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Bulb Board

! We are interested in mathematical modelling system.
! Bulb Board is designed to behave like a 2nd order system + a non-linear system with 

some delay (the light bulb)
! We want to verify that the mathematical model is a good representation.
! We also want to explore the limitations of this model

Output (from DAC)
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Key aspects of Lab 3

1. DC characteristics – no time variation.  Measure light intensities at 
different drive voltages.

2. Steady state response to sinusoidal signals at different frequencies 
– we call this frequency response H(jw).

3. Use of Matlab for modelling and simulation using transfer 
function H(s) .

4. Transient behaviour of the system – we call this step response.
5. Impact of non-linearity in the system.
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Task 1 – DC Characteristic

! y = F (x)
! F is a non-linear function.
! F is a quadratic function 

because:
light intensity       x2

! Light is dependent 
temperature of filament 
in bulb

! Temperature is 
dependent on power to 
bulb

! Power is proportional to 
x2.
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Task 1 – Solution
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Task 2 – Modeling dynamics in a system
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Task 2 – Predict the frequency response
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Task 2 – Predict the frequency response
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Task 3 – Measure Real Gain at 5Hz
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Task 3 – Theory vs Measurements
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Task 3 – Explain theory vs practice

1.5V
Dout =1V

Din ≈ 0.3V
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Task 4 – Step Response
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Task 4 – Explained

x_max = 1.5

1.5V
x_min= 1.0

1V
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Lab 4 – Task 1: Measuring Angel of tilt – the IMU

! The IMU – inertia measurement unit – has built in 3-axis accelerometer and 3-axis 
gyroscope

! Easy to access from Matlab using PyBench:. 

! Pitch angle – plane pointing up or down
! Roll angle – plane pointing left or right
! Angle can be in unit radian or degree:   degrees = radians *180 / p
! Generally use radian for calculations; use degree for display

! Learn usefulness and limitations of accelerometer and gyroscope
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Lab 4 – Task 1a: Accelerometer

• Measure ANY acceleration
• pitch & roll angle – due to gravity g
• Movement involve force acceleration, also measured
• Accelerometer measurement of tilt angle is NOISY
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Lab 4 – Task 1b: Gyroscope

• Gyro gives angular velocity, not angle
• Needs to integrate to get angle
• Integration = accumulation
• Also accumulate errors – causing drift (or dc 

offset)
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Lab 4 – Task 1c: Gyroscope
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Lab 4 – Task 2: 3D visualization
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Lab 4 – Task 3: Complementary Filter - Concept
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Lab 4 – Task 3: Complementary Filter - Implementation

! What happens if 𝜃̇ is zero? Effectively average out the value of 𝜌
! What happens if 𝜃̇ has a small error? Effectively reduce this error over time
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Lab 4 – Task 4: Untethered – OLED Display


