19 October 2017 Name: MIN  7HA

ECE 638 Exam No. 1 Fall 2017

This exam is closed book and closed notes. No calculators are permitted. You have 120 minutes
to work the following four problems that are worth a total of 125 pts. (Please see the last page of
the exam for a summary of the point assignment.) To obtain maximum partial credit, be sure to
show the complete derivation of your answers. See p. 16 for the formulas to invert a 3 x 3 matrix,
which vou will have to do to solve some of these problems.

by Min Zhao

[. (40 pts.) Consider a three- channel sensor with the response functions [QR(/?.) O, (4), QB(H,)]

shown below.
, o Y ((

06 07 Aum 04 05 06 07 Aum 04 05 06 0.7 Aum

Qs (A) Qr(A)

a.  (8) Find the response of this sensor to the stimulus .S(/l) with the spectral power

distribution shown below:
S(A)
10

Il | L1
04 05 0.6 0.7 A um

b.  (8) Carefully sketch the spectral locus in the sensor chromaticity diagram for this
sensor, using an equilateral triangle where each chromaticity coordinate is given by the
distance from one of the vertices along the direction that is normal to the opposite edge.

Consider the primary set [PR (A) L), Py (ﬂ,)] with power spectral distribution shown below:

Py(A) P;(A) ‘ Pp(A)
10 1.0 1.0

L1 1 1 1 L [ | N N S
04 05 0.6 07 Aum 04 05 0.6 07 Aum 04 05 0.6 0.7 A um

c.  (8) Find the amounts of each of the three primaries that will yield a match to the -
stimulus S(A4) from part a), as viewed by the sensor with response functions shown
above.

d.  (8) Find the color matching functions I:r(/l) g(A),b (/1)] for this primary set.

e.  (8) Use the color matching functions as an alternate solution to finding the amounts of
- the primaries that will match the stimulus S(1) shown above.
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1. (continued - 1)

0 RS = §00 S0 Qpon dy

- 4 | IR Y
= IR0 Z = oA YE 0

Gs = o SO 0000

2255 (34) 2o0h

o b
B = |o SMBs00)
l. —l~ ¥ \ \ I
= FR0.00 %z T3¢ —isxgzi—zg
R G B rog9 0
(NS o o | o o |
£ 2 | 2
A=05 o Z % o % 3
A =085 0 I o o | 0
R R
~0.65 2 b
Az0.65 2 % 0 _3_: e 0
}"O--! | o 0 | 0 0




19 October 2017

1. (continued - 2)
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by Yang Cheng

(30 pts.) Consider a finite dimensional model for a linear, bichromatic (2-channel) vision
system. Assume that we sample at N =3 wavelengths. Suppose that the sensor response

matrix is given by

05 0
S=| 1 1
0 05

T

(5) Find the response of this sensor to the stimulus 7 =[ 1 05 1 ]

b.  (10) Find the projection operator R = S(STS)_l ST for this sensor.

b.  (5) Find the fundamental component 7" for this stimulus.
(5) Find the black-space component 7 for the stimulus.

d.  (5) Find ametamer 7" to 7 such that i’ # 7.

a. Z: STn = |9° '{ O‘?g][o-}‘s]
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2. (continued -1)
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by Xiaoyu Xiang

3. (25) This problem deals with the concept of correlated color temperature.
a. (5) Explain in detail what the plot below represents.
b. (5) What is the meaning of the solid line that goes from coordinates (0.24, 0.235) to (0.585,
0.385)?
¢. (5) How is it determined?
d. (10) For the given spectral power distribution (1) of an illuminant, provide a detailed

procedure and equations for calculating the correlated color temperature for 7(A4).
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Fig. 1(3.11). CIE 1931 (x, y)-chromaticity diagram showing isotemperature lines as computed
by Kelly (1963).

Tl’lt P{o% /s S}pwj@ the 6/ack- Z-dcél izdicitim s (x, j)- c};mmv‘/‘cf// o/,n]mm /,47‘

/E o~ P rediation  emitted ,é/ o b/azé-lw// o @ j»‘#(’ﬂ %m/?/ﬁﬁ”’e ) , thoe
Q Con&f&ﬁl%j fid) of i, which is the A ond / o off #his p/af

[5‘ . 77}9 (501,‘5/ lne s /D/o#@/ with +he é/&wkM radliction of %m/%ﬁypﬁ i’waxily
‘B’W b515k ~w k  For each #m/)ezm‘u/e, there s a C‘z)mﬁ/zw//’y A,y of

I
e 1yt bl by e Hodkbdy, and we can llied i+ on the Ay

C/wmah‘c/& 0"“515"7’- The bl lpe is 0(7:'4/}@/{ & wnnea? all -the /:w‘nfS.
fhe lhe s Hhe aure of  back-bdy udiat s


Daulet
Текст
by Xiaoyu Xiang


19 October 2017 10 ECE 638 Exam No. 1

3. (continued - 1)
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|Version 1 by Ruiting Shao

4. (30) You have a page of paper that has been painted with a\umfonn colg) You use a
spectroradiometer to determine the spectral reflectance R(ﬂ,) of this page. You would like

to display a 00101 patch on your monitor that mdlcates h%t this patch would look like
under an illuminant with spectral power dlstubutlon \\I (/1 // Th@u‘[s 0 your momtm are a
3-tuple of RGB values for each pixel.

a. (15) Describe in detail with complete equations (parameter values need not be spemﬁed)
the mapping from R(A) to the RGB 3-tuple value that you will input to the momtm\;such
that it will display a color that looks the same to the human viewer as the painted sheet of
Daper.

b. (15) Describe in detail how you would determine the values of the unknown parameters
in your answer to part (a) above.
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4. (continued - 1)
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4. (30) You have a page of paper that has been painted with a uniform color. You use a
spectroradiometer to determine the spectral reflectance R(1) of this page. You would like

to display a color patch on your monitor that indicates what this patch would look like
under an illuminant with spectral power distribution I(A1). The inputs to your monitor are a
3-tuple of RGB values for each pixel.

a. (15) Describe in detail with complete equations (parameter values need not be specified)
the mapping from R(1) to the RGB 3-tuple value that you will input to the monitor, such

that it will display a color that looks the same to the human viewer as the painted sheet of
paper.
b. (15) Describe in detail how you would determine the values of the unknown parameters
in your answer to part (a) above.
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