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Design and Experiment of Pressure Type Online Yield Measurement System
for Grain Combine Harvester

HUANG Peikui'? WU Peitian’ XU Chaorni'  LIANG Shunda'  HE Jie'®  WANG Pei'”
ZHAO Ronman' HU Lian'®  WANG Pei’  SUN Xuoantian'
{ 1. College of Engineering , Sauth China Agricultural University, Guangzhoa 510642, China
2, Siare h'!:r M-:quw'_r N_fﬂgrl'-:rrﬁmdl FA‘HI‘.IH\H!NF :I"f--hm-h-g_r. H-‘ifr'rrg IR | China
1 .rm-ﬂ.-g-m qurl'plh'rfrr-l' Rewearch Center, H—Jkrg .ﬂﬂrlf-mlj J;I'- 4gr3|'|rfmh- il fuhﬂ#_lr Scences, Hrl_llm:g 100097, Chisa
i, .H'htrr.n'm; Aeademy o -Igriru]}n:mf .Hdr.ﬁl'nrr:r Koiences, JUman 250000, China)

Abstract: In onler o improve the online vield measurement aecuracy of grain combine harvester and
suppress the interference of body tilting and mechanical vilimtion during the yiell messurement process, a
pressure-type grain yield measurement system based on tilting angle and vibeation compensation strategy
was developed. The system consisted of a pressure-type grain vield measurement deviee, o GNSS
positioning module, a data processor and a host computer. Firsily, a mathematical model of grain vield
manitoring was construcied based on the funciional n-lutiumallip between grain vield and sensor pressure
inclination , vibieation and hoamidity, and 2 test g for grain yield monitering was built 0 eptimize the
structural parameters of the device through onbogonal test combined with response surface analysis. The
effects of the number of pressure sensors, the mounting position of the vibmtion absorber amd e
inclination angle of the device on the measurement emor were investigated , and the optimal pammeter
combinations were determined to be five pressure sensors, the 3nl reference position { 175 mm from the
lefi slot wall) for the vibration sbsorber and the 217 inclination angle of the device, respectively, The
resulls of univariate { Qow rate change ) and muoltivariate ( ow rote, inelination angle and  vibration
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change] tests showed that the vield messurement ermer of 20 gmoups of teste under different working
coiditions was stably controlled within 3% the results of field testa showed that the average vield
memsurement eror in actual operation was 3. 41% |, with 2 maximum of oo more than 4%, which verified
that the system can effectively inhibit the interference of the tilting of the velicle body and the vibration of
the machinery o the accuracy of the measurement of the vield and provide an effective technical suppori
1o abstain the information of the distribution of the yield of the precision agriculiure, The syslem can
effectively suppress the interference of body tili and mechanical vibration on vield measurement seeuracy .
aml provide effecive technical suppoet for the acquisition of precise agriculiurl vield  distibution

information.

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

vibiration compensation
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EFAALE x5t STEKF fR VLA E fRilER

fﬁ.l- ':;?EI'E ﬁﬂiﬁ'l ﬂ %1.] E jl-fti- ﬁ}:—é%l! Turh_ﬁ,l
(LSRR TR, 1M 510642, 2, TRl fody o Bl DL 928 . 1M 510700,
3. A o e A O A BRSBTS, 1M S10642 )

B VF A ICER GNSS P HL R S0 A 0 SR o] 8 R A o ol B, A S AR T (U e T RE
S ik S W 2 Stromg tracking extended Kalman Glter, STEKF ) 3E§7 5 HUGT ) 380 4 AL BP9, S 1E— Rl 1T 7 28
GNSS/TMU e B0 LR ) 3 0 ek . S FOTVR o o o e A e 0 LA 1], 46T ML Sk 6 O SR 0 GNss
Sl 0 TR Ol R LR S R B R STEKF Wkt bR B 7 St e A ) ol R, S TR
TR0 WL SR STEKF BUE 69 —5 R RSk & Ak, LUWEC M - 1204 S0Pl 5, 8T TRIE
A0 OO T T o LT T T 1 P S e i, 5 ] A LA b AR i A B LY PR R Ry
PR R, TE S0 0036 — 5. 40 kensh A2 B efe, Ao 4R i 5 00 g 0 A i SR IR AT ) A 5 LR GNSS gk BUYER
(i) 1758 s A Tk 0. S0, 8 U A 3 B LT B b SRR i sl T e LA B N e T RO R
LA i A N, e 2 S b T B E R, T i W I L AR MR R AR R
S POl BLW R0 PTEOE . st STERF . B 3 it i
SHES S 20, 5 MREERINEG: A RS 1000-1208( 2024 ) 12036508 081D 3

Method for Measuring Heading Angle of Agricultural Machinery
Based on Two-position Method and Improved STEKF

HE Jie'*  WEI Zhenghui'  HU Lian'"  WANG Pei'”  HUANG Peikui'”  DING Shuaigi'
{ 1. Callage of Englieerig, Soecth China Agricaltiinad Hitoerity’, Cusngabin SI0642, Cliina
2. Muangpu fnnvoation Ressarch Inatiture, South Ching Agriculturad University , Goongzhon SI0T00, China
3, Key Laboratery of Key Technalagy on Agriculiweal Mechine and Equipment | Ministry of Edwcation ,
South China Agriealinrd University . Guengzion 310642, China |

Abstract: To solve the problems of low accuracy in heading measurement for single-antenna GNSS
agriculurl machinery navigation system ot low speed and the dilliculty of stading up, reseanch on
agricultural machinery heading measurement technology was conducted based on two-position methad and
improved  STEKF. A suitable heading measurement method  for GNSS/IMU fusion in single-antenna
agricultuml machinery wos designed, The heading of high=spesd agrculurmal machinesy was measured by
the two=pasition methold , and (e heading of lowespeed agricultural machinery was measured by the
improved STERF algorithm based on the 9-axis data output by the IMU and the position and speed
information output by the GNS5. A one-dimensional Kalman filter fusion method based on the two-
position method amd the improved STEKF heading was designed. The M = 1204 trmctor produced by Lovol
was used gs the experimental platform to verify the heading measurement accuracy and stability under
speeed gradient change conditions.  The mesults showed that during the pocess of starting wp from a
stationary state ol troversing mixed moutes containing straight lines and curves ot o spesd of 00 36 knh
o 5, 40 ke, the heading angle oldoined by the proposed fusion heading measurement method was
within (L 5% of the heading angle obtained by the dual-antenna GNS5 | indicating that the proposed
method was suitable for stable heading acquisition of agricoliural machinery in the state of starding up and
low=speed movement, which imprmoved the precision and stalility of single-antenna agriculiom] machinery
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navigation and low-speed driving control and provided technical basis for high-precision agricultural

machinery autonomous unmanned operation.

Key words: agricullural machinery; navigation; two pasition methal; improvel STEKF;  heading

measirement
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Improved Obstacle Avoidance Target Detection with YOLO v5s and
Millimeter Wave Radar Fusion

HU Linn'®  LIANG Chugi'  LUO Yaling'  LIU Zhaodi'  RUAN Qinggiang'  WANG Pei'®  HUANG Peikoi'?
WANG Pei’  SUN Yitian®
[ 1; College of Eviginsering; Sonih Ching Agricaimal Diieraey; Gadnjgthoe SI0642 ; Ching
2. State Koy Laboratary of Agriculinead Equipment Technology, Beifng 100083, Ching
3 Intelligend Epapament Research Center, Beging Academy af Agricultere and Fovestry Sciences , Beijing 100087, Ching
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Abstract: In order o improve the accuracy of unmanned agricultuml machine” s perception of olstacles
in the farm envimnment, to solve the problem that viseal detection is easily affected by light and
millimeter-wave mdar detection is easily affected] by vehicle bumps, ete, , as well as the problem that the
vistal targel detection algonithm has o large number of parameters, o large amoant of computation, aml a
large volume of the model umder the comples feld, this paper proposes an obstacle-avoidance  target
detection method for wnmanned agriculiuml machines with the fusion of visoal and millimeter-wave radar
information. Part of the radar target data from millimeter-wave radar is first filtered, and a target teacking
algorthm based on adaptive extended Kalman filiering s proposed. Then a famm environment obstacle
dataset is produced and a target detection network based on improved YOLO v5s s constructed,

Subsequently . the mapping of radar points into the image pixel coondinate system 15 realized by time-
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stamp alignment and coondinote transdormation with direct linear calibrotion method.  Finally, the fusion
model of obetacle detection information from millimeterwave radar and visual sensors is constrcted
through the decisionevel fusion method and tanget matehing strategy . and the experimental resulls show
that the mean average aceoraey of the improves] YOLO 5= 6= 97, 0% . which i= similar 10 thot of the
original model, it the mumber of pammeters, the amount of computation, and the sze of the model ane
only 40, 2% , 39, 2% , and 38 2% of the original YOLO v5s model, respectively, Compared with YOLO
vd = Tinv, YOLO 7 = Tiny, YOLO v4 and YOLO 7 models, it can better balance the detection
accuracy aml speed. The results of multi-scene tests show that the fusion method proposed in this paper
improves the recognition accuracy by 2,67 percentage points and 1507 percentage points compared with
radar and camera in daytime tests, and the fusion detection method can effectively make up for the failure
of the camera in nighttime tesis. and has better mbusiness amd accuracy than the single=sensor algorithm .
aml the fusion obstacle avoidance svstem effectively realizes the parking aveidance of the unmanned
agricultural machine.

Key words: YOLO «55 famland obstacle detection;  millimeter wave mdar; visual object detestion

information fusion
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2.2 WFP & ¥tz

SAVING LIVES

United Nations World Food Programme CHAN E_':ING LIVES
EiikEg ke gy £ EE G

A
24 June 2025
CHA_160_ORG 200

Dr. Huang Peikui

Senior Engineer

Schoal of Engineering, South China Agricultural University
No. 483 Wushan Road, Tianhe District, Guangzhou, 510642

Dear Dr. Huang,

I would like to express my appreciation for the stro ng support provided by you to
the Western African delegation that visited unmanned farm of South China
Agricultural University on June 20, 2025.

The unmanned farm tour you guided and the presentation you delivered, has
provided the African delegates with deep understanding of the advanced rice
value chain development in China, especially on how digital technologias boost
agricultural productivities. This valuable learning opportunity allowed the
delegates to witness firsthand the achievements and best practices of the rice
sector in Guangdong. We anticipate that the knowledge gained, along with the
insights shared by your experts, will empower the delegates with innovative
strategies and sustainable practices. These can be implemented to enhance
productivity, improve quality and contribute to food security in Western Africa.

Once again, | want to express my sincere gratitude for your support to WFP and
ongoing dedication to the technical assistance and knowledge sharing with global

south countries.
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Sincerely yours,
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