
Figure 12.1: Angular position measurement system from Exerise 2.

Exerises

1. Aording to European standards, ar speedometers must never indiate

a speed below the atual speed, and the indiated speed must not exeed

the atual speed by more than 10% of the atual value plus 4 km/h.

(a) Let v be the atual speed and vm the indiated speed. Plot the

maximum and minimum admissible values of vm as funtions of v,
together in the same plot.

(b) Plot the maximum and minimum admissible values of v as funtions

of vm, together in another di�erent plot.

2. The angular position α in Figure 12.1 is measured using a laser sensor,

able to provide readings in the [100 mm, 200 mm] range, with a resolution

of 1 mm and a preision of 5 mm.

(a) What are the resolution and the preision in relation to the 100 mm

width of the measuring range?

(b) Show that the angular position α and the linear position x are related

by

tanα =
d

x− x0
(12.1)

What are the values of d and x0?

() What are the maximum and minimum values of α that an be mea-

sured?

(d) Plot α(x) for the entire possible ranges of both variables.

(e) What is the preision in the measurement of α?
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Table 12.1: Three aelerometers for Exerise 4.

Servo Piezoeletri Piezoresistive

Range 10 g 10 g 10 g

Pass band 300 Hz [1 Hz, 10000 Hz] 1000 Hz

Sensibility 1 mA/g 0.1 V s

2
/m 5 µV/V/g

Preision 10−4
g 0.5% 1%

Prie 1800 ¿ 180 ¿ 500 ¿

(f) What values an the resolution take?

3. The angular veloity ω of a rotating shaft is measured with an enoder

that provides 1024 pulses per rotation, onneted to a ounter that uses a

5 Hz sampling frequeny. The shaft an rotate up to 7500 rpm.

(a) Show that the hange ∆n of the ounter reading between two su-

essive sampling instants is given by

∆n = ⌊32.6ω⌋ (12.2)

when ω is given in rad/s.

(b) Find the absolute value of the resolution of the angular veloity mea-

surement.

() Find the resolution in relation to the largest possible value of the

angular veloity.

(d) How many 4�bit ounters are needed to make up a ounter that an

read all possible values?

(e) If only the �rst 8 bits are onsidered, what will be the resolution of

the angular veloity measurement?

4. An aelerometer is needed to measure aelerations in an automobile, in

the [0 g, 2 g] range, with frequenies in the [0 Hz, 50 Hz] range, during
2 hours.

(a) Whih of the three sensors in Table 12.1 would you hoose, and why?

(b) The AD onverter has 8 bits and an input in the [0 V, 5 V] range.
Assuming that the power supply for the sensor will be the 12 V DC

ar battery, design the neessary signal onditioning.

() What will the resolution be?

(d) If data is reorded with a 250 Hz sampling frequeny, how large will

be the �le where measurements are reorded?

5. A veloity sensor was tested for three di�erent onstant speeds. The time

responses obtained are shown in Figure 12.2.

(a) Do these time responses support that the sensor measurement is lin-

ear?

(b) Find a suitable transfer funtion to model the sensor response.
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Figure 12.2: Time responses from Exerise 5.

6. An elevator omprises a 500 kg abin, a 600 kg ounterweight, and an

eletrial motor to move the steel able that onnets them. A 280 Ω
extensometer, with sensibility

δR
R

= 2, mounted in a simple bridge pow-

ered at 24 V, measures the elasti deformation of the able, given by (see

Figure 12.3)

ε =
F

SE
(12.3)

where the able's ross-setion is S = 4 m

2
, and the Young modulus is

E = 1011 Pa. The objetive is to detet a argo above the maximum

admissible value of 150 kg.

(a) Draw a sheme of the signal onditioning desribed.

(b) What will the resolution be, in V/N?

() Design an additional signal onditioning element to sound a buzzer

when the argo is too heavy.

7. The temperature of a motor an assume values in the [10◦C, 180◦C] range,
and is measured with an infrared sensor that works in the [−18◦C, 538◦C]
range. Its output is in the [0 V, 5 V] range, and its preision is given by

max {4◦C, 2%TF} (12.4)

where TF is the temperature measured, in

◦F.

(a) Find the relation between the sensor output e and the temperature

T .

(b) What is the sensor's sensibility?

() Given the range of temperatures being measured, what will be the

atual range of e?
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Figure 12.3: The elevator able from Exerise 6.

(d) Plot the preision as funtion of TF , in
◦F.

(e) Given the range of temperatures being measured, what will be the

maximum value of the error?

(f) The sensor is diretly onneted to an 8�bit AD onverter, that re-

eives inputs in the [0 V, 5 V] range. Find the AD output as a

funtion of temperature.

(g) What will be the resolution of the measurement, in

◦C?

(h) AD onverter noise a�ets 3 LSB. What will be the preision of the

measurement, onsidering both onversion noise and sensor prei-

sion?

(i) The emissivity is 0.6, but estimated as 0.5. How will this a�et

preision?

8. A sensor outputs a tension in the [0.2 V, 3.3 V] range, varying linearly

with the relative humidity in the [0%, 100%] range.

(a) Design the signal onditioning that will onvert this output into the

[0 V, 1 V] range. Available tensions are 12 V, −12 V, and 5 V.

(b) This will be onneted to a 10�bit AD onverter that reeives tensions

in the [0 V, 1 V] range. What is the resolution of the measurement?

() The preision of the sensor is 1% or less. What is the preision of

the measurement, onsidering both the preision of the sensor and

the resolution of the AD onverter?

(d) Figure 12.4 shows a ontrol system of relative humidity H(s), where
Href (s) is the referene for humidity H(s), P (s) is a disturbane,

Gp(s) =
100

s+100 is the proess we want to ontrol, Gs(s) is the sensor,

and Gc(s) =
10

s+10 is a ontroller. Find transfer funtion

H(s)
Href (s)

, and

plot its Bode diagram.
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Figure 12.4: Relative humidity ontrol system from Exerise 8.
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