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Goals

To develop a simple IEEE 1451 TEDS compiler
(writer/reader), including linear calibration pesitre

To develop an Internet-compatible compliance tdster

the standarcusing a serial bus with extensions to other
buses/networks)

Demonstrate the tester using an RS232 (Dot 2) TIM
Suggest a pathway for harmonization with otherdsaahs
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IEEE 1451 — the Universal Transducer
Language

Over 100 sensor network
protocols in common use

Narrow solutions and borrowed
protocols have not worked

IEEE 1451 is the best universal
solution

Sensor engineers in the
fragmented sensor industry need
simple method of implementation

How can it be done?

The Tower of Babel
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IEEE 145.0 (Dot 0) Advantages

Comprehensive enough to cover nearly all sensals an
actuators in use todawot 20/80% approach)

Many operating modes
(buffered, no-buffer, grouped sensors, timestatmpgd data, streaming ...)

Extensive units, linearization and calibration opso
Multiple timing and data block size constraints diad.

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

Efficient binary protocofespecially suitable for wireless)
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But the Complexity!

A comprehensive standard is necessarily
complex

There was little adoption of the original IEEE;]
1451.2 (TIl) standard because of its perceive==
complexity »

Manual preparation of the TEDS is not
practical

A TEDS compiler is needed

A compliance test procedure is also desirabl RN
to prove that the design is correct

Munch —The scream
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A review of the

IEEE 1451 Smart Transducer Concept

/ Transducer Interface Module (TIM) \

Analog/ :

1451 .X 1451.0 . Signal
<=p . |@= Digital . Sensor
Comm Layer Control Logic Conversion Processing
\ t 0 s /
1451 X Transport Mechanism

/ Network Capable Application Processor (NCAP) \

Message 1451.0 Routing,

Abstraction, signal 1451.X
— AN TCPiIP, Web processing, Comm Layer 1T
- e Server Embedded TEDS mgt
Application
Remote Computer
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IEEE 1451.0 (Dot 0) Format

Required TEDS [Memory block with defined format]
MetaTEDS
Channel TEDS
Calibration TEDS (unless Sl units)
Xdr-name TEDS
Phy TEDS
Also optional TEDS

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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TEDS Format

General format for each TEDS section:

Fiekd Description Data Tvpe Number of Byies
------ TEDS Length Ulnts2 4 byles

| oM Data Block Variahle YVariahle

------ Checksum Linl 16 2 hyles

Binary TEDS Tuple format for each data block:
Type-Length-value (TLV)

Example: 01 02 A3 04
Field type is 1, Length is 2 bytes, field valuéAS04” hex

Field example: Meta-TEDZEDS # 1)
13: Number of Implemented Transducer Channels (itefh)
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Part of Ph. D. the
Wai Liu

(Univ. at Buffalo)
Copy of thesis is
available free

TEDS Compiler

Arcres Cedn 3
CHANNEL TEDS

Channel
Sensor Type

i

Units | Golusns |
Zaro/Mininum Valus
Full Scale Value
OE ror/Uncanainty |
Chose Data Format

Clmteme 7 Fliasen Poad

Sl Tast MUl Fange
Samplng/Euler
Mot Default Timing

<® Y-

O crminrammsiiia sty a el b
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TEDS Sections Implemented

Referenced by TEDS section/access code (e.g. iMld@a-TEDS)
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Standard Transducer Units

(binary format)

Base (uantty Name Unit Symbol
Length meter tn

Idass kilogram kg

Timne second g

Electric current atnpere A
Thermodynamic temperature Eelwin K

Amount of substance mole tnol
Luminous intensity candela cd

Field | Description

Data Type | Number of octets

I Physical units interpretation Ulnts I
2 (2 * <exponent of radians=) + 128 Ulnt8 I
3 (2 * <pxponent of steradians>) + 128 UInt8 I
| (2 * <gxponent of meters>)+ 128 Ulnt& I
5 (2 * <gxponent of kilograms=>) + 128 UInts I
3 (2 * <pxponent of seconds>) + 128 UInt8 I
7 (2 * <gxponent of amperes>) + 128 UInt8 I
8§ (2 * <gxponent of kelving=) + 128 UInt8 I
Y (2 * <exponent of moles=) + 128 UInt8 I
1) (2 * <gxponent of candelas>) + 128 Ulnt8 I
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Dot 0 Command/Response Structure

Evte Number Desciiption

Destination Transducer Channel Mumber (MMost significant byte)

Destination Transducer Channel Number (Least significant byte)

Comimand Class

Command Function

Length (Most significant byte)

Length (Least significant byte)

ISk Bl 2] —

- Comtmand dependent bytes

NCAP Command Message Structure

Byvte Number Description

1 successiFail Flag

2 Length (Most significant byte)
£ Length (Least significant byte)
4-1 Eeply dependent bytes

TIM Reply Message Structure
IEEE1451 Compiler 12



Meta-TEDS Writer Screen

>,
['é University at Buifalo 7 Tr Sinte Uketversely |_'|_J'-,‘.'(h' York

Access Code 1

META TEDS

Change Default Value as Desired

Hﬂ University at Buffalo The Sute Undveraity of Ne

Enter ZIPCODE For UUID

Number of Implemented Transducer Channels

Operational Time-Out (Sec)

Slow Access Time-Out (Sec)

Selt-Test Time (Sec)

Using Control/Vector/Proxy Groups

i COPYRIGHT @2005%ei Liu. University at Buftalo All rights rem‘wed.




Channel/Calibration TEDS
(for linear sensors)

Eﬂq University at Buffalo The State University of New York

AccessCode 3

CHANNEL TEDS

Change Default Value as Desired

Channel
tﬁ Univerilty ot Butfale Th Stete University of Wei

Sensnr TYPE iTemperature 3&nsn_"J

IEEE 1451 TE
Units i

Zero/Mininum Value
Full Scale Value

OError/Uncertainty

Chose Data Format

" Integer * Floating Point

Features:
Self-Test/Multi-Range NO ~

Sampling/Buffer

Not Default Timing

o, ~=mm ¢
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Text Based TEDS

(human readable)

Meta ID TEDS

Transducer Channel ID TEDS
Calibration ID TEDS
XdcrName TEDS (required)

ASCII or XML — multiple languages available
EN: English
QC: computer language (additional data)

IEEE1451 Compiler
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TEDS Reader

I:é University at Buffalo The Surie University of New York

Access Code 3

CHANNEL TEDS

Ié University at Bu

TEDS Analysis Result:

TEDS HEADER: Calibration key (Header Field: 10)
Mumber of Bytes: 1
DATA: 01

TEDS HEADER: TransducerChannel type key (Header Field: 11)
Mumber of Bytes: 1

Header Field: 3)

Save in: ] “ee NEW WOLUME (D) L] 4= |‘=j< Ex-
g a0 [CICIERZS
4 i1 (Chcivilengineering er Field: 12)
ty Recent !i;:_='|2 [CTyoourses
Diocuments |i;‘-j|3 E3Data 20 80
Fra {1 30basis ISdel drivers
o5 & povifoads ywer range limit {(Header Field: 13)
Desktop I=e |Chearthquake Eginesring
) ihj appformon 1'_'.:;‘ Favorites
J {7} Banana International ICTIFEMA 363 pper range limit {(Header Field: 14)
" D ; iii]Bewitched.TC.XViD-F\.STEROiDS @FEMF\ 369
¥ LBEUIMEEE e Bt Comet 3Fim
- |i;"jbuiIdingcunstructionanddesign [Thgeotechnicalearthquakeenginesringha :
g! ) cIEs27 Cham ity (Header Field: 15)
by Computer | TICIESST l,_“;".LiveUpdt
= cIEses [ lyrics ]
«) |« ) ] 4
by Metwork— File name: i _vJ |  Save ] -



IEEE 451 TIM Compliance Tester

TIM (Transducer Interface Module) is most complex
and done by sensor design engineers
(TIM tester can be used by the few NCAP designers)

Tester verifies compliance of a TIM to IEEE 1451.0
(Dot 0) protocol

Focus is on TEDS checking and data transfer format

Physical device compliance not checked (part of
other standards, e.g. RS485, Bluetooth)

Tester uses serial bus (RS232)
Testing may be done by Internet
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Standard TIM/NCAP Configurations

The following 3 slides describe TIM
and NCAP configurations for which
the TIM tester can be used

4
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Network side (NCAP) options

(wired)

Local Netwaork

Internet/Ethernet ..o _Ethemet NCAP | RS232elc . .

PC Readout Optional -
B e T (as NCAP) ki
Communication
Industrial Profibus,
Fieldbus |g—- NCAP ~ To TIM
network or other

All use Dot O protocol
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Data Readout Examples

(via Internet)

Sensor data convertec
to ASCII for display

TEDS data is displaye
In hexadecimal form

—

T} http://192.168.0.68/index. htr?01 800100 - Microsoft Internet Eiple (o x|
File- Edit’ Miew Favaerlbes  Tools  Helpe "z‘“
= —~ E - »
@Ea;k - I\x_:JJ - \ﬂ @ _‘_h | )__- Search ‘-E,;;_\( Fawvorites @Macﬁa-
Address ] http:}/192.168.0.68/index. htm?01800100 =l Go | Links

E

b
4 | »

/& Done I_ I_ I_ & Internet A

/3 http://192.168.0.68/index.htm?701A00000 - Microsoft Internet EXpIOFEr I (u] -1 |
File Edi Wi Favarites Tools  Help ;'}

@Back - 1\;,3;1 T \ﬂ |_;ﬂ ;h | j’j Search ‘“f‘fl\?!:awﬁtes @Madia i
Address {&] http: /{192, 168.0.68findex. htm?01 400000 | B e |Links

b

ER0401230102020101050101040a1 24585154 ec 18 edast 000000000

.
4 | »

I@ Done I_ I_ I_ |a Inkernet i
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Prototype TIM and NCAP

NCAP interfaces to Internet via Ethernet

Vi D RS-232
| ) Ethernet EMO4 Serial EI02 TIM
[ Coremerpes [ 1 S

e e

PC with Browser
or Website
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TEDS Compliance Tester
Retrieval Sequence

II#

IEEE1451 Compiler
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TIM Testeroperating Mode)

Similar test sequence
for Idle Mode
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TIM Tester — Data retrieval

IEEE1451 Compiler
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Serial Bus Format
and Relation to other Networks

Tester uses RS232 serial bus only but...

Interfaces to other physical devices (USB, RS485,
Bluetooth, Zigbee, ....) available.

TEDS retrieval is one feature
Sensor data read (protocol check) for each channel:
ldle mode- full scale value of sensor reading
(Checked against TEDS, error flag is not correct)
Operating mode- actual sensor reading
(Must be within sensor range)

IEEE1451 Compiler
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| Example — |
Wireless Connection

Wireless modules with RS232 IMthen connected to Dot 2 TIMS are
similar to IEEE 1451.5 TIMs (wireless version oHE 1451).

Data format and TEDS are the same (both followtbe0 standard)..

Dot 5 TIM built from a Dot 2 TIM and wireless trazever
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Alternative Tester for
Dot 4 TEDS

IEEE 1451.4 (only) does not use the Dot O formaD3$E

This is a small, TEDS-only versigiwo digital data format is
specified by the standard).

Dot 4

IEEE1451 Compiler
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Transducer Electronic Data Sheet
(Dot 4 TEDS)

UUID (UniversalUnique Identifier)
Supplied by EEPROM (DS2433) manufacturer (6 bytes)
Basic TEDS (8 bytes)
Model Number (15 bits)
Version Letter (5 bits, A-Z)
Version Number (6 bits)
Manufacturer ID (14 bits)
Serial Number (6 bits)
Manufacturer's TEDS
Sensor type and calibration parameters (16 bytes)

Conversion to Dot O TEDS possible (but not unigue) Dot 4
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Dot 4 TEDS Writer and Reader
(PC Screens)

Writer Dot 4 Reader

IEEE1451 Compiler
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Naming the IEEE 1451 Standard

-- a suggestion --

TEDSup

TransduceElectronicDataSheetUniversalProtocol
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Harmonization of IEEE 1451 with
other sensor standards
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Summary

We have developed an IEEE 1451 TEDS compiler
(writer/reader), including a linear calibratioropedure

We have developed and tested an Internet-compatible
Dot O compliance tester using a serial bus (with
extensions to other buses/networks)

A Dot 4 TEDS Reader/writer was described.

Harmonization suggestions were given.

Further information: designer@eesensors.com
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Backup Slides

An IEEE 1451 TEDS Compiler
and Serial Network Compliance Tester

WWW.EEeSeNnsors.com
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UUID Format

Meta-TEDS (#1), field 4 (10 bytes)

IEEE1451 Compiler
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Block Diagram of a Prototype

Dot 2 TIM or Smart Transducer

IEEE1451 Compiler
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Prototype Dot 2 (RS232) TIM

(with 2 sensors and 1 actuator)

Relay Photo Hall effect
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TEDS/Test Data File Save

IEEE1451 Compiler
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Original IEEE 1451.2 (Dot 2)
With 10-pin Transducer Independent Interface (TIl)

Note: New name is TIM (Transducer Interface Module)
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IEEE 1451 Parts

IEEE 1451.0 Protocols & formats (final ballot,08)

IEEE 1451.1 Object model (approved 1999)

IEEE 1451.2 Serial (approved 1997)*

IEEE 1451.3 Local network (approved 2003)

IEEE 1451.4 Analog & TEDS (approved 2004)

IEEE 1451.5 Wireless (close to final)

IEEE 1451.6 Open CAN (early approval process)

* Enhancement /revision working group in process
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END
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