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Measurement Method of Grain Volume Flow Based on Structured Light

YIN Wenqging PU Hao HU Fei QIAN Yan GUO Dong WU Ya’nan
(College of Engineering, Nanjiang Agricultural University, Nanjing 210031, China)

Abstract: Drawing the grain yield map during the operation of the combine harvester is a requirement to
achieve precision agriculture. To draw the yield map, the grain flow into the grain tank must be measured
in real time during the combined harvest. Applying the structured light visual measurement technology to
achieve the measurement of grain volume flow was proposed. Ordinary chute was used as the conveyor to
measure the volume flow of the grain. Rollers and encoders were used to measure the flow velocity of the
grain in the chute. A structured light three-dimensional vision system was constructed based on the
principle of laser triangulation to measure the flow valley in the chute cross-section profile of grain. The
relationship between the object length and the pixel offset value was established by the test parameter
calibration method. Based on the pre-processing of the structured light image, the cross-sectional profile
of the grain flow was obtained by the threshold determination method. The trapezoidal micro-element
summation method was used to establish the grain flow section calculation model and the volume
calculation model. The effects of the chute inclination angle and image acquisition frame rate on the
measurement error of grain volume flow were experimentally studied. The experimental results showed
that when the chute inclination angle was from 15° to 30° and the frame light acquisition frame rate was
from 40 /s to 100 {/s, the measurement error of volume flow of the four kinds of grain was no more than
5.2% , the coefficient of variation of repeated experiments was no more than 0. 021, and the root mean
square error was no more than 1. 268 L. When the measurement volume was 17. 6 L., the chute inclination
angle was 30°, and the structured light image acquisition frame rate was 100 f/s, the minimum
measurement error was 0. 74% . When the measurement volume was 39. 2 L., the inclination of the chute

was 20°, and the frame rate of the structured light image was 40 {/s, the maximum measurement error
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was 5.2% . A structured light three-dimensional visual measurement system and a trapezoidal micro-

element integral summation method were used to establish a grain flow volume calculation model, which

can realize the online measurement of the grain volume conveyed by the chute.

Key words; grain combine harvester; production measurement system; grain volume flow; chute;

structured light three-dimensional vision system

0 3

il v AN T8 3 ) R B 00 A B R R S AR
SOR UM R DA INES 8 E N ECE FANE =% A2 el N
Ul /D BRI 5 Gt S BRAON AT HF 25 i, P I HE Sk v
Rl kEHAREREZE . YN R G
i VEAR Y 1 6 B R 22—, 3 AR VR ) 0 77 = A
BN/ D R 3 A B R HE AR B R R R
FEFFZ—

H R, 724 I WAL | 22 25 T 7 2R 8 02 4R
O™ 845 B A ROs 8, HoAZ O 2 A R B & R
8o AP RGO IR A Wi AR B R o
o BT AU AR T AR PR S A o W3R R
ARG AR B, I B & & RS T sk
Case IH A& 19 AFS & 4 . John Deere /A 7l 1) Green
Star & 4t . Ag Leader /3 &) i) PF advantage & 4t %%,
B o UG DU 4 A ) U AR AR A b X R
KPRy RS, oh B o iz W TT
ST o JRORE B T W 22 4 vh R B Wi
LA T 22 A0 T PR L L B TR R SR B
TR BE Ty, M) S PR R 22N T 5% o F R
SEUT SRR AT R o A SRR O 1oL 38 A R T 1 45
PR e A A i A5 5 3 b B LA K Uk T 40
W55 Ty v v IR ER S5 5 RS ) 0 15 2% , L () 7 45 22
20 10% o S/ A5 S F PR R A & TR
7 Y I AR g b B R AR B, B AR
WRE/NT 2% o~y FPEINFORG BEH L AH T O
PE LB A v By A R i 29 1 H R R o B TR R
LR LR Y/ BT R L e g S S DO R 1 s W S = W
FOGRE o BEAE T DL AR R Ab B AR Y R
SR FH G HL A i 0 7 1 O G B R
SR FONS S5 ' v A% T A D00 A 48 ) S, A O L AR
T SRR W) 7 ik 54 e AL Y 0 A X R 22
INF 6.5% o AF %254 ORI I8 G ROk e 1 R
s 0 B3 K B 455, 2 B s SIS IR DN S T 0 R L T
oy B Y e i R Bt 7O e R Y
TR R ARG, MR R ZE A N 3.5% o B W
ST LT LR 4 M I VR L 2R L BE LT T A4 i
G0, K G T TT S e T 2R e R fih ) AL, 2t
ST R I R ARG TE T LN R 25, B B S R

i

Z/NT 4.27% o £ b AU i A W o AL I
M 1o 25 7332 S Uk /) ik s 6 0 R JEE A R (A [
BLA B0 22 S P LA 7 ME R 58 — OB IEA Y . T
PRBRIR A RN K 22 2 T THis 4 , 6 AR B, ELAL
IR SR R, RHA R 45 R A — E R .

FLHIT, 90 1A 35 AT 4 s G 00 A B B R AN BT A
B AL = AE LS 2 AT A A R R R B e SR I T
BB TR AR R o AR BT SOR YA
Lnpr e /I DR R PoY TR NI R AL S e S
T = Ak I B 7 S5 O = HELSE RS, M
2t B gy AR AT A RL IR R, TRETH I A i o A L A B A
R ARG, LS B R AR A AR AL

1 RE s 5ITEERE

AR R R D R G SRS A WL E L,
JGAS T ARBL R 00 SR e D) R A8 R A R B
PP . TR AR MR ST & I 58 = o
512 200 100 mm , 5 A8 f) A AT IR 1, 450 A 8 Y 5E
il Ry 15° ~45° h T S84 R0 78 A RS 4
FEVE R bR A PR AR A RS B S PR e
s, ¥ ] FU650AB100 — GD16 7 — 572 28 3 ol %% | %
JEIE Ky 650 nm WO R TS E [ IF S
FEIE T, YE A R MER — 131 —210U3M #5841 #,
(3P 1280 R x 1 024 B3, Wi 210 (/s
AT BG4 A bmp) i@ 5 USB 3.0 45 Hf R 4R
1) PR A5 A% i 2 A R AR BRI SRR B AR 4 1 3 Y ]
e MO814 — MP2 U AH AL Sk , A2 HE N 8 mm, T Alk.
LY IR F 320 mm, RGN 200 mm x
160 mm , 0 S ABE B phy g B | OK 20 VR 56 AT Bas 4l
B, 6 W BE B 4w i 2% RS O SR 42 HSISH60G —
1258BH — N2, [B] J&] 43 BF %K 1258 p/x,

RGTTUR TAER , 2 BRI W 1 1) F 32 2h &
SERCT AL WO K G 38 & I R A5 R IR AR A
LI 2 AT, M AR AL S5 Fsf SR 4 4 R i 226 194 4 6 I 45 4
JCHE R R R o AR DS i S AR A, RO T 4
LIt AR AR AR Ak, A e B il 4k 5 T A A5 A O it
242 T 1) T B Sy A A 1 4R T AR 00 S A e v g
IR Bl R K B A A R0 B 1T 5% B0, O R g i i i HH VR g
TRk o 5 BT A S SR A O T . AR R
A5 1 A8 L IAE 178 R T B B X I P A8 A R, R AT



FEICPR G5 - HET A A 8 B 5B WoAR LA R R B A A T i 103

B i R s i
Fig.1 Measurement system structure diagram
LBOBEs 2. TNl 3. Al 4 i 5. AR R AR
e

PRI 2 (AR AR, S IR RIS FRAS i 2% 1 4 KL
*’LE’J’{ZIKXQ N o {m /%%{Jlb*%ﬁu@ 2 F)]"ZT—\‘O

SHDLER
v
BRLIRLE
St ERIR

BRI ACER
AR

I

'

ARRBIET
B2 AR G i R

Fig.2 Measurement system flow chart
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Fig.4 Installation drawing of test calibration equipment
TEI B PEOB 2 L B 40 B L 4 AN Bh O AR 1Y
LA B % A ) T R SE ST A R 20 I, AN
da JIT7R , B U IE FE 48 bS5 IO O I B S
S CCD AHBLFA B 1 G0 B i A5 2 m B A, 31>
D S5 A A 10 YR IOV 448 . ) il e 4045 7R X
4 A-E A B R AR I bR o BolE AT B/ AR vE U
o RRMEWME 5 Fraa. FEH X R2ZE N

0.93%

140
120}
Z100}

0 : 56 160 15IO 2(I)0 25‘0 3(I)0
(eI ES
S bR A M

Fig.5 Calibration relationship curve
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Fig.7  Grain flow structured light contour extraction method
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Fig.8 Grain flow volume calculation model

2.4 BHREEITE
AT AR KL 0 O T, 7R TS R Y g —

AR 40 mm BRS04 A R 28 OB H i K IRUE
SR FCTE e , R FH O v e B g T 25 0 4 VR 8 1)
2 R T RS TR RE R B AL AL
A3 A 5 A PR AN 9 TR

T AR T R Y L PN S R RS R U 1
M/ 30 33 3, BV 9902 BF 1) P[] P %ot 0 ) 2 i o Ik
e A ok i O e DB A R 10 R

o 0 5 1 5ok g

fom,
n(t) = N (5)

2



FEICPR G5 - HET A A 8 B 5B WoAR LA R R B A A T i 105

S5
Fig.9  Grain flow measurement structure
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Fig. 10  Principle of M/T method for speed measurement
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Tab.2 Results of orthogonal experiment

i g% A% AR T 2458 W (AL W4 1R 25/ % 5 o7 MR
e AL B/(°) C/(fs7") BE/(emes™h) 1 2 3 1 2 3 A /L
1 17.6 15 40 43.8 17.35  18.03  17.95 1.42 2.44 1.99 0.015  0.351
2 17.6 20 60 48.6 18.02  17.81 17.29 2.39 1.19 1.76 0.015  0.325
3 17.6 25 80 57.6 17.40  17.87  17.99 1.14 1.53 2.22 0.012  0.297
4 17.6 30 100 65.2 17.98  17.73  17.86 2.16 0.74 1.48 0.005  0.276
5 24.8 15 60 43.1 25.25  24.31  25.32 1.81 1.98 2.10 0.016  0.486
6 24.8 20 80 48.3 25.15  25.19  24.19 1. 41 1.57 2.46 0.016  0.464
7 24.8 25 100 58. 1 25.33  24.50  24.36 2. 14 1.21 1.77 0.015  0.434
8 24.8 30 40 65.6 24.42  25.45  25.51 1.53 2.62 2.86 0.017  0.597
9 32.0 15 30 44.3 32.88  32.30  31.16 2.75 0.94 2.63 0.019  0.723
10 32.0 20 100 48.7 31.32 32.54  32.85 2.13 1.69 2.66 0.018  0.702
11 32.0 25 40 57.7 32,79 32.62  33.16 2.47 1.94 3.63 0.006  0.886
12 32.0 30 60 65.7 31.54 32,92 33.02 1.44 2.86 3.19 0.018  0.835
13 39.2 15 100 43.7 39.59  40.03  38.25 0.99 2.12 2.42 0.017  0.869
14 39.2 20 40 48.5 41.24  39.65  39.88 5.20 1.15 1.74 0.019  1.268
15 39.2 25 60 58.0 38.43  40.59  40.23 1.96 3.55 2.63 0. 021 1.093
16 39.2 30 30 65. 8 38.40  40.03  40.46 2.04 2.12 3.21 0.019  0.986
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Fig. 11 Variation of grain volume measurement error at different factor levels
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