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(CLOSE BOOK, CLOSE NOTES)

Close books and close notes.

Please show all the steps in your works.
You can work problems in any order.
At the end please rearrange as 1, 2, 3, 4, and 5.

Please print your name and student ID.
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[20 Points|[Problem 1]
Encode the binary image (8x16 pixels) which is shown as below using the modified

Huffman scheme (using the attached code table in the next page). The first pixel is

an imaginary white pixel assumed to be the left of first actual pixel.
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TAaBLE €.3 Terminating black codes. )
Code Leagth - Run Code Length Run Code Length Run
0000110111 10 0 0000011011t (L 23 0000110L10EL 12 43
010 3 | 00000101000 (1 23 000001010100 12 4
i 2 2 00000010111 (L 24 00000101001 {2 43
10 2 3 00000011000 11 25 000001010110 12 46
ol 3 4 000011001010 12 26 00000tOtOfIL 12 47
Or -3 5 0000110010(l 12 27 000001100100 12 43
0010 3 6 000011001100 12 2§ 00000110010t 12 49
00011 5 7 00001100110f 12 29 00cooi0loOI0 12 50
000101 6 3 000001101000 12 30 00ooolOtooll 12 S5l
000100 6 9 000001101001 12 31 000000i00t00 12 52
0000100 7 10 000001101010 12 32 o0oogoottonii 1233
0000101 7 11 00000i10f0Of1 12 33 000000if1000 12 54
00001 11 2 |2 000011010010 12 34 000OOOIOOIIE 1T 35
00000100 s 13 00001f0t00l1 12 35 000000101000 12 36
00000111 § 14 000011010100 12 36 000001011000 12 57
000011000 9 {5 o0000il0lOt0r 12 37 ooooaiottoor 12 S8
000001011 0 16 00001i0t0flo 12 3§ Ooogootolont 12 33
0000011000 (0 17 000011010111 12 39 00000Ol0I0O 12 60
0000001000 0 IS 000001101100 12 40 Ogvooioilolo 12 6l
00001100111 11 19 000001101101 12 41 o0ooootiootto iz 62
00001101000 11 20 000011011010 12 42 0000OrIOOTLE 12 63
gooottottoe 1 21
TABLE C.4 Make-up black cades. YN TABLE C.5 f::'::d(;‘d‘:n:::;ul:
Code Length  Run Code Length Run white).
0000001111 10 6+ 000000LI0OII 13 9 Code Length _ Run
000011001000 12 138 000000LI 60 0
000011001001 2 28 10160 13 1024 000001000 1" 1792
12 192 0000001110101 13 1088 00000001100 " 1856
000001011011 12 256 0000001110110 13 1152 00000001101 [ 1920
000000110011 12 320 0000001110111 13 1216 000000010010 12 984
000000110100 12 384 0000001010010 13 1280 000000010011 12 2048
000000110101 . 12 443 0000001010011 13 (344 000000010100 12 212
0000001101100 13 512 0000001010100 13 1408 000000010101 12 2176
0000001101101 13 576 0000001010101 13 1472 000000010110 12 2240
0000001001010 13 640  00000OIOIIOIO 13 1536 00000001011 12 3304
gooooonooxou 13 704 0000001011011 13 1600 000000011100 12 2363
0838%:38::8? :g ;65 0000001100100 13 1664 000000011101 12 2432
oo o 32 000000110010t 13 1728 000000011110 12 2496
0 13 8% 000000011111 12 2560
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I Modifichd Huffwean Code (H W $or 03 fan chwile (ITU"'T)
| imile Encodin
Codes for Facsi g
TABLE C.1 Terminating white codes. k

Code Length  Run Code Length  Run Code Length Run

00110101 8 0 ootottt 7 21 00101011 8 42

goottt 6 ] 0000011 7 22 00101100 8 43

-0l 4 2 0000100 7 23 ootot1ol 8 44

1000 4 3 0101000 7 24 00000100 8 45

1ot 4 . 4 0101011 7 25 00000101 8 46

1100 4 5 0010011 7 26 00001010 S 47

IHO 4 6 0100100 7 27 00001011 8 48

it 4 7 0011000 7 28 0i010010 8 49

10011 5 8 00000010 8 29 01010011 8 50

1g100 5 9 00000011 8 30 01010100 8 31

0ottt 5 10 00011010 8 31 ololo10t 8 52

01000 5 11 gooltott 8 32 0100100 8 53

001000 6 12 00010010 8 33 00100101t 8 34

000011 6 13 00010011 8 34 01011000 8 55

110100 6 14 00010100 8 35 01011001 8 36

‘ 110101 6 ] 00010101 8 36 01011010 ] 57

~_lo1010 6 1600010110 8 37 oloon 8 58

101017 6 17 00010111 8 38 01001010 8 59

0100111 7 13 00101000 3 39 01001011 8 60

0001100 7 19 00101001 8 40 00110010 8 61

0001000 7 20 00101010 3 3 00110011 8 62

00110100 8 63

.‘R(,\y\,(e“slt V.'t = ‘4—‘M+['/ (.F-‘-‘-‘O}(’ '-',[3& Ym = ‘,2—'.'31_’>

TABLE C.2 fMake-up white «pdos.m
Cade Length  Run Code Length  Run
YW = WMQ VA() Hotl 5 6 0LI010I00 9 960
10010 5 128 OLI010101 9 1024
CO‘&Q- ototit 6 192 011010110 9 1088
BN n@'\ﬁ ouotLL 7 25 ouoll 9 W2
r WA 00110110 8 320  OLIOI000 9 1216
Q' = /¢ 00110111 $ 384  OLOIOOL 9 1280
CA&A'Q 01100100 § 448 OLIOLIOIO 9 1334
01100101 $ 512 onouont 9 1408
01101000 $ 576 010011000 9 1472
011001 11 $ 630 0I00LI00! 9 1336
011001100 9 704 010011010 9 1600
011001101 9 768 011000 6 1664
011010010 9 832 010011011 9 1738

OLI0100I1 9 896

O End of Line Code (E" oL ) Bfack ov wiibe

000 ooco ©oo 00}




[20 Points|[Problem 2]

In CALIC, refinement to initial prediction X is as follows. Form the vector
[N,W,NW ,NE,NN,WW 2N — NN,2W — WW|. Compare each component of it’s

vector with X and set each component to ‘1’ if it is less than X . Otherwise set to

‘0.

Show clearly that because of the dependence of the various components, there are

only 144 possible configurations in this vector.

Figure: Labeling the neighbors of pixel X

NN | NNE
NW | N NE
ww | W X




[20 Points|[Problem 3]

M
Given the (constraint) average bit rate R = ﬁZRk , where M is the number of
k=1

subbands, R, is average number of bpp (bit per pixel) for subband k. Minimize the
ud 2R

total reconstruction error o = O‘Z 2 02]. , where o is the reconstruction error
j=1

variance for the 5th subband, subject to the constraint.

2

Show that R, = R + %log2 — o

IM[ (UZJ )M

J=1

In the derivation steps,

oJ

k

[5 Points] Show

[5 Points] Show A (Lagrange variable) in terms of M, a, o, , and R.
Make the derivation very clear. Show all steps.

Hints:

Set up the minimization problem in terms of Lagrange multiplier as,

S —2R; 2 1 &
J:&ZQ 0'9]-—)\ R—MZR]
j=1 j=1

d(a")=a"(Ina)du



[20 Points|[Problem 4]

A sample image (88 pixels) is shown in Table. Both LPF and HPF are given,
decompose the sample image into 2D four equal subbands. Identify the LL, LH, HL,
and HH subbands. Apply reflection of pixel intensities at the borders.

Table: A sample image (8x8 pixels)

10 14 10 12 14 8 14 12
10 12 8 12 10 6 10 12
12 10 8 10 12 14
8 6 4 6 8 10
14 12 10 8 6 4 6 8
12 8 12 10 6 6 6 6
12 10 6 6 6 6 6 6
6 6 6 6 6 6 6 6

LPF (Averaging filter): y, = %

HPF (Differencing filter): z, = %

Al Al A2 A3 l

Al Al A2 A3
B1 B1 B2 B3
C1 C1 C2 C3

!

Figure: Example of row reflection and column reflection

at the border of an (3x3) pixel image



[20 Points|[Problem 5]

(5.1)[10 Points| Show that the symmetric low pass filter

h, =hy ,, ,n= 0,1,---,%— 1 is linear phase for length 8. (N =8, n=10,1,2,...,7)

(5.2)[10 Points] Show that the high pass filter A, (n) = (—=1)" hypp (n) is also linear
phase for length 8, (N =8, n=0,1,2,...,7). h,p is the low pass filter given in (5.1)

END OF TEST QUESTIONS
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