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Motivation

Create test procedures for validation of
IEEE 1451 NCAP-to-NCAP
communications

Determine possible network performance
metrics for a 1451-compatible sensor
network

Implement interoperability tests for off-the-
shelf IEEE 1451 components

Encourage dissemination of IEEE 1451
standard through interoperability 1038
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Testbed Research

[ |solated work between control and decision support and networking aspects ]
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Agenda

1. What does IEEE 1451 promise?

2. Overview of IEEE 1451-compatible
products

3. NCAP-to-NCAP communication

4. Test Approach

a. Publish-Subscribe
b. Client-Server

5. Approach to sensor network performance

analysis 1'(&
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IEEE 1451

Allow manufacturers to build interoperable elements of a
system: Network Capable Application Processor (NCAP)
IS a gateway between user’s network and Transducer
Interface Modules (TIM)

1451

145
145"
145
145
145
145
145"

.0 — NCAP < TIM setup/manage, API
.1 — NCAP logical object model

2 —RS-232

.3 — Wired Multi-drop
4 — TEDS Only

5 — Wireless

.6 — CAN Bus

./ — RFID
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“iccE 1451 Compatible Product
MNCAP TIM
Network Cap able Bll.!al:uuth Bllfalnnl:h Processor Interface
Application Radio Board Radic Board Board Board Transducer
Processor Leal L Interface Module
(N CA P) Bluetooth Eluetooth ¢ | r (T| M)
Transceiver | |+ == Transceiver
- Manages h - ,]'?_E;;’,;g « Acquires the
TIM(s) A o signal and
 Converts | t"“' TTAG performs_ A/D
Data from USEto- Softuare Download | | irancy pomels CI?ImllderS(I)OT
T||V| and Serial and Dabug e Holds Ca
applies — 1 usi usi spare Constants and
Corrections Operating
« Transmits - ‘ 4-Fort USB Hub Parameters in
corrected protm| T 4 T TEDS
X - use +
de:eat V(\)/\(;Z: E .' i= Database
— Smart
Deve;ment FC Sen5c}r
providad by sy&tem$

the cistamer
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1ceek 1451 Compatible Products

IEEE 1451.2 Prototyping Kit includes;

. EM04a Esensors

- EIO2

«  Wall transformer
« Straight Ethernet patch cable R

« Crossover Ethernet patch cable
« ESBus Programming cable
« User Manual and CD with WebSensor Conflguratlon

EM04 (NCAP) DB25/DB9 Null Modem ET02 (STIM)

Also IEEE 1451.4 Mini NCAP and a Web Sensor available. 1'[&
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—'3—

,, Class I Labvlew Front Panel GUI

= B\
‘ , % \' Sensor (RTD)

resistance
temperature

detector IEEE 1451.4

ﬂ?é&éﬁéﬁﬁégg R e

|

INSTRUMENTS

ﬁco Sensor Module yNATIONAL

— 2.1

NI-DAQmx and LabView
Running on PC

PCI-6221 DAQ Card T&

‘plug-and-play

SC-2350 Carrier




COLLEGE OF

7=¢fINoLoGY

1ceek 1451 Compatible Products
4—

TEDS Sensor Interface Kit - Model 400B76
communicate with TEDS sensors over the USB
port of a Windows PC. 400B76 reads TEDS from,
and writes TEDS to, sensors.

I NI

2% IEEE 1451.4
TEDS Editor by Kistler, Type 5000M04

Characteristics: The module is used in conjunction
with a personal computer to read and write

KISTLEF{ information stored in TEDS capable sensors.

measure, analyze. innovate.

Model 070A70

@pcapfrlw(sw Produc.t Ty.p.e: TEDS .In-Iine Memory Module

TEDS circuit in a housing for non-TEDS sensor,
BNC jack to BNC plug 1088
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The goal was ... ,Usergc

£ ®
LIMLL C"ﬁmse”-‘e AT&T Technology
Telemonitor, Inc.

B —— Center Testbed

=~

‘softwa re

simulated
sensor
data

| temperature
sensor

temperature

1 iIIuSrQinnSaotiron
sensor
[—
Esensors, Inc.
NATIONAL
Smart Sensor Module ,ﬂmuumm

temperature : illumination
sensor strain gage sensor

... very little is interoperable so far.
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NCAP-to-NCAP Communication

* Open Source:
— Network Neutral NCAP

— NIST: 1451.0 and 1451.5
demonstration

« Basic requirements:
— Publish-Subscribe
— Client-Server
— Subset of network visible operations

plug-and-play
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NCAP-to-NCAP Communication: Operational

Flow

Start

|

Configure Object Dispatch Address

IP address of port number of | object tag
the NCAP the object

Configure System Binding Values

Table1.1.1

|

Initialize the Local NCAP Block Object,
placeitinto the BL_UNINITIALIZED

|
Binding

L

Set NCAP Block Object its Block Objects to BL_INACTIVE.

request_NCAPBLOCK
Announcement?

Y
Publish

N

NCAPBLOCK_Announcement

1053
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NCAP-to-NCAP Communication: On-the-wire
testing

Request_ NCAPBlock_Announcement Message

Byte Type Interpretation Details
Number
0 Ulnteger8 Magic Number Oxf7
1 Ulnteger8 Version Number 0x03
2-3 Ulnteger16 Total Message OXNNNN
4-5 Ulnteger16 Healdeng#ngth OxNNNN
6 Ulnteger8 Publication Key 0x04
7-14 Octet8 Publication Domain | Oxfffffffffffffff
15-16 Octet Publication Topic OxNNNN
Array[N]

1053
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NCAP-to-NCAP Communication: On-the-wire

testing
NCAPBIlock_Announcement Message
Byte Number Type Interpretation Details
0 Ulnteger8 Magic Number Oxf7
1 Ulnteger8 Version Number 0x03
2-3 Ulnteger16 Total Message Length OXNNNN
4-5 Ulnteger16 Header Length OXNNNN
6 Ulnteger8 Publication Key 0x02
7-14 Octet8 Publication Domain O Giiiiiiiii
15-16 Octet Array[N] Publication Topic OxXNNNN
17-18 Ulnteger16 Number of Arguments 0x0002
19 Ulnteger8 First argument type code Ox1a [Object Tag]
20-21 Ulnteger16 Number of bytes in first OXNNNN
22-23 Octet Array[N] Qibjrochéal OxNNNN
24 Ulnteger8 Second argument type code 0x16 [Object
Dispatch Address]

1058
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User Interface

Software Software
Components Functions
[ User Interface o Main Tester and NCAP under }
Tact
i 1l N
[ Client Process } [ Server Process } NCAP-to-NCAP
>Network
[ Publisher Process } Subscriber Communications
<
NIST Open Implementation of | >NIST Interface to
_____________________ AP o TIM and Sensors
Desired for Fllj(t}ure TIM -
testng
Emulator of NCAP Logical Object Model of NCAP under Test
with a State Machine NCAP or other : and NCAP as Tester
"""""" Application 5 qired

Possible in the short
run

1053
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NCAP is Client NCAP sends a GetNetworkVisibleServerObjectProperties () SERVER
configured | | packet with Operation ID 4106. The packet length and the header ~
?y"namic length need to be calculated and the values sent in the packet. \
sefup
The M Server sends the output arguments and the return code that informs us The server
return 1 about the success or failure of the operation. The packet format would be 7] performs
code is GetNetworkVisibleServerObjectProperties () server to client packet trzzuested
L L t
j: Client NCAP sends a GetClientPortProperties () with the operation id oo
—> 6149. The packet length and the header length need to be calculated and +—>
the values sent in the packet \
Th
Eﬁm Server sends the output arguments and the return code that informs us le— perefosri:\éer
codeis |€] | ¥ | about the success or failure of the operation. The packet format would be the o
T ; ; : requeste
GetClientPortProperties () server to client packet format. operation
Client NCAP sends a SetClientPortServerObjectBindings () with the -
operation id 6150. The packet length and the header length need to be g \
calculated and the values sent in the packet. The server
performs the
r”;em Server sends the output arguments and the return code that informs us — requested
C‘Z;e < |7| |7 | about the success or failure of the operation. The packet format would be opereTon
verified SetClientPortServerObjectBindings () server to client packet format.

‘plug-and-play



COLLEGE OF

uuuuuuuuuuuuuuuuuuu

Testing

« 3 related types of tests:
— Conformance Test
— Functionality Test
— Performance Test

« Conformance and functional of higher
priority

plug-and-play



COLLEGE OF

TZCHNOLOGY

iversity of Houston

Flow publish-subscribe

NCAP & TESTER COMMUNICATION SEQUENCE DIAGRAM

ANNOUNCEMENT

Client/Publisher Server/Subscriber

Client Tester

Server Tester

ment

Pass/Fail

Pass/Fail

<4
Request Announcement HEEJLESE AlrELTEs
..‘. .....................................
—P
Announcement
Announcement
.‘. ..............................................................................................

Viadexwithyanl

Buy SmartDraw!- purchased copies grint this

document without a watermark] .
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Flow client-server

NCAP & TESTER COMMUNICATION SEQUENCE DIAGRAM

Client/Publisher

GetNetworkVisibleServerObjectProperties

Client/Server

Server/Subscriber Client Tester

P

GetNetwork)isibleServerObjectProperties

GetNetworkVisibleServerObjectProperties

Pass/Fail

«

GetNetworkVidibleServerObjectProperties

Pass/Fail

1058
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Flow cli

ent-server cont.

GetClientPortProperties

—P
GetClientPortProperties

GetClientPortProperties

Pass/Fail

GetClientPortPrpperties

Pass/Fail

SetClientPortServerObjectBin

dings
SetClientPortServerQbjectBi ndinos.,

SetClientPortServerObjectBind

Pass/Fail

o Matdle! wu&m 8 TE?D@U

<
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ass/Faill
ocu ent without a watermark .

Visit www . smartdraw.com or call 1-800-768-3729.
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LabView Read TEDS
NCAP2.vi and Temp.vi
PSK_REGUEST NCAPBLOCK_ANNOUNCEMENT
L
L PSK_NCAPBLOCK_ANNOUNCEMENT
lgnoreRequestNCAPBlockAnnoucement
>
.\L _____________________________________
GetNetworkVisibleServerObjectProperties
>
[ —m e e — = = o T T T T T T T
GetClientPortServerObjectBindings()
>
[ —— e s e e T T T T T
SetClientPortServerObjectBindings()
L
e e e e e e e ,
PSK_NCAPBLOCK_GO_ACTIVE GoActive()
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LabView Hardware

Read TEDS and Temp.vi LabView_NCAP2.vi

NN e
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Testing Challenges

* No real implementation or application
— NCAP-to-NCAP communication
— Network physical layer and topology

« User and implementation platform choices
— On-the-wire formatting
— Protocol
— Application
* No finalized vision of the standard or the industry
— Localized PlugFest on 1451 at UH
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Thank You

Comments and Suggestions Welcome
dgurkan@uh.edu
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