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ABSTRACT Seed planters with the conventional ground wheel and chain-gear driven seed metering units
suffer from several limitations, such as the inability to plant seeds at variable rates, high missing rates at
faster travel speeds, and higher down-times due to the intricacy of the manual discs replacement procedure
for planting a different type of crop seed. Therefore, an apt solution to overcome these significant limitations
is to: (a) replace the ground wheel and chain-gear based disc driving mechanism with a drive-by-wire system
that comprises motors and sensors for variable rate planting and (b) incorporate a two-level adjustment of
the applied negative pressure in the vacuum chamber for two different types of seeds, and (c) design seed
metering unit that can plant multiple types of crops without any use of multiple discs. This paper presents
the design and working of a novel variable rate multi-crop pneumatic seed metering unit that addresses the
limitations of conventional seed planters. Laboratory tests were carried out on our proposed metering unit for
maize and soybean seeds at varying rates in compliance with travel speeds. Experimental evaluation of the
developed metering unit was performed on a lab test bench in terms of accuracy, average miss counts, and
average multiple counts at various rotational speeds. The experimental results proved that our developed
multi-crop seed metering unit performed significantly better than the conventional seed metering units
by obtaining the average miss-count of 5.4 seeds, average multiple-count of 2.5 seeds, and coefficient of
variation in spacing (precision) of 0.34 inches for a set of travel speeds of 2 km/h to 4 km/h.

INDEX TERMS Electric seedmetering unit, multi-seed planting, seed planter, seed planting control, variable
rate planting.

I. INTRODUCTION
As underpinned by the global demographic trends; the
world’s population is growing. It is expected to hit the nine
billion mark by the end of 2050, according to the United
Nations Population Division report titled, ‘‘World Population
Prospects 2019: Highlights’’, published in 2019 [1]. More-
over, the Agriculture Food and Agriculture Organization

The associate editor coordinating the review of this manuscript and

approving it for publication was Ze Ji .

(F.A.O.) of the United Nations, in their report titled ‘‘Global
Agriculture Towards 2050’’, highlights that feeding a world
population of 9.8 billion people in 2050 would require
raising the overall food production by up to 70 percent [2].
The additional amounts of food needed in the coming
decades will likely have to be produced mainly through
yield increases rather than the expansion of cultivated lands.
These estimated population projections and the prevailing
state of food production are harbingers of the increasing
risks of food insecurity and shortage, especially in developing
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countries like Pakistan. Therefore, efficient and resilient
agricultural practices must be adapted to better handle the
perceptible forthcoming crisis of food scarcity in the future.
Agricultural growth and sustainability cannot be achieved by
expanding areas of arable land but by adopting approaches
and utilizing advanced technology-driven farming machines
to improve farm productivity and yields, such as [3], [4],
[5], [6], and [7]. In variable-rate planting, seeds are planted
according to the varying field requirements instead of the
indiscriminate broadcast planting. Using imprecise seed
spacing and planting rates result in poor plant population
and thereby lower crop yields and unnecessary, yet avertible,
financial loss. The farmers in Pakistan do not comply with
the optimal seed planting standards primarily due to the lack
of advanced application equipment to achieve precise seed
planting rates.

The conventional seed planters driven by the ground wheel
with chain and sprocket system have several limitations,
such as (a) non-uniformity in seed spacing that emanates
due to wheel slippage as a result of low wheel traction on
farmlands having uneven topography [8], (b) no control over
planting rates (of the row units individually as well as the
entire planter collectively) due to the direct dependency of
the metering disc’s rotational speed on rolling speed of the
planter’s wheel that drives the metering unit, (c) imprecise
planting with high missing rates at faster travel speeds
due to lack of any synchronization mechanism of the
applied negative vacuum pressure with the metering disc’s
rotational speed (increasing or decreasing) [9], and (d) higher
undesired down-times that incur due to the procedural
complexity involved in manually changing the discs when
a planter is required to plant a different type of crop
seed.

Therefore, to curb these issues associated with con-
ventional seed planters, there is a dire need to develop
smart precision seed metering units by combing traditional
knowledge with modern technologies. In the commercially
available wide variety of seed metering units, the pneumatic
type metering units are the most commonly used because
of their advantages, such as lower seed injury rates and
comparatively better performance [10]. Pneumatic seed
planters perform seed planting with vertical seed discs and
negative pressure generated in the vacuum chamber of the
seed metering unit.

This study presents our novel multi-crop pneumatic seed
metering unit that aims to overcome the shortcomings
mentioned above. Our developed seed metering unit replaces
the disc driving mechanism of the metering unit with a drive-
by-wire system that comprises electric motors and sensors.
Seed planting rates of the individual row units can be varied
by regulating the speed of the seed metering disc of each row
via a closed-loop feedback control system based on desired
seed rate and given tractor speed. The developed metering
unit can plant multiple crops via the same disc, eliminating
the cumbersome process of manually changing the discs or
other parts.

Moreover, in recent years agriculturalists have started
adopting multi-hybrid seed planting technique for higher
yields in which two or more hybrids of the same crop are
planted in different zones of the same field depending on the
soil’s previous yield performance. This requires seed planters
to have separate housings for the different seed hybrids inside
the seed hoppers, and have metering units that can adapt to
and dispense different types of seeds in the desired manner on
the go [11]. Our advanced seed metering is one step forward
to unlocking the potential of such planting approaches. The
major technical contributions of this study are multifaceted
and include:

1. Design and development of a novel multi-crop seed
metering unit that can plant different sizes and shapes of seeds
without changing the discs or other parts.

2. Variable-rate dispensing of seeds is achieved by varying
the tractor speed while maintaining the seed to seed distance
constant.

3. Replacement of the ground wheel and chain-gear disc
driving mechanism with an electric system that comprises
motors and sensors for variable-rate planting.

This paper is further divided into five sections.
Section 2 discusses the related work. Section 3 presents
the methodology and working of the developed system.
An experimental evaluation of the system with results and
discussions is presented in Section 4. Section 5 finally
concludes the paper.

II. LITERATURE REVIEW
Researchers have conducted in-depth studies on seed meter-
ing systems for seed planters. Precision seed planters rely on
advanced techniques to effectively overcome the limitations
of conventional seed planters and provide effective control
over seed planting rates, inter-row, and intra-row seed
spacing, and seed depth. A detailed overview of the various
types of precision maize seed planters used and developed is
presented in [12], [13], [14], and [15].

He et al. [16] developed an electrically driven seed meter
for a precision seed planter to overcome the limitations of
the chain and ground-wheel-driven planters. The speed of
the seed metering disc was controlled via a proportional-
integral-derivative (PID) control system. A four-row seed
planter was tested in the field at two different travel speeds.
The results obtained showed improvement in the quality of
feed index, miss index, and precision index values compared
to the conventional systems. A QFI value of 98.62 and
97.09 percent was achieved at speeds of 8.6 and 13 km/h.
He et al. [17] presented a variable-rate seed planting system
that could control the individual rows independently. The
system comprised a controller area network (CAN), a GPS
receiver, a locally available seed planting controller, a seed
metering system, DC motors, and an android tablet. The
developed system was tested and validated at different travel
speeds and GPS frequencies. The compensation algorithm
for seeding lag demonstrated promising results in the seeding
lag distance. It was also found that the tractor’s travel speed
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and GPS frequency impact the seeding lag distance. The
work was continued further, and field trials were presented
in [18]. Cay et al. [19] developed an electro-mechanical
seed metering system for a single seed planter. The system
could vary the seed planting rates according to the tractor
speed obtained via speed sensors. The developed system was
tested at different vehicle speeds, i.e., 5, 7.5, and 10 km/h,
and the results were compared to the performance of seed
planters with conventional seed metering units. The seed
spacing values obtained via actual experiments were closer
to the theoretical values. The developed system was tested
and improved further in [20]. Liang et al. [21] presented
an electrically driven precision seed metering system for
maize crops to overcome the issues of non-uniform seed
planting distances caused by wheel slippages in wheel-driven
seed meters. The system presented is composed of a seed
metering disc driven by an electric motor. The results
obtained for the electric seed metering unit were compared
with the conventional seed meters, and the authors reported
no significant differences in seed planting quality. Still, they
suggestedmotor-drivenmetering systems to bemore feasible.
Jafari et al. [22] presented a direct-current electric variable-
rate seed planting system for a uniform grain drill. The system
is composed of a direct current motor with a fixed-ratio gear-
box, speed sensors, i.e., rotary encoders for measuring the
rotational speed of the drive wheel and the DC motor, a GPS,
a pulse-width-modulation basedmotor speed controller. Tests
were performed at different seed planting rates, and the
response of the system was measured. The results obtained
showed that the response time for a change in planting rates
from high to low was 5.2 seconds, and low-to-high was
7.4 seconds.

Borja et al. [23] presented a mechatronic solution for
modifying a local seed metering system. A stepper motor
drove the seed metering disc, and a camera observed the
rotational speed of the seed metering disc. The vision-based
control system detected empty holes on the seed metering
disc and adjusted the seed planting rate to compensate for
any seed miss encountered. The results obtained showed
that the control system could function well in the speed
ranges of 2 to 6 km/h. Zahra et al. [24] conducted tests
for evaluating the seed spacing uniformity of maize and
castor seeds via a pneumatic seed planter at four different
pressures and two different speeds ranging from 3 to 4.5 km/h
and 6 to 8.5 km/h. The experimental setup consisted of a
high-speed camera and a conveyor system on which seed fell
from the seed meter. Vibrations encountered in actual field
conditions were also simulated to depict field conditions.
The results recorded revealed that non-uniformity in seed
spacing is greatly affected by the speed at which the seed
falls and hits the surface of the furrow. It was also reported
that increased vacuum pressure levels also decrease the seed’s
falling speeds at low operational speeds. Mangus et al. [25]
conducted experiments to measure the seeding accuracy of
electric seed metering system using high-speed cameras and
image processing. Several scenarios of machine operation

were identified that impact the seed planting accuracy. The
planting tests were carried out under varying sowing speeds
that vary from 0 km/h to 16 km/h. The average singulation
rate of 98.45% was achieved for a uniform increase in
speed. However, the error nearly becomes doubled with fast
accelerations and deceleration.

Singh et al. [26] carried out studies on pneumatic seed
metering device for different crops, established the relation-
ship equation between pressure and crop characteristics, and
optimized the parameters of sucking holes. They carried out
an experiment on cotton and obtained the best operating
parameters of the seedmetering device. Xue et al. [27] studied
the influence of rotational speeds of pneumatic seed metering
device on the seeding effect. Field tests were carried out on
soybean and maize, and the relationship between rotational
speeds of the seed metering device and the seeding effect
was obtained. Jing et al. [28] presented an electro-hydraulic
downforce control system for dealing with the uneven seed
germination and soil compaction issues related to the varying
soil conditions in a field using a four-row pneumatic seed
planter. According to the soil condition, the downward
force applied on the gauge wheel was controlled via a
closed-loop Proportional-Integral-Derivative (PID) control
algorithm. Experiments were performed in fields with tilled
land and non-tilled land at a driving speed of 8 km/h.
The results showed that the proposed downforce control
system enabled better control overseeding depth than the
conventional spring-based depth adjustment mechanism.
An improvement of 1.05 to 2.23 percent in terms of
consistency in seeding depth was reported.

A trend towards adaptation of agricultural precision
technologies can be observed in most of the planting
systems presented in the literature herein, but none of
these systems have yet introduced and tested seed metering
units that can plant different seeds types. Moreover, the
seed metering units, in literature, that can plant differ-
ent seed types require manual replacement of the discs
for each seed type, unlike our proposed seed metering
unit.

III. SYSTEM DESCRIPTIONS AND METHODOLOGY
The working and description of our developed seed planting
system is explained in the following sections: (a) a seed
metering unit, (b) a vacuum system, (c) a closed-loop PID
control system, (d) calibration of seed metering unit, and
(e) performance evaluation parameters.

A. SEED METERING UNIT
A seed metering unit is deemed to be the heart of a
seed planter. The SMU comprises several parts and assem-
blies. It includes seed discs, a disc locking mechanism,
a seed singulation mechanism, a seed picking and delivery
mechanism, and a disc driving mechanism. The design
factors considered and the working of these components
and mechanisms are described in detail in the following
subsections.
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1) SEED DISCS
The seed metering unit comprises two discs, one disc on the
seed chamber side and the other on the vacuum chamber side.
The vacuum chamber disc (VCD) has three groups of holes.
Each group further comprises 12 holes distributed radially
in an alternating pattern along the circumference of a circle
having a radius of 123.5 mm. Therefore, the vacuum chamber
disc has cumulatively 36 holes, as shown in Figure 1(a).
On the other hand, the seed chamber disc (SCD) has only
one group consisting of 12 holes, and gear teeth along its
circumference, as shown in Figure 1(b). The indented profile
of each hole serves to reduce the combined cross-sectional
width of the two discs to get a better hold of seeds via the
negative pressure applied across the holes. Currently, in this
research work, we used group 3 and group 2 holes for maize
and soybean, respectively. To eliminate misalignment risks
due to backlash phenomena, the holes on the SCD are formed
by sliding a circle along an arc that subtends an angle θ about
the center of the SCD. Moreover, the SCD has a sectional cut
in which the VCD sits. The two discs are mounted co-axially
and thus share a common axis of rotation. The VCD is
permanently attached through fasteners to the shaft of the DC
motor, whereas the SCD is kept free to rotate via a ball bearing
mounted on the main shaft.

2) DISC LOCKING MECHANISM
The seed metering unit has two locking systems for both
discs. One locking system uses a ratchet and pawl mechanism
which is responsible for locking the SCD with the VCD
upon the rotational motion of the VCD. A circular cylindrical
hub with an internal cogwheel gear is attached to the SCD
via fasteners. This cylindrical hub also houses the ratchet
and pawl mechanism which is permanently fastened with the
VCD through the main shaft. For load distribution, i.e., the
applied torque, the ratchet uses four pawls that are loaded
with springs and are engaged simultaneously with the teeth
on the cogwheel gear. The other ends of the pawls are pivoted
via a pin to the ratchet wheel. Both discs get locked in the
clockwise rotation due to the ratchet-pawl locking system,
which forces them to rotate together.

The second locking system uses a pinion that engages
with the teeth on the circumference of the SCD as shown in
Figure 2(a). The main purpose of this locking system is to
change the seed hole type. In counterclockwise rotation, the
SCD gets locked by the pinion, and the VCD (fastened to the
main shaft) rotates and adjusts to another hole group/type.
The pawl slides over the sloped edge of the teeth of the
internal gear in counterclockwise rotation and, therefore,
allows the VCD to rotate. A spring is attached to the pawl and
the ratchet wheel that compresses as the pawl passes through
the tip of the gear teeth.

The maximum angle through which the VCD can rotate
until the pawl engages with the internal gear teeth and
thereby enforces rotation of the SCD is calculated by dividing
360◦ by the total number of teeth. The internal cogwheel
gear has 36 engagement points; thus, its maximum angle of

engagement is equal to:

Angle of Engagement =
360◦

P.O.E
=

360◦

36
= 10◦ (1)

3) SEED SINGULATION
An adjustable seed singluator, shown in Figure 2(b), removes
the double seeds that may get attached to a single hole.
The singulator comprises three circular notched edges, A, B,
and C, that engage with seed holes in different proportions
radially along the path of holes/seeds.

A rotating knob placed outside the seed chamber body and
a sliding pin connection allows the user to adjust the singu-
lator at three different positions. Each adjustment position
provides a different range of hole coverage, as illustrated
in Table 1. The adjustment positions 1, 2, and 3 sets the
singulator position such that the three-lobed edges of the
singulator provide coverage of either 0, 25, 50, or 100%
to each hole that it encounters. The rotation of the knob
via a screw mechanism lowers or raises the singulator and
therefore adjusts its position in accordance with the hole
group on the disc that is being desired to be used.

4) SEED PICKING AND DELIVERY MECHANISM
The seeds are gradually poured out in to the seed chamber of
the metering unit via a seed hopper, as shown in Figure 3(a)
which is composed of two parts. The base part of the hopper,
attached to the metering unit via M4 screws, is made of mild
steel. The upper part, which serves the purpose of pouring
and storing the seeds, is a box-shaped container made up
of acrylic sheet. It has an opening window having 100 x
150 mm dimensions (length and width, respectively). The
seed carrying capacity of the seed hopper is 2500 cm3. The
seeds from the seed chamber are then picked by attracting
them through the holes in the disc with the negative pressure
generated by the vacuum system. The seeds are taken and
consequently released into the delivery tube by cutting the
vacuum supply at the discharge area of the seed meter, i.e.,
the point where seeds are dropped into the outflow tube.

5) SEED DISC DRIVING MECHANISM
In conventional seed planters, a ground-driven wheel and
a combination of several gears generally serve to transfer
motion to the seed discs. Our developed seed metering
unit uses a brushed DC motor to drive the seed discs. The
speed of the metering discs is synchronized with the tractor
speed. A closed-loop PID control system regulates the discs’
speed according to the reference seed meter disc speed. This
reference speed of the seed meter is synchronized with the
tractor speed. A rotary encoder measures the speed of the
seed metering disc which is used as a feedback. An LCD
screen is used to set the desired seed to seed distance, and
display the information of tractor speed, the synchronized
reference seed meter disc speed and the actual speed of
the seed metering disc. Moreover, planters commonly have
separate seed metering units for each crop row; therefore,
our developed metering unit can be mounted on the main
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FIGURE 1. Seed Metering Unit Discs.

FIGURE 2. Internal assembly of the seed metering unit.

FIGURE 3. 3D printed seed metering unit.
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TABLE 1. Hole area coverage by singulator positions.

TABLE 2. Calibrated vacuum pressure for maize and soybean seeds.

structural frame of the planter underneath individual hoppers
for each row. The electric drive system provides individual
control over each row, and therefore the seed rate can be
changed in each row unit individually.

B. VACUUM SYSTEM
The seed picking is primarily based on negative pressure
generated by the vacuum system. As the experiments were
conducted in the laboratory, an impeller-based vacuum
machine was used for creating negative pressure in the
vacuum chamber of the SMU via a vacuum line, as illustrated
in Figure 3(b). Since the required vacuum levels depend
on the type/size of the seed, therefore, two-level calibrated
negative pressure values are determined experimentally each
for a separate seed type. The procedure involves reducing
the speed of the vacuum pump while recording the value of
negative pressure from the 3 kPa until it reaches to aminimum
value at which the hole of the SMU disc cannot hold the
seed. This minimum value of negative pressure is added with
its 60 percent value to get the required negative pressure
value for each type of seed at different SMU speeds. Table 2
shows the results of the experiment conducted to determine
the optimum value of negative pressure.

C. CLOSED LOOP PID CONTROL FOR SPEED REGULATION
A complete block diagram of the system is shown in Figure 4.
The speed of the seed metering discs is controlled and varied
via a closed-loop PID control system based on desired seed-
to-seed distance and given tractor speed. For adjusting/setting
the hole/disc according to a particular seed type, the motor is
rotated counterclockwise through a specified predetermined
angle to co-axially align the holes (group) of the desired
seed type on the VCD to the holes on the SCD. The disc
rotates and takes the entrained seed towards the seed delivery
tube. A singulator singulates any multiple seeds on the way
before being released in the tube. The rotational speed of

the seed metering disc is varied via a closed-loop feedback
control system based on desired seed to seed distance and
given tractor speed. Synchronizing the disc’s rotational speed
with the tractor’s travel speed helps the metering unit achieve
the desired seed spacing (seeding rate) for the respective
seed type. Moreover, the feedback from a rotary encoder is
utilized for regulating the metering disc’s speed, and thereby
the seeding rate, in response to any changes in the tractor’s
travel speed.

D. CALIBRATION OF SEED METERING UNIT
The rate of seed distribution is performed directly by the seed
metering unit. This seed rate depends on the SMU discs’
angular speed, ωsmu, which would vary accordingly with the
vehicle’s angular speedωt and a fixed predetermined value of
seed-to-seed distance dss. The relation between the required
angular velocity SMU and the vehicles’s angular velocity is
given by equation (2),

ωd = fcKsmuωt (2)

whereKsmu is the angular velocity coefficient that determines
the required relative angular speed. This relative angular
speed acts as a reference for the actual SMU discs’ angular
speed. Whereas fc is the correction factor that accounts for
any offset error in the desired seed-to-seed distance dss.
This offset error that may appear during execution is due
to the uncertainty in measuring physical parameters like the
vehicle’s wheel radius Rt and the amount of flatness caused
by the load on the tires. The value of fc may vary, such
that 0 < fc < 2. The linear velocity of the vehicle is given by
equation (3),

vt = 2πRtωt (3)

whereas seed discharge rate Rseed is given by,

Rseed = nhωd (4)

where nh is the number of holes in the disc for seed picking.
For a specific value of vehicle’s linear velocity, vt and seed
discharge rate, Rseed the seed-to-seed distance, dss is given by
equation (5),

dss =
vt

Rseed
(5)

dss =
2πRt
nhKsmu

(6)

Ksmu =
2πRt
nhdss

(7)

This value of angular velocity coefficient is used to
determine the required theoretical (tracking) angular velocity
of SMU, which would be used as a reference velocity for
regulating the actual SMU velocity in a closed-loop control
system.
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FIGURE 4. Block diagram of the complete system.

FIGURE 5. Experimental setup.

E. PARAMETERS FOR PERFORMANCE EVALUATION
Missed Seed Count, is the number of seeds missed by the
disc holes that passes through a fixed number of revolutions.

Multiple Seed Count, is the number of more than one seed
picked by a single hole of the disc that rotates for a set number
of revolutions. The Multiple Seed Count is further divided
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TABLE 3. Singulator calibration for optimum response.

into Double Seed, Triple Seed, and Quadruple Seed Count
that accounts for the double, triple, and four seeds picked
by a single hole of the disc, respectively. Single Seed Count
determines the numbers of single seeds picked by a single
hole of the disc for a set number of revolutions. Precision
in spacing Ip is a measure of the variability (coefficient of
variation) in spacing S between seeds after accounting for
variability due to both multiples and misses, and is given by
equation (8),

Ip =
Sd
S

(8)

where, Sd is the standard deviation of the spacing more than
half but not more than 1.5 times the set spacing S in inches.

Control variable, ωsmu is the angular speed of the SMU
discs. The SMU uses a DC motor to regulate its speed at
which it is required to discharge the seeds in the field. This
seed discharge rate depends on the angular speed of the
vehicle’s wheel. Therefore, the PID controller uses the error
information between the relative angular speed, ωd and the
actual angular speed of the SMU, ωsmu.

e = ωd − ωsmu (9)

Where ωd is the desired angular speed calculated by using
equation (2). The actual angular speedωsmu, is measured from
the encoder value mounted on the SMU.

IV. EXPERIMENTAL EVALUATION
Real-time experimental tests are performed on a laboratory
test bench for maize and soybean seeds for evaluating
planting accuracy of the seed metering unit.

A. EXPERIMENTAL SETUP
The complete experimental setup is shown in Figure 5. The
test bench consists of a soil bed, rolling bed, and a soil tank.
The soil bed is a rectangular shaped metal frame having a
length of 6 m and a width of 2.5 m. It has two inner beams
uponwhich the rolling bed rolls horizontally across its length.
Between these two beams, a soil tank of length 6 m, width
0.8 m, and depth 0.4 m is placed for measuring and analyzing
the sowing seeds placed in the soil profile by the SMU.

The rolling bed rolls horizontally over the two beams of
the soil bed using a chain-motor drive system. The SMU
and all the associated electrical components are installed on
the rolling bed. A three-phase motor was operated using a
Variable Speed Drive (VSD) to get a desired field velocity for

FIGURE 6. Rolling bed encoder and wheel unit.

FIGURE 7. PID controller-based SMU speed tracking.

the rolling bed, and consequently move the SMU horizontally
to dispense the seeds over the soil bed.

The SMU is equipped with a 12 V brushed DC motor for
rotating the discs with the desired rotating speed. A 36 V
and 30 A DC motor driver is used to regulate the rotating
speed of the SMU by varying the input PWM signal.
A 1000 PPR encoder is used to measure the angular velocity
of the SMU and is used as a feedback in the control loop. All
the electrical components of the planting system are powered
by a 12V 50 Amp-hour power supply. A separate incremental
encoder-wheel setup is installed on the rolling bed to measure
the linear speed (sowing speed) of the rolling bed upon which
the SMU is installed. This linear speed is represented by vt ,
and is given by equation (3). The overall operating power
consumption rating is approximately equal to 26.7 Watts.

B. SMU TEST RESULT AND ANALYSIS
In order to validate the overall performance of the proposed
seed metering unit, two types of experiments were conducted
in lab facility, i.e., static andmobile tests. Also, as a prior step,
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TABLE 4. Seed metering unit precision test.

FIGURE 8. Seed doubles and misses.

the singulator needed to be calibrated according to the type of
seed used for sowing.

At each knob position of the singulator assembly, the SMU
was operated for 10 revolutions. This procedure was repeated
for maize and soybean seeds separately. The theoretical and
actual counts were measured for maize and soybean seeds at
each knob position of the singulator, and the corresponding
results are shown in Table 3. For the singulator with the knob
positioned at level 1, the difference in actual and theoretical
counts was less than the results for the singulator knob
positioned at 2 and 3. We therefore, operated the SMU with
the singulator set at position 1 for both maize and soybean
seeds for the rest of the experiments.

In the static experiment, the SMU was operated with
the rolling bed in a rest position, and its performance was
evaluated for a longer theoretical distance. The theoretical
distances, i.e., the distance traveled in inches as shown in
Table 4, were calculated using the vehicle’s speed vt and time
duration information. A small hopper holding 1500 maize-
seeds capacity was used as a seed storage tank. A seed
collecting bag was used to collect the seeds at the outlet
of the SMU. In the first set of experiments, the precision
tests were performed by comparing the theoretical and actual
seed counts for each turn of experiments. The results of the
precision tests for the maize and soybean seeds are shown
in Table 4. During these experiments, the vehicle’s linear
speed vt was maintained at 2 km/h for both types of seeds.

FIGURE 9. Three maize seed doubles at 4 km/h sowing speed and
8 inches seed spacing.

Seed-to-seed distance of 8 inches was considered for the
maize, and 6 inches for the soybean. The theoretical seed
counts were calculated from the SMU’s desired angular
velocity ωd (maintained for a series of different time
durations i.e., 20, 30, 40, and 60 seconds). This desired
angular velocity of SMU was calculated using the vehicle’s
angular velocity ωt that was calculated from equation (3),
and the angular velocity coefficient Ksmu that was calculated
using equation (7). Using the vehicle’s linear speed vt and the
desired angular speed of SMU ωd (maintained for a series of
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TABLE 5. Effect of speed on the sowing performance.

FIGURE 10. Maize and soybean sowing tests.

different time durations), the vehicle’s total traveled distance
and the total numbers of SMU revolutions are determined
respectively, as shown in Table 4. The fact that there are nh
seed picking holes arranged along the circumference of the
seed disc, the total number of theoretical seed counts is equal
to the to total number of theoretical revolutions multiplied
by nh.
In order to measure the actual output performance of the

SMU, the PID controller was designed to regulate the actual
angular velocity of SMU ωsmu by tracking the calculated
desire angular velocity of the SMU ωd . The actual total
number of SMU revolutions is measured using the SMU
encoder for a series of different time durations. The actual
seed counts are measured by counting the numbers of ejected
seeds from the outlet of the SMU.

To change the seed hole size i.e., to shift from one hole
group type to another hole group, the DC motor is used to
rotate the vacuum chamber disc relative to the seed chamber
disc. As the teeth on the pinion gear are meshed with the teeth

on the SCD, the pinion blocks rotation of SCD by applying
electric braking via the second DC motor attached to the
pinion shaft. This helps in achieving the desired hole shift
for the required seed type.

It can be seen in the precision tests that maize seed, with a
sowing speed of 2 km/h and 8 inches seed-to-seed distance,
shows 94% accuracy. Also, the desired seed-to-seed distances
for both seed types were achieved within the acceptable range
of variations. However, the accuracy decreases as the seed-to-
seed distance decreases for the soybean seed. This decrease in
seed-to-seed distance accounts for the increase in the angular
speed of the SMU. Because of this increase in the SMU’s
angular speed, the miss-count rate increases as shown in
Table 4.
In the mobile experiment, the maize and soybean seeds

were used to examine the sowing quality in a single row of
the soil bed. The sowing was performed through a single
row in a series of experiments, carried out for each type
of seed separately. The sowing was performed at 2 km/h
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and 4 km/h rolling bed speed. As shown in Figure 6, the
rolling bed uses a rotary incremental encoder and a wheel that
roles over the soil bed to measure the angular velocity of the
rolling bed (vehicle), ωt and using equation (2), the reference
angular velocity for SMU is calculated. The SMU control unit
then uses the PID controller to track the reference angular
velocity. The corresponding angular velocities response of the
SMU for planting the maize and soybean seeds are plotted in
Figure 7. The difference in angular velocities is due to the
required different seed-to-seed distances.

The SMU has a transparent window through which the
rotating disc carrying seeds can be seen. A video recording
camera was put in front of the window to record any miss
and multiple counts of seeds, as illustrated in Figure 8.

The numbers of observedmultiples counts andmiss-counts
of seeds recorded in the videotape were counted and listed in
Table 5. As shown in Figure 9, the doubles for maize seeds are
observed and highlighted with a zoomed-in circle. The seeds
are considered double if the corresponding distances between
two subsequent seeds is less than half of the required set seed
spacing. In the case of maize seeds, the set seed spacing of
8 inches was considered. Therefore, three doubles of 2.1, 1.2,
1.3 inches were observed for the maize seed with the sowing
speed of 4 km/h.

In Table 5, the effect of the singulator on seed multiples
can be seen for maize seeds at a sowing speed of 2 km/h. The
numbers of doubles, triples, and quadruples are reduced to a
single seed per hole. It is evident that the actual seed count
is very much close to the theoretical seed count. However,
with the increase of sowing speed to 4 km/h, the desired
angular velocity of the SMU increases. Because of this
increase in SMU’s velocity, the miss-counts increases, and
accordingly the values of higher multiples-counts of seeds
decrease. In Figure 10, the actual seed-to-seed distance can
be seen for maize and soybean. In Figure 10(b) and (d), the
desired seed-to-seed distance for soybean and maize were
maintained at 6 and 8 inches respectively for a 2 km/h
sowing speed. In Figure 10(a) and (c), the sowing speed was
increased to 4 km/h and the corresponding actual seed-to-
seed distances for soybean and maize seeds were measured,
respectively.

V. CONCLUSION
This paper presents a novel variable rate multi-crop pneu-
matic seed metering unit that can plant different types of
seeds at variable rates. The developed metering unit can plant
different crop seed types without any need to change the
discs or other parts. Experimental evaluation of the developed
metering unit on a lab test bench proved that our developed
multi-crop seed metering unit offers better performance
and efficiency than the conventional seed metering units.
Moreover, our proposed seed metering unit is a step forward
to advanced planting techniques such as (a) multi-crop
planting in which two or more than two different types of
crop seeds can be planted in different areas of the same
field, and (b) multi-hybrid planting in which two or more

than two hybrids of the same type of crop can be planted
in different areas of the same field. The accuracy of the
proposed SMU has shown a maximum of 2 miss seeds for
11 meter sowing distance. Also, the error in seed-to-seed
distance was maintained within less than half of the set seed-
to-seed distance. The future study intends to incorporate the
metering unit presented in this study with hoppers that have
separate housings for different types of hybrids or seeds with
an electrically actuated cut and supply seed delivery system.
Themiss seed rate could be reduced by regulating the vacuum
pressure according to the SMU’s angular speed.
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