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Agenda

Part A
0 Describe smart environmental monitoring sensors
Part B

0 Describe networking with the IEEE 1451 transducer
standard

Part C

0 Discuss applications of networked environmental
monitors.
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.
Environmental Monitor (EVM)

Sensors Sultesik function option)

Temperature

Humidity

lllumination

Carbon Dioxide (CQ)

CO/VOC (Carbon monoxide and Volatile Organic Compoynds
Atmospheric Pressure

O O O O O 0O
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Part A
Smart Sensor Block Diagram
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Smart Sensor

NETWORKED SMART SENSOR
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Humidity/Temperature Sensor
with digital output

SHT1x / SHT7x

Humidity & Temperature Sensor
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Carbon Dioxide (IR) Sensor

0 Infra-red (NIR) technology selected because
of long-term reliability

0 Alternative Technologies
= Solid Electrolytic
= Amperometric
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Infra-red Sensing Principle

O Some gases absorb light at particular IR wavelen@@i® at 3 um)
o I/lo=e” where l/lois light absorbed during transmission,
X is path length and A is absorption coef. at dpewiavelength
0o Transmission filters select specific wavelengthdsan
O A s proportional to gas concentration
0 IR sensors reproducible but not sensitive (neeld banc or long paths)

Absorption Spectra
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Infra-red Sensor Construction

NDIR Gas Sensor

Visible IR
Lamp

(1 >
i)
/%M —
Reflector
(Optional)

Acoustical detection an attractive option
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IR Sensor and Signal Conditioner

|‘TO A/D #2 +5V
OV +—WV Sense Ei ;
- —— 500k
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— IR Sensor
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——————————
Response of IR sensor

to Carbon Dioxide Gas

Sensor Response for IR sensor

Raw data
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————————————————————
Volatile Organic Compound (VOC) Sensor

O O O O

Based on metal oxide semiconductors (§nO
Surface reaction with ambient gases when hot (ZEDRG)
Heater (e.g. 4 v @ 100 mA) heats substrate

Adsorbed gas reduces grain-boundary potentialdyaand thus increases
conductivity (decreases resistance)

Delta-R is a function (approx. log or square radtjas conc. (ppm)

Heater Semiconductor
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Sensor Header

VOC Sensor Signal Conditioner

Vout to A/D

(0.25V)
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Response of VOC sensor (MOS)
to Acetone Vapor

VOC Sensor Response
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Pressure Sensor

O Absolute type (1 atmosphere or 760 Torr full scale)
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Response in Engineering Units
(converted from raw sensor units)

El Lgig F!:J'J t

WebSensor V2 Management Tool

Hormme

Sensor's Readings.

TCR/IP Settings
SMTF Settings
SHNMP Settings

Sensor's Readings

@) Help

This page |_:I:Jm't'l_eiinslsénsn'f"ﬁ_:d'é'ta'ﬁeadi'ng_frajm FOD, You can look up the sensor type table to map
the correct sensors that POD connected to.
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Security | '
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Part B -Networking

Features and Applications

Features
o Plug and play
O Multiple sensors on one network or bus

Applications

Monitoring and Control

Automatic testing

Machine to Machine (M2M) sensor data communications
Wide area (Nationwide) data collection

To others 4—1
Tx
e » Network Interface Network PC or Server |- To >

From Internet

Smart Sensor

O O O 4d
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Sensor/Transducer Networks

O A network connects more than one
addressed sensor (or actuator) tc
digital wired or wireless network

0 Both network and sensor digital
data protocols are needed

O Standard data networks can be uf
but are far from optimum T

0 Numerous (>100) incompatible
sensor networks are currently in
use — each speaking a different
language

The Tower of Babel
EVM with 1451 17



—!
IEEE 1451 — the Universal Transducer

Language

Problem: too many network protocols in common use

Narrow solutions and borrowed protocols have not
worked

O Sensor engineers In the fragmented sensor industry
need a simple method of implementation

O O

How can it be done?
We need something like USB, except for sensors

Solution: the IEEE 1451 Smart Transducer Protocol
open standard is the best universal solution

0 Supported by NIST, IEEE and many Federal agencies

O 0O 0O
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IEEE 1451 Smart Transducer Concept

A review of the

Transducer Interface Module (TIM)
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IEEE 1451 Advantages

0 Comprehensive enough to cover nearly all sensats an
actuators in use todanot 20/80% approach)

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

O Extensive units, linearization and calibration op8
O Multiple timing and data block size constraints diad.

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

0 Efficient binary protocolespecially suitable for wireless)
0o Standard is 400+ pages for basic part, over 1566 psal

EVM with 1451 20



—!
But the Complexity!

O A comprehensive standard is necessarily
complex

O There was little adoption of the original
IEEE 1451.2 (TIl) standard because of its==
perceived complexity N

0 Manual preparation of the TEDS is not
practical -- A TEDS compiler is needed NI
0 A compliance test procedure is also \ \ M \:
desirable to prove that a design is correct SN2

Munch —The scream

‘‘‘‘‘‘
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—!
Status of Various Parts of IEEE 1451

0 1451.0 — Basic data/TEDS format Done (2007)

0 1451.1 — NCAP/Computer Interface Done (1999)*
0 1451.2 — Serial (RS-232, etc) Being reviged?)
0 1451.3 — Wired Multi-drop Done (2002)*

0 1451.4 - TEDS Only Done (2005)

0o 1451.5 — Wireless (WiFi, Zigbee, etc) Done (2007)

o 1451.7 —RFID Being ratified

* Needs revision

EVM with 1451 22



et
IEEE 1451.0 (Dot 0) TEDS Format

0 Required TEDS [Memory block with defined format]
MetaTEDS

Channel TEDS

Calibration TEDS (unless Sl units)

Xdr-name TEDS

Phy TEDS

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

EVM with 1451 23
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TEDS Format

0 General format for each TEDS section (except Dot 4)

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

| o M Data Block YVarlahle YVariahle

------ Checksum Linl 16 2 hyles

o 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 valuéA804” hex

0 Field example: Meta-TEDGEDS # 1)
13: Number of Implemented Transducer Channels (dtefh)

EVM with 1451 24
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Standard Transducer Units
(binary format)

ST Based Units

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 25




—!
Dot 0 Command/Response Header

Evte Number Desciiption

Destination Transducer Channel Mumber (MMost significant byte)
Destination Transducer Channel Number (Least significant byte)
Cormmmand Class

Cormmmand Function

Length (Most significant byte)

Length (Least significant byte)

- Comtmand dependent bytes

ISk Bl 2] —

NCAP Command Message Structure

Bvte Number Description

1 success’Fail Flag

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

TIM Reply Message Structure

EVM with 1451 26



————————————————————
TEDS Compiler (Meta-TEDS section)

[‘E}’;‘{ University at Buffalo The State University of New York

Access Code 1

Part of Ph. D. thes
Wai Liu
(Univ. at Buffalo)

META TEDS

Change Default Yalue as Desired

Enter ZIPCODE For UUID

Number of Implemented Transducer Channels

Operational Time-Out (Sec)

Slow Access Time-Out (Sec)

Self-Test Time (Sec)

Using Control/Vector/Proxy Groups NO ~

i COPYRIGHT @2005Wei Liu, University at Buffalo All rights rf:suw::l.

Preparation of binary TEDS
by hand is tedious —
A compiler is required
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e —
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 ¢

28



TEDS Reader

l}'& University at Buffalo The Stute University off New York

Access Code 3

CHANNEL TEDS

'[é 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)

Savein; iu- MEW YOLUME [D:] Ll s |‘=j< v
_2 0 CICIEsZS
4 i1 (Chcivilengineering er Field: 12)
My Recent iz [CTyoourses
Documents =3 E)0ata 20 80
{7 3 3Dhasi “dlell i
|. 3 gE s gDanrI::drz ywer range limit {(Header Field: 13)
Desktop e |Chearthquake Eginesring
_ (=3 appformom ‘i_'.:f Favorites
J {7} Banana International ICTIFEMA 363 pper range limit {(Header Field: 14)
i : () Bewitched, T mviD-ASTER.IDS [CIFEMA 369
W LBEMMENE e pib e omet 3Fim
et | buildingeonstructionanddesian [Thgeotechnicalearthquakeenginesringha :
g'.l jCIES2T Cham ity (Header Field: 15)
by Computer I CIESS? [CLivelpdt
| yCIESa3 [ lyrics ] 29
i & | 3

M_I,IHI‘IJ.etwcnrk File name: ; _:.] | _ Sawe ]




————————————————————
Network side (NCAP) options

(wired)
O Internet/Ethernet Local Network
Internet il NCAP M To TIM
O PC Readout
Optional PC
= “Network | (as NCAP) e Ta M
Communication
O Industrial
network Profibiis,
Fieldbus |g——» NCAP ~ To TIM

or other

All use Dot O protocol EVM with 1451 30



Data Readout Examples
(HTTP via Internet)

O Sensor data converte
to ASCII for display

O TEDS data is
displayed in
hexadecimal form

—

3 hitp://192.168.0.68/index.htm201 800100 - Microsoft Internet Enplie - 1o x|
File- Edit’ Miew Favaerlbes  Tools  Helpe ﬁ"’

@Ea;k - l\m; T E @ H_;j | ):'.' Search E'E{Fbif’q_rite; @Macﬁa- R

Address F@ htkp: 192,168, 0,68 indes. bk ?018001 00 =l Go | Links

b
4 | »

E

I@ Eiore I_ I_ I_ |ﬂ Internet 4
/3 http://192.168.0.68/index.htm?701A00000 - Microsoft Internet EXpIOFEr I (u] -1 |
File Edit ‘iew Favorites Tools  Help :i.f

@ Back = K;’.-'; T \ﬂ @ ‘_h | fd—j Search E‘E{I\?Fa?nﬂites e‘Madia i

Address {&] http: /{192, 168.0.68findex. htm?01 400000 =l Go | Links

ER0401230102020101050101040a1 24585154 ec 18 edast 000000000

.
4] | »

IE I@ [rone:

I_ I_ I_ 4 Internst i




Organization of
Environmental Monitor (EVM) Sensors

i

Environmental
"Energy Momtar

Monitor

S ,. ‘Lt\fq' N T
N 4

I\ #‘_‘ /& Web client (e.g.

. /|
A\ 2 ._@ "Q'-k WESE 333 1&’5?.;‘:.;&9 Web Browser)
Heat I': Hl;n'ﬂﬂlt}' 'y W EEE 1457 g £ 0N Smart Transducer
onitor | P —— Web Services
s
(STWS) Softw Niaat
Interface Server | ?:e;TA%EH
L application)

EVM with 1451 32



Data readout

(typical of digital sensor displays)

M Nagios - Microsoft Internet Explorer

File Edit  Wiew

@Back * &

Address EE hktp: 192,168,254, 1 fnagios inde:x . html

Favarites Tools  Help

A wvebsensor] Hutmiclitsy
lusmirisdion
TEMEEE&' TURE.
webhsensors Humidity
Documentation Numination
T TEMPERATURE
Monitoring
2 P b 3 Hurmichit
% Tactical Overview St SR
= Service Detail Natministion
® Host Detail -
% Status Overview SERCERS e
2 Status Summary websenzord  Humidity
% Status Grid S
8 Status Map Ll
#3.D Status Map TEMPERATURE
® Notifications e
< I
£ Dare

;ﬂ IELI _'_\_ 7 ! Search -;\/ Favorites @Media

el 08-30-2004 11:16:04 0o Ok T6m 37

-DS-SD-?_DM 1114228 Od Ok 18m 13s:

05-30-2004 11:16:15 O Ok 16m 285

0E-30-2004 11:16:04 Od Oh 16m 37

08302004 11:16:04 0df Ok 1 Em 383
ik D5-30-2004 11:16:15 Ocf 0K 16 28
i 08-30-2004 11:16:04 Od Ok 16m 37
- 05-30-2004 11:17:16 Od Ok 15m 28z
Ok 05-30-2004 11:16:15 Dl Ok 16m 285
il 08-30-2004 11:17:28 Od Ok 19m 575
_ 08-30-2004 11:16:04 O Ok 16m 37
ok 08-30-2004 11:16:15 Ot OR 16m 282

32 Matching Service Entries Displayed

P

a3
153
113
313
113
1

383

13

163

313

143

CRITICAL: temp: 87 .7 F, harmiciity: 4% 7%, illuminstion:
2Te3

O tetnp: 877 F, Fmicity: 45 1 %, iluminstior: 275.3

Ok temps T3.0°F, humidity: 57.0%, ilumination:. 240.4

CRITICAL: temp: 790 F, humidity: 57.4%, iluminstion:
2404

Ok temp: 9.0 F, humidity:- 58 3%, ilumination: 240 .4

O temp 76,2 F humidity: 50.8%. ilumination: 75.3

CRITICAL: temp: 762 F, humidity: §3.7%, llumination:
783

0K temp: 782 F, humidity: 62 236, ilumination: 76.3

Ok temp: 81.7 F, humidity: 52.8%  ilumination: 718

CRITICAL: tetmp: 816 F, humidity; 5008%, illuminstion:
1.8

Ok temp; 816 F, humidity; 51.8%, illuminstion; 72.9

ﬂ Internet

EVM with 1451

Uses standard web browser (HTTP)
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—!
Conversion to IEEE 1451.0 (Dot 0) Format

O O 0O O

Start with networked (Ethernet compatible) smart
sensor -Combined TIM and NCAP

Add TEDS
Add HTTP Dot 0 commands interpretation
Respond with data in Dot O format using HTTP

Requires website which understands and displays
Dot O format data

Implement plug and play

EVM with 1451 34



—!
TEDS (Dot 0) for EVM Smart Sensor

Meta-TEDS(for ID and overall configuration)

Chan 1 (time) TEDS- optional, but recommended

Chan 2 (temperature) TEDS (+ calib TEDS)

Chan 3 (humidity) TEDS (+ calib TEDS)

Chan 4-6 (CQ, VOC, Press.)

XdrcNameTEDS — Name (e.g. furnace room) given by user
GeolLoc (Location) TEDS optional

O O O O O 0O O

EVM with 1451 35
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Dot 0 Commands for EVM Sensor
-- TEDS Related

Tim Discovery --to see what is available

Transducer discovery — to see what is available
Read TEDS (read individually)

Read Name TEDS

Read Location TEDS (if available)

Read Data (each channel individually or as a group
Other commands available but not implemented here

O O O O O 0O O

EVM with 1451 36



—!
STWS vs HTTP direct

0 Smart Transducer Web Servidesnslates Dot O
commands and data via HTTP into network friendly
SOAP ( Simple Object Access Protocol).

o STWS was developed at NIST (sponsor of 1451
protocol) — it is a version of the Dot 1 protocoliafn
Implements plug and play

0 Other interfaces acceptable which are compatible
with IEEE 1451.1 standard.

EVM with 1451 37



e —
STWS Website

EINIST Smart Transducer Web Services{5TWS) Applications - Mozilla Firefox I ] bl = | I:[I ﬂ
File  Edit Wiew Hi.s_tcur?' Bockmarks  Tools -

@ x ':{ = @ e {j} ||;| httFu:,l',l'lu:u:alhu:ust:EiIIIEiIZI,I:SmarI:TransducerWebServicesClie | "’l B"] !@_—T!Gnngle |'“-'%.]

| | Customize Links | | Free Hotmail | | Windows Marketplace | | windows Media | | Windows
Ll Ll Ik

[»

NIST Smart Transducer Web Services Client

L3RS

Smart Transducer ReadTimMetalDTedsServcies

Web Services

———————————— ReadTunletalDiTedsServiceRequest-——-—-—-—-

TunThacovery = ]
Transduc ;art)is COVENY hmld ||1
iRe adTransducerData iansdicera (0 |||:|
T talD Tods rno e (b) E
— tinecut_sec (6): ||E
TedsType (2) E
Submit: |_submit_| 38

e

Done




Dot 0 Commands for EVM Sensor
-- TEDS Related

a TIM Discovery (to see which TIMs are available):

http://192.168.254.99:80/1451/TIMDiscovery?respéimsmat=text
Response: 0,1

a TransducerDiscovery

http://192.168.254.99:80/1451/TransducerDiscovanidt1&respo
nseFormat=text

Returns: 0,1,1,2,3, TEMP,HUM,ILLUM,CO2,VOC,PRESS
0 Read TEDS (read individually)

O other

EVM with 1451 39



e —
Readout of Dot O Data

O ReadTransducerData
http://192.168.254.99:80/1451/ReadData?timld=1&ciedid=1
&sec=6&nsec=6&samplingMode=5&responseFormat=text
Returns: 0,1,1, TEMP,25.99,C

O ReadMetalDTEDS
http://192.168.254.99:80/1451/ReadTeds?timld=1&oedd=0
&sec=1&nsec=1&tedsType=2&responseFormat=text
Returns: 0,1,0,2,24:75:32:10:FA:CC, Esensors Ineb¥énsor

EVM with 1451 40



Graphical Readout of EVM Monitor

(3 function version)

J Flle Edit Yiew Favorbes Tools  Help ” @ Back = | 4 |-
| address [ IEE ' A8
| Gouogle - | =] Bpsearchweb « | g3 | Bl aeor | Edoptions

;l

Server Room 1 HVAC

Server Room 1 Temperature Average

4 a6 & 10 12 14 16 1§ 20 22 o 2 4 & & 10

Server Room 1 Illumination Average

GE0.0
15.0

3400

Illumination

170.0

L]

4 6 & 10 12 14 16 18 20 2 o 2 4 & & 10

Server Room 1 Humidity Average

32.0
2d.0

16.0

Humidity

g.0

L]

4 6 8 1 12 14 15 18 20 22 0 2 4 &£ 8§ 10




Another Readout Example

& Websensor Datalogger by Esensors, Inc.

File  Tools Database  Help

“Wiebzensar List Webzensar Details

Webzensor Dema #1 Detailz | Trend Graph | Senzor's Data
» “Websenzar Demao 2

Humid on Channel 2 in YWebsensor Demo #2 for Period Last Hour
Websenzar Demo #3 = T T T

425 [

L L L
gy gy g,

Date { Time

1=l O H Lirnid on Channel 2 w | Date/Time: |LastH|:|ur V| 42

Palling Started
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Packaged Sensors

O Internet accessible via Ethernet
o Compact packaging
0 IEEE 1451 Smart Transducer Standard Option

S ::1‘;"'“:.., S -'r Q. 1 s
il mlmﬂh nlnﬂ M

Temperature, humidity, Six function sensor suit
illumination only emos; EVM with 1451 (EVM) ([emog] 43



Part C
Environmental Monitoring Application Classes

0 Building
= Indoor air Quality
= Energy usage (and control)
= Lighting

0 Industrial
= Above plus;
Fire/smoke detectioflire alarms regulated)
Polluting gases (S£HNOX)
Waste sites
Water quality

EVM with 1451 44



8
Building Monitoring

(indoor air quality)

0o Occupant comfort
» Temperature
=  Humidity
= lllumination (lighting)
O Air quality (gases)
= Carbon dioxide (CQ
= Carbon monoxide (CQO)
= Volatile Organic Compounds (VOC)

O Storage
= Refrigerated

= Controlled environment (e.g. art)
*Safety

EVM with 1451 45



————————————————————
Building Monitoring
for minimizing energy usage

O Monitor/meter
= Electrical energy consumption
= lllumination (varies with weather conditions)
= Cost of energy (via Internet)
= [control — reduce lighting and shed loads as needed]

O Monitor occupancy
= Carbon dioxide level in occupied rooms
= [control — decrease ventilation if G@vel is low]

EVM with 1451 46



—!

Advantages of Internet-Capable
Environmental Monitors

O Optimizes energy usage using information (e.g.eniirates)
from the Internet.

0o Data from many buildings easily collected and caxpl
analysis programs can be implemented

O Provides standard interfaces for monitors (sensorgd)
controls (actuators), thus facilitating transduoamnnection.

O Alerts to anywhere (email, cell phone) can be gateel:

0o Overall goals are to maximize efficiency and to imize
costs.

EVM with 1451 a7



Summary

0 Described smart environmental monitoring
sensors (6 functions)

0 Described networking with the IEEE 1451
transducer standard

0 Discussed applications of networked
environmental monitors.

VWM. EESENSOI'S.COM
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Basic Digital Gas Sensor Block Diagram

Memory
(Cal/ ID)
Gas | vd Digital Out
— Sensor e Analoq _S|gnal — e AD ; —— Microcontroller i
Element Conditioner {10-12 hit) (Serial)

L Technology Specific ——

EVM with 1451 50



Sensor Circuit Detalls
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————————————————————
EMU (Environmental Monitoring Unit)

Rapid Deployment

Six Plug and Play Gas Sensor Slots
Ethernet/Internet or wireless communication
Uses IEEE 1451 Format (HTTP on network)

O O O O

Demo version Ruggedized version

EVM with 1451 52
52



Photo of Sensor Pods
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O Similar to semiconductor gas sensor but has volbadjeut

o Heater (5v @ 11.5 ohms)

0o Has thermistor for temperature control

O Vsen increases 50 mv per factor of 10 change ingas c
(220 to 490 mv at 350 ppm)

o Requires hi-Z amplifier PLa——

0 Examples: Figaro TGS4160 (GO o!: ol < o )
or Oxygen (zerconia) ozéz o, *“2'*02.'“2' X |

o Periodic re-zeroing desirable > %) ~9 o

eeeeee Sample
Gas o o Gas
-— (\7\' -——
L/
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Amperometric Sensor Construction
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List of Gas Sensor Technologies
(different gases require different technologies)

Semiconductor — resistive*
Semiconductor — voltage*
Amperometric*

Catalytic*

Infrared*

Photo-ionization

Fluorescent

Surface acoustic wave (SAW) & vibrating beam
Capacitive* and other

O OO0 000000

* Tested
Gas HEviitarith Wyl 2006 56



————————————————————
Prototype TIM and NCAP

O NCAP interfaces to Internet via Ethernet

.ﬂm\

E?‘ Ethernet faead

T EMO04 Serial EI02 TIM

i M H
INTERNET NCAP Bus with TEDS

.-’.

PC with Browser
or Website

EVM with 1451 |:> 57



HVAC sensor with Internet Address

Uses Ethernet as the Network

Microcontroller has TCP/IP (mini-website) as pratbc
Data (temp/hum/light) can be read anywhere on theter
Polling/logging/display by remote websites

This version is a smart sensor but doeshave a IEEE
1451 standard interface

O O O O 4d
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onitor Demo

STWS
Translation

/

\ EMU #2 i \
Anywhere
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Harmonization of IEEE 1451
with Internet sensor standards
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Full Schematic of EVM
(EM09)
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