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HIGHLIGHTS 
 Developed the attitude control system of the cutting device to improve the accuracy of Korean cabbage harvesting. 
 The cutting device provides attitude control, allowing precise harvesting. 
 The attitude control algorithm was designed based on sensor fusion. 
 Field experiments were conducted to compare attitude maintenance and harvest success rates as the attitude control sys-

tem of cutting device was with/without.  

ABSTRACT. Harvesting Korean cabbage requires precise cutting since the cutting method determines its quality. However, 
Korean cabbage fields have uneven surfaces and severe slopes, making it challenging to automatically harvest the crops. 
This unstructured environment hindered precise cutting, delaying the commercialization of the Korean cabbage harvester. 
Therefore, we designed an attitude control system for the cutting machine to improve the accuracy of cabbage harvesting. 
The proposed system controls the cutting level, angle, and height according to the field to improve the harvest performance. 
This study applied the Kalman filter-based sensor fusion to measure the cutting angle and height for pose estimation and 
attitude control. The attitude of the cutting device is estimated even in soil and mud by fusing a gyroscope, accelerometer, 
and linear potentiometer. Subsequently, the attitude is controlled by two hydraulic cylinders so that the cutting machine has 
the desired cutting angle and height. For the validation of the attitude control, the root mean square error (RMSE) of the 
cutting angle and height was calculated through experiments in a sloped environment. As a result, the proposed system 
reduced the RMSE for the cutting angle and height by 92% and 72%, respectively. Furthermore, field tests were performed 
on farmland with a Korean cabbage harvester to evaluate the harvesting performance of the attitude control system. The 
harvesting performance was quantitatively computed by scoring the cutting surface of the cabbage, and the performance 
improved from 56 to 89 points when the attitude control was applied to the cutting machine.  

Keywords. Attitude control, Automatic cabbage harvesting, Kalman filter, Korean cabbage harvester, Sensor fusion. 

he harvest process is difficult because Korean cab-
bage, a vegetable with high consumption and pro-
duction rates in Korea, affects quality depending 
on the cutting height. Therefore, most of the har-

vest process uses a labor force. Consequently, developing a 
Korean cabbage harvester that enables precise harvesting is 
necessary. Currently, research on solving precision agricul-
ture and labor force problems is being conducted to increase 
agricultural efficiency (Kim et al., 2019). Tang et al. (2020) 
introduced a method for accurately recognizing fruits by 
minimizing positioning errors, which may occur because of 
the complexity and uncertainty of the agricultural environ-
ment when using visual recognition systems. In addition, 

research has also been conducted to generate detailed maps 
in complex environments using SLAM-based 3D global 
mapping for large-scale detection (Chen et al., 2021). Luo et 
al. (2021) proposed a contour search and corner detection 
algorithm to analyze various types of round grapes and de-
tect their stage of maturity to achieve accurate harvesting. 
Row end detection and headland rotation methods have been 
developed to realize a fully automated banana-picking robot 
(Huang et al., 2021). Thus, research on autonomous agricul-
tural vehicles is being conducted to improve the accuracy of 
side positioning required for control (Zhang et al., 2021; Ball 
et al., 2016) and to increase effective agricultural productiv-
ity by granting workspace to unmanned aerial vehicles and 
ground platforms using cluster robot technology (Ju and 
Son, 2019; Ju and Son, 2021; Kim and Son, 2020). Addition-
ally, research on precision control to reduce the indiscrimi-
nate use of pesticides has also been conducted (Kim et al., 
2020; Seol et al., 2021). However, precision agricultural 
technology is rarely applied to machinery that works on open 
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land. Further research and development are needed to reduce 
crop losses and manual labor during the harvest process. 

The Korean cabbage harvester, which desperately needs 
precise harvesting, has been developed similar to several 
globally commercialized cabbage harvesters and a devel-
oped study was conducted on walking and pull-type harvest-
ers (Cao and Miao, 2020; El Didamony and El Shal, 2020). 
However, figure 1 shows the different structures of cabbage 
and Korean cabbage. A Korean cabbage has stems and roots 
inside the head. As the root is so close to the head, it is a 
challenge because it must be cut to the optimal cutting height 
that does not affect the quality. In addition, owing to the lim-
itations of cultivation methods and field depth, developing 
Korean cabbage harvesters is also challenging (Ali et al., 
2019). As the body of the Korean cabbage harvester is in-
clined, it alters the level and cutting height of the cutting de-
vice, thereby preventing accurate cutting and impeding har-
vest performance. Additional mechanized operations are re-
quired if the roots and stems are not cut properly. If they are 
cut sideways or overcut, quality concerns are inevitable ow-
ing to damage to the head region of the Korean cabbage. To 
solve this problem, it is necessary to adjust the attitude of the 
harvesting machine so that the Korean cabbage can be cut at 
the optimal position. 

Attitude control is essential as the driving environment of 
agricultural vehicles is complicated, and road surface 
changes are possible. However, studies on agricultural vehi-
cles remain in traditional driving mode, and studies on the 
attitude control of agricultural vehicles are limited (Zhou and 
Zhou, 2020). Attitude control of agricultural vehicles has 
been developed through research on devices that maintain 
their level by controlling attitudes, such as the orbital com-
bine and tractor three-point linkage (Kise and Zhang, 2006; 
Sun et al., 2020). The purpose of such a device is to maintain 
the level of the harvester body. Currently, developed models 
have been unable to control the attitude of the cutting device 
that cuts the Korean cabbage. In addition, although sensor 
installation is required to measure attitude data, indirect sen-
sors, such as lasers and ultrasound, prove challenging be-
cause of the crop's dust, mud, water, and outer leaves. There-
fore, it is necessary to study and develop a novel mechanism 
for correct attitude control and attach direct sensors suitable 
for agricultural machinery. 

Attitude control studies are being actively conducted in 
various fields, such as automobiles, drones (Guo et al., 2017; 
Lotufo et al., 2019; Kim et al., 2019), mobile robots (Odry 
et al., 2018), satellites (Du et al., 2011), and the attitude sta-
bilization control of spacecraft (Jiang et al., 2016). In addi-
tion, a study on multi-sensor-based attitude prediction was 
also conducted to accurately measure the attitude of agricul-
tural vehicles on uneven terrain (Zhu et al., 2019). To ad-
dress the limitations of a single sensor, several studies of 
sensor fusion adopt a Kalman filter, which fuses multiple 
sensors to accurately estimate data (Königseder et al., 2016; 
Blok et al., 2019). However, it has rarely been applied to ag-
ricultural machinery lacking mechanization and automation, 
and most harvesters that require precise cutting are con-
trolled by one sensor. Therefore, it is necessary to expand 
the research direction for accurate harvesting. 

In this study, we devised a mechanism for controlling the 
attitude of the cutting device of a Korean cabbage harvester 
and presented the basis for developing automatic harvesters. 
This mechanism controls the cutting device solely; therefore, 
it is unaffected by alterations in the attitude of the harvester 
body. It also designs multi-sensor fusion-based algorithms 
to control mechanisms. Field tests were conducted to verify 
the proposed attitude-control system, and the attitude of the 
cutting device was compared and evaluated with and without 
attitude control. 

CONTRIBUTION 
The contributions and novelty of the study are summa-

rized below: 
1. In this study, we proposed a sensor-fusion-based cutting 

device attitude control method to improve the accuracy of 
Korean cabbage harvesting. As a result of reviewing var-
ious references, this study is considered to be the first in-
stance of attitude control solely by the cutting device. 

2. Based on the Kalman filter, which is rarely applied in ag-
riculture, the slope of the cabbage field was measured ac-
curately using sensor fusion based on the Kalman filter 
applied to agriculture. The attitude control system was 
operated using the measured attitude feedback to main-
tain the optimal cutting goal. 

3. Field experiments were conducted to evaluate the perfor-
mance of the proposed attitude-control system. The 

                     

Figure 1. Korean cabbage and cabbage structure (cross-sectional view).  
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proposed system is more reliable because it was tested in 
an actual environment. 

MATERIALS AND METHODS 
STRUCTURE OF THE GENERAL HARVESTER 

A harvester was developed to cut Korean cabbage during 
harvest, and figure 2 illustrates the general harvester. This 
harvester has a lift-type height control unit for adjusting the 
cutting height, allowing manual cutting height adjustment. 
When cutting Korean cabbages with the cutting blade shown 
in figure 2b, the cutting device moves the cabbages through 
the transfer belt to the transfer conveyor. The transfer part 
comprises several springs and conveyor belts. The conveyor 
belts on both sides maintain tension through their spring 
elasticity. A pressing force from the side is also exerted on 
the cabbage in contact with the conveyor belt. The motor ro-
tates the conveyor belt while the cabbages are moved by the 
lateral forces maintained by the configured spring. The cab-
bages that moved from the transport conveyor to the pack-
aging work part were packaged, and the harvest was com-
pleted. 

LIMITATIONS OF THE GENERAL HARVESTER 
As illustrated in figure 2b, the inclination of the harvester 

body impedes accurate cutting of the cutting device during 
harvesting. The cutting device tilts together because it is part 
of the harvester body. Accordingly, as illustrated in figure 3, 
challenges such as over-cut (fig. 3a) and side-cut cabbage 
with sloping sides result in poor-quality Korean cabbages 

(fig. 3b). Additionally, during cutting, the missed cut roots 
(fig. 3c) and vinyl were cut-off (fig. 3d). 

Furthermore, there are many mountainous areas in Korea; 
hence, most Korean cabbage fields are on sloping land. 
Therefore, the limitation of the body slope of the harvester 
is more prominent. Hence, there is a need to develop Korean 
cabbage harvesters that can tackle the problem of sloping 
fields and the obstacles accompanying them. This study pro-
poses a mechanism that enables attitude control of the cut-
ting device, as shown in figure 4, to address these challenges. 

ATTITUDE CONTROL MECHANISM OF  
CUTTING DEVICE 

The conditions of Korean cabbage cultivated fields are 
uneven due to soil and mud. For accurate cutting, it is nec-
essary to maintain a specific attitude and position in the sys-
tem. Accordingly, we define the states that require control as 
follows: 

 Roll angle ( ): maintaining the cutting level atti-

tude. 
 Pitch angle (θ): maintaining the cutting angle. 
 Cutting height (Hp): maintaining the cutting height. 
We also specify the mechanisms for controlling and com-

pensating for each axis, as shown in figure 5a. 

Maintaining Cutting Level Attitude 
In general, ridges are created according to the growth di-

rection while preparing for cultivating Korean cabbages. 
Therefore, the cutting part must remain level even if the 
ground is not. A mechanical structure in which the wing part 
of the cutting device can move alone is applied to 

               
 (a)  (b)  

Figure 2. Structure of general Korean cabbage harvester body; (a) top view and (b) front view. 

 

             
 (a)  (b)  (c)  (d)  

Figure 3. Challenges encountered during cutting; (a) over-cut, (b) side-cut, (c) missed cut, and (d) vinyl cut-off. 
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compensate for gravity when driving the field ground. The 
other two connected wheels allow for natural movement 
along the ridge. Therefore, as shown in figures 5a and 5c, the 
cutting part and the cutting device connection   rotate to 

maintain level. 

Maintaining the Cutting Angle 
In contrast to the side direction, it is challenging to main-

tain an attitude in the direction of travel. This is because the 
terrain of cultivated land is very inconsistent, and the land-
scape is primarily influenced by its geographical features. In 
addition, the shape of the soil in the travel direction changes 
with the weight of the agricultural machinery. As shown in 
figure 5b, the θ control cylinder stroke (L𝜃c) is controlled to 
maintain the θ control goal (θc) of the angle between the 
ground and the cutting device. The cutting device operates 
while maintaining the θc regardless of the harvester body tilt. 

Maintaining the Cutting Height 
Even if the optimal cutting angle is maintained, the Ko-

rean cabbage is damaged if the cutting height is not main-
tained. As shown in figure 5c, the guide wheel moves up and 
down by the contact force with the ground. Then, the bracket 
spindle (θp) connected to the cutting part rotates. This rota-
tion changes the linear potentiometer analog data (Lp). If this 
Lp is calibrated to Hp, the cutting height can measure with a 
linear potentiometer.  As shown in figures 5b and c, the Hp 

control cylinder stroke (Lxc) is controlled to maintain the Hp 
control goal (Hc). The upward and downward slopes for at-
titude control and cutting-point height alterations were 
closely related. Each condition must be controlled continu-
ously to maintain an appropriate cutting attitude. 

KALMAN FILTER-BASED SENSOR FUSION 
We designed an algorithm to control the attitude of the 

cutting device, as shown in figure 6. The angular veloc-
ity (ω), acceleration (α), Lp obtained by an inertial measure-
ment unit (IMU) and a linear potentiometer were fused with 
a Kalman filter. Here, the θ can be measured through 
ω and α. Lp is calibrated to Hp, and θ is calibrated to L𝜃c and 
entered into the PID controller. Lxc corrects the measured 
θ and Hp, which is then input into the cylinder to maintain 
the attitude of the cutting device.  

ATTITUDE CONTROL 
The Euler angle cannot be obtained even if the angular 

velocity measured by the gyro sensor is integral. Therefore, 
the measured value of the gyro sensor should be changed ac-
cording to the rate of change of the Euler angle. The rela-
tionship between Euler angles ( , ,   ) and angular veloc-

ity (p, q, r) is expressed as: 

 

1 sin tan cos tan

0 cos sin

0 sin /cos cos /cos

θ θ p

q

θ θ r

     
           
         






  
  
  

 (1) 

After determining the Euler angle, it was inferred to be 
integral. Then, using the previous angle (θpre), θ defined by 
equation 2, was obtained: 

  Δ cos sincur preθ θ t q r     (2) 

The value of the current angel (θcur) becomes θ for the 
gyro sensor. Next, equation 3, for changing the acceleration 
(X,Y,Z)acc measured by the accelerometer to the Euler angle 
is as follows: 

  arctan 180acc acc accY / Z /    (3) 

The calculated Euler angle is applied to the Kalman filter 
algorithm. First, the state equation of the system for time (k) 
is expressed as follows: 

Figure 4. Developed Korean cabbage harvester. 

        

Figure 5. Cutter attitude control mechanism; (a) stereoscopic, (b) right side view, and (c) Hp height measurement guide mechanism. 
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 1k k k kx Ax Bu Q    (4) 

where the state variable matrix is 
T

k kb p, ,Lx       and the 

amount of θ that accumulates over time and is called the bias 
(θb). The error of the measured value was decreased by sub-
tracting the bias from the measured value of the gyro sensor. 
Subsequently, the current angle was obtained. Thus, the tran-
sition matrix (A) from the previous state (xk–1) is as follows: 

 

1 Δ 0

0 1 0

0 0 1

t

A

 
   
  

 (5) 

The u represents a control input with units of [deg/s], and 
the gyro sensor measurements at point k can be written by 

changing it to  , where the control input matrix (B) as fol-
lows: 

  Δ 0 0 TB t , ,  (6) 

where covariance matrix (Qk) of the process noise (wk). This 
represents the covariance matrix of the accelerometer state 
and bias estimates. We assume that the estimates of the bias 
and accelerometer were independent of each other, and the 
matrix is given as follows: 

 

Δ 0 0

0 Δ 0

0 0 Δ

i

k i

p

Q t

Q Q t

Q t
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As shown in equation 7, the Qk depends on the k. To ob-
tain the observation model (H), the following equation is ob-
tained: 

 k kkz ˆHx v   (8) 

As shown in equation 8, the H is a constant matrix. This 
expression represents the relationship between the measure-
ment noise (vk) and xk as follows: 

 
1 0 0

0 0 1
H

 
  
 

 (9) 

where the expression vk covariance matrix (R), offsetting 
only the noise of the accelerometers (θacc) and Lp of the linear 
potentiometers is as follows: 

 
0

0
i

p

R
R

R

 
  
 

 (10) 

All system models have obtained equations 5, 6, 7, 9, 
and 10 were substituted into the Kalman filter algorithm to 
obtain θ and Lp of figure 6. When Kalman filter algorithms 
are applied, the following expression is obtained: 

 1k kkx̂ x̂A B    (11) 

When substituting the status variables x = [θ,θb,Lp], sys-
tem matrix A, and control input matrix B of equations 5, 6, 
and 7, respectively, into equation 11, the equation obtained 
is expressed as: 
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 (12) 

Since the bias cannot be measured directly, the previous 
method was adopted to estimate the bias. The error covari-
ance equation is expressed as follows: 

 1
T

k kkP AP A Q   (13) 

If equations 5 and 7 are replaced by equation 13, the error 
covariance ( kP ), shall be interpreted as follows: 
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 (14) 

The measurements obtained are expressed in equation 8 
and are modified to obtain vk as follows: 

 k k kv z Hx̂   (15) 

 

Figure 6. Attitude control system algorithm. 
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This angle is adopted because the current state variable 
on the right is not calibrated. A new measurement (zk) is ob-

tained as follows: 
T

k acc p k
z θ ,L    , where θ represents the 

Euler angle measured by the accelerometer. And vk is then: 

 
1

acc
k

p pk k

v
L L



   
    
   

 
 (16) 

The formula for saving the Kalman gain (Kk) is ex-
pressed as: 

 
T

k
k T

k

P H
K

HP H R



 (17) 

The reliability of the measurements can be predicted us-
ing the previous kP  and R. An observation model was 

adopted to map the previous kP  to the observation space. 

The Kk is transformed as follows: 

 1T
k kkK P H S  (18) 

 T
k kS HP H R   (19) 

The larger the S value, the more reliable the prediction; 
the smaller the value, the more reliable the measurement. If 
equations 9 and 10 are substituted, they are expressed as fol-
lows: 

 00 02

20 22

0

0
i

k
pk

RP P
S

RP P

  
    
   

 (20) 

The size of Rk influences the Kalman gain, and it is as-
sumed that the measurement noise is identical and does not 
depend on the time k = [K0, K1, K2]T. By substituting equa-
tion 18, we obtained the Kk as follows: 

 
0 00 02

1 10 12

2 20 22 k

K P / S P / S

K P / S P / S

K P / S P / S

  
      
     

 (21) 

We get the equation for the estimates as follows: Replac-
ing the vk obtained from equation 16, 

 k k kkx̂ vx̂ K   (22) 
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 (23) 

The error covariance formula is expressed as 

  k k kP I K H P   (24) 

Substituting equations 9 and 18, as well as Pk into equa-
tion 24, the solution obtained is expressed as: 
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 (25) 

Q and R of the Kalman filter system model can be ad-
justed according to the environment and adjusted to reduce 
the noise of vibrations during cabbage harvesting. 

To stabilize the attitude of agricultural machinery operat-
ing on irregular land, PID control was integrated into the al-
gorithm. PID control corrects and stabilizes overshoots that 
exceed control values through proportional, integral, and dif-
ferential processes. The PID control system is illustrated in 
figure 6. We obtained [Kp, Ki, Kd] for the control and set it to 
gain [0.1, 0, 3] for L𝜃c, and gain [0.1, 0.02, 1] for Hp. 

ADJUSTMENT OF SYSTEM MODEL PARAMETERS 
This study evaluated the system's performance by apply-

ing a Kalman filter-based sensor fusion algorithm to an ac-
tual Korean cabbage harvester cutting device attitude control 
mechanism. In addition, the noise was removed from the vi-
brations of the combined platform by modifying the Kalman 
filter system variables Q and R, which were selected as given 
in equation 26 and as shown in figure 7. 

Figure 7a presents the noise attenuation results obtained 
from the gyro and acceleration sensors, whereas figure 7b 
represents the noise attenuation results from the linear po-
tentiometer. Using the data obtained from this adjustment, 
we applied it to the algorithm and conducted field tests. 

                   

Figure 7. Sensor data noise reduction; (a) IMU sensor data and (b) linear potentiometer data. 
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CONFIGURATION OF EXPERIMENTAL SYSTEM 
We validated the proposed attitude control algorithm us-

ing the actual cutting device mechanism of a Korean cab-
bage harvester. The cutting device was equipped with an 
IMU sensor (MPU-6050, InvenSense Inc., USA) and a linear 
potentiometer (KTC-100 mm, Phidgets Inc., Canada), and 
the micro controller unit (Arduino MEGA 2560, Arduino, 
Italy) implemented the sensor fusion part of figure 6.  

The control part maintains the θc by calibrating L𝜃c to θ. 
The equation for obtaining the calibrated data is equivalent 
to equation 27, and the θc was set to 35°. In addition, the Hp 
calibration for the Lp is found using equation 28.  

 34 304 1949 9cL . .      (27) 

 1 0323 16 177p pH . L .    (28) 

To quantitatively evaluate the performance of the attitude 
control system, we computed the root mean square error 
(RMSE) using equation 29. For the RMSE, we referred to 
the method presented by Chai and Draxler (2014). 

 
 2

1

n
i ii

n
R

Reference Actual
MSE 





 (29) 

Maintain Attitude of Pitch Angle  
RMSE Calculation 

For the RMSE comparison of θ, the method for obtaining 
Actuali from equation 29 is set as θ and measured by the IMU 
sensors of the Actuali. Next, the method for obtaining θ with-
out the attitude control system is presented as follows. Be-
cause we already calibrated the θ in equation 27 to the L𝜃c, 
conversely, you can get θ with L𝜃c. Therefore, when driving 
while applying the attitude control system, the L𝜃c can pre-
dict the degree to which the θ of the current cutting device's 
inclination. Based on this, we compared the θ obtained with 
and without the attitude control system. We then set Refer-
encei to the θc. Figure 8a shows that the experiment was con-
ducted by round-trip on a straight course of 25 m, including 
an inclined surface. Furthermore, we obtained the RMSE for 
a quantitative comparison. 

Maintain Attitude of Cutting Height  
RMSE Calculation 

The Hp is impossible to measure when the guide wheels 
fall off the field. Therefore, the experimental system was 
constructed using eight motion capture cameras (Prime X13, 
Opti-track Inc., USA), as illustrated in figure 8b. In addition, 
six markers were attached to the lower part of the cutting 
device to verify their height-retention performance for atti-
tude control systems. When a marker is attached to the cutter 
blade, the camera does not recognize it. Therefore, after at-
taching it to the top of the cutting device, the marker's point 
was adjusted to 750 mm or less, which was the distance to  
 

the blade. The length between the ground and the cutting 
blade center point was set as Actuali from equation 29. We 
then set Referencei to the Hc. An arbitrary bump height of 
100 mm was created; for 500 s, the experiment was driven 
out by repeating the forward and backward movements. Fur-
thermore, we obtained the RMSE for a quantitative compar-
ison. 

RESULTS AND DISCUSSION 
COMPARISON OF WITH/WITHOUT  
ATTITUDE CONTROL SYSTEM 

First, for the experiments, we set θc to 35°. The experi-
mental results indicate that θ varies significantly in the ab-
sence of an attitude control system, as shown in figure 9a. In 
contrast, with an attitude control system, it can be observed 
that the control goal of 35° can be maintained. The RMSE 
confirmed a 92% improvement from 3.66° to 0.29°. 

For the height-retention experiments, we set the Hc to 
250 mm. The reason for the high control target is that when 
passing through obstacles without using an attitude control 
system, the blades and guides of the cutting device get 
dragged to the ground, and the device gets damaged. The re-
sults obtained from the experiments indicate that Hp varies 
significantly in the absence of an attitude control system, as 
shown in figure 9b. It can be observed from the graph that 
the control objective of 250 mm was maintained. The RMSE 
confirmed a 77% improvement from 81.44 mm to 18.97 mm. 
Figure 10 shows the difference between the operations with 
and without the attitude control device. 

As shown in the results of this experiment and in figure 9, 
the attitude of the cutting device is maintained constant by 
the attitude control system. The attitude control system can 
maintain the position of cutting the Korean cabbage by 
maintaining a continuous attitude even on irregular ground. 
Therefore, it can prevent damage to Korean cabbages and 
improve their quality. 

 
(a) 

 
(b) 

Figure 8. Experimental setup for attitude control system; (a) θ attitude 
control and (b) Hp attitude control. 
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THE KOREAN CABBAGE CUTTING  
EXPERIMENT  

Figure 4, similar to a Korean cabbage field, was created 
for the cutting experiment. In addition, to compare with and 
without using the attitude control system, we experimented 
with cutting 15 Korean cabbages each. The Korean cabbage 
was cut, as illustrated in figure 11. After the cabbages were 
cut, we assessed the harvest based on the damage to the head 
and assigned scores accordingly. 

Harvest performance was determined as shown in table 1. 
The cabbages could have had four possible scores: 100, 80, 
50, or 0. The well-cut cabbages that got a score of 100, the 
not-so-well-cut ones that scored 80 (these could be consid-
ered as well-cut if one cleaned up the roots and outer leaves 
after the transfer), and the damaged cabbages (having over-
cutting or side cutting) that scored 50, and 0 represented cab-
bages that got scored so low that they were not worth selling. 
Therefore, the score was 89 for attitude control and 56 for no 

                       

Figure 9. Comparison of cutting device attitude with/without attitude control system; (a) compare θ controls and (b) compare Hp controls. 

 

 

 

Figure 10. Snapshot of cutting device of Korean cabbage harvester passing by challenge was taken every 2.5 s. The yellow line is reference line, 
and red line is measured position line. 
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attitude control, indicating improvements because of the at-
titude control system. 

Cao and Miao (2020) developed a single row-type Ko-
rean cabbage harvester. The harvester was tested in an actual 
field. The results confirmed that root cutting, clamping trans-
mission, and vegetable damage success rates were 74%, 
86%, and 37%, respectively. Compared to this study, the 
success rate of root cutting in our study when the attitude 
control system was applied appeared to be 86%. There were 
no damaged cabbages, and all clamping was achieved, indi-
cating a 100% success rate for clamping transmission. The 
vegetable damage rate was 13%. 

Additionally, the qualified cutting rate (i.e., the accurate 
cutting rate, insufficient cutting rate, and excessive cutting 
rate) of the harvester used by Du et al. (2019) was calculated 
along with the peaking success rate. The harvester (which 
has a shape similar to the one used in this study) exhibited a 
97% peaking rate, a 72% accurate cutting rate, a 20% insuf-
ficient cutting rate, and a 4% excessive cutting rate. In com-
parison, our harvester performance showed a 100% peaking 
rate, a 66% accurate cutting rate, a 20% insufficient cutting 
rate, and a 13% excessive cutting rate. Hence, the results of 
our study, which conducted experiments on Korean 

cabbages (which are more challenging to cut than regular 
cabbages), can be considered significant as they yielded re-
sults similar to those of a typical cabbage harvester. 

CONCLUSIONS 
In this study, we devised a mechanism for single-attitude 

control of cutting devices, rather than body attitude control, 
to solve the harvester body slope problem of a typical cab-
bage harvester. We designed a mechanism for the single-at-
titude control of cutting devices, which is a problem with 
conventional Korean cabbage harvesters. In addition, we 
adopted the Kalman filter, which is widely used in basic 
studies for designing algorithms that control mechanisms. 
This was used to fuse the accelerometer, gyro sensors, and 
linear potentiometer with sensors. It was stabilized using a 
PID control. To verify the performance of this algorithm, we 
applied it to the attitude control mechanism. The RMSE was 
obtained and verified to assess the presence or absence of 
attitude control quantitatively. The RMSE of θ was reduced 
by 92%, from 03.66° to 0.29°, by the attitude control system. 
The RMSE of Hp also decreased by 77%, from 81.44 mm to 
18.97 mm. Furthermore, the score also increased from 56 to 
89 points when qualitatively comparing Korean cabbage cut 
noodles. The improved performance obtained from this 
study is expected to exhibit better results provided that the 
angular and height changes, such as obstacles and thickness, 
are more significant than those in the experimental environ-
ment of this study. Through this study, we have attempted to 
suggest the future direction of the Korean cabbage harvester, 
and it is concluded that it can be applied to other fields. In 
future works, we will study more accurate attitude control 
and cutting processes using a backstepping control for robust 

                       
 (a)  (b)  

Figure 11. Comparison of cutting Korean cabbage with/without attitude control system; (a) without attitude control and (b) with attitude control.

Table 1. Korean cabbage cutting surface of with/without attitude
control.[a] 

 With attitude control  Without attitude control 
 A B C  D E F 

1 ○ □ ○  ○ △ × 
2 △ ○ ○  ○ × × 
3 △ ○ ○  ○ □ × 
4 □ ○ ○  □ ○ × 
5 ○ ○ □  △ □ ○ 

Average  89   56 
[a] ○ = 100, □ = 80, △  50, × = 0.  
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control. In addition, a large-scale harvest will be carried out 
in the actual environment to prove the performance and ne-
cessity of the attitude control system. 
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