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ABSTRACT

With the rapid advancement of agricultural mechanization, intelligent header technology has emerged as a
pivotal element in optimizing the efficiency and quality of grain combine harvesters. This paper offers a
comprehensive analysis of the current state of intelligent header technology, with a particular emphasis on the
structure, working principles, contour-following mechanisms, and height control technologies. By integrating
cutting-edge sensor technologies, advanced control algorithms, and optimized mechanical designs, intelligent
headers can achieve precise control over height and posture, thereby significantly reducing crop losses and
enhancing both harvesting efficiency and quality. Despite substantial progress, challenges remain in areas
such as response speed, real-time performance, height measurement accuracy, and control algorithm
effectiveness. Future research will likely concentrate on improving control system performance, refining
component and system designs, and incorporating emerging technologies to better accommodate diverse
crops and complex terrains. This paper also provides a critical evaluation of current limitations in intelligent
header research and projects future trends, offering valuable theoretical and practical insights for optimizing
header structures, minimizing losses, and enhancing intelligent functionalities. The ultimate aim is to drive
continuous innovation and advancement in header technology for grain combine harvesters.

BE

REE XMWY ERARGITETEY, EFEZERARERIETEHE S KEVIXETIREHI R BES . KX H
YT T EFEZERARBILZRIMN, B THEHIEHN T LIERE, XRESESREEELERA. B
BEAHHICERHERA . BERELXFYIREIN, EEEFELH TG RHULTANEHER, BEBL TE
YImE, I TREKEFENIRE. KRERE T EEHSR EEIEANNER. LM, SENEFER
EXT AL FEGR, RERFE, TIHGEFEETEFREIEEE. LB SRR, HEIATRALER
EHUBIED RS . KX IFHIFRL T LI EFEFIETITHITE, HIRE T ARG FZLRRES, 1T
FIELEHIN. WXL REREWKFIETHIEE e SLESF, EAIETBEERHYZERARBFFEH LS EIF

INTRODUCTION

With the continuous advancement of modern agricultural mechanization, the deployment of grain
combine harvesters has become increasingly prevalent. Among the critical components of these machines,
the header plays an indispensable role in the harvesting process. Traditional headers, however, are often
characterized by limited intelligence and imprecise control, resulting in substantial crop losses that significantly
hinder harvesting efficiency and economic returns (Geng et al., 2020; Goltyapin et al., 2021). In recent years,
the development of intelligent headers has emerged as a focal point within both academia and industry. By
integrating advanced sensor technologies, sophisticated control algorithms, and optimized mechanical
designs, intelligent headers have achieved precise control over height and posture, leading to a marked
reduction in crop losses and improvements in harvesting efficiency and quality. These technological
advancements are particularly advantageous in complex terrains and under diverse crop conditions. The
implementation of these innovations not only enhances the functionality of headers but also improves their
adaptability across various operational environments (Goossens et al., 2023; Wang et al., 2024; Ji et al., 2023).
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The development of intelligent headers provides critical technical support for precision agriculture, fostering
the optimization of operational processes and enhancing the economic and environmental sustainability of
harvesting systems.

This review systematically examines the current state of intelligent header technology in grain combine
harvesters. It delves into the structure and working principles of headers, explores contour and height control
technologies and their applications, and investigates the intelligent control methods of key components.
Additionally, it identifies existing challenges and limitations in the research on intelligent headers and
anticipates future developmental trends, offering both theoretical insights and practical guidance for further
research and technological implementation.

Header Structure and Working Principles

The combine harvester integrates the header, threshing unit, and intermediate conveyor system,
enabling the simultaneous execution of cutting, threshing, separating, cleaning, and grain collection (Xu et al.,
2013). The header, located at the front end of the harvester, is one of its essential components (Tai et al.,
2020). As shown in Fig. 1, it comprises a reel, cutter, divider, and conveyor system. The primary function of
the header is to sever crops and continuously convey them to the threshing unit, facilitating efficient harvesting
(Zhou et al., 2023; Liu, 2022). Currently, by replacing certain parts (such as the cutter, reel, and auger), the
header can adapt to harvesting both rice and wheat as well as soybeans.

During operation, the header, functioning as the harvester's primary cutting mechanism (Nalobina et al.,
2019), initiates the process by directing crops into the cutting area via the divider. The reel then guides the
grains towards the cutter, where the cutting occurs. Following this, the reel advances the cut crops onto the
platform, where the auger accumulates them to the right side. Retractable fingers then feed the grains into the
inclined conveyor. The conveyor chain transports the crops to the drum for threshing, completing the transition
from harvesting to threshing in an efficient, continuous sequence (Wang et al., 2022; Li et al., 2014; Huang et
al., 2020).

Fig. 1 - Schematic Diagram of the Header Structure
1.Cutter; 2. Reel; 3. Divider; 4. Header Frame; 5. Feeding Auger

Development of Contour Following and Height Control Systems for Cutting Headers

The header is a critical component of the combine harvester, with intelligent control being pivotal for
optimizing harvesting efficiency and quality. Internationally, leading agricultural machinery companies are at
the forefront of header development, particularly in areas such as power consumption, feed rate, reliability,
and intelligent features. These advancements continually enhance the functionality and intelligence of headers
(Wang et al.,, 2021; Huawei et al., 2022). In contrast, domestic researchers have concentrated on the
adaptability of headers, achieving significant progress in contour following and height control. Innovations in
height control systems and contour-following devices have effectively managed the operational posture of the
header, minimized errors, and increased adaptability across various crops and environments (Tan et al., 2023;
Ji et al., 2022). Currently, research is focused on optimizing the structure, working principles, and intelligent
control systems of headers, with a particular emphasis on improving response speed and real-time
performance. By integrating advanced control technologies and utilizing sensors such as image processing
and ultrasonic distance measurement, researchers have significantly enhanced control precision and
effectiveness. These innovations have not only optimized the header's structure but also reduced crop losses,
thereby improving the overall performance of combine harvesters (Xie & Alleyne, 2011; Liu et al., 2019; Lin et
al., 2021).

732



Vol. 73, No. 2 / 2024 INMATEH - Agricultural Engineering

Research on Contour Following and Height Control Methods for Cutting Headers

The primary methods for controlling the height of headers in soybean harvesting equipment
encompass manual, mechanical/electromechanical, hydraulic or pneumatic, and electro-hydraulic systems.
Manual control, which relies on the operator's expertise, offers flexibility but is highly dependent on operator
skill and is prone to inconsistency. Mechanical control employs linkages or cams to adjust the height
automatically, offering reliability in simpler environments but limited adaptability in variable field conditions.
Hydraulic or pneumatic control facilitates rapid and precise adjustments through hydraulic systems, making it
well-suited for environments requiring swift responses to changes in terrain. However, its effectiveness can be
limited by the complexity of the terrain and crop variability. Electro-hydraulic control, integrating sensors and
electronic systems with hydraulic mechanisms, allows for intelligent, real-time adjustments that enhance
precision and operational efficiency. This method, which often incorporates ground contour-following skids,
represents a significant advancement in mechanized harvesting technology, aligning with future trends toward
automation and precision agriculture (Pan et al., 2019; Li et al., 2016). The selection of an appropriate control
method should be guided by specific operational requirements, with electro-hydraulic systems increasingly
favored for their ability to optimize harvesting efficiency and accuracy in diverse conditions.

(1) Mechanical/Electromechanical Control

Li Zerui et al. (2024) designed a mechanical-hydraulic combined contour-following device for soybean
headers, as illustrated in Fig. 2. The height contour-following function of the mechanical harvesting header
primarily relies on a floating cutter. The floating cutter consists of a cutting blade, an elastic header base plate,
and a four-bar linkage. During soybean harvesting, the lower base plate assembly maintains contact with the
ground, allowing the floating cutter to move up and down with the terrain's undulations, ensuring close ground
adherence for low-stubble harvesting. This design enables mechanical contour-following of the header height
within a range of 0—70 mm (Li et al., 2024).

8

Fig. 2 - Schematic Diagram of the Floating Cutter Structure (Li et al., 2024)
1.Elastic Header Base Plate; 2. Mounting Plate; 3. Base Trough Plate; 4. Rotary Arm Assembly; 5. Lower Base Plate Assembly; 6.
Limiting Plate Assembly; 7. Cutter; 8. Principle of Four-Bar Linkage Mechanism

(2) Hydraulic or Pneumatic Control

Wang Xibo et al. (1998) designed a suspended header with a hydraulic contour-following mechanism,
as illustrated in Fig. 3. This mechanism primarily comprises mechanical and hydraulic components, without
involving electronic controllers. An oil pump driven by a diesel engine sends oil through a pressure-reducing
valve into a cylinder, where it pushes a piston rod acting on a buffer spring to adjust the header's height from
the ground. It can achieve automatic contour-following on both flat and uneven surfaces but requires manual
adjustment of bolts to adapt to different fields and stubble heights. Although the design enables automatic
contour-following, the adjustment process is cumbersome, and the response speed of the hydraulic system

significantly affects the contour-following performance (Wang & Yin, 1998).
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Fig. 3 - Schematic Diagram of the Hydraulic Profiling Mechanism for a Suspended Header (Wang & Yin, 1998)
1. Hinge; 2. Frame; 3. Buffer Spring; 4. Cylinder; 5. Pressure Gauge; 6. Profiling Plate; 7. Header; 8. Press Block; 9. Adjusting Bolt;
10. Quick Release Valve; 11. Oil Outlet; 12. Oil Inlet; 13. Pipeline; 14. Pressure Reducing Valve; 15. Oil Pump; 16. Oil Filter; 17. Oil Reservoir
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(3) Electro-Hydraulic Control

Yi Fengyan et al. (2020) designed a header height control system based on an inclination sensor,
which automatically adjusts the platform's angle by detecting changes in terrain angle. This system employs a
hydraulic power model integrated with fuzzy control and PID control to achieve precise height control of the
platform. The effectiveness of the algorithm was validated through simulations and experiments (Yi et al.,
2020). Ni Youliang et al. (2021) developed a height adjustment system for soybean harvester headers that
combines a contour mechanism with hydraulic drive. This system utilizes angle sensors to make real-time,
precise height adjustments to the header, as shown in Fig. 4. Field tests demonstrated that the adjustment
error of the header can be controlled within 2 millimeters (Ni et al., 2021). Liu Gangwei et al. (2023) designed
an automatic height control system for soybean harvester headers, which integrates a contour mechanism, an
ECU control unit, and a hydraulic system, enabling human-machine interaction via an industrial touch screen.
Field trials indicated that the adjustment error of the header height in automatic mode was only 4 millimeters,
with a coefficient of variation of 0.1, achieving a control accuracy of 93%, significantly surpassing manual
operation and effectively enhancing the stability and operational quality of the harvester (Liu et al., 2023). Yang
Ranbing et al. (2022) developed an automatic header height adjustment system based on terrain monitoring.
The system uses sensors to detect real-time changes in ground height and employs an improved PID algorithm
(EVPIVS-PID) to dynamically adjust the hydraulic system, ensuring precise height control of the header (Yang
et al.,, 2022). Xie Yangmin et al. (2010) created an automatic header height control system for combine
harvesters based on terrain following. By precisely setting state and cost functions, the system uses an optimal
state feedback LQR controller to achieve height control (Xie et al., 2010). Lopes G.T. et al. (2002) developed
a header height control system that employs a Linear Quadratic Gaussian with Loop Transfer Recovery
(LQG/LTR) method. This system aims to optimize combine harvester performance by precisely controlling
header height, significantly improving the harvester's disturbance rejection capability on irregular terrain
without increasing energy consumption (Lopes et al., 2002). Wang Zhichao et al. (2024) designed a contour-
following height control system for cutting platforms, which uses angle sensors to monitor ground undulations
and employs an electro-hydraulic control strategy to automatically adjust the header height to various terrains.
The system also incorporates integrated electro-magnetic proportional valves instead of traditional electro-
hydraulic directional valves, achieving precise height adjustments through PWM signal control (Wang et al.,
2024).

Fig. 4 - Schematic Diagram of the Header-Height Adjustment System for a Soybean Harvester (Ni et al., 2021)
1. Ground; 2. Soybean plant; 3. Bottom pod of soybean; 4. Header; 5. Profiling mechanism; 6. Angular transducer; 7. Articulated
mechanism; 8. Double-acting hydraulic cylinder; 9. Controller; 10. Solenoid directional valve; 11. IPC.

Research on Contour Following and Height Measurement Methods for Headers

Current methods for measuring the height of headers in soybean harvesting include ultrasonic distance
measurement, image processing-based techniques, and multi-sensor integrated height measurement with
contour-following technology. Ultrasonic distance measurement is advantageous in harsh harvesting
environments due to its insensitivity to smoke and other particulate matter. However, when deployed as a
standalone method, it is prone to significant errors, often failing to meet the stringent precision requirements
necessary for optimal harvesting efficiency (Jia et al., 2019). Image processing-based measurement utilizes
computer vision to capture and analyze images of stubble, providing data to adjust the header height. Despite
its potential for high precision, this method is vulnerable to system and environmental interferences and
requires high-performance computational hardware, which can be a limiting factor (Jeught & Dirckx, 2019).
Recent advancements in sensor technology have led to the development of multi-sensor integration,
combining sensors that measure angles, displacement, and pressure with ultrasonic sensors.
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This integrated approach facilitates more accurate distance measurement and enhances contour-
following capabilities, offering robust real-time performance and wide applicability across diverse harvesting
conditions. As a result, multi-sensor integrated height detection is emerging as a promising technology for the
future, potentially setting new standards in precision and efficiency in agricultural mechanization (Nguyen et
al., 2020).

Through the combined efforts of domestic and international scholars and research institutions, these
three methods have achieved significant advancements in contour following and height measurement for
headers, laying a solid foundation for innovative research.

(1) Height Measurement Method Based on Ultrasonic Distance Measurement

Ultrasonic waves are non-contact mechanical waves that are not affected by light, dust, or
electromagnetic interference, making them suitable for harsh harvesting environments. Compared to other
detection methods, ultrasonic waves offer superior controllability and directionality. However, their sensors
have a wide beam angle, and measurement accuracy can be influenced by field crops and changes in air
density, potentially leading to errors (Gamarra-Diezma et al., 2015). Zhang Cong (2020) developed a contour-
following system for headers based on ultrasonic array sensors and mechanical contour-following structures.
This system utilizes an STM32 microcontroller for data processing, CAN bus communication, and closed-loop
control. The least squares method was applied to enhance sensor measurement accuracy, and a fuzzy
adaptive PID control strategy was designed to effectively adjust the header and achieve efficient ground
contour-following (Zhang, 2020). Yang Shuming et al. (2008) designed a header height control system for
combine harvesters based on ultrasonic sensors, as illustrated in Fig. 5. This system employs ultrasonic
sensors for non-contact height detection of the cutting platform and uses an AT89C52 microcontroller to control
the transceiver circuit and electro-hydraulic proportional directional valve. The system processes signals using
the PID algorithm, thereby enabling automatic ground contour-following for the header (Yang et al., 2008).
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Fig. 5 - Schematic Diagram of the Header Height Measurement and Control System Based on Ultrasonic Sensors
(Yang et al., 2008)

(2) Measurement Method Based on Image Processing

The image processing method adjusts the header height by rapidly acquiring parameters, enabling
accurate, robust, and quick determination of stubble height during detection, thus meeting the real-time
requirements of harvesters. However, this method has several limitations: it needs to process a large volume
of images, which can affect real-time performance; additionally, errors in acquiring and calibrating stubble
height image signals and uncertainties from human factors in visual measurements can significantly impact
the accuracy of stubble height measurement (Lida et al., 2010). Wu Yuanyuan et al. (2017) designed an
intelligent parameter acquisition system for leafy vegetable harvesters based on visual recognition and image
processing. As shown in Fig. 6, the system first uses image preprocessing and robust regression methods to
automatically acquire navigation parameters, enabling automatic adjustment of the harvester's operational
direction. It then acquires stubble height through image processing, which serves as the parameter for
adjusting the header height. The system achieved a navigation line recognition accuracy of 97% under natural
light, with an average stubble height measurement error of 8 mm, providing technical support for the precise
operation of autonomous leafy vegetable harvesters (Wu et al., 2017).

735



Vol. 73, No. 2 / 2024 INMATEH - Agricultural Engineering

4

Fig. 6 — Schematic Diagram of the Header-Height Adjustment System for a Soybean Harvester (Wu et al., 2017)
1.Crop to be measured; 2. CCD Camera; 3. Computer; 4. Potentiometer; 5. Harvester Cutting Device

(3) Measurement Method Based on Multi-Sensor Integration

With the advancement of sensor technology, using sensors for header height monitoring and control
has become a major trend in modern agricultural machinery development. This technology aims to enhance
the operational efficiency and harvesting quality of agricultural machinery through more precise height
monitoring. Research indicates that sensor applications in header height control include ground contour
monitoring mechanisms and height feedback mechanisms based on angle sensors. For example, Yang
Ranbing et al. (2022) designed an adaptive header height control system based on ground contour monitoring.
This system uses angle sensors to monitor ground contours and employs electromagnetic proportional valves
and PWM control technology for precise hydraulic cylinder adjustment. Experimental results demonstrated that
the improved EVPIVS-PID algorithm dynamically adjusts PID parameters based on operational speed,
ensuring stability in height control of the header. The stubble height error did not exceed 2 cm, meeting the
speed requirements of 5-11 km/h for harvesting (Yang et al., 2022). Ruan Mingjian et al. (2022) developed an
automatic header height control system for combine harvesters, with the schematic diagram shown in Fig. 7.
The core components include a multi-sensor data fusion contour detection mechanism with angle and
displacement sensors, a controller, and a proportional solenoid valve. The system uses a BP neural network
to process sensor data and employs a fuzzy PID control algorithm to adjust the hydraulic cylinder height. Field
tests showed that the average error for preset heights of 10 cm, 20 cm, and 30 cm was within 15 mm, effectively
meeting the requirements for automatic height control (Ruan et al., 2022).
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Fig. 7 —Working principle diagram of header height control
(Ruan et al., 2022)
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Research on Control Methods and Algorithms for Contour Following and Height Control Systems of
Headers

In the control of combine harvester headers, mechanical structures serve as the foundation, while
control methods and algorithms determine overall performance. PID control is known for its stability and
reliability. Fuzzy control effectively handles imprecise information, addressing system uncertainties and
nonlinearities, thereby enhancing disturbance rejection capabilities and adapting to variations in crop height
and terrain. Robust feedback linearization control excels in managing system uncertainties and external
disturbances, offering higher disturbance resistance and adaptability, which is essential for maintaining header
stability in complex agricultural environments and improving harvesting efficiency and accuracy.
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Neural network algorithms leverage self-learning and adaptation to automatically adjust control
parameters using data, enhancing response speed and accuracy. Genetic algorithms optimize control
parameters through simulated natural selection and mutation, achieving efficient control (Tulpule & Kelkar,
2014; Shojaei, 2021; Hanping et al., 2020). Thus, the selection and optimization of robust feedback
linearization control and other advanced algorithms are critical in contour following and height control of
headers, significantly boosting system performance when applied appropriately.

(1) Application Research of Traditional Control Methods and Algorithms

Traditional methods for header control primarily include PID control and fuzzy control, which have
improved system accuracy, reduced height adjustment errors, and accelerated response times. De Keyser et
al. addressed the challenge of inconvenient height adjustment during combine harvester operation by
proposing an adaptive adjustment system with minimal error and rapid response, using PID and Model
Predictive Control (MPC) algorithms. The system comprises a crop height detection device, header height
detection device, hydraulic actuator, and control unit. Test results indicated that the system's height adjustment
error was within 2 cm in the 0-2 cm range, significantly improving harvesting efficiency and reducing field crop
loss (De Keyser et al., 2022). Zhou Dongdong et al. (2019) proposed a header height control system based
on fuzzy logic algorithms, as illustrated in Fig. 8. This system consists of an angle displacement sensor for the
header, a hydraulic actuator, and a control unit. Real-time detection and fuzzy control allow for automatic
height adjustment of the header. Field tests demonstrated that the system exhibited good real-time
performance, accuracy, and stability, maintaining the header height within the set range, thereby improving
harvesting efficiency and reducing crop loss (Zhou et al., 2019). Zhang Meng (2020) designed an intelligent
control system for corn harvester headers based on PID and fuzzy PID control algorithms, using the
STM32F4ZGT6 microcontroller. The system includes a floating compression contour mechanism, a row-
following mechanism, a speed monitoring module, and an electromagnetic valve drive module. The PID control
algorithm achieved precise height control with an average error of only 3.25 mm, while the fuzzy PID control
algorithm ensured accurate row following within the 0—4.2 km/h speed range. This study significantly enhanced
the intelligence level of corn harvesters (Zhang, 2020).
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Fig. 8 — Schematic Diagram of the Header Height Fuzzy Control Principle (Zhou et al., 2019)
1. Fuzzy controller; 2. Cutting platform height; 3. Cutting platform height; 4. Fuzzification; 5. Fuzzy control algorithm; 6. Fuzzy decision;
7. Defuzzification; 8. Electromagnetic valve left and right relay energizing time; 9. Cutting platform height sensor

(2) Research on Innovative Control Methods and Algorithm Applications

In the study of the header height control system, scholars have proposed new methods with superior
performance, in addition to further in-depth research on traditional algorithms such as PID. For instance, robust
feedback linearization control has demonstrated excellence in handling uncertainties and external
disturbances; neural networks have improved response speed through self-learning to adjust control
parameters; and genetic algorithms have achieved more efficient control by simulating the natural evolution
process through selection, crossover, and mutation operations. Kassen Daniel and Kelkar Atul (2017)
proposed a header height control strategy based on robust feedback linearization control by constructing
sensitivity equations and utilizing the current parameters of the hydraulic system control output. The research
results indicate that the robust feedback linearization controller significantly outperforms the traditional PID
controller in terms of header height tracking performance under various conditions, including different driving
speeds, terrain sine amplitudes, and terrain periods (Kassen & Kelkar, 2017). Ji Kuizhou et al. (2022) designed
an automatic header height adjustment system based on BP neural network multi-sensor data fusion, as
illustrated in Fig. 9. They conducted simulation analysis of the hydraulic adjustment mechanism using AMESim
software and employed fuzzy PID control to regulate the header height. Simulation and field test results
demonstrate that the system achieves a header height error of less than 1.5 cm when harvesting rapeseed,
millet, and rice (Ji et al., 2022).
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Zhang Cong (2020) designed a fuzzy PID control system for header height optimized by a genetic
algorithm, dynamically adjusting PID controller parameters through fuzzy rules to enhance the system's
dynamic response capability and robustness against external disturbances. Simulation analysis using
MATLAB and field tests show that the fuzzy adaptive PID control system can achieve fast and stable control
under different terrain conditions, with a stubble height error of less than 1.5 cm (Zhang, 2020).
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Fig. 9 — Schematic diagram of the header height measurement system (Ji et al., 2022)

Research on the Control System of Key Components of the Header

During combine harvester operations, header loss is a critical issue affecting overall harvest efficiency
and economic benefits, accounting for the majority of total losses. Studies have shown that the motion patterns
and working postures of core components such as the reel, cutter, and auger significantly impact the harvesting
effect. Fine-tuning the control and structural optimization of these key components can significantly reduce
header losses. Therefore, it is essential to study control systems that adjust the speed, angle, and
synchronization of these components, optimizing their motion parameters and operating modes to ensure
efficient harvesting. Additionally, the adoption of advanced sensor technologies and intelligent control
algorithms is necessary to achieve real-time monitoring and dynamic adjustment of key components. This
approach enhances operational performance and stability, thereby reducing header loss and improving
harvesting efficiency and quality (Wang & Su, 2021; Wang et al., 2019; Yuan et al., 2023).

Current Research on Cutter (Sickle) Control Systems

The cutter is one of the key components of the header, functioning to cut the stalks through the
reciprocating motion of the sickle driven by the cutting mechanism. Reciprocating cutters are widely used in
combine harvesters due to their simple structure, high reliability, support for cutting, and high cutting quality.
The frequency of the reciprocating motion of the sickle directly affects the harvest quality. Adjusting the sickle
frequency to match the forward speed of the harvester effectively reduces re-cutting and missed cultting,
thereby lowering power consumption from re-cutting and minimizing losses from missed cuts (Sheheda et al.,
2021; Abdelmotaleb et al., 2009). To achieve precise adjustment of the sickle frequency, various control
methods and algorithms have been studied and applied. Li Ying et al. (2021) designed a segmented control
system for the cutter frequency of combine harvester headers. By constructing the sickle trajectory equation,
the influence of forward speed and cutting frequency on the cutting area was analyzed, and the optimal cutting
frequency range was determined using a segmented control method with regulation algorithms. Test results
showed that the device adjusted the cutting frequency with a deviation within £0.8Hz and a maximum relative
error of -8.6%, significantly reducing missed and repeated cutting, thus improving harvest quality and efficiency
(Li et al., 2021). Yin Yanxin et al. (2021) studied a feedforward compensation control method for the cutting
frequency of combine harvester sickles. By establishing a relationship model between sickle cutting frequency
and cutting energy, the effects of wheat stem moisture content and cutting cross-sectional area on sickle
cutting frequency were analyzed, making the actual field cutting frequency closer to the optimal value.
Experimental results showed that this method reduced the maximum deviation by 28.33%, significantly
improving harvesting performance (Yin et al., 2021). Guan Zhuohuai et al. (2020) proposed a cutting speed
follow-up adjustment system based on a Proportional-Integral-Derivative (PID) control algorithm. Numerical
simulation analysis of the sickle motion trajectory determined the optimal cutting speed ratio to be 1.1. Field
tests indicated that the system controlled the sickle cutting speed error within 1.5%, with a response delay of
1.5 seconds, significantly reducing header and sickle losses (Guan et al., 2020).

Current Research on Reel Control Systems

The reel is an essential part of the header, used to direct grain towards the cutter, support stalk cutting,
and clear the sickle to prevent clogging. The reel's rotational speed impacts operational quality; too low a
speed results in untimely feeding, while too high a speed causes grain loss. Research on reel control systems
helps stabilize reel speed, reducing crop impact and header loss, thereby improving header efficiency and
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harvest quality (Zendehdel & Shamoradi, 2019). Yang Zhengtao et al. (2022) investigated the impact of reel
speed on harvesting operations and proposed a reel control system based on a finite state machine algorithm.
This system adjusts the reel speed in real time according to vehicle speed, grain density, and lodging
conditions, ensuring the relative horizontal speed of the reel teeth is zero when contacting the crop, reducing
crop impact, improving harvesting efficiency, and preventing clogging issues (Yang et al., 2022). Omid
Mahmoud et al. (2010) designed an automatic reel speed control system using a fuzzy logic control algorithm.
Sensors detect grain losses at the straw separator and upper sieve positions, and a programmable logic
controller (PLC) processes the data and sends control commands to achieve precise reel speed adjustment
(Omid et al., 2010). Cui Yong et al. (2018) developed an automatic reel speed control system using the
87C196KC microcontroller. The system controls the thyristor trigger using the cosine cross-intercept method,
and combines motion and speed mathematical models to determine reel operating parameters and motor
power. By adopting three-phase AC power and AC frequency conversion technology, along with voltage
stabilization, synchronization, and amplification circuits, precise reel speed control was achieved (Cui et al.,
2018). Du Juan et al. (2020) designed an automatic reel speed control device based on the PID control
algorithm. The control principle diagram is shown in Fig. 10. The device measures the difference between
actual and target speeds using sensors and sends control signals to achieve precise reel speed control,
exhibiting high stability (Du et al., 2020).
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Fig. 10 — Block Diagram of the Automatic Reel Speed Control Principle (Du et al., 2020)
1. Motor driver; 2. Motor and transmission mechanism; 3. Reel main shaft; 4. Speed measurement;
5. Actual speed; 6. Speed controller; 7. Target speed

Issues and Challenges in the Intelligent Development of Headers

Despite significant advancements in the intelligent development of grain combine harvester headers,
driven by continuous efforts from scholars and enterprises, there are still several issues and challenges in
terms of structure and overall control. These challenges are primarily reflected in the following aspects:

Inadequate Intelligent Control and Response Speed

Current domestic research on intelligent control of headers mainly focuses on longitudinal height
control, with relatively little attention to lateral height profiling and intelligent control. Although longitudinal
control has made significant progress, headers still face issues with slow response speeds and insufficient
real-time performance during actual operations. This is particularly problematic in complex terrains, where
rapid adjustments in height and angle are necessary to prevent crop losses. Furthermore, there is limited
research on the intelligent control of parameters such as reel speed and position adjustment, auger speed,
and cutter frequency. This limits the system's application scope, thereby restricting harvest efficiency and
quality. Therefore, it is essential to enhance the development of intelligent control systems for headers,
improving response speed and real-time performance to minimize losses due to posture adjustments.

Limitations of Header Technology and Structure

A significant issue in the intelligent development of headers is the limitation of height measurement
technology and control algorithms. Current measurement methods primarily rely on mechanical or laser
sensors, which often lack precision and reliability in complex terrains and varying crop conditions. Mechanical
sensors are prone to interference in uneven farmland environments, while laser sensors may fail due to
changes in reflectivity, leading to inaccurate data. Moreover, existing control algorithms have limited
capabilities in processing real-time data and dynamic adjustments, failing to fully consider the complexity of
farmland environments and crop diversity. Introducing vision sensors based on image recognition and multi-
sensor fusion technology, along with the development of more intelligent and adaptive control algorithms, is
necessary. Additionally, the current header structure suffers from insufficient rigidity and adaptability,
necessitating the use of lighter, more flexible materials and designs to enhance adaptability and operational
efficiency.
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Complexity and Reliability Issues of Header Systems

Although existing hydraulic and electro-hydraulic control systems are powerful, their complexity
impacts the efficiency and reliability of header systems. Hydraulic control systems are prone to response
delays and insufficient control precision during transmission, especially under high-intensity operating
conditions, increasing the risk of equipment wear and failure. While electro-hydraulic control systems offer
improvements in control precision and response speed, their complex hardware and software structures
increase the failure rate and maintenance costs of header systems. To enhance overall performance, it is
crucial to simplify the structure of hydraulic and electro-hydraulic control systems, adopting more reliable
control components and techniques to improve system stability and usability, thereby advancing the intelligent
level of combine harvester headers.

Future Trends in the Intelligent Development of Headers

The future trends in the intelligent development of headers include the following aspects: improving
header control system performance and response speed through high-precision sensors and optimized control
algorithms; continuously optimizing key components and control systems for energy efficiency; introducing
new technologies and multifunctional designs to meet the harvesting needs of various crops and terrains; and
enhancing vibration control and intelligent monitoring to improve harvest efficiency and reduce losses. These
trends collectively drive headers toward greater efficiency, precision, and intelligence, achieving significant
advancements in intelligent research.

High-Precision Sensors and Optimization of Control Algorithms

One important trend in the future development of intelligent headers is the installation of various high-
precision sensors on header components to obtain more accurate and convenient parameters. Combining
data from these sensors with optimized control methods and algorithms can significantly enhance the overall
performance of header control systems, increasing control precision and response speed. Effective control
systems verified through theoretical analysis, field experiments, and simulation software (such as MATLAB
and ANSYS) show significant advantages in practical applications. Such high-precision, fast-response
intelligent control systems ensure optimal performance of the header under various working conditions.

Optimization of Key Components for Energy Efficiency

Another critical trend is the continuous optimization of key header components (such as the reel) and
the development of their control systems. Optimized headers can adjust parameter combinations promptly
under different crops and working conditions, reducing loss rates during harvesting, lowering power
consumption, and enhancing the adaptability and operational efficiency of grain combine harvesters. Future
harvesters are expected to evolve toward high power, multifunctionality, and energy efficiency to meet the
urgent needs of large-scale farmland and high-throughput harvesting.

New Technologies and Multifunctionality

The development trend of headers also includes the introduction of new technologies and the
realization of multifunctionality. Internationally, headers have been designed to accommodate different cutting
widths to meet regional and yield demands while improving header profiling structures to maintain consistent
cutting heights on both flat and undulating terrains. Future developments will focus on how to universalize
header chassis to install specialized headers, meeting the harvesting needs of various crops (such as
soybeans and rapeseed). Additionally, addressing the issue of accumulation during harvesting is essential to
improve efficiency and reduce losses.

Vibration Control and Intelligent Monitoring

Reducing vibrations generated during header operations is key to improving harvest efficiency and
minimizing losses. The primary source of header vibrations is the cutter transmission system; thus, focused
research on vibration reduction is necessary. Moreover, the development of headers should incorporate the
application of global positioning systems (GPS) to gather information on crop yields and growing environments,
optimizing the control of header height, reel height, harvester forward speed, and reel speed. Intelligent
monitoring and control systems based on GPRS and GPS technology can detect the physical and mechanical
properties of grains, intelligently adjusting the reeling device to enhance harvest efficiency and reduce loss
rates. The development of new reeling device structures and materials using bionic technology will further
improve the efficiency and lifespan of reeling devices.
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CONCLUSIONS

This paper reviews the current state of intelligent header technology in combine harvesters, both
domestically and internationally, detailing the types, characteristics, mechanical structures, operating
principles, contour following, and height control advancements. The research indicates that China lags behind
developed countries in the application of intelligent header technology. This lag is primarily due to the
concentration of technological research and development within leading enterprises in developed countries
and China's shortcomings in response speed and real-time capabilities of intelligent control systems.
Additionally, regional disparities in agricultural mechanization and uneven research levels pose challenges for
the adoption of intelligent header technology in China. To address these issues, this paper proposes strategies
tailored to China's agricultural conditions, aiming to accelerate the development of intelligent header
technology and enhance the operational efficiency and quality of grain combine harvesters in the country.
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