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Abstract:

The Generic Health Sensor (GHS) Design and Implementation Guide guides implementers of health
sensor devices and mobile application developers of applications collecting health data from such
sensor devices. This publication covers various non-trivial aspects of GHS such as where to find all
relevant information and how to design and implement a sensor or application in a generic, reusable
manner. This publication also places the GHS specifications in the broader context of an
interoperable healthcare ecosystem.
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This document is proprietary to Bluetooth SIG. This document may contain or cover subject matter that is intellectual
property of Bluetooth SIG and its members. The furnishing of this document does not grant any license to any intellectual
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This document is subject to change without notice.
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1 Introduction

This guide aims to help implementers of health sensor devices and mobile application
developers of applications collecting health data from such sensor devices with their
implementations of the GHS Service [19] and Profile [20]. This publication covers various non-
trivial aspects of the GHS specifications such as:

*  Where to find all relevant information from the Bluetooth SIG and the referenced standards
from other organizations.

* How to design and implement a sensor or application in a generic, reusable manner.

This publication also places the GHS specifications in the broader context of an interoperable
end-to-end (E2E) healthcare ecosystem and provides an overview of how to upload GHS data
to healthcare cloud services.

This is not a Bluetooth specification, therefore, the established Bluetooth SIG specification
language conventions for use of the words shall, shall not, must, should, should not, may,
and can do not apply to this document.

1.1 Scope

The following aspects will be covered in this publication:

*  How does GHS fit into an E2E healthcare system?

*  Which Bluetooth SIG publications and associated documents are relevant to GHS and
where can these be found?

*  Where are the IEEE Medical Device Communication (MDC) codes for an existing sensor
type and its generated data defined?

* How to request IEEE MDC codes for new sensor types and new types of generated data?
*  Which existing open-source code repositories can be used when implementing GHS?

* What design choices should be considered when implementing the GHS protocol to upload
data?

* How to make GHS implementations reusable for other sensor device types?

* How to upload GHS data to an HL7® FHIR® standard [1] server in the cloud?

* How to handle the privacy and security aspects of medical data in a GHS implementation?

In covering these aspects, a small number of common sensor types will be used as examples,
such as a blood pressure cuff, a heart rate monitor, and a pulse oximeter as example sensor
devices.

The intended audience of this publication consists of designers and developers of healthcare

sensor devices and of associated applications that typically run on mobile devices, such as
mobile phones or tablets, or sometimes run on dedicated hardware.
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2 How does GHS fit into an E2E healthcare system?

GHS is based on the |IEEE 11073-10206™ [3](*) standard that defines an abstract and generic
information content model (ACOM) of the data that a personal health device (PHD) provides to
a user of the device. GHS defines a concrete implementation of ACOM on Bluetooth GATT.

GHS can be used to implement common PHD sensor types such as thermometers, weighing
scales, blood pressure monitors, pulse oximeters, heart rate and ECG monitors, and less
common sensor types, such as spirometry devices, medication monitors, and more, by using
the IEEE 11073-10101™ [2] nomenclature standard to identify observations and their attributes.

ACOM is illustrated in Figure 2.1. Appendix A provides more details on the ACOM classes.

ACOM,/
«ACOM base classs «ACOM base classs
‘ © PHD generates + © "Observation ‘
The Personal Health Device The base class for observations in ACOM |
[
1 0.1
«ACOM base classs «ACOM base classs «ACOM base classs
‘ © Systeminfo ‘ ‘ © Power ‘ ‘ © Clock ‘
| Static information about the PHD | | Models the power source of the device | |The source of time for generated observations |

Figure 2.1: ACOM overall model

ACOM objects can easily be transcoded into HL7® Fast Healthcare Interoperability Resources
(FHIR®) [1] resources. HL7® FHIR® provides a widely used model and exchange protocol for
healthcare data. Supported resource types include Observation, Patient, Device, Procedure,
Medication, Diagnostic Report, Care Plan, and much more.

Support of FHIR® is strongly encouraged by the Office of the National Coordinator for Health
Information Technology (ONC) [4] for Electronic Health Record (EHR) systems for a growing set
of data as defined in the United States Core Data for Interoperability (USCDI) [5].

ACOM Observations can be uploaded as FHIR® Observation resources to a FHIR® server and
can be used for patient monitoring, diagnostic purposes, and care plan definitions. The types
and fields of GHS observations map one-to-one to FHIR® Observation data elements. FHIR®
supports the use of IEEE 11073-10101 [2] nomenclature codes. Details can be found in Section
8.

The typically static device information from the ACOM SystemInfo object can be uploaded as a
FHIR® Device resource. In a FHIR® server, devices can be assigned to patients or users and
can be referenced from observations.

(*) The IEEE standards or products referred to in this document are trademarks owned by the Institute of
Electrical and Electronics Engineers, Incorporated. IEEE publications are available from the Institute of
Electrical and Electronics Engineers (http:/standards.ieee.org/).
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The Power information, such as the battery level and remaining time, can be uploaded as
FHIR® Observation resources. The same holds for the Clock; the current time can be uploaded
together with the client’s time as a Coincident Time Stamp Observation resource. Power
information and Clock data are used to manage the device instead of the patient.

See Figure 2.2:.

(Personal Health Devices\ (Generic applications and\ ( FHIR servers \
(GHS servers) gateways A
(GHS and FHIR clients) ) HL7 FHle

FHIR
Observation
upload and
retrieval

Patient monitoring,

| health & fitness services,
living independently &
elderly care services, ...

ACOM / GHS
@ Bluetooth
(LE)

\_ ) ©Bluetooth’ y A w7 Frir L

Figure 2.2: E2E healthcare system overview
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3 Which Bluetooth SIG publications are relevant to

GHS?

The Bluetooth SIG develops and maintains Bluetooth specifications and supporting documents
and makes them available through its website [6].

The following Bluetooth specifications are relevant for GHS:

Generic Health Sensor Service (GHSS) specification — defines the format and exchange of
ACOM observations using GATT.

Generic Health Sensor Profile (GHSP) specification — defines the set of services and their
usage to implement an ACOM PHD as a GATT server and defines the requirements for a
GHS client.

Elapsed Time Service (ETS) specification — defines the exchange of clock and/or current
time information for an ACOM PHD over GATT.

Device Information Service (DIS) specification — defines the static information that describes
a PHD as a set of GATT characteristics. From DIS Version 1.2 and later, DIS includes the
Unique Device Identifier (UDI) for medical devices. This characteristic provides a unique,
regulated device identifier managed by an authority such as the United States Food and
Drug Administration.

Battery Service (BAS) specification — defines the exchange of battery information over
GATT.

User Data Service (UDS) specification — defines how to support multiple users on a GHS
server.

Reconnection Configuration Service (RCS) specification — defines how to update connection
parameters of a GHS server and supports a handshake mechanism to disconnect.

Bluetooth Core Specification (CS) — defines GATT/ATT/GAP/SM, the foundation on which
GHS is built.

Core Specification Supplement (CSS) — defines common ATT/GATT error codes and the
data types used in Advertisement Data and Scan Response Data.

The following supporting documents are relevant for GHS:

GATT Specification Supplement (GSS) [7] — contains the definitions of all re-usable GATT
characteristics.

Assigned Numbers document [8] — contains the UUID values for the services and the
characteristics used by GHS; this document is available in PDF and YAML format.

Figure 3.1 illustrates the use of these specifications for GHS.
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Figure 3.1: GHS usage of Bluetooth specifications
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4 Where are the IEEE MDC codes for an existing
sensor type and its generated data defined?

The IEEE 11073-10101 Medical Device Communication (MDC) codes are codes that uniquely
define a medical concept such as an observation type, a location on the human body, or a
sensor type.

MDC codes are 32-bit values that consist of a 16-bit partition code and a 16-bit term code.
Partitions contain all codes for a specific purpose. For example, partition 4 contains the codes
for dimensions or units of measurement. Each code also has a unique textual name, the
Reference Identifier or Refld and a longer description of its purpose. For example, the MDC
code for degrees Celsius is 4::6048 (hexadecimal 0x000417A0, decimal 268192). In some
cases, when the partition is known or fixed, the term code suffices to define a concept. In GHS,
a numeric observation value uses a 2-octet term code to identify the unit of measurement.

The MDC codes are defined by the IEEE 11073 Standards Committee (SC). This SC has two
working groups, one for Personal Health Devices (PHD) and one for Point of Care Devices
(PoCD). The codes defined by these groups are collected and published in the IEEE 11073-
10101 nomenclature standard [2].

The HL7® FHIR® standard [9] includes an overview on the use of MDC codes [9].

Appendix B gives an overview of the device specializations, observation types, and the
corresponding MDC codes used for common sensor device types.

There are different ways to find out which MDC codes are to be used for a given sensor device
type, for observations the sensor device generates, and for the attributes of these observations:

*  The ACOM standard, IEEE 11073-10206 [3], contains a compact definition of the information
model of the most commonly used vital signs sensor devices, including the MDC codes
(Reflds only) used in these specializations:

- Pulse oximeter

- Basic ECG or heart rate
- Blood pressure monitor
- Thermometer

- Weight scale

* Obtain the corresponding IEEE 11073-104xx standard [10] and use the nomenclature codes
as defined in the Domain Information Model in Chapter 6 of that standard. The following
IEEE 11073-104xx standards are available:

IEEE 11073-10404™ Pulse Oximeter

IEEE 11073-10406™ ECG

IEEE 11073-10407™ Blood Pressure Monitor
- |EEE 11073-10408™ Thermometer
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IEEE 11073-10413™ Respiration Rate Monitor
IEEE 11073-10415™ Weighing Scale
IEEE 11073-10417™ Glucose Meter
IEEE 11073-10418™ INR (blood coagulation)
IEEE 11073-10419™ Insulin pump
IEEE 11073-10420™ Body composition analyzer
IEEE 11073-10421™ Peak flow monitor
IEEE 11073-10422™ Urine Analyzer
IEEE 11073-10424™ Sleep Apnoea Breathing Therapy Equipment (SABTE)
IEEE 11073-10425™ Continuous Glucose Monitor
IEEE 11073-10426™ Home Healthcare Environment Ventilator (draft)
IEEE 11073-10427™ Power status monitor of personal health devices
IEEE 11073-10429™ Spirometry
IEEE 11073-10441™ Cardiovascular fitness and activity monitor
= Includes a Step Counter and an Activity Monitor profile (further specialization).
IEEE 11073-10442™ Strength fitness equipment
= Supports reporting exercise sessions on various types of fithess equipment.
IEEE 11073-10471™ Independent living activity hub

= Supports reporting of various types of sensors in and around the home
environment to assist patients or users with living independently. Examples
include a Fall Sensor, a Motion Sensor, a Switch Use Sensor, a Current
Temperature Sensor, a Temperature Alert Sensor, a Utility Usage Sensor (Gas,
Electricity, Water), etc. These sensors can also report their location in a home as
supplemental information.

I[EEE 11073-10472™ Medication monitor

Obtain the IEEE 11073-10101 standard, check Annex A.7 for the sensor type that is being
implemented, and use the metric codes for the GHS Observation type values as needed.

Use the SIG’s Personal Health Devices Transcoding white paper [11], which is available to
all Bluetooth SIG members. This document covers the following sensor device types:

Thermometer

Heart Rate

Blood Pressure Monitor
Glucose Meter

Weight Scale

9 Bluetooth SIG Proprietary Page 12 of 54


https://www.bluetooth.com/bluetooth-resources/personal-health-devices-transcoding/

Enter search terms for individual columns...or Switch to 'Search All'

1

10 @ MDC_PRESS_BLD_NONINV_SYS_CTS 2:

Generic Health Sensor Design and Implementation Guide / Informational Publication

- Continuous Glucose Monitor

- Pulse Oximeter

Use the Rosetta Terminology Mapping Management System (RTMMS) [12] to find numeric
values of specific MDC codes:

- RTMMS is an online database of all current and draft MDC codes and is maintained by
NIST. After registration, the database can be searched in various ways.

- As an example, Figure 4.1 captures the results from looking for “PRESS” in the MDC
codes to find codes for use with a blood pressure monitor. The result includes both the
Refld and partition-code::term-code, as well as the decimal 32-bit value.

Link ReflD

@ MDC_PRESS_BLD

@ MDC_PRESS_BLD_SYS

@ MDC_PRESS BLD DIA

@ MDC_PRESS_BLD_MEAN

@ MDC_PRESS_BLD_NONINV

@, MDC_PRESS_BLD_NONINV_SYS
@ MDC_PRESS_BLD_NONINV_DIA
,@ MDC_PRESS_BLD_NONINV_MEAN

,@ MDC_PRESS_BLD_NONINV_CTS

Pressure of the blood at the systolic phase

Pressure of the blood at the diastolic phase

Pressure of the blood as computed by averaging on one cycle

Pressure of the blood, obtained noninvasively (i.e., fingertip) — this
refers normally to the measurement of diastolic and systolic

Pressure of the blood, obtained noninvasively (i.e., fingertip), at

Pressure of the blood, obtained noninvasively (i.e., fingertip), at

Pressure of the blood, obtained noninvasively (i.e., fingertip), as

Pressure of the blood recorded continuously and noninvasively

Term Code CF Term Code Description/Definition
(E ) | | |
2:18944 150016 Pressure of the blood
2::18945 150017
2::118946 150018
2::18947 150019
2::18948 150020

together
2::118949 150021

the systolic phase
2::18950 150022

the diastolic phase
2::18951 150023

computed by averaging on one cycle
2::18952 150024

(i.e., fingertip)

18953 150025

Figure 4.1: Example output from RTMMS
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5 How to request IEEE MDC codes for new sensor
types and new types of generated data?

The IEEE 11073™ Standards Committee manages the assigned MDC codes and publishes
them in the IEEE 11073-10101 standard. To get a new publicly assigned code, send a request
to this committee, using the information on the committee’s home page [13].

The IEEE PHD (Personal Health Devices) working group and the IEEE PoCD (Point of Care)
working group fall under this Standards Committee and work together to maintain the assigned
MDC codes.

The IEEE 11073-10101 standard has defined areas for private codes that can also be used
temporarily until a public code is assigned:

* Partition 1024 is the Private Partition and provides space for 64K of private codes.
* Other assigned partitions reserve the range OxFO00—0xFFFF for private codes.

* A manufacturer should maintain the privately assigned codes and make sure that they are
used consistently in this manufacturer’s products.
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6 Which open-source code repositories can be used
when implementing GHS?

There are a few open-source software (OSS) implementations of GHS. Two of them are
discussed briefly as examples in the following subsections.

6.1 LNI’'s GHS implementations

Brian Reinhold from Lamprey Networks, Inc. (LNI) participated in the development of the GHS
specifications and implemented a GHS server on a Nordic nRF52840 development board and
nRF51 development kits. The repository is located on GitHub,
https://aithub.com/brianreinhold/NordicPHDs [14], and also contains an Android application (as
a set of Android Package Kits (APKs)) for an Android GHS Client. This software comes with a
Massachusetts Institute of Technology (MIT) license.

This repository uses the #define mechanism for MDC codes, with the partition number in hex
and the code within the partition in decimal notation. This allows easy copying of codes from the
IEEE standards (see Table 6.1).

#define MDC_PRESS_BLD_NONINV (0x20000 + 18948)
#define MDC_PRESS_BLD_NONINV_SYS (0x20000 + 18949)
#define MDC_PRESS_BLD_NONINV_DIA (0x20000 + 18950)
#define MDC_PRESS_BLD_NONINV_MEAN (0x20000 + 18951)
#define MDC_SAT_O2_QUAL (0x20000 + 19248)

#define MDC_TEMP_BODY (0x20000 + 19292)

#define MDC_TEMP_TYMP (0x20000 + 19320)

#define MDC_PULS_OXIM_PERF_REL (0x20000 + 19376)

#define MDC_PULS_OXIM_PLETH (0x20000 + 19380)

#define MDC_PULS_OXIM_SAT_O2 (0x20000 + 19384)

Table 6.1: #define MDC codes

This client builds on LNI’s Health@Home application and also supports other Bluetooth SIG
services and profiles and FHIR® or PCD-01 data upload. See
https://www.Inihealth.com/products/healthhome-android-hub [15].

6.2 Philips GHS implementations

Philips implemented a GHS client and server and made it available on GitHub to the public:

* https://github.com/philips-labs/BLE-GHS-Client-Example [17]

* https://github.com/philips-labs/BLE-GHS-Server-Simulator [18]
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The Philips repositories come with an MIT license.

The Philips code is based on BLESSED [16]. BLESSED is a compact Bluetooth® Low Energy
library for Android 5 and higher that is designed to make working with Bluetooth® Low Energy on
Android easy. BLESSED takes care of many aspects of Bluetooth so that the application code

doesn’t need to take care of them.

These applications support all features from the GHS Service and Profile specifications. A
screenshot of the client and server application is shown in Error! Reference source not found..

14:37

GHS Client Simulator

Start scanning

Start scanning to discover devices

1"l

Connected dev

Bond with devices

ices (tap name for info)

Received observations:

No observations received
No temperature received
No heart rate received

@)

Figure 6.1: Example GHS applications
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Obs Date Device Users Log

Observation type(s) to send

D Temperature (Simple Numeric)
Heart rate (Simple Numeric)
[] spo2 (simple Numeric)
[:] Blood Pressure (Compound Numeric)

D PPG array (Sample Array)

—

Observation Store Count

E] Temp Store Observations

Start observation emitter

Emit single-shot observation(s)

Add stored observation(s)

Trinner Ohservation Schedule
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7 What design choices to consider when
iImplementing the GHS protocol to upload data?

7.1 Decide on supporting live, temporarily stored, stored
observations, or a mix

In GHS, a PHD may use different reporting schemes for observations. An implementer can
choose any of these schemes:

* Live observations are generated when a client (mobile application) is connected to a sensor
device and these live observations are pushed by the sensor device to the connected client.
After transmission, the sensor device can delete all data associated with the observation.
Live observations do not need a time stamp. The client can add a time stamp as needed,
based on its own clock.

* Temporarily stored observations are generated when no client is connected to a sensor
device. After an observation is generated, the sensor device starts advertising to indicate it
has new observations. Once a client connects, the sensor device transmits the new
observations to the connected client. After transmission, the sensor device can delete all
data associated with these observations. Temporarily stored observations do need a time
stamp. If the client considers the time on the device inaccurate, then the client can adjust
the time stamps of the observations. The client should also update the clock of the sensor
device in such situations.

» Stored observations are generated and stored on the sensor device for later retrieval by one
or more clients using Record Access Control Point (RACP) procedures. When new
observations are generated, the sensor device may start advertising when new observations
are stored or may allow periodic retrieval by one or more clients.

If the sensor device does not have a clock, then using live observations is the only option.

If the sensor device typically communicates with only one client, then use of temporarily stored
observations is a logical choice.

If the sensor device maintains a history of all observations that can be retrieved by multiple
clients, then stored observations should be used.

When using stored or temporarily stored observations, the implementer should have a
mechanism to handle running out of memory. One option is to support a delete procedure on
the RACP and have the client delete older observations before running out of memory. Another
option is to implement an automatic deletion of the oldest observations on the server.

An implementer may choose to report certain observations only as live observations during a
connection and not store them. An example would be the intermediate cuff pressure reports
from a blood pressure monitor that have little value once the measurement is complete.

More information can be found in GHSS [19] Section 2.7.
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7.2 Decide on using GATT indications, notifications, or a mix

Implementers must also decide on the use of GATT indications or notifications for the transfer of
live, temporarily stored, and stored observations.

Notifications have higher throughput because their reception is not acknowledged, and therefore
they could get lost in the software stack before reaching the application.

The sensor device implementer must choose which mechanism or mechanisms to support for
live and stored observations. See GHSS [19] Section 2.7.

7.3 Decide on multiuser support using UDS

GHSP includes UDS for multi-user devices. UDS exposes user data and supports a user
consent mechanism to access user data. If a device is intended to be used by more than one
person, UDS should be implemented. This will add another layer of complexity to the device
because it will have to maintain a database of observations per user.

Also, when uploading data to a FHIR® server, some mapping is needed from the user ID in UDS
to a patient identifier in the FHIR® observations (see Section 8.6).

The GHS client needs to maintain a mapping from the User ID in UDS to a FHIR® Patient
Identifier. to the method for getting these patient identifiers is out of scope for the Bluetooth SIG
GHS specifications.

7.4 Timestamping and clock features

GHSP includes ETS to support a clock and time stamping of observations. A GHS server
supports a fixed type of time in a fixed resolution. Both are static during the lifetime of the
device. The supported types of time are:

* Coordinated Universal Time (UTC) time, with or without TZ/DST offset
¢ Local time, with or without TZ/DST offset
* Tick counter

The supported resolutions are:

e 1 second
* 100 milliseconds
1 millisecond

* 100 microseconds

When observations are stored or temporarily stored, a GHS server must support ETS. The
implementer should choose the type and resolution of the clock that is best suited for the sensor
device type.

The implementer must choose whether the sensor clock can be set or not via ETS.
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When the clock is set as defined in Section 3.3 of GHSP [20], the implementer must choose
which policy on updating the time stamps of stored observations to follow:

* Update the time stamp to match the update of the clock.
* Set the flag to indicate that the time stamp is not from the current timeline.

For an E2E healthcare ecosystem, the use of UTC time with an offset for TZ/DST is the
preferred choice. For other types of time, the GHS client has to map the time to UTC before
uploading it to a FHIR® server. See Section 8.3.

7.5 How to make GHS implementations reusable for other sensor
device types?

A GHS server is typically implemented as embedded software on dedicated hardware with

limited memory and processing capabilities. It is possible to use these resources efficiently by

implementing templates.

An example of a template of a numeric observation would be a structure with the fields and
values for an oxygen saturation observation from a pulse oximeter. Most fields in this structure
are fixed and can be defined as shown in Table 7.1: and from the template. In this template, the
values of the current time and the result of the measurement can be filled in, as shown in italics
in Table 7.1:.

Size
Field Data Type (in Example Value (hex)
octets)

Observation | intg 1 Numeric observation 01
Class Type
Length uint16 2 29 octets 001D

¢ Observation Type present

* Time Stamp present

Boolean[16] ° 00 23
Flags (a bitfield) e Supplemental Information
present

0b0000 0000 0010 0011
Observation ; MDC_PULS_OXIM_SAT 02—
Tvoe uint32 4 0x00024BB8 00 02 4B B8

yp

Time Stamp | struct 9 The current time — variable ;g ;; g T3T4T5T6

Count =1 01
Supplemental | i, ¢ var
Information Codes = MDC_MODALITY_SPOT |00 02 4C 3C
Observation |_
Value
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Size
Field Data Type (in Example Value (hex)
octets)
Unit code | uint16 2 MDC_DIM_PER_CENT 02 20
Value FLOAT 4 The observed value — variable |V1V2V3 V4

Table 7.1: Example template structure

The resulting octets can then be passed to a transmitter function that transmits them as a GATT
indication or notification of a GHS Health Observations characteristic.

This template can be adapted for the implementation of another numeric observation.

A GHS client is typically implemented on a mobile platform with enough resources to support all
GHS features and can be built as a generic implementation without being affected by memory
limitations. Here, an object-oriented programming approach can be followed with abstract
methods for the generic features of GHS.

The Philips GHS client is an example of an implementation of GHS on the Android operating
system that benefits from the memory available on even low-cost Android devices.
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8 How to upload GHS data to an HL7® FHIR® server?

A GHS Observation characteristic value can be mapped to a FHIR® Observation resource,
encoded in JSON, and uploaded to a FHIR® server. A GHS client receiving observations from a
GHS server can use this mapping to upload FHIR® Observation resources to a FHIR® server. In
the context of uploading data to a FHIR® server, a GHS client device acts as a Personal Health
Gateway (PHG). This section covers some of the details of the mapping.

Table 8.1 gives an example of encoding a pulse oximeter reading into a JSON-encoded FHIR®
observation.

ACOM VALUE FHIR® OBSERVATION DATA ELEMENT
OBSERVATION & VALUE

FIELD

OBJECT Numeric Observation {

“resourceType”. “Observation”,

“code”: {*coding”: [{

“system”:

MDC_PULS_OXIM_SAT_O2 “urn:iso:std:iso:11073:10101,

TYPE

(2::19384) “Code”: “150456”
1
UNIT CODE MDC_DIM_PERCENT (4::544) | valueQuantity™{
system™
“urn:iso:std:is0:11073:10101”,
“code”: “262688”,
OBSERVED 89.0 “value”: 89.0
VALUE ' )
2017-09-04 16:30:00 +1:00 “effectiveDateTime”
TIME STAMP “2017-09-04T16:30:00+01:00”
(1504542600) )

Table 8.1: Example mapping to FHIR®

The FHIR® PHD Implementation Guide (PHD 1G) [21] for IEEE 11073 PHD devices that upload
data to a FHIR® server is a useful source for information on this topic. This FHIR® IG currently
uses FHIR® R4 and provides detailed information about how to map data following the IEEE
11073-10206 PHD standard to FHIR® resources. Because GHS is based on ACOM, and ACOM
defines a simplified and updated version of the model used in IEEE 11073-20601, much of this
guide is also applicable to GHS.

In addition to uploading the FHIR® Observation resources, the PHG should also upload or
retrieve two FHIR® Device resources and upload or retrieve a FHIR® Patient resource at least
once. These are used as references in the Observation resources, as illustrated in Figure 8.1:
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for a Pulse Oximeter. The gatewayDevice is an extension to FHIR® defined in the PHD IG [21].
More details can be found in Section 8.10.

a0 bservations
© PulseRateNumericObservation

«0bservations .
@'SpOZNumericObsewation dEV'.LE‘,PHD.
PHD IG FHIR Bundle ‘ﬁ subject: Patient
. gatewayDevice: PHG
Method: POST derived-from: PhdCoincidentTimeStamp

Method: POST

subject derived-from

aPatients «0bservations
© patient . ©PthoincidentTimEStamp .
device gatewayDevice
Method: POST [ifNoneExist] Method: POST
ﬁject \Qe
© pHD © "pHG
Method: POST [ifNoneExist] Method: POST [ifNoneExist]

Figure 8.1: PHD IG FHIR® resources and their relationships

The references from the PhdCoincidentTimeStamp to subject and device are updated from what
is used in the PHG IG examples. It is an observation made by the PHG with the PHD as subject
and not the patient.

A GHS Client can use the mapping described in this section to create and upload FHIR®
Observation resources, two Device resources — one for the GHS Server and one for the GHS
Client, and to create or refer to one or more Patient resources.

8.1 Observation Class Type and Observation Value mapping

The GHS Observation Class Type field is not directly mapped to a FHIR® data element. Its value
determines the type of the FHIR® value[x] field. See Table 8.2.

Observation Class Type Value | FHIR® Value[x] Type

Numeric observation 1 Quantity

Simple discrete observation 2 CodeableConcept

String observation 3 String

Sample array observation 4 SampledData

Compound discrete event observation 5 Components of type CodeableConcept
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Observation Class Type Value | FHIR® Value[x] Type

Compound state/event observation 6 Components of type Boolean

Compound observation 7 Components

Type-Length-Value (TLV)-encoded 8 Depends on the Type field of the TLV

observation

Observation bundle 255 Determined per observation in the
bundle.

Table 8.2: Determining the FHIR® value[x] Type

8.2 Observation type

In GHS, each observation has an Observation Type field either directly or in the surrounding
GHS bundle. This GHS field contains an MDC code as a uint32 value. This value can be
mapped to a FHIR® Observation code data element using the decimal string representation of
the MDC value and indicating that the code comes from the ISO/IEEE 11073 nomenclature
system. The FHIR® Observation code for such an MDC code is shown in Code Snippet 8.1.

"code": {
"coding": |
{
"system": "urn:iso:std:iso:11073:10101",
"code": "<<decimal string value of the MDC code>>"
}

I
"text": "optional field with the RefId and definition of the MDC

code"

}

Code Snippet 8.1: FHIR® Observation code value for an MDC code

For several vital signs observations, FHIR® requires the use of LOINC®" codes [24] when the
uploaded observations are searchable for vital signs monitoring of patients. The GHS client or
the FHIR® server should a