C2SLDS: AWSN-based perishable food shelf-life ppeoin and LSFO

strategy decision support system in cold chainskocg

Abstract: Temperature monitoring, shelf-life visibility ande&st Shelf-life First Out (LSFO) stock strategy are
important contents in perishable food cold chaigidtics for both cold chain managers and workersriter to
reduce quality and economic losses. This papestiites a wireless sensor network (WSN) basedratted) Cold
Chain Shelf Life Decision Support Systenf8CDS) designed for perishable food product's cdidic management.
The system is implemented based on the wirelesosaetworks and time temperature indicator (T€§tfiresand
enables perishable food’s cold chain temperatureitoring, shelf-life visibility and LSFO stock stemy decision
support. System test and evaluation shows thahfledd radio transmission is reliable and the vehel/stem meets
most of the users’ requirements raised in systealysis. This system can be improved by integratidth
geographic information systems (GIS). By combinivith different sensors, this system gain the paéability to
be introduced into controlled atmosphere packag@®P) and modified atmosphere packaging (MAP) cHamn
perishable food.
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1. Introduction

Many food products are perishable by nature atiebuand require protection from spoilage duringirthe
preparation, storage and distribution to give thdasired shelf-life (Holley and Patel, 2005). SHiéd-is the time
during which a perishable food remains safe, comyith label declaration of nutritional data andaietdesired
sensory, chemical, physical and microbiological rabgeristics when stored under the recommended itoamsl
(IFST, 1993). Temperature is one of the most ingdrparameters of quality control and freshnesari®st an
exclusively function of time and temperature. Thhe temperature is becoming a very important foncfior
perishable food and visibility & traceability ispecially important in its cold chains(Zhang et 2009).

In order to ensure freshness, extend shelf-lifd anhance perishable food safety and security, chiin
management (CCM) methods are established. Coleh chanitoring and control are essential parts in Cgfgtems
(Kuo and Chen, 2010). Time Temperature Indicatofl(Tand information technology such as Wireless sen
Networks (WSN) are currently highly researched moétim cold chain monitoring.

TTI provides the possibility to continuously momitand record the time-temperature history alongwtthele
supply chain in a simple and economical way(Taoakid Labuza, 1989). Since now, there were diffekamds of
TTI based on chemical(Galagan and Su, 2008, LeeShimd 2012, Nga et al., 2011, Kreyenschmidt et24110),
microbiological(Vaikousi et al., 2008, Kim et &2012a, Wanihsuksombat et al., 2010, Kim et al. 220Ellouze and
Augustin, 2010), mechanical(Mehauden et al., 2G08) enzymatic(Smolander et al., 2004, Giannakoetoal.,
2005, Yan et al., 2008, Kim et al., 2012b) prinegophad been developed and tested in perishablestgualy chain.

WSN is a cost-effective sensor and communicati@ehriology that allows theistributed acquisitions and
transmission of different parameters from anywherend users, in locations without a previous ti@munication
infrastructure(Garcia-Sanchez et al., 2011). Idram farm to fork’ style food supply chain, the WSMs been
applied in many phaseasclude the precision agriculture(Damas et al.,120@orais et al., 2005, Chiti et al., 2005),
precision viticulture(Matese et al., 2009, Pereslgt2011), precision harvest(Yu et al., 2011a,eYal., 2011b),



greenhouse control(Kolokotsa et al.,, 2010), graiaragie monitoring(Zhao et al., 2010), animal bebavi
monitoring(Nadimi et al., 2011, Butler et al., 200a et al., 2011), fish farm(Qi et al., 2011b, fidbet al., 2011),
cold chain management(Yuan et al., 2009, Wang.e2@10, Lakshmil and Vijayakumar, 2012, Kacimaét 2009,
Jedermann et al., 2006, Chenwei et al., 2011) aticcesupply chain management and its traceability§ et al.,
2011, Chen et al., 2009, Catarinucci et al., 2011).

The characteristics of the two technologies areptementary as Table 1 figures out each strengthassakness.
It is critical to notice that even if the TTI is affective tool in CCM and can be easily appliedhie perishable food
supply chain’s retailer to customer phase, itsthtion is obvious that the shelf-life informationdatemperature
history can’t be recognized by computer or sendk b@athe cold chain monitoring system by telecomitation so
it fails to meet the cold chain stakeholders’ dedsam real time monitoring and LSFO stock strataggwever,
WSN is an IT relevant technology but it cannot jlevinstant shelf life information to cold chainfiald workers.
Table 1
Technical characteristics comparison of TTlI and WSN

Technology Strength Weakness Cost

TTI Instant shelf life visibility Computer readable Low
Remote real time monitoring
WSN Computer readable Instant shelf life visibility High
Real time temperature monitoring

Position service

In order to improve the current cold chain managéenthe temperature monitoring, shelf-life visityliposition
visibility and LSFO decision support are requirgddoth cold chain managers in the remote and dwddhcin field
workers. Hence the combination of WSN and TTI'sadages is important. This potential WSN-TTI intgm
provides the advantages of the real time cold ch@dmitoring system and the time—temperature indrcab it
achieves the bilateral information transparentriythe whole perishable food cold chain logistics.

This paper intends to demonstrate user’s requirerf@nthe WSN based integrated Cold Chain Shele Lif
Decision Support System {6LDS), the hardware design, the software designta@dystem test and evaluation.
The system is cost-effective and enables to be ragopted in different kinds of perishable fooddeathain include
aguatics, vegetables, fruits and meat.

A brief researctback ground introduction is presented in this sectBystem analysis and design which includes
the survey design, users’ requirement analysissgatém architecture design are demonstrated ilosezt The g
section discusses about the WSN-based TTI nodesT(WARM-based Gateway System (AGS) design and
implementation. Section 4 illustrates the PC-bds®BHO Decision Support System (LDSS) design andhsf-life
prediction process. Section 5 tests and evaluhgewhole system. The discussion and conclusiontahsuresearch
are listed last.

2. C’SLDS system analysis and architecture design
2.1. The survey design and analysis

The research target enterprise is in Beijing, Chiflee methodsdopted to get the user’s requirement of the
C?SLDS are observation and interviews.

The observation was taken in a tilapia cold chesmfHainan province to Beijing. The whole supplgichof the
tilapias’ harvest, transportation, process, storaige distribute were included in the observatiohe Dbservation
continued for 7 days in order to fully get the matmanagement means of the target enterprise.

Interviews were conducted to find out the systequirements which consisted of the functional reguient and
the system module division. An interviewee list @hincludes cold chain managers and infield colirchvorkers
was formed in Beijing with the support of the tdrgaterprise. People on the list were asked toribesthe work



routine, how did they record temperature informataturing the supply chain, how did they get thelfdife
information of their product, whether they have WnoLSFO strategy or whether they have used it anfibgh. In
particular, the cold chain managers and cold chairkers were asked about their most concerned ibmecof the
C’SLDS respectively. The interview continued for 5/sland totally 7 managers and 23 workers wereddvio
participate in the survey. The basic version ofeaysrequirements structure was formed based oimtidweiews.
2.2 Users'requirement of theELDS

Users’ requirement based on the survey and themyahalysis are concluded and demonstrated vitlibeving
tables. Table 2 shows the cold chain managersinegent while Table 3 provides the infield cold ichaorkers’.
Table 2
Cold chain managers’ requirements f6SCDS.

Requirement  Requirement The GSLDS should:

ID Type

Reql Functional Be a system that enables the cold chain managegsttthe perishable food products’ real
time temperature in the remote monitoring center.

Req2 Functional Be a system that enables the cold chain managegettdhe perishable food products’
shelf-life information in the remote monitoring ¢ers.

Req3 Functional Be a system that enables the cold chain managegsttthe perishable food products’ real
time position in the remote monitoring center.

Req4 Functional Achieve a whole process cold chain monitoring whiein help managers to ignore the
information gap between different phrases.

Reqg5 Functional Be a system that enables the cold chain managemsak® smart decision to reduce the
perishable food products quality losses during cblain logistic based on the shelf-life.

Req6 Non-Functional Be a system that its user interface is friendlyyéaoperate.

Table 3

Cold chain workers’ requirements fof%LDS.

Requirement  Requirement The GSLDS system should:

ID Type

Req7 Functional Be a time temperature indicator which shows thespable food products shelf-life
information to the infield workers in the cold chaiperation sites.

Reqg8 Functional Be a flexible time temperature indicator which candasily adopted into different kinds of
perishable food products via simple system confitian.

Req9 Functional Be an indicator which guides the infield workersdentify the cold chain pallets fast.

Reql0 Non-Functional Performs like a traditional time temperature intbhcawvhich means low cost, low power

consumption and easy to use.

2.3. System architecture

In order to transmitnessage between the cold chain operation sitesnéemhet and reduce the expense of the
wireless network, this research developed 3-layehiecture which consists of WSN-based TTI nod&g Tl),
ARM-based Gateway System (AGS) and PC-based LSFBiDe Support System (LDSS). The following secion
describe the structure and purpose of each lagpectively.
2.3.1. WTTI

There are two device types in a traditional ZigB@elication: full-function device (FFD) and redudeadction
device (RFD). An FFD is able fmerform all the duties described in the ZigBee grot and can communicate with
all ZigBee devices. An RFD has limited capabilittesl can communicate with only FFD (Farahani, 2008)

A WTTI is a RFD which can sense temperature data andaglisplelf-life information to the cold chain infield



workers. This part refers to the operation siteshefcold chain logistics such as in the storage teansportation
equipment. It is the tip construction of thi$SLDS system since the temperature data sensorhenghelf-life
display take place in the distributed positionscektain WTTI establishes ‘binding relationship’ via batch of
perishable food which it attached to and then stétrecord the temperature history and then send the
coordinator via ZigBee network. The WTTI also re&esi the shelf-life information of the batch via Beg network
and displays it to the infield workers.

2.3.2. AGS

An AGS is consisted of a Zigbee coordinator and\BM-based smart device (ARM). A Zigbee coordinasoa
FFD which can fulfill the network management, roatel data relay. It receives the temperature irdition and 16
bit ZigBee network address from the WTTI and themg$ the 16 bit address into 64 bit physical add(@sldress
Mapping). When in needed, it sends the temperatfimemation and the physical address to the ARMgIfRS-232
serial port. It receives the shelf-life informatilom ARM and sends it to a certain WTTI accordinghe 64 bit
address.

An ARM hosts a real time binding relationship tab&ween WTTI and foods’ batch numbers. It getgenature
information and WTTI address from the coordinater RS-232 port then turns the address into foodtstbnumber.
It calculates the longitude and latitude informatioom the GPS module. When GPRS or PPPoE netwailables,
it sends the temperature, position and batch nutobire LDSS. The ARM also sends food’s shelf-lifflormation
to coordinator using RS-232 port.
2.3.3.LDSS

A LDSS is conducted by the application servers,déi@ warehouse servers, the model base, the kigeviease,
the routers and the firewalls. All the hosts aranezxted in a local area network. The data warehawasks as the
holder of the temperature, position and shelfdifel batch information. The model base containgmifft decision
models that used to calculate shelf-life for ddfer food spoilage dynamics. The knowledge base taiag1the
expert knowledge include model selection, modehpeter matching and model threshold selection ifterdnt
perishable food product. The application drivess d¢alculation of shelf-life for the perishable foprbducts using
temperature data in data warehouse, shelf-lifeigtied model in model base and parameters in kndgéebase.

This layer has the graphic user interface of thele/@°SLDS. It provides the monitor users not only tha-téne
temperature, position and shelf-life informationtioé batches which are on their way of logisticsdlso the smart
LSFO stock decision to minimize quality lost. Figur demonstrates thé$1.DS system’s topology and architecture
while Figure 2 shows the operation sequence ofitde GSLDS.
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Fig.1. The GSLDS system’s topology and architecture.
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Fig.2. Sequence diagram of thé%LDS system.
3. WTTI, AGS design and implementation
3.1. WTTI design
3.1.1. WTTI hardware design

The WTTI is designed as a ZigBee End-Device. Itthascapability of collecting temperature data,dseg them
to the AGS using ZigBee network, receiving and ldigpg shelf-life information to the infield work&r Thus the
micro processer, the radio frequency module, theégature sensor, the energy supply module andisipay unit
are the indispensable compositions.

In order to improve the integration in the WTTI aodtimize the hardware desigthis research adopts the
CC2530 wireless sensor System on Chips (SoC) wimioduced by the Texas Instruments (Tl) companyhas t
processor and the radio frequency module solulitis SoC embedded an enhanced 8051 SCM which eglad
256kb EEPROM. The RF front-end supports IEEE 802.pBotocol data transmission at 2.4GHz, it alsovijole a
hardware solution for CSMA/CA algorithm.

The Dallas DS18B20 digital temperature sensor \vitishlow economic and hardware costs becomes the
temperature sensor module of the WTTI. This sepsovides 9-bit to 12-bit Celsius temperature datd has an
operating temperature range of -55°C to +125°Ciswadcurate to +0.5°C over the range of -10°C t6°€8

The display module consisted with 8 LEDs which lagein a row so that the light of the LED can cstssas a
progress bar and show the shelf-life information.

The energy supply module is a 3.6V Lithium-ion pogr battery with its 1550mAh capacity.

The WTTI block diagram and its prototype is illeed in Figure 3 (a) and (b).
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3.1.2. WTTI software design

The WTTI embedded software finishes the systenmlization which initials the clock, the stack, thetwork
and so forth in case the node is powered. AfteMfid | initialization, it starts a timeout timer witi used for trigger
the temperature data sampling and information exghaln the interrupt service routine, the WTTsffiestablishes
the communication with the DS18B20 and check if $kasor is in normal condition. If the temperatsemsor
works well, the data sampling starts; otherwise WATTI restarts the sensor. After the data samptmgWTTI calls
the Application Support Sub-layer DdEatity Service Access Point (APSDE-SAP) in the Z&gBorotocol to send
the data to the coordinator of the AGS. Besidesaglthe temperature data, the WTTI also checkbeifet are
shelf-life data for itself which stored in the AG@8exist, it downloads the latest one and send the LEDs so that
the shelf-life display updated.

Figure 4 is a work flow of the temperature datauégition and transmission process on the WTTI.
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Fig.3. The WTTI block diagram (a) and prototype (b).
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Fig.4. Flow chart of the temperature data acquisition taswsmission process on the TTI node.
3.2. AGS design and implementation
3.2.1. AGS hardware design

The AGS plays an important role in théSLDS since it not only relays the data betweenWHeTls and the
LDSS, but also establishes and terminates the rgndglationship between the WTTIs and a certairctbaf
perishable food products. In order to achieve tiwva functions, the AGS is designed as a combinatian ARM
and a ZigBee coordinator.

The coordinator functions as the establisher aadrtaintainer of the ZigBee network in which the W& &xist. It
receives the ZigBee frames from the WTTIs and sendwsvork configure commands to them. So the
micro-processor, the ZigBee radio frequency modihle,data communication interface with the ARM anpgower
supply module are in needed.

In order to form a seamless communication with W[ The coordinator also uses the CC2530 SoC sasvtdwe
processor and the radio frequency module solufitve RS-232 serial port is chosen as the data comcation
interface between the coordinator and the ARM. AXA&R32 IC is introduced into the coordinator to &l the
voltage conversion between the CC2530 pins an&8¥232 standard.

The ARM is a commercial ARM smart device developtiarard by Zhiyuan Electronics Co., Ltd. An EB-3531
GPS module by Huantian Co., Ltd is added to provfte real time position information of the AGS sota
represent the food product batches position. Addirscanner is connected via RS-232 port useditothe barcode
on the WTTIs and perishable food batches in ordezstablish binding relationship between a ceNdifiT| and
perishable food product batch. An SIM300 GSM comication module and an external antenna is adddteto
development board so that the ARM can exchange dmtyre data, position data, batch informationdiig
information and shelf-life information with the L[3Sservers via GPRS network.

The block diagram of the AGS is shown in Figure8l &s hardware prototype is illustrated in Figure 6
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Fig.6. The AGS hardware prototype.

3.2.2. AGS software design
(1) Coordinator software design
Similar with the WTTI, the coordinator initials tHeardware and configures the RS-232 interface. fikdien

finished the above configuration it starts a ZigBegwork and waits for network join requests frorT M. The
coordinator holds a binding table which maintaims telationship between the WTTIs’ 16 bit netwodkligess and
their 64 bit physical addresses. When a temperalaitze from a WTTI comes it replaces its 16 bit meknaddress
with the 64 bit physical address after the tempeeatiata and relays it to the ARM via RS-232 isteef It also
sends the shelf-life information to the WTTI acdogdto the physical address.

(2) ARM software design

The ARM scans the barcode on the WTTI to get ifgsjaal address and scans the barcode on the fmatiet the
batch number of the perishable food products sbtthanaintain the binding relationship between regishable
food products batch number and a certain WTTI. Wiheaceives the temperature and the 64 bit physiddress
data frame from the coordinator it replaces thespuiay address with the batch number, adds positaga and then
transmits them to the LDSS to get shelf-life infation. It also replaces the batch number in thdf-$ife
information from the LDSS into physical addresstlud target WTTI and sends it to the coordinatore *RM
communicates with the LDSS by GPRS network durlmg d¢old chain transportation phase and PPPoE networ
during the cold chain storage phase.

3.2.3. AGS implementation

The AGS software system is implemented by C# laggua Microsoft Visual Studio 2005 while its databds
running on SQLite 3.0.

There are mainly four functions in the system: I MWcontrol, 2) binding relationship managementdaja relay
and 4) system communication management. Since B fouching screen resolution is only 64@80 pixels,
there is no main menu set in the top of the windoarder to prevent misuse. A tab control which foas tab pages
is introduced into the window to achieve the funietselection.

Fig.7 illustrates the binding management interfacthe system. The window is divided into 3 palt$t, middle
and right. The left part and the right part aretcarbuttons while the middle of the screen isitifermation display



zone. On the left part of the screen, users cahastan of the foods batch number and WTTI 6ddbitress by click
the first and second buttons which control the ddecscanner. The batch number or WTTI 64bit addressbe
shown in the textboxes in the middle of the windéfter get the above information, users can esthhdi binding
relationship between a batch of food and a WTTtligk the third button on the left. The forth buites used for
clear the information in the textboxes in caserguui error occurs. All binding relationship is éidtin the data list in
the middle bottom, user can select one data rowddiold the last button on the left to terminalssthiinding
relationship. However, the blue buttons on thetrgitie is used for jump selection between diffefanttions in the
system so that the users don't have to click thallsab page index on the window top.
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Fig.7. AGS software prototype graphic user interface.

4. LDSS design and implementation
4.1. LDSS architecture design

In order to provide high cohesion and low couplgygtem fabric, the LDSS system adopts 3-tier achite
which includes the Ul tier, Functional logic tierdaDatabase tier, as shown in Figure 8.

(1) User Interface tier

The User Interface (Ul) tier provides a user irgeef function which is responsible for passing detimveen the
user and a decision support functional logic. hptetes the integrity check of the input data aisgldys the results
of the real time temperature, position and shédfilnformation for the current logistics perishalided product. It
also provides the decision result based on LSFdesy.

(2) Business Logic tier

The business logic layer is the intermediate stingcof the 3-tier architecture which is responsiblea variety of
processing logic calls. Management logic and decisupport logic are the main component of this tie

The management logic component consisted with @izitmn management, communication management, data
management, model management and knowledge managenmules. The authorization management and
communication management modules exchange datasydthm database in the database tier. The datageent,
model management and knowledge management moduolerges data with data warehouse, model base and
knowledge base representatively.

The decision support logic component derived fram management logic. It consisted with cold chead time
monitoring, shelf-life prediction and LSFO decisioraking modules. This component exchange basichzdrie
food batch information, real time temperature amditpn information from data management modulethia



management component. It makes the selection dbekeshelf-life prediction model and parametersetdaon the
knowledge management module and gets model furscfrom the model management module. When data, Imode
and parameter are all prepared, it provides the imerface tire the real time cold chain monitaformation,
shelf-life prediction result and LSFO decision febased on the model calculation.

(3)Database tier

The Database tier includes the data warehousenih@ledge base, the model base and the databases Bee
independent of each other and can communicate @atth other since they are driven by representdtase
management module in the Functional Logic tier. S@kver 2005 database management system is useghtige
all the bases’ operation.
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Fig.8.LDSS system architecture.

4.2. LDSS shelf-life prediction process

Shelf-life prediction is the basic of the LSFO &gy decision support. In this research, the @litio achieve the
precise shelf-life prediction for different kind$ perishable food products is the correct selectibrshelf-life
prediction model as well as parameters accordirgitain quality decay mechanism and temperatsteitaition.
Different perishable food products have differemrequality decay mechanisms and then differentityudecay
evaluation indexes. Thus the LDSS knowledge basedd to help automatically pre-select the bestimeat quality
decay models and parameters according to perisfadaecategory and its quality decay mechanism.

According to Liu (2010) and Xing et al. (2010),fdient quality decay model have different perforogim constant
or fluctuate temperature status. In order to beitaulate the quality decay progress, the mosaklgtmodel should
be matched to the temperature segmentation whigmsn® cut the whole temperature history into segsieased
on the intensity of the temperature fluctuationmgisa certain segment model such as a StatisticeBsoControl
(SPC) based model (Qi et al., 2011a).



After the temperature segmentation and their ptieticnodel matching, segment level perishable fponduct
quality decay can be calculated. When the quabtyagl in each of segments is calculated, the totalityy decay in
the whole supply chain under the temperature histan be summed up and shelf-life predicted.

Figure 9 shows the LDSS shelf-life prediction psxe

( Model-Temperature )
segment match
Quality decay
calculation

Quality decay
accumulation

Temperature

( Perishable food
history input

category selection

i

Temperature

Qualitydecay
mechanism analysis segmentation

TN

(Quality decay evaluation
index selection

A:el paremeter pre-
\ selection

Model paremeter pre-
selection

(Total quality decay result )
and shelfife prediction

End

Fig.9.LDSS system shelf-life prediction process.
4.3. LDSS implementation

The LDSS is developed by C# language in Microsa$usl Studio 2008 and the shelf-life prediction rmlois
fulfilled by Matlab dynamic link library. The databe of this system is running on Microsoft SQL 8eR005.

Fig. 10 shows the shelf-life prediction interfadetiis LDSS prototype. The interface provides twods of data
monitoring methods, the data grid and the datatckay.10 (a) shows the data grid in the LDSS wheaables the
managers to get the detailed information of thespable food product that the WTTI uploaded suchthees
temperature and batch number as well as the WTadlrmation. Fig.10 (b) gives the data chart integfaf the LDSS.
The blue data chart on the top of the window shtivesreal time temperature information of the peisé food
product as well as its historical temperature. helf-life prediction model calculates the shdi-lusing those
temperature data and then the shelf-life inforrmatian be showed on in the second data chart.
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Fig.10.LDSS prototype graphic user interface.
5. C°SLDS System test and evaluation
5.1. WTTI radio performance test

WTTI radio performance test is implemented on tlqease of College of Engineering, China Agricultural
University. The test indicators are Received SigBakngth Indicator (RSSI) and packet loss ratZigBee
communication.

Set the radio frequency at 2475MHz, implement 98ugs’ tests which crossed by 9 different distarared 11
different radio power. In each group, 500 MAC frawi¢h 30 bytes each are sent from the coordinatdhé¢ WTTI
in order to statistic the RSSI and packet loss rate

An original RSSI that can be read from the receiM®C frame need a conversion so that it can ingidhe
received signal strength, the conversion equatdioliows(Farahani, 2008):

RSSI= RSSI VAL RSSI OFFS (5)
where RSSI_ VAL is the original RSSI from the MAC frame (dBmRSSI_ OFFSE’ is the offset (dBm).

In order to reduce the error that occurs in eaamé send, the statistical average is adopted testatlje test

results as the follow equation describes:
k

1% Rss ©6)
Kz
where k is the amount of MAC frames in each grop=600 in this research)RSS]| is the RSSI value of the
MAC frame i (dBm).

Figure 11 (a) illustrate the RSSI variation in m@ge to radio power difference and communicatistadice
variation while Figure 11 (b) shows the packet l@gs variation under the same testing condition.

Radio performance test shows that the RSSI endatteduation with the RF power reduction and comcation
distance increment. The packet loss rate increatsd@susly when RSSI nears -97dBm or even lowerhiia 30m
distance, a -3dBm or higher RF power is able taena packet loss rate of lower than 8.5% whichnaeareliable

ZigBee data transmission with data retransmissieatlranism.

mssi =
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Fig.11.RSSI (a) and packet loss rate (b) variation withaadwer difference and communication distanceatemn.

5.2. GSLDS System evaluation

System evaluation measures the improvements ofatwioh management on technological capacity, pedoce
and system utilization which brought by th&SCDS as well as the defects of this system protatyp

People from the China Agricultural University (CAlNd target enterprise were invited to take patihénsystem
evaluation to have a discussion on the system ipaaioce and form a consistent view on how shouklghstem to
be completed to help cold chain management arnf@smation transparent.

Effectiveness analysis before and aftéS(DS deployment is shown in Table 6 and the systaprovement
suggestions in Table 7.
Table 6
Effectiveness analysis before and afté6DS system deployment.

ID Content Before deployment After deployment
1 Cold chain remote temperature monitoring Null Rimad

2 Shelf-life prediction for different kinds of pehable food products Null Yes

3 Shelf-life monitoring for cold chain managers Nul Real time

4 Shelf-life monitoring for cold chain workers Null Real time

5 Decision support for perishable food productagerand stock Null Yes

6 Perishable food product storage and stock strateg FIFO LSFO

7 Information gap existed between different coldinlphrases Yes No

8 Cold chain logistics traceability Manual Automatic

Table 7

C?SLDS System improvement suggestions.

ID Suggestion Suggestion type

1 Introduce GIS and map into LDSS to provide imeifperishable food product location information nEtional
Extend different kinds of sensors so as to cojtle the requirements of Controlled Atmosphere Paitigag Functional
(CAP) or Modified Atmosphere Packaging (MAP) supgiain
Reduce the size and weight of AGS module Non-functional
Reduce the economic costs of WTTI Non-functional
Certain operation flow improvement to make the efs€*SLDS in cold chain management more natural amMtbn-functional
easy




6. Discussion and conclusion

Temperature monitoring, shelf-life visibility andSEO stock strategy are important contents in pabiehfood
cold chain logistics for both cold chain managerd workers in order to reduce quality and econdosses. This
paper illustrates the’SLDS system designed for perishable food prodectid chain management. The system is
implemented based on the wireless sensor netwaoidgime temperature indicator featuarsd enables perishable
food’s cold chain temperature monitoring and shiffvisibility both in remote and in field. As aedision support
system it achieves the perishable food LSFO sttrekeg)y decision support.

The temperature information can be acquisitioned\ByT| and send back to the LDSS system in cold rchai
monitoring center by the GPRS or PPPOE via AGStoutate the shelf-life for the batch of perishafoled product
it attached to. The cold chain managers can readhblf-life information from the Ul tier of the IE5 while the
cold chain infield workers from the LED display @ATTI.

Based on the shelf-life information, a more acautagast Shelf-life First Out storage and transpiorastrategy
decision is made to help cold chain managers tanmie the perishable food product’s quality lossnesdl as the
spoilage brought by First In First Out strategyrently.

System test and evaluation shows that the infieldMWadio transmission is reliable and the wholstegn meets
most of the users’ requirements raised in systealysis.

Compared with the traditional information recordthuels that used by perishable food product’s cdidirc
logistics before, the ISLDS not only bridges the information gap whichséed between different cold chain phase
for a long period but also provide a method of mattically information acquisition during cold chdogistics to
help reduce the economics cost of traceability.

This work can be extend by introducing differemdkiof sensors into the WTTI to achieve real timelfslife
prediction and decision making in CAP and MAP sypgtain or by introducing GIS technology into LD&S
provide intuitive perishable food product locatioformation. Meanwhile, the size and weight of A@8dule and
the economic costs of WTTI should also be redunaatder to meet the demands of scaled application.
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