
Given Unit Feedback Topplogy:With
Transfer Function:a)Given PD
Controller:i. What Zero Value (z&gt;0)

Understanding Given Unit Feedback Topology with
Transfer Function and PD Controller

Given Unit Feedback Topology:With Transfer Function:a)Given PD Controller:i.
What Zero Value (z>0) is a fundamental question in control system design,
particularly when analyzing the effects of proportional-derivative (PD)
controllers in feedback systems. This article delves into the intricacies of
this topology, explaining how the zero value impacts system behavior, how to
determine the zero location, and its significance in control system stability
and performance.

Overview of Unit Feedback Topology

What is a Unit Feedback System?
A unit feedback system is a closed-loop control system where the output is
fed back directly (without any scaling or alteration) to compare with the
input. This setup helps maintain the desired output despite disturbances or
system uncertainties.

Advantages:

Improved stability

Enhanced accuracy

Robust disturbance rejection

Components:

Plant (G(s))

Controller (C(s))



Feedback path (unity feedback)

The Basic Feedback Loop Representation
The typical block diagram features the plant and controller connected in a
loop with a feedback path that measures the output and feeds it back to the
summing junction. The goal is to control the output to follow a reference
input accurately.

Transfer Function of the System with PD
Controller

What is a PD Controller?
A PD (Proportional-Derivative) controller combines two actions:

Proportional action (P): proportional to the error signal1.

Derivative action (D): proportional to the rate of change of error2.

The transfer function of a PD controller is generally expressed as:

C(s) = Kp + Kd  s

where:

Kp = proportional gain

Kd = derivative gain

System Transfer Function with PD Controller
In a typical unity feedback system with plant G(s), the open-loop transfer
function incorporating a PD controller is:

OL(s) = C(s)  G(s) = (Kp + Kd  s)  G(s)

The closed-loop transfer function is then:



 T(s) = \frac{OL(s)}{1 + OL(s)} = \frac{(Kp + Kd  s)  G(s)}{1 + (Kp + Kd  s)
G(s)}

Understanding Zero in the Transfer Function

Definition of Zero in Transfer Function
A zero of a transfer function is a value of s (complex frequency) that makes
the numerator zero. It influences the transient response characteristics,
such as overshoot, settling time, and stability margins.

Zero Location and Its Significance

Zeros located in the right-half s-plane (z > 0) are called non-minimum
phase zeros and can cause inverse response or initial overshoot.

Zeros in the left-half s-plane (z < 0) are minimum phase zeros and
generally contribute to stable and predictable system response.

Zero Value (z > 0) in PD Controller:
Explanation and Implications

What Does Zero Zero (z > 0) Mean?
In the context of PD controllers, the zero refers to the root of the
numerator of the transfer function. For PD controllers, the transfer function
can be written as:

C(s) = Kp + Kd  s = Kd  (s + z)

where z = Kp / Kd

Zero Location: Zero Greater Than Zero (z > 0)
When z > 0, the zero is located in the right-half of the s-plane. This has
notable effects on system behavior:

Introduces a zero at s = -z, which is in the right-half plane (since z >



0)

Creates a non-minimum phase system response

Potentially causes initial inverse response or overshoot

Can improve phase margin and transient response if properly tuned

Impacts of Zero Zero (z > 0) on System Performance

Transient Response: The zero can accelerate the system response,
reducing rise time.

Overshoot and Undershoot: Non-minimum phase zeros may cause initial
undershoot or overshoot, requiring careful tuning.

Stability Margins: The presence of a zero in the right-half plane can
reduce stability margins if not properly managed.

Determining Zero Location in a PD Controller

Relation Between Zero and Controller Gains
The zero of the PD controller transfer function is given by:

z = \frac{Kp}{Kd}

To place the zero at a specific location (z > 0), adjust Kp and Kd
accordingly.

Design Considerations for Zero Placement

Choose Kp and Kd such that z is in the desired location relative to1.
system poles.

Ensure zero placement enhances transient response without compromising2.
stability.

Use root locus or Bode plot analysis to visualize the effects of zero3.
placement.



Design Strategies Involving Zero Placement

Trade-offs in Zero Placement

Placing zero too far to the right (large z) may cause non-minimum phase
behavior, leading to initial inverse response.

Placing zero too close to the origin (small z) may limit transient
response improvements.

Guidelines for Effective Zero Placement

Place zeros to improve transient response without inducing non-minimum1.
phase effects.

Balance between speed of response and stability margins.2.

Iteratively tune Kp and Kd based on system performance criteria and3.
simulation results.

Analyzing System with Zero at z > 0: Example

Example System Parameters

Plant G(s): 1 / (s + 1)

PD Controller: C(s) = Kp + Kd s

Zero location: z = 2 (for example)

Design Steps

Select Kp and Kd such that z = Kp / Kd = 21.



Calculate open-loop transfer function: OL(s) = (Kp + Kd s) G(s)2.

Analyze the root locus or Bode plot to assess stability and transient3.
response

Adjust gains to optimize response, considering the impact of the zero at4.
s = -2

Conclusion

The zero value (z > 0) in the transfer function of a PD controller within a
given unit feedback topology plays a crucial role in shaping the system's
transient response, stability margins, and overall performance. Proper
placement of the zero, which relates directly to the proportional and
derivative gains, requires careful analysis and tuning. By understanding the
implications of a zero in the right-half plane, control engineers can design
more effective controllers that meet specific response criteria while
maintaining system stability.

Summary of Key Points

A zero in the transfer function influences transient response and
stability.

In PD controllers, the zero location is given by z = Kp / Kd.

Zero zero (z > 0) introduces non-minimum phase behavior, affecting
initial response.

Proper zero placement enhances system performance when managed
carefully.

Design involves balancing transient response improvements with stability
considerations.

Understanding and controlling the zero location in PD controllers within unit
feedback topology is fundamental for achieving desired system dynamics.
Proper analysis, simulation, and tuning are essential steps in the control
system design process to ensure optimal performance without sacrificing
stability.



Frequently Asked Questions

Given a transfer function in a unit feedback
topology with a PD controller, how do you determine
the zero value (z > 0) in the controller?
The zero value z in a PD controller is typically chosen to improve system
response by shaping the transient behavior. It is selected based on desired
system characteristics such as phase margin, damping, and rise time.
Mathematically, the PD controller transfer function is often expressed as
C(s) = Kp + Kd s = Kp (1 + z / s), where z is the zero. To determine an
appropriate zero value, you analyze the open-loop transfer function and
placement of zeros to achieve the desired phase lead and system stability,
often using root locus or Bode plot techniques.

What is the significance of choosing a positive zero
(z > 0) in a PD controller for a unit feedback
system?
A positive zero (z > 0) in a PD controller introduces phase lead, which
enhances system stability and transient response. It helps to increase the
phase margin and reduce overshoot by advancing the phase of the open-loop
transfer function. Proper selection of z ensures the controlled system
responds quickly without becoming unstable.

How does the zero value (z > 0) affect the overall
transfer function of the system in a unit feedback
topology?
The zero value z adds a zero to the controller transfer function, which
modifies the overall open-loop transfer function by shifting its phase and
magnitude characteristics. This can lead to improved transient response and
stability margins. Specifically, a zero at z > 0 introduces phase lead at
frequencies around z, helping to counteract the phase lag from system poles.

Can you explain the relationship between the zero
value (z > 0) in a PD controller and system damping?
Yes, placing a zero at z > 0 in a PD controller increases the system damping
by providing phase lead, which helps to reduce overshoot and oscillations.
This results in a more critically damped or overdamped response, improving
system stability and transient performance.



What design considerations are involved in selecting
the zero value (z > 0) in a PD controller for a
given transfer function?
Design considerations include the desired transient response, stability
margins, and frequency response characteristics. The zero should be placed
strategically to provide adequate phase lead at the gain crossover frequency,
often near the bandwidth of the system. It should not be too large or too
small; typically, z is chosen based on system poles, desired rise time, and
damping ratio, using tools like Bode plots or root locus analysis.

How does the zero value (z > 0) influence the phase
margin and gain margin in a control system with a PD
controller?
A zero at z > 0 introduces phase lead, which increases the phase margin and
can enhance gain margin. This improves the robustness of the control system
against parameter variations and disturbances, leading to a more stable and
well-behaved transient response.

Additional Resources
Given Unit Feedback Topology: With Transfer Function — a Comprehensive Guide

Understanding the behavior of control systems is fundamental in designing
effective and stable controllers. When analyzing a system with a given unit
feedback topology involving a transfer function, one of the key aspects is
determining the characteristics of the controller used, such as a
Proportional-Derivative (PD) controller. A critical question often posed is:
"Given a PD controller, what zero value (z > 0) should be chosen?" This guide
aims to delve into this question thoroughly, providing insights into the
underlying principles, practical considerations, and mathematical
foundations.

---

Introduction to Unit Feedback Topology with Transfer Function

In control systems, the unit feedback topology is one of the most common
configurations. It involves a plant (or process) with a transfer function \(
G(s) \) and a controller \( C(s) \), connected such that the output \( Y(s)
\) is fed back directly to compare with the input reference \( R(s) \). The
overall system's behavior is characterized by the transfer function:

\[
T(s) = \frac{Y(s)}{R(s)} = \frac{C(s)G(s)}{1 + C(s)G(s)}
\]



This configuration simplifies analysis and design, allowing engineers to tune
controller parameters to achieve desired transient and steady-state
characteristics.

---

The Role of Transfer Function in Controller Design

The transfer function \( G(s) \) encapsulates the dynamics of the plant. When
designing a PD controller, the transfer function takes the form:

\[
C(s) = K_p + K_d s
\]

where:
- \( K_p \) is the proportional gain,
- \( K_d \) is the derivative gain.

In many cases, the controller is augmented with zeros to improve transient
response and stability margins. The placement of these zeros significantly
influences the system's overall behavior.

---

Understanding PD Controllers and Their Zero

What is a PD Controller?

A PD controller combines proportional control with derivative action,
effectively adding a zero to the system's transfer function. Its transfer
function is:

\[
C(s) = K_p + K_d s = K_d (s + z)
\]

where:

- \( z = \frac{K_p}{K_d} \) is the zero location.

Significance of Zero Placement

The zero \( z \) introduced by the PD controller determines how the system
responds dynamically:
- Zero location affects stability margins: Zeros closer to the origin have
different impacts compared to zeros farther away.
- Zero placement influences transient response: Properly chosen zeros can
improve overshoot, settling time, and damping.
- Zero must be positive (\( z > 0 \)): To ensure a physically realizable
controller, the zero's location should be positive, which aligns with the



typical definition of a PD controller.

---

The Question: "Given a PD Controller, What Zero Value (\( z > 0 \))?"

This question is central to control system tuning. Determining the
appropriate zero location involves balancing:
- Desired transient response,
- System stability,
- Robustness to disturbances and modeling uncertainties.

Let's explore how to approach this problem systematically.

---

Step-by-Step Guide to Determining Zero \( z \)

1. Identify System Specifications and Constraints

Before choosing \( z \), clarify the control objectives:
- Stability margins (gain margin, phase margin),
- Transient response (overshoot, settling time),
- Steady-state accuracy.

2. Analyze the Open-Loop Transfer Function

Given the plant \( G(s) \), analyze the open-loop transfer:

\[
L(s) = C(s) G(s) = K_d (s + z) G(s)
\]

Understanding how the zero affects the phase and magnitude at various
frequencies guides zero placement.

3. Use Root Locus or Frequency Response Methods

- Root locus plots help visualize how the closed-loop poles move as \( K_p \)
and \( K_d \) vary.
- Bode plots assist in understanding phase and gain margins, which are
influenced by zero location.

4. Apply Design Criteria

Based on the system requirements:
- To speed up response, choose a zero \( z \) that introduces phase lead at
the crossover frequency.
- To improve damping, position \( z \) to shift the dominant poles
appropriately.



5. Derive Zero Location Based on Desired Specifications

For example, if a specific phase margin or bandwidth is desired, you can
solve for \( z \) that achieves these criteria using frequency response
formulas.

---

Practical Considerations for Choosing \( z > 0 \)

Zero Location and System Performance

| Zero Location \( z \) | Effect on System Behavior | Typical Use Cases |
|-----------------------|---------------------------|-------------------|
| Small \( z \) (close to zero) | Slight phase lead, minimal transient
improvement | Fine-tuning or systems with already good transient response |
| Moderate \( z \) | Noticeable phase lead, improved transient response |
Standard control applications requiring moderate damping |
| Large \( z \) (far from zero) | Significant phase lead, potential for
faster response but risk of noise amplification | High-speed systems where
response speed is critical |

Constraints and Limitations

- Physical limitations: Zero placement should be realizable within actuator
bandwidths.
- Noise sensitivity: Excessively high derivatives (large \( z \)) can amplify
measurement noise.
- Robustness: Zeros far from the system's dominant poles can reduce
robustness.

---

Example: Determining \( z \) for a Given Plant

Suppose you're controlling a plant with transfer function:

\[
G(s) = \frac{1}{s(Ts + 1)}
\]

and your design specifications include:
- Settling time \( t_s \approx 2 \) seconds,
- Overshoot less than 10%,
- Adequate gain margin.

Step 1: Choose \( K_p \) and \( K_d \) based on initial estimates.

Step 2: Use frequency response to identify the phase margin at the crossover
frequency.



Step 3: Adjust \( z \) to introduce phase lead at that frequency, thereby
improving stability margins.

Step 4: Fine-tune \( z \) to balance transient response and robustness.

---

Summary and Recommendations

- The zero value \( z > 0 \) in a PD controller is a critical tuning
parameter that directly influences the system's transient response and
stability margins.
- Proper zero placement involves analyzing the plant dynamics, defining
control objectives, and applying frequency response or root locus methods.
- A zero too close to zero may provide minimal phase lead, while a zero
farther away can enhance speed but may introduce noise sensitivity and
robustness issues.
- It is often best to start with a zero placement that provides desired phase
lead at the crossover frequency, then refine based on simulation and
experimental results.

---

Final Thoughts

Designing an effective PD controller with the optimal zero placement requires
a combination of theoretical analysis and practical tuning. By understanding
how the zero \( z \) affects system dynamics, control engineers can better
tailor the system response to meet specific performance criteria. Whether in
industrial automation, robotics, or aerospace applications, mastering the art
of zero placement ensures robust and efficient control systems.

---

Remember: Always validate your zero placement choices with simulations and
real-world testing to account for model uncertainties and unanticipated
disturbances.
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