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Topics

Review and History of IEEE 21451 standards
Dot2 NCAP and TIM Description

Modifications of Dot2 TIM to accommodate Dot4
Suggestions for future developments
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History and Nomenclature

o Original (pre-2015): IEEE 1451.1, -.2, -.3,- .4
= Named: Dotl, etc

0 Basic format split out at IEEE 1451.0 (DotO) in 2015
m  Dot5 and revised Dot2 based on new Dot0O

o Renamed as: ISO/IEC/IEEE 21451 (2010)
m Because ISO/IEC accepted IEEE 1451 standard
m But required name changes to conform
m |EEE 1451.0 now ISO/IEC/IEEE 21450 (still DotO)
m  |EEE 1451.x now ISO/IEC/IEEE 21451-x (still Dotx)
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Status of VVarious Parts of IEEE 1451

(now ISO/IEC/IEEE 21451)

Parts not developed in order

0o 1451.0 — Basic commands/TEDS format  Done (2007)

o 1451.1 — Common Network Interface/ NCAP Being Revised (1999)
o 1451.2 — Serial Revised (2013) *

o 1451.4 - TEDS Only Done (2005)

o 1451.5 — Wireless (WiFi, Zigbee, etc) Done (2007)

o 1451.7 - RFID Done (2010)

* Original Dot 2 in 1997 —being reballoted as ISO standard
Also underway
0o P21451.001-Guideline for transducer signal processing
o P21451.1.4 — XMPP network
o P1451-99 - Harmonization
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IEEE 21451 Smart Transducer Standard
Block Diagram

User Networks or Internet
Network
Interface
/ ( N N\ N N )\ \
ISO/IEC/IEEE | [ ISO/IEC/IEEE | | ISO/IEC/IEEE || ISO/IEC/IEEE || ISO/IEC/IEEE Network node
p21451-1-1 || p21451-1-2 || p21451-1-3 || p21451-1-4 || p21451-1-x or
TCP/UDP HTTP Web XMPP SNMP Network
Services Services Services Services Services Capable
Application
ISO/IEC/IEEE p21451-1 Common Network Services Processor
. ) ( Transducer )  TEDS ) ( Event ) ( Transducer ) (NCAP)
Discovery e
. Access Access Notification | [Management
Services . . A .
L ) L Services J | Services J {_ Services J | Services
( ISO/IEC/IEEE 21450 Transducer Services }
[ ISO/IEC/IEEE 21451-2 or ISO/IEC/IEEE 21451-5 Module Communications }
N J Sensor node
Transducer ISO/IEC/IEEE 21451-2 (serial interface) or or
Physical Interface ISO/IEC/IEEE 21451-5 (wireless interface) Transducer
Interface
é ) Module
[ ISO/IEC/IEEE 21451-2 or ISO/IEC/IEEE 21451-5 Communication Protocol ] (TIM)
[1s0/EC/IEEE 21450 TEDS | (1SO/IEC/IEEE 21450] [ | soEcieEe nao2er |
[ ISO/IEC/IEEE 21450-001 Signal Treatment, Conditioning, & Data Conversion J
A ¥
i Mixed Mode ' o RF
: Interface : 3‘ Interface
ISO/IEC/IEEE 21451-4 Transducers ISO/IEC/IEEE 21451-7 Blue - existing standard 5
Transducer (Sensors & Actuators) Transducer Green - active project
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IEEE 21451.2 Serial Standard
Dot2Detail 1of5  for point-to-point buses

0o Based on IEEE 1451.0 (Dot 0) standard
= now ISO?IEC/IEEE 21450)
= Dot O provides common command and data formats
for transducer access
= Dot 2 provides the PHY part of the standard

0 Includes UART & RS232, SPI and 12C
= Provides specific TEDS and data headers
o  Original Dot 2 Enhanced SPI (Tll) interface not included
0 Annex describes extension to USB modules (not multi-drop)
0o Connectors and pinouts specified
o Standard document is simplified because it relies on Dot O
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Block diagram and pin-out examples

Dot 2 Detail 3 of 5
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IEEE 21451.0 (Dot 0) TEDS Format

Dot 2 Detail 4 of 5

0 Required TEDS [Memory block with defined format]
MetaTEDS

Channel TEDS

Calibration TEDS (unless Sl units)

Xdr-name TEDS

Phy TEDS (e.g for RS232)

Also optional TEDS

0 Data Transmission [specific octet format]
= TEDS/Status requests
= Triggering and configuration
= Sensor read commands and data return
= Actuator write commands and data sending
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IEEE 21451 Command/Response (detail)

Dot 2 Detail 5 of 5

o Command format:
0 Header (6 bytes), Command (variable)

0  Response Format:
0 Header (3 bytes), Data (variable)

0 Command Examples (from NCAP to TIM)
O  TIM Discovery (to see which TIMs are available)
O  Channel Discovery (to see which Transducers are available)
0  Read TEDS (individually) — mostly binary

0 Data Return Examples (from TIM to NCAP)
0 Data from Chan. 1 (# bytes and data type, e.g. 16-bit integer, set by TEDS)
0 Data from Chan 2
o  Commands and responses same for all types of sensors and physical
layers on Network (Internet) side -- suitable for M2M & web networks

0o About 37 commands, many specialized (e.g. trigger, sleep, configure)
10
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Dot 2 TIM Description

o TIM has RS232 port

0o 11 Channels, including
m  Analog sensor inputs (4) and actuator outputs (2)
= Digital I/0O and alphanumeric display
m  Temperature sensor

TIM-01
Esensors
EEPROM | TEDS
O—— I +5V . —fy
N O—>— AMP [ T_QP'” S Y
O—— Micro RS232 — — :—
Controller Driver T
— S
ouT 0"': AMP I
DIGITAL 0"‘: 10 Lep) (LED
11
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Input Circuit Diagram for Dot2 TIM

More Detail 1 of 3

Vr
ey (+1.025V)
TEDS TD3 +25V -
O—t— TEDS | O+
+Vs O—+—> +25v +Vs | OH
Lp+ | O To IN+ | OA 19
200 ADC ADC
Lp_ C IN' C
. INAB2E oo | o INA826
= 100k Gain=4 v N
Rg=16.5k Ftnaid
4-20mA Loop Signal Voltage
4-20 mA input 0-5v input
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IEEE 21451.0 Headers

More Detail 2 of 3 (detall)

o Command message structure

Destination TransducerChannel Number (most significant octet)
Destination TransducerChannel Number (least significant octet)
Command class

Command function

Length (most significant octet)

Length (least significant octet)

Command-dependent octets . . .

0 Reply message structure
m  Success/Fail Flag
=  Length (most significant octet)
=  Length (least significant octet)
m  Reply-dependent octets

13
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Data Readout Example (detalil)
More Detail 3 of 3

0 |EEE 1451 Data output string

0x01C98C880F4F4B0E 0xB8922B6D, O0xB8I92ECT71, OxAF215520, OxAF221559,
Time Stamp Channel 1 data Channel 2 data

OxB8A33696, OxBB8A44BD3, OxB8A370C9, OxB8A4118E
Channel 7 data Channel 8 data

0o Datais 32 bit floating point SI units (e.g. volts))
(as specified by TEDS)

o  Time stamp format (TAI, IEEE 1588)
m  0x01C98C880F4F4BOE in hexadecimal
Wed, 11 February 2009 15:35 (date and time from first 32 bits)
m  # of nanoseconds (lower 32 bits, OFAFABOE): 256854798

14
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NCAP Description

0 NCAP has Dot 2 (RS232, USB) and Dot 5 (WiFi) ports
0  Network connection via Ethernet (100 base T) — HTTP format

\l/
To Dot 5

Micro 9 Pin
= Controller | yarT[ Rs232 RS232 fo
Driver Dot 2 TIM
+5V
USB USB#1 to
* Master |__ Dot 2 TIM
A12¢ 1 spi Only ONE
at a time
EEPROM ‘ Ethgrnet ‘ Ethernet N CAP-O 1
Micro Driver Network Esensors
Lontroler Principle engineer: Dr. Yuan Ma
RTCC USB#2
Slave (Power supply) 15
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Dot 4 Interface

0 Dot4 combines analog signal and digital TEDS

o Modification of Dot2 TIM to accommodate Dot4
sSensors

o TEDS is DotO with Dot4 addition
0 Digital data is Dot2 format
0 No standard Dot 4 to Dot2 (or DotO) conversion
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IEEE 21451.4 -- TEDS only version

Dot 4 is separate branch of the standard which does not
follow the Dot O convention (including the TEDS)

Data is analog except for the TEDS — no a/d specified
Class 1 (coax) and Class 2 (multi-pin) versions specified
TEDS stored in “1-wire” EEPROM (Maxim/Dallas)

Constant Current Powered Sensor

=

SEMEING
ELBEWENT

AMPLIFIE

CCCCCCC

TEDS

AAAAA

SSSSS
UUUUUU

DIGITAL
SSSSS

Bridge Sensor

IEEE 21451.2/.4
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Dot4 Block Diagram

Plug and Play _
O Sensor Analog Signal

Transducer Mixed-Mode -
Electronic Interface AO0101011111

Data Sheet (analog and digital) ol0101010010
(TEDS) 100100101001

= Sensor manufacturer
= Model number

= Serial number

= Measurement range
= Calibration info

= User Info

= And more ...

18
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Combined Dot2/4 TIM/NCAP
Prototype Block Diagram

Ethernet To Internet/
4 N
PC -
O HTTP
1451.0
NCAP
| (Serial Dot 2) B
RS232 uUusSB
\/ \/
TIM TIM
Dot 2 Dot 4
Analog input Accelerometer
Temperature with 1451 .4
sensor TEDS
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Block Diagram of Dot 4/2 TIM Adaptor

1 M NCAP Serial Bus

............................... \
e o —— —— —————— —— —
Analog
Signal
Conditioner . _ RS232/
Dot 4 Transducer | MMI Micro USB
(Plug ‘N Play Sensor) ® Controller ifuir
1-Wire SP|
Interface
(For TEDS)
TIM Dot 2 Adaptor
______________ -
S — > — — — — — — — — — — 1 — — 1 — .
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IEPE Interface (detalil)

Dot 4 Detail 1 of 3

0 Integrated Electronic Piezo Electric Interface
(IEPE), also IPE etc.

0 Used in this industry for years

IEPE accelerometer Ug .
e —————— instrument
integral amplifier é l'
. : const
Poramics @  coaxial cabte
= | =-—C, C R
L a T “c I
i SHD SO GRND
' ':L cable capacitance {(approx. 100pF / m)
Ce coupling capacitor,

typically 1 .. 10pF
const constant current source,
recommended 4 ma
I input resistance

u supply voltage of
constant current source,
recommended = 18 21
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. Circuit Diagram of IEPE Interface

Dot 4 Detail 20f 3 (detall)

+25V
A MAX1818
To Dot4 BER — IN ouT
O Vo NC
O Sensor r—----i\ J'+1pF
BNC <t
E : A I 4.7uF GND

For IEPE - ;O- ~ —*- ADG1219 T +

Sensors -5V < 4mA

(Class 1)  / & En2
D4D to MMI | rq_lJ
| I 955k
™ e AN A
~ 100pF
1pF i€
———— WAV———
TWO of these
inputs (#1 and #2) Gosk

499k To A/ID

F=0.3Hz

Vr/2

(1.6V) Gain=1/6 or 8/6
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Detailed Block Diagram of Dot 4/2 TIM

Dot 4 Detail 30f 3
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Dot 4 TIM
With Dot 2 Data Acquisition

Class 1 TIM configured for accelerometer

Class 2 TIM configured for 4-20 ma current loop or 0-5 signal voltage
Dot 4 style TEDS (1-wire) read

A/D read same as for Dot 2 sensor — not standard

Conversion from Dot 4 to Dot O TEDS not done (virtual TEDS?)

O O O O 4d

Analog

T

T, Micro

Controller — USB
"
Sig. Conditioner |—> A/D 4
TS - Sl Part of Dot 2
T1 T2 T3 T4 TIM'Ol
A AKX
Digital
TEDS Interface : T. Sensor

Dot 4 Block Diagram 24
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Dot 2/4 Combination Summary

0 Dot4 TEDS is read and stored in NCAP
memory for retrieval by Internet

Dot O style TEDS is added

Analog data is acquired in digital format

NCAP transmits data to Internet as a Dot2 TIM
Tested with commercial Dot4 accelerometer

O O 0O O
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TIM Response Example #1

0  Read by standard Internet Browser
O  Setup step after TEDS query

IEEE 1451 Development Kit Application

B Read Raw TEDS from TIM device
. . . TIM Id: 1
Visualizing Outputs
Channel Id: 1
Transducer
Discovery Timeout(seconds): 4
Read Transducer TEDS type: 1
Data
Read Raw Teds
Write Transducer
Data
e ] |
|Err0r code ||D |
e |
Transducer
Network 4
[TEDS Type  [[12, XdcrName |
00, 00, 00, 13, 03, 04, 00, OC, 01, 01, 04, 01, 00, 45, 53,
Raw TEDS 2D, 54, 49, 4D, 30, 34, FD, BF 26
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TIM Response Example #2

0 Read by standard Internet Browser
0  Next setup step after TEDS reading

IEEE 1451 Development Kit Application

Transducer Discovery

Configuration

- i TIM Id: 1
Visualizing Outputs
Timeout{seconds): g
Transducer
Discovery
Read Transducer
Data
Write Transducer TIM RESPDHSE
Data | Name [ value |
i ; |
TEDS
Query [TIM 1d IE! |
|Tran5ducer Channel Ids”l, 2,3 |
(Transducer Names |1: ES-TIMO1, 2: ES-TIMOZ, 3: ES-TIMO3]
Write Raw TEDS
27

IEEE 21451.2/.4



-]
TIM Write Command

o  TIM read example given above

IEEE 1451 Development Kit Application

Write Data to TIM device

Visualizi | TIM Id: 1
Isualzing
Outputs - Channel Id:
. Timeout(seconds): 10
Transducer
Discovery Sampling Mode: 7
5 Arguments: separated by comma

Read Transducer
Data

3.0v, no unit,

Write Transducer just value

Data

Query TEDS

Read Raw TEDS
Write Raw TEDS

Network
Configuration

28
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Data Readout Example #3
(via Internet)

IEEE 1451 Development Kit Application

B Read Data from TIM device
— TIM Id: 1
Visualizing
. Timeout(seconds): 10
Transducer
Discovery Sampling 7
=t Read Data
Read Transducer
Data
Write Transducer TIM Response
Data
| Name [Value
Query TEDS [Error code o
Read Raw TEDS 1M 1d IE
[Tra nsducer Channel Id |1
Write Raw TEDS [Transducer Data [2.972
Network
Configuration 29
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Operating Manual
for Dot2/4 TIM and NCAP

NCAP-MAIN NCAP-MAIN USB
reset button bootloder button

NCAP-ETH USB

NCAP-ETH bootloder button

reset button

o Available at:
http://www.eesensors.com/media/wysiwyg/pdf/1451 manual.pdf

30
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http://www.eesensors.com/media/wysiwyg/pdf/1451_manual.pdf

Suggestions for

IEEE 21451 Standard Further Development

Finish Dot1-4 (XMPP) standard
Finish Dot2 Ballot

Update DotO

Fund demonstrations and test lab
Develop on-line compliance testing
Publicize standard

O O O O O 0O
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Summary

Reviewed |IEEE 21451 Standard
Described a Dot 2 NCAP and TIM
Discussed the Dot4 Modification

Gave data readout examples
Suggested future work on the standard

O O O O 4d
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End

0 Backup Slides Follow

<©IEEE

Contact: designer@eesensors.com
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Sensor Web Concept

7 )

- All sensors reporting position - All readable remotely
- All connected to the Web - Some controllable remotely

- All with metadata registered
IEEE 21451.2/.4
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Network side (NCAP) options

(wired)
0O Internet/Ethernet Local Network
Internet Ethemet NCAP M To TIM
0 PC Readout
Optional PC
= Network (as NCAP) e TRHI
Communication
0 Industrial
network Profibus,
Fieldbus |g¢————p NCAP ~ To TIM
or other

IEEE 21451.2/.4

All use Dot 0 & 2 protocol 3
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Earlier History of Dot 2 and Dot O

o Original IEEE 1451.2 standard adopted in 1997 which
Included TEDS and basic data format

0 Dot 2 revision started in 2006 but suspended following
decision to separate out TEDS/data formats as Dot O

Dot 0 was finished in 2007 (also Dot 5)

Dot 2 was restarted in 2009 and mostly done in 2011
First ballot (approved) in 2012 — small fixes made
Second ballot pending 2014 --- with 1SO blessing

O O O O
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RS232 TIM via USB example

O External RS232 to USB adaptor method

TIM

RS232

Dl

RS232 to USB

adaptor

USB
B—] |

PC

(NCAP)

O Internal UART to USB converter method

USB +5V 3.3V
Vee | @t Veo  Veoa v
5 TXDp—»— Rx
D-1@ PM " FrDI Micro
3 Frosorq XD <+ Tx controller]
D+| @ DP RTSH |~ TRIG
GND GND
GND| @+——_ . L J_
J— Optional =

IEEE 21451.2/.4
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Dot 4 TEDS

Stored in 1-wire EEPROM
Compact binary format

Basic TEDS
(64 bits)

Selector (2 bits)

Terrplate D (8 bits)

Standard Template TEDS
{ D=25to 39)

selector (2 bits)

Extended End Selector (1 bit)

User Data

Table 1. Basic TEDS Content

Bit Length Allowable Range
Manufactarer ID 14 17— 16381
Model Number 15 0-32767
Version Letter 5 A-Z (datatype Chr5)
Version Number 6 0-63
Serial Number 24 0-16777215

Table 6. Current Loop Cutput Semsors T emplate (ID = 31) Summ ary

Seloct Property TDeseription Access) Bits | Data Type (and Range) Vnits

- TEWMFLATE Template T - & Tnteger fvalue =313 -

- PElec SigType Electical signal fype s} Agsign =1, "Current Sensor” -
Select Case — Selects Type of Physical Measurand (Tnics) & Select Case -
Cases | YlinFhysal | Mirimum physical vaiue [ car | 22 | single Variens”
1-45 | aldamPhysVal | Moz physical value | car | 32 | singie Varicus
Select Caze — S=lects Full -Zeale Blectrical Value Frecision 1 Select Case -
Case 0 Y htinElec Vsl Jdinimum current cuiput Cal Agggn =40 mi

YhlaxElecVal pt current output CAL Assign = 200 mh
Case 1 PahlinElecal Mlinimum current sumut CAL | 32 | Single Amps
YahlazElecVal Mazirnuim current output CaLl | 32 | Single Amps |

- Yildapldeth Mapping Methad m Assign = 0, “Linear” -

- YaRespTime Fesponse nme 1) 6| ConRelfes (1561075, 154 seconds
Select Case —Pelects Loop Powered Versus External Powered 1 Select Dase -
Chsel | MLeopSuppsyidie Mini pli T | 9 | ConRes (11ta 510, stepni 1y ok
Loop) | 04l oopSuppyhiax Mazimum compliance D | 9 | ConRes (0140511, step 0.1 Walts

YEscitAmplHom | Power supply level, nominal o | 9 | ConRes 0140511 step0 1) Yolts
YoExeite Amplhdin Fower supply level, min 1T o ConBes (0110511 step07) Wolts
Caze 1 | %iEzeimz/Amplhim FPower cupply level, o, I 9 | CenRes (011 T1L erep 0Ty Wolts
(Eat) YExei=Tygpe Fower supply ype m 1 DCor Bipolar DC -
%Excit=CurrentDraw | Iaz cumrent st nominal I 6 | ConRelRes(1E-610 2, 13%) "
pewWEt ke

- YaCalDate Calitratien dats Cal | 1§ | DATE -

- YaCalInitialz Caliteation initials CaL 15 CHES -

- YaCal Pericd Calibratien period Cal [ 12 | UMINT days

- YileasID Teasurement locati on T TSR | 11 | UMINT -

IEEE 21451.2/.4
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Purpose of IEEE 1451 standards

0o Provides common digital data format for all sensors and
actuators (i.e. transducers) — A universal transducer standard

o Formal Title of IEEE 1451.0 -- IEEE Standard for a Smart
Transducer Interface for Sensors and Actuators - Common Functions,
Communication Protocols, and Transducer Electronic Data Sheet
(TEDS) Formats

0 Operates below (supplements) communication protocols such
as WiFi, RS232, HTTP, XML which do not specify the meaning
of the sensor data

0o Aimed at Machine-to-Machine and Internet of Things
communication — Interoperable and without operator intervention

IEEE 21451.2/.4 39
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|IEEE 1451 Advantages

o Comprehensive enough to cover nearly all sensors and
actuators in use today (not 20/80% approach)

0o Many format and operating mode options
0 Extensive units, linearization and calibration options

0o  Compatible with all wired and wireless sensor buses and
networks (point-to-point, mesh ...)

o  Efficient binary protocol (especially suitable for wireless)

0 No competing sensor standard with wide scope needed
to cover all transducers

40
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|IEEE 1451 Advantages

(more detailed)

o Comprehensive enough to cover nearly all sensors and actuators
In use today (not 20/80% approach)

O Many operating modes

(buffered, no-buffer, grouped sensors, timestamps, timed data,
streaming ...)

0 Extensive units, linearization and calibration options
0 Multiple timing and data block size constraints handled.

o Compatible with most wired and wireless sensor buses and
networks (point-to-point, mesh, TIM-to-TIM, mixed networks).

o  Efficient binary protocol (especially suitable for wireless)
0o But: Standard is 400+ pages for basic part, over 1500 page total

41
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Previous Demonstration NCAP and TIM
For Dot 2, Dot 4 (and Dot 5)

Client Software

Ethernet
) 4 N _
Wireless
Sensor
Network t 1'12:% HTTP
With TIM ' 1451.0
Y NCAP NCAP
(1451.5 - 802.11) (Serial Dot 2)
A
1451.5 - 802.11 RS232
Y Y Y L
Open
p WTIM WTIM WTIM TIM TIM
AcCcess w. F| W| F| w| F|
Downloads } : 4 } )
. Accelerometer  Temp. 10 Seg. Analog input Accelerometer
Available Sensor  LED Temperature with 1451.4
L ) L sensor TEDS

System Block Diagram

Manual:

42
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Blank

0 Review
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