UT Arlington, BIOINSTRUMENTATION I 

Final Exam                         

Name___________
Questions related to demo labs (50 points)
1. (12 points) Based on the ECG measurement project, answer the following questions:

a) (3 points) What is an intrinsic signal and what is an extrinsic signal? Is the ECG in this project intrinsic or extrinsic signal? And explain why?
Intrinsic signals representing the energies that are generated by the biomedical processes themselves. It is an optical imaging strategy applied in gene mapping of single cells, brain as well as mammalian brains for determining basic physiology; Body temperature (Thermo energy)
Extrinsic signal refers to the signals representing the energies that are generated by external sources. It refers to pathways that actuates that apoptosis engage transmembrane receptor-mediated interaction processes
EGG is a project intrinsic because it detects and captured the strengths as well as timing of electrical processes that takes place in the human heart, e.g using the energy of radioactive emissions of radioisotopes injected into the body
b)  (3 points) List one intrinsic example and one extrinsic example (not covered in our demo lab projects), respectively, and explain why.

one intrinsic example are Electrocardiogram (ECG, or EKG, Electromyogram (EMG), Electroencephalogram(EEG)

Example of extrinsic are X-ray (electromagnetic energy), MRI (radio frequency EM energy), Light microscopy (electromagnetic energy)

c) (6 points) Describe the major components used in the ECG measurement system and explain their functions.

The main elements of ECG measurement system include the P-wave, the atria, and the T-wave. The p-wave acts as a depolarizing agent, the QRS section acts as depolarizer of ventricals and T-wave which acts as repolarizer of the ventricles. 
2. (12 points) Based on the project of temperature measurement, answer the following questions:

a) (3 points) Is temperature signal in this project intrinsic or extrinsic signal? And explain why?

It is an extrinsic signal because it triggers the response of the thermocouple as an external source of heat
b) (3 points) Describe the major components used in the project and explain their functions.

It is a combination of two dissimilar metals joined together at a junction point. The temperature measurement depends on the individual metal in the leg. The EMF  created makes the temperature difference between the junction metals
c)  (6 points) Explain why you need calibrate the system and how to do it. Give one similar example (either covered in class or not) and also briefly explain why the calibration is needed in your example.

You need to calibrate the system to ensure that the voltages developed sue to the EMF resulted from differences in thermanl conductivity of the metals represent the actual temperature of the external body
3. (12 points) Based on the project of optical attenuation coefficient measurement, answer the following questions:

a) (3 points) Is optical signal in this project intrinsic or extrinsic signal? And explain why?

It is intrinsic because it is the loss due to the inherence of the fibre. It may as well occur due to absorption, natural impurities or natural impedance of the materials used
b) (3 points) Describe the major components used in the measurement system and explain their functions.

The fiber, the OTDR, and two non-destructive loss measurement reference fibres.

 (6 points) Explain why you need a mathematic model to fit the raw. Give one similar example (either covered in class or not) and also briefly explain why the data fitting is needed in your example.

I need the mathematical model to fit the raw so as to give more accurate results as required by the theoretical values.
Data fitting can be attained through extrapolation, simulation on the computer, translation and translation.
4. (14 points) Based on the project C, answer the following questions:

a) (3 points) Is ultrasound signal in this project intrinsic or extrinsic signal? And explain why?
it is intrinsic signal because energies that are generated by the biomedical processes themselves
b)  (5 points) Describe the pulse-echo principle of ultrasound imaging.
The pulse echo principle ultra-sound involves an excited and detected are of two similar piezoelectric transducers, joined together by opposite plates. The amplitude acquired by the pulse determines the attenuation.
c)  (6 points) Describe and explain the major components used in the measurement system and explain their functions.
The crystal element with piezoelectric features

The positive ground

The damper back – which settles the excess and waste sound waves

 Matching layer – which aligns the input and output signals 

The housing – which houses the whole system
Questions related to lectures (50 points)
5. (15 points) Describe what the sampling theorem is, what Nyquist frequency is, what aliasing is, why it happens and how to avoid aliasing.   
Sampling theorem specifies the minimum sampling rate that goes head in a uniform sampled patterns to ensure that the original signal gets recovered
Nyquist frequency is a particular sample technique that converts continuous signal to discrete units

Liaising is the errors realized in data due to mutual characterization of the data. Nyquist frequency is performed to eliminate liaising
6.  (15 points) Describe and explain at least three static and at least three dynamic characteristic parameters (your learned in the lecture) that can be used to describe the instrument properties.

Static values are response parameters of the biological sensors that slowly varies the input values. They include tolerance, linearity, resolution and sensitivity
Dynamic characteristics are actually the sets of instrumental performance defined by the instrument. They are; measuring lag, the speed of performance and repeatability
7.  (20 points) Questions related to homodyne and heterodyne techniques:

a) (8 points) Describe the principle of homodyne and heterodyne techniques (based on the major components used in the two techniques). 

The principle homodyne refers to the extraction of information ciphered as a modulation of phase and frequency in the oscillatory signal. 

Heterodyne technique refers to the receiver of local oscillator that emits radio signal close to the frequency of receiver. The two signals mix, creating the two frequencies

b)  (4 points)  Explain when these two techniques are needed.

The two are needed when encoding the coded information as a modulation phase, and when the frequencies of the receiver are close
c) (8 points) Assuming that you will use a heterodyne technique to detect a signal, Vsignal=10+0.1*cos(2*pi*5000*t) and your reference signal is Vreference=10+10*cos(2*pi*4980*t), what types of frequency components do you have after your mixer (or multiplier) and explain how you get these frequency components?  
You will have the linear components since the inputs of the given system are scaled. The reference and signal values gives output scaled values. Both reference and signal are non-linear if they have variants
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