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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-govérnmental, in liaison with 1ISO and IEC, also take part in the work. In the field of infermation
technology, 1$O and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Btandards are drafted in accordance with the rules given in the ISO/IEC Directives) Part 2.
The main tagk of the joint technical committee is to prepare International Standards. -Draft Interngtional
Standards adopted by the joint technical committee are circulated to national bodies forvoting. Publication as
an Internatiorjal Standard requires approval by at least 75 % of the national bodies gastihg a vote.

Attention is drawn to the possibility that some of the elements of this documeni'ay be the subject of patent
rights. ISO ard IEC shall not be held responsible for identifying any or all sueh-patent rights.

ISO/IEC 24730-2 was prepared by Joint Technical Committee ISO/NEC JTC 1, Information technplogy,
Subcommitteg SC 31, Automatic identification and data capture techniques.

ISO/IEC 24730 consists of the following parts, under the general title Information technology — Regl-time
locating systgms (RTLS):

— Part 1: Application program interface (API)

— Part 2: 2)4 GHz air interface protocol

iv © ISO/IEC 2006 — All rights reserved
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Introduction

ISO/IEC 24730 defines two air interface protocols and a single application program interface (API) for
real-time locating systems (RTLS) for use in asset management and is intended to allow for compatibility and
to encourage interoperability of products for the growing RTLS market.

comp

iant with this standard, compliance with this part of ISO/IEC 24730 and ISO/IEC 2473041 is

g systems that operate at an internationally available 2,4 GHz frequency band and that;ate intended to

This part of ISO/IEC 24730, the 2,4 GHz air interface protocol, establishes a technical standard for real-time
locati 1
provide approximate location with frequent updates (for example, several times a minuté)) 1 order to be

required.

Real {ime locating systems are wireless systems with the ability to locate the position of an item @anywhere in a

defing
Positi

This part of ISO/IEC 24730 specifies the air interface for a system that I6cates an asset in a co

e.g. W
Therg

— L
P

— L
a

The n
types

|
>

This
Therg

d space (local/campus, wide area/regional, global) at a point in time that\is, or is close
bn is derived by measurements of the physical properties of the radio link.

arehouse, campus, airport (area of interest is instrumented) - accuracy to 3 m.
are a further two methods of locating an object which are really RFID rather than RTLS:

ocating an asset by virtue of the fact that the asset has passed point A at a certain time
assed point B.

sset.

nethod of location is through identification and location, generally through multi-lateration.
are

ime of Flight Ranging Systems,
mplitude Triangulation,

ime Difference of Arrival (TDOA),
ngle of Arrivaly

part of ISONEC 24730 defines the air interface protocol needed for the creation of an R

© ISO/IEC 2006 — All rights reserved

to, real time.

ntrolled area,

and has not

ocating an asset by virtue of providing a homifig'beacon whereby a person with a handhe|d can find an

The different

TLS system.

are mahy types of location algorithms that could be used. An example of a location algorithm is given in
Annex A
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Information technology — Real-time locating systems (RTLS) —

Part 2:

2,4

GHz air interface protocol
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Harm

ISO/I
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ISO/I
syste

jcope

btry. The system utilizes RTLS transmitters that autonomously generateadirect-sequ

that allows modification of the rate of location update and location of the, RTLS device. IS
efines these modes, but does not define the means by which they are accomplished.

nces, only the edition cited applies. For undated\references, the latest edition of th
nent (including any amendments) applies.
hm interface (API)

FC 18000-4, Information technology % Radio frequency identification for item managem
neters for air interface communications at 2,45 GHz

FC 19762-1, Information techhology — Automatic identification and data capture (AIDC)
bnized vocabulary — Part-1;:General terms relating to AIDC

EFC 19762-3, Information technology — Automatic identification and data capture (AIDC)
bnized vocabulary(—Part 3: Radio frequency identification (RFID)

EC 15963, Information technology — Radio frequency identification for item managemse
fication for'RF tags

EC 8802-11:2005, Information technology — Telecommunications and information exchd
ms_~Local and metropolitan area networks — Specific requirements — Part 11: Wireless

EC 24730-1, Information technology — Real-time locating systems (RTLS)— Part 1:

bart of ISO/IEC 24730 defines a networked location system that provides X-Y coordingtes and data

ence spread

fum radio frequency beacon. These devices may be field programmable and support an optional exciter

O/IEC 24730

ollowing referenced documents are indispensable fep the application of this document. For dated

e referenced

Application

bnt — Part 4:

echniques —

echniques —

nt — Unique

nge between
LAN Medium

Acce

s Control \/I\/fA (‘) and. Phyeir*nl L ayer ‘/DI—IV) c’rmr\ifir‘nﬁnne

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 19762-1, ISO/IEC 19762-3 and

the fo

31

llowing apply.

air interface
wireless communications protocol and signal structure used to communicate data between RTLS transmitters

and o

ther RTLS devices
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3.2
corporate LAN

customer-provided network such as Ethernet or wireless LAN

3.3

host applications

customer’s management information systems

3.4

RTLS infrastructure
system components existing between the air interface protocol and the RTLS server API

3.5

real-time Ioc]ating system
set of radio frequency receivers and associated computing equipment used to determine the‘position of a
transmitting device relative to the placement of the aforementioned receivers that is capable of reportin
position withih several minutes of the transmission used for determining the position of the transmission

Note: Refer to Figure 1 for clarity regarding elements of RTLS infrastructure.

exciter

RTLS
transmitters

RTLS
transmitters

RTLS
transmitters

air

optlonal

intefface

I8
I8

&

RTLS
infrastructure

g that

mandatory

air

interface

RTLS host
server applications
Application
Program
Interface

Figure 1 — Elements of RTLS infrastructure

3.6
RTLS server

computing device that aggregates data from the readers and determines location of transmitters

3.7

RTLS transmitter

battery powered radio devices that utilize the protocols specified in ISO/IEC 24730

3.8
RTLS reader

device that receives signals from an RTLS transmitter

© ISO/IEC 2006 — All rights reserved
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3.9
open

ISO/IEC 24730-2:2006(E)

field

path from transmitter to receiver is LOS (line of sight)

[ANS T1.523-2001]

3.10

exciter
device that transmits a signal that alters the behaviour of an RTLS transmitter

3.11

nvert

upco
chang

3.12

tag b
radio
mess

3.13

sub-k
mess

4

[da)

e a baseband signal to a higher frequency signal

ink
frequency transmission(s) from an RTLS transmitter that may consist of.ene or mult
bges

link
hge that is transmitted one or multiple times in a “blink”

yymbols and abbreviated terms

ple duplicate

For the purposes of this document, the symbols and” abbreviated terms given in ISOJIEC 19762-1,

ISO/I
DSSY
EB
EXB
RTLS

TIB

5

b u |

5.1

This

FC 19762-3 and the following apply.
Direct Sequence Spread Spectrum
Event Blink

EXciter Blink

Real Time Locating System

Timed Interval Blink

Requirements

Frequency range

bart/of ISO/IEC 24730 addresses real-time locating systems (RTLS) operating in the

P 400 GHz to

2,483

5.2

GHZz Trequencies.

2,4 GHz spread spectrum air interface attributes

The minimum feature set shall include the following.

— RTLS transmitters shall autonomously generate a direct sequence spread spectrum radio frequency
beacon.

— Transmission shall be at a power level that can facilitate reception at ranges of 300 m open-field
separation between the transmitter and receiver when operating within the parameters described in
Table 1.

© ISO/IEC 2006 — All rights reserved
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RTLS tra

nsmitters shall be fully compliant with local regulatory requirements.

Class 1 RF transmissions are low power and electro-magnetically compatible with and shall not interfere

(not cause any measurable difference in throughput) and co-exist with existing standardized
ISO/IEC 8802-11 wireless communication networks. They are also systems that co-exist with
ISO/IEC 18000-4, and shall not exceed the maximum power requirements of the local regulatory

agencies

agencies

5.3 Comp

The beacon

facilitate recsg
RTLS transm
shall be cap4d
The nominal
RTLS transm
standardized
ISO/IEC 180(

To be fully co

5.4 Manuflacturer tag ID

The manufad
manufacturer
bits are desig

API, the remaining 16 bits establish a numbering system. made unique by the initial manufacturer ID nu

The manufag
manufacturer
Class 16h.

5.5 Physic
The paramet
These opera
degrees Cels

Table 2 and 1

Class Il RF transmissions shall not exceed the maximum power requirements of the local regulatory

lance requirements

transmitters specified in this part of ISO/IEC 24730 shall transmit at a power leye) thd
ption at ranges of at least 300 m LOS separation between the transmitter and-receiver.
itters shall be fully compliant with local radio frequency regulatory requirements. Each re
ble of receiving and processing data from a minimum of 120 beacon transmissions per sg
location data provided by the RTLS shall be within a 3 m radius of thehactual location
itter. The RF transmissions are low power, compatible with, and shall not interfere with e

ISO/IEC 8802-11 wireless communication networks, and/ 'systems compliant
0-4.

mpliant with this part of ISO/IEC 24730, RTLS shall also comply with ISO/IEC 24730-1.

turer's tag identification number identifies a particular manufacturer and consists of 16 |
may have more than one ID number. As reparted from the RTLS Server to the API, the fi
nated for the manufacturer’s identification number. As reported from the Data Link Layer

turer’'s identification number is a registration in accordance with ISO/IEC 15963. The
s identification number shall be assigned in accordance with ISO/IEC 15963, under Allo

tal layer parameters

ling parameters arefo be defined for the temperature range of —30 degrees Celsius
us.

[able 3 specifythe parameters for the optional air interfaces that may be implemented.

Table 1 — RTLS transmitter DSSS link parameters

Parameter name

t can
Such
Ceiver
cond.
pf the
isting

with

its. A
rst 16
to the
mber.
16-bit
cation

er definitions given in Table 1 apply. These parameters are referenced by parameter pame.

to 50

Description

Operating frequency range

2400 MHz — 2483,50 MHz

Operating frequency accuracy

+ 25 ppm maximum

Centre frequency

2441,750 MHz

Occupied channel bandwidth

60 MHz

Tra

10 dBm EIRP max.

Class 2: Maximum in accordance with local regulations.

nsmit power Class 1:

Spurious emission, out of band

The device shall transmit in conformance with spurious
emissions requirements defined by the country’s regulatory
authority within which the system is operated.
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Parameter name

Description

Modulation

BPSK Direct Sequence Spread Spectrum (DSSS)

Data encoding

Differentially encoded

Data bit rate 59,7 kb/s

Bit error rate 0,001%

PN chip rate 30,521875 MHz £ 25 ppm

PN code length 511

PN spread code 0x1CB

Data packet lengths Option 1: 56 bits
Option 2: 72 bits
Option 3: 88 bits
Option 4: 152 bits

Message CRC polynomial

GX)=X+ X"+ X3+ X2+ X + 1

CRC polynomial initialized value

0x001

Blink interval

Programmable, 5 s minimum

Blink interval randomization

+ 638 ms maximum

Number of sub-blinks

Programmable, 1 -8

Sub-blink interval randomization

125 ms + 16 Ms,maximum

Maximum Frequency Drift

<+ 2 ppm.over the duration of the entire message

Phase Accuracy

< 0,50 radians within any 33 ps period

Phase Noise <15 degrees when the noise is integrated from 100 Hz to
100 kHz
Table 2— RTLS transmitter OOK link parameters
szar:]n;;?r Parameter Name Description

O1p Carrier frequency 2400 MHz — 2483,5 MHz
O1p Operating frequency accuracy + 25 ppm maximum
o1 Centre frequency 2441,750 MHz
O 2p Data encoding Differentially encoded
02p Data packet lengths Option 1: 88 bits

Option 27184 bits
02 Message CRC polynomial G(x)= X"+ X"+ X%+ 1
O 2d CRC polynomial initialized value 0x0001
03 Transmit power Class 1: 10 dBm EIRP max.

Class 2: Max. per local radio regulations
04 Transmit spurious emissions, out of | Within local radio regulations

band

o5 Modulation OOKI/FSK, using 2 tones @ 376,8 kHz /535,5 kHz
O 5a Logic “0” 19 cycles at a 377 kHz rate of 2,44652 GHz on/off

© ISO/IEC 2006 — All rights reserved
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Parameter Parameter Name Description
Number

O 5b Logic “1” 27 cycles at a 535 kHz rate of 2,44652 GHz on/off

06 Data rate 19,83 kb/s

o7 Duty cycle 50%

08 Data error rate 0,001% max.

Table 3 — RTLS transmitter magnetic link parameters
Paramete Parameter Name Description
Number

M1 Signalling frequencies 114,688 kHz and 126,976 kHz

M 2 Field strength Regulatory/application dependent

M3 Bit data rate 2,048 kb/s

M 4 Symbol period 244,14 ms

M5 Data error rate 0,001%

M6 Start sync 3 symbol periods @+\114,688 kHz followed by 3 symbol
periods @ 126,976 kHz

M7 End sync 3 symbol periods @ 126,976 kHz followed by 3 syrmbol
periods @ 114,688 kHz

M8 Data bit 0 1 symbok'period @ 126,976 kHz followed by 1 symbol
period‘@ 114,688 kHz

M9 Data bit 1 1.:symbol period @ 114,688 kHz followed by 1 symbol
period @ 126,976 kHz

M 10a Programmer packet lengths Option 1: 10 bits
Option 2: 48 bits
Option 3: 64 bits
Option 4: 68 bits
Option 5: 144 bits
Option 6: 160 bits

M 10b Exciter packet lengths Option 1: 10 bits
Option 2: 28 bits
Option 3: 44 bits
Option 4: 144 bits

M 11 Data encoding Manchester encoding

M 12a Programmer message CRC | G(X) = X2+ X"+ + X2+ X + 1

polynomial

M 12b 28 bit exciter CRC polynomial GX)=Xe+ X'+ X3+ X2 +1

M 12¢ 44 bit exciter CRC polynomial GX)= X2+ X"+ X3+ X2+ X' +1

M 12d 10 bit programmer / exciter CRC | G(X)=X*+ X" +1

polynomial

6 © ISO/IEC 2006 — All rights reserved
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6 Mandatory air interface protocol specification

This part of ISO/IEC 24730 defines the 2,400 GHz to 2,4835 GHz RTLS spread-spectrum transmissions and
the command/data level air interface communication protocols. These protocols facilitate communication
between a compliant RTLS transmitter and a compliant infrastructure. The optional protocols in clause 7
facilitate communication between an RTLS transmitter and a programming device and also an exciter device
respectively. The timing parameters and signal characteristics for the protocols are defined in the physical link
specification in clause 5.

6.1

Introduction

Beacn type RTLS system architecture consists of RTLS transmitters that "blink™ a Direct Seqy
Specfrum (DSSS) signal, and fixed position RTLS readers that receive those signals. The
deterinines the x, y location of the RTLS transmitters. Location of tagged assets can be determin

than

deterinined, the location information and any other information are passed to the host-application

Additi

Funct

The |
comp

m accuracy in most environments, indoors and out. Once the location of the RTLS

pnally, an option that provides the ability to transmit telemetry data is defined:

onal classification

ence Spread
system then
ed with better
transmitter is

ice that is a

RTLS transmitter module is typically a compact internally powered radio frequency de
bnent of the RTLS system. The RTLS system is designed to\track and locate items with a

transinitters. Each locatable transmission is a pulse of direct sequence spread spectrum radi

RTLS
telem
word

tached RTLS
signal. The

infrastructure receives these signals, or blinks. The'blink is a short ID-only messagg or a longer
btry message also containing the RTLS transmitters{ID. Each transmission also contains |a status data
hat provides information on the RTLS transmitter. canfiguration, battery status and other dafa. The RTLS

transmitter’s ID, status data word, and location are provided to the host by the RTLS Infrastrugture. Multiple

RTLS
locatg

Anti-o
sub-b
The d
also &

The H
mess
initiali
using
signa

transmitters may be present in typical installations allowing a large number of items to b
din real time.

ollision synchronization protocols are mot required. Each “blink” is comprised of multiple s
inks are part of a multiple level anti-interference system; time diversity, spatial diversity, pr
ombination of these multiple sub-blinks, multiple receiving antennas and spread spectru
llow multiple RTLS transmittersé-to blink simultaneously and still be received.

TLS transmitter data shall-be binary encoded with the MSB (Most Significant Bit) transmi
hges. It is differentiallynencoded using the example circuit of Figure 2. The output of the eng
zed to "1". It shallbe exclusively OR’d with the output of the PN (Pseudo Noise) generat
a BPSK (Bi-Phase Shift Keyed) format and upconverted using a single sideband upc
is then amplified and transmitted to the RTLS infrastructure.

Data Out

tracked and

b-blinks. The
bcessing gain.
m correlation

ted first in all
oder shall be
br, modulated
bnverter. The

Data In H>

Clock—

Figure 2 — Example of differential encoding circuit

An example of the RTLS transmitter PN Generator is shown in Figure 3.
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Figure 3 — RTLS transmitter PN generator

Data encoding and transmission process is shown below in Figure 4.

Differentially encode data ]

generator

BPSK modulate

v

Frequency translate/upconvert]

Exclusive XOR ) differentially
encoded data with outputof PN
[ to 2.44175 GHz

Amplify signal and transmit to
system

Figure 4— RTLS transmitter data encoding and transmission process

PN generator

j)D' output

The format gf the.'Direct Sequence Spread Spectrum (DSSS) transmission from the RTLS transmifter is
shown in Figlire’5.-Each DSSS transmission from the RTLS transmitter contains a “blink” packet containing N
sub-blinks. Eachv§et of sub-blinks can be one of four message lengths. All sub-blinks within a “blink” shall be

identical to provide time diversity. Each sub-blink includes the RTLS transmitter’'s 32-bit ID, 4-bits of status
data, CRC (Cyclical Redundancy Check) data and optional telemetry data depending on the type of message.
The “blink” packet occurs at the beginning of the blink interval. Sub-blinks shall be separated by an interval,
which is not user configurable. The number of sub-blinks per blink and the blink interval are configurable.

© ISO/IEC 2006 — All rights reserved
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Blink containing N sub-blinks

- A N Sub-blink
[ X X N J /
[ J [ [ J
AN -
Blink interval
Figure 5 — DSSS air interface
Thred classes of DSSS blinks are defined; Timed Interval Blink (TIB), excitertBlink (EXB), anfl Event Blink
(EB).|A TIB shall transmit at a pre-programmed rate. An EB shall be caused by a switch event or external
stimulus. A state diagram showing the different operational states of the RTLS transmitter is shown below in
Figur¢ 6.
Note: For Figure 6 and all future figures, solid lines denote required features7and dotted lines denote optional features.
- T~
I/Set blink ¥
\ rate=off... /
~ 7/
™
X
~ -~ N
Initial power-on 7
/ Program modge }
—»
Timed Interval Complgtion of Programmer N — 7/
Blink (TIB) mode blink . signal y, Sec 6/4.3.4
/ Completion of
Sec 6.4.3.1 Progremming
Ir:iﬁr;f I Sleep mode
\ -~
Exciter
Completic;n of messaal
blink
; in / \ \
/ t)i(;i:]tm Exit exciter \
— - Ve mode — - =
( Erontsinc ey YA [ Excteroink
\ mode ] »\ /
v rN 7
~ ~ - | ~
Sec 6.4.3.2 {/Set blink N Sec 6.4.3.3
T \ rate=off... /
~ 7

-— -

Figure 6 — RTLS transmitter state diagram
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The DSSS carrier frequency is fixed at 2441,75 MHz and the chip rate shall be fixed at 30,521875 MHz.

6.2 RTLS transmitter radiated power

Two classes of RTLS transmitters exist with respect to the output power level they are capable of delivering.
The Equivalent Isotropically Radiated Power (EIRP) of a Class 1 RTLS transmitter is less than 10 mW
(10 dBm). Class 1 RTLS transmitters are intended for applications with moderate to dense infrastructures and
minimal obstructions.

The EIRP of a Class 2 RTLS transmitter is greater than 10 mW (10 dBm) and less than the maximum allowed
by local radio regulations. Class 2 RTLS transmitters are intended for sparse infrastructures where RTLS

readers may
obstructions.

The antenna
constraints of
orientation p¢

—betocated—greater tham 300 fromm the RTCStransmitter —or—environmments— with ]

of the RTLS transmitter should provide a pattern that is as omni-directional as possible with
the RTLS transmitter packaging requirements. This will ensure near equivalencewith reg
rformance of individual transmitters within the system. The RF EIRP of a tag’shall not vary

major

in the
ard to
more

than 10 dB peak to peak in a spherical pattern in free space. It shall not vary more than 10 dB in a[semi-
spherical patfern around a tag mounted directly to a metallic plate of one square metér in order to achieye the
required syst¢m performance.

6.3 DSSS|message specifications

6.3.1 DSSY message encoding

The PN Sprepding Code shall be 0x1CB. The PN Generator is initialized with a “1” in register D9 and “P”’s in
all other registers.

The beginning of the blink interval shall be randomized’by a maximum of + 638 ms to avoid repeptedly
colliding with|blinks from other RTLS transmitters. Thé.beginning of each successive sub-blink shall also be
randomized. [The interval between each sub-blink shallkbe 125 ms randomized by a maximum of + 16 ms from

the beginning
6.3.2 DSSS

There are fol
the 72-bit me
transmitting 4
transmitting {
transmitter I[
amounts of tq
the following

Each messag

of the previous sub-blink.

message structures

r different message formats determined by the length of the message in bits: the 56-bit me
ssage, the 88-bit message, and the 152-bit message. An RTLS transmitter shall be capa
t least one of these:message formats. The 56-bit and 72-bit message format is intend
he RTLS transmitter ID, the 72- and 88-bit messages are intended for transmitting the

and exciter tinformation and the 152-bit message format is intended for transmitting |
lemetry information. The structure of each of these message formats is shown in more de
sectionsy

e type/contains an 8-bit preamble of 0x01.

5sage,
ble of
bd for
RTLS
mited
tail in

Each message type contains a 4-bit RTLS transmitter Status as defined in the message definitions.

72- and 88-bit messages may carry an exciter ID. An exciter ID is comprised of 16 bits. The MSB designates
whether the RTLS transmitter has entered or left an exciter field.

Each message type contains a CRC generator polynomial defined by X Zex"+ X+ X2+ X+ 1. The
preamble is not included in this polynomial.

Each message contains a 32-bit RTLS transmitter ID. These ID’s are defined in the range 1 to 4 294 967 296

(0x00000001

to OXFFFFFFFF).

Unique data to the each message type is shown.

10
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6.3.2.1 DSSS 56-bit message format

ISO/IEC 24730-2:2006(E)

The DSSS 56-bit message format for the RTLS transmitter is shown in Table 4. The 56-bit message format
consists of the 8-bit preamble, the 4-bit RTLS transmitter status field, a 32-bit field containing the RTLS
transmitter ID and the 12-bit CRC field for a total message length of 56 bits. The 56-bit message shall have a

transmission duration of 937,5 ps.

Table 4 — DSSS 56-bit message formats

Preamble RTLS transmitter status RTLS transmitter ID CRC
8 o | s2 | s1 ] B 32 12
8 "1" Reserved 32 12
Bit 55 to bit 48 Bit 47 to bit 44 Bit 43 to bit 12 Bityto bjt O

For Sj1 and S2 a value of "1" shall equal a set condition. For B, (the battery bit), @yvalue of "1"

notifigation of a battery alarm.

6.3.2 DSSS 72-bit message format

The DSSS 72-bit message format for the RTLS transmitter is shown.in Table 5. The 72-bit me
consigts of the 8-bit preamble, the 4-bit RTLS transmitter status.field, a 32-bit field containi
transmitter ID, a 16-bit payload field, and the 12-bit CRC field forya total message length of 72 b
messpge can be used for communicating the RTLS transmitter's 32-bit ID and either data
address or an extended RTLS transmitter ID as payload. The status field determines the content

paylogd field. The 72-bit message shall have a transmission duration of 1,205 ms.

Table 5 — DSSS’72-bit message format

Preamble RTLS;tr:t'LZmltter tranE;Ii-t?er ID Payload CRC
8 0" | s2 | s1.{HB 32 Extended ID 2
8 e | on | o | o 32 Exciter ID 2
8 el K0P X | X 32 Indexed Data 2
Bit 71 to bit 64 Bit 63 to bit 60 Bit 59 to bit 28 Bit 27 to bit 12 Bit11to bit 0

6.3.23 DSSS$88-bit message format

The DSSS_88-bit message format for the RTLS transmitter is shown in Table 6. The 88-bit me

consists,of Ja 8-bit preamble, a 4-bit RTLS transmitter status field, a 32-bit field containi

shall equal a

ssage format
hg the RTLS
ts. The 72-bit
or an exciter
format of the

ssage format
g the RTLS
transinitter 1D, a 16-bit exciter field, an additional 16-bit address field, and a 12-bit CRC figld for a total
message length of 88 bits. The 88-bit message format can be used for communicating the RTLS transmitter’s

32-bit ID and an extended RTLS transmitter ID and either an exciter address or data as the payload. The

status field determines the content format of the payload field. The 88-bit message shall have a transmission

duration of 1,473 ms.

© ISO/IEC 2006 — All rights reserved
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Table 6 — DSSS 88-bit message format

Preamble RTLSst::t':lssmltter tran:nT\Ii-ttSer ID ?gg:"edsesd Payload CRC
Reserved | "0" | S2 S1 B Reserved Reserved Reserved Reserved
8 " | 0" | "0" | "0 32 16 Exciter ID(16) 12
8 " X X X 32 16 Indexed data(16) 12
Bit 87 to Bit 79 to bit 76 Bit 75 to bit 44 | Bit 43 to bit 28 Bit 27 to bit 12 Bit11 to bit 0
bit 80
6.3.2.4 DSSS 152-bit message format

The DSSS 14

transmitter 10
message sha

2-bit message format for the RTLS transmitter is shown in Table 7. The 152-bit message f
consists of @ 8-bit preamble, a 4-bit RTLS transmitter status field, a 32-bit field containing the
, a 96-bit data field and a 12-bit CRC field for a total message length of”152 bits. The 1

| have a transmission duration of 2,544 ms.

Table 7 — DSSS 152-bit message format

ormat
RTLS
52-bit

RTLS transmitter RTLS
Preamble status transmitter ID Payload CRC
8 X | 82 | s1 32 96 12
8 X | 82 | s1 32 60-DF 16 ext 72 12
ID
Bit 151 to bit 144 Bit 143 to bit 140 | Bit 139 to bit-108 Bit Bit99 to | Bit83 | Bit11 to bit 0
107 to bit84 to bit
bit 100 12
6.3.3 DSS§ message modes

There are m
requirements
transmit telen

6.3.3.1

Timed interva

ultiple message modes( These modes allow the system to be matched to the appli
by providing the ability to: minimize airtime, transmit exciter ID's, transmit event notificatid

netry data.

| blink mode transmits one of four message types transmitted over the DSSS link. The foll

Timed interval blinks (TIB) mode

parameters njay beseonfigurable in conformance with the specifications provided.

6.3.3.1.1 N

umber of sub-blinks

Cation
ns, or

bwing

The number of sub-blinks transmitted by the RTLS transmitter during a TIB may be configurable. If the
number of sub-blinks is configurable, they shall be configurable from 1 to 8 sub-blinks per blink.

6.3.3.1.2

Blink interval

The blink interval of TIB transmissions may be configurable. The minimum blink interval shall be 5 s. A

command to set the blink interval to 0 shall disable an RTLS transmitter.

12
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6.3.3.1.3  152-bit blink repetition rate

The 152-bit blink repetition rate shall define the TIB repetition rate for 152-bit messages. Available intervals
shall be every 8" blink, every 64™ blink, always or never.

6.3.3.2 Event blink (EB) mode

Events are defined as pushbutton activation, slide switch toggles, or other external inputs. Event blinks shall
occur only after an event is detected. After an event is detected, the RTLS transmitter shall blink from 1 to 15
times as programmed. The minimum blink interval shall be 5 seconds. An EB shall be 56, 72, or 152 bits in
length.

If the fransmitter is disabled an event shall not cause a blink.
6.3.3.2.1  Number of event blinks

The number of EBs for the RTLS transmitter should be configurable from 0 to 15 hlinks per event,.
6.3.3.2.2 Event blink interval

The Bvent Blink Interval shall be 5 s or greater.
6.3.3.2.3 Event blink re-trigger time

The Bvent Blink Re-trigger Interval is defined as the timedoignore the same event input after the last blink.
The Hvent Blink Re-trigger Interval period shall be 5 s orgreater.

6.3.33 Exciter blink (EXB) mode

If sugported, exciter Blink Mode allow the system to modify the RTLS transmitter blink rate|to provide a
differgnt blink rate or a finer level of location;by providing a locate function with regard to then exditer.

6.3.34 Program mode
If supported, Program Mode altows an RTLS transmitter to have operational parameters progfammed. The
RTLY transmitter may also be tufned on and off in this mode.
7 Optional air.interfaces

The RTLS transmitter may support the use of a programmer and an exciter. If the RTLS tranpsmitter does
suppart the wse of these devices, then it shall comply with the following clauses.

7.1 |RTLS transmitter OOK/FSK message specifications

If the RTLS transmitter does support the use of a programmer, then it shall respond to the programmer with
OOK/FSK messages as defined below.

7.1.1 OOKI/FSK blink message description

The RTLS transmitter may include a method to respond to a programming device.

If the RTLS transmitter includes this capability, the transmitter shall receive commands transmitted using
Magnetic FSK and use OOK/FSK (On-Off-Keyed (OOK)/Frequency Shift Keyed (FSK)) transmissions to

respond to the programming device. The programming device may be used to write and read configuration
information, load data registers, and/or read the identity from the RTLS transmitter.

© ISO/IEC 2006 — Al rights reserved 13
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If external programming and/or data load is supported, there shall be two different message lengths, 88-bit
and 184-bit. The structure of the 88-bit message shall include a 24-bit preamble, 8-bit status field, 32-bit tag ID,
8-bit ACK, 16-bit CRC. The structure of the 184-bit message shall add 96-bits of data between the ACK and
the CRC.

The data transmitted shall be differentially encoded and start with logic “0”. The FSK rate shall correspond to
the differential data with 376.8 kHz representing logic “0”, and 535,5 kHz representing logic “1”. Each bit
period shall be 50,423 ms.

7.1.2 OOK/FSK message encodation

A logical “0” rmmmm%&mﬁﬁ%ﬁww shall
be representgd by 27 cycles at a 535 kHz rate of 2,44652 GHz RF signal. The OOK/FSK message encoglation

is shown in Flgure 7 below.

DATA

Logic "0" | Logic "1" |

27 clock cycles of 535 kHz
535 kHz

= 0n00---00 G

377 kHz 19 clock cycles of 377kHz
Clock

2.4 GHz
Carrier

O it \ \\ T AL
e AR R IR AR
rrall 11| T %% Wm WS- -0

MU' UM mat W w0 mm

Figure 7 — OOK/FSK message encodation

7.1.3 OOK/FSK message formats

Table 8 shows the message structure that shall be used for an 88-bit OOK/FSK message.

Table 8 — OOK/FSK 88-bit message structure

. Field Iy
Bits length Description

87 ta-64 24-bit Preamble—=0x00FBC

63 to 56 8-bit Tag Status (=0000+the RTLS transmitter’s last status sent via a DSSS
message)

55to 24 32-bit Tag ID

23to 16 8-bit ACK, G(x) = x® + x* + x> + x* + 1 in response to magnetic messages of
28 bits or more
ACK shall be 0x00 in response to magnetic messages of less than 28
bits

15t00 16-bit Message CRC: G(x) = x"® + x" + x° + 1

14 © ISO/IEC 2006 — Al rights reserved
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9 shows the message structure that shall be used for a 184-bit OOK/FSK message.

Table 9 — OOK/FSK 184-bit message structure

71.4
OOK

the G
RTLS

7.1.4.

The R

be required to receive the OOK response.

Wher

transmit a DSSS message, but shall transmit an 88-bit OOK message containing its 32-bit

mess

7.1.4.

The R

be required to receive the QOK response.

Wher
shall

programmed 96-bit.data payload. The 184 bit OOK message shall contain a 24-bit preamble, 8-

bit ID

71.5

Bits in:gl;tih Description
183 to 160 24-bit Preamble = 0x00F7BC
159 to 152 8-bit Tag status (=0000+the RTLS transmitter’s last status sent via a DSSS
message)
151 to 120 32-bit Tag ID
119 to 112 8-bit ACK = 0x00
111 to0 16 96-bit Data payload
150 0 16-bit Message CRC: G(x) = x"® + x"? + x° + 1

OOK/FSK message modes

FSK messages may be supported. If OOK/FSK messages are supported they shall comp
OK/FSK specifications. OOK/FSK messages shall be the response to valid queries regq
transmitter through the magnetic link.

1  OOK 88 bit message mode

TLS transmitter may support a Who-Are-You function. In order to use this function a prog

the RTLS transmitter’s receiver acquires:a\magnetic link message with an exciter ID of 00

age contains a 24-bit preamble, 8-bit status, 32-bit ID, 8-bit op-code (always 0), and a 16-bi
2 OOK 184 bit message-mode
TLS transmitter may suppart OOK 184-bit messages. In order to use this function a progr

the RTLS transmitter’s receiver acquires a valid Programmer or exciter message with an
not transmit a,DS8S message, but shall transmit an OOK message containing its 32-bit ID

8-bit oprcode (always 0), 96-bit data payload, and a 16-bit CRC.

RTLS transmitter OOK/FSK link

ly with the all
eived by the

rammer shall

0, it shall not
D. The OOK
CRC.

ammer would

ID of 0100, it
and the last-
hit status, 32-

Table

7.2

2 lists the physical link specifications for the RTLS transmitter.

Programmer magnetic FSK message specifications

If the RTLS transmitter does support the use of a programmer, then the programmer shall transmit messages

to the

7.21

RTLS transmitter with magnetic FSK messages as defined below.

Programmer command interface description

An RTLS transmitter programmer may be capable of transmitting the RTLS transmitter configuration and/or
data payload magnetically to the RTLS transmitter. The programmer may also be capable of transmitting
direct sequence spread spectrum (DSSS) data to the RTLS infrastructure (emulating an RTLS transmitter).

© ISO/IEC 2006 — All rights reserved
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If used, the interface from the programmer to the RTLS transmitter shall be via an FSK magnetic signal using
Manchester Encoding. The response from the RTLS transmitter to the programmer for acknowledgements
shall be via the previously defined OOK/FSK RF signal as defined in 6.5.1.3

7.2.2 Programmer configuration message protocol

The programmer configuration message is used to set the transmitters configurable parameters and operating
modes.

The message exchange between the programmer and the RTLS transmitter shall be as shown in Figure 8.

RTLS
transmitter

Programmer

Tx
configuration

Rx
configuration

Tx Ack,

Rx ack,
Tx load

Rx load

Tx ack,=00

Figure 8 — Write configuration message exchange

The programiner configuration message shall consist of a 160-bit magnetic message containing

e 4-bitlop-code (1010);
e 32-bjt RTLS transnitter ID,
e 112-pit RTLS transmitter configuration,
e 12-bjt message CRC.
The 160-bit (.,Ullfigumtiun message iS plUbUUICCII 'uy 260-msofan aitclllatillg “t—and—6" oigllai atthe aymbol

rate defined in 6.5.1.2. This signal shall cause the magnetic receiver to stay active until the message is
received. The configuration message from the programmer to the RTLS transmitter shall be Manchester
Coded. The format of the 160-bit configuration message is shown in Table 10.

16 © ISO/IEC 2006 — All rights reserved
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Table 10 — Programmer configuration message format (160-bits)

Bits Description
159 to 156 Op-code = "1010"
155 to 124 Message id = RTLS transmitter ID
123 to 92 RTLS transmitter id, id RTLS transmitter will assume after configuration
91 to 88 TIB interval
87 to 85 Number of sub-blinks per TIB
84 to 75 DSSS PN code
74t0 72 Reserved = 000
71 Reserved =0
70 to 67 Number of exciter blinks
66 to 64 Exciter blink interval
63 to 61 Exciter re-trigger mode
60 to 55 Event configuration
54 to 52 Reserved = "000"
511048 Number of event blinks
47 to 45 Event blink interval
44 t0 42 Event blink re-trigger time
411040 Reserved = "00"
39 Reserved ="0"
38 to 36 Reserved = "100"
35to 32 Alternate exciter blink mode interval
31to29 Alternate excitenblink mode duration
28 Sib field-dependent re-trigger
27 to 25 Reserved = "011"
24 to 21 Reserved = "0000"
20 Reserved ="0"
19 Rx on interval, 200 ms or 500 ms
18 Reserved ="0"
1710 16 DSSS long message interval
15 Reserved ="0"
14 Reserved = "Q"
13to 12 Reserved = "00"
11t00 Message CRC g (x) = x"2+ X" + x> +x* + x' +1

The RTLS transmitter shall respond within 1,5s via OOK/FSK if the programmer's message meets the

following requirements:

the message is 160 bits,

the message ID matches the RTLS transmitter’s ID,
the op-code field is “1010”,

the 12-bit CRC check passes.

© ISO/IEC 2006 — All rights reserved
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The OOK/FSK message contains

24-bit preamble,

the RTLS transmitter’s 8-bit status,

32-bit ID,

8-bit CRC ACK calculated on the magnetic message,
16-bit OOK message CRC.

The format of the acknowledgement (ACK) message is shown in Table 11.

Table 11 — Acknowledgement message format

Bits Description
§7 to 64 Preamble = 0x00F7BC
43 to 56 RTLS transmitter status
35t0 24 RTLS transmitter ID
43t0 16 ACK CRC: G(x) =x®+x* +x° +x* + 1
15t0 0 Message CRC: G(x) = x'® + x'? + x° + 1

If the programmer receives the OOK/FSK acknowledgement\ and verifies the message conten

programmer
signal at the
the message

Once validat
registers. The

24-bi
8-bit
32-bi
8-bit
16-bi

The format of

shall send a 10-bit message, 11 0000 0110, preceded by 200 ms of an alternating “1” a
symbol rate defined in 6.5.1.2. This signal shall ‘cause the magnetic receiver to stay activ
is received.

bd, the RTLS transmitter shall load the\new configuration into the RTLS transmitter’s in
RTLS transmitter shall respond via QOK/FSK. This OOK/FSK message shall contain

preamble,

status,

ID,

ACK =00,

OOK message CRE.

the acknowledge message to the load command is shown in Table 12.

Table 12 — Load acknowledgement message format

, the
,]d “07!
b until

ternal

Bits Description
87 to 64 Preamble = 0x00F7BC
63 to 56 RTLS transmitter status
55t0 24 RTLS transmitter ID
23t0 16 ACK CRC = 0x00
15t00 Message CRC: G(x) = x'"° + x'? + x° + 1

18
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7.2.3 Programmer data message protocol

The programmer can send 96 bits of data payload to the RTLS transmitter that can be transmitted either via
DSSS to the infrastructure or OOK/FSK to a programmer.

The message exchange between the programmer and the RTLS transmitter shall be as shown in Figure 9

Programmer

RTLS
transmitter

The p

The
defin
The 1

Rx data

x> ack,

Rx load

Tx ack,=00

Figure 9 — Write data message protocol

rogrammer shall send a 144-bit magnetic message containing

4-bit op-code "1000",
32-bit RTLS transmittér ID,

96-bit user data,

12-bit message-CRC.

144-bit data message is preceded by 200 ms of an alternating “1” and “0” signal at the
2d in 6.57N\2. This signal shall cause the magnetic receiver to stay active until the messag

ormatefithe 144-bit programmer data message is shown in Table 13.

Table 13 — Programmer data message format

symbol rate
e is received.

Bits Description
143 to 140 Op-code = "1000"
139 to 108 Message ID = RTLS transmitter ID or wild card 0x00000000
107 to 12 User data
11t00 Message CRC: G(x) = x2+x"" +x3+x* + x' +1

The RTLS transmitter shall acknowledge and load the programmer data message using the same procedure
as is used for the programmer configuration message discussed in 6.5.2.1.1. The acknowledgement

messages between the RTLS transmitter and the programmer are shown in Tables 7 and 8.

© ISO/IEC 2006 — All rights reserved
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7.2.4 Write indexed data command (68-bit)

The following commands all cause the RTLS transmitter to respond with DSSS transmission as defined by the
EXB portion of 6.4.2.2 through 6.4.2.4.

The message exchange between the programmer and the RTLS transmitter shall be as shown in Figure 10.

Programmer RTLS
9 transmitter
TX
indgx data

The 68-bit da
in6.5.1.2. Th

The type of t
for bit definiti
DSSS blinks
as defined beg

24-bi
8-bit
32-bi
8-bit
16-bi

When the v3
message blin

20

8-bit

Figure 10 — Write indexed data message-protocol

ta message is preceded by 200 ms of an alternating-“1” and “0” signal at the symbol rate d
s signal shall cause the magnetic receiver to stay,active until the message is received.

ansmission and the data included shall deépend on the op-code of the command. See Ta
bns of the magnetic commands. The RTLS transmitter shall respond with an OOK/FSK AC
f the message is validated for length,‘Op-code, and CRC. The OOK/FSK ACK response sh
low:

preamble,

status,

RTLS transmitter ID,

CRC ACK calculated-an the magnetic message,
OOK message,CRC.

lidated message op-code is "1111", the RTLS transmitter shall respond with 152-bit
ks following the OOK acknowledge message. The message is defined as follows:

Preamble,

pfined

ble 14
K and
all be

DSSS

4-bit

RTLS transmitter Status = Defined in command,

32-bit RTLS transmitter ID,

8-bit = OxFE,

16-bit Data Payload,

last 72-bits of RTLS transmitter 96-bit data register,
12-bit CRC.
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When the validated message op-code is 1101, the RTLS transmitter shall respond with 72/88-bit DSSS
message blinks following the OOK acknowledge message. The message is defined as follows:

e 8-bit Preamble,
e 4-bit RTLS transmitter Status = Defined in command,
e 32-bit RTLS transmitter ID,
o “extID (only if 88 bit message),
e 16-bit Data Payload,
e 12-bit CRC.
Table 14 — 68-bit data payload commands
Bits 152-bit Response 72/88-bit Response
67 to 64 Op-code = 1111 Op-code = 1101
63 to 60 RTLS transmitter TX Status RTLS transmitter TX Status
59 to 28 RTLS transmitter ID RTLS transmitter ID
27t012 Data Payload Data Payload
11t00 Message CRC Message CRC

7.2.5| Write RTLS transmitter extended ID command (64-bit)
The fpllowing command shall cause the RTLS transmitter 0 respond with an OOK/FSK transmission.

The message exchange between the programmer andithe RTLS transmitter shall be as shown in Figure 11.

RTLS

Programmer :
g transmitter

Rx data

Tx ack

Figure 11 — Write extended ID

The 64-bit data message is preceded by 200 ms of an alternating “1” and “0” signal at the symbol rate defined
in 6.5.1.2. This signal shall cause the magnetic receiver to stay active until the message is received.

The RTLS transmitter will receive this 64-bit command and validate message length, op-code, CRC, and ID.
Bit definitions are shown in Table 15. If all is good, the RTLS transmitter will respond with an OOK/FSK short
message transmission as described below:

e 24-bit Preambile,

e 8-bit RTLS transmitter status,
e 32-bit RTLS transmitter ID,
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e 8-bit CRC ACK calculated on the magnetic message,
e 16-bit CRC.

The RTLS transmitter DSSS message length shall be defined by the 16-bit extended ID value.
If the extended ID is set to 0x0000, the TIB/AEXB shall be 56 bits.

If the extended ID is non-zero, the TIB/AEXB shall be 72 bits.

Table 15 — 64-bit RTLS transmitter extended ID command

Bits Description
63 to 60 Op-code = "1000"
59 to 28 Message ID = RTLS transmitter ID (no wild card allowed)
271012 RTLS transmitter Extended ID bits [47 to 32]
11t00 Message CRC

7.2.6 Sleep on/off commands

If supported,|all of the following commands shall cause the RTLS transmitter to respond with OOK/FSK
transmissiong as specified as follows.

The messagg exchange between the programmer and the RTLS transmitter shall be as shown in Figure [12.

RTLS
transmitter

Programmer

Tx
"sleep on/off"
command
Rx data

Tx ack

Figure 12 — Sleep on/off command message protocol

The 48-bit read message is preceded by 200 ms of an alternating “1” and “0” signal at the symbol rate defined
in 6.5.1.2. This signal shall cause the magnetic receiver to stay active until the message is received. The
transmission bit-length and the data shall depend on the op-code of the command. See Table 16 for bit
definitions.
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Table 16 — 48-bit RTLS transmitter read commands

Read RTLS Read RTLS Read last
Bits Sleep On Sleep Off transmitter Read data transmitter -
. . . . exciter
Configuration diagnostics
47 to 44 Op-code = | Op-code = | Op-code = | Op-code = | Op-code = | Op-code =
"1010" "1011" "1100" "1101" "1110" "1111"
43t0 12 RTLS RTLS RTLS RTLS transmitter | RTLS RTLS
transmitter transmitter ID transmitter ID ID transmitter ID transmitter
ID ID
11t00 Message Message CRC | Message CRC | Message CRC Message CRC | Message
CRC CRC

7.2.6/1 Sleep mode on command

Whern the op-code is 1010 and the message is validated, the RTLS transmitter shall respond with an 88-bit
OOKFSK message. The RTLS transmitter shall then force its receiver interval*to 500 ms. It shall disable all
RF transmissions after it sends the OOK/FSK acknowledge. The RTLS transmitter shall remain ip sleep mode
for 5|/min or until it receives and validates the SLEEP MODE OFE<Command, whichever|is first. This
comnjand is intended for use during battery replacement.

7.2.62 Sleep mode off command
Wher the op-code is 1011 and the message is validated{the RTLS transmitter shall respond with an 88-bit

OOKFSK message. The RTLS transmitter shall restore the receiver interval and re-epable all RF
transmissions.

7.2.7| Read RTLS transmitter commands

If supported, all of the following commands shall cause the RTLS transmitter to respond wjth OOK/FSK
trans;rissions as specified as follows.

The 48-bit read message is preceded-by 200 ms of an alternating “1” and “0” signal at the symbaql rate defined
in 6.9.1.2. This signal shall cause the magnetic receiver to stay active until the message is ffeceived. The
transmission bit-length and the-“data shall depend on the op-code of the command. See Tgble 16 for bit
definifions.

The message exchange between the programmer and the RTLS transmitter shall be as shown in Figure 13.
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RTLS
transmitter

Programmer

Tx
index data

x index data

Tx response

Rx response

Figure 13 — Read command message protocol

[84-bit

84-bit

7.2.71 Relad RTLS transmitter 96-bit data payload command
When the optcode is "1100" and the message is validated, the RTLS transmitter shall respond with a 1
OOK/FSK mgssage:
e 24-blt Preamble,
e  8-bit|[RTLS transmitter Status,
e 32-b|t RTLS transmitter ID,
e 24-blt OXOOFFFF,
e 80-b|t Configuration Data (see note),
e 16-bjt CRC.
The 80-bit copfiguration data is a mirror of magnetic configuration command bits 91 to 12.
7.2.7.2 Read RTLS transmitter configuration command
When the optcode is "1101" and_ the message is validated, the RTLS transmitter will respond with an 1
OOK/FSK mgssage:
o 24-blt Preamble,
e 8-bit|[RTLS transmitter Status,
e 32-b|t RTLS\fransmitter ID,
e 8-bit["00Q000000",
e 96-blt.data payload,
o 16-bHERE:
7.2.7.3 Read RTLS transmitter diagnostics command

When the op-code is "1110" and the message is validated, the RTLS transmitter shall respond with an 184-bit
OOK/FSK message:

24

24-bit Preamble,

8-bit

RTLS transmitter Status,

32-bit RTLS transmitter ID,

8-bit
6-bit
6-bit

0x00,
111111,
watchdog alarms,
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