empty flag 
 SCI3.SSR.BIT.TEND &= 0; // clear flag 
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 SCI3.SCR3.BIT.TE = 1; 

 SCI3.SCR3.BIT.TIE = 0; 
 
 SCI3.SCR3.BIT.TEIE = 0; 
 
 sio_mode = SIO_MODE_TX; // setup TX mode 
 SCI3.TDR = 'x';   // send ack 
 
 SCI3.SCR3.BIT.RIE = 1; 
 SCI3.SCR3.BIT.RE = 1; 
 
 tx_func = NULL; 
 rx_func = SCI_RX_Download_Cmd; 
 sio_mode = SIO_MODE_RX; 
} 
 
//******************************************************************************** 
// Send Ack 
//******************************************************************************** 
void Send_Ack(void) 
{ 
 SCI3.SCR3.BIT.TE = 1; 
 SCI3.SCR3.BIT.TIE = 0; 
 
 SCI3.SCR3.BIT.TEIE = 0; 
 
 while(SCI3.SSR.BIT.TDRE == 0); 
 SCI3.SSR.BIT.TDRE &= 0; // clear empty flag 
 SCI3.TDR = 'i';   // send ack 
// SCI3.SCR3.BIT.TE = 0; 
} 
 
//------------------------------------------------------------------------------------ 
// User Functions - Configure Device 
//------------------------------------------------------------------------------------ 
void Configure_Mode(void) 
{ 
unsigned short a; 
 
 if(running_mode == MODE_LOGGING) // setup for logging 
  { 
  // need to configure memory etc 
 
  mmc_block_index = 1; // we'll start at block 1 and leave block 0 free for now 
  mmc_byte_counter = 0; 
 
  // clear all buffers 
  for(a=0;a<512;a++) 
   { 
   mmc_buffer[a][0] = 0; 
   mmc_buffer[a][1] = 0; 
   } 
 
  addScheduleItem(BGSHED,0,0,Configure_Session,10,1,0); 
 
  } 
 else        // setup for download 
  { 
  // we need to setup new rx and tx routines here and let pc know we are alive 
 
  ADC_Get_Power_Sample(); 
 
  // Responsed to PC's request.. 
  SCI3_TX_Send_Ack(); 
  } 
 
} 
 
//******************************************************************************** 
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 // TX_Send_Card_Data 
//******************************************************************************** 

void TX_Send_Card_Data(void) 
{ 
 SCI3.SSR.BIT.TDRE &= 0; 
 if(counter <= 513) 
  { 
  SCI3.TDR = mmc_buffer[(counter-1)][prev_buff]; 
  SCI3.SSR.BIT.TDRE &= 0; 
  counter++; 
  } 
 else 
  { 
  sio_mode = SIO_MODE_RX; 
  SCI3.SCR3.BIT.TE = 0; 
  SCI3.SCR3.BIT.TIE = 0; 
  SCI3.SCR3.BIT.TEIE = 0; 
  tx_func = NULL; 
  } 
} 
 
//******************************************************************************** 
// SCI3 RX Card Address 
//******************************************************************************** 
void SCI3_RX_Card_Address(void) 
{ 
 if(mmc_download_block_track == 0) 
  { 
  mmc_download_block_upper = SCI3.RDR; // send value 
  mmc_download_block_track++; 
 
  } 
 else 
  { 
  mmc_download_block_lower = SCI3.RDR; // send value 
  mmc_download_block_track = 2; 
  rx_func = SCI_RX_Download_Cmd; 
 
  addScheduleItem(BGSHED,0,0,Send_Card_Data1,10,1,0); 
  } 
} 
 
//******************************************************************************** 
// Send Card Data1 
//******************************************************************************** 
void Send_Card_Data1(void) 
{ 
 counter = 0; 
 
 mmc_download_block = (mmc_download_block_upper << 8) + mmc_download_block_lower; 
 prev_buff = 1; 
 
 mmc_response = MMC_Card_ReadData(mmc_download_block); 
 
 if(mmc_response == TRUE) 
  { 
  SCI3.SSR.BIT.TDRE &= 0; 
  sio_mode = SIO_MODE_TX; 
  tx_func = TX_Send_Card_Data; 
  SCI3.SCR3.BIT.TE = 1; 
  SCI3.SCR3.BIT.TIE = 1; 
  SCI3.SCR3.BIT.TEIE = 1;   
  SCI3.SSR.BIT.TDRE &= 0; 
  SCI3.TDR = 'T'; 
  } 
 else 
  { 
  SCI3.SSR.BIT.TDRE &= 0; 
  SCI3.SCR3.BIT.TIE = 0; 
  SCI3.SCR3.BIT.TEIE = 0;    
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   SCI3.SCR3.BIT.TE = 1; 
  SCI3.TDR = 'F'; 

  } 
} 
 
//******************************************************************************** 
// Send Card Data 
//******************************************************************************** 
void Send_Card_Data(void) 
{ 
unsigned char response; 
unsigned short j; 
 
unsigned char upper; 
unsigned char lower; 
 
 mmc_download_block = (mmc_download_block_upper << 8) + mmc_download_block_lower; 
 prev_buff = 1; 
 
 response = MMC_Card_ReadData(mmc_download_block); 
 
// prev_buff 
 if(response == TRUE) 
  { 
  SCI3.SCR3.BIT.TE = 1; 
  SCI3.TDR = 'T'; // send value 
 
  for(j=0;j<512;j++) 
   { 
   SCI3.SCR3.BIT.TE = 1; 
   while(SCI3.SSR.BIT.TDRE == 0); 
   SCI3.SSR.BIT.TDRE &= 0; // clear empty flag 
   SCI3.TDR = mmc_buffer[j][prev_buff]; // send value 
 
   } 
 
  } 
 else 
  { 
  SCI3.SCR3.BIT.TE = 0; 
  SCI3.SSR.BIT.TDRE &= 0; // clear empty flag 
 
  SCI3.SCR3.BIT.TE = 1; 
  SCI3.SCR3.BIT.TIE = 0; 
  SCI3.SCR3.BIT.TEIE = 0; 
 
  SCI3.TDR = 'F'; // send value 
  SCI3.SSR.BIT.TDRE &= 0; // clear empty flag 
   
  } 
   
} 
 
 
//********************************************************************************* 
// Send Memory Status 
//********************************************************************************* 
void Send_Memory_Status(void) 
{ 
unsigned char c; 
 
  MMC_Card_Read_Session(0); 
 
  SCI3.SCR3.BIT.TE = 1; 
 
  while(SCI3.SSR.BIT.TDRE == 0); 
  SCI3.SSR.BIT.TDRE &= 0; // clear empty flag 
  SCI3.TDR = mmc_sessions; // send value 
 
  for(c=0;c<10;c++) 
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    { 
   while(SCI3.SSR.BIT.TDRE == 0); 

   SCI3.SSR.BIT.TDRE &= 0; // clear empty flag 
   SCI3.TDR = mmc_session_start_hi[c]; // send value 
 
   while(SCI3.SSR.BIT.TDRE == 0); 
   SCI3.SSR.BIT.TDRE &= 0; // clear empty flag 
   SCI3.TDR = mmc_session_start_low[c]; // send value 
 
   while(SCI3.SSR.BIT.TDRE == 0); 
   SCI3.SSR.BIT.TDRE &= 0; // clear empty flag 
   SCI3.TDR = mmc_session_stop_hi[c]; // send value 
 
   while(SCI3.SSR.BIT.TDRE == 0); 
   SCI3.SSR.BIT.TDRE &= 0; // clear empty flag 
   SCI3.TDR = mmc_session_stop_low[c]; // send value 
 
   }  
 
} 
 
//********************************************************************************* 
// Configure Session 
//********************************************************************************* 
void Configure_Session(void) 
{ 
unsigned char retry; 
 sampling_go = FALSE; 
 
 mmc_response = FALSE; 

// 19-10-02 this below will retry 3 times to read card. 
 for(retry = 0; retry < 3 && mmc_response == FALSE; retry++) 
  { 
  mmc_response = MMC_Card_Read_Session(0); 
  } 
  
 if(mmc_response == TRUE) 
  { 
   if(mmc_session_head != 'V') 
    { 
    // our card hasn't been initialised, so lets fix this.. 
    Init_Card_Sessions(); 
 
    } 
   else 
    { 
    // card already setup, so lets inc sessions and setup buffers 
    if(mmc_sessions == 9) 
     { 
     sampling_go = FALSE; 
     memory_low = 1; 
     } 
    else 
     { 
     if(mmc_sessions != 0xff) 
      { 
      // set the block index to the last sector of the previous 
session. 
      mmc_block_index = 
(mmc_session_stop_hi[mmc_sessions] << 8) + mmc_session_stop_low[mmc_sessions]; 
      mmc_block_index++; 
      } 
     else 
      { 
      mmc_block_index = 1; 
      } 
  
      mmc_sessions++; 
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       // setup current session start point  
   

      mmc_session_start_hi[mmc_sessions] = 
(mmc_block_index >> 8) & 0xff; 
      mmc_session_start_low[mmc_sessions] = 
mmc_block_index & 0xff; 
 
      MMC_Card_Write_Session(0); 
 
      sampling_go = TRUE; 
 
     } 
    } 
  } 
 else 
  { 
  } 
 
 // we've got everything happening, so lets start sampling... 
} 
//******************************************************************************** 
// Accel Sample Data 
//******************************************************************************** 
void Accel_Sample_Data(void) 
{ 
 if(sampling_go == TRUE) 
  { 
  // store lower 8 bits of each sample 
  mmc_buffer[mmc_byte_counter++][curr_buff] = ADC_Chan1 & 0xff; 
  mmc_buffer[mmc_byte_counter++][curr_buff] = ADC_Chan2 & 0xff; 
  mmc_buffer[mmc_byte_counter++][curr_buff] = ADC_Chan3 & 0xff; 
 
  mmc_buffer[mmc_byte_counter++][curr_buff] = ((ADC_Chan1 >> 8) & 0xff) + (((ADC_Chan2 
>> 8) & 0xff) << 2) + (((ADC_Chan3 >> 8) & 0xff) << 4); 
 
 
  if(mmc_byte_counter == 512) 
   { 
   prev_buff = curr_buff; 
   mmc_byte_counter = 0; 
  
   if(curr_buff == 0) 
    { 
    curr_buff = 1; 
    }  
   else 
    { 
    curr_buff = 0; 
    } 
 
   addScheduleItem(BGSHED,0,0,Write_Memory_To_Card_New,10,1,0); 
   } 
 
 
  } 
 
} 
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#include <machine.h> 
#include "iodefine.h" 
#include "v2_os.h" 
#include <stdio.h> 
#include <stdlib.h> 
#include <string.h> 
 
/* Function Prototypes */ 
void main(void); 
void HardwareSetup(void); 
void Switch_WKP_ISR_Func(void); 
void Time_Of_Day_ISR(void); 
void PSU_WKP_ISR_Func(void); 
void PSU_Get_Data(void); 
void PutChar(unsigned char Data); 
unsigned char GetChar(void); 
void SCI3_Init(void); 
void SCI_Frame_Start_Wait(void); 
void Empty_RTS_Schedule(void); 
void Shutdown_Scheduler(void); 
void setup_operating_mode(unsigned char mode); 
void Set_Sleep_Mode(void); 
void Clear_Sleep_Mode(void); 
 
#define RUNNING_MODE_SLEEP  0 
#define RUNNING_MODE_LOG  1 
#define RUNNING_MODE_DOWNLOAD 2 
 
// end switch related varaibles 
unsigned int cnt_temp;  
unsigned long time_of_day; 
unsigned int psu_update; 
//********************************************************************************** 
// Main 
//********************************************************************************** 
 
void main(void) 
{ 
    /* initialise the data buffer */ 
 // clear all MMC signal lines 
 MMC_Card_DeInit(); 
 // wait a little while 
 MMC_delay(); 
 // setup MMC signal lines 
 MMC_Card_Init(); 
 // Reset card and get resopnse code... 
 mmc_response = MMC_Card_Reset(); 
 if(mmc_response == FALSE) 
  POWER_LED = LED_ON; 
 
 Init_MMC_Sessions(); 
 Set_Sleep_Mode(); 
  set_imask_ccr(0); // Enable interrupts to CPU 
 while(1) 
  { 
      if(executeBGS) 
    { 
        executeBackgroundSchedule(); 
    } 
   sleep(); 
  } 
} 
void Set_Sleep_Mode(void) 
{ 
 // we have been told to do nothing.. cut power consumption 
 SYSCR2.BIT.SMSEL = 1;  // go into subsleep mode on next sleep 
} 
 
void Clear_Sleep_Mode(void) 
{ 
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 // we have been told to do something.. so let's not go sleep on the job.. 
 SYSCR2.BIT.SMSEL = 0;  // don't go into subsleep mode on next sleep 
} 
 
//********************************************************************************** 
// SCI Send Block To Host 
//********************************************************************************** 
void SCI_Send_Block_To_Host(void) 
{ 
unsigned char data1; 
unsigned char data2; 
unsigned short mmc_addr; 
unsigned short sio_checksum; 
 
 // load a data block from mmc card 
 
 data1 = sio_command_buffer[1]; 
 data2 = sio_command_buffer[2]; 
 
 mmc_addr = (data1 << 8) + data2; 
 
 mmc_response = MMC_Card_ReadData(mmc_addr,prev_buffer); 
 
 if(mmc_response == FALSE) // if fails the first time, try read again.. 
  mmc_response = MMC_Card_ReadData(mmc_addr,prev_buffer); 
 
 // send it to host 
 
 mmc_addr = 0; 
 sio_checksum=0; 
 
 // recycle varialbe to save recreating 
 for(data1=0;data1<6;data1++) 
  PutChar(sio_tx_header[data1]); 
 
 // recycle varialbe to save recreating 
 for(mmc_addr=0;mmc_addr<512;mmc_addr++) 
  { 
   sio_checksum += mmc_buffer[prev_buffer][mmc_addr]; 
   PutChar(mmc_buffer[prev_buffer][mmc_addr]); 
  } 
 
 PutChar( (sio_checksum >> 8) & 0xff); 
 PutChar( (sio_checksum) & 0xff); 
 PutChar(0xff); 
 PutChar(0xff); 
 
} 
 
//********************************************************************************** 
// SCI Set Time Of Day 
//********************************************************************************** 
void SCI_Set_Time_Of_Day(void) 
{ 
unsigned char data1;  
unsigned char data2;  
unsigned char data3;  
unsigned char data4;  
 
 data1 = sio_command_buffer[1]; 
 data2 = sio_command_buffer[2]; 
 data3 = sio_command_buffer[3]; 
 data4 = sio_command_buffer[4]; 
 
 
 time_of_day = (data1 << 24) + (data2 << 16) + (data3 << 8) + data4; 
} 
 
//********************************************************************************** 
// SCI Send Acknowledge 
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//********************************************************************************** 
void SCI_Send_Acknowledge(void) 
{ 
unsigned char i; 
 
 for(i=0;i<6;i++) 
  PutChar(sio_tx_header[i]); 
 
 PutChar(0xbb); 
 PutChar(0xff); 
 PutChar(0xff); 
  
} 
 
//********************************************************************************** 
// SCI Send System State 
//********************************************************************************** 
void SCI_Send_System_State(void) 
{ 
 // send whatever system info we want to send.. 
 
 // not sure what yet... but hey... 
unsigned char i; 
unsigned char data1;  
unsigned char data2;  
unsigned char data3;  
unsigned char data4;  
 
 data1 = (time_of_day >> 24) & 0xff; 
 data2 = (time_of_day >> 16) & 0xff; 
 data3 = (time_of_day >> 8) & 0xff; 
 data4 = time_of_day & 0xff; 
 
 
 for(i=0;i<6;i++) 
  PutChar(sio_tx_header[i]); 
 
 PutChar(data1); 
 PutChar(data2); 
 PutChar(data3); 
 PutChar(data4); 
 
 PutChar(0xff); 
 PutChar(0xff); 
} 
 
//********************************************************************************** 
// SCI Send Switch State 
//********************************************************************************** 
void SCI_Send_Switch_State(void) 
{ 
 // sample switch input 
 
 // send to host 
 
} 
 
//********************************************************************************** 
// SCI Send Accel Reading 
//********************************************************************************** 
void SCI_Send_Accel_Reading(void) 
{ 
 // init ADC and Accels 
 
 //take a reading 
 
 // shut it all down 
 
} 
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//********************************************************************************** 
// SCI Firmware Download 
//********************************************************************************** 
void SCI_Firmware_Download(void) 
{ 
 // since we are already communicating with base, sci and ir are up.. 
 // launch into downloader 
 
 IO.PMR5.BIT.WKP0 = 0; // revert to io pin 
 
 reprogram(); 
 
 // watchdog reset on download completion 
} 
 
//********************************************************************************** 
// SCI Send Version ID 
//********************************************************************************** 
void SCI_Send_Version_ID(void) 
{ 
unsigned char i; 
 
 for(i=0;i<6;i++) 
  PutChar(sio_tx_header[i]); 
 
 for(i=0;i<10;i++) 
  PutChar(version_id[i]); 
 
 PutChar(0xff); 
 PutChar(0xff); 
} 
 
//********************************************************************************** 
// SCI Process Command 
//********************************************************************************** 
void SCI_Process_Command(void) 
{ 
unsigned int frame_checksum; 
unsigned int ir_frame_checksum; 
unsigned char i; 
unsigned char rx_command; 
 
 // calculate frame checksum 
 frame_checksum = 0; 
 for(i=0;i<8;i++) 
  { 
   frame_checksum += sio_command_buffer[i]; 
  } 
 
 ir_frame_checksum = (sio_command_buffer[8] << 8) + sio_command_buffer[9]; 
 
 if(frame_checksum == ir_frame_checksum) // our frame is ok.. so continue 
  { 
   rx_command = sio_command_buffer[0]; // first byte is command 
 
   // going to integrate some test commands also.... 
   switch(rx_command) 
    { 
     case 0x01: // Test Routine: power led on 
        POWER_LED = LED_ON; 
        break; 
 
     case 0x02: // Test Routine: power led off 
        POWER_LED = LED_OFF; 
        break; 
 
     case 0x03: // send data block to host 
        // perhaps put an identifier in the 
session frames?? 
        SCI_Send_Block_To_Host(); 
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        break; 
 
     case 0x04: // set time of day 
        SCI_Set_Time_Of_Day(); 
        break; 
 
     case 0x05: // set time till start -> now redundant 
         
        break; 
 
     case 0x06: // set time till stop -> now redundant 
        break; 
 
     case 0x07: // send unit to sleep 
        // could probably use this function.. 
        // call switch operaing mode func 
         
        // calling operating mode with 0  
        // will put the system to sleep 
        setup_operating_mode(0); 
         
        break; 
 
     case 0x08: // Test Routine: get charge status 
        SCI_Get_Charge_Status(); 
        break; 
 
     case 0x09: // send acknowledge 
        SCI_Send_Acknowledge(); 
        break; 
 
     case 0x0a: // Test Routine: send system state 
        SCI_Send_System_State(); 
        break; 
 
     case 0x0b: // Test Routine: mode switch state?? 
        SCI_Send_Switch_State(); 
        break; 
 
     case 0x0c: // Test Routine: maybe som IR testing?? 
        // To Do 
        break; 
 
     case 0x0d:  // Test Routine: Accel test?? 
        SCI_Send_Accel_Reading(); 
        break; 
 
     case 0x0e: // download new firmware? 
        SCI_Firmware_Download(); 
        break; 
 
     case 0x0f: // send unit version id -> use this to 
ident unit for downloader? 
        // would be good to keep downloader 
compatiable with, or support 
        // current and old units 
        SCI_Send_Version_ID(); 
        break; 
 
     case 0x10: // Do something with MMC sessions.. 
        // need to handle deleting / reinit 
sessions... 
        MMC_Clear_Sessions(); 
        break; 
 
     case 0x11: // Do something with MMC sessions.. 
        // need to handle deleting / reinit 
sessions... 
        // perhaps, add a flag to the sessions 
to  
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        // indicate when they have been 
downloaded ?? 
        break; 
 
     default: // default... we'll do nothing... 
        break; 
 
    } 
 
  } 
 else 
  { // frame was invalid.. should probably notify host... 
 
  } 
} 
 
 
//********************************************************************************** 
// SCI Command Wait 
//********************************************************************************** 
void SCI_Command_Wait(void) 
{ 
unsigned char ch; 
 
 ch = SCI3.RDR; 
 
 if(sio_command_buffer_counter <10) 
  { 
   sio_command_buffer[sio_command_buffer_counter++] = ch; 
  } 
 else 
  { 
   SCI_Process_Command(); 
   rx_func = SCI_Frame_Start_Wait; 
  } 
 
} 
 
//********************************************************************************** 
// SCI Frame Start Wait 
//********************************************************************************** 
void SCI_Frame_Type_Wait(void) 
{ 
unsigned char ch; 
 
 ch = SCI3.RDR; 
 
 if(ch == 0xAC) // if we get this byte.. we have a valid frame header.. 
  { 
   sio_command_buffer_counter = 0; 
   rx_func = SCI_Command_Wait; 
  } 
 else 
  { // if not... let's start again.. 
   rx_func = SCI_Frame_Start_Wait; // setup to look for command from PC 
  } 
} 
 
 
//********************************************************************************** 
// SCI Frame Head Wait 
//********************************************************************************** 
void SCI_Frame_Head_Wait(void) 
{ 
unsigned char ch; 
 
 ch = SCI3.RDR; 
 
 if(ch == 0xFA) // we've got a frame byte.. 
  { 
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   rx_func = SCI_Frame_Type_Wait; 
  } 
} 
 
//********************************************************************************** 
// SCI Frame Start Wait 
//********************************************************************************** 
void SCI_Frame_Start_Wait(void) 
{ 
unsigned char ch; 
 
 ch = SCI3.RDR; 
 
 if(ch == 0xAA) // preamble start 
  { 
   rx_func = SCI_Frame_Head_Wait; 
  } 
} 
 
//********************************************************************************** 
// setup operating mode 
//********************************************************************************** 
void setup_operating_mode(unsigned char mode) 
{ 
 if(mode == 0) // logging mode toggle  -> 1 led flash 
  { 
   if(running_mode == RUNNING_MODE_SLEEP) // change to log mode 
    { 
     Clear_Sleep_Mode(); 
 
     running_mode = RUNNING_MODE_LOG; 
 
     // need to init ADC's and Accels 
     Accel_Init(); 
     ADC_Init(); 
 
     mmc_mark_data = FALSE; 
     // start sampling 
     // need to configure session handling 
     Init_MMC_Sessions(); 
  
     // toggle indicator led 
 
     addScheduleItem(RTSHED,300,900,TogglePowerLed_On, 30, 1,-
1); 
     addScheduleItem(RTSHED,375,900,TogglePowerLed_Off, 30, 1,-
1); 
     addScheduleItem(RTSHED,150,2,Accel_Sample_And_Store, 20, 
1,-1); 
 
    // start scheduler 
        startScheduler(); 
    } 
   else 
    { 
    // we are logging.. so lets sleep 
    // or we are downloading... so sleep.. 
     running_mode = RUNNING_MODE_SLEEP; 
    
    // in case led is on.. lets turn it off.. 
     POWER_LED = LED_OFF; 
 
    // shutdown scheduler 
     Empty_RTS_Schedule(); 
     Shutdown_Scheduler(); 
 
    // turn off ADC's and Accels 
     ADC_Shutdown(); 
     Accel_Shutdown(); 
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    // shutdown SCI 
     SCI3_Shutdown(); 
 
     Set_Sleep_Mode(); 
    } 
  } 
 
 if(mode == 1) // download mode  -> 2 led flash 
  { 
   
   Clear_Sleep_Mode(); 
 
  // we are now going to download 
   if(running_mode == RUNNING_MODE_LOG) 
    { 
    // we are currently logging.. we need to shut this down first 
    // shutdown scheduler 
     Empty_RTS_Schedule(); 
     Shutdown_Scheduler(); 
 
    // turn off ADC's and Accels 
     ADC_Shutdown(); 
     Accel_Shutdown(); 
    } 
 
  running_mode = RUNNING_MODE_DOWNLOAD; 
 
   // need to init SCI and IR 
 
   SCI3_Init(); 
   SCI3_Init_RX(); 
 
   // setup RX functions. not going to use OS for comms.. 
 
  } 
 
 if(mode == 2) // ?? mode  -> 3 led flash 
  { 
  // nothing to do in this mode yet 
   Set_Sleep_Mode(); 
 
  } 
 
 if(mode == 3) // ?? mode  -> 4 led flash 
  { 
  // nothing to do in this mode yet 
   Set_Sleep_Mode(); 
 
  } 
 
 if(mode == 4) // ?? mode  -> 5 led flash 
  { 
  // nothing to do in this mode yet 
   Set_Sleep_Mode(); 
 
  } 
  
 
} 
 
//------------------------------------------------------------------------------------ 
// Switch Related Functions 
//------------------------------------------------------------------------------------ 
 
//********************************************************************************** 
// TimerV ISR Func 
//********************************************************************************** 
void TimerV_ISR_Func(void) 
{ 
 ++tv_isr_counter; 
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 if(tv_isr_counter >= 600) 
  { 
  tv_isr_counter = 0; 
  } 
 
 if(switch_debounce != 0) 
  --switch_debounce; 
 
 if(switch_debounce == 0) 
  { 
   switch_press = IO.PDR5.BIT.B0; 
  } 
 
 if(switch_debounce == 0 && switch_mode_init == 1 && switch_press == 1) 
  { 
   switch_debounce = 150; 
   switch_mode_timeout = 3000; // 5 * 600Hz 
   ++switch_mode; 
  } 
 
 // we have entered init mode 
 if(switch_mode_init == 1) 
  { 
 
  if(switch_mode >= 2) // we'll only allow 2 mode, 0 -> 1, then loop around 
   switch_mode = 0; 
 
  if(switch_mode >= 0 && tv_isr_counter == 50) 
   POWER_LED = LED_ON; 
  if(tv_isr_counter == 100) 
   POWER_LED = LED_OFF; 
 
  if(switch_mode >= 1 && tv_isr_counter == 150) 
   POWER_LED = LED_ON; 
  if(tv_isr_counter == 200) 
   POWER_LED = LED_OFF; 
  
  if(switch_mode >= 2 && tv_isr_counter == 250) 
   POWER_LED = LED_ON; 
  if(tv_isr_counter == 300) 
   POWER_LED = LED_OFF; 
 
  if(switch_mode >= 3 && tv_isr_counter == 350) 
   POWER_LED = LED_ON; 
  if(tv_isr_counter == 400) 
   POWER_LED = LED_OFF; 
 
  if(switch_mode >= 4 && tv_isr_counter == 450) 
   POWER_LED = LED_ON; 
  if(tv_isr_counter == 500) 
   POWER_LED = LED_OFF; 
 
 
  --switch_mode_timeout; 
 
  if(switch_mode_timeout == 0) 
   { 
    // do something to start system 
 
    TV.TCRV0.BIT.CMIEA = 0; // turn off interrupt 
    timerv_init = FALSE; 
    MSTCR1.BIT.MSTTV = 1;  // standby TimerV 
  
    IO.PMR5.BIT.WKP0 = 1; // reconfigure io 
    nop(); 
    IWPR.BIT.IWPF0 &= 0;  // clear int flag 
 
    // lest play the game!! 
    setup_operating_mode(switch_mode); 
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   } 
  } 
 
 ++switch_hold_time; 
 
 if(switch_hold_time == 1800) 
  { 
   switch_debounce = 150; 
   switch_mode_init = 1; 
   switch_mode_timeout = 3000; // 5 * 600Hz 
   switch_mode = 1; 
  } 
 
 
 if(switch_debounce == 0 && switch_mode_init == 0 && switch_press == 0) 
  { 
   timerv_init = FALSE; 
   TV.TCRV0.BIT.CMIEA = 0; // turn off interrupt 
   MSTCR1.BIT.MSTTV = 1;  // standby TimerV 
   
   IO.PMR5.BIT.WKP0 = 1; // reconfigure io 
   nop(); 
   IWPR.BIT.IWPF0 &= 0;  // clear int flag 
 
   // mark 
   mmc_mark_data = TRUE; 
  } 
 
 
 TV.TCSRV.BIT.CMFA &= 0;  // Read and Clear Flag 
} 
 
 
//********************************************************************************** 
// Switch WKP ISR Func 
//********************************************************************************** 
void Switch_WKP_ISR_Func(void) 
{ 
 Clear_Sleep_Mode(); 
 
if(IWPR.BIT.IWPF0 == 1) // switch has been pressed 
 { 
 
 if(timerv_init == FALSE) 
  { 
  POWER_LED = LED_OFF; 
  IO.PMR5.BIT.WKP0 = 0; // make WKP0 an input 
 
  switch_debounce = 150;  // if timer v @600Hz then this is 0.025sec, it'll do for now 
  switch_hold_time = 0; 
  switch_press = 0; 
  tv_isr_counter = 0; 
  switch_mode_timeout = 3000; // 5 * 600Hz 
  switch_mode = 0; 
  switch_mode_init = 0; 
  tmv_func = TimerV_ISR_Func; 
 
  MSTCR1.BIT.MSTTV = 0;  // wakeup TimerV 
  TV.TCNTV = 0x00;  // Clear Timver V 
  TV.TCORA = 0x7f;  // Set Timer compare to 128 => 600Hz 
  TV.TCRV1.BIT.ICKS = 1; // Set clk/128 counter pulse 
  TV.TCRV0.BYTE = 0x4b; // Set clock frequency and INT on compare 
  timerv_init = TRUE; 
  } 
 
 IWPR.BIT.IWPF0 &= 0; // clear int flag 
 } // end switch pressed 
 
if(IWPR.BIT.IWPF2 == 1)  // psu comms return 
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 { 
 PSU_WKP_ISR_Func(); 
 } 
 
} 
 
//********************************************************************************** 
// Time Of Day ISR 
//********************************************************************************** 
void Time_Of_Day_ISR(void) 
{ 
 ++time_of_day; 
 
 --psu_update; 
 
 if(running_mode == RUNNING_MODE_DOWNLOAD) 
  TogglePowerLed(); 
 
 if(psu_update == 0) 
  { 
   psu_update = 3600; 
  } 
 
 IRR1.BIT.IRRTA &= 0; //clear int flag 
} 
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Swimming Limited Release Power Supply Schematic  
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Swimming Limited Release Microprocessor Schematic  
And Printed Circuit Board 
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Swimming Limited Release Infra Red Schematic 
And Printed Circuit Board 
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Swimming Limited Release Cradle Schematic  
And Printed Circuit Board 
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%----------------------------------------------------------------------- 
% this function tells us what stroke type we have 
function ret_type = ident_stroke(indata1,indata2,indata3,lap_start_pnt,lap_end_pnt) 
 
% we know this from the calculation, no need to compute it everytime.. 
zerog_mean = 88; 
 
% generate data to be filtered 
temp_data.samplerate = 150; 
temp_data.processing = ''; 
temp_data.data(:,1) = indata1(lap_start_pnt:lap_end_pnt); 
temp_data.data(:,2) = indata2(lap_start_pnt:lap_end_pnt); 
temp_data.data(:,3) = indata3(lap_start_pnt:lap_end_pnt); 
 
% and filter it 
filt_data = adatfilter(temp_data,48,0.5); 
 
% split data back into 1D arrays 
filt_mean_data1 = abs(filt_data.data(:,1) - mean(filt_data.data(:,1))); 
filt_mean_data2 = abs(filt_data.data(:,2) - mean(filt_data.data(:,2))); 
filt_mean_data3 = abs(filt_data.data(:,3) - mean(filt_data.data(:,3))); 
 
sum_data1 = round(sum(filt_mean_data1) / length(filt_mean_data1)); 
sum_data2 = round(sum(filt_mean_data2) / length(filt_mean_data2)); 
sum_data3 = round(sum(filt_mean_data3) / length(filt_mean_data3)); 
 
mean_data1 = round(mean(filt_data.data(:,1))); 
mean_data2 = round(mean(filt_data.data(:,2))); 
mean_data3 = round(mean(filt_data.data(:,3))); 
 
if(mean_data1 > zerog_mean * 1.05) 
    data_g1 = 1;     
elseif(mean_data1 < zerog_mean * 0.95) 
    data_g1 = -1;     
else 
    data_g1 = 0;     
end 
 
if(mean_data2 > zerog_mean * 1.05) 
    data_g2 = 1;     
elseif(mean_data2 < zerog_mean * 0.95) 
    data_g2 = -1;     
else 
    data_g2 = 0;     
end 
 
if(mean_data3 > zerog_mean * 1.05) 
    data_g3 = 1;     
elseif(mean_data3 < zerog_mean * 0.95) 
    data_g3 = -1;     
else 
    data_g3 = 0;     
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end 
 
% now some smarts to ident stroke type 
% ret type: 
% 1 = FS, 2 = BK, 3 = FLY, 4 = BS, 5 = Unknown 
 
ret_type = 5;  % initially set type to unknown 
 
if(sum_data1 == 1 && sum_data2 > 3 && data_g3 == -1) 
    ret_type = 1; 
end 
 
if(sum_data1 > 1 && sum_data2 < 2 && sum_data3 > 1 && data_g3 == -1) 
    ret_type = 3; 
end 
 
if(sum_data1 > 1 && sum_data2 < 2 && sum_data3 < 2 && data_g3 == -1) 
    ret_type = 4; 
end 
 
if(sum_data1 == 1 && sum_data2 > 2 && data_g3 == 1) 
    ret_type = 2; 
end 
 
disp(['   g1 =' num2str(data_g1)]) 
disp(['   g2 =' num2str(data_g2)]) 
disp(['   g3 =' num2str(data_g3)]) 
disp(['sum 1 =' num2str(sum_data1)]) 
disp(['sum 2 =' num2str(sum_data2)]) 
disp(['sum 3 =' num2str(sum_data3)]) 
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function ret = push_find7(athdata,id_method) 
% this function locates wall push offs and returns them in an array 
 
%split athdata array into 1D arrays 
indata = athdata.data(:,1); 
indata2 = athdata.data(:,2); 
indata3 = athdata.data(:,3); 
 
sig_grad = zeros(1,length(indata));     % stores gradient of samples 
grad_pass = zeros(1,length(indata));    % store result of gradient test 
min_loc = zeros(1,length(indata));      % store minima locations 
max_loc = zeros(1,length(indata));      % store maxima locations 
push_loc = zeros(1,length(indata));     % store locations of pushes 
 
dmin = 1024;        % set initial minima value to max ADC value 
dmin_loc = 0;       % set initial location to start of data 
 
proc_wait = 0;      % flag variable 
 
peak_ok = 0;        % flag for peak checking 
prev_min_loc = 0;   % holds previous push location for proximity checking new value 
 
for i = 21:1:length(indata) 
    % generate gradient for previous 5 points 
    sig_grad(i) =  round( round(indata(i)-indata(i-5)) / 5); 
           
    % do some checking of previous points to see if we have a sharp rise 
    % over interval 
    res = (sig_grad(i) > 2) && (sig_grad(i-1) > 2) && (sig_grad(i-2) > 2) && 
(sig_grad(i-3) > 2)  && (sig_grad(i-4) > 2)  && (sig_grad(i-5) > 2); 
         
    if(res == 1) 
        %if we pass that test, check sign of gradient to it's ok... 
        % could probably clean this up, but lets leave it for now while it 
        % works 
        res1 = (sign(sig_grad(i)) >= 0) && (sign(sig_grad(i-1)) >= 0) && (sign(sig_grad(i-
2)) >= 0) && (sign(sig_grad(i-3)) >= 0) && (sign(sig_grad(i-4)) >= 0) && 
(sign(sig_grad(i-5)) >= 0); 
        if(res1 == 1) 
            % if we are happy with all that, we set a flag 
            grad_pass(i)=1; 
        end 
    end 
 
    % if our flag was set lets go 
    if(grad_pass(i) == 1) 
        % if we havn't processed a point yet lets do it 
        if(proc_wait == 0) 
            % set our processing flag to 1 
            proc_wait = 1;     
            % now lets do something interesting... 
            dmax_loc = 0; 
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            dmax = 0; 
            dmin = 1024; 
            % lets find out minima over the previous 100 samples 
            for(j=i-100:1:i) 
                if(indata(j) < dmin) 
                    dmin = indata(j); 
                    dmin_loc = j; 
                end 
            end 
            % store minima away 
            min_loc(dmin_loc) = 1; 
        end 
    end 
 
    % if we passed the grad test, and we have processed, track maxima 
    if(grad_pass(i) == 1) 
        if(proc_wait == 1) 
            if(indata(i) > dmax) 
                dmax = indata(i); 
                dmax_loc = i; 
            end 
        end 
    end 
     
    % if we failed the grad test, and we have processed lets reset our 
    % processing flag, store away maxima and do some more processing 
    if(grad_pass(i) == 0) 
        if(proc_wait == 1) 
            proc_wait = 0; 
            % lets do something!! 
            % store maxima 
            max_loc(dmax_loc)=1; 
            val_diff = dmax - dmin; % calc height diff of max and min 
             
            % calc pre and post slope for max point over +-25 samples 
            pre_slope = ((indata(dmax_loc) - indata(dmax_loc-25))/25); 
            post_slope =((indata(dmax_loc+25) - indata(dmax_loc))/25); 
 
            % determin which method to apply 
            if(id_method == 1) 
                % no peak checking 
                peak_ok = 1; 
            else 
                % here we look at pre and post slope to eliminate false 
                % triggers 
                peak_ok = 0; 
                if(pre_slope >= 2.0) 
                    if(post_slope > -2.0) 
                        peak_ok = 1; 
                    end 
                end 
            end 
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            % calculate absolute min location to previous location to check 
            % how close point are 
            loc_diff = abs(prev_min_loc - dmin_loc); 
 
            % if our height different is greater than 60 
            if(val_diff > 60) 
                % and peak checking is good 
                if(peak_ok == 1) 
                    % and minima are more than 300 samples apart 
                    if(loc_diff > 300) 
                        % we are good to go 
                        % store push location 
                        push_loc(dmin_loc) = 1; 
                        % record push location 
                        prev_min_loc = dmin_loc; 
 
                        %display some numbers 
                        disp('--------------------------------------------------------'); 
                        disp(['dmax = ' num2str(dmax) '   loc:' num2str(dmax_loc)]); 
                        disp(['dmax - dmin: ' num2str(dmax - dmin)]); 
                        disp(['dmax loc - dmin loc: ' num2str(dmax_loc - dmin_loc)]); 
                        disp(['pre: ' num2str(pre_slope) '   post: ' num2str(post_slope) '  div: ' 
num2str(pre_slope/post_slope)]); 
                    end 
                end 
            end 
        end 
    end 
end 
 
% return values to callers 
ret = find(push_loc); 
 
%plot some results!! 
subplot(3,1,1); 
plot(indata);grid on; 
hold on; 
 
ss = push_loc * 150; 
ss = ss + 430; 
plot(ss,'k'); 
 
dd = axis; 
axis([50 dd(2) 400 600]); 
 
subplot(3,1,2); 
plot(indata2);grid on; 
hold on; 
 
ss = push_loc * 150; 
ss = ss + 430; 
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plot(ss,'k'); 
 
dd = axis; 
axis([50 dd(2) 400 600]); 
 
subplot(3,1,3) 
plot(indata3);grid on; 
hold on; 
 
ss = push_loc * 150; 
ss = ss + 430; 
plot(ss,'k'); 
 
dd = axis; 
axis([50 dd(2) 400 600]); 
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function out1 = generate_data_stroke_count1(athdata,title_str,pic_flag) 
 
% copy data to a new vars 
data1 = athdata.data(:,1); 
data2 = athdata.data(:,2); 
data3 = athdata.data(:,3); 
% filter data 
filt_length1 = 512; 
wc1 = 0.001; 
hd = ideal_lp(wc1,filt_length1); 
wn = blackman(filt_length1); 
h = hd .* wn; 
d1filt = filter(h,1,data1); 
d2filt = filter(h,1,data2); 
d1filt = d1filt((filt_length1):length(d1filt)); 
d2filt = d2filt((filt_length1):length(d2filt)); 
% threshold limit data 
thresh = 0.006; 
f = gradient(d1filt); 
for i=1:1:length(f) 
    if(abs(f(i)) < thresh) 
        f(i) = 0; 
    end 
end 
 
% abs data 
f=abs(f); 
 
%find data peaks 
i=3; 
pc = zeros(1,length(f)); 
j=1; 
while (i < (length(f)-10)) 
 
    point1 = f(i-1)-f(i-2); 
    point2 = f(i+1)-f(i+2); 
    point3 = f(i-1)-f(i+1); 
 
     if(sign(point1) == 1) 
         if(sign(point2) == 1) 
             if(sign(point3) == -1) 
                 if(pc(i-1)~= 0.01) 
                     pc(i)=0.01; 
                     pj(j)=i; 
                     j=j+1; 
                 end 
             end 
         end 
     end 
 
    i=i+1; 
end 
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% check for close neighbour peaks 
for i=1:1:length(pj)-1 
    if((pj(i+1)-pj(i))<3*athdata.samplerate) % if less than 3 seconds combine 
        pj(i)=pj(i)+(pj(i+1)-pj(i))/2; 
        pj(i+1)=0; 
    end 
end 
 
% clean up zero elements from above step 
j=1; 
for i=1:1:length(pj) 
    if(pj(i)~= 0) 
        pjj(j)=pj(i); 
        j=j+1; 
    end 
end 
 
clear pj;   % variable cleanup 
pj = pjj; 
clear pjj;  % variable cleanup 
 
% check for peaks within 10 seconds 
for i=1:1:length(pj)-1 
    if((pj(i+1)-pj(i))< (10*athdata.samplerate)) % if less than 3 seconds combine 
        pj(i+1)=0;  % remove sample 
    end 
end 
 
% clean up zero elements from above step 
j=1; 
for i=1:1:length(pj) 
    if(pj(i)~= 0) 
        pjj(j)=pj(i); 
        j=j+1; 
    end 
end 
 
out1 = pjj; 
 
 
pjk = pjj; 
 
for i=1:1:length(pjk) 
    pjk(i)=floor(pjk(i)); 
    if(i ~= 1) 
        sep_dist(i-1)= pjk(i)-pjk(i-1); 
    else 
    end 
end 
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mean_sep = mean(sep_dist); 
delta_sep = (mean_sep * 25)/100; 
j=1; 
for i=1:1:length(sep_dist) 
    if( abs(mean_sep - sep_dist(i)) < delta_sep) 
        dtfilt = (d2filt-mean(d2filt)); 
        dtfilt = dtfilt .^2; 
        pts(j,1)=i; 
        pts(j,2)=i+1; 
        pts(j,3)=pjk(i); 
        pts(j,4)=pjk(i+1); 
        pts_dist(j)= sqrt(sum(dtfilt(pjk(i):pjk(i+1)))  ); 
        j=j+1; 
    end 
end 
 
if(length(pts) > 4) 
    [ss ind] = sort(pts_dist);    
    dd = length(pts(:,1))-4; 
    for j=1:1:dd 
        k = ind(j); 
        pts(k,1) = 0; 
        pts(k,2) = 0; 
    end 
end 
 
if(length(pts) < 4) 
    disp(['Error With Numbers']); 
    return; 
end 
 
for i=1:1:length(pts(:,1)) 
    if(pts(i,1) ~= 0) 
        disp([' pts: ' num2str(pts(i,3)) ':' num2str(pts(i,4))]); 
    end 
end 
 
%break; 
 
filt_length1 = 512; 
wc1 = 0.02; 
wc1 = 0.06; 
 
hd = ideal_lp(wc1,filt_length1); 
wn = blackman(filt_length1); 
h = hd .* wn; 
 
data1_nomean = data1 -mean(data1); 
data2_nomean = data2 -mean(data2); 
data3_nomean = data3 -mean(data3); 
 
d1filt = filter(h,1,data1_nomean); 
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d2filt = filter(h,1,data2_nomean); 
d3filt = filter(h,1,data3_nomean); 
 
d1filt = d1filt((filt_length1):length(d1filt)); 
d2filt = d2filt((filt_length1):length(d2filt)); 
d3filt = d3filt((filt_length1):length(d3filt)); 
 
display_stroke(pts(1,3),pts(1,4),d1filt,d2filt,d3filt,pic_flag) 
display_stroke(pts(2,3),pts(2,4),d1filt,d2filt,d3filt,pic_flag) 
display_stroke(pts(3,3),pts(3,4),d1filt,d2filt,d3filt,pic_flag) 
display_stroke(pts(4,3),pts(4,4),d1filt,d2filt,d3filt,pic_flag) 
 
 
%------------------ Function Display Start -------------------------- 
function display_stroke(pt1,pt2,d1,d2,d3,pic_flag) 
 
start_offset = 0; 
end_offset = 100; 
 
disp('-------------------------------------') 
disp(['50m Markers: '  num2str(pt1) ':' num2str(pt2)]) 
 
dd1 = d1(floor(pt1)+start_offset:floor(pt2)+end_offset); 
dd2 = d2(floor(pt1)+start_offset:floor(pt2)+end_offset); 
dd3 = d3(floor(pt1)+start_offset:floor(pt2)+end_offset); 
 
dd1 = dd1 - mean(dd1); 
dd2 = dd2 - mean(dd2); 
dd3 = dd3 - mean(dd3); 
 
if(pic_flag == 4) 
figure 
dstroke = dd2; 
subplot(2,1,1); 
plot(dstroke) 
grid on; 
subplot(2,1,2); 
plot(dstroke) 
end 
 
dstroke = dd2; 
f = abs(dstroke); 
f = dstroke; 
 
stroke_cnt_top = 0; 
stroke_cnt_bot = 0; 
%find data peaks 
i=3; 
pc = zeros(1,length(f)); 
j=1; 
while (i < (length(f)-10)) 
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    point1 = f(i-1)-f(i-2); 
    point2 = f(i+1)-f(i+2); 
    point3 = f(i-1)-f(i+1); 
  
      if(sign(point1) == 1) 
          if(sign(point2) == 1) 
              if(sign(point3) == -1) 
                  if(pc(i-1)~= 1) 
                      if(f(i) >  15)     % need to work on this, threshold value **MAGIC** 
                         if(abs(dd1(i)) < 25) 
                             if(abs(dd3(i)) < 25) 
                                pc(i)=1; 
                                pj(j)=i; 
                                j=j+1; 
                                stroke_cnt_top = stroke_cnt_top + 1; 
                            end 
                        end 
                      end 
                  end 
              end 
          end 
      end 
 
     if(sign(point1) == -1) 
         if(sign(point2) == -1) 
             if(sign(point3) == -1) 
                 if(pc(i-1)~= -1) 
                     if(f(i) <  -15)     % need to work on this, threshold value **MAGIC** 
                         if(abs(dd1(i)) < 25) 
                             if(abs(dd3(i)) < 25) 
                                 pc(i)=-1; 
                                 pj(j)=-1; 
                                 j=j+1; 
                                 stroke_cnt_bot = stroke_cnt_bot + 1; 
                             end 
                         end 
                     end 
                 end 
             end 
         end 
    end 
     
     
    i=i+1;end 
 
if(pic_flag == 4) 
hold on; 
pc = pc * 60; 
plot(pc,'r'); 
hold off; 
subplot(2,1,1); 
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title(['Stroke: T' num2str(stroke_cnt_top) ' B' num2str(stroke_cnt_bot) ' no: ' 
num2str(stroke_cnt_top+ stroke_cnt_bot)]); 
 
figure 
subplot(3,1,1); 
plot(dd1) 
title('pnt1'); 
grid on; 
subplot(3,1,2); 
plot(dd2) 
hold on; 
plot(pc,'r'); 
grid on; 
hold off; 
subplot(3,1,1); 
title(['Stroke: T' num2str(stroke_cnt_top) ' B' num2str(stroke_cnt_bot) ' no: ' 
num2str(stroke_cnt_top+ stroke_cnt_bot)]); 
subplot(3,1,3); 
plot(dd3) 
grid on; 
 
end 
 
 
disp(['stroke count: T' num2str(stroke_cnt_top) ' B' num2str(stroke_cnt_bot)]); 
disp(['stroke count: ' num2str(stroke_cnt_top + stroke_cnt_bot)]); 
disp('-------------------------------------') 
%------------------ Function Display End -------------------------- 
 


