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Reserves Monitoring Method for Grain Storage Based on Temporal
and Spatial Correlation of Grain Temperature

CUI Hongwei WU Wenfu WU Zidan HAN Feng ZHU Haotian QIN Xiao
( College of Biological and Agricultural Engineering, Jilin University, Changchun 130022, China)

Abstract; The supervision and verification of grain bulks is an important segment during storage.
Reliable reserves monitoring method for grain storage can effectively guarantee national grain quantity
security. To solve the problems such as time consuming, labor cost and other problems in the manual
audit of reserves, a monitoring method for grain storage quantity based on correlation analysis was
proposed. Firstly, the autocorrelation and intercorrelation of the temperature measurement planes in the
grain bulks were analyzed, so that the abnormal date and planes were detected. Secondly, the
autocorrelation and the intercorrelation of temperature measurement lines in the abnormal date were
analyzed, and the abnormal lines were detected in the abnormal date. Then the autocorrelation and
intercorrelation of the temperature measurement points in the abnormal temperature line were analyzed.
The number of abnormal points was counted, and the type of abnormal occurrence and the abnormal
proportion were determined according to the number. At the same time, the granaries were selected in
three storage grain areas: low temperature zone, medium temperature zone and high temperature zone for
correlation analysis. According to the analysis results, the threshold of autocorrelation coefficient of
temperature measurement plane was set to be 0.8, the threshold of change rate of intercorrelation
coefficient was [ —0.15 d™', 0.15 d™']; the threshold of autocorrelation coefficient of temperature
measurement line was 0. 8; and the autocorrelation coefficient of temperature measurement point was 0. 8.
Meanwhile, the analysis results showed that the correlation between temperature measurement lines and
points in short period can not be used as an anomaly criterion. The supervision test of grain storage was
carried out. The test results showed that the grain storage supervision method based on the correlation
analysis can not only realize the reserves monitoring, but also detect the local heating and other anomalies
of grain bulk. The purpose was to analyze the correlation coefficient of grain temperature data in the
granaries of several different grain storage areas, monitor the quantity of grain and provide a theoretical
basis for the analysis of grain data in different regions.

Key words: grain temperature; grain storage; reserves monitoring; temporal and spatial correlation

Wk HT. 2018 —07 —30 &l H#. 2018 —10 - 19

E&£WA . BERESWAITRITE (2017YFD0401003 - 3)

EERIA: M (1991—) 5 4 FEAFREEEMAS AL, E-mail: chw19900405@ 126. com
BISMEE: RO (1965—) W, 302 , W 2E 0, = N S B 5 2 55T, E-mail . wwfzlb@ 126. com



322 7 1 R Q= S

20109 4

0 35

FRER A AT AR E R O
T A I R T, 53 TR R 2R (75 ] 5 0 it A
R AR EOR i Tl A AR RO R, 4 i)
R e AR AT LA 22 Bl S i IR AT R 22
MR 2 TR T R R W T Tk
HA—E BT E,

FRTA G A R R0 9 RS I 77 vk A 00 0 M 4%
W OBREE S E S MU 4 R S RE 8
SRR RO A R G S 2 L R HL
WA P ALIBR SO O AU L, 2 R T
et 32 1 5 1 452 2 3K ) 2 ) R TR A 2 L R e [l />
Tk 1 FE R R It A P PSR ) AE Ty v xR
FBORBE R AR B S kAL
WOCHI % A8 RS IS BRI T — A B T
BOLHOR AR LR 52 1 = 2 A vk i oL
A A U A Y B S £ B X AR AL R AT AR R, A
FHRE B AR B A0 G BE 1 — 4 R 4T = 4E A by
TR, D AR A AR AR R H OB
i e, R R I RAS R B R A HE B I
HENOT R BRI RSN, R AS G
AL LT ) A I A U AR 1 g
RGN A A Bl AT AE B X A R 43
Ay AT R0 TA7EE 45 0 B R B — b R T —
TE AT ARG JE T M T s g A S A A Tk,
A 5 5 ARG SR A 00 A8 e ke 1 TR I g A iR
o S SR 000 2L A BE AL A9 [ 8, A 45 2% 48 B sl
F AL 2207 ik e AR AR A 250 e T A% Sl 3
TR 28 58 A TR A R T A 7R e
P L R A B R 2 R Wi R 2, SR 5 T )2 A
TR AT IE | B AT R HE B o R R, (R
SR FH 3 0 8 DRl IR 5 J2 AT I BB B, o A L ey
PEAT UG, A5 2 S B it AR AR, DA T 512 BAR 6 it
G 53, (0% 7 1 B 32 MROME R R 2% AR I R
P

B IR FEA AR B RS, AR SOM) TR AR 73 i
JA AT A5 AT B 47 2R R A A0 MR T s , ol o
I SRR S I 25 51 B A AL 2t — ol
T RO 2 SR R IR A B A T 05 . MRS S
I LA R A, AR I TR 2k | SRR A
K5 H ARSI 55 % 3 AR [R] X sk 1) S22 6 0 3
v IR AR IR B RRIRLE A T A AR O S LA SR A
A, BERE S 5 (A O AR BB (L 5 A At s 4 K
oL At 8

il

1 #R5FE

1.1 IRIEHE

HRAIE SCHR[ 16 ], R i 7 A - 240 MR o AR (47
FE15C R LR, JRiifs o s AR RS 1 20°C ity
3 AT it 7 Ry - 359 M TR R AR PR R AE 20°C K LA
T, J B A AR IR R #E i 25°C B9 it e 28, X
R 17 0 SCUR A% it £ 455 AP IR i 80 7 AT IR A e
PR AHAG 3 AR (AR AR I AR %)
Ti1] , SR FH 1 %30 XL AL SRR ¥4 30 XU A g TR B AR
55 A% R w R BRI 456 1 st iR T
20, Hoh g IR AN V- B R B AN 1 25°C , Jmyi i
fe MR AN T 30°C B fig Ay 2, S TR E R
7t i i N DX AR i AR AT TR AR X
T30 AR X R ORI R X T IR R XA 4
Fif A4 IR — AR OC LR, B4F 6 5 1~ H
(11 A=A 3 7)) FRREEILE 5°C LT 5 il X
()42 ()R I B — R 7E 0°C LA b, 2 4F A7 3 4>
H (12 A=A 2 A) FEIRETE 0 ~ 10C Z )5 &
M IXCAAE LT A 422 P ¥R BE AR AE 10°C L L,
12 A—AF 1—=2 A FB¥REETE 10°C L E, 763 4>
TR X A P — AR 3 — A B AR TR T O i
GIHT, o BRI TR A T R (FRiFREEfb )
NG (FIARGR ) AR T M T EHR
XEMLE (IR .

GAL N E KT, R (K x 58 x &) N
47.5mx26 mx 6 m, SHEA 78 FMIEH S,
TH 312 AR AL TR S HEAT O 13 x 6 x 4, fiff iR
R K TR I AT IR 2014 - 05 - 06
2 2015 -05 - 05, AE#EE R E K€,
R (K x5 xE) 48 mx26.5mx6m, BHE
A 77 SR E SR, et 308 AR IR S HEA
R X T x4, GV K AL [E] 2 2010 —
01 —06 % 2011 —01 —31, 44 A/NIFET A, K
PIASFHAREL ], B — A~ ) RS (K x 98 x &)
H24mx24mx6m, SNIEA 36 KiEERY, I
T 144 AP AL MELSHETT 4 6 x 6 x4, iU £
h K AT E] 492015 01 — 15 % 2016 —01 01,
FRAA S5 F 5 D0 A B A 1 R

DIAR A RS T00 A 1 Ry AR A A, o) ok Z
HAE [, R KRN X SE ), SEE TN Y
BAE ] AR IR S AR AR R AN 2 IR

FRAE 13 A b 2, 7 0 IR A5 = 4
XY Z 153 A noom LA D060 9 4500 3R
SRR (w,y,2) B KL, k) i 0 <i<n,0 <j<
m,0 <k<I(ij.J BOREED) o BRI £ 7E AT



5513

B S L TORRIRLI 28 AR Gk A R EICRE WE A DT TR DTS 323

(b) ZetiiE
B PO A -5 M AT R
Fig. 1 Layout diagrams of temperature measuring

points in bungalow

K2 e A ds Fos B

Fig.2 Diagram of temperature measurement point

coordinate system in granary

SR 3 2, 40 A AT T XoY T, AT T
X0Z WP ATAT T YOZ BT
1.2 RESEATELEMESE

FHEFLBR /N, SRR RE AN, AT A5 H 23R T
A58/ DR H AR M v ] — 57 B8 AS [i) st 221 ) 9 8 £
TEAE—RE RARDCIE ™ 21 Mk e T A BV & AL
WAL S, AFAT I A7 B 0 8 A R LR ), DR e
M v [ — B 220) %) 9 8 5 5 A o7 A7 7E — 5 1 AH 26
P 3P ] 55 253 (] 54 A OGP R AE R A AR 179 4 28
EE, MR v JER SR 45 1) R M Y 20 PR O R
M5 BEDIC . 254 KN BdE P BN 515 B Bl
PEATRERR NGRS, Tl WA s ELA Wb 8 e A
ZREPE . AWM E R IR AR I(E B EE T DL
sk (HA L E O S PR S TH R 1 40 R — At i &
FRA R IR SR B, MR 2 S EUR R A
BB, ZEEE R AH AR 00 5 B B DR (s
ELE, nm i (7 b 4, AN PRI T6 1 7 B
)5 B PR R 12 i TR I 7 S At a2, T LA A
IR R TIELE . R WG B HENC
() = RFAE | 43 M AR 17 Y 305 8 78 1) B] 45 25 [] P 31
AR S, W S AR s ) s TR0, RS E G

MR

ARG LR AR S SRR, A SR 2 T AR il P s
RO B AR RS MR A DT 1, B R i AR
o e DX 3, L SRR BRI XOY P
R Y 1 A5G 28 8505 B A 56 2R 850, AR AR 1 ] B 5
T A LRI KPR T L 1 AR
R 2R Bl A 5 AR AR B B S I 2 5
S5 B ORI AR O R B LA O AR
0, AR R (E I W L A 2 5 5 5 Xk S A LA T
et o, FIE S W A IS S I LLBINE

S:7%5 B IR RO AR X0y PR
TR B G R BN

Z 2 (Tijk - fk)(Tij(kH) - Tkn)

Rss: i=1 j=1
n m . 2 n m . 2
JEZ(Tgk_Tk) 2 Z(Tij(kn) _Tk+1)
i=1 j=1 i=1 j=1
(k=1,2,--,0-1) (1)
it:qj T[jk\Tij(;;H)—% k\k + l J% XOY EF‘E*E
i, °C
T, T,,,—% k.k+1)2 X0y FHEARIEY
fH,C

XOY ~F- AR A AR BN
z Z (Tijktl - ikll ) ( Tijktz - fklZ)

R = —
J; Z],(Tijml _Tm)z ; ;(Tijktz _fmz)z
/ (k=12 0) (2)
I Ty T y— k JZ XOY V18 1, 1, 2R
I, °C
T, .T,,—5 k J2 XOY -1 1, ., B 20 (¥ 450
T4, °C

XOY V- T it 2 MR et ) AR 5 R

Z (Tz/k - T/A) (Ti(j+l)k - T(j+l)k>
i=1

J; (Tijk - Tjk>2 J; (Ti(j+l)/c - T(j+1)k>2
(k=1,2,-,0;j=1,2,--,m-1) (3)
X Ty, —5 k)2 XOY FHERING j+1 20
TR AR, °C
T,.T, ., —% k2 X0V FH NS j 5 56
JH1 A0 2 by iR Y
H,C
DU 2R AR Y 1 AE G R B

z (Tijktl - Tjkzl ) (TijktZ - ij)
i=1

R, =
JZ (Tijktl - T,’ku)z JZ (Tijkﬂ - T/k:z)z
i=1 i=1

(b=1,2,0j=1,2,- m) (4)

R, =




324 1 R Q= S

201094

Kb T, Ty k2 XOY 0 1, 0, %15
SEMRLE 136 31, C
R A BRI P AR 56 R B

ll — —
Z(TII_TU>(T21_T21>
=1

R”” = d d
J;«n—nfj;«a—nﬁ
AT, Ty ——HARIUIR A 1 i BRI, °C
T, T, —AIARE 5 ¢ WE BRI B0, °C
— )
d—— R FEL 30 P 7 7 1 3
W SRR B 11 4G B

d-1 - -
Z(TI_TI>(Tl+l _T1+1)
t=1

R =
’ d-1 — ., [ —
JZ(TI_Tt> Z(TL+I_T5+1)2
X T T, —— RS AR R AR I A S e+ 1
AR, C
T, T, — R S A AR ] 551 0o + 1
R, C

2 BXESTEBEIRE

2.1 fERSEHERBHEXE
2.1.1  XOY P ki A AH X

KRHEP AT T XOY P e, i L2
SEARE N 1.2 3.4 )2, 0t ER A 1.2.3 4
J2 AR SRR AR Y A AHDCHE . 3 MR XOY #Rim
R A AR BRI & A&l 3a ~ 3¢ PR,

K 3a ~3c H 3 MG XOY SFTE RLIE H A5
FEAEY A ARG T 10 AT 8 1531 H AR OC R B0
Sy E TR N E 3d iR, BT B g R St
KI,BEE XOY F-TH F A R E4E T 0.8 ~ 1 X [H]

(5)

(6)

{000 I | b I AR |
= 0.8 : l H
W 0.6
:_i{?--l‘ o5 1 E s iy
= —FIE —$2E —HE
e — it — it
", A L i i
05-07 07-16 09-24 12-03 02-11 (4-22
H 15
(a) #{bAE
—ElE —HEE ]
— 42—
1.0 T v
g
PO . i )
W 0.6 H{
i 04}
o 02¢
0 i ; : .
01-16  03-27 06-05 08-14 10-23  01-01
Hm
(e) S ﬁ.‘

AIANB0E B A R BB LB KT 97. 5% , ik
WE XOY -1 H AR R B E N 0. 8,

SR B B A 0. 8 A AT H S A VR R
DR R S G | B S W o e
R A A A5k 2 2

w

R=-; x100% (7)
P:%xum% (8)

Ao w——BhHERR R I Y 5 AL
W— S35 - T 5K
V——RAGHI 4 F) S T 5
o— SN AR A ARG T 1 1 S T T 4

ST AR R GG AR AR e R A R

435 100% . 100% . 91.8% , ¥ 1t 3 4 5] N

94.7% 97.3% 97. 1% ., B 4345 5 ml 0, B {8

0.8 Bf @ik & LA FH & 2N 100% , 571k

VTR SEE R BIEY 0. 8 B3 1L 125 i R

HRIKE] 100% , FWIAELERFSIN A 58 F- 1, A 14

W25 5 R B VR ARG I 1) S5 T T Ay 5 3R M 2 1

BXOE PR i 2 AT, FOR 52 6 TR A8 A5 i 45

K, AT RE M) 12 J2 MR T i R R A AR DG 25 1 i

W E XOY F-1 A A REEE R 0.8 KA

Al

2.1.2  XOY 1A E AR

VEHURME T AT T XOY - 11 B I3 SF 1 24T

AR T, HESE 1 ES5%2 )2 F2 2583

2 56 3 255 4 J2RE N AN SCHE  (H 42 R

1) A 2 ZR B0 sh R, AN F B E I , PR Lo #r

MR AT T B G R BUE AR CF- ) BLAHOC R 4K

BT — R g - T L AH G R B2 A 5 [R] B B ]

(1) MEAE) o XOY F-THDR I BAH OC 2R 808 0%

0 v

o5V Ty
= 0.6 I [ ] I
W 0.4+
K n'i- iy 1 o Aa
B —HE —ER K]
fo i L pmre
T g, — 4t 1A

-0.4 : -

01-07 03-18 05-27 08-D5 10-14 12-23

[RRIE]
(b) {E#IME

1400

1200 wE{E MG wfHe
¢ 1000
& 800
\E 600
== 400

200

0 -
5N

(d) MRV A

K3 G XOY i A A OC R

Fig.3  Graphs of autocorrelation coefficient about grain temperature in XOY planes
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Fig.8 Autocorrelation coefficient and intercorrelation coefficient about grain temperature of temperature measurement points

RGP S R AT & o O i — 25 Bk B

0.8 AYMERATE , T8 LIRS [E] B 3 MR A 4= AR I

S HARC R B, anlE 8d ~ 8f FTR

VAT H H AR B A DU, A 22 A F ARG R
O TUE RN A B 12 - 10 S04 738 RUERR IR AR 1k
HT 4°C, J& TS TR 2030 B ARG R B T
0. 8 FI MR LR , e BRLHE 3% 32 3 XU i TN
AP i R S G DU 45 2R 15 S B S
& A ARSC R EO S A I IELGE T 5
A0 S AR AR IR RS A B, G I 45 2R 5 S B S R
B R R, 28 4 90 D MR 0 R B, ARG M 4
R SPRSE RN A — 2, Z8 BRTA NN A A

A R BFE T 50 0. 8,

A B DL AR 5 R] — AR AR AR AR L
AR B ELAR OGP [RIRE L7 d D 30 Rt K die
W b, HARSE M R 1K 8g ~ 8i o, Al
LA 0 5 A 5 R B0 e MR IR AR 1L, X
Je PR R 24 00 9L A S, e B0 AR L 2 T Y
SRS, DRI L AR LA O R BN O S

R B A

Fi R RN 2 5 A DGR 43 AT 7 i, A
Sew H AN T SR RS . GETh 2 R S R A
MEECH e, 47 e >0. 8E (o E AR A B il i A
H0) AR Shy 30 DA A I B 2 A O A
470, 1E<e<0. 8E , WJH| 5 MuHE R B
SH S BT AR A R R I

H & 8d ~8f A

W —2; 4
W IR 2

3 fEREENR

3.1 REBEBTUIEENRIDSTHT

RRED R AT IR 2S5, MR P 7l B 2 A
S GRS ARAR LB i e AR R LA R R
T HE 2495 PRSIl B A7 A — i 22 5, X Ph 22 SR AR AR E
fift e 14 3t s Hh A A A T L 2.1 35 B R AR
TE BR) i R P PR 25 000 3t 7 A 08 P 1 L 119
FHOGHER R o 7 5 I 220 R M o A £ i #6, {743
SRy B 5 A R 22 S/ T A R
i 22 S BRI T 8 R A it s P 00 3 - 1 A
RIS P[] 5 RO AR O o R AR B 4 2 X

R, PR 1 2 2014 - 11 - 01 &

MR

WA T,
tre<0.1E,H

2014 — 11 — 30 Z[A] PRI, BEADLEE 1 J2 MM bl o 46
—2f A O AL BRI AR AL T AT KT
S PN TR i v, S A ) R L AR, R Ik
P 2014 —12 —15 £ 2014 - 12 =30 55 1 2R
R E] 11 - 15 & 11 30 Z [, KI5 3R
HAHCRBNE 9 o, HIE 9 ATLLVE IR EH
8t BRI A OGP A, F L AT DL T R £

/N B
a2

M)

3.2 fERBEERESSN

SRy B AIE R TR IR o 25 AH DG ARG I D7 1k AT i AR
AT TR A . TER AR K
AR BH DX 04 8 36 56 b 8 N7 /N RURR B RSE R
3.8mx3.8mx6 m,CHNMHIEE 4.5 m, T 2017 -



328 Ak #Hl

7 201094

HAHEEY

D2}

n-15 11-22 11-20
H
9 HEEUERE TS AR BRI

Fig.9 Changing curve of correlation coefficient before

0 L
11-01 11-08

and after abnormal reserves

05— 11 AGSEEE % 2017 — 08 — 15 GE4S o, fiff ik
WEHNEXK, ﬁ%ﬂ%f‘aaﬁ 33, AMEHHEKFEN 14%
G E 25 R AT, B P 1045 5 4%, IR
i ie 0. 8 m,EEﬁEﬁif 0.3 m,BAHEY LAE 41
DI 551 AR 0.3 m, 55 4 EHAJE 0.5 m

(FEEGIR) , PREPZME S 5ME, KR eam
B0 s, RN I3 T 3 M I B 4 4 S 1 1 i
FBCR W R0, S 11 frs . KISR0 T il
H A R BN 12 Fis

.

TV = ey
Fig. 10  Granary

Lt HRBREREY EELS S $
LtAE  medK WAl | Uehl RN AasN HAGD | mEEN  WAHE
-"_-"-:. '.:'.. %'Ii' flh::!.:l EEN Ll l“*"-m |
Tannen ranas mames | " e Wars iz
o rme e | =zae Mznr R g
== PN e - -
| | - =T camn|
(a) 400 (b} T i 4 S (e) SISt
B RO R RS
Fig. 11  Reserves supervision system for grain storage
—HHXRE — M o —HH )’uft’{ — @{E
0.8 i M- _ osld NWVI
= 0.4 Z;:: 0.6
R e ) 0.4
K o = 02
= | m 0
T4 -02
| 04
-0.8 E . e -0.6
2017-05-12 2017-06-11 2017-07-11 2017-08-10 2017-05-12 Zfll_f ”f!- 11 2017 “_."- 11 2017 l}H 10
I 'UJ F
(a) B2 (b) 522
—AHXRE — MM —HHERR — A
1.0F W—'—ﬂ 1.0
_ osf} L . ,mmw/wv’“’—\m
= 06F =
B We 0.6
H 04+ W
= 02 2 04
= ol I pat
-0.2 . : . 0 : : '
2017-05-12 2017-06-11 2017-07-11 2017-08-10 2017-05-12 2017-06-11 2017-07-11 2017-08-10
H Hi
(c) #32 (d) 5342
12 RIGHAR XOY 1 H ARG R B2k

Fig. 12 Graphs of autocorrelation coefficient about XOY plane in Daling granary
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Fig. 13 Autocorrelation coefficient of temperature line in Daling granary on July 1st,2017
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