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The purpose of this paper is to design an IEEE p1451.5 wireless
smart pressure and temperature sensors equipped with a new
generation of 8-bit microcontroller unit (MCU) for center controller.
The structure of which is based on IEEE 1451 standard. In general,
sensors do not have temperature and bias compensation capability, this
design based on the embedded MCU with flash memory, can make the
low cost sensor, such as temperature or pressure sensor, becomming
precision, wireless as well as smart by building up the Transducer
Electronic Data Sheet (TEDS) defined by IEEE p1451.5 standard. In
addition, the Network Capable Application Processor (NCAP) is also
built according to IEEE 1451.1 standard such that the sensor can make
automatic temperature calibration and bias compensation via network.
On the other hand the other standards such as IEEE 1451.3 for
Transducer Bus Interface Module (TBIM), as well as IEEE p1451.4 for
analog and digital 1/O are also implemented.
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The purpose of this paper is to design an IEEE pl451.5 wireless smart
pressure and temperature sensors equipped with a new generation of 8-bit
microcontroller unit (MCU) for center controller. The structure of which
1s based on IEEE 1451 standard. In general, sensors do not have temperature
and bias compensation capability, this design based on the embedded MCU
with flash memory, can make the low cost sensor, such as temperature or
pressure sensor, becomming precision, wireless as well as smart by
building up the Transducer Electronic Data Sheet (TEDS) defined by IEEE
pl4b1. 5 standard. In addition, the Network Capable Application Processor
(NCAP) isalsobuilt according to IEEE 1451. 1 standard such that the sensor
can make automatic temperature calibration and bias compensation via
network. On the other hand the other standards such as IEEE 1451.3 for
Transducer Bus Interface Module (TBIM), as well as IEEE p1451. 4 for analog
and digital I/0 are also implemented.

Key words: IEEE pl451.5, Wireless Smart Sensor Module, MCU, temperature
Sensor, pressure Sensor.
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ABSTRACT

The purpose of this paper is to teach the student how to
design an IEEE pl451.5 wireleas smart pressure and
temperature sersors equipped with a new generation of
Bbit microcontroller unit (MOLT) for center controller,
The structure of which is based on IEEE 1451 standard.
In general, sensors do not have temperature and bias
compensation  capability, this design based on the
embedded MOU with flash memory, can make the low
cosl sensor, such as lemperafure Of Pressure Sensor,
becomming precision, wireless as well as sman by
balding up the Transducer Electronic Data Sheet (TEDS)
defined by IEEE pl451.5 standard In addition, the
Metwork Capable Application Processor (NCAF) is also
built according to IEEE 14511 standard such that the
sensor can make sutomatic temperature calibration and
bens compensation via network. On the other hand the
other standards such as [EEE 1451.3 for Transducer Bus
Imerface Module (TBIM), as well as [EEE pl451.4 for
analog and digital 1'Cr are also implemented.

Key words: [EEE pl451.5, Wereless Smant Sensor
Module, MCU, temperature 5ensor, Pressune Sensor.

L WE

A B R e
iy - A N AR
ELZE  NLAENREARSYE - B-—F &
W TR B IR - AT A R
Zh-muginFRAORERE - & |EEE-ROZ. 2
(ERd 825 ) » [EEE-BO2. 4 (FEf WA Wiz o &
Mg, Token Bus) + IEEE FDDI © 60 556 o B4
&) cTOP/IP (B A M M) ¥ - ifde
WA A R B RS - FRALHE
PRl B TR - - - B R RS Mg -
FHFe AN - BN SR 450 UEEE pl451.5 &
B AR RS E1-0] -

HY RSB - ARERE NSk
&t B — B0 AL M 4] BNCU (GEHCH0E) & A st if
wx o BB IEEE 145160 K86 - BT B A B
e S AR NCUSESE - st A B - AT
B ocodvindeacs s d o R4 P AIRARE - A SRR iR
WBHE - RYHELATL - RS MAE X ) - &
NCU 37 RS-232 8 dn 4 do & A OE 0 s L T R0 90 TR a7
LT G TRk TRl -R R Tehe A T
dp o BMAGESEE - st gE R -
Bt R f B i Rt et o o0t ol dk - o
dEk AR EHEANE - AN ML -
RN A G R B AR - 8 LEEE
M5l S oA EL AR - S8
PEEMCUR T W ie - A — AR T e A - S
HRERAYEH SR B-F & R ELLE
M IEEE Std 1450, 1 o6 20 3 Mk 1 do B d o 222t « 9
FUEFTEF AL RN S T ES S 15 ¥ 1
WA - b IEEE pld51. 3 M s an B
M R m(TRIM) - A IEEE pl45]. 4 St/ Ea
i R e T o Ars [ 10-17] -

ALt ENe T §%r@IEEE 1451
A AR B i - R = Notorola NCU
Bifr - Ber A 1EEE 1451 sy B 20 o 0 B 8 in bl i
e BEFEX A EL S - ML -



2004 BB A BT &
tERBAtZE+—~B+Zn

+®- 5% HieidHdr®

2. wEVEMBE(Soart sensor)iin i

21 JEEE 451w i BERRRAsit
EEAEMEME AR (=] - #—
by [EEE Std 1450 1A A - o i 2 N A5 20
EEAMENCAP) - 2R REARMERRGTRE
RolARRRASAE - EB N EANEN
&M RS (Transcejver ) X €03 - oMb F
FLI R A ¢ BT O S o R WS

#-F LB AR - =HI -
e =
mimasan
relly d.
— | v
== G

G L
El IEEE MSIWERMS MERALYET LN

Arpsscars Wit sig =i U esmiat i'-‘m
.t .ﬂ_
J?ilu EEJ EE]

==y [ ¥ [ ]
=) &= Cs) =

—— s ety Bty e ea—

HI JEEE MY RTAMEMBARALNREER

B d [BEE Std 145022 R - v ALY
REEMER &I mISTIN + Ssart Transducer
Interface Module ) EAEYRSEME - TRAW
MR L/ Rl TS AR FHAR
Wl -STIN 2 8 X AT SRS

1 TEISHE EX AR - ARMI RTS8 -

2 ERRlE fEL - Ma - TRy
BAHWEEN - hafNE -

3 wgrodm - mEASF RS aR
R ASAMNEALANA-IRETHAE
LU o T RTE RS R TS T
B (Digital 1/0) # &bl ¥ £ -

2.2 1EEE 1451 W R T &M B L mmng
Aty BE T A
L IEEE pl451.3 (£ A8 R 5 s 6f ) B0 T
ik o B b &, TEIND
2. IEEE pld5l. 4 (R AMbL/ R TR T RR)
3, [EEE pl4ol.5 (R s og ey e o o0 i)
St e MM, Wik

2.2.1 [EEE Draft Standard 14513

ERENASTHRR - EATATEDE&ME
LRGBS Bt R A-F TR A S R P YEE S -
MR S EeN RS E - B
T @i bl AXEHAT aNEMNETR
RMSH L MR TRIESEALLN SN
o« |EEE 1450 36 - 0 M et — 8- 1 AT
A WMAETERIBEAAT SR (TRIM) . i
BAERNMERLRE TR ANAN
By g SiilEdait s AFRATHT
() -

JiEL.3 ¢SdRms Ll

\gasnnggere
L Fhln®
Bl 1G5LINEHEMEMNE-FAARTDNE
2.2.2 IEEE Draft Standard 1451.4
IEEE 14504 8 24t Mt AR MiA S0
Bl sRAnYHaATRE - o

A ATEDSH X - ENRWN S ERE - 0 ]EEE

M5l A et &R 2pmE (HEAL -
LA pEmEmS BN

.

A

B4 451 AWBBEMEME KT HE

2.2.3 [EEE Draft Standard 1451.5

HSL528ARRAARNMRELHE - CAAE
AL ZEMERSN DT 10RSnHDs i
MK - pLa M R M i

3. Motorola MCUSE 4+

3.1 MESHOOBR 4k k Sif

MOTORCLA Atz B B MBRHCOS b 70, Jop K
0 RS A (M s R ) s
o AR - AR A R R



2004 9 0 H B AR R 9T
PRRBATZR+—A+28

4% - 4% HL&LHEAY

(Flash) » 3 R% B G AMEE - RoyRHS
MEZMEES - NIERN RS TED - TR R
iRt M (LK £ JR i) A P HA
il TR HLMEIG0 TS fk - R
o PN ¢ G E By % (LY] ¢ Low Voltage
Inhibit) @ s OR 0L « 0 R 86 08 638 4F 8L AR (00 «
Computer Operating Properly)z S ahsh - B
pt LU HLEEA AR £03. 5 3B A0 KIEE %R
EAMForksh « T A A Le bt bt ibeik
BiEth (i o R AmIltis)  LREREARE S
Wik TRESEALESTEMEN - SNt
A BT shR - A MR MG, - W
WA RN A R -k TREZWUE
A ¢ BTG I A AN A AR -

3.2 gt

Ttk K 7k M Netrowerks £ 8 5 88 o R 6 is
R - Ay % & E WA Netrowerks CodeWarrior™
Pevelopment Studio Special Edition - spidid &
AOBBCO0BOTAQY A FEE WA - itk D R MO
SIFE - S - HME - NS - RMREE - &
LA mARTrERdRGABRSELE - B
GRICOOBOTS WU=1/0 pind & ok M - S M &
Wi R & S s -

4. WA EME(Soart Sensor )it

A0 A M MOTORDLA GRECONBOTAMS 2 10 «
RE-ZEZ0 SR A ¢ AT 5L 3L AT &
e ok MPCHA A NCAP st M - O T 1451, |
40 1 o W W A - iR s Server dEthernet fENCAPH
i AR Bk - RN R AL
HERR  WRIGLIAM AR - 5 —F B
B M MU A S A ey & ik M CBER Pind -
B R A 0tk - ¥ K451 2R BT
MR- BAHe NN e AmiA &M TIELI
e K T

4.1 R5-2328 Ethernet )i 50 5% o o @ 4

dr 4% 1451, | & & o 30 ok M 84 2% (Ethernect)
NCAPsh &b « L Bt itEchernet SR OB 5, « KLOB TR M
il Sorver « G S MRE R IR T REE - L iR
B STEEMANCAPRNCUR] 2 ol (R + SrpdEd] -
BNk AR ARN — HPURANAP - &
#1451, 1 NCAP » $£1450. 3 TBIN = & W4 @iktt -

4.2 A
HIANCUSP N R ESE -

EEr s rmass T

i
ISP e

O

St

et 4L|
-'[luiiul=+=~
M5 MU MBS 232w gl

4.3 4k Pl & 3ARS-232 M0 4 M 18 (4o 6)

MG RS2 HuTx ibdgating

A T O 0 oy TR R
o MTABYT M Ethernet il o 12 (K 5% -

L LELER A8 Lok T R )
45 WREEAMNBSEARE Tz RE

ARG BN EHRAE - Tl — W
FIC-IZC 2 ETREH(EVSAF AN -

v b J,nr-.x'F"f"

our_iag3s (1) =10 m



W04 Ee L E AN
PRt —H4=a

$%- 548 HEsLAHRAE

1M35 & & National Semiconductorsfd & ¢9E A f
HE - R HER AR R A -
w1} NCHRE A0 BAGIT KR ERN N
linY - RERMASBCFHECTANA-FEHE -
MR U ADEESY /B Bic domsl A t%i
PRS- AEFRRGHHELNAIT-125CER
BEH-1T  EHESFEI- RHIARMA - 10aV/
CTHIBET = LGBV ERERKES : 135V s
ACH) = a¥ -

WO IC-IHCLBREMNERD

AIREHENBAFTNEARLEANT REMER -
WD RAARH 2 MR LS Lt b
T k4 R P RO F 8 A TR I Aok O LT
e R SR - A R] AN
A A AR SR S Opsi MR
MOEGAED « B bl o3 R g A
EERE VR T EE T R T L e
PR R ERAR SRR -

CES IR e 2 R W EE L) SR RN S
BB RPEEERBEBE AU EL
ADCMAT R AR R - HibdH+/- 02 psith
ARl RIL) - RAREHERSLT RN - IR
WAL M RBAREAR - NAFEARM—
SRR AL DHER - scta sl badld - W12
ALTANBIESENMN -

[ Ly miit, 5

T
e
B £
5 pan
R g
T =

HI0 k@ -FEn

—— i
Liwal, i)

= MR
i

Rl AfZEHMARMRENE

LELFERLELE T L2 ]
L T

R LLLI T PE T

O T

HIZ FEEHEEN

<61 L 4B

AR R R M H AR A15NN RF B AR A e
(oo 1) - i f} S F 2
1. B8 A A A i - T TR A PC S e ) <
BB (o B A, - BBy board DA 5 RMLIEIE B
(o b 004 £ Bt -
LR RAE - FHES TR -
LA MR o ASKY A (M)
4. Mmmae o 315N
G, ek R 4800bps
G d¢sr A : -103dha
TERERE : 680 A 2-12V0C « S ik il fn By
4, 5-5, 5VbC
BEAEL - S EmSE 0l 12V« Bodk i6in &
Amd /5, 5V

W13 R iR



WM o idERsRRre
FEEMA+Zt+—A+Za

M- Gk BLGLNHRRE

o 5 B b o dm A LINK o 8 b 88 TXM-XNS-LC
A RM-XAN-LCEBH »- RPN REE r i
TXM-315-LC#r 44 8 o8 8 315Mhz & & 8 13 « sh S sp ik
Ky ssERAES Y LB -

#aEE (S ESeED)
SR AR D1 IVDC - RS - BTTLE
fatnih -

B 15 RF @& ES

Sapm e B e EI6)
Seait i A B B B4, 55, 5V0C - o B iR R 4o
ATILE M i -

a5
ANTENMA
0o [ﬂ
1
3
el P ommaur
3|8
W6 FREEs
5 Mkl
IEEE 1451 i % & IEEE 1450.1 ~ 14512 -

P1451, 3 « P1451, 440P1450, Sin sk - £ 8K T—Fikis
B E - B AR R Eg A& - B TR
BEANBHEE - LS AERad - FH LK
Fweg - B AIEEE 145] - 2L XEEN Fini s
FoLEg-Am i ARERR L NAARN - 28
EASGEACE R S O C T R LR
AAEREL - S0 ANAPZHE - L HAEH—
HEAEE A TA2 gl &F - Rlefranid
UENCESE P EE-EEFE RS SN LF
A HNCAP « B W Telemonitor 28] 40 8 8 4 4 i
NCAP RSSO M & - ML EMP ALY B RE R
T = B— % & &5 50 F % S UTOROLA GENCI0ROTAY &

SONCU B RF S LR im - 2 EACIEY - Rabik— 4
LEE T R ST EYRET N £ E T E Y
SRR T R MG o ¢ [ b B e
A (plug-and-play ibdm $4 - B0 T =L IEEE 145148
B~ R0 RS AE - B &5 % 2 & EEE Sud
1451, 1 T Eam= V5 ik dm 46 5h ) B 4 & T S NCAP S0
i - B orrde ik IEEE pld51. 3 o B8 M T & 0 i
(TBIM) ~ 1EEE pld5]. 4 #ieh/$t{ei2 &0l + B [EEE
plddl, 5 ST R e e -
REE-ALAFSRE AN AE RSB E
HEMFEESLAH MO 2R ANEON
b iREaRhRR -

6. B
FUNFARRTNOGRFO Rk TRAT 2
LR SR R

T Skl

[1]. Rose M., and K, Mc Cloghrie, “Structure and
Identification of Management Information
for TCP/IP-based Internats,” performance
System International, Hughes LAN Systems,
May 1960,

[2]. Case, J., Feder, M., Schoffstall, M., and J.
Davin, “Simple Network Management Protocol
{ SNUP )" SNMP Research, Performance
Systems International, MIT Laboratory for
Computer Science, May 1990

[3]. htrp: / Awww, motion, aptd, nist, gov/

(Mationa] Institute of Standerds and
Technology, |EEE 145] #3{Lagss)
[4]. htrps: /fe-www, motorola, com/webapp/ ruhp, my
Semiconductor, frascwork{Motorola§ $88 8 )

[5]. Bryzek, Janusz, ~Summary Report, ™
Proceedings of the |EEENIST First Smart
Sensor Inmerface Standard Workshop, NIST,
Gaithersburg, Marylamd, pp. 5-12, March 31,

1994,
[6]. IEEE PI421.1, Draft Standard for a Smart
Transducer Interface for Sensors  and

Actustors  Network Capable Application
Processor  (NCAP}  Information  Model,
Institute of Electrical and Electronics
Engineers, Inc., New York, December 16,
1996,

[7]. “I1EEE P1451. 2 02.01 IEEE Draft Standard for
A Smart Transducer Interface for Sensors and
Actuators - Transducer to Microprocessor
Communication Protocols and Transdecer



2004 § oL M N AT
FREAALtZS+-A+Z8

8- 5% BALSMEAE

Electronic DPata Sheet (TEDS) Formats”,
Institute of Electrical and Electronics
Engineers, August. 199§

[@]. John C. Eidson and Stan P. Woods, “A Research
Prototype of a Networked Smart Sensor
Systen,” Proceedings Sensors Expo Boston,
pp. 223-Z32, May, 1985, Helmers Publishing

[9]. ~IEEE §td 1451, 1-1988, Standard for a Smart
Transducer Interface for Sensors and
Actuators - Network Capable Applicaticn
Processor  (NCAP)  Information Model,™
Insti-tute of Electrical and Electronics
Engineers, Inc.. Piscata-way, New Jersey
ORBS5, June 25, 1989, .

[12], “1EEE Std 1451, 2-1887, Standard for a Smart
Transducer Interface for Sepsors ond
Actuntors - Transduecer to Micro-processor
Communication Protocols and Transducer
Electronic Data Sheet (TEDS) Formmts,™
[nstitute of Electrical and Electronics
Engineers. Inc., Piscatwway, Bew lersey
QRBS5, Septesber 28 1997,

ALFOIAAEATEMRLBREN UL

[11]. IEEE Draft Standard for a Smart Transducer
Interface for Sensors and Actuators-Digital
Communication and Transducer Electromic
Pata Sheet (TEDS) Formats for Distributed
Multidrop Systems . [EEE Draft standard
P1451.3

[12]. IEEE Draft standard for a Smart Transducer
Interface for Sensors and Actuators-Mixed
Mode Communication Protocols and Transducer
Electronic Data Sheet ( TEDS) Formats , [EEE
Draft Standard P1451. 4.

[13). http://grouper. iece. org/groups/1451/5

[14]. http:/ fwww. metroverks. com/N¥ Devel op/ Enbe
dded/HC08/ Default, htn (Metrowerk #t o M &
T s

[15). dadrife i, RS-2H3 fewrtymggem i, BOSREN
BE FREH

(18] Rivia ¥, ARRABEEMRA, 79848
EEPI-PSE 28ER

[(17], #Fdk, # &% G, TARMICHHER, B0
BSH f ke, PT.50 - F1.54 =858

Opui BPZWEE | Cpul BBAD | IS pi B 2 [ 15 pil WAD | MNWREZET | HERBIWR | MRk
T L LA EECET | RS | INZET L N
1Ps
L 076311576 9 1.uTne 1640842 135 18450 0. 119842 1
o 0. T8 LT ¥_11722 3. ISR 1605934 1254761905 0. 115545 15
in 0. ETrnssE 34, 16044 3. (g6 1997353 125, 16AEYED 0. 119848 13
B 0. 6288154 30606 3.09579% 1578571 125, TR75458 0119240 14
40 1, 5388 |50 0606 3,006 196,929 124, 934709 0. 120841 13
i 06881540 320696 3, 070dg 1566117 124, H2 1245 0. 13044 | 15
£0 1. 5166058 3| 4ap80 3, AV 153 3653 153, 3h04110 0. 121046 14
L 0. 64305 30.B0418 31.001978 154, 1209 120, 3967053 0. 121658 15
ED 03501858 30, 20147 33513 1538098 173 GORDSES 0128351 [E]
i 0. 58E000% 20.89011 1997538 1324733 122985048 0. 13E98 i
[ 100 046005 H.ER01| L9793 130,04 14 122.0113821 0. 122809 11

bt L o

21 5MHz BF I

HU Anfpantss RRLEDT0E

Maz EFI o
e e il




