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Goals

O O O 0O 0O

Review electronic sensors and signal conditioners
Describe smart sensor design

Discuss sensor networks, both wired and wireless
Promote the IEEE 1451 sensor network standard
Comment on wireless sensor future
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Sensor Development
past and future

0 Most sensor principles known (by physicists) for over
100 years

O Many sensors used industrially for over 60 years

o Computer controls and appetite for data have driven
sensor uses, especially Machine-to-Machine (M2M).

o Continuing Improvements in manufacturing methods
(e.g. MEMS) have made sensors smaller & easier to use

O Advances in electronics (analog, a/d, microcomputers,
communications) lower costs and add functionality.

O Smart, digital, networked sensors are the future trend
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Sensor Classes

O Basic Sensors

O Smart Sensors

O Networked Sensors
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Basic Sensor Block Diagram
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Signal Conditioner Example
(Thermistor)
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Partial List of
Measured Parameters and Sensor Technologies

o Acceleration/Vibration .
O Resistance
O Level & Leak .
_ o Capacitance
o Acoustic/Ultrasound .
» — 0 Inductance & magnetics
o Mac |_neV|5|on 0o Optical & fiber optic
O Chemical/Gas . .
_ _ _ 0 Voltage & piezoelectric
o Motion/Velocity/Displacement .
lectric/ _ o  Ultrasonic
o E e?t_rlc Magnetic o O RF/microwave
O  Position/Presence/Proximity
o Flow Sensors (and sensor industry)
O Pressure are subdivided (fragmented) by:
O Force/Strain/Load/Torque 1. Parameter measured
2. Technology
O Temperature 3. Application area
] H um | d |ty/M OiStU re Networked Sensor Seminar




Some Sensor Elements

Pressure
Sensors

RTS (temperature) ?
ﬂ 1

-E‘I‘rl

Photodiodes
Networked Sensor Seminar Force Sensor



—!
PC Signal Acquisition Plug-in Method

(older, analog approach)

O A Star configuration: each sensor connected directly to DAQ.
O Results in many wires if multiple sensors
o Calibration done in software for each sensor
O Noise often causes errors o [
NATIONAL . i
INSTRUMENTS e Elg e
| o] PP o
Isolated M Series Multifunction DAQ pripo2 E:"w:: 251 e o gt
16-Bit, 250 kS/s, +10 V or +20 mA Analog Inputs pce || s
priap 3 cupu | (37 12| 1812 upul
e
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Smart Sensor Block Diagram
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Smart (Digital) Sensor Features

o Analog/Digital Converter
Typically 10-14 bits, usually internal
0 Microcontroller (embedded)
PIC or similar 8-bit micro with appropriate features
O Sensor ldentification (serial # etc)
0 Calibration information
Compensates for sensor variations; conversion to engineering units
o Data logging and real-time clock (optional)
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Microcontroller Example

FIGURE 1-1: PIC16F872 BLOCK DIAGRAM
13 Datagus & PORTA
Program Counter 7 o
Fﬁtgrsﬁn JL : E[:\?:Ei
BT Mermory & Lovel Stack RAM ] ) RASANSARER
{13-bit) File » RA4/TOCKI
In Iagram - Registers 4 Rf-\s-f-\N‘si:ﬁ
DIP, SOIC, SSOP o 1 RAM Addr (1)
FORTB
Instruction reg RBO/JNT
Direct Addr 7 ] ‘E‘[‘;g‘r"t : ES;
moRvee—eLJ*1 7 28 Jw—= RE7IPGD G L] | ] REpoM
- il ¥ 4
raoano=+—+L] 2 27[ ]+ RE6/PGC N Y Res
. . ATUS re I PG
RataNt =[] 3 26[ ]+ RB5 . a Reeco
RAZ/AN2NVReF-—[] 4 25 ]4—= RB4 7
RAJAN3NRer+ =[] 5 24[ ]+ RB3/PGM ! Fowerup cORTG
R.‘\-i:'T'j[mH E 6 3 23 jH RB2 Instruction Sh?t?ﬁi;‘nlaTl%e\ I E:E ?.}}8\;3‘:‘({:152KI
RASIAN4SS<=L] 7 & 22/ ]+"RB1 Dosoge s [F=1 | =220 ) reaccer
) © : wer- [— RC3/SCK/SCL
ves—=[] &8 = 21[J**RBOINT Reset L RC4/SDIISDA
osctictkin—w[] 9 2 20[]=—voo R admindon K= | " Timer © oy Regseo
oscaclkour=—Dio = 1oLle—ves
RCOT1080/T1 0K =[] 11 18] J-#—= RCT/RX/DT In-Circuit
RC1T1081CCP2 % []12 7[> RCBTX/CK e
RC2/CCP1 E 13 16]"—.' RCE/ED0 Programming
RCHSCK/SCL=—[]14 15[ ]+~ RC4/SDI/SDA é é
MCLR VoD, Vas
Timerd Timer1 Timer2

i P i
¥ v v v

Synchronous
Serial Port

Data EEFROM CCP 10-bit AID
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Connection of Non-networked Smart Sensors
to Computers

o USB (best for PCs) or RS232 (best for Instruments) Serial
Data Lines

0 One line and port per sensor (a problem with large systems)
0 Data protocol not standardized
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Websensor — sensor with Internet Address

Uses Ethernet as the Network

Microcontroller has TCP/IP (mini-website) as protocol
Data can be read anywhere on Internet
Polling/logging/display by NAGIOS (Lynix) freeware
A smart sensor but does not have standard interface

O O O O 04
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Websensor data readout
(typical of digital sensor displays)

3 Nagios - Microsoft Internet Explorer

@@l

File  Edit \Miew Faworites  Tools  Help
O Back - i ﬂ |§] A ) Search Favorites w Media
- = R 4
Address @] http:[j152. 168,254, 1 fnagios/indes. html v BYc  links ®
| websensord Huarmiclit ik 08-30-2004 11:16:04 Od Oh 16m 37= 173 OR: temp: 877 F, humidity: 44.5% illumination: 2735.3 -~
N a g l 05 llurmiriation _08-30-2004 111428 Odd Ok 18m 185 303 SE:'ST'SC’E‘L' IEMEEE B AUTCE Sl TUMRCHOn:
TEMPERATURE Ok 08-30-2004 11:16:15 O Oh 16m 28z 173 O temp: 57.7°F, humidity; 45.1% illumination: 275.3
EEHEPE' wwebsensord Hurmidity: Ok 08-30-2004 11:16:04 0Od Ok 16m 37z 173 Ok temp 79.0F, humidity: 57.7%, illumination: 240 .4
® Home 3 - 5 s e o
B[ ocumentatio lurmiriatior: _ 08-30-2004 11:16:04 0l Ok 16m 385 303 gfgf’u"" TEMRE RS el HOME e U achiers
= = TEMPERATURE ik 08-30-2004 11:16:15 O Oh 16m 28=  1/3 Ok temp: ¥9.0F, humicity: 58.3% illumination: 2404
Monitoring e _
E i websensor3 Hurmiclity: ok 08-30-2004 11:16:04 Ol Oh 16m 37¥s 173 Ok temp: 6.2 F, humidity: 60.8%, illuminstion: ¥5.3
S aclienl Dvurviow CRITICAL: t : TE2F, humidity: B3.7%, illuminstion:
® Service Detail llurmination _08-30-2004 11:17:16 0 Oh 15m 285 3/3 i i e i i
% Host Detail — ~ : — e —
® Status Overview TEMPERATURE Ok 05-30-2004 111615 0d Oh 16m 285 143 Ok temp: 6.2 F, humidity: §2.2% illumination; 753
% Status Summary websenzord  Hurmidit Ik 05-30-2004 11:17:28 0d Oh 19m 57 103 Qb temp: 817 F, humidity: 52.8%  illumination: 71 .8
% Status Grid : ; e G
. . amination 0E-30-2004 11:-15:04 0 0h 16m 372 563 CRITICAL: temp: 51 B F, humidity; S0.8%, illumination:
Status Map HTHOESIT &
23.D Status Map TEMPERATURE o 05-30-2004 11:16:15 0d Oh 16m 28 145 O temp: 81 5 F, humidity: 51.6%, ilumination: 72.9
% Notifications , hd 32 Matching Service Entries Displayed .
w
i Internet
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Sensor/Transducer Networks

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

0 Both network and sensor digital
data protocols are needed

o Standard data networks can be used
but are far from optimum 5

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

R

The Tower of Babel
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Networked Sensor Block Diagram

_ 1T

’ . . . >
Ll Ll Ll
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|IEEE 1451 — the Universal Transducer

Language

O

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

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

The IEEE 1451 Smart Transducer Protocol standard
IS the best universal solution

O Supported by NIST, IEEE and many Federal
agencies

O

O O O
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A review of the

IEEE 1451 Smart Transducer Concept

/ Transducer Interface Module (TIM) \

Analog/ :
1451 .X =) 1451.0 1 o Signal
> Comm Layer Control Logic COEI)\I/%IEilon ¢ Processing @

\_ (- -

1451 .X Transport Mechanism

/ Network Capable Application Processor (NCAP) \

| Message 1451.0 Routing,
Abstraction, signal 1451 .X
TN TePiP, Web processing, Comm Layer |~
a —— Server Embedded TEDS mgt
Application
Remote Computer
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|IEEE 1451 Advantages

0 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 ...)

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

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

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

Networked Sensor Seminar
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But the Complexity!

O A comprehensive standard Is necessarily
complex

O There was little adoption of the original IEEE
1451.2 (T1I) standard because of its
perceived complexity

o Manual preparation of the TEDS is not
practical

o A TEDS compiler is needed NN
. . . JRLAE Ul \
O A compliance test procedure is also desirable RN
to prove that the design Is correct

Munch —The scream
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IEEE 1451.0 (Dot 0) TEDS Format

0 Required TEDS [Memory block with defined format]
MetaTEDS

Channel TEDS

Calibration TEDS (unless SI units)

Xdr-name TEDS

Phy TEDS

Also optional TEDS

0o Data Transmission [specific octet format]
= TEDS/Status requests
= Triggering and configuration
= Sensor read commands and data return
H

Actuator write commands and data sending
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TEDS Format

O General format for each TEDS section:

Field De=cription Data Tvpe Number of Bytes
------ TEDS Length Ulnt32 4 byles

| oM Data Block YVarlahle Variahle

------ Checksum Uinl 16 2 byles

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 value is “A304” hex

0 Field example: Meta-TEDS (TEDS # 1)
13: Number of Implemented Transducer Channels (default=1)
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TEDS Compiler

CHANNEL TEDS
Cnnge Chefmt Yafus me Oesioed

Channel =

Sansor Type [ TS—"—

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

Units [Crlsens
Lara/Mindnuwm Valus
Full Scale Value

OE rror/Uncenainty
Chose Data Format

U I = Flostsg P

Feaures:
Selt- TestMult-Rarge

S et
Kot Default Timing

ﬂ]’l‘ﬂlﬂ-lTE?[lE'l‘-'Li.r.l_]ri-i:lHﬂl*




TEDS Sections Implemented

Meta TEDS

Meta ID TEDS

Transducer Channel TEDS
Transducer Channel ID TEDS
Calibration TEDS

Calibration ID TEDS
XdrcName TEDS

Referenced by TEDS section/access code (e.g. #1 for Meta-TEDS)
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Standard Transducer Units
(binary format)

ST Based Units

Base (uantty Name Unit Symbol

Length meter tn

Iflass kilogram kg

Timne second g

Electric current arnpere A

Thermodynamic temperature Eelwin E

LAmount 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




Dot 0 Command/Response Structure

Byvte Number

Description

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

Evte Number Desciiption

1 successiFail Flag

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

TIM Reply-Message Structure
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Meta-TEDS Writer Screen

III} University at Butfalo The Stute University of New York

Access Code 1

META TEDS

Change Default Value as Desired

Ii}__‘ University at Buffale The State University of Ne

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

cb;‘ e s

COPYRIGHT @2005%ei Liu, University at Buffalo All rights r&m‘ved'
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Channel/Calibration TEDS

(for linear sensors)

-E.Ih University at Buffalo The Stare University of New York

AccessCode 3

CHANNEL TEDS

Change Default Value as Desired

Channel

I

-[lg University at Butfale The Stnte Undversity af Net

Sensor Type iTemperature 3&nsn_"_J

IEEE 1451 TE
Units ¥

Zero/Mininum Value
Full Scale Value
OError/Uncenrtainty

Chose Data Format

" Inteqger % Floating Point

Features:
Self-TestiMulti-Range

Sampling/Buffer

Not Default Timing

o, =mm @ ¢




TEDS Reader

Iﬁ University at Bu

Access Code 3

I]ﬁ University at Buflalo The Stafe |,-'m|rnr:_|.'r>f,"|'r'h York

CHANNEL TEDS

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

Save in: ] g MNEWWOLUME [D:)

Iy Recent
Diocuments

Desktop

9

ty Documents

i

ku Computer

“

b _I,I_N ehwork

> = @k E-

i ]

1

Chz

(i e

| 3Dbasis

[ =

Chs

|2) appformaonm

iﬁBanana International

h-j Bewitched, TC. ¥wiD-ASTEROIDS
ICBitCamet

) buildingeonstructionanddesign
ICICIESz?

[ChCIEE2S

[y civilenginesting
[Choourses

[CTiData

[Cydell drivers

[ Dowrloads
[C=arthquake Egineering
*:fFavu:nrites

[CIFEMA 358

[CTIFEMA 360

[Film
|J)gentechnicalearthquakeengineeringha

[iham

|_ICIESST [CLiveUpdt

CCIESS3 [hrics

< i | >
File name: 1 L] | Save |

Header Field: 3)

er Field: 12)

80 80

bwer range limit (Header Field: 13)

per range limit (Header Field: 14)

ity (Header Field: 15)
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IEEE 451 TIM Compliance Tester

o TIM (Transducer Interface Module) i1s most complex
and done by sensor design engineers
(TIM tester can be used by the few NCAP designers)

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

0 Focus is on TEDS checking and data transfer format

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

O Tester uses serial bus (RS232)
O 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)
O Internet/Ethernet Local Network
Internet Ethemet NCAP M To TIM
0 PC Readout
Optional PC
= Network | (as NCAP) > To TIM
Communication
O Industrial
network Profibus,
Fieldbus — NCAP ~ To TIM
or other

A“ use DOt O prOtOCOI Networked Sensor Seminar



Data Readout Examples
(via Internet)

3 http://192.168.0.68/index.htm?01800100 - Microsoft Interme (=]

File - Edit  Miew Favoribes  Tools  Help l{',""

@Back - '\,pj - \ﬂ @ _h | jfj Search “inl'.;-‘Favnrites eMedia =
O SenSOI’ da’ta‘ Converted Address [€] http://192.168.0.68/index. htm?01800100 | B0 | Links

to ASCII for display B

b
4| | »

&) Done |_|_|_|ﬂ Internet b
3 http://192.168.0.68/index.htm?01A00000 - Microsoft Internet Explo o0 o] o3
File Edit ‘Miew Fawvorites Tools  Help ;'F
A A - o . »
= Back - dor (R :_] | . ) Search < 7 Favarites Media
0 TEDS data is O~ O - [x] Bl @] Pt ygrons @
Address [ &) http://192. 168.0.68/index. htm?01 400000 -l Go | Links

displayed In =]

ERO4012301030201010530101040a1 24585 154dec 1#8edast 000000000

hexadecimal form e

4]

|::> Netw( /&) Done I_ I_ I_ 4 Internet o




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

O NCAP interfaces to Internet via Ethernet

tl 'M-H--‘.,\

i t RS-232
- ; erne EMO4 Serial EI0Z TIM
M =
INTERNET NCAP Bus with TEDS

PC with Browser
or Website

Networked Sensor Seminar |:>



TIM Tester — Data retrieval

hS :=] University at Buffale The Star

Querny Channel TEDS Analysis:
Result: Supported

Sensor Type: Temperature Sensor
S1 Unit: K

Low Limit Value: 233

High Limit Yalue: 353

Query Calibration TEDS Analysis:
Result: Supported

Slope Constant Walue: 1
Intercept Constant Yalue: 273.15
Sensor Data Yalue: 26 36719

Calibrated Sensor Yalue (In S1 Unit): 299.5172

Operating MD o COM 1 b
Start Test

cO P#KIG HT 2006 Darold ¥obschall. University at Buffalo
All nghts reserved
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Serial Bus Format
and Relation to other Networks

O Tester uses RS232 serial bus only but...

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

0 TEDS retrieval is one feature
O Sensor data read (protocol check) for each channel:
Idle 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)
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Example —
Wireless Connection

0o  Wireless modules with RS232 1/0 when connected to Dot 2 TIMS are
similar to IEEE 1451.5 TIMs (wireless version of IEEE 1451).

o Data format and TEDS are the same (both follow the Dot 0 standard)..

S T ST e oNT7 |
| I :7 ‘7 I :
|

| |

TIM RS232 | Wireless | | Wirel | To
| Sensor : I ireless :
| Data — wi{tEOTl Ez[})S Transceiver | | | o Microcontroller —:—t::- Network
| | | |
| ‘ |
| Dot 5 TIM i I Dot 5 NCAP :
________________ Jd Bt s e n el s o er el el in el oo

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

IEEE 1451.4 (only) does not use the Dot 0 format TEDS.

This i1s a small, TEDS-only version (no digital data format is
specified by the standard).

Mixed-Mode Transducer
NCAP (Input Section) (Sensor with TEDS)

IN+ Analog Signal H
A/D -
‘ -
[ IN- Analog Gnd.

1-Wire Data_

|

|

Vo) 37 !

¢ [ (LR TEDS | |
’ \

Digital Gnd. 1
- Serial Bus ElO6 _ Dot4Bus | D4 Sensor Module
3 L = “ | Minimal NCAP | 4 with TEDS
¥ Ll -

INTERFACE *3 —_—
Data ; | # =Usually partof the |
™ b (1-Wire) microcontroller : Personal Computer
| | (PC)
Dala
ouT

1k isor Seminar Dot 4

y

A




Transducer Electronic Data Sheet
(Dot 4 TEDS)

o UUID (Universal Unique Identifier)
Supplied by EEPROM (DS2433) manufacturer (6 bytes)

O 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)

o Manufacturer’s TEDS
Sensor type and calibration parameters (16 bytes)

Conversion to Dot 0 TEDS possible (but not unique) Dot 4

O O 0O 0O 04d



Dot 4 TEDS Writer and Reader
(PC Screens)

M Esensors Inc

IEEE 1451.4 Minimal NCAP Module

TEDS WRITER
Serfal Number [24 BITS] Version Numbes [6 BITS] VersionLetter [5BITS | Maddel Nimbes [15 BITS] Manfacturer ID [ 14 BITS]
10101010 ET0T0IeN0T 0 (111000 (G [T1oamoonam 0011001001100
MSE LsB
| m [ m A £l 5 0 cc i3
STATUS: 2:15:58 PM
[Reset.., Passed
Verified ., Passed
Programine..Passed
TEDS Ol Tailed
CONVERT | VERIFY ‘ | PROGRAM | RESET ‘ BACK ‘

N Esensors Inc
IEEE 1451.4 Minimal NCAP Module
TEDS READER

Family Codde Unicpue Serial Code CRC
| 14 | 220634010000 | E6
BASIC TEDS:

SERIAL MO --101
YERSION MUMBER -1
WERSION LETTER --E
WMODEL MO -5
MANUFACTURER 1D --34

STATUS:4 25112 PM

RESET...Passed
TED'S READ...Passed
CRC TEST...Passed

READ l

RESET ] BACK

Writer

Network r/seminar
Pet4

Reader



Harmonization of IEEE 1451

with other sensor standards

————— ———— — —— —

4

Y SensorML

LOCAL To other &

NETWORK NCAPs COMPLIANT IEEE 1451 NCAP f

via Ethernet
(or other protocol) T:_Iflf::’ L] p:::::;gm [} Iéc;::‘( > @
e
Transducer T .
Protocol

Translator Pseudo - NCAP

TEDS TCPNP | | Dot 0 | | Specialized
Cache HTTP Conversion Interface

(optional Encryption)

e e, e e e — — —— — — i —— o o o

TransducerML

Users

Dot 0 (HTTP XML)
Appended Data

Sensor Web Enablement Services

DATA
smrage Sensor
Observatio
Registries

WEB Sensor
ALERT Plannlng
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Wireless Sensor Networks

o Currently fashionable in academic and VVC circles

0 Recently available low-cost, high performance RF transceiver
chips greatly simplify design

O Improvements in embedded microcomputers and smart

sensor design also make wireless sensors much more
practical now

O Can be lower cost and easier to use than wired sensors
O Point-to-point and mesh protocols available.

O Specialized sensor networks (e.g. Zighee) much more
efficient for wireless sensors, especially battery operated.

0 Lack of standards inhibiting growth of industry.
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Wireless Sensor Example

0 WSO01 wireless temperature sensor
O 433 MHz FSK - range 10 to 100 meters
0o 3-volt coin battery

Printed Circuit Board (back) Photo (front)

Networked Sensor Seminar
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RFID with Sensors

o Combines Radio Frequency IDentification with sensors

O Uses standard (ISO/IEC) RFID communication/format
with additional sensor memory section

O Sensor format is based in IEEE 1451 protocol

0 Typical application is tracking and monitoring
perishable shipments (temperature, shock/vibration)

Networked Sensor Seminar



Summary

0 Electronic sensors and signal conditioners were
reviewed

O Smart sensor design examples given

0o  Wired and wireless sensor networks were
discussed

O The importance of sensor network standards
(IEEE 1451) were stressed

O Comment made on networked sensor futures

Contact: designer@eesensors.com
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