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Design and Experiment of Pressure Type Online Yield Measurement System
for Grain Combine Harvester
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Abstract; In order to improve the online yield measurement accuracy of grain combine harvester and
suppress the interference of body tilting and mechanical vibration during the yield measurement process, a
pressure-type grain yield measurement system based on tilting angle and vibration compensation strategy
was developed. The system consisted of a pressure-type grain yield measurement device, a GNSS
positioning module, a data processor and a host computer. Firstly, a mathematical model of grain yield
monitoring was constructed based on the functional relationship between grain yield and sensor pressure,
inclination, vibration and humidity, and a test rig for grain yield monitoring was built to optimize the
structural parameters of the device through orthogonal test combined with response surface analysis. The
effects of the number of pressure sensors, the mounting position of the vibration absorber and the
inclination angle of the device on the measurement error were investigated, and the optimal parameter
combinations were determined to be five pressure sensors, the 3rd reference position (175 mm from the
left slot wall) for the vibration absorber and the 21° inclination angle of the device, respectively. The
results of univariate (flow rate change) and multivariate (flow rate, inclination angle and vibration
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change) tests showed that the yield measurement error of 20 groups of tests under different working

conditions was stably controlled within 3% ; the results of field tests showed that the average yield

measurement error in actual operation was 3. 41% , with a maximum of no more than 4% , which verified

that the system can effectively inhibit the interference of the tilting of the vehicle body and the vibration of

the machinery on the accuracy of the measurement of the yield and provide an effective technical support

to obtain the information of the distribution of the yield of the precision agriculture. The system can

effectively suppress the interference of body tilt and mechanical vibration on yield measurement accuracy,

and provide effective technical support for the acquisition of precise agricultural yield distribution

information.

Key words: grain combine harvester; online yield monitoring; pressure sensors; inclination and

vibration compensation
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Fig. 1 Schematic of pressure grain on-line yield

measurement system
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Fig.2  System working flowchart
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Fig.7 Experiment platforms of grain yield monitoring system
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Tab.2 Orthogonal test program and results

R RN % =152

A7 A/(°) B/ C Y/ %
1 8 3 2 5.71
2 24 3 2 2.99
3 8 5 2 3.74
4 24 5 2 2.03
5 8 4 1 5.37
6 24 4 1 3.64
7 8 4 3 3.77
8 24 4 3 2.11
9 16 3 1 4.89
10 16 5 1 3.23
11 16 3 3 2.75
12 16 5 3 2.03
13 16 4 2 4.31
14 16 4 2 4.27
15 16 4 2 4.09
16 16 4 2 4.29
17 16 4 2 4.38

®3 MPARBEFESN

Tab.3 Analysis of variance of regression model
TEREE PR AmE B F P
Y 19. 39 9 2.15 67.04 <0.000 1
A 7.64 1 7.64 237. 81 <0.000 1
B 3.52 1 3.52 109. 65 <0.000 1
C 5.23 1 5.23 162.79 <0.000 1
AB 0.2550 1 0.2550 7.93 0.0259
AC 0.0012 1 0.0012 0.038 1 0.8508
BC 0.2209 1 0.2209 6.87 0.0343
A? 0.024 6 1 0.024 6 0.766 6 0.4103
B? 1.39 1 1.39 43.16 0.000 3
C? 0.9262 1 0.9262 28. 81 0.0010
B2 0.0465 4  0.0116
S 0.1785 3 0.0595 5.12 0.074 3
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Fig. 8 Effects of factors on yield measurement error
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Tab.4 Univariate (flow rate change) test results

- zfmf j ‘I\NIJZ%E ﬁﬁf*g@ X2/
RS (ke A/ g B/ g %

1 2 21160. 4 20872.3 1.36
2 2 20822.2 20462.4 1.73
3 2 20715.0 20269.9 2. 15
4 2 20839.0 19 946. 1 2.37
5 2 20 402. 4 20159. 1 1. 19
6 3 20 966. 6 20661. 1 1. 46
7 3 20 805. 1 20418.7 1. 86
8 3 20 866.9 20365.0 2.41
9 3 20 820.6 20347.9 2.27
10 3 20457.6 20109. 7 1.70

SRR 2E 1.85

*5 ZTE(REBMARKRITL)RKEER
Tab.5 Multi-variable (flow, inclination and

vibration changes) test results

mEER R
R Y] 0
g 20-50Hs ik Wi=iE  GHME A

&
G am UR{/g T/ BR2%

1 3 5 20286.2 19998.4 1.42
2 3 5 20495.2 20242.2 1.23
3 3 5 20173.3  19793.9 1.88
4 3 5 20444.5 20022.2  2.07
5 3 5 20992.0 20614.0 1.80
6 3 10 21228.2 20432.8 3.75
7 3 10 21028.6 20386.2  3.00
8 3 10 21040.1 20384.1 3.12
9 3 10 20625.0 19876.3 3.60
10 3 10 20668.7 20036.4  3.00

SRR 22 2.50




318 P A1 R = 4 2025 4F
s, =Rz 7= R R e A SR 4.2 ARKBERSH

FTAbER A9 5] 5 3R 55 0 7= 2% A 7= i il 6 1R R
SERHRZEIR 10 .11 FiR,

A -smpe H-tmre
—M =ik e —Mr=dE

w8 518
i 15 g 15
12 12
2 £
& 0 & 0

3 3

%510 15 20 25 30 35 05770 15 20 25 30 35 40 45

At R] /s At R] /s
(a) BAASEIR IR 20 (B 54H) (b) ZHEHBAGETA)

K10 GAURE S5 B 4
Fig. 10 Yield profiles of bench grain silo and
yield measurement device

— I —EodH — 3

OF —284d —554

-5

SERTRE/%
I

16 18 20 22 24 26 28 30 32
At R] /s
(a) BAZ B2 (1-520)
— I —EodH — 3

HARA I 45 R R B, LT A 5 R B SR e
(I 7= R GAE R 4 TO0U R B g st ar
(TN AR L) F AR W7 S 4 AR X R
FN 1. 85% | SR 2 dh £k WoR A 4 iR 22 5
FETE 2.50% LA, 7= i i 4k 5 B SE [R5 R4
(ANZE S 4) 10UE T RGN E =AW EEE, £
A (i A MR 3h AR AR ) B A ER XA
XTRZE R 2.50% , e KiR2ZE R ML 3.00% (55 7
), BIRAS RN 1% ~2% (IR ZE W SR
Lz R I 20 225 WA RCHRIE T 5 T
PRS2 TOU T RS BTG oK . A, &2 i SR

— 6 —EETH — 584
4|

SERTRE/%
I

16 18 20 22 24 26 28 30 32
it [ /s
(b) A B (6-1040)
— 6 —EETH — 584

OF  —zom —2104
& &
i, i,
LS LS
E E
K K
_10 Il Il Il Il Il Il Il I} i 0 Il Il Il Il Il Il Il Il Il
20 22 24 26 28 30 32 34 36 16 18 20 22 24 26 28 30 32
A ]/ A JA)/s
() ZEERA(1-54) (d) Z7E R (6-1040)
BT SEmfiR2E Lk
Fig. 11 Real-time error graphs

BRZEI R KB/ I AR A R B, 2 00 7= i B A
Y E /N, BIEBUIN AR 22 8 T, e iR 28
AR PR B e B SRR S B R R,
) ZR G (R T LS U TR A A [R] ]
R D /1N 380 ) E ARG 2% M 25 T 3 A Ak
BYRESEN—SBIE, %0, fE S LA
TR IR S, M SR W o 2 B T T R G 2R
Bt MUBRE Sh Kot sk sh bt T HiRE T, has A%
PR IREREMT 3% , il AP 7 2 W 2R 58 %)
W77 B BT EER
4.3 HEWIERE

FH [A)3 567 5 BE 7 &) YH1180R —4LZ — 6. 0A
(G4) B4R AWCIRAL, Nl 12a s, FEZHLER Y
HRGHRR 171 Ah 2 2 50 25 12 K 71 20 W) e 260 7= 2%
BHOEERKAVEERMERSNETEEA N
10 em, 7] (5 RGO FR, WA 12b FR

M EHR G T 2024 4F 11 H BT ZRKA T Mg
3 DX AT e 7 113X 6 FH BRI i 3 60 A RS i o oA 34
BhErE 22 1 % R R A ARG

(@) V1 H MR ARG BRSWHL
2

1 3 4

(b) ZH R A

K12 LA
Fig. 12 Installation diagrams of device
1 BRI RS 2. MO 3UMRNEERER 4. WG
5.0 6. RYEK AL K
A & K B AG ARIC T R W) P X 5 Ky
19.4% , ¥ SHEAUWRHLRARR 6.0 kg/s, #
4 2.0 m; BRE A 77 m, 96 55 me HLFIHEE



5512 4] A

S5 A BCE WAL ) AL R GBS AR 319

FERI S J AR LQ — T1, AN 50 kg KEEH =1 g,

R I WA 13a fros, 7E 52 il 5 S A 1Y
TERF  JEAS & BRI A P 2 I R A T sh
W, SR — 20 7 | ORI R T IR gk
PRS- PRSI N 1. 112 mm 5 B AR
FE o B 13b SR A 5 K e B i 5
MﬂTﬂﬁE&kﬁ%ﬁﬂ%ﬁh%m@Wﬁ

(@ S ) i
P13 072 i 3 SO R
Fig. 13 Flow fact sheets for yield measurement devices

30 3o AN [ WA I B, 0 A I o Y
I ] 3 0 245 SR X0 P ) L 53 7 S92 A s ) o
£ SR 2400 1 B B il g 7 0o 2H kA7, B4
G MR 3 HARIRTEN 2 m KN 75 m, LUK
3AEIRTE N 1 m KR 75 m BKER 4, 23t 6
2 5 B 2H A5 R RO LT 21 Sk A 10 srli
R Y B IFORAF R G 5 .

2 B BN SR B A B R S5 6 B 4k - AT B A AE
HERR 2 S BO™ AR I 7 S A, S SOR B B A
{2 (Inverse distance weighting, IDW) XT;QHTF%
Bl e W A TURRR . %07 R T A ] AR 5
ﬁaﬂﬁ%%%ﬁﬁ%iﬂﬁ%@ﬁ%ﬁﬁﬁ

(12)

Rz, $ﬂ5%ﬁ%ﬁ
z, 551 A 2L S B X
d,——RAE 55§ A BT A RR G 2
p—ﬁﬁ%ﬁﬁjﬁ%ﬁ(ﬁ W op=1)

@ﬁ? %m%6ﬁﬁo

Fo HENREER
Tab.6 Field trial results

4151 ME9E/m  FREEH/ kg WEEH/ kg MXRZE/ %
1 2 35. 100 36. 395 3.69
2 2 44.050 45.509 3.31
3 2 46.350 47.653 2.81
4 1 37.250 38.736 3.99
5 1 25. 400 26. 105 2.77
6 1 40. 200 41.769 3.90
SR 2 3.41

4.4 HENRIEERSH
PRI B P 20, FH R0 0 7= T AR 675 m”

SERFXTIRZE R 3. 41% , /MR IR ZE N 2.77%
WIS R R X RGPS WORPL R B 5L
MEIREETT AT RE TR H 0 75 40 7 e S AR AR DL
B UE T2k M SR e AT AT R ) 22 B R 5 LR 2
I 774 BE R
ﬁ%l%ﬁ%%&ﬁﬁ%%%%%%?%ﬁ

A BONAC S B T i S5 A 7 B B AR S L
@ﬁ~$&ﬁommﬁiﬁﬁm*%TUﬁ%ﬁ%
BRI ™ 25 ()45 B A EDUT S # . R E
N P Mt A e FH B B 7 et 0 A 1 O, R A
Af AR {5 LRy dk s A il 2 iE AT 4 R B8 0 B AT
I midsg N — P Emig -, 2 WSS — TR
1 mx2m, PRS- AEF0 1T m x 1 m, 715 H
R T A A& 1P R BUE, FR45 54 T R
P oo 2, IR 14a Fras, (f FHRL S 2: B 4%

O cmsasT

[ & teser=hs T

—> WRHLTETT R

1-1 2-75 3-1 4-75 || 5-1 || 6-75
1-2 2-74 =2 4-74 52 6-74
=3 2-73 3-3 4-73 || 5-3 || 6-73
x ; Y X
£ | .
o ! i
< |
M ]
K v Y v
1-74 o) 3-74 4-2 || 5-74 || 6-2
=75 2-1 3-75 4-1 || 5-75|| 6-1
p A A A
,,,,,,,,,,,,,,,,,,,,,,,, }
FEEI m

() ZRIBHI A 7= B

70 -

56 | 7=/ (kg - hm=)

6750
£
=
Bt 5400
n
=
X
ﬁ
& og b 4050
2700

14 F

1350

0 4 3 12
FH B SE 1 K B X/m
(b) 1A M=t 4y 7
14 A5 EE =k S

Fig. 14 Yield acquisition and distribution in test plots



320 P

b Bl R

2025 4

4 Origin, ¥ 6 450 T A 7= A% F 1 BB L 45
EHEAT S IR T, R R B R ) A P
A L R 14b B, R JE SR b B4R
5%

5 it

(1) ST XS WML 7 42 B (505 AR
PR, Bt T T U 5 R SRR R Y R
Ty A= 258, i RIS B GPS E
PR Kt Ak B AN b LA M T RS TR
T3 fifh IRl B AR SR A 7 i A
B SCBLT A NS A AR R R S AT
MALS 1,

55456 Box — Behnken Mol {1 17 20477, B 1 00 7 2k
BRI SEA G MG R RGN 5, T R
WEBENIE R 3 S HNE, FEEKTWAN
21°, BRI 25 R K I, % MR K 7E AR
(VAR ) 52480 (i WA R Rsh B k) T
BN ,20 ZH RS I 77 5% 22 M As s PRI AE 3% LAY,
B UE T R W X 7 B AL AR ) T4 0 5L
i PEge .,

(3) H M1 25 SR R W, S BR ARl o P 2
WREN 3. 4% e KAHBIL 4% |, I00IE T %A g
AT A ] 22 B A5 AL AR R S0 % ks T
P, TR A 1 A A AR BRI A R AR
SRR F AR A P i W B 22t A b B, 22

(1]

(2)BSHE T 907 B A R £ , 3 3 F 20
5

il 7 AR, LA R SR A BRI S
£ X
Tk P RAESRS  RESRE, &, R AXBY - 2 N RGN SIRIIIE )], Al T4, 2021, 37(9) ; 245 -252.

GENG Duanyang, TAN Delei, SU Guoliang, et al. Optimization and experimental verification of grain yield monitoring system
based on pressure sensors[ J]. Transactions of the CSAE,2021, 37(9) : 245 —252. (in Chinese)

South

(2] aRartte, JB— XN 2547 s (8] o A Bl 19 o A S AR BRL T ). bl k=241, 2003, 26 (3T 1) : 15 -16, 23.
ZHANG Limei, XING Yichun, LIU Gang. Analyzing and processing for cereal yield spatial distribution data[J]. Journal of
Agricultural University of Hebei, 2003, 26 (Supp. 1) : 15 —16, 23. (in Chinese)

[3] JAME. HREPIBSPRPLEI LN =BR[], BITARHL, 2022, 53(6) : 62 -64, 76.

ZHOU Yinzhang. A brief discussion on online production measurement technology of grain combine harvester [ J ].
Agricultural Machinery, 2022, 53(6) : 62 =64, 76. (in Chinese)

[4] KUTZBACH H D S H. Scientific challenges of grain harvesting[ J]. CIGR Handbook of Agricultural Engineering Plant Protection
Engineering, 1997,3. 311 - 346.

[5] HAN J,ZHANG Z,CAO ], et al. Prediction of winter wheat yield based on multi-source data and machine learning in China[ J].
Remote Sensing,2020,12(2) :236.

[6] MALDANER L F,DE PAULA L,CANATA T F,et al. Predicting the sugarcane yield in real-time by harvester engine parameters
and machine learning approaches[ J]. Computers and Electronics in Agriculture,2021,181:105945.

[7] COLVIN T S. Automated weighing and moisture sampling for a field-plot combine[ J]. Applied Engineering in Agriculture, 1990,
6(6): 713 =714.

[8] SCHROCK M D,KUHLMAN D K,HINNEN R T,et al. Sensing grain yield with a triangular elevator[ M ]. ASA, CSSA, and
SSSA Books,1995.637 - 650.

[9] WAGNER L E,SCHROCK M D. Yield determination using a pivoted auger flow sensor[ J]. Transactions of the ASAE,1989,32 .
409 -413.

[10] KORMANN G,DEMMEL M, AUERNHAMMER H. Development and axamination of a testing stand for yield measurement

systems in combine harvesters| C ] // ASAE Conference ; Agricultural Engineering,1998:1449.

[11] NAVID H,TAYLOR R K,YAZGI A, et al. Detecting grain flow rate using a laser scanner[ J |. Transactions of the ASABE,

2015,58(5) ;1185 - 1190.
[12] ARSLAN S,INANC F,GRAY J N,et al. Grain flow measurements with X-ray techniques[ J]. Computers and Electronics in
Agriculture ,2000,26 .65 — 80.
[13]  FRM7E JAf, F5, 5. AR Y i ot Sime [ V], Al TRA, 2018, 34(5) - 39 -46.
XIONG Yingjun, ZHOU Jun, WEI Wei, et al. Design and experiment of grain mass flow sensor based on embedded system
[J]. Transactions of the CSAE, 2018, 34(5) : 39 —46. (in Chinese)

[14] BGE, TS, 22k 5 55, JE T IR LLAMG RSN A IR WO HLAS W 5 RE I B D712 [0 ] AR HLR =41, 2019, 50(9) -
381 —386.
ZHAO Zhan, LEI Chaopeng, LI Hongchang, et al. Grain thickness sensor for combine harvester grain flow measurement based
on near-infrared spectroscopy[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(9) : 381 —386.
(in Chinese)

[15] S, B EHE, % ST R RSt 556 1], RAUUEDFSE, 2022, 44(12) : 163 - 169.



5512 4] B AR AR A ORPLIE Ty e L 7 R et S5 321

[16]

[17]

[18]

[19]

(20]

[21]

[22]

[23]

(24]

[25]

[26]

MA Xin, WANG Xi, WANG Xinzhong, et al. Design and test of yield monitoring sensor based on microwave[ J]. Journal of
Agricultural Mechanization Research, 2022, 44(12) : 163 = 169. (in Chinese)

PN XA T G T TR A% R A R D R G IS0 ] BRARAN 2R ,2009,15(4) 145 - 47.

SUN Yanyan, LIU Renxue. Research of solid fow measurement based on MRS[ J]. Modern Instruments,2009,15(4) :45 —47.
(in Chinese)

WG T B, %, 5T 5 LG A B A B L R R bR ()], A BLBREER , 2021, 52(12) 4
281 —289.

ZENG Hongwei, LEI Junbo, TAO Jianfeng, et al. Yield monitoring for grain combine harvester based on monocular vision[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(12) : 281 —289. (in Chinese)

i AR, AR A U EIDLIN P R h AR 22 0T S AL B[ ) ], ARk TR EAR, 2003, 19(3) : 144 - 148.

ZHANG Man,KUANG Jishuang. Error analysis and process of yield data collected by yield monitoring system of corn combine
harvester[ J ]. Transactions of CASE, 2003, 19(3): 144 - 148. (in Chinese)

W7, 2830, DXk, 4. XU 22 73 vh i sUA W i A AR BT [T ] A LA 42,2009 ,40(4) 169 -72.

HU Junwan,LLUO Xiwen, RUAN Huan,et al. Design of a dual-plate differential impact-based yield sensor[ J ]. Transactions of
the Chinese Society for Agricultural Machiner,2009,40(4) :69 —72. (in Chinese)

SRR Wit BN EE. ST ROCH RS R A Py e I A ST [ )] RBLAERTESE, 2020, 42(10) - 64 -69.

HAN Shuaijun, CHEN Jin, BAO Binghao. Research on grain flow monitoring device based on laser array[ J]. Journal of
Agricultural Mechanization Research, 2020, 42(10) : 64 —69. (in Chinese)

XA PNEL, SRAREE , 55, JE 7 W R GE R0/ 7 P A 15 5 ) A8 S M A BT [ ] AN L7412, 2019 (B I 1)
136 — 143.

LIU Renjie, SUN Yifan, ZHANG Zhenqian, et al. Wheat yield distribution map generation and spatial variability analysis
based on yield monitoring system[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50 ( Supp. 1) :
136 — 143. (in Chinese)

TEAN =, EffAL Bkl i s ot i (1], A TR, 2020, 10(10) : 25 -28.

WANG Liusan, WANG Rujing. Research progress of grain flow sensor for combine harvester[ J ]. Agriculturaal Engineering,
2020,10(10) ;25 - 28. (in Chinese)

FE, EWAR EESF. YIRS UEINLIN - HoR R IR S [T ], RHUEBESE, 2014, 36(1): 9 - 15.
WANG Zhihai, WANG Peidong, MENG Zhijun, et al. The summary and prospect of the grain combine harvester yield monitor
system technology[ J]. Journal of Agricultural Mechanization Research, 2014, 36(1): 9 —15. (in Chinese)

S AR AR, 5. BRI REERTFEER [T ], IWARRDLL, 2024(6) : 54 - 56.

WU Di, CHU Chenggao, LI Hailong, et al. Research status of grain harvester production measurement system[ J]. Shandong
Mechanization of Agriculture, 2024 (6) : 54 —=56. (in Chinese)

BIR. A AR S Wi is SRS 05 JFFE [ D] R R IETT A\ — R B, 2008.

MAO Xin. Modeling and simulation research on grain fluid motion of assembled axial-flow device[ D]. Daqing: Heilongjiang
Bayi Agricultural University, 2008. (in Chinese)

RS, HURBE T (5) [ M. dEaT. 2 Toll Ak, 2008 :15 - 17.





