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Abstract

The phenomenon of decay, browning and decay is easy to appear during
the table grape transportation, which causes no little financial loss. Cold — chain
transportation is an effective measure to prevent those problems. At present, the
cold — chain transportation construction is still in initial stage in china. It is ur-
gent to conduct a research on the intelligent monitoring technology of cold —
chain transportation to complete data collection and processing. The way guaran-
tees the quality of the table grapes and promotes the rapid development of table
grapes cold — chain transportation.

In the paper, red globe grape was chosen as the research object. Wireless
sensor network, multi — sensor data fusion technology and neural network theory
were used for data acquisition and processing method combined with the preser-
vation technology to guarantee the security of table grapes cold — chain transpor-
tation. By means of investigation research, emulation and simulation, some
methods were put forward. Main conclusions were as follows;

(1) Temperature, relative humidity, and volume concentration of sulfur
dioxide are the main factors influencing the quality of table grapes transporta-
tion, and the three factors were chosen as the the main monitoring parameters in
the cold — chain transportation. Spatial difference of temperature and operation
nonstandard were the main reasons for those factors changes.

(2) Multi — objective fuzzy matter element analysis method was put for-
ward to optimize the sensor quantity. 27sensors was reduced to 7 in the refrigera-
tor car, which reduced the cold — chain transport costs. The statistical analysis
method and the temperature field analysis were applied to validate the rationality
of the optimization algorithm. Results possessed more than 95% of confidence

level.
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(3) A new data fusion method based on time — space data fusion theory
was investigated to multi — sensor data processing. The mentioned algorithm
could gradually reduce the influence of sensors with poor precision by means of
introducing correction factor into the weighting coefficient, which taked advan-
tage of the variance of the single — sensor fusion data and the final fusion data to
adaptively adjust the weights of each sensor, and by means of multi — step fu-
sion, gradually weakened the influence of some sensors with larger errors on fu-
sion accuracy. Experimental results showed that the proposed algorithm outper-
forms traditional method.

(4) MGM - RBF neural network predictive model was put forward to pre-
dictive the refrigerator compartment temperature. Results showed that mean
square relative error was 0. 60% and average relative error was 0. 44% , that
were superior to single MGM arithmetic and RBF neural network prediction a-
rithmetic. Based on the theory of statistical process control, three early — warn-
ing modes were defined. Compared with the fixed threshold method, the pro-
posed algorithm had a less false — alarm rate.

(5) Monitoring research involved four dimensions: key parameters identi-
fication, parameters acquisition, parameters estimation and parameters fore-
cast. Those formed an efficient and practical method for cold — chain transporta-

tion dynamic monitoring,

Keywords: Monitoring; Table Grapes; Cold — chain Transpotation; Data

Fusion; Neural Network



F—F

=

|

mE v

£

|

ME 0

R st s r B enssssan pe e A AR e T s s s ey sy 1
G R L i G T LT TP e P PP PRSPPI 1
BRHNERARBHETNME, XRELLFALEIR
PR T T T 1 T RuRRRR SRR — 1
GRERYIERME B AN ARER, AREMEIARE
B R ER AT R BN EE T R e 1
mRERHALEEREN T ENFARRRL T REXLT
EHERANER, HRRBEWMBEUKAREHER e 1
EREGHERBRNBEAIZREARRE UL RER
iﬁyj,‘)&%%% ............................................................ %
FRAETALERAENERHEGRLEEH N T %, Ril
BrFGRETRLBRN R AL, BABMEHEE e 2
AR BEIE s cvversansenrsusasronsssinsanssanernssonnnns sansns rrasesssrarnson )
B8] iy s e T DR R B - v e i e 555 55055 455+ e 2
KRR ALENET R BHFG oreeereerrserommariiiniiniieia 5
K & B RNIER G R ACHBTI overersrensssssnsnnss 12
SCERATFIR weverevrnmmrmeremmnmeine et 13
B, AEFRBABEGHE oo, 14
= T P S 14
BB swemmisssemmsnensnummsssosamsadssrtnionnisitbisreasasnases swrves 14
FARFEAE oevee i 15
BB JE everererorene sttt st e e 16



© 2. BRAAAEEWENTERR

—E HAEESHIEEATISEIEE e 18
B AR HABEHTIEDPH e 18
— BABEABETH IR e s R4 18
= BAREBR TR cererorieossasioimniasissssssinasssises sisens sosenes 19
RS L) ¢ -7 SOUPY SRR S 20
W BBEIZ MM LT R sonssvsos ssemnes snwsisn smssins nowsan vassswnssmns s suass s 24
FoF AREHIETHERNARRELE TSN oo 26
— BENEAEE B TR BT o, 27
= AR ERAEGRBERME TG YH oo 31
S ORERARMELEEABER GBI e 32
W OHWEER A G EA BT DR B e 34
FZ% SEWAHAREWMBENALLEHE HEGRZ e 34
— BAHEHAGZH NN KBTI i 34
- @ﬁmfﬁlﬁ ............................................................... 34
L ) N P T 36
W BAEESEEHIATBERE e 37
B4 ARERSERBEMNELPH i, 37
— ABERBERAOFTWREZRME e 7
= BAERB U BB TR e 40
FoF SRR AHSAEMBEREREGIRBRE R o 41
o B BIRIER ceererrvamecessos iastabarasnas e aA fETa s S ST S 41
AR E B RRIE e Y]
ZW OARERERBEAR B e 43
— ,ﬁ#%%%féﬁiﬁﬂﬁ/ﬂ%ﬁﬁﬂhﬁDI'J .............................. 43
= ERE SR TR ceeerereererosesnssniies e, 43
= BT S EARA NI T B AL A e 44
FvaF R B R e 47
B BEAE ceeemeeeeee s s 47
S BRAEIEEL T B ceeeeeeeeeseennenneee et 48
2 BT o sowmnns snuins nuveasssnwons ssTs S ESN SRS KONSS KB O AT 50



BAY ARACZE FIEGE cvvvvverrrrrrr e 52
— REAZGUHRE T LA BHATIIE <oovverrerevenreeronnenen 52
= RA B RREDABE RIS e 55

BT RTINS e 59

ENE SHAEEASHSHBNBEIELT i 60

BT AT SHASGSRN &A% EMN K

BB AR oererersncrsanvevensaveren savenssnres kvaivvaosenes s saT s 60
— BRWEABER LN EREIHERA o 60
Z BAHEABEHUMBIEWNER A B R e 61
S OERKIERBA T IEITL cererrrrrrrerie s 62

B AR R N R A AR e 63
— BT B BB FE T A coeereeererrrrnninnei 63
= BRBBNEEFET DM cooeerererrerereisrnen 64
= ABEH LN — AR AERE e 65

F2F ATHEA—ZABERE O SBAETRBE oveeeeen 65
— A —F AR BE AR ceeereee e 66
et 720 - R 68

Bug¥ BEAIBIE -occceecsorierniiniimiiniesotintiisnis s isaessssssesis 69
— BRBBIETR o-ecviorerrsssisisasiiinsiaistsstanssanitsistsssssintassiieans 69
T BERITA v 70

EEH BBEPEE cvrssosssiosronammsvssasessveysssnsansnsbsess dhsnssstosssnss 72

EFE SHAETARCHTAEEBIMIE 74

B SHAFHAMBBEHUNBEGREEME e 74
— HEAEEHAEZH BN ARETAE e 74
T FHEE T EHLEL e 75
S BAHETABBERTEEEFE e 78
B SAFHARERFETNBAGET e 79
— ZTEREFTMAER MCM (1, n)  coveervermeimnmai. 79
= PEHEMZRBHEE e 81
S RERHERZRETAER Y T oo, 82



4 - BREEAAEEWRENGEHRR

W #-F MGM -RBF # 2 WA FMER B S LM -oeoeeeermmeeees 83
B SHADEARERAEREBAGET e 85
— G AEAEEEE B R revmoer cvmnnesasens s sses susers smunny srsses sumors ves 86
= AR T B AU cereereeeenrenenesninnaniae e 87
S OETRHEHSBN TR RN reeerrmreemmreeesnne 89
M BRI HTRAE v rvres - corees omrman v sams i m s i s smaes s 91
B ugH  HERE L omeneerenrmerm senen senens cenana s neagasbosas nesass Ribned 53 92
B BB BEIEDI wncrerewans onmmes okaniss § 5T RETES SRS G SRS 88T 10 93
— FATMLE R v s 03
Z BBELGEAE nesnnons comeins snonsn 548595 suns 680 SHATEY HHUYES SHLYES KBRS i 99
BAY AR st e ses s sesses s s s ssnes 101
EBE BRI I 5 covwss cavvs ¢ womon s sxwvis oowses s /0S54 465888 ARGS bugTis $ERRSS 103
BB BRAE et st et e 103
B BB 104



Contents

Chapter l Introduction ............................................................ 1
1.1 Problems posing and research meaning ««-----ceeeeeeeeenee. 1
1.2 Literature review -« sscetsecticctcescnsecsenssocsessasscssnssssssecnssaas 2
1.3 Research purpose, content, technical route and

characteristiCs  r«rreresrrrerrrrsrirsiiatiiiisressscrirnisaierinsasininns 14

Chapter 2 Monitoring parameter identification of the table

2.1

2.2

2.3
2.4

grape cold — chain transpomtion .............................. 18

Analysis of the table grape cold - chain transportation

PIOCESS ++++esreaserstunttuutrastisttsietisraiest sttt 18
Factors affecting the table grape quality during the

cold —chain transportation ««««-+«-sseeeeeuereimiiai, 26
Determination of key parameters and threshold -------------- 34
SUMMANY  reerresernrmnetire e 36

Chapter 3 Monitoring parameter collection of the table grape

3.2

3.3
3.4
3.5

cold — chain transportation ....................................... 37

Demand analysis of the multi sensor monitoring in the

refrigerated compartment  «-eeeeeeeeeiiinii 37
Comparison and selection of data acquisition

AEVICES vs s romres snsnvn swneams sunmes nesvswesarsee s s s bnsaivs kg yois yosses 41
Optimal sensor layout in refrigerated compartment  --------- 43
Scene design and optimization results «-«-«-«--exeeeemeriienn. 47

Result verification - -« -ses = =-cusmsniasesnsamaassos sonaonn sao sns s smnns 52



‘.

BREEAEEHENERR

3.6

Summary ............................................................... 59

Chapter 4 Monitoring parameter estimation of the table grape

4.1

4.2
4.3
4.4
4.5

cold — chain transportation ....................................... 60

Data fusion framework based on multi sensor monitoring

of the table grape cold - chain transportation -----«-cccoeeeeee. 60
Conceptual design  «++«+seerermemmessreritiminiiiieiimin 63
Model dESIgn  «««eeseeesrrmmmmrririisiiiiieii it 65
Model VerifiCation ««-«sesssosssssssnoss sxssns ssoson sanmss sasonps sopsnsss 69
SUMMANY  «essessssnsvarestassaanessnaessasasssssossonusnesnasssssassesss 72

Chapter 5 Construction of early — warning model for the table grape

cold - chain transportation monitoring system -----::---+---- 74
5.1 Whole framework of the early —warning model --------e-eeeee 74

5.2 Establishment of prediction model for the table grape
cold —chain transponation .......................................... 79

5.3 Establishment of alarm model for the table grape

cold - chain transportation .......................................... 85
5.4 Scenario simulation -c:cceresrecatrariiianierinnciscstirinnctssansans 92
5.5 Results ana]ysis ...................................................... 03
5.6 Summary ............................................................... 101
Chapter 6 Conclusion and prospect ....................................... 103
6.1 CONCIUSION eresererressssesertosiscrsarcssassssssasssssassonssssssanes 103
6.2 Prospect ............................................................... 104

References o rrrrrrrrerrrrstttnrireranssrssssnsssrserssrrrsssssrsrsrsnssranssnrnsases 105



E1-1
E2-1
B 2-2
K2 -3

B2 -4

E2-5
E2-6
E2-7
&2-8
E2-9
E2-10
E2-11
E2-12
E2-13
K 2-14
& 2-15
E3-1
E3-2
&3-3
&3 -4
& 3-5
& 3-6
&3 -7

FEARBEELR «ovvmrerrer 15
BEA BRI YITE TR «or o ovovee moemass sovnas ssnsnnnssss sansnss savas 18
R BRI B I EEIE T T coooverrrrmrnnrreenrininan, 21
BRX @RS S RENRRE GEXEAT
ZEFTRTRE EEFEREAIE) - reorerrommeoreonnnetennnon soransansan 21
R XSS SRR A E (R AT
ZEFARTRE TR A RIE) < ooevrerrerereermmmenmmmnnnanieneens 22
IR IR ZE IR A IS TR [FITREE covvvvrerreereeeeseeeens 23
ZERBBER SIS SIEIRTRED covrrrerrrrrrnineannenin 24
ZR R BESTILLURTE rrvrereerrsrvrrensronssssonsssss 24
LR BB R BB UIETE L o ovverrrerrrmmemnm e 25
BEARLEE PR L T 25 e vommms sosns s ssms s sscomn owmws sy s 26
PEE R AR S FEARAEAT T areeeneevreres cuvens sovanss semanssaran 27
x2S — 28
AL RABERAEEE  <xovvoos onmuns s nwns comrme smcsa s commas b s e 29
BRI S ERIRRETREE rreeeereneenees 29
ESRETOUER et Y4 a 7y - SRR 30
e 1A SEA MBI LR vrereoreeenees 32
BT AR EB S TAEIRTRTE cevvererrerrmvnmnseesennsinnenneens 39
W BEARFRFIUARLERE - vvvovesvnnonnrernnernensnisonnansusnsesas 48
FERRBRBTIE: ovvvremnerennns e e 48
AL BT RS S AE D BRI RISy «ooeovverereeerememsnens 49
PELA SRTREEIG B 1, s s nemaws psrses s SaaaYs SOV SORSOS (Y o 51
ARG AL R EE3  FE S R ZEIRAG Jo) +oreeeeeeemreeeeenns 51



c2- HANEAHSRENGERR

3-8
K3 -9
B3 -10
&3 -11
a4 -1
B4 -2
4 -3
B4 -4
E4-5
E4-6
’a-7

K4 -8

B4-9

Es5-1
K5-2
&5 -3
E 5 -4
E5-5
K 5-6
E5-7
5 -8
PS5 -9
&5 -10
ESs-11
B S5 -12
ES5-13
&S -14
& 5-15
K 5-16

8 EON RIS SEIE TR R FATRIRCG +ovvvveeeeereos 55
RAGE S IR ZE RN TRLBE G A A v eveevevernereereneeennenannnns 56
BACBTE BRI IR EE AT <o rmremrmmmmrnnnneneeeees 57
FALBIE BEG AT AIBUER I - ooenrnrenvenrerensaens 58
g%@ﬁﬁﬁ@%gﬁwﬁ&ﬁﬁ ........................... 62
I PETRIIR svssvovsnsascornorvnrmvenss rosmanuvensnnssnsessssare 64
BESEE PRI . i s s wammmmrmis v o s s e TS 64
o} [B]—23 [B) B Rl S B GE ] - eeverrrreeeen s 67
B ] — 25 (A B Rl A B AL < oo vvevrrernrennnnnnsnnnnnnannnns 68
FERR AR JEMEER cuauesiaeiasissnssnnans aniinsmsnasssasnnnntates s 69
of ] —3 [ R R A s S Tt Rk R
LEELF L LR oo vosvsroossassarmensorsssssonsannsrrssssvnpatsvetnne 70
b 1] 2 (B 5 il 5 B35 A TR P 2
PRI L LR sosrsesesensvnpanmsesirsnsasssasansssnusnsanasss 71
AAFHER L S0 A —= B iR e Bk
Bl A ZE BT HLRZE - 72
ﬁﬁ%ﬁ&%@ﬁ%@“ﬁﬁ .................................... 75
ﬁﬁ%%%%ﬁﬁﬁ%%{f%%ﬁﬁ ........................ 78
RBF ﬁii’é W]g%géﬂ:&g ................................................ 81
RBF 3328 TAHEET -ovvvvovmorsaceonsmsonssosnsssssaossnsonss )
B IMER IR B RRLE +vvvvrrrrerrensesenesssssrirnnennenes 84
MGM — RBF #4122 [ 48 A R BR 25| Rt B e v vevevrnevmnsnnsans 84
KM MGM (1, 3) FUUBEGTESR o 85
SR 580 BT oo svsves susssnsmbssmasyasy ssum oA BERI RIS 86
VIS e N U b N 87
PAPETE  orvnvanssssiiriovovansasassmsnerssssysussxsmestsum stss 89
PEARIIEE  connediinms s de momam o smp s v AP SO ESES 90
FRBABE  csssavmininsinmswrmanimnss sweanasnises sases smibeSHaLS 90
FREE B ERIFR  cooverererciiiinsiinie e 91
SEIIPEI  wosomanninbunssoptmarions canisosss o ssvassssrist Eins 92
o LR 03

MGM Tl i B T A LG RTHRZE coeeeeererrrerrnnennnnns 95



ES-17
S5 -18
EsS5-19
K5 -20
K5 -21
BES-22

MGM — RBF 122 RZE IR 25 ZRHHER +oveeeerrneeeraneannns 9%
T BIREERIEER o cuumrrreens 44 SR 0 KA BT T 97
5 191—200 R ETMIBHLR - -o-vvvvemmmermmmemmnnnnennnnn. 98
SRREEITTGE BT veeerereeersreremsenemmneesnseennnne 08
MGM - RBF #iil] 5 RBF FUlJIZRiRERT LLtLk - 29
FRABLEEL snwvsvnssssmuvomssmnansiommibensasis iissevhs shasssnts 100



