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Q1
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ANSWER TO Q1

The relative quantization error=𝑸𝒖𝒂𝒏𝒕𝒊𝒛𝒂𝒕𝒊𝒐𝒏 𝒆𝒓𝒓𝒐𝒓
𝑮𝒂𝒊𝒏∗𝑨𝒎𝒑𝒕𝒊𝒕𝒖𝒅𝒆



Content Copyright Nanyang Technological University 5

ANSWER TO Q1

Question Analysis
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ANSWER TO Q1
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ANSWER TO Q1
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ANSWER TO Q1
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ANSWER TO Q1

Finding the Amplitude Range
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ANSWER TO Q1

Estimation of Amplitude Range

A useful solution approach: not perfect but practical
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ANSWER TO Q1

Estimated Gain

𝐴 = 𝑉𝑜𝑢𝑡 𝑉𝑖𝑛 ≈ ± 24.5𝑉 ± 5𝑉 ≈ 0.2
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ANSWER TO Q1

Gain G=0.2Quantization errors: Q(8-bits)=39.1mV or Q(12-bits)=2.44mVAmplitudes A= 1.5, 20, 3 and 24.5𝑉

The relative quantization error=𝑄𝑢𝑎𝑛𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑒𝑟𝑟𝑜𝑟
𝐺𝑎𝑖𝑛∗𝐴𝑚𝑝𝑡𝑖𝑡𝑢𝑑𝑒

= 𝑸

𝑮∗𝑨
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ANSWER TO Q1

Component Frequency Max.Amplitude
Relative Quantization Error

8-bits 12-bits
1.5sint 0.5 1.5 39.1mV/0.2/1.5*100%=13% 2.44mV/0.2/1.5*100%=0.81%
20sin32t 16 20 39.1mV/0.2/20*100%=9.8% 2.44mV/0.2/20*100%=0.06%

3sin(60t+/4) 30 3 39.1mV/0.2/3*100%=6.5% 2.44mV/0.2/3*100%=0.41%
E(t) <+24.5 39.1mV/0.2/24.5*100%=0.8% 2.44mV/0.2/24.5*100%=0.05%

𝑸 (𝑮∗𝑨)∗𝟏𝟎𝟎%

For each frequency component and the signal
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NASCAR: National Association of Stock Car Auto RacingDAS: Direct-attached storage

Q2

Question Analysis
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The Static Sensitivity
K = ∆Vout ∆Vin  

∆Vin: The  change in input
∆Vout: The  change in output
Sensitivity may have different units depending on the instrument being considered.

ANSWER TO Q2

The transducer sensitivity
K = ∆Vout ∆Vin =(1-(-1))V/(25-(-25)) cmH2O
=2V/50cmH2O
=0.04V/cmH2O
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ANSWER TO Q2

Pressure needs within 0.25 cm H2O?

Qres = 10𝑉
210
=0.00976𝑉

K = ∆Vout ∆Vin =Qres ∆𝑉𝑖𝑛

∆𝑉𝑖𝑛= QresK = 0.00976𝑉
0.04V/cmH2O=0.244cmH2O< 0.25cmH2O

∆𝑉𝑖𝑛= 0.00976𝑉
5∗0.04V/cmH2O=0.0488cmH2O< 0.25cmH2O
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ANSWER TO Q2

For one pressure sensor, the fundamental period of thesignal T=0.5 s (500 ms), or f0=2 Hz.
According to Shannon-Nyquist theorem, the minimumsampling frequency fs > 2* f0= 4 Hz, or maximum samplingperiod 250 ms.

For 8 pressure sensors (8 cylinders for the V-8 engine), the DAShas to sample at least up to 8 times faster than the maximumsampling period for each sensor 250/8 ms or a minimumfrequency (cutoff frequency) of 4*8=32 Hz.

C #2     C #3     C #4     C #5     C #6     C #7     C #8
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Q3

The range of a signal is between ±5 V and it is required to make
measurements with a quantization size no more than 5 mV. What is the
minimum resolution of a ADC needed?
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ANSWER TO Q3

Since

If N = 11, 2N = 2048 and if N = 12, 2N = 4096. Although a 11-bit ADC will
suffice, it is not commercially available.
Hence a 12-bit ADC will be needed.


