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DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING

NORTHEASTERN UNIVERSITY

ECE U692 INTRO TO SUBSURFACE SENSING AND IMAGING Spring 2011

Homework Set 3

For each problem please turn in a complete answer. In particular you should include any
narrative required to understand your method and comment on your results where appro-
priate, label and place captions on any figures you include, and in general think of your
homework as a short report. The intent is not to have you do a lot of writing for the sake
of writing, and you can certainly assume that we know what the problem statement was,
but your homework should be professionally done and we should not have to guess at how
to interpret what you hand in.

Also, you will note that there is some use of Matlab required to do this assignment. We
realize that the Matlab background of the class may be quite varied, so we expect you all
to ask for help as needed. However the responsibility is on each of you to ask, and to ask
enough ahead of the homework due date that the request is reasonable and the response
might be useful. This reflects what we described in the syllabus as the “graduate class”
approach we are emulating: our guess is that the homework contains some challenges. If
things are too challenging, you need to figure that out and ask about it ahead of time. So
what we all know is the standard undergraduate approach of waiting until the night before
to start the homework may be even more dangerous here than in most undergraduate classes.

Problem 1: Lab Work

This is the first of two planned experiments. This is a subsurface problem only to a limited
extent, but does provide a chance to use some of the tools of the trade in both hardware
and software. Specifically, you will get to use the hyperspectral imager, understand light
absorption and scattering in a single layer, and do a bit of spectral unmixing. You will be
given a reference target of Spectralon(TM) and a printed plastic target with two colors as
shown in the figure below. The plastic target contains a square of cyan ink, another square
of magenta ink, and a stripe varying from one color to the other. These colors were chosen
because they each use a single ink in the printer, and they absorb only one color. Magenta
absorbs green, and cyan absorbs red. The reason for choosing these two colors is that the
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Figure 1: An actual–size copy of the test target.

camera system performs less well in the blue; There is too little light in the tungsten sources,
the camera is less sensitive, and the filter’s insertion loss is greater.

In all these images, you should use wavelengths of 450 to 700 in steps of 10. Depending
on the lighting, you may have to discard data at the extreme ends of the spectrum. You will
know that because you will see low light levels there, leading to results that are inconsistent
with the rest of the spectrum.

(a) Calibration: First, adjust the camera so that you get a good reference image of the
Spectralon(TM) target. Make sure that all the values are reasonably high, but not
saturating. You want high values so that quantization noise will not be a problem, but
you want to avoid any values that saturate the camera (at a count of 255). You can
adjust the light level by moving the light sources or changing the aperture setting on the
camera. Make sure you have a good reference image before you continue. Do this by
displaying the cube and looking for high and low values.

(b) Data Collection: Next, place the printed plastic target on top of the white standard.
We will assume (probably not quite correctly) that not much light gets to the white
standard and back to the camera. Image this scene without making any changes in the
lighting or camera setting from your calibration run. Check the quality of these images.
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(c) Reflectance: Calculate the reflectance of the target using

R =
Target + 23

White + 23
. (1)

In your report, submit some slices of the reflectance image showing images at “interest-
ing” wavelengths, and spectra at “interesting” places.

(d) Absorption Assume that the reflectance is given by

R =
µ′s

µ′s + µ′a
. (2)

Inverting this, we get
1

R
− 1 =

µ′a
µ′s

. (3)

Although we can’t calculate the absolute absorption, µa, we can compare the relative
absorptions of two regions, assuming that the scattering remains the same. Include some
plots of this ratio in your report.

(e) Spectral Unmixing: Now see what happens when we try to unmix the spectra. Use the
solid patches as calibrations. Find a region in the middle of each, and obtain a spectrum
for cyan and another for magenta. Then assume that, for each pixel, the absorption is
composed of three parts, cyan, magenta, and gray. The latter has a constant absorption
across the spectrum.




µa(λ1)
...

µa(λN)
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...
...

c(λN) m(λN) g(λN)
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 , (4)

where C, M , and G are the concentrations of cyan, magenta, and gray, respectively, which
we would like to know, and the lower case letters represent µa/µ

′
s from the calibration

patches, for their respective colors. Try inverting this equation to find the concentrations
of the different inks. Do you get the right answer on the test patches? Do you get
believable answers on the stripe on the right?
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