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The MC68HC11 microcontroller, a stalwart of embedded systems design for decades, offers a robust
platform for implementing sophisticated data acquisition and process control systems. Its cost-
effectiveness, relatively simple architecture, and extensive peripheral capabilities make it an
excellent choice for a wide range of applications, from simple temperature monitoring to more complex
industrial automation tasks. This article delves into the intricacies of leveraging the MC68HC11 for
these crucial functions, exploring key aspects of its functionality and providing practical
implementation strategies.

Understanding Data Acquisition with the MC68HC11

Data acquisition, a core component of any process control system, involves the sensing, conversion,
and storage of real-world data. The MC68HC11l facilitates this through its diverse array of
peripherals, specifically focusing on analog-to-digital conversion (ADC) and input/output (I/0)
capabilities.

### Analog-to-Digital Conversion (ADC) in the MC68HC1ll1

The built-in ADC in the MC68HC11 is crucial for acquiring analog signals from sensors such as
thermocouples, pressure transducers, and potentiometers. This conversion of continuous analog signals
into discrete digital values is fundamental for processing and interpretation by the microcontroller.
Understanding the resolution, sampling rate, and conversion time of the ADC is crucial for proper
system design. For instance, a high-resolution ADC is essential for applications requiring precise
measurements, while a faster sampling rate is necessary for monitoring rapidly changing signals.
Proper calibration and error correction are also crucial aspects of effective ADC usage in data
acquisition systems.

### Input/Output (I/0) Management for Data Acquisition

Beyond the ADC, the MC68HC11l's numerous I/0 pins provide versatile interfaces for connecting various
sensors and actuators. These pins can be configured as digital inputs to receive signals from sensors
or as digital outputs to control actuators. Careful consideration of the I/0 pin configuration,
including pull-up/pull-down resistors and external circuitry, 1is necessary to ensure reliable
operation. The MC68HC11l's interrupt capabilities also play a vital role, allowing the microcontroller
to respond promptly to events like sensor readings exceeding a threshold.

Implementing Process Control with the MC68HC11

Process control involves manipulating a system to maintain its output at a desired setpoint. The
MC68HC11's processing power and peripheral capabilities allow for the implementation of various
control algorithms.

### Control Algorithms and the MC68HC1l1

Implementing process control with the MC68HC11 typically involves employing control algorithms like
Proportional-Integral-Derivative (PID) control. These algorithms continuously compare the measured
process variable (acquired via data acquisition) to the desired setpoint and adjust control outputs
accordingly to minimize the error. Implementing these algorithms efficiently within the limited
resources of the MC68HC11l often requires careful code optimization and the strategic use of look-up
tables to reduce processing overhead.

### Peripheral Usage in Process Control

The MC68HC11’s timers and pulse width modulation (PWM) capabilities are particularly valuable for
process control applications. Timers can be used for precise timing of control actions and data
acquisition, while PWM is crucial for controlling the speed of motors or the intensity of heating
elements, ensuring smooth and precise control. Proper selection and configuration of these
peripherals are essential for achieving optimal system performance.

Practical Applications and Examples

The MC68HC11’s versatility shines in various applications. Consider a temperature control system for
an incubator: A temperature sensor provides analog input to the MC68HC11l’s ADC. The microcontroller
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then uses a PID algorithm to adjust the output of a heating element (controlled via PWM) to maintain

a precise temperature. Similarly, it can be used in simple motor control systems, where the MC68HC11

monitors sensor data to adjust motor speed or direction. These examples highlight the capabilities of
the MC68HC11 in real-time systems, a common use case for process control.

Advantages and Limitations of Using the MC68HC11

While the MC68HC11l is a powerful tool, it's essential to acknowledge its limitations:

Advantages:

Cost-effective: Relatively inexpensive, making it suitable for budget-constrained projects.
Well-documented: Abundant resources and support are available for this mature technology.
Relatively simple architecture: Easier to learn and program compared to more complex
microcontrollers.

Versatile peripherals: Offers a good selection of peripherals for various applications.

Limitations:

e Limited processing power: May not be suitable for highly demanding applications requiring
significant computational power.

e Limited memory: Memory capacity restricts the complexity of the algorithms and the size of the
data that can be stored.

e Obsolete technology: Newer microcontrollers offer superior performance and features.

Conclusion

The MC68HC11 microcontroller, despite its age, remains a viable option for a wide range of data
acquisition and process control tasks. Its straightforward architecture, cost-effectiveness, and
sufficient peripheral capabilities make it a valuable tool for educational purposes and simpler
industrial applications. While newer microcontrollers offer enhanced processing power and features,
the MC68HC11l provides a valuable learning platform and continues to be relevant in certain niche
applications where cost and simplicity are paramount. Understanding the nuances of its ADC, I/O0
management, and control algorithm implementation is key to successfully deploying it in such
projects.

Frequently Asked Questions (FAQ)

Ql: What programming languages are commonly used with the MC68HC11?

Al: Assembly language is often preferred for its fine-grained control over hardware resources,
especially crucial for real-time applications. However, higher-level languages like C can also be
used, especially with the aid of compilers and libraries that handle low-level interactions with the
hardware.

Q2: How can I handle interrupts efficiently in the MC68HC1l1l for data acquisition?

A2: The MC68HC11 features multiple interrupt vectors allowing for prioritized handling of various
events. Effective interrupt service routines (ISRs) should be concise to minimize interrupt latency.
Using flags to signal the main program about completed acquisitions within the ISR is a common
strategy.

Q3: What are the common challenges faced when implementing PID control on the MC68HC11?

A3: Challenges include balancing the PID gains to avoid oscillations or sluggish response, managing
limited processing power to implement the algorithm efficiently, and ensuring accurate real-time
sampling of sensor data.

Q4: How does the MC68HC1ll’s limited memory impact data acquisition and process control applications?

A4: Limited memory necessitates careful code optimization and data storage strategies. Circular
buffers or efficient data compression techniques may be necessary to handle large datasets in real-
time.

Q5: Can the MC68HC11l be used for wireless data acquisition?

A5: Yes, but it requires additional hardware components. You'd need to interface the MC68HC11 with a
suitable wireless transceiver module (like an RF module) to send the acquired data wirelessly to a
remote system.

Q6: What are some common debugging techniques for MC68HCll-based systems?

A6: Techniques include using an in-circuit emulator (ICE) for single-stepping and breakpointing,
employing LED indicators to monitor system status, using a logic analyzer to examine signal timing,
and utilizing serial communication to print debug messages.
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Q7: What are the safety considerations when working with MC68HCll-based process control systems?

A7: Safety hinges on robust error handling, including checking sensor inputs for validity,
implementing fail-safes, and ensuring proper isolation of the microcontroller from potentially
hazardous circuits. Appropriate safety regulations relevant to the application must always be
followed.

Q8: What are some alternative microcontrollers that offer similar functionalities but with enhanced
capabilities?

A8: Modern microcontrollers like those from the AVR, ARM Cortex-M, and STM32 families offer
significantly higher processing power, more memory, and a broader range of peripherals, making them
suitable alternatives for more demanding applications.

Data Acquisition and Process Control with the MC68HC11
Microcontroller: A Deep Dive

The MC68HC11 microcontroller, a venerable member of the Motorola 8-bit lineage, remains a relevant
platform for learning and implementing embedded systems designs. Its simplicity coupled with a rich
feature set makes it an ideal choice for understanding fundamental concepts in data acquisition and
process control. This article will explore the capabilities of the MC68HC11l in these areas, providing
a applied guide for both beginners and veteran engineers.

Data Acquisition with the MC68HC11:

Data acquisition, the process of sampling analog signals and converting them into a digital format
interpretable by the microcontroller, forms the foundation of many embedded systems. The MC68HC11
facilitates this through its onboard Analog-to-Digital Converter (ADC). This ADC allows the
microcontroller to read voltage levels from various transducers, such as temperature sensors,
pressure sensors, or potentiometers.

The MC68HC11's ADC typically features multiple channels, allowing simultaneous or sequential
acquisition of data from different sources. The accuracy of the ADC, often 8-bits, determines the
fidelity of the conversion. Properly adjusting the ADC's parameters, such as the acquisition rate and
the voltage reference, is crucial for obtaining precise measurements.

A key aspect of data acquisition is handling interference. Techniques such as smoothing can
significantly improve the quality of the acquired data. These techniques can be implemented in
firmware using the MC68HC1l's arithmetic capabilities.

Process Control with the MC68HC11:

Process control involves regulating a mechanical process based on data from sensors. The MC68HC11 can
be used to implement various control algorithms, ranging from simple on-off control to more advanced
Proportional-Integral-Derivative (PID) control.

A simple example is controlling the temperature of an oven. A temperature sensor provides data to the
MC68HC11. The microcontroller then compares this measurement to a setpoint and adjusts a heating
element accordingly. If the temperature is below the setpoint, the heating element is turned on; if
it's above, the element is turned off. This is a basic on-off control strategy.

For more precise control, PID control can be implemented. PID control considers not only the current
error (difference between the setpoint and the actual value) but also the integral of the error
(accumulated error) and the derivative of the error (rate of change of error). This blend allows for
better stability and minimizes oscillations. Implementing a PID controller on the MC68HC1l requires
careful tuning of the derivative gain parameters to adjust the control system's response.

Practical Implementation Strategies:
Implementing data acquisition and process control with the MC68HC11 involves several steps:

1. Hardware Design: Select appropriate sensors, linking them to the MC68HC11 through appropriate
circuitry. Consider signal conditioning for proper operation.

2. Software Development: Write the microcontroller program using assembly language or a higher-level
language like C. This firmware will handle ADC setup, data acquisition, control algorithms, and
communication with other components.

3. Debugging and Testing: Thoroughly test the system to verify accurate data acquisition and proper
control functionality. Use debugging tools to identify and fix any errors.

4. Calibration: Calibrate the system to account for for any deviations in sensor measurements.

Conclusion:
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The MC68HC11, despite its age, remains a useful tool for understanding and implementing embedded
systems for data acquisition and process control. Its relative ease of use makes it an perfect
platform for learning fundamental concepts. While more advanced microcontrollers exist, the MC68HC11
offers a effective and approachable path to gaining practical experience in this crucial field.

Frequently Asked Questions (FAQ):
1. Q: What are the limitations of using the MC68HC1l1l for data acquisition and process control?

A: The MC68HC1l1l's 8-bit architecture and limited processing power restrict its capabilities compared
to modern 32-bit microcontrollers. Its ADC resolution may also be insufficient for high-precision
applications.

2. Q: What development tools are needed to program the MC68HC11?

A: You'll need a suitable programmer (e.g., a other suitable programmer), development software (e.g.,
a IDE with build tools), and potentially an emulator or debugger.

3. Q: Can I use high-level languages like C to program the MC68HC11?

A: Yes, C compilers for the MC68HC11l are available, allowing for more structured and easier-to-
maintain code than assembly language.

4. Q: Are there any online resources for learning more about the MC68HC11?

A: Yes, many online forums, tutorials, and datasheets provide valuable information and support for
MC68HC11 development. Searching for "MC68HC11 tutorials" or "MC68HC1l datasheets" will yield numerous
results.

https://www.aredn.org/285V7328Q7/534V93Q/TEXT/action research-in healthcare.pdf
https://www.aredn.org/hb132609/8H1B849502180931/PPT/ship automation for-marine ' .pdf

https://www.aredn.org/8317F5M/3633F4M247/PUB/honeywell tpe 331 manuals.pdf
https://www.aredn.org/Z6143K3/130926/EPDF/cbr-1000f manual.pdf
https://www.aredn.org/bk/935K68B345260913/EBOOK/uprights-my-season as _a_rookie christian mentor and
_kicking coach for cardinal gibbons high school.pdf
https://www.aredn.org/180931/74590CQ/PLAY/toa da_ 250 _user guide.pdf
https://www.aredn.org/180931/749E0Q1F/EPUB/saeco magic-service manual.pdf
https://www.aredn.org/180931/70485JM/TXT/economics of social issues-the mcgraw hill economics _se

https://www.aredn.org/69U83K4/60U31K1555/MD/new _holland-648-operators manual.pdf

Data Acquisition And Process Control With The Mc68hcll Micro Controller
4


https://www.aredn.org/94693M877A/82233MA/PAGE/action_research__in__healthcare.pdf
https://www.aredn.org/bs132609/859278BS35180931/TXT/ship__automation__for__marine__engineers.pdf
https://www.aredn.org/ir132609/706IR21538180931/EPUB/honeywell__tpe_331-manuals.pdf
https://www.aredn.org/wd132609/8418DW4352180931/PLAY/cbr__1000f_manual.pdf
https://www.aredn.org/43128PZ/180931130926/EPDF/uprights_my-season_as_a_rookie_christian-mentor-and_kicking-coach__for_cardinal__gibbons__high_school.pdf
https://www.aredn.org/43128PZ/180931130926/EPDF/uprights_my-season_as_a_rookie_christian-mentor-and_kicking-coach__for_cardinal__gibbons__high_school.pdf
https://www.aredn.org/xu132609/30576U39X1180931/EPUB/toa_da-250-user_guide.pdf
https://www.aredn.org/2J4O697/8J7O733104/EBOOK/saeco_magic__service__manual.pdf
https://www.aredn.org/97667QD/861381Q6D1/PUB/economics__of-social_issues-the-mcgraw-hill__economics-series.pdf
https://www.aredn.org/97667QD/861381Q6D1/PUB/economics__of-social_issues-the-mcgraw-hill__economics-series.pdf
https://www.aredn.org/uu/9U8369U/EPDF/general_organic_and-biological_chemistry__6th_edition_stoker.pdf
https://www.aredn.org/uu/9U8369U/EPDF/general_organic_and-biological_chemistry__6th_edition_stoker.pdf
https://www.aredn.org/kc/6C283K8713260913/DOC/new_holland_648__operators_manual.pdf

