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Table 1 Score benchmark of the factors in proposed added-value assessment framework

Score IFL ITR DVT STF

Mo impact at all Mo interest at all Devote nothing Reject and claim for
COMPEnEation

Very indirect influence Like to follow up progresses Can have a free try Cannot accept
Indirzct influcnce Some interests, but it's ok without it Can have a try with small cost Some complains
Secondary participator Can use it if commanded Want to have with accepiable cost Constructive suggestions
Main participator Secking solutions actively Want to have regardless of cost Mo good, no had
Coordinator and Eager to get it Actively promote regardless of Satisfied

commander cost

100 N
= Fullseores * “IFL*|a * ITR; + (1 — a)| * DVT},
ATR FullScore® ¥ ; {STF' IFL; | + ITR; + (1 ﬂ')l *D Tr}
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Table 2 Added-valwe assess-
ment scorcboand: each 4-
number-set means [IFL, ITR,
DVT, 5TF] Traceability Shelf life Sales Precision Insurance
prediction premium agriculiure cost reduc tion

Stakeholders Added-values

Producer 5 3 1 2 i 2 2 3 5

h

2
Logistics P, a2 i 5 3 5
Wholesaler 5 3 5 5 5§ 5 5
Retailer

Insuramnce C.
Comsumer

Public 5. 3
ATR (a=0.8) 41.03
ATR (a=0.5) 352
ATR (a=0.2) 2037
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Table 3 The sensing targets,
possible sensor mechanisms and . Target Possible mechanisms Price Maturity Accuracy

availability analysis
Location -GPS (Global Positioning System) =520 high medium

-Wireless cellular (GSM/3 G) <520 high low
-Short range wircless (WiFi, RFID or WSN) Ea 1] medium low
-Ultra wide band (LUWRB) =5500 loww high
Temperature -On-chip temperature sensitive transistor <51 high low
-Integrated semiconductor transducer =41 high medium
-Temperature sensitive resistor =51 high low
-Thermal couple <550 high high
-Resistive Temperature Device (RTD) <8500  medum high
Humidity -Humidity sensitive capacitor =51 low low
-Humidity sensitive resistor =51 low low
-Integrated MEMS humidity transducer <510 high high
C02 -Infra red spectrum absorption detector <8200  high high
Oxygen -Electrochemical (oxidation-reduction) <5100 high high
Ethylenc -Catalytic combustion of combustible gases <850 high high
H28 -Electrochemical {oxidation-reduction) =5100 high high
So1l Moisture  -Resistance measurement <550 high medium
-Capacitance (diclectric constant) <8100 high high
-Time domain reflectometer (TDR) =5500 medium high
Wibration -Mechanical vibration switch <850 medium high
-Micro ball switch and counter <51 high low
-Integrated MEMS accelerometer =510 high medium
-Mechanical vibration switch =850 miedium high
-Micro ball switch and counter <51 high low
-Integrated MEMS accelerometer <810 high medium
-Earth magnetic and gravity sensor =5100  medium high
-Integrated MEMS accelerometer <510 high medium

-Ambient light sensing photo diode =51 high medium

Table 4 Cost assessment of sensors

No.  Target Part number Supplier

=
==}
-
S

1, mA Tow 5 s T Tams  [omA  7,ms Eml

Location” SIRF I GPS CSR ple
Temperature SHT15 Sensinon AG
Humidity SHTI15 Sensirion AG
CO, [ReelCO2 City Tech.
Onygen MicrocelO2 City Tech.
Ethylene MicropeL75C  City Tech.

H.5 4 H CiTicel City Tech.

Soil Moisture  20058-V Irmometer Co.

9 Vibration” MMAT361 Freescale Semi.
10 Shock” MMAT361 Freescale Semi.
1 Tilt” MMAT361 Freescale Semi.
12 Light APDS-9003 Avago Tech.

o

0.72 25 5600 0.72 891
0.55 1.0 2 320 0.55 439
0.55 1.0 3 320 0.55 731
285 35 1.50 185 3292
0.01 15 A LUB L 0.01 0497
&2 5.0 7 0.10 62 1023
0.01 30 T 0.10 0.01 0.992
1.5 0.50 X 0.1a 1.5 248
0.40 0.6 5.0 25 0.40 0.834
0.40 0.6 5.0 23 0.40 117
0.40 0.6 5.0 1.5 0.40 0817
25 0.01 71 LUB L 25 0.0%1

o L b e

o -
i B S SO R S R R )
o ko

(-

+: The Ty, is the warm-start time of GPS, which highly depends on the quality of signals from satellites. The results here are averaged by 100 tests
in our Lab-room i Stockholm by placing the antenna on windowsill in heavy cloudy weather. This means relatively poor GPS signal guality

*: The tilt, vibration, and shock are simultancously measured by a le accelerometer device combined with specific data proce

{see section 4.2 for details). The results here are measured when statistic periods are 100 5
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Fig. 6 Simplified sensor energy cost model
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Algorithm 1 Initialization of databases

Function Initialize (K0, TypeList0, Q7(t, Condition))
K=K0/K{ is the maximum number of conditions supported by existing models
TypeList=TypeList(://list of product type supported by existing models
CreateDatabase (QDB, K+2): ficreate database of (K+2) dimensions
CreateDatabase (CDB, K+2); /fcreate database of (K+2) dimensions
for Type inm TypeList
for Condition in ConditionList (Type) /f list of supported E(t) of this product type
if Q. Eit) ) '= NULL
QDEB(Type. . Condition) = Q" (L. Condition).//using existing models
CDB(Type, t. Condition) = 0J) not trusted
else
QDB(Type, t, Condition) = NULL.Y invalid as model not available
CDB(Type. t, Condition) = 0u/not trusted
end if
end for
end for
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Algorithm 2 Query and calibration of databases by self-leaming

Function Query (Typex, Conditionx, tx, Qx)
M0 is the optional user feedback
if (Type in TypeList) AND (Condition in ConditionList (Type))
if Qx is NULL
if QDB (Type, ix, Condition) is NULL
QDE (Type, tx, Condition)= appreximate{QDEB, CDB. Type. tx, Condition);
CDB(Type,ix, Condition)=();
end if
return QDB (Type, tx. Condition), CDB(Type. ix, Condition);
else if IQDB (Type, tx, Condition) — QxbcErrorThreshold
CDB(Type, x, Condition) = CDB(Type, 1x, Condition) + 1 Jfincrease confidence
else  fcalibraie database by user feedback
CDB(Type, tx, Condition) = CDB(Type, tx, Condition) -1Jfdecrease confidence
QDB(Type, tx, Condition)=calibrate(/QDB(Type, tx, Condition), Qx);
end if
else
if (Qx is NULL)
return NULL;
else
if (Type not in TypeList)
AddTypeToDatabase (QDB);
AddTypeToDatabase (CDE);
else
AddConditionToDatabase (QDB);
AddConditionToDatabase (CDB):
end if
QDB(Type, 1x, Condition) = Qx;
CDB(Type, ix, Condition) = (i,
end if
end if
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