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1. GPS module 2. Grain yield display termina 3. Grain yield data acquisition
module 4. Rotating speed sensor of elevator 5. Diffuse reflectance grain volume sensor
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Fig.1 Diagram of grain yield monitor system based on
photoelectric diffuse reflectance
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a. Hardware composition ofthe system
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b. Working principle of the diffuse reflectance grain volume sensor
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1. Elevator 2. Grain 3. Scraper of elevator 4. Driving chain 5. Light source
6. Photoelectric detector 7. Driving circuit 8. Pulse signal
I H OSBRI JE
Note: H : the thickness of grain on scraper
B2 RwRRHXEH > FiTF R RT
Fig.2 Hardware design of grain yield monitor based on
photoel ectric diffuse reflectance
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Fig.3 Software platform of grain yield monitoring system
based on photoel ectric diffuse reflectance
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a Diagram for sensor installation
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b. Approximate geometric model of grain
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1. Elevator of grain 2. Grain 3. Diffuse reflectance grain volume sensor 4.
Scraper of elevator 5. Driving chain
e b NEIBUEEE, mm: pORIEINL S TGS, (0): d RSSO LE]
IR AT AR ELEE RS, mm; a NEICEE, mm; b NEIRSEE, mm; ¢y
B EEE, mm; x R TERA YRR, mm; detgs Sy bR TG
B, omms om ABERKRE, BALmm; o AEERTERE, mm.
Note: 4 : the distance of scraper, mm; : the obliquity of combine harvester and
ground, (°); d : vertical distance between the sensor centerline and the scraper
leading edge, mm; a : the length of scraper, mm; & : the width of scraper, mm; ¢ :
the height of scraper mm; x;: the thickness of grain on scraper, mm; dctgp: the center
height of wedge, mm; m : thelength of chain, mm; » : the width of chain, mm.
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Fig.4 Approximation geometric model of grain
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1. LED terminal 2. Diffuse reflectance grain volume sensor 3. Grain inlet
4. Elevator 5. Rotating speed sensor of elevator 6. Motor

B{5 sHn=Eks
Fig.5 Experiment platform of grain yield monitoring system
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Tablel Experiment dataof major sensors and componentsin system
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s EEEEE o JhEE el i y— o I o PN
HEBIGE THERICENE g TPERIORR e THEER s mmen simoaneE siamEg o0
PN SOME gy g Minimum P Sendard - RIVER g g i Aqud SR Predict |y
5 Actual Maximum devator Average  differenceof % Elevator iithoutlo d rain o rain i% Grain
No. dlevator speed elevator speed/(r-mi n’l) elevator elevator speed thickness/mm thicl?n%s/mm thickgness/mm thickness
I(r-min™)  speed/(r-min™) ' speed/(r-minY)  speed/ error/% error/%

(r-min™)

1 650 659 612 640 2.33 -1.38 11.59 23 22.50 -2.17

2 750 749 720 736 2.17 -1.87 11.60 40 39.42 -1.45

3 850 841 833 838 1.86 -141 11.62 80 78.35 -2.13

4 950 952 940 947 2.18 -0.32 11.68 120 118.27 -1.44

5 1050 1060 1051 1056 2.00 0.57 11.77 150 153.11 2.07

e BRCEBISEEIE . R ARSI, N TRER R, MRS S S S RS, SEIRSR SR 12 mm BEA TR ST .

Note: Predict without load thickness: Keeping platform work without load, adjusting the elevator speed, according to the pulse width signal without load scraper

thickness valueis calculated, and the scraper actual thicknessis 12 mm for error analysis.
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Fig.6 Output curve of field experiment without loading
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Table2 Statisticsdataof field experiment

R LhRME  RGUTESYE R4ulE WF=iR 2
W Serid  pwYFR B Predictyidd BT E Predict yield

number Actua yield/kg volume/m® Predict yield/kg error/%

1 251.69 0.36 260.15 3.36

2 307.34 0.42 303.83 -114

3 472,65 0.66 484.35 241

4 729.65 0.97 71052 -2.62

5 820.18 1.09 796.10 -2.88

6 1428.28 1.89 1378.11 -351
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Development and perfor mance experiment on grain yield monitoring
system of combine harvester based on photoelectric diffuse r eflectance

Fu Xinglan'®, Zhang Zhaoguo®™*, An Xiaofei***, Zhao Chunjiang®*®, Li Chenyuan®, Yu Jiayang*®
(1. Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650000, China;
2. National Research Center of Intelligent Equipment for Agriculture, Beijing 100097, China; 3. Beijing Research Center of Intelligent

Equipment for Agriculture, Beijing 100097, China;4. Beijing Key Laboratory of Intelligent Equipment Technology for Agriculture, Beijing
100097, China; 5. Key Laboratory of Agri-informatics, Ministry of Agriculture, Beijing 100097, China)

Abstract: Development of remote sensing (RS), geographical information system (GIS) and global positioning system (GPS)
has provided new methods for obtaining field grain yield information, which allows better description of spatial variability for
grain yield. Monitoring grain yield has become an essential component in precision agriculture, which provides better guidance
for grain growth and management such as variable fertilizing, irrigating and spraying. In order to further improve the
monitoring accuracy of grain combine harvester, a new real-time grain yield monitoring system based on photoelectric
principle was developed in this study. The system was composed of sensor module, grain yield data acquisition module, GPS
module and grain yield display terminal. The sensor module included diffuse reflectance grain volume senor as key component
of the system and rotating speed sensor of elevator. A model of grain mass on the scraper was established based on optical
principle of photoelectric diffuse reflection effect and grain kinematic principle. Prediction model and diffuse reflectance grain
yield monitoring software were embedded in the grain yield display termina. When the elevator scraper of the combine
harvester with the grain passed the diffuse reflectance grain volume sensor, the light path would be blocked intermittently. Asa
result, the corresponding pulse signal would be generated and meanwhile the elevator’s rotating speed sensor would output the
rotating speed signal. According to photoelectric principle, the size of pulse signal was proportional to the thickness of grain on
the scraper. Subsequently the grain yield data acquisition module converted sensor signals into standard signals, and grain yield
information including real-time grain yield and total yield, elevator rotating speed, combine harvester speed, harvest area, and
longitude and latitude would be obtained and displayed on the terminal. In order to evaluate the performance of the grain yield
monitoring system, both laboratory platform experiment and field dynamic experiment were conducted. For the platform
experiment, an experiment platform was designed, which was composed of LED (light-emitting diode) terminal, diffuse
reflectance grain volume sensor, grain inlet, elevator, elevator’s rotating speed sensor and motor. The result of platform
experiment showed that the rotating speed sensor of elevator had the maximum error of 1.87%, which was less than 2.00%,
and the maximum standard deviation of 2.33 r/min, which indicated the sensor had a small discrete degree; the diffuse
reflectance grain volume sensor had the maximum error of 3.14%, which was less than 3.50%, and both the accuracy and the
stability satisfied the requirements. Field dynamic experiment included 3 parts: field experiment without loading, model
calibration experiment and field experiment of wheat yield. The field experiment without loading showed that the pulse signal
intensity of diffuse reflectance grain volume sensor decreased with the elevator’s rotating speed increasing, the determination
coefficient (R?) of output curve was 0.941 1, and the measurement error was within 4.00%. For the model calibration
experiment, domestic TB60 type combine harvester was calibrated to obtain the calibration factor of 0.071, and the
relationship between grain mass and thickness was gotten. The field wheat yield experiment showed that the grain yield
monitoring system based on photoelectric principle was maximum error of 3.51%, which was smaller than the double-plate
differential method. The system offered a wide range of grain feeding quantity and satisfied the need of field grain yield
monitoring. The research provides a new method to monitor real-time grain yield, and the system is applicable to domestic
mainstream models of combine harvester in China

Keywords: grain; photoelectric devices; sensors, combine harvester; yield monitor system



