J. of the Korean Sensors Society
Vol. 16, No. 2 (2007) pp. 150 — 158

IEEE 1451.25 O|&8 MXl5{ AA|

USH - YWET - ¥RM - oW - YBF* - Y~

Design of electronic tongue using IEEE 1451.2
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Abstract

The IEEE 1451 publication are available, this standard defines interface between sensor and processor, and plug and
play in processor is possible. Also, Intelligence of sensor was possible because sensor includes transducer electronic data
sheet (TEDS). In IEEE 1451 standards, IEEE 1451.4 is suitable standard in single sensor, and IEEE 1451.2 is suitable
standard in multi-sensors (array sensor). In this paper, apply IEEE 1451 to electronic tongue system. In the case of
electronic tongue system, because array sensor is used, it is that complex and difficult to apply IEEE 1451.4 that is standard
for single sensor. In this paper, apply IEEE 1451.2 for array sensor to design of electronic tongue system. Communication
interface method of IEEE 1451.2 for electronic tongue system is presented, and implemented TEDS of electronic tongue

system.
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Fig. 1. Block diagram of the IEEE 1451.2 structure.

J. Sensors Soc., Vol. 16, No. 2, 2007



68 AER - ARE - BEA

Functional Address Channel Address

r/w Functional code Channe! number

LI L] [ b T ] foo

3 2. 34 12
Fig. 2. Address layout.
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Table 1. Global functional address

Functional Global function (Channel address=0x00)
address
0 Write global transducer data
1 Write global control command
3 Write triggered channel address
5 Write global standard interrupt mask

64 Reserved
65 Reserved
Write global End-Users' Application-Specific

% TEDS

128 Read global transducer data

130 Read global standard status

132 Read global auxiliary status

160 Read Meta-TEDS

161 Read Meta-Identification TEDS

192 Reserved

193 Reserved

4 Read global End-Users' Application-Specific
TEDS

H 2 A4 e 4
Table 2. Channel functional address

Functional Channel function
address (Channel address #0x00)
0 Write channel transducer data
1 Write channel control command
3 Reserved
5 Write channel standard interrupt mask

64 Write Calibration-TEDS
65 Write Calibration-Identification TEDS
96 Write End-Users' Application-Specific TEDS

128 Read channel transducer data

130 Read channel standard status

132 Read channel auxiliary status

160 Read channel-TEDS

161 Read channel-Identification TEDS

192 Read Calibration-TEDS

193 Read Calibration-Identification TEDS

224 Read End-Users' Application-Specific TEDS
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2.3. Transducer Independent Interface (TII)
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Fig. 3. Transducer independent interface.
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Table 3. TEDS structure®

Type of TEDS

TEDS Function

Meta-TEDS

Contains the mandatory machine-readable data that describes the entire STIM. The data may
include information such as the revision of the IEEE standard, version of the TEDS, number
of channels and timing restriction.

Channel-TEDS

Contains the mandatory machine-readable data that describe each transducer channel in the
STIM. The data may include information such as the transducer type, calibration model,
physical units, limits range, data format and the timing restriction for the relevant transducer
channel.

Meta-Identification

TEDS* Provides the optional human-readable (Text/ASCII) data for the overall STIM. Data
may include information such as manufacturer's name, model number, serial number, version
codes, date codes and product description.

Calibration TEDS*

Contains the optional machine-readable data when a correction engine is used in the STIM.
The data may include information such as the calibration coefficients, intervals, date and
time for the each transducer channel that requires calibration.

Channel-1dentification
TEDS*

Provides the optional human-readable data similar to Meta-ldentification TEDS, except that
it is for an individual channel. This data is used when a STIM is built with multi-channel
transducers from different manufacturers.

Calibration-Identification
TEDS*

Provides the optional human-readable data when a correction engine is used in the STIM.
The data may include information such as the calibrator id and the calibration standard used.

End-User's Application-
Specific TEDS*

Provides the additional human-readable data not covered by the specific TEDS described
above. The data may include information such as the location of the STIM and the contact
information for the technical inquiry.

Generic Extensions TEDS*

Allows an option for the future extension to the TEDS described above

*Optional TEDS

E 4. JEHe): M F gl
Table 4. Interface signal lines

Group Lines Logic Function
DIN Positive logic lolloologinc  Address and data transport form NCAP to STIM
DouT Positive logic Data Transport from STIM to NCAP
Data DLCK Positive edge Positive going edge latches data on both DIN and DOUT
NIOE Active low Signals that the data transport is active and delimits data
transport framing
Triggering NTRIG Negative edge Performs triggering function
POWER N/A Nominal 5V power supply
COMMON  N/A Signal common or ground
Support _ Serve§ two functions:
NACK Negative edge - Trigger acknowledge
- Data transport acknowledge
NSDET Active low ac Use by the NCAP to detect the presence of a STIM
Interrupt NINT Negative edge Use by the STIM to request service from the NCAP
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Fig. 4. Smart transducer interface module.
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Fig. 5. Block diagram of the STIM control module.
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Fig. 7. Block diagram of Transducer channel interface.
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3.3.2. Multiplexer and ADC
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3.4. Transducer electronic data sheet (TEDS)

IEEE 1451.29) TEDSofls= Al2~ele] AR E o 4= )
= Meta-TEDS, Meta-Identification TEDS, 28] 24
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Table 5. Memory map for the TEDS
TEDS Memory address Size
Meta-TEDS 0000 h-07FFh 2 KByte
Channel-TEDS 0800 h-37FFh 12 KByte
Meta-ldentification TEDS 3800 h-3FFFh 2 KByte
Reserved 4000 h-7FFFh 16 KByte
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Fig. 8. Meta-TEDS information reading from EEPROM in
STIM using the plug-and-play operation.
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Fig. 9. Meta-Identification TEDS information reading
from EEPROM.

Meta-TEDSS] A KHE ol & of glojo= HHE
STIME: A=t Alzale] ARE & 5 9

I8 102 STIMe] Az = S+ 7
¥33T 0= Channel-TEDSE Holt) Meta- TEDS
2} Meta-ldentification TEDSS] A HE ¢lo]L uf 7o)
Holed 28 108 2H, dxl STIMell dA= o] 3l

OL

= *Mﬂ FHehz Alae] &9, AMErE S5

HelHE ¢lold o gl A7k 5o RS EHTh
O% 112 STIMO] NCAP(H FP{Oﬂ/ﬂ‘: PC or PDA)
ol Q=L TEDS AEE BF glof & Fof $22

HolF) 7L ANZHE 245 H]O]E}Q} 22 o)

B & PCA(principal component analysis)&
ﬁ%éﬂ%%”dﬂﬂdHAHOWHEﬂﬂ .

o18}7] 913 71%Ne] DAL Pojo T 2
Aueol e SR AME s HE e =

o
==
€9 ¥ 5 A

siatct.

e

Calibration Key

Ch 1 Catibration TEDS ion Key
Channel Industry Nonvolatile Data Felds Extension Key
Channel Industry TEDS Extension Key

Channet End-Uisers Applicaton-Specific TEDS Key

Channel Type Key

Fhysicat Units

Lowsr flange Limit

Upper Range Limit
Waorst-Case Uncertainty
HeH-TestKey

Channel Data Model

Channet Data Modet Length
Channef Model Significant Bits
Channel Data Rapettons
Series Origin

Series Increment

Series Units

Channet tUpdate Time
Channel Write Setup Time
Channe! Read Setup Time
Channet Sampling Period
Channel Warm-Up Time
Channel Aggregated Hold-Off Time
Timing correctan
Trigger Accuracy

Event Sequence Options

_write TEDS |

12! 10. Plug and Play 715} §-7+¢ STIMS] EEPROM
o 2 1E] ¢]o]& Channel-TEDS
Fig. 10. Channel-TEDS information reading from EEPROM
in STIM using the plug-and-play operation.
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Fig. 11. (a) measurement procedure, (b) analysis using PCA, (c) calibration procedure.
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