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Section A: The 10 Core Topics Overview

1. Sampling & The Nyquist-Shannon Theorem

Summary: The mathematical bridge that allows continuous real-world analog signals (like sound) to be
converted into discrete digital numbers without losing information.

Engineering Example: Setting the audio sampling rate of a high-fidelity studio microphone to 44.1 kHz to
perfectly capture human hearing limits up to 20 kHz.

Analogy: Flipbook Animation. If you draw a cartoon running across the pages, you must draw a minimum
number of frames per second. If you draw too few frames, the motion looks choppy, broken, and unreadable.

2. Discrete Fourier Transform (DFT) & FFT

Summary: An algorithm that converts digital signals from the time domain (how it changes over time) into the
frequency domain (what notes or pitches make it up).

Engineering Example: Programming a Fast Fourier Transform (FFT) into a smartphone mic app to show a
real-time audio spectrum analyzer visual.

Analogy: Deconstructing a Smoothie. If you drink a mixed fruit smoothie, the time domain is the single blended
taste. The Fourier Transform acts like a machine that separates the smoothie back into piles of strawberries,
bananas, and blueberries.

3. Digital Filter Design (FIR & IIR)

Summary: Mathematical algorithms implemented in software or hardware to remove unwanted noise, smooth
out data, or isolate specific signal bands.

Engineering Example: Designing a Finite Impulse Response (FIR) low-pass filter to clean up raw electrical
noise coming from an ECG heart monitor patch.

Analogy: A Water Purifier Filter. Raw river water contains sand, mud, and chemicals. Passing it through a
physical charcoal filter leaves you with perfectly clean, pure drinking water.
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4. Microcontroller Architecture & Peripherals

Summary: The structural blueprint of a single-chip computer, including its CPU core, memory blocks, and
built-in hardware engines like timers and communication modules.

Engineering Example: Utilizing an ARM Cortex-M microcontroller to coordinate data pipelines between an
on-board temperature sensor and a flash memory chip.

Analogy: An Office Workstation. The CPU is the worker at the desk. RAM is the desktop space where
paperwork is actively held, and built-in peripherals are the office phone, printer, and calculator right next to
them.

5. Embedded C & Memory Management

Summary: The specialized programming techniques used to write highly optimized, deterministic software
code that interacts directly with low-level hardware registers and limited memory.

Engineering Example: Writing low-level driver code in Embedded C to map sensor register bits directly into a
microscopic microcontroller RAM partition.

Analogy: Packing a Backpack for a Hike. You have a strictly limited volume of space. You cannot pack heavy
luxury items; you must optimize every square centimeter with exact, highly essential tools.

6. Analog-to-Digital (ADC) & Digital-to-Analog (DAC) Conversion

Summary: The hardware interfaces that translate physical voltages into digital binary bits (ADC) and recreate
physical voltages back from digital code (DAC).

Engineering Example: Connecting an automotive pressure sensor to a 12-bit ADC pin to monitor engine oil
levels safely on a vehicle computer.

Analogy: A Translator and a Dictator. The ADC listens to spoken words (analog) and writes them down as text
codes (digital). The DAC reads text codes (digital) and speaks them out loud over a loudspeaker (analog).

7. Real-Time Operating Systems (RTOS)

Summary: A specialized operating system designed to run multiple embedded software tasks concurrently with
strict, guaranteed timing deadlines.

Engineering Example: Deploying FreeRTOS inside a car's engine control unit (ECU) to guarantee that an
airbag deployment task overrides all other system actions instantly during a crash.

Analogy: An Air Traffic Controller. They don't just guide planes whenever they feel like it; they manage multiple
arriving flights simultaneously, giving absolute emergency landing priority to a plane running out of fuel.
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8. Hardware Communication Protocols (I2C, SPI, UART)

Summary: The standard electronic digital rules and wire buses used to exchange data between integrated
chips on a circuit board or across devices.

Engineering Example: Using a 2-wire I2C bus to link a digital gyroscope sensor straight to a drone's main
flight control microprocessor.

Analogy: Intercom Systems vs. Walkie-Talkies. UART is like a direct phone call between two specific people.
I2C is like a shared office intercom where you shout a specific name before delivering a message down the hall.

9. Convolution & System Impulse Response

Summary: The core mathematical operation that predicts what a digital system's output will look like by
blending an input signal with the system's unique 'signature' response.

Engineering Example: Simulating how an audio track will sound inside a grand concert cathedral by
convolving the dry audio file with the room's recorded acoustic echo signature.

Analogy: Stamping a Logo on Paper. The input signal is the plain paper. The system impulse response is the
physical rubber ink stamp. When you stamp the paper (convolution), the final output holds the exact impression
of the stamp shape.

10. Low-Power Optimization & Watchdog Timers

Summary: Hardware and software strategies designed to minimize battery drain while using safety timers to
auto-reset the system if the code freezes.

Engineering Example: Putting a smart utility water meter into a Deep Sleep state for 23 hours a day, waking
up briefly via a hardware timer to beam data.

Analogy: A Smart Security Guard with a Dead-Man's Switch. The guard sleeps to conserve energy, waking up
briefly to check the facility. They must press a safety button every 60 seconds (Watchdog kick); if they pass out
and fail to press it, an emergency alarm instantly resets the building.
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Section B: The 100 Key Terms & Glossary

Topic 1: Sampling & The Nyquist-Shannon Theorem

1. Sampling Frequency (fs)

Definition: The number of discrete signal measurements or snapshots taken per second to convert a
continuous analog signal into digital data, measured in Hertz (Hz).

Example: Recording voice data at a sampling rate of 8,000 Hz for standard digital telephone network lines.

Analogy: Strobe lights at a dance club. If the light flashes rapidly, you can track the dancer's exact movements;
flash it once every ten seconds, and they seem to teleport.

2. Nyquist Rate

Definition: The minimum theoretical sampling frequency required to perfectly reconstruct a bandlimited signal,
equal to exactly twice the highest frequency component present in the signal.

Example: For an audio signal containing frequencies up to 22 kHz, the Nyquist rate dictates a sample clock of
at least 44 kHz.

3. Aliasing

Definition: A destructive distortion phenomenon where high-frequency signal components are falsely mapped
as lower frequencies due to an inadequate sampling rate.

Example: A 30 kHz radio noise signal appearing as a fake 10 kHz signal inside an under-sampled 40 kHz ADC
processing loop.

Analogy: The wagon-wheel effect in movies. If a camera captures too few frames per second, a fast-spinning
car tire looks like it is spinning backward slowly.

4. Anti-Aliasing Filter

Definition: An analog low-pass filter circuit placed strictly before an ADC input to attenuate all signal
frequencies higher than half the sampling rate.

Example: A hardware active filter cleaning an industrial vibration sensor line before the digital microcontroller
samples the data pins.

Analogy: A height-limit bar at a parking garage entrance that physically blocks tall trucks from getting stuck
inside the low-clearance lot.

5. Quantization

Definition: The process of mapping a continuous range of analog voltage values into a finite set of discrete,
step-like digital binary code levels.

Example: Rounding a precise sensor reading of 3.4276 Volts to exactly 3.43 Volts on a digital controller display
screen.

Analogy: Lining up people by height. Instead of measuring someone as exactly 174.32 cm, you round them
into the '170-175 cm' bracket category.
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6. Quantization Noise

Definition: The inherent rounding error or discrepancy introduced during quantization, manifesting as a random
background hiss or noise floor in digital signals.

Example: The faint background noise floor heard when a high-end 24-bit audio file is down-sampled into a
lower 8-bit format.

7. Dynamic Range

Definition: The ratio between the largest treatable signal amplitude and the smallest detectable signal
amplitude within a digital signal processing system, measured in decibels (dB).

8. Signal-to-Quantization-Noise Ratio (SQNR)

Definition: A metric that quantifies the signal quality of an ADC system, scaling upward by roughly 6 dB for
every single extra bit of resolution added.

9. Jitter

Definition: The undesirable short-term variations or instabilities in the clock timing edges of a digital sampling
circuit, causing signal distortion.

Example: A shaky crystal oscillator causing an audio codec chip to sample at uneven intervals, adding phase
distortion to the sound.

Analogy: A drummer who loses their rhythm slightly, hitting the snare drum a fraction of a millisecond too early
or too late on every beat.

10. Oversampling

Definition: The technique of sampling an analog signal at a frequency significantly higher than the bare
minimum Nyquist rate to spread out quantization noise.

Topic 2: Discrete Fourier Transform (DFT) & FFT

11. Discrete Fourier Transform (DFT)

Definition: A mathematical algorithm that takes a finite sequence of discrete time-domain samples and
computes their corresponding frequency-domain spectrum.

Example: Calculating the specific active frequency mix inside an industrial motor vibration sample block.

12. Fast Fourier Transform (FFT)

Definition: A highly optimized, computationally efficient algorithm used to calculate the DFT by reducing the
complexity from O(N^2) down to O(N log N).

Example: Running a real-time signal analysis loop on a digital radar processor to track aircraft velocity steps
instantly.

Analogy: A math shortcut. Instead of multiplying a long list of numbers row-by-row, you group them into
patterns to finish the math work in seconds.
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13. Frequency Bin

Definition: A single discrete frequency point or narrow data division interval in the output spectrum grid of a
DFT computation.

Example: An FFT output where Bin #4 represents the precise signal power gathered between 50 Hz and 60
Hz.

Analogy: A row of sorting boxes at a post office, where mail is tossed into specific slots based on the target zip
code zone.

14. Spectral Leakage

Definition: A signal processing distortion where energy from a specific frequency 'leaks' out into neighboring
bins because the sampled signal waveform was cut off mid-cycle.

Example: A clean 100 Hz sine wave appearing as a smeared, wide hill on an FFT chart instead of a sharp
needle spike.

15. Windowing

Definition: The process of multiplying a time-domain data block by a specialized tapering function (like a Hann
or Hamming window) to eliminate edge discontinuities.

Example: Applying a Blackman window to an industrial acoustic stream sample before calculating an FFT to
suppress side-lobe artifacts.

Analogy: Fade-in and fade-out video transitions. It smooths out harsh, abrupt video scene changes so the
viewer doesn't experience a sudden visual shock.

16. Time Domain

Definition: A perspective that analyzes a signal’s amplitude variations with respect to real-world continuous
chronological time milestones.

Example: Viewing a live heartbeat trace pulsing up and down on a hospital bedside monitoring screen grid.

17. Frequency Domain

Definition: A perspective that analyzes a signal grouped by its constituent frequencies, showing the magnitude
and phase of each frequency band.

18. Resolution (Spectral)

Definition: The capability of an FFT operation to separate and distinguish between two individual frequency
components that sit closely packed together.

19. Picket Fence Effect

Definition: The phenomenon where the true peak amplitude of a signal is missed or underestimated because it
falls directly between two discrete FFT bin points.

Example: A sharp 55.5 Hz signal power tracking slightly lower on a chart because the closest measurement
bins sit at exactly 55 Hz and 56 Hz.

Analogy: Peeking at a mountain landscape through a vertical wood picket fence; parts of the scenery are
hidden behind the solid wood slats.
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20. Phase Spectrum

Definition: The plot or dataset showing the precise alignment angular phase shifts of each frequency
component present in a computed signal spectrum.

Topic 3: Digital Filter Design (FIR & IIR)

21. Finite Impulse Response (FIR) Filter

Definition: A non-recursive digital filter whose output depends strictly on current and past input samples,
making its response duration inherently finite and inherently stable.

Example: Implementing a linear-phase low-pass FIR filter inside an advanced audio studio mixer board plugin.

Analogy: Calculating a simple moving average. To find your average score, you only add up your last 5 test
marks; old past history completely drops off the sheet.

22. Infinite Impulse Response (IIR) Filter

Definition: A recursive digital filter whose output relies on both past input samples and past output feedback
loop cycles, allowing an infinitely long response duration.

Example: Recreating a classic analog Butterworth low-pass filter stage in digital software code using minimal
CPU memory steps.

Analogy: An echo chamber. You shout into a cavern; the sound loops back into the microphone, creating an
endless trail of quieter and quieter echoes that repeat forever.

23. Filter Coefficients

Definition: The fixed scalar multipliers used within a digital filter's difference equation to scale input and output
values to alter the frequency response.

Example: Storing an array of 64 floating-point constant numbers in flash memory to define a precise 50 Hz
notch filter structure.

Analogy: Tuning sliders on a baking recipe card; they dictate exactly how many cups of flour or sugar to mix in
to change the final cake texture.

24. Linear Phase

Definition: A property of a filter where the phase delay is directly proportional to frequency, ensuring that all
signal components are delayed by the exact same amount of time.

Example: Utilizing an FIR filter on a high-speed data modem line to prevent digital binary pulses from smearing
into each other.

25. Passband

Definition: The specific frequency range or channel band that a filter allows to pass through from input to
output with minimal scale reduction or loss.

26. Stopband

Definition: The specific frequency range that a filter aggressively suppresses, blocks, or attenuates below a
specified threshold level.
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27. Transition Band

Definition: The narrow frequency region that sits between the edge of a filter's passband and the start of its
stopband, characterizing the steepness of the filter roll-off.

28. Order of a Filter

Definition: The number of internal delay elements or memory storage taps used within a digital filter structure,
defining its performance steepness.

Example: Upgrading from a 2nd-order IIR filter to an 8th-order alternative to achieve a razor-sharp cut-off curve
on a radar line.

29. Bilinear Transformation

Definition: A mathematical mapping technique used to convert an analog continuous s-domain filter design
into a discrete digital z-domain equivalent filter.

30. Group Delay

Definition: The rate of change of total phase shift with respect to frequency, tracking the real time delay
experienced by a packet of signal frequencies passing through a filter.

Topic 4: Microcontroller Architecture & Peripherals

31. Harvard Architecture

Definition: A computer architecture design that utilizes physically separate memory storage pathways and
signal buses for code instructions and data variables.

Example: An AVR or ARM Cortex-M microcontroller fetching an instruction from flash memory while
simultaneously reading a data variable from RAM.

Analogy: A modern house with a dedicated front entryway door for guests and a separate back garage door for
loading groceries. Both can open at the exact same time.

32. Von Neumann Architecture

Definition: A computer architecture where both software program instructions and data variables share the
exact same physical memory space and system data bus.

33. General Purpose Input/Output (GPIO)

Definition: Pin connections on a microcontroller that can be dynamically programmed via software code to act
as digital inputs (reading switches) or digital outputs (driving LEDs).

Example: Setting Microcontroller Pin PC13 to output mode to toggle an onboard status indicator light.

Analogy: A universal electrical socket wall toggle that you can either plug a reading lamp into (output) or
connect an ambient light sensor up to (input).
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34. Interrupt Service Routine (ISR)

Definition: A dedicated, high-priority software function block that executes immediately when a specific
hardware event or interrupt trigger occurs, pausing the main code.

Example: A safety ISR function running instantly to cut motor power when a hardware limit-switch pin is
physically bumped on a CNC machine.

Analogy: An emergency phone ring. You are busy reading a novel, but if the smoke alarm screeches, you drop
the book instantly to deal with the fire.

35. Direct Memory Access (DMA)

Definition: A hardware engine peripheral that transfers data blocks directly between memory partitions or
peripherals completely independent of the main CPU core.

Example: Streaming high-speed incoming ADC samples straight into a global RAM array buffer without waking
up the main processor core on every byte step.

Analogy: Hiring a moving company. Instead of the company boss physically carrying boxes one by one, they
hire external laborers to clear out the room while the boss keeps typing emails.

36. Watchdog Timer (WDT)

Definition: A specialized hardware countdown safety timer that forces a full hardware reset of the
microcontroller if the main program code hangs or crashes.

37. Timers/Counters

Definition: Internal peripheral hardware blocks that count incoming clock cycles to generate precise time
delays, measure frequencies, or trigger software tasks.

38. Pulse Width Modulation (PWM)

Definition: A technique for generating pseudo-analog voltage levels using a digital output pin by rapidly
toggling it high and low, varying the 'on' time duty cycle.

Example: Dimming a dashboard light cluster panel smoothly from 0% to 100% using a 1 kHz microcontroller
timer output signal.

Analogy: Flickering a bedroom light switch on and off 100 times a second. If it stays on for 90% of the time,
your eyes perceive a bright room; if only on for 10%, the room feels dim.

39. Register

Definition: A microscopic, ultra-fast memory storage cell located directly inside the CPU core or peripheral
block used to configure settings or read real-time pin states.

40. Clock Tree

Definition: The internal distribution network of oscillators, prescalers, and multipliers that routes precise timing
clock frequencies to various peripheral subsystems.

Topic 5: Embedded C & Memory Management
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41. Volatile Keyword

Definition: A compiler directive in C that prevents the optimization engine from caching a variable, forcing the
CPU to reread its value from memory every single time it is called.

Example: Defining volatile uint8_t flag; for a variable whose value is updated inside a hardware interrupt
handler function.

Analogy: A live stock market ticker screen. You cannot assume the price of oil matches what you read 5
minutes ago; you must look at the active screen layout every time.

42. Static Keyword (Local)

Definition: A C variable modifier that forces a local variable to preserve its stored value in memory even after
the function block it was created in finishes executing.

Example: Keeping track of total sensor error counts inside a cyclic algorithm function using a local static
variable counter loop.

43. Flash Memory

Definition: Non-volatile, permanent memory space used inside an embedded system to store the compiled
binary machine code instructions.

Example: Flashing a new firmware update image down onto the non-volatile memory block of a smart home
thermostat.

Analogy: A printed textbook. The text is written permanently; turning off the room lights (removing power)
doesn't wipe the ink off the page layers.

44. SRAM (Static RAM)

Definition: Volatile memory space used to store runtime variable values, stacks, and heap data, losing all
content the moment power is cut.

Example: Allocating global temporary calculation array blocks inside a microcontroller’s fast internal volatile
scratchpad memory space.

Analogy: A whiteboard in a meeting room. You write notes freely during the session, but at the end of the day,
someone wipes it fully blank for tomorrow.

45. Stack

Definition: A Last-In, First-Out (LIFO) memory region managed automatically by the CPU to hold local function
variables, return addresses, and processor status values.

Example: Storing local variables and tracking where to return in code when a main function jumps down to
execute a calculation sub-routine block.

Analogy: A stack of kitchen plates. You pile plates up one on top of the other. The last plate you place down on
the stack is the absolute first one you must lift off later.

46. Heap

Definition: A dynamic memory region allocated manually by the programmer at runtime using memory
management commands, prone to fragmentation in embedded systems.
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47. Bit Masking

Definition: A bitwise programming technique using operators (AND, OR, XOR) to isolate, clear, or set specific
individual bits within a single configuration register byte.

Example: Turning on bit position 3 of a configuration register byte using the C command line operation: REG |=
(1 << 3);.

Analogy: A stencil plate placed over a sheet of wood. Spraying paint only colors the exact cutout holes
exposed by the stencil, leaving the rest untouched.

48. Pointer

Definition: A C variable that stores the physical memory address location of another variable or peripheral
register rather than holding data directly.

49. Memory-Mapped I/O

Definition: A hardware design approach where peripheral control registers are assigned specific addresses
within the main memory map layout.

50. Stack Overflow

Definition: A fatal software runtime error that occurs when the stack memory region exceeds its allocated
boundary, crashing down into RAM space.

Topic 6: Analog-to-Digital (ADC) & Digital-to-Analog (DAC) Conversion

51. ADC Resolution

Definition: The total number of discrete digital output levels an ADC can produce over a full voltage scale
range, typically expressed as a count of bits.

Example: A 10-bit ADC breaking down a 0-5V sensor scale into exactly 1,024 individual digital measurement
steps.

Analogy: A ruler grid. A cheap ruler only has markings for centimeters (low resolution); an engineer's ruler has
markings down to tenths of a millimeter (high resolution).

52. Successive Approximation Register (SAR) ADC

Definition: An ADC architecture that determines a digital code value for an analog voltage by executing a
binary-search algorithm through all bit levels one step at a time.

Example: A microchip's internal SAR hardware peripheral balancing a sensor voltage reading over 12
successive clock comparisons.

Analogy: An old balancing scale. To weigh an object, you place a large 1kg block; too heavy? Remove it and
try a 500g block. Too light? Keep it and add a 250g weight, narrowing down step-by-step.

53. Flash ADC

Definition: A parallel ADC architecture that utilizes a large bank of voltage comparators to determine an analog
value instantly at the cost of high power and silicon area.
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54. Integral Non-Linearity (INL)

Definition: A metric tracking the maximum deviation between the actual non-ideal ADC transfer function curve
and the perfect theoretical straight-line ideal conversion response.

55. Differential Non-Linearity (DNL)

Definition: The variation or deviation in step width between any two adjacent discrete digital code steps across
an ADC or DAC transfer function sheet.

56. R-2R Ladder

Definition: A simple, high-performance DAC circuit architecture built using an repeating chain of resistors of
values R and 2R to scale output voltages cleanly.

Example: Fabricating a cheap audio sound wave generator circuit using an array of discrete resistors hooked
directly up to GPIO pins.

57. Settling Time (DAC)

Definition: The time delay required for a DAC's analog output voltage step to stabilize within a specified error
margin after a new digital input code is clocked in.

58. Reference Voltage (Vref)

Definition: The highly stable constant baseline voltage used by an ADC or DAC to define the absolute
maximum limit scale of the conversion grid.

Example: Using a precision 3.3V reference regulator chip to ensure an ADC can measure incoming battery
states without reading fluctuating results.

Analogy: The sea level benchmark line on a global map. Every mountain height calculation relies entirely on
that one fixed baseline mark staying constant.

59. Glitch Impulse Area

Definition: The undesirable transient voltage spike or ring artifact that appears at a DAC output during a major
digital code transition point (like switching from 0111 to 1000).

60. Sample and Hold Circuit

Definition: An internal analog circuit stage that captures a transient voltage sample on a capacitor and locks its
level steady while the ADC chip completes its math.

Topic 7: Real-Time Operating Systems (RTOS)

61. Task / Thread

Definition: An independent, concurrent software code loop executed under RTOS scheduler control, assigned
its own unique priority level and stack space.

Example: Designing a smart appliance with one task running code to update an LCD screen and a second task
watching communication pins.

Analogy: A chef preparing a meal. They have one active job tracking a pot boiling on the stove and a separate
job cutting vegetables nearby.
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62. Scheduler

Definition: The core engine algorithm inside an RTOS kernel that determines which ready software task should
be loaded into the CPU core to execute at any given tick.

Example: A preemptive priority scheduler pausing a low-priority logging task to run an active motor control
task.

63. Preemption

Definition: The operational act of an RTOS scheduler immediately suspending a currently running task to pass
CPU control to a newly unblocked higher-priority task.

Example: Forcing a data logging loop to pause execution instantly when a critical low-battery power alarm task
trips.

Analogy: A police car with sirens on. You are driving normally down a narrow road, but you must pull over
sideways to stop and let the emergency vehicle speed past.

64. Semaphore

Definition: A synchronization token mechanism used to control access to a shared resource or signal task
milestones across an RTOS code ecosystem.

Example: Utilizing a counting semaphore to manage exclusive access to a single debugging print port shared
across five running tasks.

Analogy: A key card for a single-person office bathroom. If someone takes the key card from the hook, no one
else can unlock the door until the key is hung back up.

65. Mutex (Mutual Exclusion)

Definition: A specialized binary semaphore variant that includes priority inheritance, used to securely lock a
single asset to prevent priority inversion traps.

66. Priority Inversion

Definition: A dangerous software bug condition where a low-priority task holds a resource lock, blocking a
high-priority task, while a medium-priority task runs freely.

Example: The famous Mars Pathfinder rover glitch, where a critical navigation loop hung up because a
low-level telemetry task locked an internal system data bus.

67. Context Switch

Definition: The systematic operation performed by an RTOS kernel to save the active CPU register states of a
running task and reload the states of a different task.

Belltes Academy | Signal Processing & Embedded Systems Study Guide

Page 14 of 19Author: Belltes Khoza



68. Determinism

Definition: The structural system characteristic where a software task execution duration and timing response
is completely predictable, reproducible, and guaranteed.

Example: Engineering a robotic brake deployment system to fire safely within exactly 500 microseconds of an
obstacle alert every single time.

Analogy: A Swiss railway train schedule. It doesn't arrive 'sometime around noon'; it pulls into the station
platform precisely at 12:00:00 without fail.

69. Task Bloat / Starvation

Definition: A state where a lower-priority task never gets a chance to run because higher-priority loops
consume 100% of the available CPU clock cycles.

70. Tick Rate

Definition: The periodic frequency rate (typically 1 kHz) at which a hardware timer interrupt alerts the RTOS
kernel to update schedules and check task deadlines.

Topic 8: Hardware Communication Protocols (I2C, SPI, UART)

71. UART (Universal Asynchronous Receiver-Transmitter)

Definition: A simple 2-wire serial communication hardware protocol that transmits data bytes sequentially
bit-by-bit without using a shared clock wire line.

Example: Connecting an old GPS module receiver line to an embedded microchip using simple TX and RX
crossing wires.

Analogy: Two friends writing letters to each other. They don't need to read at the same speed; as long as they
agree on formatting rules, the letter carries data.

72. I2C (Inter-Integrated Circuit)

Definition: A synchronous, multi-master, multi-slave 2-wire serial bus protocol utilizing a bidirectional Serial
Data (SDA) line and a Serial Clock (SCL) line with pull-up resistors.

Example: Hooking up multiple digital barometric pressure sensors to a single microcontroller chip using just
two shared I2C bus pins.

73. SPI (Serial Peripheral Interface)

Definition: A high-speed, full-duplex synchronous 4-wire serial communication protocol that utilizes dedicated
Master-Out-Slave-In (MOSI) and Slave-Select lines.

Example: Streaming high-resolution raw camera image frames straight to an SD memory card slot using a 20
MHz SPI clock bus line.

Analogy: A drill sergeant barking direct orders down a headset. The soldiers listen and respond instantly at the
exact rhythm dictated by the sergeant’s voice ticks.
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74. Baud Rate

Definition: The rate or speed at which data symbols or bits are transmitted across an asynchronous serial
communication channel wire, measured in bits per second (bps).

Example: Setting both an embedded module and a PC serial terminal connection port config to exactly 115,200
baud to avoid corruption.

75. Full-Duplex

Definition: A communication link capability that allows data characters to be actively transmitted and received
simultaneously in both directions along the same channel path.

Example: An SPI bus connection where data bytes fly out along the MOSI line while feedback bytes return
along the MISO line on the exact same clock tick.

Analogy: A two-way phone conversation. Both people can speak out loud and listen to each other at the exact
same moment down the wire line.

76. Half-Duplex

Definition: A communication link capability where data can move in both directions, but only in one single
direction at a time; devices must alternate transmitting.

77. Start/Stop Bits

Definition: Frame bits appended to the beginning and end of a raw data byte package inside an asynchronous
UART link to synchronize the receiver engine.

78. Pull-Up Resistor

Definition: Resistors connected between a communication signal line wire and the positive power supply rail to
hold the default bus state high when idle.

79. Chip Select (CS) / Slave Select (SS)

Definition: A dedicated control line wire used in an SPI bus architecture to actively wake up and select a
specific target peripheral chip to speak to.

80. Parity Bit

Definition: A simple, high-level error-checking bit appended to a data byte block to verify if the total count of '1'
bits inside the message frame is even or odd.

Topic 9: Convolution & System Impulse Response

81. Impulse Response (h[n])

Definition: The exact output sequence produced by a discrete-time digital signal system when its input is
subjected to a single localized unit impulse signal.

Example: Mapping the brief decay sound print of a recording room by firing a sharp blank audio pistol crack
near a microphone.

Analogy: Striking a large metal bell once with a hammer. The sound ring and vibration trail that fills the air after
the strike is the bell's impulse response.
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82. Convolution Sum

Definition: The core mathematical operation (y[n] = x[n] * h[n]) that calculates a system’s output by flipping,
shifting, and multiplying an input signal by the impulse response.

Example: Processing an electric guitar track inside a digital signal processor pedal to add an authentic vintage
amplifier distortion warmth.

83. Unit Impulse Function

Definition: A fundamental discrete-time signal sequence whose value is exactly equal to 1 at sample index n =
0, and entirely equal to 0 at all other index points.

84. Linear System

Definition: A system that strictly satisfies both the properties of scaling (homogeneity) and addition
(superposition), ensuring predictable signal outputs.

85. Time-Invariant System

Definition: A system whose internal processing characteristics do not alter or drift over chronological time;
delaying the input delays the output identically.

Example: A digital voice filter software module that outputs the exact same pitch shift modification whether you
speak into it today or next month.

86. Causality

Definition: A system property where the current output depends exclusively on current and historical past
inputs, never relying on future untravelled signal data.

Example: A real-time hearing aid filter circuit processing sound waves as they hit the mic, incapable of
predicting the next syllable ahead of time.

Analogy: Real life. You can make decisions based on what happened yesterday or what is happening right
now, but you cannot change your steps based on tomorrow's news.

87. Stability (BIBO in DSP)

Definition: The structural filter condition where every bounded input sequence produces a strictly bounded
output sequence that does not grow to infinity.

88. Z-Transform

Definition: A mathematical transform that converts discrete-time domain signal sequences into a complex
frequency z-domain algebraic representation.

89. Transfer Function (H(z))

Definition: The z-domain algebraic ratio of a system's output signal to its input signal, obtained by taking the
Z-transform of its impulse response.

90. Frequency Response Function

Definition: The mathematical function that describes how a digital system or filter will scale the magnitude and
shift the phase of incoming sinusoidal waves.
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Topic 10: Low-Power Optimization & Watchdog Timers

91. Sleep Mode

Definition: A low-power microcontroller operational state where the CPU core stops executing code
instructions and shuts down its main clock to conserve battery.

Example: Forcing a fitness tracking wristband to go dark and entering a low-draw state when the user is sitting
perfectly still.

Analogy: Napping. You shut your eyes and rest to save your physical energy, but your ears stay open enough
to wake up if someone knocks on the door.

92. Deep Sleep Mode

Definition: An ultra-low power state where almost all internal clocks, high-speed RAM spaces, and peripherals
are powered down fully, leaving only bare wake-up pins alive.

Example: Putting an agricultural field soil moisture sensor probe into low-draw isolation for weeks between
active water readings.

93. Watchdog Kick / Feed

Definition: The software operation of resetting a watchdog timer’s internal countdown register back to its
maximum value, preventing an accidental system reset.

Example: Placing a line of code like WDT_Refresh(); at the very end of a master cyclic software system loop.

Analogy: A security guard punching a validation timecard machine every hour on the hour to prove to the main
office that they are awake and alert.

94. Windowed Watchdog Timer (WWDT)

Definition: An advanced watchdog variant that triggers a hardware reset if the code attempts to refresh it either
too late OR too early within a tight timing window.

Example: Protecting a critical automotive steer-by-wire controller loop from executing software routine errors
that loop out of control too fast.

95. Brown-Out Reset (BOR)

Definition: An internal safety supervisor circuit that forces a clean system reset if the microcontroller’s supply
voltage falls below a critical operational threshold.

Example: Safely shutting down a smart locker control lock module when its AA batteries fade out to prevent the
lock latch from freezing midway.

Analogy: An automated factory line circuit breaker that instantly trips and shuts down heavy machines if the
municipal power grid voltage sags or brownouts.

96. Power-On Reset (POR)

Definition: A hardware initialization circuit that generates a clean reset pulse to clear registers and start code
execution from line 1 when power is first turned on.
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97. Prescaler

Definition: A hardware division configuration engine used to step down a high-frequency system master clock
to run peripheral timers at slower, power-efficient speeds.

98. Clock Gating

Definition: A low-power design optimization technique that physically cuts off the clock signal line to inactive
hardware peripherals, eliminating unnecessary switching power losses.

99. Dynamic Voltage and Frequency Scaling (DVFS)

Definition: A power management technique where the operational voltage and clock frequency of a processor
are actively adjusted at runtime based on the real-time workload.

100. Wake-Up Source

Definition: A designated hardware trigger event (like an external GPIO pin edge, an RTC alarm, or a serial
message character) that forces a microcontroller out of sleep.
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