Massachusetts Institute of Technology

6.808/MAS.453 Spring 2022 Problem Set 2 March 7, 2022

This problem set has 6 questions, each with several parts. Answer them as clearly and concisely as
possible. You may discuss ideas with others in the class, but your solutions and presentation must
be your own. Do not look at anyone else’s solutions or copy them from anywhere.

Turn in your solutions on Monday, April 4, 2022 before 11:59pm by uploading it online on
Gradescope.

1 Inertial Sensing

1. Alice moves a device to track her movement and perform gesture recognition using accelerometer
data, similar to Lab 3. Suppose that the accelerometer is free of noise and bias, there is no movement
in the z direction, the orientation of the phone is constant, and the starting velocity and position
are zero at t = 0 s. The accelerations in the = and y directions, in m/s?, are given by

2 fo<t<0.2 —4 H0<t<020r38<t<4
a;(t)=¢ -2 if38<t<4 and ay(t) =94 if18<t<22
0 otherwise 0 otherwise

The plots of accelerations in the z and y directions, a, and a,, are shown below.
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Sketch the velocity and position in the z and y directions from ¢ = 0 s to t = 5 s. Label the
axes with units and indicate the values at each of the peaks, valleys, and transition points in
your plots (e.g., at t=0.2, 1.8, 3.8, 4, 5s). Feel free to sketch on a separate paper if easier.



2. Sketch the trajectory of the device in the zy-plane. What letter does the device trace?

3. Bob performs the exact same movement. However, the z-axis accelerometer suffers from a con-
stant bias of +0.2m/s? and a small zero-mean Gaussian noise. Sketch the velocity and position
in the x direction from ¢t = 0 s to t = 5 s. Label the axes with units and indicate the values at
each of the peaks, valleys, and transition points in your plots (e.g., at t=0.2, 3.8, 4, 5s). Feel free
to sketch on a separate paper if easier.



4. List two ways to stabilize the noisy trajectory tracking.

2 Pothole Patrol

The pothole patrol system uses different thresholds and filters to eliminate unwanted events. In one
or two sentences, briefly answer the following questions and explain your reasoning.

1. How does it discard scenarios when the car is accelerating, braking, or making turns? Specifically,
does it use a high-pass filter or a low-pass filter on the accelerometer data and why?

2. How does it discard expansion joints and rail crossing (i.e., distinguish them from potholes)?
3. Why does it cluster the pothole events?

4. The Pothole Patrol project used two types of training data, loosely-labeled and hand-labeled.
What is the difference between the two? Why did the authors need to use two different types of
training data?

3 Glimpse

Ben Bitdiddle has deployed the Glimpse system to recognize objects. His video runs at 30 frames
per second. A new object appears in a frame at time 0. To recognize this object, Glimpse needs to
first send the frame to the server. It takes 667 milliseconds from when the frame is sent to when
the client receives a response from the server labeling the recognized object. However, by that time,
a certain number of frames N would have been captured on the client and stored in the client’s
active cache.

1. What is N?

2. Suppose it takes 5 ms for the client to track a recognized object from one frame to another on
the client. What is the maximum number of frames that Glimpse can track through in order for it
to recognize the object in the latest frame before the new one is available on the client?



4 Evaluation Metrics & Object Recognition

1. In the Glimpse (split computing) lecture, what criteria are used to determine that recognition
is correct?

2. In Fig. 4, we show 6 different images where we expect Glimpse to recognize all road signs in
each image.

Figure 1: Precision & Recall

a) Compute the overall precision. Explain your answer in details.
b) Compute the overall recall. Explain your answer in details.

¢) Compute the overall F-measure.

5 RF localization, WiTrack, Vital-Radio

1. Ben Bitdiddle has an idea to estimate the distance from an RF transmitter to an object when
there is no noise and no multipath using only one transmit and one receive antenna co-located on
the same device. He transmits a sinusoidal waveform at frequency f Hz and then computes the
phase of the reflected signal. The radio signal travels at ¢ meters per second. He finds that he can
make this approach work as long as the distance to the object is less than some value, D meters.
What is D in terms of the parameters provided? Explain your answer.

2. Now consider the WiTrack system discussed in class, which uses a frequency-modulated continu-
ous wave (FMCW). There is no multipath and no noise and a single reflector. Sketch the frequency
of the ideal FMCW transmitted signal as a function of time. On the same graph, also sketch the
received signal as a function of time. Label the axes.
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3. Suppose that the bandwidth allowed for the WiTrack FMCW frequency sweep is 75 MHz. What
is the distance resolution, i.e., the minimum distance between two objects so that they may be
located separably? Assume that the transmit and receive antennas are co-located. The speed of the
radio signal is 3 x 108 m/s.

4. In the VitalRadio system on wireless sensing of human vitals, which property of an RF signal
does the system use to measure changes in the chest movement? Explain using 1 sentence and the
corresponding equation.

6 Acoustic Sensing

1. How many ultrasonic speakers does the BackDoor system use to make microphones hear inaudible
sounds?

2. Consider the Backdoor acoustic system. An ultrasonic speaker sends three tones at 40 kHz, 50
kHz, and 52 kHz. Alice uses her smartphone’s microphone to record the signal.

a) Alice uses a spectrogram app to detect what frequencies she recorded. She does not see any
of the three tones on her spectrogram. Why?

b) Instead, Alice notices some other frequency tones in her spectrogram. What are these fre-
quencies?

c¢) According to the paper, which of these can be a reason for the frequency tones observed in
part (b): (Select all that apply)
e Non-linearities in the microphone’s amplifier.
e Non-linearities in the speaker’s amplifier.

e Non-linearities in the microphone’s receive chain after the filter.



7 Backscatter in Air and Water

1. How do passive RFIDs power up?
2. In 1 sentence, explain how RFIDs transmit bits of zeros and ones.
3. Why can’t RFIDs work underwater?

4. What type of material does underwater backscatter use? Briefly explain what is the key prop-
erty /properties of the material that makes it usable for backscatter?



