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Tillage depth is a critical factor in crop growth
and must be carefully managed during cultivation to
ensure optimal performance of tillage machinery.
Traditionally, determining tillage depth involved
manual measurements with steel rulers, a labor-
intensive and time-consuming process. However,
recent advancements in tillage depth monitoring have
led to the development of automatic real-time
measurement technologies, categorized into contact
and non-contact sensors. Ultrasonic and optical
sensors, particularly, have gained attention for their
non-contact measurement capabilities.

Proper seed placement depth is essential for
maximizing seed germination rates. If seeds are sown
too shallow, they may lack sufficient moisture for
sprouting, while excessively deep sowing can deprive
seeds of necessary energy and oxygen. Although soil
firmness and temperature influence seed germination,
the seed drill's impact on these parameters is minimal.

Efficient control of tillage and seeding
equipment's working depth is crucial for achieving
proper tillage depth, improving seed germination, and
reducing energy consumption. Increasing the working
depth of an implement leads to higher force
components, wheel slip, and fuel consumption.

The Importance of Precise Tillage Depth

e Seed Placement: Consistent tillage depth ensures
seeds are placed at the optimal depth for
germination and emergence. Seeds planted too
shallow may struggle to access moisture and
nutrients, while deep planting can delay
emergence and expose seedlings to harsh weather
conditions.

¢ Root Development: Proper tillage depth creates a
favorable environment for root growth. Shallow
tillage may restrict root development, limiting the
plant's access to water and nutrients from deeper
soil layers. Conversely, deep tillage can disrupt
beneficial soil biota and disturb beneficial
drainage patterns.

e Soil Moisture Retention: Tillage depth influences
how well soil retains moisture. Shallow tillage
leaves the soil surface more prone to evaporation,
while deep tillage can disrupt capillary action,
hindering water movement within the soil profile.

Challenges of Traditional Depth Monitoring

e Manual Measurements: Traditionally, farmers
rely on manual tools like rulers or depth gauges
to measure tillage depth. This method is time-
consuming, prone to human error, and doesn't
provide continuous monitoring throughout the
operation.

e Visual Observation: Visual observation of
implement position might be used to estimate
depth, but this approach is subjective and lacks
accuracy, especially across uneven terrain.

Basic Control System in Tractor

Tractor-implement combinations are central to
most agricultural field operations, with a tractor
serving as the mobile power source and implements
attached for specific tasks. While operator skill and
concentration significantly influence the quality of
work and output, electronic systems increasingly
control tractor subsystems such as engines,
transmissions, implement hitches, hydraulics, and
drivelines. Coordinating the control systems on both
tractor and implement is essential for optimizing
performance and operational efficiency.

Parameters Requiring Control

Work rate and operating costs are influenced
by factors like seedbed depth, aggregate size
reduction, and soil aggregate strength. Minimizing
tillage depth within cultural limits is desirable, but
variations in soil aggregate strength and size
distribution across fields necessitate varying tillage
depths.

Depth Control Mechanism

Improved depth control during tillage
operations can substantially reduce energy wastage.
Power requirement is directly related to machine
working depth, and better depth control leads to
greater seedbed uniformity and improved crop
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establishment. Non-contact ultrasonic transducers are
likely to fulfill the need for working depth sensors,
even on rough surfaces. Adjustment of working depth
can be handled by tractor implement hitch control or
implement control subsystems using electro-hydraulic
valves and actuators powered by the tractor.
Secondary tillage implements, for instance, can
modify working depth by adjusting the position of
packer rollers relative to soil-engaging tine blades.
Draft Control Mechanism

Implementing  dynamic  variations  in
implement working width presents a potential
strategy for aligning implement draft force
requirements with tractor drawbar power availability,
all while maintaining tillage depth. Some mouldboard
ploughs, as noted by Pearce (1987), incorporate
mechanisms for on-the-move furrow width
adjustments using hydraulic actuators linked
mechanically. Widening furrow widths can diminish
implement-specific draft due to the predominant
contribution of the plough point share to draft force,
as opposed to the mouldboard assembly.
Consequently, wider furrow widths can enhance
operational efficiency.

However, on clay soil types, wide furrow
widths may yield rough surface finishes, necessitating
additional secondary cultivation to prepare suitable
seedbeds, offsetting primary tillage efficiency gains.
Moreover, furrow deviations across fields,
corresponding to soil strength variations, may not
meet end-user standards. Nevertheless, when
integrated with other tractor and implement
subsystem responses as part of a holistic control
system, this technique may offer some advantages.

Limitations of Hydraulic Depth and Draft Control

The effectiveness of such adjustments for
implement draft control is debatable, particularly
regarding the rate of response. Additionally, practical
limitations exist regarding the adjustment range,
typically falling within the range of 300-500 mm.

Benefits of Sensor-Based Depth Monitoring and
Control Systems

» Increased Accuracy: Sensors provide real-time
data on tillage depth, offering a more precise
picture compared to manual measurements or
visual estimates.

> Improved Efficiency: Continuous monitoring
eliminates the need for frequent manual checks,
allowing operators to focus on other tasks and
improve overall operational efficiency.

> Enhanced  Consistency: By  automatically
adjusting implement depth based on sensor
readings, the system ensures consistent tillage
depth across the field, regardless of terrain
variations.

> Data Collection and Analysis: Sensor data can
be logged and analyzed to identify areas with
depth inconsistencies and optimize tillage
practices for future operations.

Types of Sensors for Depth Monitoring Broadly
sensors are classified as:

Contact type sensors

Mechanical height control systems such as
gage wheels, skids and multiple trailing fingers are a
common part of many types of agricultural machinery.
The ground contacting elements of the systems were
subjected to excessive wear and damage during
turning.
Non-contact type sensors Ultrasonic and optical
sensors are often used in automation tasks to measure
distance, position changes, level measurement, such as
presence detectors or in special applications, for
example, when measuring the purity of transparent
material. They are based on the principle of measuring
the propagation time of ultrasonic waves. This
principle ensures reliable detection is independent of
the color rendering of the object or to the design and
the type of its surface. It is possible to reliably detect
even such materials as liquids, bulk materials,
transparent objects, glass etc. Another argument for
their use is them using in aggressive environments,
not very great sensitivity to dirt and also the
possibility of measuring a distance. These were
manufactured in many mechanical designs. For
laboratory wuse, the simple housing used for
transmitter and receiver separately or in a single
housing, for industrial use are often constructed
robust metal housing. Some types allow you to adjust
the sensitivity using a potentiometer or digitally. Also,
the output may be in the unified version or the analog
signal directly in digital form. In the case of sensors
that can be connected via the communication interface
to the PC, it is possible to set detailed parameters of all
the sensor's operating range and measured distances.
In agricultural applications, ultrasonic techniques
have been widely used for non-contact sensing.

Position Sensors: These sensors, like GPS or wheel
encoders, track the position of the implement relative
to a reference point, indirectly indicating tillage depth
through implement travel distance.
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Depth Wheels: Depth wheels physically ride on the
untilled soil surface, and their position relative to the
implement frame provides a direct measurement of
tillage depth.

Ultrasonic Sensors: These non-contact sensors emit
sound waves and measure the time it takes for the
echo to return from the soil surface, calculating tillage
depth based on the travel time.

Optical sensors: Optical sensor can be divided into
two types. Time-of-flight sensors determine the
distance to an object by measuring the time of flight of
a light beam. They cannot be used for short distance
measurements, since the speed of light is too great,
and the distance too small, to make an accurate
measurement. The second type of optical sensors is
based on triangulation. These optical sensors consist of
three main units: a light source, a lens and a
photosensitive electronic component. The light source
is mostly an LED or laser that generally emits light in
the red or the infrared light range of the
electromagnetic spectrum. The lens focuses the
reflected light on the PEC. The PEC can be a linear
position sensitive detector (PSD), a linear charge
coupled device (CCD) a linear photodiode array
(PDA).

Control Systems and Automation

The sensor data is processed by a control unit
that compares it to a pre-programmed target depth. If
a discrepancy arises, the control unit can activate
various mechanisms to adjust implement depth:

e Hydraulic Adjustments: In hydraulic systems,
the control unit sends signals to adjust the
position of hydraulic cylinders, thereby raising or
lowering the tillage implement.

o Electric Actuators: Electric actuators offer precise

control over implement depth adjustments by
responding to control unit signals.

Conclusion: The integration of tractor-implement
control systems aims to automate coordination
between tractor and implement control subsystems,
leading to enhanced operational efficiency, improved
work quality, and reduced driver workload and
fatigue. Precise working depth control of tillage
implements offers immediate economic benefits by
minimizing energy wastage and potentially increasing
productivity by  10-15%. Moreover, uniform
cultivation depth promotes consistent plant root
development, enhancing crop utilization of soil water
and nutrients. Achieving successful working depth
control requires reliable and accurate tillage depth
measurement, with non-contact sensors showing
promise despite ongoing refinement needs. Current
hitch control systems adjust implement working
depth to mitigate variations in implement draft force
resulting from changes in soil strength, contributing to
consistent performance across varying soil conditions.
In summary, the benefits of working depth control
extend beyond operational efficiency to encompass
economic savings and improved crop utilization,
highlighting its significance in modern agricultural
practices.

The Future of Sensor-Based Depth Monitoring and
Control

Sensor-based depth monitoring and control
systems are poised to play an increasingly important
role in precision agriculture. As sensor technology
continues to evolve and become more affordable,
these systems will likely become more widely adopted
by farmers of all scales. Integration with other
precision agriculture technologies, like variable rate
application systems, can further optimize resource use
and crop production. By ensuring consistent and
precise tillage depth, sensor-based systems contribute
to improved agricultural sustainability, efficiency, and
crop yields.
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