




Apple Ecosystem
Example



Example: 
AppleWatch Pulse 1 Day Data → Default Max Estimate

Heart Rate → windowed average? 
• At rest: 15-20 measures/hr
• Active: 12-20 measures/min

Heart Rate Variability → granular 
• Assessed only at rest: ~4 measures/hr
• Each measure: All beats for up 

    to 1 min (range 30-120/min?)

Daily total → highly variable 
• At rest rate: 360-480 measures
• Active rate with recovery period: 

    720-1200 measures/hr
• HRV:  < 24 x 4 x instantaneous heart rate  

    (likely < 7000 discrete intervals/day)



Example: 
AppleWatch Pulse 1 Day Data → Default Max Estimate

AppleWatch defaults:
Heart rate monitoring while worn
Heart rate variability → (granular)
Contextualities:
• Physical activity & recovery response *
• Sleep 
• Resting respiratory rate

Access via Health app
Archives years of personal daily health 
data
Detailed access via Apple HealthKit and 
GymKit tools?

* with a 3-axis accelerometer and 3-axis gyroscope



AppleWatch
Heart Rate (HR) 
during exercise

windowed HR timeline

ecosystem
device

non-ecosystem
device

Data Sources, Heart Rate: 
"Show All Data"



Scroll to review ~1 minute 
of pulse latencies…

* Recording precision almost 
certainly exceeds the actual 
precision of the measurement

AppleWatch 'HRV'
Since Sept 2018 → watchOS 5

ecosystem device :

Archived granular pulse 
data (1 min ~ every 15 min)

Latency precision 
recorded to ± 0.005 sec *

Not obtained during 
physical exercise

Granular detection 
challenged by ectopic 
beats & dysrhythmic beats 
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P1752.1 P1752.2 CR → support for time sequence data
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1752.2 Schema 
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(↑dimensionality, ↑context) (simplest )  (encapsulates preprocessed signal ) 
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of Data Object

1752.2 Schema 
Wrapper Header



   {
        "heart_rate": {
            "value": 72.7,
            "unit": "beats/minute"
        },
        "effective_time_frame": {
            "date_time": "2026-02-28T06:30:00-06:00"
        }
    }

Data Point(s)

Header

Body

measurement

Sample Data

P1752.1

OmH Datum

OmH required 
Components for
Heart Rate :

heart_rate
effective_time_frame



{
    "header": {
        "uuid": "123e4567-e89b-12d3-a456-426655440000",
        "source_creation_date_time": "2026-02-28T06:30:00-06:00",
        "schema_id": {
            "namespace": "ieee",
            "name": "heart-rate",
            "version": "1.0"
        },
        "modality": "sensed",
        "external_datasheets": [
            {
                "datasheet_reference": "iri-of-the-heart_rate-monitor"
            }
        ]
    },
    "body": {
        "heart_rate": {
            "value": 72.7,
            "unit": "beats/minute"
        },
        "effective_time_frame": {
            "date_time": "2026-02-28T06:30:00-06:00"
        }
    }
}

Data Point(s)

Header

Body

measurement

Sample Data

P1752.1 Data Point Wrapper applied to OmH Datum



{
    "header": {
        "uuid": "123e4567-e89b-12d3-a456-426655440000",
        "source_creation_date_time": "2026-02-28T06:30:00-06:00",
        "schema_id": {
            "namespace": "ieee",
            "name": "heart-rate",
            "version": "1.0"
        },
        "modality": "sensed",
        "external_datasheets": [
            {
                "datasheet_reference": "iri-of-the-heart_rate-monitor"
            }
        ]
    },
    "body": [
        {
        "heart_rate": {
            "value": 72.7,
            "unit": "beats/minute"
        },
        "effective_time_frame": {
            "date_time": "2026-02-28T06:30:00-06:00"
        }
        },
        {
        "heart_rate": {
            "value": 73.2,
            "unit": "beats/minute"
        },
        "effective_time_frame": {
            "date_time": "2026-02-28T06:31:00-06:00"
        }
        },
        {
        "heart_rate": {
            "value": 74.4,
            "unit": "beats/minute"
        },
        "effective_time_frame": {
            "date_time": "2026-02-28T06:32:00-06:00"
        }
        }
    ]
}

Data Point(s)

Header

Body

measurement

Sample Data

P1752.1 Data Series Wrapper applied to OmH Datum

data point 1
minimum

data point 2
minimum

data point 3
minimum



{
    "header": {
        "uuid": "123e4567-e89b-12d3-a456-426655440000",
        "source_creation_date_time": "2026-02-28T06:30:00-06:00",
        "schema_id": {
            "namespace": "ieee",
            "name": "heart-rate",
            "version": "1.0"
        },
        "modality": "sensed",
        "external_datasheets": [
            {
                "datasheet_reference": "iri-of-the-heart_rate-monitor"
            }
        ]
    },
    "body": [
        {
        "heart_rate": {
            "value": 72.7,
            "unit": "beats/minute"
        },
        "effective_time_frame": {
            "date_time": "2026-02-28T06:30:00-06:00"
        },
        "temporal_relationship_to_sleep": "on waking"
        },
        {
        "heart_rate": {
            "value": 73.2,
            "unit": "beats/minute"
        },
        "effective_time_frame": {
            "date_time": "2026-02-28T06:31:00-06:00"
        },
        "temporal_relationship_to_sleep": "on waking"
        },
        {
        "heart_rate": {
            "value": 74.4,
            "unit": "beats/minute"
        },
        "effective_time_frame": {
            "date_time": "2026-02-28T06:32:00-06:00"
        },
        "temporal_relationship_to_sleep": "on waking"
        }
    ]
}

Data Point(s)

Header

Body

measurement

Sample Data

P1752.1 Data Series Wrapper applied to OmH Datum

OmH Optional 
Physiologic Context 
Properties :

temporal_relationship_to_sleep

temporal_relationship_to_physical_activity

descriptive_statistic

OmH Optional 
Measurement 
Specification :



OmH "Heart Rate"
Issue to Address → Beyond Static Measures

- Accommodate data measurements to the limits of its 
informational granularity

- Facilitate multifactorial analysis of physiologic conditions

- Enable detailed contextuality measurements

- Rely on both intrinsic and extrinsic semantics 

IEEE 1752.2 to model dynamic physiologic systems



1752.2 Structure 
JSON object header
Provenance
System Data Header
Info Header  +/- Input Header → Per Channel
Information  +/- Input → Per Channel or Episode

Declarative
1752.1, 1752.2

Granular Data
1752.2

Derived
1752.2

heart_rate

fixed method

flexible 

method

sparse

option to maximize granularity 
preserves info reflecting system dynamics

other data 
types and 
contextual 

st
ar

t

st
ar

t

Detection 
Modality
Algorithmic  
Methodology

Sensor
Configuration

Data-centric Focus

device 
specifics, 
algorithms, 
& data type 
metadata



P1752.2
{
    "effective_time_frame": {
        "time_interval": {
        "start_date_time": "2026-02-28T06:30:00.000-06:00",
        "duration": {
        "value": 60000,
        "unit": "ms"
        }
        }
    },
    "RR_interval_seq": {
    "interval_offset": 102,
        "interval_seq": [1070, 1099, 1075, 1077, 1090, 1110, 1054, 
         1066, 1055, 1071, 1090, 707, 1443, 1067, 1077, 1059,
         1065, 1070, 1099, 1075, 1077, 1090, 1110, 1054, 1066,
         1055, 1071, 1090, 707, 1443, 1067, 1077, 1059, 1065,
         1070,1099, 1075, 1077, 1090, 1110, 1054, 1066, 1055,
         1071, 1090, 707, 1443, 1067, 1077, 1059, 1090, 1088,
         1070, 1074, 1065],
        "unit": "ms"
    }
}

 IEEE 1752.2 Datum → Simple Interval Array

default

Wrapper

1752.2 Schema 
Wrapper Header

Information

Sample Data

 (simplest ) 

≠ heart_rate

User selects between
• data point object array 
✓ interval sequence
• lateny sequence

1 minute of interval data, full granularity



WrapperWrapper

Info w/ Context

P1752.2 CR
Accommodate Dimensionality and Deep Contextuality

1752.2 Schema 
Wrapper Header

Information

Info Header

standard

Info w/ Context

1752.2 Schema 
Wrapper Header

Information

Info Header

standard w/ preprocessed signal

Input Signal

Input Signal 
Header

Sample Data Sample Data

Provenance 
of Object

Provenance 
of Object

“Data Sequence Object" 
optionally accommodates 
multiple types of 
measured features (i.e. 
dimensions), each with 
shared contextuality 
conveyed in the combined 
data header and 
information structure.  
↓
Also, optionally 
accommodates either 
channels or episodes



P1752.2

{
    "effective_time_frame": {
        "time_interval": {
        "start_date_time": "2026-02-28T06:30:00.000-06:00",
        "duration": {
        "value": 60000,
        "unit": "ms"
        }
        }
    },
    
    "RR_interval_seq": {
    "interval_offset": 102,
        "interval_seq": [1070, 1099, 1075, 1077, 1090, 1110, 1054, 
         1066, 1055, 1071, 1090, 707, 1443, 1067, 1077, 1059,
         1065, 1070, 1099, 1075, 1077, 1090, 1110, 1054, 1066,
         1055, 1071, 1090, 707, 1443, 1067, 1077, 1059, 1065,
         1070,1099, 1075, 1077, 1090, 1110, 1054, 1066, 1055,
         1071, 1090, 707, 1443, 1067, 1077, 1059, 1090, 1088,
         1070, 1074, 1065],
        "unit": "ms"
    }
}

 IEEE 1752.2 Datum → Interval Array

Wrapper

Info w/ Context

1752.2 Schema 
Wrapper Header

Information

Info Header

standard

Sample Data

Provenance 
of Object expand into 

generalized 
"info header"

generalized 
"information"



ECG - Dynamism of interdependent features
QT intervals, QRS duration, wave morphologies, PR intervals, …

Context:  Movement, exertion, sleep stage, autonomic state, etc.
Single lead vs multi-lead composite for interval determination

 (identified in info header, without altering information block)
Extensibility

PR interval



P1752.2

{
    "effective_time_frame": {
        "time_interval": {
        "start_date_time": "2026-02-28T06:30:00.000-06:00",
        "duration": {
        "value": 60000,
        "unit": "ms"
        }
        },
    "synch": {
        "synch_type": "NTP",
        "synch_accuracy": {
        "value": 10,
        "unit": "ms"
        },
    "info_sequences": 1
    },
}

 IEEE 1752.2 Datum → Info Header

Wrapper

Info w/ Context

1752.2 Schema 
Wrapper Header

Information

Info Header

standard

Sample Data

Provenance 
of Object

Terminology issue:  
Usage of "info" and "data"

expand to generalized "info header" block



P1752.2
{
    "RR_interval_seq": {
    "interval_offset": 102,
        "interval_seq": [1070, 1099, 1075, 1077, 1090, 1110, 1054, 
         1066, 1055, 1071, 1090, 707, 1443, 1067, 1077, 1059,
         1065, 1070, 1099, 1075, 1077, 1090, 1110, 1054, 1066,
         1055, 1071, 1090, 707, 1443, 1067, 1077, 1059, 1065,
         1070,1099, 1075, 1077, 1090, 1110, 1054, 1066, 1055,
         1071, 1090, 707, 1443, 1067, 1077, 1059, 1090, 1088,
         1070, 1074, 1065],
        "unit": "ms"
    },
    "QT_interval": {
    "feature_reference": "RR_interval_seq",
    "feature_seq": [370, 399, 375, 377, 390, 410, 364, 
         366, 355, 371, 390, 357, 443, 367, 377, 359,
         365, 370, 379, 375, 377, 390, 410, 354, 366,
         355, 371, 370, 347, 443, 367, 377, 359, 365,
         370, 379, 375, 377, 390, 410, 384, 366, 355,
         371, 390, 347, 443, 367, 377, 359, 390, 388,
         370, 374, 365],
    "feature_type": ["interval"],
    "unit": ["interval"],
}

 IEEE 1752.2 Datum → Information

Wrapper

Info w/ Context

1752.2 Schema 
Wrapper Header

Information

Info Header

standard

Sample Data

Provenance 
of Object

generalized 
"information"

blockNote issue:  
Last interval’s QT unreliably present 



1752.2 Features Sequence Framework

1752.2 Signals Framework

Pulse 
Heart Rate

Pulse & Rhythm

Systolic Pressure 
Diastolic Pressure

Hemodynamics

Respiratory Rate 
O2 Saturation

Respiratory

Data Points

Ontologic Categories

Temporal Data Sequences
Spatial Map
Spatiotemporal Trajectories

Signal Time Series

Physical Context

↓      ↓      ↓

Environmental Context
Other IEEE 1752 ( existing and proposed )



Hemodynamics
Multi-feature temporal data sequences
Accommodate event granularity limit
Analysis of :

Pressure events
Event waveforms
Sequence and sequence patterns 

Optional data time series… 

Blood Pressure 
Data Points

↓

Heart Rate 
Data Points

↓
Rhythm & Morphology
Multi-feature temporal data sequences
Accommodate event granularity limit
Analysis of 

Arrhythmia events
Morphology
Ectopy and dysrhythmia patterns

Optional data time series…

… and similar clinical value in extending scope of Respiratory Characterization beyond respiratory 
rate for granular physiologuc monitoring 



Pressure Assessment → Indirect
• Derivation algorithms (envelope and fidicuals)

Pressure Waveform → Direct
• Measurement acquistion location
• Waveform fiducial analytics
• Measurement system distortions (underdamping, overdamping, other)
• Valvular function status

Waveform Pattern / Sequence Patterns 
• Associated cardiac rhythm
• Intrathoracic pressure variations (respirations)
• Postural dynamics
• Other conditions 

Pulsus alternans (heart failure)
Dynamic autonomic state
Et cetera

Pressure Data Point Measurements vs Signal Analytics

Granular assessment 
facilitates complex 

assessment of dynamic 
hemodynamic states



Physiologic Characterizations
Summarizing Classification

Clinical observation

Classification by Range Categorization
Requires category thresholds

Statistical Measurement
Sampled or continuous, statistical choice

Granular Measurement
Requires adequate sampling rate, consider event domain  
↓              ↓              ↓

Source Signal Representation
Preservation of all features of interest for post-processing



Physiologic Characterizations
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Summarizing Classification
Clinical observation

Classification by Range Categorization
Requires category thresholds

Statistical Measurement
Sampled or continuous, statistical choice

Granular Measurement
Requires adequate sampling rate, consider event domain  
↓              ↓              ↓

Source Signal Representation
Preservation of all features of interest for post-processing

P752.2 C
R

P752.1


