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STEP COUNTER DEVICES AND STEP COUNTING METHODS 

Technical Field 

[0001] Various embodiments generally relate to step counter devices and step 

counting methods. 

Background 

[0002] The number of steps a person takes during a pre-determined period, for 

example during a day or during a training session, may be a valuable indicator, for 

example for assessing further training goals. As such, there may be a need for an efficient 

way to detennine the number of steps taken by a person. 

Summary of the Invention 

[0003] According to various embodiments, a step counter device may be provided. 

The step counter device may include an accelerometer configured to determine an 

acceleration in each axis of a plurality of axes; a dominant axis determination circuit 

configured to determine one axis of the plurality of axis as a dominant axis based on 

determining, for each axis of the plurality of axis, a plurality of criteria for the respective 

axis; a step number determination circuit configured to determine a number of steps 

based on determining the plurality of criteria for the dominant axis; wherein the criteria 

for a respective axis may include a criterion indicating whether a frequency of 

acceleration in the respective axis is within a first pre-determined range, a criterion 

indicating whether a variation in the frequency of acceleration in the respective axis 

between various cycles is within a second pre-determined range; a criterion indicating 

whether a variation in the amplitude of acceleration in the respective axis between 

various cycles is within a third pre-determined range; and a criterion indicating whether 

the acceleration in the respective axis is higher than a pre-detercnined threshold. 
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According to various embodiments, the threshold (in other words: a minimum 

acceleration threshold) may be 0.01 g, or may be 0.1 g, or may be 0.5 g, wherein g is a 

unit of acceleration equal to the acceleration of gravity at the earth's surface (for example 

about 9.81 m/s^). 

[0004] According to various embodiments, a step counting method may be provided. 

The step counting method may include: determining an acceleration in each axis of a 

plurality of axes; determining one axis of the plurality of axis as a dominant axis based on 

determining, for each axis of the plurality of axis, a plurality of criteria for the respective 

axis; determining a number of steps based on determining the plurality of criteria for the 

dominant axis; wherein the criteria for a respective axis may include a criterion indicating 

whether a frequency of acceleration in the respective axis is within a first pre-determined 

range, a criterion indicating whether a variation in the frequency of acceleration in the 

respective axis between various cycles is within a second pre-determined range; a 

criterion indicating whether a variation in the amplitude of acceleration in the respective 

axis between various cycles is within a third pre-determined range; and a criterion 

indicating whether the acceleration in the respective axis is higher than a pre-determined 
r" ' 

threshold. 

Brief Description of the Drawings 

[0005] In the drawings, like reference characters generally refer to the same parts 

throughout the different views. The drawings are not necessarily to scale, emphasis 

instead generally being placed upon illustrating the principles of the invention. The 

dimensions of the various features or elements may be arbitrarily expanded or reduced for 

clarity. In the following description, various embodiments of the invention are described 

with reference to the following drawings, in which: 

[0006] FIG. 1A shows a step counter device according to various embodiments; 

[0007] FIG. IB shows a step counter device according to various embodiments; 

[0008] FIG. 1C shows a flow diagram illustrating a step counting method according 

to various embodiments; and 
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[0009] FIG. 2 shows a flow diagram illustrating a step counting method according to 
various embodiments-

Detailed Description 

[0010] The following detailed description refers to the accompanying drawings that 

show, by way of illustration, specific details and embodiments in which the invention 

may be practiced. These embodiments are described in sufficient detail to enable those 

skilled in the art to practice the invention. Other embodiments may be utilized and 

structural, and logical changes may be made without departing from the scope of the 

invention. The various embodiments are not necessarily mutually exclusive, as some 

embodiments can be combined with one or more other embodiments to form new 

embodiments. 

[0011] In this context, the step counter device as described in this description may 

include a memory which is for example used in the processing carried out in the step 

counter device. A memory used in the embodiments may be a volatile memory, for 

example a DRAM (Dynamic Random Access Memory) or a non-volatile memory, for 

example a PROM (Programmable Read Only Memory), an EPROM (Erasable PROM), 

EEPROM (Electrically Erasable PROM), or a flash memory, e.g., a floating gate 

memory, a charge trapping memory, an MRAM (Magnetoresistive Random Access 

Memory) or a PCRAM (Phase Change Random Access Memory). 

[0012] In an embodiment, a "circuit" may be understood as any kind of a logic 

implementing entity, which may be special purpose circuitry or a processor executing 

software stored in a memory, firmware, or any combination thereof. Thus, in an 

embodiment, a "circuit" may be a hard-wired logic circuit or a programmable logic circuit 

such as a programmable processor, e.g. a microprocessor (e.g. a Complex Instruction Set 

Computer (CISC) processor or a Reduced Instruction Set Computer (RISC) processor). A 

"circuit" may also be a processor executing software, e.g. any kind of computer program, 

e.g. a computer program using a virtual machine code such as e.g. Java. Any other kind 

of implementation of the respective, functions which will be described in more detail 
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below may also be understood as a "circuit" in accordance with an alternative 

embodiment. 

[0013] In the specification the term "comprising" shall be understood to have a broad 

meaning similar to the term "including" and will be understood to imply the inclusion of 

a stated integer or step or group of integers or steps but not the exclusion of any other 

integer or step or group of integers or steps. This definition also applies to variations on 

the term "comprising" such as "comprise" and "comprises". 

[0014] The reference to any prior art in this specification is not, and should not be 

taken as an acknowledgement or any form of suggestion that the referenced prior art 

forms part of the common general knowledge in Australia (or any other country). 

[0015] In order that the invention may be readily understood and put into practical 

effect, particular embodiments will now be described by way of examples and not 

limitations, and with reference to the figures. 

[0016] Various embodiments are provided for devices, and various embodiments are 

provided for methods. It will be understood that basic properties of the devices also hold 

for the methods and vice versa. Therefore, for sake of brevity, duplicate description of 

such properties may be omitted. 

[0017] It will be understood that any property described herein for a specific device 

may also hold for any device described herein. It will be understood that any property 

described herein for a specific method may also hold for any method described herein. 

Furthermore, it will be understood that for any device or method described herein, not 

necessarily all the components or steps described must be enclosed in the device or 

method, but only some (but not all) components or steps may be enclosed. 

[0018] The term "coupled" (or "connected") herein may be understood as electrically 

coupled or as mechanically coupled, for example attached or fixed or attached, or just in 

contact without any fixation, and it will be understood that both direct coupling or 

indirect coupling (in other words: coupling without direct contact) may be provided. 

[0019] The number of steps a person takes during a pre-determined period, for 

example during a day or during a training session, may be a valuable indicator, for 
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example for assessing further training goals. According to various embodiments, an 

efficient way to determine the number of steps taken by a person may be provided. 

[0020] According to various embodiments, method and devices (in other words: 

apparatuses) for measuring step count (in other words: a number of steps) may be 

provided. 

[0021] According to various embodiments, step may be counted from (in other 

words: using) a wearable device (for example a wearable band; for example a wearable 

wristband; for example a wrist watch). The accuracy of step counting may be greatly 

affected by the movement of a hand of the user, for example the hand of the user on 

which the wearable device is mounted. According to various embodiments, the accuracy 

of the detection may be improved, and a reduced amount of resources (for example using 

minimal CPU (central processing unit) resources of a CPU provided in the wearable 

device) may be used. 

[0022] Users may be more willing to use the (wearable) device on a daily basis if the 

device is able to detect human activities accurately. According to various embodiments, a 

product (for example (wearable) device) may be provided which combines sophisticated 

functions with accurate human activity detection functions. 

[0023] FIG. 1A shows a step counter device 100 according to various embodiments. 

The step counter device 100 may include an accelerometer 102 configured to determine 

an acceleration in each axis of a plurality of axes (for example two axes; for example 

three axes; for example linear accelerations; for example rotational accelerations; for 

example at least one linear acceleration and at least one rotational acceleration). The step 

counter device 100 may further include a dominant axis determination circuit 104 

configured to determine one axis of the plurality of axis as a dominant axis based on 

determining, for each axis of the plurality of axis, a plurality of criteria for the respective 

axis. The step counter device 100 may further include a step number determination circuit 

106 configured to determine a number of steps based on determining the plurality of 

criteria for the dominant axis (for example only for the dominant axis but not for the 

other axis or axes different from the dominant axis). The criteria for a respective axis may 

include (or may be) a criterion indicating whether a frequency of acceleration in the 
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respective axis is within a first pre-determined range, a criterion indicating whether a 

variation in the frequency of acceleration in the respective axis between various cycles is 

within a second pre-determined range; a criterion indicating whether a variation in the 

amplitude of acceleration in the respective axis between various cycles is within a third 

pre-determined range; and a criterion indicating whether the acceleration in the respective 

axis is higher than a pre-determined threshold. The accelerometer 102, the dominant axis 

determination circuit 104, and the step number determination circuit 106 may be may be 

coupled with each other, like indicated by line 108, for example electrically coupled, for 

example using a line or a cable, and/ or mechanically coupled. 

[0024] In other words, according to various embodiments a step counter device may 

be provided which determines a dominant axis based on determining a plurality of criteria 

for all axis, and then, once the dominant axis is determined, determines a number of steps 

(for example steps taken by a user of the step counter device) based on determining the 

plurality of criteria only for the determined dominant axis. 

[0025] - FIG. IB shows a step counter device 110 according to various embodiments. 

The step counter device 110 may include various portions which may be similar or 

identical to portions of the step counter device 100 of FIG. 1A, so that the same reference 

signs may be used and duplicate description may be omitted. The step counter device 110 

may, similar to the step counter device 100 of FIG. 1A, include an accelerometer 102 

configured to determine an acceleration in each axis of a plurality of axes (for example 

two axes; for example three axes; for example linear accelerations; for example rotational 

accelerations; for example at least one linear acceleration and at least one rotational 

acceleration). The step counter device 110 may, similar to the step counter device 100 of 

FIG. 1A, further include a dominant axis determination circuit 104 configured to 

determine one axis of the plurality of axis as a dominant axis based on determining, for 

each axis of the plurality of axis, a plurality of criteria for the respective axis. The step 

counter device 110 may, similar to the step counter device 100 of FIG. 1A, further 

include a step number determination circuit 106 configured to determine a number of 

steps based on determining the plurality of. criteria for the dominant axis (for example 

only for the dominant axis but not for the other axis or axes different from the d.ominant 
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axis). The criteria for a respective axis may include (or may be) a criterion indicating 

whether a frequency of acceleration in the respective axis is within a first pre-determined 

range, a criterion indicating whether a variation in the frequency of acceleration in the 

respective axis between various cycles is within a second pre-determined range; a 

criterion indicating whether a variation in the amplitude of acceleration in the respective 

axis between various cycles is within a third pre-determined range; and a criterion 

indicating whether the acceleration in the respective axis is higher than a pre-determined 

threshold. The step counter device 110 may further include a frequency determination 

circuit 112, like will be described in more detail below. The step counter device 110 may 

further include a frequency variation determination circuit 114, like will be described in 

more detail below. The step counter device 110 may further include an amplitude 

variation determination circuit 116, like will be described in more detail below. The step 

counter device 110 may further include an amplitude determination circuit 118, like will 

be described in more detail below. The step counter device 110 may further include a 

cycle determination circuit 120, like will be described in more detail below. The step 

counter device 110 may further include a step mode determination circuit 122, like will 

be described in more detail below. The step counter device 110 may further include a 

middle point determination circuit 124, like will be described in more detail below. The 

accelerometer 102, the dominant axis determination circuit 104, the step number 

determination circuit 106, the frequency determination circuit 112, the frequency 

variation determination circuit 114, the amplitude variation determination circuit 116, the 

amplitude determination circuit 118, the cycle determination circuit 120, the step mode 

determination circuit 122, and the middle point determination circuit 124 may be may be 

coupled with each other, like indicated by line 126, for example electrically coupled, for 

example using a line or a cable, and/ or mechanically coupled. 

[0026] According to various embodiments, the frequency determination circuit 112 

may be configured to determine for a respective axis of the plurality of axis the criterion 

, indicating whether the frequency of acceleration in the respective axis is within a pre­

determined range. 
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[0027] According to various embodiments, the frequency variation determination 

circuit 114 may be configured to determine for a respective axis of the plurality of axis 

the criterion indicating whether the variation in the frequency of acceleration in the 

respective axis between various cycles is within a pre-determined range. 

[0028] According to various embodiments, the amplitude variation determination 

circuit 116 may be configured to determine for a respective axis of the plurality of axis 

the criterion indicating whether the variation in the amplitude of acceleration in the 

respective axis between various cycles is within a pre-determined range. 

[0029] According to various embodiments, the amplitude determination circuit 118 

may be configured to determine for a respective axis of the plurality of axis the criterion 

indicating whether the acceleration in the respective axis is higher than a pre-determined 

threshold. 

[0030] According to various embodiments, the first pre-determined range may 

include or may be at least one of: a range of 0.2 Hz to 20 Hz; a range of 0.5 Hz to 5 Hz; 

and a range of 1 Hz to 4 Hz. 

[0031] According to various embodiments, the second pre-determined range may 

include or may be at least one of: a range of 20% to 80%; a range of 40% to 60%; a value 

of at least substantially 40%; a value of at least substantially 50%; and a value of at least 

substantially 60%. 

[0032] According to various embodiments, the third pre-determined range may 

include or may be at least one of: a range of 20% to 80%; a range of 40% to 60%; a value 

of at least substantially 40%; a value of at least substantially 50%; and a value of at least 

substantially 60%. 

[0033] According to various embodiments, the pre-determined threshold may include 

or may be 0.01 g, or may be 0.1 g, or may be 0.5 g, wherein g is a unit of acceleration 

2 equal to the acceleration of gravity at the earth's surface (for example about 9.81 m/s ). 

[0034] According to various embodiments, the dominant axis determination circuit 

104 may further be configured to determine the dominant axis based on determining, for 

each axis of the,plurality of axes, a criterion indicating whether the acceleration in the 

. respective axis includes at least a pre-determined number of cycles. 
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[0035] According to various embodiments, the cycle determination circuit 120 may 

be configured to determine a cycle of acceleration in any one of the plurality of axes. 

[0036] According to various embodiments, the step mode determination circuit 122 

may be configured to determine a step mode based on the accelerations determined by the 

accelerometer. 

[0037] According to various embodiments, the middle point determination circuit 124 

may be configured to determine a middle point in the accelerations determined by the 

accelerometer. 

[0038] According to various embodiments, the step mode determination circuit 122 

may be configured to determine a step mode based on the determined middle point. 

[0039] According to various embodiments, the step counter device 110 may be 

provided in or may be or may include or may be included in a wearable device. 

[0040] FIG. 1C shows a flow diagram 128 illustrating a step counting method 

according to various embodiments. In 130, an acceleration may be determined in each 

axis of a plurality of axes. In 132, one axis of the plurality of axis may be determined (in 

other words: may be selected) as a dominant axis based on determining, for each axis of 

the plurality of axis, a plurality of criteria for the respective axis. In 134, a number of 

steps may be determined (in other words: may be tracked; in other words: may be 

counted) based on determining the plurality of criteria for the dominant axis. The criteria 

for a respective axis may include or may be a criterion indicating whether a frequency of 

acceleration in the respective axis is within a first pre-determined range, a criterion 

indicating whether a variation in the frequency of acceleration in the respective axis 

between various cycles is within a second pre-determined range; a criterion indicating 

whether a variation in the amplitude of acceleration in the respective axis between 

various cycles is within a third pre-determined range; and a criterion indicating whether 

the acceleration in the respective axis is higher than a pre-determined threshold. 

[0041] According to various embodiments, the step counting method may further 

include determining for a respective axis of the plurality of axis the criterion indicating 

whether the frequency of acceleration in the respective axis is within a pre-determined 

range. 
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[0042] According to various embodiments, the step counting method may further 

include determining for a respective axis of the plurality of axis the criterion indicating 

whether the variation in the frequency of acceleration in the respective axis between 

various cycles is within a pre-determined range. 

[0043] According to various embodiments, the step counting method may further 

include determining for a respective axis of the plurality of axis the criterion indicating 

whether the variation in the amplitude of acceleration in the respective axis between 

various cycles is within a pre-determined range. 

[0044] According to various embodiments, the step counting method may further 

include determining for a respective axis of the plurality of axis the criterion indicating 

whether the acceleration in the respective axis is higher than a pre-determined threshold. 

[0045] According to various embodiments, wherein the first pre-determined range 

may include or may be at least one of: a range of 0.2 Hz to 20 Hz; a range of 0.5 Hz to 5 

Hz; and a range of 1 Hz to 4 Hz. 

[0046] According to various embodiments, the second pre-determined range may 

include or may be at least one of: a range of 20% to 80%; a range of 40% to 60%; a value 

of at least substantially 40%; a value of at least substantially 50%; and a value of at least 

substantially 60%. 

[0047] According to various embodiments, the third pre-determined range may 

include or may be at least one of: a range of 20% to 80%; a range of 40% to 60%; a value 

of at least substantially 40%; a value of at least substantially 50%; and a value of at least 

substantially 60%. 

[0048] According to various embodiments, the pre-determined threshold may include 

or may be 0.01 g, or may be 0.1 g, or may be 0.5 g, wherein g is a unit of acceleration 
2 equal to the acceleration of gravity at the earth's surface (for example about 9.81 m/s ). 

[0049] According to various embodiments, the step counting method may further 

include determining the dominant axis based on determining, for each axis of the 

plurality of axes, a criterion indicating whether the acceleration in the respective axis 

includes at least a pre-determined number of cycles. 
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[0050] According to various embodiments, the step counting method may further 

include determining a cycle of acceleration in any one of the plurality of axes. 

[0051] According to various embodiments, the step counting method may further 

include determining a step mode based on the determined accelerations. 

[0052] According to various embodiments, the step counting method may further 

include determining a middle point in the determined accelerations. 

[0053] According to various embodiments, the step counting method may further 

include determining a step mode based on the determined middle point. 

[0054] According to various embodiments, the step counting method may be 

performed (in other words: carried out; in other words: performed) in a wearable device. 

[0055] According to various embodiments, devices and methods may be provided for 

determining the number of steps taken by measuring a proper acceleration experienced by 

an acceleration sensor device. The sensor device may be part of a wearable device, which 

may be fitted to a human body. 

[0056] FIG. 2 shows a flow diagram 200 illustrating a method for determining a step 

count according to various embodiments. The method may start in 202. Acceleration data 

may be acquired from a sensor device in 204; the acquired data may be referred to as raw 

data. 

[0057] In 206, the raw data may be filtered (and as such, filtered data may be. 

acquired). For example, all raw acceleration data may be processed by a low pass filter to 

filter the high frequency noise and an averaging filter to remove the DC (direct current; in 

other words: constant or not changing) Component. The resultant data may be named (or 

called) filtered data. 

[0058] According to various embodiments, the measurement of step count (in other 

words: counting the number of steps) may be divided into two processes (in other words: 

two methods; in other words: two sub-methods; in other words: two phases), namely step 

locking (which may include steps 210, 212', 214, 216, 218 of FIG. 2) and step tracking 

(which may include steps 222, 224, 226, 228 and 230 of FIG. 2). These measurements 

may be performed on filtered data. -
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[0059] In 208, it may be determined whether a dominant axis is found (in other 

words: whether a dominant axis has been found; in other words: whether a dominant axis 

has been locked). In case it is determined in 208 that a dominant axis is not found, 

processing may continue with step 210. In case it is determined in 208 that a dominant 

axis is found, processing may continue with step 222. 

[0060] In the first process (step locking), the dominant axis of the acceleration signal 

may be located. During this phase, like indicated by box 210, the acceleration data from 

all the axes may be analyzed. In other words, in 210, for all axis, a step frequency may be 

computed from the filtered data. 

[0061] It will be understood that each of the steps 210, 212, 214, 216, 218, and 220 

may be carried out for each axis for which acceleration data is available (for example for 

all three axes in case of a three-axes-accelerometer). 

[0062] In 212, it may be determined whether the (step) frequency is within a pre­

determined range of frequencies (which may be referred to as the tracking range). In case 

it is determined in 212 that the (step) frequency is not within the pre-determined range of 

frequencies, processing may continue in 220. In case it is determined in 212 that the 

(step) frequency is within the pre-determined' range of frequencies, processing may 

continue in 214. 

[0063] In 214, it may be determined whether the acceleration is greater than a pre­

determined threshold (which may be referred to as minimum threshold). In case it is 

determined in 214 that the acceleration is not greater than the pre-determined threshold, 

processing may continue in 220. In case it is determined in 214 that the acceleration is 

greater than the pre-determined threshold, processing may continue in 216. 

[0064] In 216, it may be determined whether at least a pre-determined number of 

cycles is detected (in other words, whether a minimum number of cycles is detected). In 

case it is determined in 216 that less than the pre-determined number of cycles is 

detected, processing may continue in 220. In case it is determined in 216 that at least a 

pre-determined number of cycles is detected, processing may continue in 218. 
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[0065] In 218, the dominant axis may be assigned (for example the axis for which the 

processing in steps 212, 214, and 216 has been performed may be assigned as the 

dominant axis). 

[0066] In 220, processing may restart, for example may continue with the next axis, 

which may be processed in a round-robin manner, or with a new set of filtered data (for 

example starting with the first axis again). 

[0067] According to various embodiments, the purpose may be to detect a periodic 

signal, which fulfills the following requirements: 

[0068] (1) Frequency is in a pre-determined range (for example between 0.2 Hz and 

20 Hz; or for example between 0.5 Hz and 5 Hz; or for example between 1 Hz and 4 Hz); 

[0069] (2) The (step) frequency jitter (in other words: the frequency variation) 

between each cycle is within a predetermined tolerance range (for example in a range 

between 20% and 80%; for example in a range between 40% and 60%; for example 40%; 

for example 50%; for example 60%) from (or of) the previous cycle; 

[0070] (3) The amplitude swing (in other words: the amplitude variation) between 

each cycle is within a predetermined tolerance range (for example in a range between 

20% and 80%; for example in a range between 40% and 60%; for example 40%; for 

example 50%; for example 60%) from (or of) previous cycle; and 

[0071] (4) The acceleration is greater than a predefined threshold (for walking 

activity). The threshold (in other words: acceleration threshold) may be set at 0.01 g, or 

may be set at 0.1 g, or may be set at 0.5 g, wherein g is a unit of acceleration equal to the 
2 acceleration of gravity at the earth's surface (for example about 9.81 m/s ). 

[0072] According to various embodiments, the dominant axis may be locked when 

the system is able to detect a minimum number of cycles that meet the conditions stated 

above. 

[0073] According to various embodiments, the step mode (for example full cycle or 

half cycle) may be determined by checking the middle point of the acceleration. The 

middle point (in other words: mid point) may indicate the position of the sensor device at 

rest. According to various embodiments, half cycle mode may be chosen if the mid point 
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is closed to zero. According to various embodiments, full cycle mode may be chosen 

otherwise. 

[0074] According to various embodiments, the second phase may be step tracking 

(which may be carried out in steps 222, 224, 226, 228, and 230 of FIG. 2). In 222, it may 

be determined whether the frequency of acceleration data is within the tracking range. In 

224, it may be determined whether the acceleration is greater than a minimum threshold. 

In 226, the step mode may be determined based on raw data. In this phase, a step count 

may be registered (in other words a step count may be added in 230) when the 

acceleration data meet the four conditions of the first phase. If step mode is full cycle 

(which may be determined in 228), one step count may be added to the system when the 

acceleration data complete a full sine wave cycle, whereas two step counts may be added 

to the system if the step mode is half cycle.-The tracking phase may end when the 

acceleration data do not meet the four conditions in the first phase. The first phase 

(locking) may be to count the number of steps taken; the second phase (tracking) may be 

to track the acceleration data to make sure that it is a continuation from current walking 

activity. 

[0075] According to various embodiments, devices, systems and/ or methods may be 

provided with utilize an inertial sensor disposed at one of a plurality of locations on a 

human body, such as the ankles and feet. The inertial sensor may be configured to 

measure acceleration along a dominant axis, and also measure linear as well as rotational 

accelerations. A step count, i.e., number of steps taken, may be determined by measuring 

and filtering the acceleration data generated by the sensor. The system and method may 

provide an enhanced step count accuracy even while simultaneous parts of the body, such 

as the arms, are moving. Also, less CPU processing may be utilized since the middle 

point of the acceleration data, and filtering is utilized to determine the step count. 

[0076] According to various embodiments, raw acceleration data may initially be 

gathered by the sensor from various movements from the body. The movements may 

include repetitive raising and lowering of the legs in a stepping motion, or swinging of 

the arms. The raw acceleration data may be filtered through a low pass filter to comb 
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through high frequency, noise, and an averaging filter to. remove the DC component. A 

frequency may be derived from this raw acceleration data. 

[0077] In a step locking mode, the dominant axis may be separated from other axes to 

detect a periodic signal (for example to detect a frequency). The step count may be 

determined when a minimum threshold for the frequency is met (for example, frequency 

is in a pre-determined range; and frequency jitter from each cycle is within a 

predetermined range of prior cycle). In a step tracking mode, the middle point of 

acceleration of the sensor may be detected to calculate the step count. For example, a 

one-step count may be added to the system when the acceleration data completes a full 

sine wave cycle, whereas a two-step counts may be added to the system if the step mode 

is half cycle. 

[0078] The following examples pertain to further embodiments. 

[0079] Example 1 is a step counter device comprising: an accelerometer configured 

to determine an acceleration in each axis of a plurality of axes; a dominant axis 

determination circuit configured to determine one axis of the plurality of axis as a 

dominant axis based on determining, for each axis of the plurality of axis, a plurality of 

criteria for the respective axis; a step number determination circuit configured to 

determine a number of steps based on determining the plurality of criteria for the 

dominant axis; wherein the criteria for a respective axis comprise a criterion indicating 

whether a frequency of acceleration in the respective axis is within a first pre-determined 

range, a criterion indicating whether a variation in the frequency of acceleration in the 

respective axis between various cycles is within a second pre-determined range; a 

criterion indicating whether a variation in the amplitude of acceleration in the respective 

axis between various cycles is within a third pre-determined range; and a criterion 

indicating whether the acceleration in the respective axis is higher than a pre-determined 

threshold. 

[0080] In example 2, the subject-matter of example 1 can optionally include a 

frequency determination circuit configured to determine for a respective axis of the 

plurality of axis the criterion indicating whether the frequency of acceleration in the 

respective axis is within a pre-determined range. 
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[0081], In example 3, the subject-matter of any one of examples 1 to 2 can optionally 

include a frequency variation determination circuit configured to determine for a 

respective axis of the plurality of axis the criterion indicating whether the variation in the 

frequency of acceleration in the respective axis between various cycles is within a pre­

determined range. 

[0082] In example 4, the subject-matter of any one of examples 1 to 3 can optionally 

include an amplitude variation determination circuit configured to determine for a 

respective axis of the plurality of axis the criterion indicating whether the variation in the 

amplitude of acceleration in the respective axis between various cycles is within a pre­

determined range. 

[0083] In example 5, the subject-matter of any one of examples 1 to 4 can optionally 

include an amplitude determination circuit configured to determine for a respective axis 

of the plurality of axis the criterion indicating whether the acceleration in the respective 

axis is higher than a pre-determined threshold. ' 

[0084] In example 6, the subject-matter of any one of examples 1 to 5 can optionally 

include that the first pre-determined range comprises at least one of: a range of 0.2 Hz to 

20 Hz; a range of 0.5 Hz to 5 Hz; and a range of 1 Hz to 4 Hz. 

[0085] In example 7, the subject-matter of any one of examples 1 to 6 can optionally 

include that the second pre-determined range comprises at least one of: a range of 20% to 

80%; a range of 40% to 60%; a value of at least substantially 40%; a value of at least 

substantially 50%; and a value of at least substantially 60%. 

[0086] In example 8, the subject-matter of any one of examples 1 to 7 can optionally 

include that the third pre-determined range comprises at least one of: a range of 20% to 

80%; a range of 40% to 60%; a, value of at least substantially 40%; a value of at least 

substantially 50%; and a value of at least substantially 60%. 

[0087] In example 9, the subject-matter of any one of examples 1 to 8 can optionally 

include that the pre-determined threshold is one of 0.01 g, or 0.1 g, or 0.5 g. 

[0088] In example 10, the subject-matter of any one of examples 1 to 9 can optionally 

include that the dominant axis determination circuit is further configured to determine the 

dominant axis based on determining, for each axis of the plurality of axes, a criterion 
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indicating whether the acceleration in the respective axis includes at least a pre­

determined number of cycles. 

[0089] In example 11, the subject-matter of any one of examples 1 to 10 can 

optionally include a cycle determination circuit configured to determine a cycle of 

acceleration in any one of the plurality of axes. 

[0090] In example 12, the subject-matter of any one of examples 1 to 11 can 

optionally include a step mode determination circuit configured to determine a step mode 

based on the accelerations determined by the accelerometer. 

[0091] In example 13, the subject-matter of any one of examples 1 to 12 can 

optionally include a middle point determination circuit configured to determine a middle 

point in the accelerations determined by the accelerometer. 

[0092] In example 14, the subject-matter of example 13 can optionally include a step 

mode determination circuit configured to determine a step mode based on the determined 

middle point. 

[0093] In example 15, the subject-matter of any one of examples 1 to 14 can 

optionally include that the step counter device is provided in a wearable device. 

[0094] Example 16 is a step counting method comprising: determining an 

acceleration in each axis of a plurality of axes; determining one axis of the plurality of 

axis as a dominant axis based on determining, for each axis of the plurality of axis, a 

plurality of criteria for the respective axis; determining a number of steps based on 

determining the plurality of criteria for the dominant axis; wherein the criteria for a 

respective axis comprise a criterion indicating whether a frequency of acceleration in the 

respective axis is within a first pre-determined range, a criterion indicating whether a 

variation in the frequency of acceleration in the respective axis between various cycles is 

within a second pre-determined range; a criterion indicating whether a variation in the 

amplitude of acceleration in the respective axis between various cycles is within a third 

pre-determined range; and a criterion indicating whether the acceleration in the respective 

axis is higher than a pre-determined threshold. 
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[0095] In example 17, the subject-matter of example 16 can optionally include 

determining for a respective axis of the plurality of axis the criterion indicating whether 

the frequency of acceleration in the respective axis is within a pre-determined range. 

[0096] In example 18, the subject-matter of any one of examples 16 to 17 can 

optionally include determining for a respective axis of the plurality of axis the criterion 

indicating whether the variation in the frequency of acceleration in the respective axis 

between various cycles is within a pre-determined range. 

[0097] In example 19, the subject-matter of any one of examples 16 to 18 can 

optionally include determining for a respective axis of the plurality of axis the criterion 

indicating whether the variation in the amplitude of acceleration in the respective axis 

between various cycles is within a pre-determined range. 

[0098] In example 20, the subject-matter of any one of examples 16 to 19 can 

optionally include determining for a respective axis of the plurality of axis the criterion 

indicating whether the acceleration in the respective axis is higher than a pre-determined 

threshold. 

[0099] In example 21, the subject-matter of any one of examples 16 to 20 can 

optionally include that the first .pre-determined range comprises at least one of: a range of 

0.2 Hz to 20 Hz; a range of 0.5 Hz to 5 Hz; and a range of 1 Hz to 4 Hz. 

[00100] In example 22, the subject-matter of any one of examples 16 to 21 can 

optionally include that the second pre-determined range comprises at least one of: a range 

of 20% to 80%; a range of 40% to 60%; a value of at least substantially 40%; a value of 

at least substantially 50%; and a value of at least substantially 60%. 

[00101] In example 23, the subject-matter of any one of examples 16 to 22 can 

optionally include that the third pre-determined range comprises at least one of: a range 

of 20% to 80%; a range of 40% to 60%; a value of at least substantially 40%; a value of 

at least substantially 50%; and a value of at least substantially 60%. 

[00102] In example 24, the subject-matter of any one of examples 16 to 23 can 

optionally include that the pre-determined threshold is one of 0.01 g, or 0.1 g, or 0.5 g. 

[00103] In example 25, the subject-matter of any one of examples 16 to 24 can 

optionally include determining the dominant axis based on determining, for each axis of 

18 



WO 2016/085403 PCT/SG2014/000558 

the plurality of axes, a criterion indicating whether the acceleration in the respective axis 

includes at least a pre-determined number of cycles. 

[00104] In example 26, the subject-matter of any one of examples 16 to 25 can 

optionally include determining a cycle of acceleration in any one of the plurality of axes. 

[00105] In example 27, the subject-matter of any one of examples 16 to 26 can 

optionally include determining a step mode based on the determined accelerations. 

[00106] In example 28, the subject-matter of any one of examples 16 to 27 can 

optionally include determining a middle point in the determined accelerations. 

[00107] In example 29, the subject-matter of example 28 can optionally include 

determining a step mode based on the determined middle point. 

[00108] In example 30, the subject-matter of any one of examples 16 to 29 can 

optionally include that the step counting method is performed in a wearable device. 

[00109] While the invention has been particularly shown and described with reference 

to specific embodiments, it should be understood by those skilled in the art that various 

changes in form and detail may be made therein without departing from the spirit and 

scope of the invention as defined by the appended claims. The scope of the invention is 

thus indicated by the apipended claims and all changes which come within the meaning 

and range of equivalency of the claims are therefore intended to be embraced. 
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CLAIMS 

1. A step counter device comprising: 

an accelerometer configured to determine an acceleration in each axis of a 

plurality of axes; 

a dominant axis determination circuit configured to determine one axis of the 

plurality of axis as a dominant axis based on determining, for each axis of the plurality of 

axis, a plurality of criteria for the respective axis; 

a step number determination circuit configured to determine a number of steps 

based on determining the plurality of criteria for the dominant axis; 

wherein the criteria for a respective axis comprise a criterion indicating whether a 

frequency of acceleration in the respective axis is within a first pre-determined range, a 

criterion indicating whether a variation in the frequency of acceleration in the respective 

axis between various cycles is within a second pre-determined range; a criterion 

indicating whether a variation in the amplitude of acceleration in the respective axis 

between various cycles is within a third pre-determined range; and a criterion indicating 

whether the acceleration in the respective axis is higher than a pre-determined threshold. 

2. The step counter device of claim 1, further comprising: 

a frequency determination circuit configured to determine for a respective axis of 

the plurality of axis the criterion indicating whether the frequency of acceleration in the 

respective axis is within a pre-determined range. 

3. The step counter device of claim 1, further comprising: 

a frequency variation determination circuit configured to determine for a 

respective axis of the plurality of axis the criterion indicating whether the variation in the 

frequency of acceleration in the respective axis between various cycles is within a pre­

determined range. 
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4. The step counter device of claim 1, further comprising: 

an amplitude variation determination circuit configured to determine for a 

respective axis of the plurality of axis the criterion indicating whether the variation in the 

amplitude of acceleration in the respective axis between various cycles is within a pre­

determined range. 

5. The step counter device of claim 1, further comprising: 

an amplitude determination circuit configured to determine for a respective axis of 

the plurality of axis the criterion indicating whether the acceleration in the respective axis 

is higher than a pre-determined threshold. 

6. The step counter device of claim 1, 

wherein the first pre-determined range comprises at least one of: a range of 0.2 Hz 

to 20 Hz; a range of 0.5 Hz to 5 Hz; and a range of 1 Hz to 4 Hz. 

7. The step counter device of claim 1, 

wherein the second pre-determined range comprises at least one of: a range of 

20% to 80%; a range of 40% to 60%; a value of at least substantially 40%; a value of at 

least substantially 50%; and a value of at least substantially 60%. 

8. The step counter device of claim 1, 

wherein the third pre-determined range comprises at least one of: a range of 20% 

to 80%; a range of 40% to 60%; a value of at least substantially 40%; a value of at least 

substantially 50%; and a value of at least substantially 60%. 

9. The step counter device of claim 1, 

wherein the pre-determined threshold is one of 0.01 g, or 0.1 g, or 0.5 g. 

10. The step counter device of claim 1, 
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wherein the dominant axis determination circuit is further configured to determine 

the dominant axis based on determining, for each axis of the plurality of axes, a criterion 

indicating whether the acceleration in the respective axis includes at least a pre­

determined number of cycles. 

11. The step counter device of claim 1, further comprising: 

a cycle determination circuit configured to determine a cycle of acceleration in 

any one of the plurality of axes. 

12. The step counter device of claim 1, further comprising: 

a step mode determination circuit configured to determine a step mode based on 

the accelerations determined by the accelerometer. 

13. The step counter device of claim 1, further comprising: 

a middle point determination circuit configured to determine a middle point in the 

accelerations determined by the accelerometer. 

14. The step counter device of claim 13, further comprising: 

a step mode determination circuit configured to determine a step mode based on 

the determined middle point. 

15. The step counter device of claim 1, 

wherein the step counter device is provided in a wearable device. 

16. A step counting method comprising: 

determining an acceleration in each axis of a plurality of axes; 

determining one axis of the plurality of axis as a dominant axis based on 

determining, for each axis of the plurality of axis, a plurality of criteria for the respective 

axis; 
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determining a number of steps based on determining the plurality of criteria for 

the dominant axis; 

wherein the criteria for a respective axis comprise a criterion indicating whether a 

frequency of acceleration in the respective axis is within a first pre-determined range, a 

criterion indicating whether a variation in the frequency of acceleration in the respective 

axis between various cycles is within a second pre-determined range; a criterion 

indicating whether a variation in the amplitude of acceleration in the respective axis 

between various cycles is within a third pre-determined range; and a criterion indicating 

whether the acceleration in the respective axis is higher than a pre-determined threshold. 

17. The step counting method of claim 16, further comprising: 

determining for a respective axis of the plurality of axis the criterion indicating 

whether the frequency of acceleration in the respective axis is within a pre-determined 

range. 

18. The step counting method of claim 16, further comprising: 

determining for a respective axis of the plurality of axis the criterion indicating 

whether the variation in the frequency of acceleration in the respective axis between 

various cycles is within a pre-determined range. 

19. The step counting method of claim 16, further comprising: 

determining for a respective axis of the plurality of axis the criterion indicating 

whether the variation in the amplitude of acceleration in the respective axis between 

various cycles is within a pre-determined range. 

20. The step counting method of claim 16, further comprising: 

determining for a respective axis of the plurality of axis the criterion indicating 

whether the acceleration in the respective axis is higher than a pre-determined threshold. 

21. The step counting method of claim 16, 
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wherein the first pre-determined range comprises at least one of:.a range of 0.2 Hz 

to 20 Hz; a range of 0:5 Hz to 5 Hz; and a range of 1 Hz to 4 Hz. 

22. The step counting method of claim 16, 

wherein the second pre-determined range comprises at least one of: a range of 

20% to 80%; a range of 40% to 60%; a value of at least substantially 40%; a value of at 

least substantially 50%; and a value of at least substantially 60%. 

23. The step counting method of claim 16, 

wherein the third pre-determined range comprises at least one of: a range of 20% 

to 80%; a range of 40% to 60%; a value of at least substantially 40%; a value of at least 

substantially 50%; and a value of at least substantially 60%. 

24. The step counting method of claim 16, 

wherein the pre-determined threshold is one of 0.01 g, or 0.1 g, or 0.5 g. 

25. The step counting method of claim 16, further comprising: 

determining the dominant axis based on determining, for each axis of the plurality 

of axes, a criterion indicating whether the acceleration in the respective axis includes at 

least a pre-determined number of cycles. 

26. The step counting method of claim 16, further comprising: 

determining a cycle of acceleration in any one of the plurality of axes. 

2-7. The step counting method of claim 16, further comprising: 

determining a step mode based on the determined accelerations. 

28. The step counting^ethod of claim 16, further comprising: 

determining a middle point in the determined accelerations. 
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29. The step counting method of claim 28, further comprising: 

determining a step mode based on the determined middle point. 

30. The step counting method of claim 16, 

wherein the step counting method is performed in a wearable device. 
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