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Understanding the distinction between the desired value of a variable and the controlled (actual)
value is fundamental in fields such as engineering, automation, process control, and data analysis.
These concepts are key to designing effective control systems, optimizing processes, and ensuring
that systems operate within specified parameters. This article explores these terms
comprehensively, explaining their definitions, significance, differences, and how they relate to
control systems and process management.

---

Defining the Desired Value and the Controlled (Actual)
Value

What Is the Desired Value?
The desired value, often referred to as the setpoint or target value, is the ideal or intended value
that a system or process aims to achieve. It is a predetermined parameter set by engineers,
operators, or control algorithms to guide the system toward optimal or safe operation.

Characteristics of the Desired Value:
- It is a specific numerical target.
- It is established based on process requirements, safety standards, or operational goals.
- It functions as a benchmark for system performance.
- It can be adjusted depending on changing conditions or objectives.

Examples of Desired Values:
- Maintaining room temperature at 22°C in a climate control system.
- Achieving a flow rate of 100 liters per minute in a chemical process.
- Setting a motor speed to 1500 RPM in manufacturing equipment.
- Targeting a specific pH level in water treatment.

What Is the Controlled (Actual) Value?
The controlled or actual value is the current, real-time measurement of a variable within a system. It
reflects the system’s present state and is obtained through sensors, instruments, or measurement
devices.



Characteristics of the Controlled (Actual) Value:
- It is a real-time or near-real-time data point.
- It can fluctuate due to disturbances, system dynamics, or external factors.
- It serves as feedback for the control system to evaluate performance.
- It may differ from the desired value due to various influences.

Examples of Controlled (Actual) Values:
- The current room temperature measured by a thermostat sensor.
- The actual flow rate recorded by a flow meter.
- The real motor speed measured by an encoder.
- The pH level detected by an online sensor.

---

The Significance of Understanding the Difference

Grasping the difference between these two values is essential for effective control and system
management. It enables:

- Precise regulation of variables to meet operational goals.
- Detection of deviations from desired performance.
- Implementation of corrective actions through feedback control.
- Optimization of processes to enhance efficiency and safety.

In control systems, the discrepancy between the desired and actual values is used to generate
control signals that adjust system inputs, ensuring the process remains within acceptable limits.

---

Key Differences Between Desired and Controlled Values

Understanding their distinctions helps in designing and troubleshooting control systems. The
following table summarizes the key differences:

| Aspect | Desired Value | Controlled (Actual) Value |
|---------|----------------|----------------------------|
| Definition | Target or setpoint | Real-time measurement |
| Nature | Planned, set beforehand | Observed, current state |
| Source | Operator input or control algorithm | Sensors or measurement devices |
| Role | Guides system behavior | Monitors system performance |
| Variability | Usually fixed or adjustable | Fluctuates due to disturbances |
| Objective | Achieve and maintain | Reflect current system status |

---



How Control Systems Use These Values

Feedback Control Loop
Most control systems operate based on a feedback loop that continuously compares the desired
value with the controlled value. The main components include:

- Setpoint (Desired Value): The target to be achieved.
- Sensor (Measuring Device): Provides the actual value.
- Controller: Compares the actual value with the desired value and computes the necessary
correction.
- Actuator: Implements adjustments to bring the actual value closer to the desired value.

Flow of Control:
1. The sensor measures the current state (actual value).
2. The controller compares it with the setpoint.
3. If there's a discrepancy (error), it generates a control signal.
4. The actuator adjusts the process input accordingly.
5. The cycle repeats, maintaining the variable close to the desired value.

Importance of Minimizing the Error
The difference or error (desired value minus actual value) is central in control theory. The goal is to
minimize this error over time, ideally eliminating it, which indicates perfect control.

---

Real-World Examples Illustrating the Difference

Example 1: Temperature Control in a Heating System
- Desired Value: 22°C
- Actual Value: 21.5°C (measured by a thermostat)
- Context: The control system activates the heater to increase temperature. As the actual
temperature approaches 22°C, the heater reduces its output to maintain the setpoint.

Example 2: Speed Regulation in a Motor
- Desired Value: 1500 RPM
- Actual Value: 1470 RPM (measured by an encoder)
- Context: The motor driver adjusts power to reach and sustain the target speed, compensating for
load changes.

Example 3: pH Level in Water Treatment
- Desired Value: pH 7.0
- Actual Value: pH 6.8 (measured by sensors)
- Context: Chemical dosing is adjusted to neutralize acidity and stabilize pH at the setpoint.



---

Factors Affecting the Difference Between Desired and
Actual Values

Several factors can cause a divergence between desired and controlled values:

- System Disturbances: External influences like ambient temperature, pressure changes, or load
variations.
- Sensor Inaccuracy: Faulty or imprecise measurements leading to incorrect feedback.
- Control System Limitations: Delays, bandwidth constraints, or inadequate control algorithms.
- Process Dynamics: Inherent lag or inertia in the system that delays response.
- Operator Errors: Incorrect setpoints or manual adjustments.

Understanding these factors helps in designing robust control systems capable of maintaining
desired values despite disturbances.

---

Measuring and Analyzing the Discrepancy

Error Calculation
The core of control systems is computing the error:

Error (e):
e(t) = Desired Value (Setpoint) - Actual Value

This error guides the control algorithm in making adjustments.

Techniques for Analyzing Discrepancies
- Proportional Control: Corrects based on current error.
- Integral Control: Corrects based on the accumulation of past errors.
- Derivative Control: Anticipates future errors based on the rate of change.

Tools and Methods
- Control charts
- PID tuning
- Data logging and trend analysis
- Alarm systems for deviations

---



Conclusion: The Interplay Between Desired and Actual
Values

The difference between the desired value of a variable and its controlled (actual) value is a
fundamental concept in control engineering and process management. While the desired value
defines the target, the actual value reflects the current state, and the gap between them indicates
the system's performance and effectiveness of control strategies.

Effective control systems strive to minimize this difference, ensuring processes operate efficiently,
safely, and within specified parameters. Recognizing the significance of both values enables
engineers and operators to design better systems, troubleshoot issues promptly, and optimize
overall performance.

By continuously monitoring and adjusting based on the comparison of these two values,
organizations can achieve higher levels of precision, safety, and operational excellence in various
applications—from manufacturing and HVAC systems to chemical processing and beyond.

---
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Frequently Asked Questions

What is the difference between the desired value and the
controlled (actual) value of a variable?
The desired value is the target or setpoint that a system aims to achieve, while the controlled
(actual) value is the real-time measurement of the variable, which may differ from the desired value
due to system dynamics or disturbances.

Why is it important to distinguish between the desired and
actual values in control systems?
Distinguishing between them helps in designing effective controllers that minimize the difference
(error) between the desired and actual values, ensuring the system operates as intended.

How does the difference between desired and actual values
affect system performance?
A large difference indicates poor control or disturbances, leading to inefficient or unstable system
performance, whereas a small difference signifies accurate control and stability.



What role does feedback play in aligning the actual value with
the desired value?
Feedback provides real-time information about the actual value, allowing the control system to
adjust inputs and reduce the error, thus aligning the actual value with the desired value.

Can the desired value be changed during system operation?
Yes, the desired value can be dynamically adjusted during operation to accommodate changing
requirements or conditions, which the control system then strives to achieve.

What are common reasons for a persistent difference between
desired and actual values?
Common reasons include system disturbances, sensor inaccuracies, inadequate controller tuning, or
actuator limitations that prevent the system from reaching the desired setpoint.

How can engineers minimize the gap between the desired and
actual values?
Engineers can improve system performance by tuning controllers, reducing disturbances, using
accurate sensors, and designing robust control algorithms to better track the desired values.

Additional Resources
Difference Between the Desired Value of a Variable and the Controlled (Actual) Value: An In-Depth
Analysis

Understanding the distinction between the desired value and the controlled (actual) value of a
variable is fundamental across multiple disciplines, including engineering, automation, quality
control, and even everyday problem-solving. These concepts underpin how systems are designed,
monitored, and optimized to achieve specific objectives effectively. This comprehensive review aims
to clarify these terms, explore their differences, and examine their significance in various contexts.

---

Defining the Key Terms

Before delving into the differences, it is essential to clearly define what is meant by desired value
and controlled (actual) value.

What Is the Desired Value?



The desired value, also often referred to as the set point, target value, or nominal value, represents
the optimal or intended state of a variable as specified by a system's design, operator, or control
strategy.

- Characteristics:
- It is a predefined benchmark.
- It reflects the goal or objective of the system.
- It may be determined based on performance standards, safety margins, or user requirements.
- It remains constant unless system parameters or operational goals change.

- Examples:
- The temperature set point in a thermostat (e.g., 22°C).
- The desired speed of a conveyor belt (e.g., 1.5 meters per second).
- The target blood glucose level in a medical device (e.g., 100 mg/dL).

What Is the Controlled (Actual) Value?

The controlled (actual) value (also called the measured value or real-time value) refers to the
current, real-world measurement of the variable within a system.

- Characteristics:
- It is obtained through sensors, instruments, or direct observation.
- It fluctuates due to inherent system dynamics, disturbances, and external factors.
- It provides feedback essential for control and decision-making.
- It may lag or deviate from the desired value due to various reasons.

- Examples:
- The current room temperature as measured by a thermostat sensor.
- The actual speed of a motor as detected by a tachometer.
- The real-time blood glucose level recorded by a glucose sensor.

---

Understanding the Fundamental Difference

The core distinction between the desired value and the controlled (actual) value lies in their roles
within a control system or process:

| Aspect | Desired Value | Controlled (Actual) Value |
|---------|----------------|---------------------------|
| Definition | The target or set point the system aims to achieve | The current measured state of the
variable |
| Nature | Prescribed, static or dynamic based on objectives | Dynamic, variable, and subject to
fluctuations |
| Role | Serves as a reference for regulation | Provides feedback for control action |
| Source | Defined by system design, operator, or control logic | Obtained through sensors or
measurements |



In essence, the desired value sets the goal, while the controlled value indicates where the system
currently stands relative to that goal.

---

Why Is The Difference Important?

The difference between these two values has significant implications for system performance,
stability, safety, and efficiency.

1. Feedback and Control

Most modern systems employ feedback control mechanisms. These systems continuously compare
the controlled value to the desired value and adjust their outputs accordingly.

- Error Calculation:
The difference between the desired and actual value is called the error:

\[
\text{Error} = \text{Desired Value} - \text{Controlled (Actual) Value}
\]

- Control Actions:
Based on this error, controllers (like PID controllers) generate signals to reduce the discrepancy,
steering the system toward the desired value.

2. System Stability and Performance

- Minimal Difference:
Achieving minimal deviation ensures stable and optimal operation.
- Excessive Difference:
Large discrepancies can lead to system instability, inefficiency, or damage.

3. Quality and Consistency

- Maintaining the controlled value close to the desired value ensures consistent product quality,
safety, and customer satisfaction.

4. Energy and Resource Efficiency

- Reducing the gap minimizes unnecessary energy consumption or resource utilization caused by
overcorrection or excessive control actions.

---



Factors Influencing the Difference

Various factors determine how closely the controlled value aligns with the desired value:

1. System Dynamics and Response Time
- Systems with slow response times may exhibit persistent differences (steady-state error).
- Fast-responding systems usually minimize the gap more effectively.

2. External Disturbances
- External factors like environmental changes, load variations, or unexpected inputs can cause
deviations.

3. Sensor Accuracy and Reliability
- Faulty or imprecise sensors contribute to measurement errors, affecting the perceived controlled
value.

4. Control Strategy and Tuning
- Properly tuned controllers (e.g., PID parameters) can significantly reduce the difference.
- Poor tuning results in overshoot, oscillations, or sustained errors.

5. System Constraints and Limitations
- Physical or operational limits may prevent the controlled value from reaching the desired value
exactly.

---

Examples in Practice

To better understand the distinction, consider these real-world examples:

Example 1: Temperature Control in a Heating System

- Desired Value:
22°C (set point programmed into the thermostat).

- Controlled Value:
The actual temperature measured by the sensor, say 21.5°C initially, rising to 22.2°C after heating.



- Observation:
The system detects the temperature is below the desired value, activates the heater, and eventually
stabilizes around the set point, with minor fluctuations.

Example 2: Speed Regulation in an Electric Motor

- Desired Value:
1500 RPM (set point for manufacturing process).

- Controlled Value:
The real-time RPM reading might be 1480 RPM due to load variations or system inertia.

- Observation:
The control system adjusts power input to bring the actual speed closer to 1500 RPM.

Example 3: Medical Device Monitoring Blood Glucose

- Desired Value:
100 mg/dL (target blood glucose level).

- Controlled Value:
The current measured level might be 130 mg/dL after a meal.

- Implication:
The device might activate insulin delivery to bring levels down closer to the desired value.

---

Measurement and Control Systems: How They Interact

Understanding the interaction between desired and controlled values is crucial for effective system
design.

1. Sensors and Measurement

- Purpose:
To provide real-time data on the controlled variable.

- Limitations:
Sensor inaccuracies, response delays, and noise can cause discrepancies.

2. Controllers and Algorithms

- Function:
To compare the measured value with the desired value and generate control signals.

- Types:
- Proportional (P) controllers
- Integral (I) controllers



- Derivative (D) controllers
- PID controllers (combination of P, I, D)

- Goal:
Minimize the error over time.

3. Actuators and Final Control Elements

- Role:
To adjust the process based on control signals, influencing the controlled variable.

---

Dealing with Deviations: Strategies and Techniques

Achieving a controlled value that matches the desired value perfectly is often impractical due to
real-world constraints. Hence, the focus is on minimizing the difference.

1. Tuning Control Parameters

- Proper tuning of controllers (e.g., PID parameters) reduces overshoot, oscillations, and steady-state
error.

2. Feedforward Control

- Incorporates predictive adjustments based on known disturbances, aiming to reduce the gap before
it occurs.

3. Calibration and Maintenance

- Regular calibration of sensors and control devices ensures measurement accuracy.

4. Adaptive Control Strategies

- Systems that adjust control parameters dynamically to cope with changing conditions.

5. Use of Filters and Signal Processing

- To reduce measurement noise and improve the fidelity of the controlled value.

---

Implications in Different Fields

The significance of the difference between desired and controlled values varies across disciplines:



Engineering and Automation

- Ensuring system stability, safety, and efficiency.
- Designing robust control algorithms to handle disturbances.

Manufacturing

- Maintaining product quality by strict adherence to target specifications.

Healthcare

- Precise regulation of vital parameters like blood glucose, blood pressure, or oxygen levels.

Environmental Control

- Managing pollution levels, climate control, or resource consumption.

Economics and Business

- Setting financial or operational targets versus actual performance metrics.

---

Conclusion

The difference between the desired value of a variable and its controlled (actual) value is a
fundamental concept that underpins effective system management across diverse fields. Recognizing
this distinction helps in designing better control strategies, optimizing performance, and ensuring
safety and quality. While the desired value serves as the goal, the controlled value reflects the
current state, and the ongoing effort is to minimize their discrepancy through feedback,
measurement, and adjustment.

Achieving close alignment between these two values requires
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