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(54) Method, system and apparatus for generating pulse estimate

(57) A portable apparatus comprising a communica-
tion interface for communicating with a wireless network;
a photo sensor for receiving non-invasive biometric in-
formation of a user; at least one processor; and at least
one memory including computer program code. The at
least one memory and the computer program code con-
figured to, with the at least one processor, cause the port-
able apparatus to receive a noisy biometric information

using a photo sensor; filter the noisy biometric informa-
tion to provide filtered input data for reducing noise; de-
rive the input data to provide local maxima values of the
input data; define at least one local maxima value pair;
determine a weight value for the at least one local maxima
value pair; select a local maxima value pair of the highest
weight value; and generate an estimate of a pulse based
on the selected local maxima value pair.
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Description

TECHNICAL FIELD

[0001] The present application generally relates to a method, a system and an apparatus for generating a pulse
estimate.

BACKGROUND ART

[0002] World of health care faces many challenges. Despite an intense focus on the safety and quality of the health
care provided e.g. in hospitals, progress is frustratingly slow. One weakness in our health care systems is the lack of
simple and cost-efficient assessment of a person’s possible health risks that can be communicated as early as possible
to healthcare professionals in order to expedite treatment in critical conditions. In health care environment an early
indication of a change in the patient’s health status is critical. The earlier the indications can be forwarded to the health
care professionals, the better. Automated health evaluation systems are especially important, since sometimes not even
the patient herself notices significant changes in her condition. Current nursing staffing and physician-coverage practices
have accentuated the need for a tool that can highlight the changes in a patient’s health that are not easily apparent to
a caregiver with an unfamiliar patient.
[0003] Hospitals provide professional and expensive systems to health care operations. They are insufficient due to
overcrowding and an increased number of older people that require monitoring in a home environment with no access
to hospital equipment. Because of resource limitations, the number of patients that can be monitored and treated in
intensive care units and high dependency units is restricted. The selection of patients who might benefit from critical
care is therefore crucial. Identifying medical in-patients at risk of deterioration in an early stage by means of simple
protocols based on physiological parameters may reduce the number of pre-ICU resuscitations.
[0004] There is clearly a need for a new solution to provide an easy and low-cost system for detecting biometrical
information in real-time and to recognize the status of the person, such as pulse or temperature, for example. Furthermore,
improved methods for connectivity and sharing the information are needed to rapidly transmit the health risks to the
healthcare professionals and, thus, hasten the treatment of rapidly worsening conditions.

SUMMARY

[0005] According to a first example aspect of the invention there is provided a portable apparatus comprising:

a communication interface for communicating with a wireless network;
a photo sensor for receiving non-invasive biometric information of a user;
at least one processor; and
at least one memory including computer program code; the at least one memory and the computer program code
configured to, with the at least one processor, cause the portable apparatus to:

receive noisy biometric information using a photo sensor;
filter the noisy biometric information to provide filtered input data for reducing noise;
derive the input data to provide local maxima values of the input data;
define at least one local maxima value pair;
determine a weight value for the at least one local maxima value pair;
select a local maxima value pair of the highest weight value; and
generate an estimate of a pulse based on the selected local maxima value pair.

[0006] In an embodiment, filtering the noisy biometric information comprises at least one of the following:

resample the biometric information;
noise reduce filter the biometric information;
all-pass filter (APF) the biometric information;
bin the biometric information;
low-pass filter (LPF) the biometric information;
high-pass filter (HPF) the biometric information; and
band-pass filter (BPF) the biometric information.

[0007] In an embodiment, median and moving average filters may not attenuate certain frequencies, but help reduce
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noise. All-pass filters are another case where the target may not be to focus on silencing a certain frequency component.
[0008] In an embodiment, the at least one memory and the computer program code configured to, with the at least
one processor, cause the portable apparatus to:

generate an estimate of a pulse based on the difference of the local maxima values of the selected local maxima
value pair.

[0009] In an embodiment, the portable apparatus further comprising at least one light source, wherein the at least one
memory and the computer program code configured to, with the at least one processor, cause the portable apparatus to:

transmit a light beam using the light source; and
receive a noisy biometric information using a photo sensor, wherein the received noisy biometric information com-
prising a reflection of the transmitted light beam.

[0010] In an embodiment, the photo sensor comprises a photodiode.
[0011] In an embodiment, the noisy biometric information is received from a human body.
[0012] In an embodiment, the light source comprises a light emitting diode.
[0013] In an embodiment, the at least one memory and the computer program code configured to, with the at least
one processor, cause the portable apparatus to:

transmit the estimate of the pulse to a server apparatus over a wireless network.

[0014] In an embodiment, the at least one memory and the computer program code configured to, with the at least
one processor, cause the portable apparatus to:

provide metadata associated to the estimate of a pulse.

[0015] In an embodiment, the metadata comprising at least one of the following:

temperature information;
pressure information;
movement information;
location information; and
humidity information.

[0016] In an embodiment, the received noisy biometric information comprises information on arterial blood volume
changes caused by pumping actions of a heart.
[0017] In an embodiment, the at least one memory and the computer program code configured to, with the at least
one processor, cause the portable apparatus to:

filter the noisy biometric information to provide filtered input data for reducing noise.

[0018] In an embodiment, the at least one memory and the computer program code configured to, with the at least
one processor, cause the portable apparatus to:

derive the filtered input data to provide local maxima values; and
define a size of the local maxima value as a difference between the local maxima value and a preceding local
minimum value of the filtered input data.

[0019] In an embodiment, the at least one memory and the computer program code configured to, with the at least
one processor, cause the portable apparatus to:

bin the noisy biometric information to provide binned input data with median representatives.

[0020] In an embodiment, the at least one memory and the computer program code configured to, with the at least
one processor, cause the portable apparatus to:

derive the median representatives of binned input data to provide a local maxima value; and
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define a size of the local maxima value as a difference between the local maxima value and a preceding local
minimum value of the binned input data.

[0021] According to a second example aspect of the invention there is provided a system comprising:

a portable apparatus of a first example aspect; and
a server apparatus comprising:

a communication interface for communicating with a wireless network;
at least one processor; and
at least one memory including computer program code; the at least one memory and the computer program
code configured to, with the at least one processor, cause the server apparatus to:

receive an estimate of a pulse;
maintain user profile information for users of a server system service, comprising; and
trigger an action based on the received estimate of the pulse and the user profile information.

[0022] In an embodiment, the at least one memory and the computer program code configured to, with the at least
one processor, cause the server apparatus to:

receive metadata associated to the estimate of a pulse.

[0023] In an embodiment, the metadata comprising at least one of the following:

temperature information;
pressure information;
movement information;
location information; and
humidity information.

[0024] In an embodiment, the at least one memory and the computer program code configured to, with the at least
one processor, cause the server apparatus to:

transmit the estimate of the pulse to a remote apparatus over the wireless network in response to the triggered action.

[0025] According to a third example aspect of the invention there is provided a method comprising:

receiving noisy biometric information using a photo sensor;
filtering the noisy biometric information to provide filtered input data for reducing noise;
deriving the input data to provide local maxima values of the input data;
defining at least one local maxima value pair;
determining a weight value for the at least one local maxima value pair;
selecting a local maxima value pair of the highest weight value; and
generating an estimate of a pulse based on the selected local maxima value pair.

[0026] According to a fourth example aspect of the invention there is provided a computer program embodied on a
computer readable medium comprising computer executable program code, which when executed by at least one
processor of a portable apparatus, causes the portable apparatus to:

receive noisy biometric information using a photo sensor;
filter the noisy biometric information to provide filtered input data for noise reduction;
derive the input data to provide local maxima values of the input data;
define at least one local maxima value pair;
determine a weight value for the at least one local maxima value pair;
select a local maxima value pair of the highest weight value; and
generate an estimate of a pulse based on the selected local maxima value pair.

[0027] Different non-binding example aspects and embodiments of the present invention have been illustrated in the
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foregoing. The above embodiments are used merely to explain selected aspects or steps that may be utilized in imple-
mentations of the present invention. Some embodiments may be presented only with reference to certain example
aspects of the invention. It should be appreciated that corresponding embodiments may apply to other example aspects
as well.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The invention will be described, by way of example only, with reference to the accompanying drawings, in which:

Fig. 1 shows a schematic picture of a system according to an example embodiment of the invention;
Fig. 2 presents an example block diagram of a portable apparatus in which various embodiments of the invention

may be applied;
Fig. 3 presents an example block diagram of a server apparatus in which various embodiments of the invention may

be applied;
Fig. 4 presents an example block diagram of a portable apparatus for generating an estimate of a pulse in which

various embodiments of the invention may be applied;
Fig. 5a presents a schematic picture of binned input data peaks with median representatives in which various em-

bodiments of the invention may be applied;
Fig. 5b presents a schematic picture of model input data peaks in which various embodiments of the invention may

be applied;
Fig.6a presents a schematic picture of a graph representation with a lightest path using input data peaks and model

data peaks in which various embodiments of the invention may be applied;
Fig.6b presents a schematic picture of a graph representation including only interesting set switches in which various

embodiments of the invention may be applied;
Fig.6c presents a schematic picture of a graph representation with chosen minimal distance peak pairs in which

various embodiments of the invention may be applied; and
Fig. 7 shows a flow diagram showing operations of the portable apparatus in accordance with an example embod-

iment of the invention.

DETAILED DESCRIPTION

[0029] The disclosed solution is intended for providing people improved care services. It is ideal for those who want
to increase efficiency, create safer environments and offer better service level.
[0030] The solution consists of three main elements; cookie-sized portable apparatuses (tags), one or more wireless
access points and a cloud service of server apparatus. It can be further complemented by a mobile application. The
solution is simple and easy-to-use. The portable apparatus tracks presence, movement, and activity combined with the
possibility to have additional nurse call and access control systems - all in one. With the solution, monitoring turns into
preparedness as possible problems can be recognized early on.
[0031] Portable apparatuses are small, light and very discrete when carried. Patients and staff feel comfortable using
them. The disclosed solution takes care of some of routines and allows staff to focus on critical tasks, resulting in better
care and customer satisfaction. Using the service solution requires only minimal additional infrastructure set-up costs -
broadband connectivity is all that is needed.
[0032] The portable apparatus makes critical, event-based sensor data gathering painless. The wireless measurement
unit is small and light in physical size, resulting in non-disturbing measuring and unbiased measurement data. Despite
the small size, the device is multi-functional - it is capable of capturing biometric information, presence/location, move-
ment, force & direction information as well as measuring surrounding conditions - temperature, relative humidity, and
atmospheric pressure. All functionality is available in one device.
[0033] The portable apparatus may be a wearable apparatus, such as a wrist watch kind of device. The portable
apparatus may comprise a multiple of devices, such as a light source device and a photo sensor device.
[0034] The system has flexibility to be matched with typical customer back-end system requirements. Furthermore,
the wireless measurement unit and its features can be optimized with the measuring conditions, e.g. to ensure optimal
power consumption.
[0035] In the following description, like numbers denote like elements.
[0036] Fig. 1 shows a schematic picture of a system 100 according to an example embodiment of the invention.
[0037] The system 100 is configured to provide health care, environmental and security information maximizing the
effects and minimizing the complexity and costs. A technical architecture of the system 100 is illustrated for components,
their relations and communication between each other in addition to needed basic functionality in HW and SW. At the
minimum, the system 100 comprises a portable apparatus 110 for providing the input data, a router 120 for providing
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the input data or the processed outcome of it for a network 150 and a server 130 providing a cloud service for the portable
apparatus data. Optionally, further apparatuses may be added, such as peripheral devices for maintaining, providing or
processing the portable apparatus data and communication devices for connecting the peripheral devices to the system
100.
[0038] A portable apparatus 110, such as a tag, may comprise a user interface 111 for a user or alternatively may not
comprise user interface at all. The portable apparatus 110 is capable of locally executing software program code. The
software program code may be a client application of a service whose processing application is running on a processing
apparatus 140 of the system 100. The portable apparatus 110 is configured to be connectable to a router apparatus
120 over a local connection 121. The local connection 121 may comprise a wireless local area network (WLAN), Bluetooth,
infrared (IR) connection, Radio Frequency Identification (RF-ID), near field communication (NFC) or a wireless non-
cellular connection. The wireless non-cellular connection may comprise industrial, scientific and medical (ISM) radio
bands that are radio bands (portions of the radio spectrum) reserved internationally for the use of radio frequency (RF)
energy for industrial, scientific and medical purposes, for example. The portable apparatus 110 is configured to be
connectable to a data processing apparatus 140 over a local connection 112. The local connection 112 may comprise
a wireless local area network (WLAN), Bluetooth, infrared (IR) connection, Radio Frequency Identification (RF-ID), near
field communication (NFC) or a wireless non-cellular connection.
[0039] The router apparatus 120 provides access between local apparatuses 110, 140, 190 and access between a
wide area network 150, such as Internet, and the apparatuses 110, 130, 140, 160. The router apparatus provides local
data connections 121, 122 for the portable apparatus 110 and a processing apparatus 140. The router apparatus 120
is connected to the wide area network 150, such as Internet, over a network connection 152. The network connection
152 may comprise a cable TV or an ADSL connection, for example.
[0040] In an embodiment, the portable apparatus 110 is configured to communicate to the network 150 over a cellular
access. In such case the router 120 may correspond to the cellular sub-system, such as base stations and core network.
[0041] In an embodiment, a network attached storage (NAS) 190 may be connected to the router apparatus 120 as
a data source. The network attached storage (NAS) may comprise data for the processing apparatus 140. The network
attached storage (NAS) 190 is connected to the routing apparatus 120 via a local data connection 123. The local data
connection 123 may comprise HDMI, USB, WLAN or Ethernet, for example.
[0042] The processing apparatus 140 may receive measurement data from different parts of the system 100 and may
process measurement data. The processing apparatus 140 may be connected over a local connection 141 to the network
150 and over a local connection 122 to a router 120. The processing apparatus 140 is configured to process the data,
control quality of service, provide synchronization, collect data on user behavior, and enable service system setup and
buffering, for example.
[0043] In an embodiment, the system 100 comprises an external apparatus 160 configured to be connectable to a
cloud server apparatus 130 over a local connection 161 and network 150. The external apparatus 160 may access the
portable apparatus generated data of plurality of different users via a cloud service provided by the cloud service server
130.
[0044] In an embodiment, the system 100 comprises a server apparatus 130, which comprises a storage device 131
for storing and providing service data, service metrics and subscriber information, over data connection 151. The service
data may comprise configuration data, account creation data and measurement data, for example. The service metrics
may comprise service operator information for use in both user identification and preventing service abuse.
[0045] In an embodiment, a proprietary application in the portable apparatus 110 or the processing apparatus 140
may be a client application of a service whose server application is running on the server apparatus 130 of the system
100. The proprietary application may capture the user input data for the service and provide the user output data, for
the service. In an embodiment, configuration information between the processing apparatus 140, the portable apparatus
110 and the system server 130 is transceived via the first connections 112, 121, 122, 141, 150, 151, 152 automatically.
Thus the user of the portable apparatus 110 may not need to do any control for the service. The system server 130 may
also maintain account creation process details for the service, such as attaching new apparatuses to the system 100.
[0046] In an embodiment, the portable apparatus 110 may generate an estimate of a pulse based on received noisy
biometric information. In addition or alternatively to the pulse estimation, the portable apparatus 110 may also generate
oxygen saturation (Sp02) value, respiratory rate (RR) and blood sugar concentration, for example. Different applications
may require different wavelengths and usage of several wavelengths and even several photo sensors. Embodiments
of the invention may still be applied.
[0047] In an embodiment, a measured variable may vary but as long as the biometric information enables determination
of a frequency and an amplitude model, the algorithm may be used to generate an estimate of the variable.
[0048] Fig. 2 presents an example block diagram of a portable apparatus 110 in which various embodiments of the
invention may be applied. The portable apparatus 110 may be a portable device, a user wearable device, or a tag, or
other communication device comprising a communication interface, light source and a photo sensor. All elements de-
scribed in Fig. 2 are not necessary to be implemented in the same apparatus 110. For example a light source 260 and
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a user interface 240 are not necessary in the apparatus 110. The light source 260 may be implemented in a separate
device, for example. The user interface 240 may be implemented also in another device connected via a communication
interface 250 to the apparatus 110. Such device may comprise a mobile phone, a smart phone, or a tablet, for example.
[0049] The general structure of the portable apparatus 110 comprises a user interface 240, a communication interface
250, a light source 260, a photo sensor 270, a processor 210, and a memory 220 coupled to the processor 210. The
portable apparatus 110 further comprises software 230 stored in the memory 220 and operable to be loaded into and
executed in the processor 210. The software 230 may comprise one or more software modules and can be in the form
of a computer program product. Not all elements of Fig. 2 are necessary but optional for the portable apparatus 110,
such as the user interface 240.
[0050] The photo sensor 270 may comprise a photodiode or a phototransistor, for example.
[0051] The processor 210 may be, e.g., a central processing unit (CPU), a microprocessor, a digital signal processor
(DSP), a graphics processing unit, or the like. Fig. 2 shows one processor 210, but the portable apparatus 110 may
comprise a plurality of processors.
[0052] The memory 220 may be for example a non-volatile or a volatile memory, such as a read-only memory (ROM),
a programmable read-only memory (PROM), erasable programmable read-only memory (EPROM), a random-access
memory (RAM), a flash memory, a data disk, an optical storage, a magnetic storage, a smart card, or the like. The
portable apparatus 110 may comprise a plurality of memories. The memory 220 may be constructed as a part of the
portable apparatus 110 or it may be inserted into a slot, port, or the like of the portable apparatus 110 by a user. The
memory 220 may serve the sole purpose of storing data, or it may be constructed as a part of an apparatus serving
other purposes, such as processing data.
[0053] The user interface 240 that is optional for the apparatus 110 may comprise circuitry for receiving input from a
user of the portable apparatus 110, e.g., via a keyboard, a touchpad, a motion sensor, a touch-screen of the portable
apparatus 110, speech recognition circuitry, gesture recognition circuitry or an accessory device, such as a headset or
a remote controller, for example. Furthermore, the user interface 240 may comprise circuitry for providing output for the
user via a display, a touch-sensitive display or a lightning device, for example.
[0054] The communication interface module 250 implements at least part of data transmission. The communication
interface module 250 may comprise, e.g., a wireless or a wired interface module. The wireless interface may comprise
such as a WLAN, Bluetooth, infrared (IR), radio frequency identification (RF ID), NFC, GSM/GPRS, CDMA, WCDMA,
or LTE (Long Term Evolution) radio module. The wired interface may comprise such as universal serial bus (USB),
HDMI, SCART or RCA, for example. The communication interface module 250 may be integrated into the portable
apparatus 110, or into an adapter, card or the like that may be inserted into a suitable slot or port of the portable apparatus
110. The communication interface module 250 may support one radio interface technology or a plurality of technologies.
The communication interface module 250 may support one wired interface technology or a plurality of technologies. The
portable apparatus 110 may comprise a plurality of communication interface modules 250.
[0055] In an embodiment, the communication interface module 250 may comprise location modules for tracking location
of the portable apparatus 110. Such location modules may comprise a module for satellite based global positioning
system (GPS), a module for cellular based positioning system, a module for wireless non-cellular positioning system
(e.g. Wi-Fi) or a module for hybrid positioning system, for example.
[0056] A skilled person appreciates that in addition to the elements shown in Fig. 2, the portable apparatus 110 may
comprise other elements, such as microphones, speakers, sensors, cameras, as well as additional circuitry such as
input/output (I/O) circuitry, memory chips, application-specific integrated circuits (ASIC), processing circuitry for specific
purposes such as source coding/decoding circuitry, channel coding/decoding circuitry, ciphering/deciphering circuitry,
and the like. Additionally, portable apparatus 110 may comprise a disposable or rechargeable battery (not shown) for
powering when external power if external power supply is not available.
[0057] In an embodiment, the portable apparatus 110 comprises a sensor for providing metadata associated to the
estimate of a pulse. The metadata may comprise at least one of the following: temperature information; pressure infor-
mation; movement information; location information; and humidity information.
[0058] In an embodiment, the portable apparatus 110 comprises speech or gesture recognition means. Using these
means, a pre-defined phrase or a gesture may be recognized from the speech or the gesture and translated into control
information for the apparatus 110, for example.
[0059] The heart rate extraction algorithm configured to be running in the memory 220 controlled by the processor
210, utilizes first filtering such as data binning to reduce time domain input data into a set of bins with median represent-
atives to decrease the effect of random noise of the measured and analog-to-digital converted (ADC) biometric signal
provided by the photo sensor 270. Then, the algorithm calculates the derivatives of the medians in order to obtain a set
of local maxima or a set of local minima, or both.
[0060] The heart rate is then obtained from a pair of local maxima with the highest weight, where the weight is composed
of two parts: a normalized sum of peak and a fitness of a frequency model to the input data. Frequency models are
generated from the occurrence frequencies determined by the inspected pairs of maxima. The weight calculated may
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vary between 0 and 1.
[0061] Finally, this model is matched to the input by combining the frequency model and the local maxima into a single
graph, finding the lightest path starting from the maxima with the lowest index and maximizing, first, the number of edges
between the frequency model and the input data and, then, minimizing the distances between the vertices of these edges.
[0062] Fig. 3 presents an example block diagram of a server apparatus 130 in which various embodiments of the
invention may be applied.
[0063] The general structure of the server apparatus 130 comprises a processor 310, and a memory 320 coupled to
the processor 310. The server apparatus 130 further comprises software 330 stored in the memory 320 and operable
to be loaded into and executed in the processor 310. The software 330 may comprise one or more software modules
and can be in the form of a computer program product.
[0064] The processor 310 may be, e.g., a central processing unit (CPU), a microprocessor, a digital signal processor
(DSP), a graphics processing unit, or the like. Fig. 3 shows one processor 310, but the server apparatus 130 may
comprise a plurality of processors.
[0065] The memory 320 may be for example a non-volatile or a volatile memory, such as a read-only memory (ROM),
a programmable read-only memory (PROM), erasable programmable read-only memory (EPROM), a random-access
memory (RAM), a flash memory, a data disk, an optical storage, a magnetic storage, a smart card, or the like. The server
apparatus 130 may comprise a plurality of memories. The memory 320 may be constructed as a part of the server
apparatus 130 or it may be inserted into a slot, port, or the like of the server apparatus 130 by a user. The memory 320
may serve the sole purpose of storing data, or it may be constructed as a part of an apparatus serving other purposes,
such as processing data.
[0066] The communication interface module 350 implements at least part of data transmission. The communication
interface module 350 may comprise, e.g., a wireless or a wired interface module. The wireless interface may comprise
such as a WLAN, Bluetooth, infrared (IR), radio frequency identification (RF ID), GSM/GPRS, CDMA, WCDMA, or LTE
(Long Term Evolution) radio module. The wired interface may comprise such as Ethernet or universal serial bus (USB),
for example. The communication interface module 350 may be integrated into the server apparatus 130, or into an
adapter, card or the like that may be inserted into a suitable slot or port of the server apparatus 130. The communication
interface module 350 may support one radio interface technology or a plurality of technologies. Configuration information
between the portable apparatus 110 and the system server 130 may be transceived using the communication interface
350.
[0067] Similarly, account creation information between the system server 130 and a service provider may be trans-
ceived using the communication interface 350.
[0068] An application server 340 provides application services e.g. relating to the user accounts stored in a user
database 370 and to the service information stored in a service database 360. The service information may comprise
content information, content management information or metrics information, for example.
[0069] A skilled person appreciates that in addition to the elements shown in Fig. 3, the server apparatus 130 may
comprise other elements, such as microphones, displays, as well as additional circuitry such as input/output (I/O) circuitry,
memory chips, application-specific integrated circuits (ASIC), processing circuitry for specific purposes such as source
coding/decoding circuitry, channel coding/decoding circuitry, ciphering/deciphering circuitry, and the like.
[0070] Fig. 4 presents an example block diagram of a portable apparatus 410 for generating an estimate of a pulse
in which various embodiments of the invention may be applied.
[0071] An input signal may be obtained via photoplethysmography (PPG). A time domain heart rate recognition algo-
rithm for a noisy signal may be implemented for the input signal, wherein the approximate heart rate is obtained by
finding the most likely heart beat difference.
[0072] The heart beats are measured with a non-invasive portable apparatus 410, such as measurement device that
senses arterial blood volume changes from a human via a photodiode and two light emitting diodes (LEDs). Unlike the
most common approaches that utilize electrocardiography (ECG), the photodiode obtains the heart beats via the arterial
blood volume changes that are caused by the pumping actions of the heart. Furthermore, since the pressure changes
are not immediate pulses like the bioelectric activity in ECG, the signal of interest is more like a small hill than a sharp
peak. Regardless, the time difference between these small hills and thus the heart rate can be approximated by comparing
the peaks of the hills, or the local maxima, of the input signal.
[0073] Using light emitting diodes (LEDs) and a photodiode is a particularly convenient noninvasive measurement
method. Typically it utilizes a pair of small light-emitting diodes (LEDs) transmitting light facing the patient’s body 420,
and measuring the reflected light beams using the photodiode. The received signal of the photodiode is analog-to-digital
converted (ADC) using the ADC before processed by the heart rate algorithm. The outcome of the algorithm is the
generated estimate of the pulse.
[0074] The light-emitting diodes may be implemented in a separate device than the photodiode, for example.
[0075] The light-emitting diodes (LED’s) may be of different colors and wavelengths, depending on the measured value.
[0076] The monitored signal fluctuates in time with the heart beat because the arterial blood vessels expand and
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contract with each heartbeat.
[0077] Fig. 5a presents a schematic picture of binned input data peaks with median representatives in which various
embodiments of the invention may be applied.
[0078] The heart rate algorithm takes a noisy input signal x[ ] with size N and produces a single heart rate estimate
f(hr). First, the random input noise is diminished via data binning with median representatives, where every Nbin samples
are replaced with their median. Thus, we obtain the binned input data b[ ] with size N/Nbin, as presented in Fig. 5a. The
binned input data b[ ] is shown with seven bins represented by their medians: 2, 5, 7, 27, 43, 48, and 75, respectively.
[0079] Second, the local maxima (peaks) of the reduced input b[ ] are determined by taking the derivatives of the
binned data and finding the peaks by inspecting the changes in the derivatives. The sizes of the peaks are chosen as
the difference between the local maximum and the preceding local minimum in order to find the total height of the blood
volume change. Clearly, the larger the peak, the less likely it is normal and uninteresting data variation.
[0080] Third, the obtained peaks are weighted in order to find the peaks that can be expected to belong to a valid
heart rate f(hr). The weights W(ps, pt) are calculated for every peak pair (ps, pt), and it is defined as: 

where Wp(ps, pt) is the ratio of the sum of the peak sizes to the sum of the two largest peak sizes (in range [0, 1]),
Wm(ps, pt) is the fitness of the heart rate generated by the two peaks ps and pt to the input data, and a and b are factors
that determine the significance of each of the weights. Values a and b are selected so that a+b=1 and the selection of
a and b may be done by the algorithm. The algorithm may use history data of earlier calculations to adjust a and b, for
example.
[0081] In an embodiment, weight values Wp(ps, pt) are calculated for every possible peak pair and each calculated
weight value Wp(ps, pt) may vary between 0 and 1 and are comparable with each other.
[0082] Fig. 5b presents a schematic picture of model input data peaks in which various embodiments of the invention
may be applied.
[0083] The fitness of the heart rate generated by the inspected peaks ps and pt is calculated as follows. First, we
generate model peaks as in Fig. 5b such that there are two model peaks at the locations of ps and pt, and the rest are
placed at the constant interval determined by the location difference of the two inspected peaks, which corresponds to
the tentative heart rate.
[0084] In Fig. 5b the model input data peaks are calculated with locations of ps and pt, respectively at 5 and 27. The
difference of the used ps and pt is 22 and thus the model peaks are generated evenly as 5, 27, 49, 71 and 93. They are
illustrated in Fig. 5b.
[0085] Fig. 6a presents a schematic picture of a graph representation with a lightest path using input data peaks (upper
row) and model data peaks (lower row) in which various embodiments of the invention may be applied.
[0086] The input peaks and the model peaks are combined into a single graph, where the peaks originating from the
input data and the generated model are connected to the peak which is closest to it and, if possible, originally from the
other set, as shown in Fig. 6a. This maximizes the number of transitions between the two sets of peaks and, thus, the
number of paired input and model peaks.
[0087] Fig. 6b presents a schematic picture of a graph representation including only interesting set switches in which
various embodiments of the invention may be applied. Connections of peaks within the same set are removed and the
distances between the peaks (local maxima) are also illustrated by numbers, extending from 0 to 20.
[0088] Fig. 6c presents a schematic picture of a graph representation with chosen minimal distance peak pairs in
which various embodiments of the invention may be applied.
[0089] Third, the transitions between the two sets (input peaks/model peaks) which are both closest to each other and
do not repeat any peaks (local maxima), are selected. Hence, the total weight Wm(ps, pt) contains the maximum number
of unique matches between the two sets of peaks (input peaks/model peaks) such that their total difference is the smallest
possible.
[0090] In the example illustration of Fig. 6c, the total distance on peak pair (5, 27) is thus: 

[0091] The sum of these differences is modified into a weight with a value in range [0, 1] by utilizing the fact that the
largest distance between two peaks of the graph representation is the constant difference between two consecutive
model peaks.
[0092] Since both Wp(ps, pt) and Wm(ps, pt) are in range [0, 1], a comparable total weight W(ps, pt) may be obtained
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by choosing the factors a and b such that a + b = 1. Finally, the best heart rate estimate f(hr) is generated from the
difference of the input peaks ps and pt with the largest weight.
[0093] Fig. 7 shows a flow diagram showing operations of a portable apparatus in accordance with an example
embodiment of the invention. In step 700, the method is started. In step 710, a noisy biometric information is received
using a photo sensor. In step 720, the noisy biometric information is filtered for reducing noise. In step 730, the binned
input data is derived to provide local maxima values of the binned input data. In step 740, a plurality of local maxima
value pairs are defined. In step 750, a weight value is determined for the local maxima value pairs. In step 760, a local
maxima value pair of the highest weight value is selected. In step 770, an estimate of a pulse is generated based on
the difference of the local maxima values of the selected local maxima value pair. The method is ended in step 780.
[0094] No matter noisy biometric information is disclosed as captured from human body, also animals or any other
living creature could be the source.
[0095] No matter noisy biometric information is disclosed as a starting point, also other sources of information may
be used. Such information may comprise, for example, ventilation system measurement information, heating system
information, water pipe related information, movement related information, audio information, and visual information.
Any information that may be modeled by a frequency and an amplitude model may be used.
[0096] Various embodiments have been presented. It should be appreciated that in this document, words comprise,
include and contain are each used as open-ended expressions with no intended exclusivity. If desired, the different
functions discussed herein may be performed in a different order and/or concurrently with each other. Furthermore, if
desired, one or more of the above-described functions may be optional or may be combined. Although various aspects
of the invention are set out in the independent claims, other aspects of the invention comprise other combinations of
features from the described embodiments and/or the dependent claims with the features of the independent claims, and
not solely the combinations explicitly set out in the claims.
[0097] The foregoing description has provided by way of non-limiting examples of particular implementations and
embodiments of the invention a full and informative description of the best mode presently contemplated by the inventors
for carrying out the invention. It is however clear to a person skilled in the art that the invention is not restricted to details
of the embodiments presented above, but that it can be implemented in other embodiments using equivalent means or
in different combinations of embodiments without deviating from the characteristics of the invention.
[0098] Furthermore, some of the features of the above-disclosed embodiments of this invention may be used to
advantage without the corresponding use of other features. As such, the foregoing description shall be considered as
merely illustrative of the principles of the present invention, and not in limitation thereof. Hence, the scope of the invention
is only restricted by the appended patent claims.

Claims

1. A portable apparatus comprising:

a communication interface for communicating with a wireless network;
a photo sensor for receiving non-invasive biometric information of a user;
at least one processor; and
at least one memory including computer program code; the at least one memory and the computer program
code configured to, with the at least one processor, cause the portable apparatus to:

receive a noisy biometric information using a photo sensor;
filter the noisy biometric information to provide filtered input data for reducing noise;
derive the input data to provide local maxima values of the input data;
define at least one local maxima value pair;
determine a weight value for the at least one local maxima value pair;
select a local maxima value pair of the highest weight value; and
generate an estimate of a pulse based on the selected local maxima value pair.

2. The portable apparatus of claim 1, wherein filtering the noisy biometric information comprises at least one of the
following:

resample the biometric information;
bin the biometric information;
noise reduce filter the biometric information;
all-pass filter (APF) the biometric information;
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low-pass filter (LPF) the biometric information;
high-pass filter (HPF) the biometric information; and
band-pass filter (BPF) the biometric information.

3. The portable apparatus of claim 1 or 2, wherein the at least one memory and the computer program code configured
to, with the at least one processor, cause the portable apparatus to:

generate an estimate of a pulse based on the difference of the local maxima values of the selected local maxima
value pair.

4. The portable apparatus of any of claims 1 to 3, the portable apparatus further comprising at least one light source,
wherein the at least one memory and the computer program code configured to, with the at least one processor,
cause the portable apparatus to:

transmit a light beam using the light source; and
receive a noisy biometric information using a photo sensor, wherein the received noisy biometric information
comprising a reflection of the transmitted light beam.

5. The portable apparatus of any of claims 1 to 4, wherein the photo sensor comprises a photodiode.

6. The portable apparatus of any of claims 1 to 5, wherein the noisy biometric information is received from a human body.

7. The portable apparatus of any of claims 1 to 6, wherein the light source comprises a light emitting diode.

8. The portable apparatus of any of claims 1 to 7, wherein the at least one memory and the computer program code
configured to, with the at least one processor, cause the portable apparatus to:

transmit the estimate of the pulse to a server apparatus over a wireless network.

9. The portable apparatus of any of claims 1 to 8, wherein the at least one memory and the computer program code
configured to, with the at least one processor, cause the portable apparatus to:

provide metadata associated to the estimate of a pulse.

10. The portable apparatus of claim 9, wherein the metadata comprising at least one of the following:

temperature information;
pressure information;
movement information;
location information; and
humidity information.

11. The portable apparatus of any of claims 1 to 10, wherein the received noisy biometric information comprises infor-
mation on arterial blood volume changes caused by pumping actions of a heart.

12. The portable apparatus of any of claims 1 to 11, wherein the at least one memory and the computer program code
configured to, with the at least one processor, cause the portable apparatus to:

filter the noisy biometric information to provide filtered input data for reducing noise;
derive the filtered input data to provide local maxima values; and
define a size of the local maxima value as a difference between the local maxima value and a preceding local
minimum value of the filtered input data.

13. A system comprising:

a portable apparatus of any of claims 1 to 12; and
a server apparatus comprising:



EP 2 848 194 A1

12

5

10

15

20

25

30

35

40

45

50

55

a communication interface for communicating with a wireless network;
at least one processor; and
at least one memory including computer program code; the at least one memory and the computer program
code configured to, with the at least one processor, cause the server apparatus to:

receive an estimate of a pulse;
maintain user profile information for users of a server system service, comprising;
trigger an action based on the received estimate of the pulse and the user profile information; and
transmit the estimate of the pulse to a remote apparatus over the wireless network in response to the
triggered action.

14. A method comprising:

receiving noisy biometric information using a photo sensor;
filtering the noisy biometric information to provide filtered input data for reducing noise;
deriving the input data to provide local maxima values of the input data;
defining at least one local maxima value pair;
determining a weight value for the at least one local maxima value pair;
selecting a local maxima value pair of the highest weight value; and
generating an estimate of a pulse based on the selected local maxima value pair.

15. A computer program embodied on a computer readable medium comprising computer executable program code,
which when executed by at least one processor of a portable apparatus, causes the portable apparatus to:

receive a noisy biometric information using a photo sensor;
filter the noisy biometric information to provide filtered input data for noise reduction;
derive the input data to provide local maxima values of the input data;
define at least one local maxima value pair;
determine a weight value for the at least one local maxima value pair;
select a local maxima value pair of the highest weight value; and
generate an estimate of a pulse based on the selected local maxima value pair.
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