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The way to standardize electronic tongue system using IEEE 1451.4

Dong-Jin Kim', Jeong-Do Kim, Hyung-Gi Byun*, Yu-Kyung Ham, and Dong-Won Han**

Abstract

The IEEE 1451.4 standards defines an architectural model for interfacing smart transducers for sensors & actuators.
This standard allows analogue transducers to communicate their identification and calibration data in a digital format.
A digital format is called the TEDS (transducer electronic data sheet). However, the standard template TEDS of IEEE
1451.4 do not supports sensors to use in electronic tongue system, such as arrayed-potentiometric and voltametric
sensors. In this paper, a solution to standardize sensors for E-Tongue (electronic tongue) and electronic tongue systems

is presented.
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X 1. ¥ TEDS
Table 1. Standard TEDS content

E 2. 7]¥ TEDS
Table 2. Basic TEDS content

Basic TEDS (64 bits)
Selector (2 bits)
Template 1D (8 bits)

Standard Template TEDS (ID=25 to 39)
Selector (2 bits)
Template ID (8 bits)

Calibration TEDS Template (ID=40 to 42)
Selector(2 bits)
Extended End Selector (1 bit)

User Data

A TEDSE AAME o)&8h=t Za3t g s}

# 12 IEEE 1451.4 5 TEDSE RoiF3 vk
71 TEDS+ IEEE 14514 TEDS® A€ 64 bito)

W, RFaky v mE)ol) AAE o ok ) A R A

E 3. IEEE X& @ZdolE
Table 3. IFEE standard template

Bit Allowable
Length Range
Manufacturer 1D 14 17 - 16381
Model Number 15 0 - 32767
Version Letter 5 A - Z (data type ChrS)
Version Number 6 0-63
Serial Number 24 0 - 16777215

ofolee] AZAF B Al A K. Fol 715 Utk &
2 7]% TEDSE YeR ATt o714 A|zAL IDe= of
27] 72 |2 [EEE B3 Y4304 gdss
Fgich 2 9 YHRls A2AL Ao R ggske]
AR & Q)

# 38 ¥F 9Euo|E TEDSE Yepiddth &
dEZyo]E TEDSE AAY] LUl £7E Sa &
ZHolE IDE A9 vt HEHo|E D 25-39= &

Type TemI}I))late Name of Template
25 Accelerometer & Force
26 Charge Amplifier (w/ attached accelerometer)
27 Charge Amplifier (w/ attached force transducer)
28 Microphone with built-in preamplifier
29 Microphones (capacitive)
30 High-Level Voltage Output Sensors
Transducer 31 Current Loop Output Sensors
Type 32 Resistance Sensors
Template 33 Bridge Sensors
34 AC Linear/Rotary Variable Differential Transformer Sensors (LVDT/RVDT)
35 Strain Gage
36 Thermocouple
37 Resistance Temperature Detectors (RTDs)
38 Thermistor
39 Potentiometric Voltage Divider
o 40 Calibration Table
C;;i;ﬁ;n 41 Calibration Curve (Polynomial)
42 Frequency Response Table
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Measurement Method

Sensor Type

PH sensor

Potentiometric

Ton-Selective Electrode (ISE)

Ton-Selective Field-Effect Transistor (ISFET)

Voltammetric
Piezoelectric

Optical

Clark Oxygen electrode
Shear Horizontal Surface Acoustic Wave (SH-SAW)

Surface Plasmon Resonance (SPR)
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Fig. 4. The sensors of electronic-tongue systern.

(b) Electrode Array
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Fig. 5. The sensors array of electronic-tongue system.
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e 5. Proposal of Basic TEDS. - A sensor of electronic-tongue system

Bit Length Allowable Range Examples of Electronic tongue

Manufacture ID 14 17-16381 Electronic tongue 16382
Model Number 15 0-32767 10245
Version Letter 5 A-Z (data type Chr5) Type of Device
Version Number 6 0-63 1

20 0-1048575 0998852
Serial Number ;

4 0-15 Number of Sensor
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B 6. AUk WA #HE. -S4 Ho) Fe
Table 6. Proposal of version letter. - Type of measurement
method

Version Letter Type of Electronic tongue sensor

P Potentiometric Method
\% Voltammetric Method
zZ Piezoelectric Method
0 Optical Method

F 7. 712 TEDSY . - A3} 2]e] pH A4
Table 7. Example of basic TEDS. - pH sensor of
potentiometric method

Bit Length Allowable Range
Manufacture 1D 14 16382
Model Number 15 10245
Version Letter 5 P (See table. 6)
Version Number 6 1
Serial Number 20 0998852
Number of Sensor 4 1

sk AAE AL A de FEg ol
TEDSE 47119] 9= iro] 23T A WA
e AlzE] it AR HEHOIE ID B ofd o]
Aol gk MM X 58 vepdch F A 39
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3 IEEEIM XA s)Folok sl HEolzl AT &
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Typele #7181 Az Huj& vehiv IEEE
14514 B2 HZgolEd AHod o2 ‘1Y Af=e
AF 23 MM (voltammetric sensor)E WERATE 5°
A 79 AR A &l A4 (potentiometric
voltage divider sensor)S E& T}, [%OrderSen} &
old X2l &ME vt A& B 7)o AXME
olgo|gt ALl ‘w2 FH HIUThA 4815 Aol o
F ARE udn. oY A$rt 71E ANE vehd
o}, olgold A el Ajet AT Qo B = 7|8 TEDS
o] ¥id W39} 7o) 6bitS AH 3T [%TypeSenl=
Ax el 27E Jehdrt. ol dsir e &8
£ 8] s MM FFHE Vehof ske B-Eelth
gbits FFaon, F7HE & AEF ARFE EAF
Art.

Ao th3t B Ed el E IDE 4308} a3t ol& F
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v
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23 A9 i e 7t Vst E st
F 102 AA AR e 498 VeERdth [%Min

ElecVall, [%MaxElecVall& AA1e] &4 4159 Huj
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o] 9yt AF AT AFAY o] M AFe
e sy, AYAL Wl AME AR s
Hrt. [%sensorimped]s AA 9] JoP2E VERAAL,
[%RespTimele A4S SE9A 7S EpdT.

¥ 118 AR Alzw A2 Alg S vepilet
AN E A5 Yola A 5] witol] AHe] 2%,
S5, pH 59 F&FS S 5 7] dE] AFE &
Falgeh 3 AN TF A 2 Axe 2710 th
3 A ste @3}

Table 8. Proposal of template TEDS. - Basic information of System

property / command Description Bits Value
TEMPLATE Template ID 8 Integer (ID = 43)
. . . 1 = Voltammetric sensoj
%ElecSigType Electrical signal type 8 5 = Potentiometric sexsﬁ:)r
= Referenc
%OrderSen Order of Sensor 4 (1) _ I;iersjr:;clseoiensor
0 = Refk
%TypeSen Type of Sensor (see Table 9) 8 clerence Sensot

1 = pH sensor
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E 9. A TF [%TypeSen]
Table 9. Type of Sensor [%TypeSen]

Case Type of Sensor Case Type of Sensor Case Type of Sensor
0 Reference 12 NH,’ 24 Gold
1 pH 13 Ag 25 Antimony
2 Br 14 NOy 26 Mercury
3 Ca™ 15 Pb™ 27 S”
4 Cu™ 16 Ag/Agel 28 Carbon
5 Ccr 17 Hg/Hg,Cl, 29 Ba™
6 CN- 18 Hg/Hg,80, 30 Cd™
7 S04~ 19 Red Rod 31 COs”
8 F 20 Na* 32 Heg™
9 H* 21 SCE 33 K*
10 r 22 Platinum
11 Na* 23 Silver

10, Agtsle F29YolE TEDS. - AM AR
Table 10. Proposal of template TEDS. - Information of Sensor

property / command Description Bits Value

%MinElecVal Minimum electrical Value 32 Voltammetric = mA
Potentiometric = mV

Y%MaxElecVal Maximum electrical Value 32 Voltammetric = mA
Potentiometric = mV

Y%oMapMeth Mapping Method - Linear

Y% Sensorlmped Sensor input impedance 12 Unit [MQ]

Y%RespTime Sensor Response Time 6 Unit [Seconds]

H 11, Aekske FE#0lE TEDS. - Alx o] A
Table 11. Proposal of template TEDS. - Limitation of Sensor

property / command Description Bits Value
%MinBoil Temp Minimum Boiling Temperature 32 Unit [°C]
Y%MaxBoilTermp Maximum Boiling Temperature 32 Unit [°C]
%MinpH Minimum pH 4 pHO- 15
%MaxpH Maximum pH 4 pH O - 15
%MaxConcent Maximum Concentration Unit [ppm)
%MinSupp Vol Minimum Supply Voltage 16 Unit [V]
YoMaxSupp Vol Maximum Supply Voltage 16 Unit [V]
%MaxExciCurr Maximum Excitation Current 16 Unit [mV]
%NormExciCurr Normal Excitation Current 16 Unit [mV]

E 12, Agshs dE# ol  TEDS. - WelBeold A1
Table 12. Proposal of template TEDS. - Information of Calibration

property / command Description Bits Value
%CalDate Calibration Date 16 Month/day/year
%Callnitials Calibration initials 15
%CalPeriod Calibration period 12 days
%MeasiD Measurement location ID 11
%SenModel Sensor Model - Sensor Model No.
%UsrData User Data (Comment) - HOSEO Univ.
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Fig. 8. TEDS of Sensor array. - Using IEEE 1451.4.
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Table 13. Proposal of template TEDS
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Fig. 7. TEDS of Sensor array. - A way to proposal.

Field property / command Description Bits Value
TEMPLATE Template 1D 8 Integer (1D = 43)
Rasic %ElecSigType Electrical signal type 8 l : Xgi‘:ﬁgﬁ:&i
12?;{;;2;;“ %0OrderSen Order of Sensor 6 (1) ; Ee;:l:gf:(;ensm
% TypeSen Type of Sensor (see Table 9) 8 (1) ; Eﬁz‘;gﬁ sensor
%MinElecVal Minimum electrical Value 32 Voltammetric = mA
Potentiometric = mV
. %MaxElecVal Maximum electrical Value 32 Voltammetric = mA
Information Potentiometric = mV
of Sensor %MapMeth Mapping Method - Linear
Y%Sensorlmped Sensor input impedance 12 Unit [MQ]
%RespTime Sensor Response Time 6 Unit [Seconds]
%MinBoil Temp Minimum Boiling Temperature 32 Unit [°C]
%MaxBoilTemp Maximum Boiling Temperature 32 Unit [°C]
%MinpH Minimum pH 4 pH 0 - 15
L %MaxpH Maximum pH 4 pH 0 - 15
Limitation o . . .
of Sensor YoMaxConcent Maximum Concentration Unit [ppm]
%MinSupp Vol Minimum Supply Voltage 16 Unit [V}
%MaxSupp Vol Maximum Supply Voltage 16 Unit [V]
%MaxExciCurr Maximum Excitation Current i6 Unit [mA{
Y%NormExciCurr Normal Excitation Current 16 Unit [mA]
%CalDate Calibration Date 16 Month/day/year
Y%Callnitials Calibration initials 15
Information Y% CalPeriod Calibration period 12 days
of Calibration  %MeasID Measurement location 1D 11
%SenModel Sensor Model - Sensor Model No.
%UsrData User Data (Comment) - HOSEO Univ.
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