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Model of Drying Process for Combined Side-heat Infrared Radiation
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DAI Aini"?  ZHOU Xiaoguang' LIU Xiangdong® LIU Jingyun® ZHANG Chi'
(1. School of Automation, Beijing University of Posts and Telecommunications, Beijing 100876, China
2. Science and Information College, Qingdao Agricultural University, Qingdao 266109, China
3. College of Engineering, China Agricultural University, Beijing 100083, China
4. School of Automation, Beijing Union University, Beijing 100101, China)

Abstract; The drying mechanism of combined side-heat infrared radiation and convection (IRC) grain
dryer is more complicated compared with that of the traditional convection drying. In order to explore the
model of uncertain system like the grain drying and application of BP artificial neural network method, a
new intelligent prediction model for the combined side-heated IRC dryer used to predict the outlet core
moisture content ratio and drying rate is developed based on BP neural network algorithm. The model
which has three layer neural network structures (8 —10 —1) is trained and tested based on the train data
set and test data set by programming the model in Matlab. The model inputs are the eight influence
variables of grain dryer, and the model output is the outlet grain moisture ratio of the dryer or the drying
rate. The corresponding mathematical expressions of moisture ratio and drying rate model are also given,
and the determination coefficients ( R*) of model prediction are 0. 998 9 and 0. 998 0, and the root mean
square errors ( RMSE) are 0.009 and 0. 004 1, respectively. The predicted resulis are fitted well with
the measured data, and the prediction accuracy is high. In addition, combined with the experimental
drying conditions, the prediction results of the model are analyzed and summarized. According to the
same method, the prediction model of outlet moisture ratio for the counter-current grain drying is also
successfully established. By the comparison of predicted performance curves for two types of drying

process, it is proved that the combined side-heat IRC drying has faster drying rate and less time to dry to
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the target moisture value than those of the conventional hot air convection drying. It can be used to

predict the drying performance of different drying processes and to realize the comparison of different

drying processes. In addition, compared with other grain drying mathematical models, various influence

factors of grain drying can be comprehensively considered, which can provide a new modeling method for

the complex system like the drying of combined side-heat IRC.

Key words:; grain; combined infrared radiation and convection drying; BP neural network ; prediction model
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Tab.1 Partial experiment samples result for grain dryer
D,/min M, /% T,./C T,./C T,./°C T,../C T,/C V/Hz M, Dyp/ (% -min~")
38 27. 84 28.71 34.00 43.44 44.57 120. 55 20. 02 0. 956 0.193
44 27.13 25.49 33.92 42.94 44.45 122. 37 20. 09 0.976 0.193
61 22.89 29.99 34.13 43.20 44. 85 123.11 20. 13 0.957 0.183
66 24. 47 28.55 34.23 43.48 45.06 121. 44 20. 12 0.959 0. 151
72 25.95 28. 67 34.15 43.85 45.01 120. 03 20. 13 0.931 0. 150
143 21.41 34.89 36.48 48. 69 46. 66 119. 49 20. 18 0. 689 0. 156
148 21.04 34.59 36.28 48. 49 45. 80 119. 45 20.18 0.703 0.201
175 20. 81 35.28 38.35 53.50 52.30 118. 28 20. 18 0.618 0. 081
236 16.52 36.09 44.00 57.70 51.92 104. 80 20.18 0. 544 0. 062
253 15.42 35.68 45. 85 60. 19 53.45 103. 15 20. 12 0.502 0. 105
255 15.09 35.61 46.26 60. 52 53. 46 102. 99 20.13 0.506 0. 096
282 13.94 36. 80 49. 37 62.72 55.37 106. 26 20. 13 0. 490 0. 069
284 13.97 36. 87 49.36 62. 88 55.79 105. 17 20. 11 0. 485 0.053
292 13.68 37.06 50.22 63. 82 57.37 105. 90 20.13 0. 467 0. 060
302 13.23 37. 66 50. 93 65.20 58. 61 103. 60 20. 13 0. 444 0. 064




356 & A Bl B ¥ i

2017 4

AR , BN, 5256 0 b, KB PN R G vk B 4 1 Y
AT 7K A2 S I AS o A, 80 AL A R 4 e e 4
Az F B AL 5% 22 5 i 6 R A AR A A I T 0 R A 8K
o BB T 274 AL IS REAS K L B AL
T 204 4B AR W 45 IR 4R R 4% 70 20 B4 A
Shy T 56 UE 4
IR B B AT 73— LB A bR v e —
o=k
. Sk,
X' = X_ X (7)
A X ——FEAEE P A/ S ) R S
X, AR i A/ H ) A S R
X o REAER i A/ i S 1 1) f /M
3.3 BP WiZM&mNERLEH
R 45 2R 48 21 1) B4 5 45, 76 Matlab o, 45 5 #f
2 W 45 AR RE Y, B S BT TR B T R ML A A 4 I 245
oINS T S5 A AN T TR AR MO 8 AT
Gy R BEAE AR AR TR 8 S B &R,
REZENAI0ANY S MR LA 1AW N
FURCE K 4 Bl T8 % o IR B 3 2 i A 2806 2

NS

N</M+L+a (8)
1 ~10 Z [a] /) 5 4%

Xt e

BT HSLRY 3 )23 19 AR TTHY 4 R 46 T A B 254
Fig.7 BP prediction model structure based on three

layers with 19 neurons

BT o, R 95 A A S R fE N R
B W RO N R JZE AT R
H 5 VA R Ry B R VSR B R Ay,
IR sy, v 20 3 R K o3 LERE Y M, | f o S A R
D FY i 5w, o i N JZ BRI 5 w0, R BT
JEE R BRI . B T2 B0 2= R ek RO £
Ph R i A B TR A R A OB A

S(x) =1/(1+e™") (9)
S (x) =f(x) (1 - f(x)) (10)

P 45 490 e ASAEL R S (O, 1] 22 8] f Bl AL &K
UG EACUEL R 100 ¥, 27 20 F 0 0.1, Y1145 H bp iR
4 0.000 4,

3.4 BP #HZMEHNMEE LI

P 28 oL A5 1Y Y U 25 o B >R A Levenberg —

Marquardt (LM)583% % ] BE AR AN 18] 8 s o
R TRHLRS

Hdli)a—feab B

T8 28 454

Rz ta i

iR i, s R |

REIIEZR

R4k

UEE T

Y
| D ECw BRI faEI R |

&1 8 BP it 25 [0 25 455 10 2 o) i

Fig.8 Learning process of BP neural network model

BAETHAN x, = (2,3, w3, E R
A 4B d, = d, (5 T SR
d,, 2 3316 100 S0 24 0 00 62 3, (5 0 4
BB y,,) 5 F BB d, 5K d, #0382 K
SUBUE, 3592 15 5 35 Wik 0

R A B p 0 ) 2 0 W 6 A
B2 %k, Bp

L
E, = ldy, -y, | =5 Y (d,-3,)° =

k=1

1 L )
7 AZZI ekp (11)
ARG P A INGRFEA N 25 1 B = 25 1 W R ECh
1 P L
E:722 (dkp—ykp)2 (12)
p=1 k=1
BEUCEACET (iR 2286 B2 T BT A0
OB aE iy _
Aw, = -n ow. = "on, aw, =16,0, (13)
oE -
Awé/.: —7787”:770[(1 —OL.) ( ,Z’, 5,(w,ﬂ.)xj
(14)
w,=w,+Aw, (15)
Wi =Wy +Awki (16>



%3 1

RZYe 55 JET BP i 2 100 45 £ 55 PR XU 65 55 X0 00 MR 10 T A il AR A6E 7Y

357

Hip 5, = —;]@ - —27”‘;;{,2 e, f(x) (17
n N R AE (0, 1] 22 0],
I 2Ky e N AR Y 28 5 13 YRR AR (T %
PR 2805 24 YGER) 5 MU GREs d . s IR 21

%?ﬁaﬁﬁ’ﬂtﬂ K ArHe My, BT sl SR B L8 D, 1Y
ﬁ%ﬂjﬂ(ﬁjﬁﬁﬁﬁ{ﬁﬁ]@ﬂﬁ%@ 0
=Y, :f(N])

1.660, -0. 130, -0.330, +0. 140, 0. 440, -
0.250, +0.680, —1.550, +0.320,, +1. 16

2w0—2350+

y
D=y, =f(N}) = > w,0,=4.740, -
i=0

3.350, +8.20, +3.740, +0.790, +14.350, +
5.670, +10.390, -5.680, +2.620,, —0. 99
(19)

Hp 0,=f(n,) Zf(zwé w"fxf) -

M

1/(1 + e 2" )

x, =0, ; (i=1,2,--,10)

M BETUFN D, BB w AF BOE FE R @, B

w, = -1

(18) HEFE ST B ANER 2 N353 PR .
®2 KM TRERBINNNAGER
Tab.2 Weight coefficient matrix of M, and D, models
1 Wi Wi Wi Wi Wiy Wi Wi Wi Wi
1 -1 1. 49 0.85 0.32 -0.64 -1.90 -0.66 1. 40 0.02
2 -1 -2.50 0.29 0. 64 1.02 1.75 -1.34 0. 66 -0.28
3 -1 1.91 -0.13 -4.02 -0.18 -1.52 -0.50 -0.42 -2.59
4 -1 -0.30 1.01 -1.49 2.12 1.03 2.16 0. 67 0.76
5 -1 -1.32 -1.58 1.60 -1.06 0.73 5.05 -2.25 -0.90
KA M BR B R 6 -1 0.99 1. 44 0. 04 0. 37 -0.11 0.56 -1.26 -1.76
7 -1 -3.58 0.11 -0.09 -0.40 0.42 -0.57 0.98 0. 40
8 -1 -2.63 -0.21 2.23 2.96 -4.23 2.59 -0.38 -0.46
9 -1 2.17 0.63 0.96 1.97 -0.45 -0.22 1.50 0. 37
10 -1 -0.68 -2.04 -1.97 -2.53 -0.66 -1.15 -1.21 1.17
1 -1 -0.47 -13.40 4.88 -7.15 0. 81 1.05 -2.70 -0.32
2 -1 1.35 -7.19 -3.49 6.45 0.24 -8.05 1.77 0.16
3 -1 -12.40 5.01 -4.65 -0.47 5.59 -7.69 0. 88 3.90
4 -1 -4.08 -7.37 -5.90 1.88 2.31 -2.24 5.70 -0.82
o _— y 5 -1 -5.33 -0.50 3.61 -4.57 -1.48 2.91 -0.27 —-1.47
TRER D, IHRARAMK 6 -1 5.96 5.33 -5.39 9. 40 2.48 4.12 -1.99 -0.10
7 -1 -4.51 -0.26 0.18 1.39 -4.74  -12.10 -0.67 -0.55
8 -1 -21.30 5.17 -6.38 2.30 0.02 12.50 -0.92 1.08
9 -1 0.20 -5.02 6.57 -3.16 11.10 -8.12 0. 30 -0.79
10 -1 3.55 -0.96 1.40 -0.20 0.72 -0.14 1.88 0
®3 KM TREREY 0, MEER
Tab.3 ¢, threshold matrix of M, and D, models
0, 0, 6, 0, 05 65 0, 04 0, 610
M, -3.96 2.70 -3.59 -2.81 1.45 0.24 -0.94 2.26 1.69 -4.96
Dy 0.21 -0.54 -0.38 0.25 -1.06 -0.83 0. 64 1. 05 0. 64 0.21
3.5 BP HZMEMNERSH M o
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Fig.9 Prediction performance of BP neural network model for grain dryer
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Fig. 10 Analysis of drying dynamics prediction curves

of infrared radiation and convection grain dryer
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and infrared radiative and convective drying
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