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function cr = imratio(f1, f2)

%IMRATIO Computes the ratio of the bytes in two ima gesl/variables.

% CR = IMRATIO(F1, F2) returns the ratio of the num ber of bytes in
% variables/ files F1 and F2. If F1 and F2 are an o riginal and

% compressed image, respectively, CR is the compres sion ratio.

error(nargchk(2, 2, nargin));
cr = bytes(fl) / bytes(f2);

% Check input argume nts
% Compute the ratio

% %
function b = bytes(f)

% Return the number of bytes in input f. If fis a string, assume

% that it is an image filename; if not, it is an im age variable.

if ischar(f)




info = dir(f); b = info.bytes;
elseif isstruct(f)

% MATLAB's whos function reports an extra 124 byte s of memory
% per structure field because of the way MATLAB st ores

% structures in memory. Don’t count this extra mem ory; instead,
% add up the memory associated with each field.

b=0;

fields = fieldnames(f);
for k = 1:length(fields)
b = b + bytes(f.(fields{k}));
end
else
info = whos('f"); b = info.bytes;
end
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>>r = imratio(imread('bubbles25.jpg"), '‘bubbles25. ipg)
r=
35.1612
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for k = 1:length(fields)
b = b + bytes(f.(fields{k}));
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function rmse = compare(f1, f2, scale)

g oo 0olail

%COMPARE Computes and displays the error between tw 0 matrices.

% RMSE = COMPARE(F1, F2, SCALE) returns the root-me an-square error
% between inputs F1 and F2, displays a histogram of the difference,
% and displays a scaled difference image. When SCAL E is omitted, a

% scale factor of 1 is used.

% Check input arguments and set defaults.
error(nargchk(2, 3, nargin));
if nargin < 3
scale = 1;
end
% Compute the root-mean-square error
e = double(f1l) — double(f2);
[m, n] = size(e);
rmse = sqrt(sum(e(:) .~ 2) / (m * n));

% Output error image & histogram if an error(i.e.,
If rmse
% Form error histogram.
Emax = max(abs(e:)));
[h, x] = hist(e(:), emax;
if length(h) >=1
figure; bar(x, h, 'k);
% Scale the error image symmetrically and display
emax = emax / scale;
e = mat2gray(e, [-emax, emax]);
figure; imshow(e);
end
end

rmse ~= 0).
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Ty pAn) Code 1 h(n) Code 2 b(n)

" 0.1875 00 2 011 3
r 0.5000 01 2 1 1
r 0.1250 10 2 010 3
r 0.1875 11 2 00 2
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function h = entropy(x, n)

%ENTROPY Computes a first-order estimate of the ent ropy of a matrix.
% H = ENTROPY(X, N) returns the first-order estimat e of matrix X
% with N symbols (N = 256 if omitted) in bits/symbo I. The estimate
% assumes a statistically independent source charac terized by the
% relative frequency of occurrence of the elements in X.
error(nargchk(l, 2, nargin)); % Check input argume nts
if nargin < 2
n = 256; % Default for n.
end
X = double(x); % Make input double
xh = hist(x(:), n); % Compute N-bin histogram
xh = xh / sum(xh(®)); % Compute probabilities
% Make mask to eliminate 0's since log2(0) = -inf.
i = find(xh);
h = -sum(xh(i). *log2(xh())); % Compute entropy
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>>f=[119123 168 119; 123 119 168 168];
>>f=1f; 119 119 107 119; 107 107 119 119;]
f=

119 123 168 119

123 119 168 168

119 119 107 119

107 107 119 119
p = hist(f(:), 8);
p=p/sum(p)

0.18750.5 0.125 0 00 0 0.1875
h = entropy(f)
h =

1.7806
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Original Source Source Reduction
Symbol Probability 1 2
a 05 0.5 05
a, 0.1875 0.3125 0.5
a 0.1875 :l 0.1875
a 0.125
Original Source Source Reduction
Symbol Probability Code 1 2
a 05 1 0.5 1 05 1
a 0.1875 00 —— 03125 01 05 0 |
a 0.1875 011 ~— 0.1875 00 ::l ‘
a 0.125 010 ~— :

oo, amass Lbg, (0) ae L2als @) edle £Y pgal

vQP%WQ‘W)QL;[LQJ}A).MQWQL#‘@JA44.45\)9.;3&5&)‘)&;)&.5.;]al&ﬂueuﬂj‘k&)ﬁ)ébu&&cﬁ‘

D oo 0 bysy Reas 4O

@ o oled o 1y Sl (Sob o) S pl sl (@liShe) BB 08w jazie 6598 jo) S PN Jodz 9 0P pgai 0 edls 1,
NS e o 9 Wl s 5oy slasles 4Ly 50 (S50 4lS y2 oS el (5598 Sz ] Sl 0gbice s 30y slaoles 5l (D6 Slel
a gl aes lalf st (los p0 Sy S50 4 Gadle lae, 51 Su 58 50 Sey e Sl (S 955 liShe) (som slaoles
2 2liS e, Glp onl g o0 SliShe; (lgioe Cuz Sy s | bolas ) 15 alien olaS e, b 0)8 4 pamie JSS

&a?\ JL».O ) ¥t ).sya.a Be .\.a}w‘_,’.o o w‘) 4.:;4})‘ M) 3 o.\.wJa.infaL\C u.o.‘?l.% 03 LS)‘K)") 6L®~)Lo.: )l g_ix




G50y gl polie o lulaz 750 4 G5l peiS s ool SliS 50, BB (5)58 0,8 4 jarin o, Soly S 5l a5 il
N 6, S B mhaw b A2 0les 3o, a5 ol V yuine joy gl 45 0 palas oy 4 o 51 o] 5l ol atsy (a0 50 o 00
o 0,3Yh e Aol lgie e 1) IS STl VTYY 6 S mhaw b gillas a5 sl 0V o yuiee (S0, delS ]

el 398 Jlo po F oo &5 sy g0 008 LiS50) s

Qg o0 03wl u,oﬁl.rb KW ‘).'>-| M énl.sLYL» e c\SLb).A) LME&».».A u..&ls u;l.e(i}ﬁ)

function CODE = huffman(p)

%HUFFMAN Builds a variable-length Huffman code for a symbol source.

% CODE = HUFFMAN(P) returns a Huffman code as binar y strings in

% cell array CODE for input symbol probability vect or P. Each word
% in CODE corresponds to a symbol whose probability is at the

% corresponding index of P.

%

% Based on huffman5 by Sean Danaher, University of North Umbria,
% Newcastle UK. Available at the MATLAB Central Fil e Exchange:

% Category General DSP in Signal Processing and Com munications.

% Check the input arguments for reasonableness.

error(nargchk(l, 1, nargin));

if (ndims(p) ~= 2) | (min(size(p)) > 1) | ~isreal(p ) | ~isnumeric(p)
error('p must be a real numeric vector.");

end

% Global variable surviving all recursions of funct ion 'makecode’

global CODE

CODE = cell(length(p), 1); % Init the global cell array

if length(p)>1 % When more than one symbol...
p =p/sum(p); % Normalize the input probabilit ies
s = reduce(p); % Do Huffman source symbol reduct ions
makecode(s, []); % Recursively generate the code

else
CODE ={1'%; % Else, trivial one symbol case!

end;

%

----%

function s = reduce(p);

% Create a Huffman source reduction tree in a MATLA B cell structure

% by performing source symbol reductions until ther e are only two

% reduced symbols remaining
s = cell(length(p), 1);

% Generate a starting tree with symbol nodes 1, 2, 3,...to
% reference the symbol probabilities.
for I = 1:length(p)

s{i} =1i;

end

while numel(s) > 2

[p, i] = sort(p); % Sort the symbol probabilities

p(2) = p(2) + p(2); % Merge the 2 lowest probabil ities
p(d) =1, % and prune the lowest one

s = s(i); % Reorder tree for new probabilities

1C




s{2} = {s{1}, s{2}}; % and merge & prune its nodes
s(1) =1]; % to match the probabilities
end
%
----%
function makecode(sc, codeword)
% Scan the nodes of a Huffman source reduction tree recursively to
% generate the indicated variable length code words
% Global variable surviving all recursive calls

global CODE
if isa(sc, 'cell") % For cell array nodes,
makecode(sc{1}, [codeword 0]); % add a 0 if the 1s t element
makecode(sc{2}, [codeword 1]); % or a 1 if the 2nd
else % For leaf (numeric) nodes,
CODE{sc} = char('0' + codeword); % create a char ¢ ode string
end
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>> ¢ = Huffman(p)
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o)l yate gl jo a5 o)ls sk @)l pgo jaie (slsime @ o)lal X{IHZ} oS5 08 ams Jslo slaal)l Lo jo 1, Jskes
bl oS P = p/SUM (P)o,le jo (63959 sloosls SVt Jlop 40,5 die,lxin 5 COAR (gl ol 5 oo WSl Jgkos
Wi o 3l o, S=reduce (P)ls, Lol ojle b as Jgl al> 1o 098 o0 sl al> 1o ¥ (b sss sie bt YLl s (6l
al)) yolic s, cul ) s oo oS @FY gl 45 a5 Ceul g 2alS T ailiy 45 WS e Jls313 |, reduce s, ab
5 S{L}=1, S{2}=2 s s sl ol abgsye slpasls b ol onds glats COOBL 5 ol 03gy I lazl o a5 Jskos
ail> cpl LS5 axds ya 0 098 e ol While numel (S) > 2ul> o e slotals 9090 Joges Jolas Jokw (o 0jmé
25T 4 O G S 5 a5 0500 ol (3l i ye (0) SOl LS ol 050 i po SVlaial (a8l o 2 P 1o

el
[y, i] = sort(x)
L P(2) jo Jlil g0 ol P o S0 5l g sl YEX(0) o5 sl (p5b 1 5 aiten wSol 00 i je polic Y (29,5 (sloesls
ool LT (ol Jloy bl 2 P Gabaio b 09 ge o0 05bg0 gio (2alS sk s 9850 03y 2 P(1) 5 Sigid so pleol o2
55l SRISSIILSERI 50 5 on sl i slemtl sl symie 5 o ] L S{2} 0,5%0 it 575(0) 5
18(1) s pleol yate g0 5l jate gl G p lp Jsbe (5,5 a3LE (Cul Tgime (o)l a3t 5l diged S (D) 050

Qiles (BL'S o paie 90 Laid b ogd o S5 0l alyd ol 0gd e 00 )5 @ S(1)=[ls,L

celldisp(s);
cellplot(s);
Root --cecceee——- 1.0 ‘
ejouree ______ 0_5__4\_____0_5 l BlE || st -4
s{1}{2}{1} =3
Source

~-0.1875 - - -~ 03125 s{1}{2}{2} =1

reduction i

: s{2} =2
| 0125 01875

Source ' : :

symbols ~— "% a ay a
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b ow g 2FY o pgar .ol oals ool Lid £X pgal 0@)FY pgal 5 £ Joaz 10 boles cVlezl auld 24,5 slaosls

s ol edls Lol Jls; 5T @ be ¥ i oo

4 Jsbo 41,1 S 31,5 0as CEIIPIOL b oo o Lioles TS 1) Jobo 0l,T @lgime MATLAB 53l » 5 celldisp ol

@FY pgai o goie Ghals C3 ) sloe,S 5 CFY sl o ol all jolie S 4 S Gl 4 ol 058 ladaz &0

NS Az

el S 50 s raie 93 (Joho bl oL Billas (Sl e falS KLles 45) Jloges nl 0 4L 93 (Slo s 51 S 2 (V)

Do pleol LT b gllas g (alS 5o a5 ol slasles slasls gyl s pate 90 Jsho slaal)] 5SS Ha (Y)

s S{IH2K1}=3  bxul jo S o obml |, S{IH2Y raie 90 Joko al)] Jloses onl kel jo @3, @lsbaoles plésl Sk
el 5h (g pic 33 Iyl )] 253yl ey s 3, Alskes sl oo 5 4 S{L{2H2)=1

S oodle @l ojke GlsSlE LS e 2ol obe al)T lul e, (aras ) Sey o auld s Ll e

Sebos PY poas gy ool 2 6315 slage, pamass auld iluil ol el Jlo313 cnl 5550 1,21 Makecode(s, [])

9 29b o0 e s Gl L g (Wi (5l K00 sl b eads (i3l sy polie 115) (g3l 0530 j3 9> a8 po Cely IS5 Az S

ol Wload Gy o (6,1, JSS 4 a5 glbaosls b LS plKin Logaste ol (Lol (] S5 5 conl 03,88 5o, a5 Canl o] i g

b bosiies 1) sl los oo (s 0,5 ol (5,185 &g 4 olgiss |, MATLAB 530 65 sl 51 6 o 50 sla,lages

aod 5l Jits a5 Wgli oo Sl (oxdge basenie Sl Slojl acgeze Ll SleSE o caSil sl 08 Jls 3 peiites ol

s (L5 (slade goe

Fsbo 411 paie a5 SC 4 ol LS, g loyhn 5l slayl)] a5 COABWOIC:asS o Jgub 1, (595,9 o0ld g45 50 MAKECOAE 5,0 aobs

pleol KoaSu b e (2ol a8 5o a5 ol s (59 Sled 99 (gl il (Jsho a1 S (093 SC 285 Conl aie RS

oS ol (S50, 4alS 50 L ol yon a5 048 oo Sls318 polic jo T, S MKECOARW s (5,138 50, (sl il b LesT a5 ST 51 alonss

g Sl (ol e sles (a3 li ails Joho al) 5l SC (85 g o0 doned (539)9 1o, 4alS 4 Sy g Layho) Wigd oo djg)

Oled 098 0 03ls Lavazs o] & cOde (SC) = char (0 +codewor@olicul b 9,9 o, aalS 3l oo olom! ogogs atd,

al,l 4 sis dwg oy, SKble a5 1) Cute mmo olael ggl> slaayl)] MATLAB 8l 6,5 o char@l: (eudS S gl




599580 15 03 o odes 1, 010" axs, char(‘0’+[010]) S (o Sl Jsl 3o, VYY) S oo hos MATLAB s

S o Sl ) ) (Sl oS L ao (Sl 4 ) 0958 45 Jo 40 05 e odg5 Sl b SO Lhe e slil 4 Lol oS 4 Lan
S350, 1y Dgb e 00 Y paal aie LEalS Jsko 41T o o] mls a5 Makecode sl g, ol £Y Jga o
ailp g o9 oe ploxl (edla (Lol g, 51 (.Y Jgasl Vo)) Jlelp gl sl Sl 090 SlelE Cde e oled ez
g sn 03l Larass S Jolw il g (JB Gwle 4 i3 4 SCy S e (sl ol je) aedST (63959 slaosls L ) (5,18 5,
diven SCaS Sl 5l .l Sgtw 98 aiys, 6 Jokw al)l se 4 MATLAB 1381 65 sl liSalas ulul » {1*2cell}
Selsl Ssdse el Jgaz Vs ¥ sleks, )% SleSE g0 (Cel Ll Sy (S5 sled mte) el (JlgS8 sl s (sl )]

ASGA ‘51‘9}‘)5 ‘)?sa LsLerQ.b) Sy90 wséj.wfsv LgLerth))ds.bS‘So LS)‘A"‘ o‘)}ﬁ.;‘)).i.{é ‘51‘9}‘)5 99 ‘5:‘?‘)5

Call Origin sc codeword
1 main routine {1x2 cell} [1
[2]

2 makecode [4] {1x2 cell} 0

3 makecode 4 00

4 makecode [3] [1] 01

5 makecode 3 010
6 makecode 1 011
7 makecode 2 1

Y pgal ;o ade Grals Jelw )l )0 56y jacass a8 FY Jous

codeword;! j., aus, .wgd plosl wb Blol slo, S5 Joaz ¥V g & B F sleis, ygmed ils Jsho al,l G SCaS asds ;o

el 0345 SC ] sl 4 00 0 03ld et e oled 4 g 0gb o Sl

(Huffman Encoder ) :odla 6,135 w0, .£.Y.Y
oS oboles fpedle gloje, 10 ould dusd (gilwodid Jhgy S0 (gl 0gd sod gt (gilwod pid 395 (G395 Ay pedla (6,105 5

Wb aiil 6 5 SE mahw gy Slles plo 9,5 boosls b g aiil 6,8 zohaw goi 5l az el 0als oln] ] o s,

gl (5,005 50, Sm) 5yl 4 b s ool 0dei soje, b (gillas

Pl

AJ).A.iI )Ja.a 2 ‘) ‘_,’.uLa o.)}.?l.;l'; ¥ ool Pgas S5
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>>f2=uint8([2 342, 3244, 221 2,112 2)

f2 =
2 3 4 2
3 2 4 4
2 2 1 2
1 1 2 2
>> whos('f2")
Name Size Bytes Class
F2 4x4 16 uint8 array

Grand total is 16 elements using 16 bytes

7S ol o5 Sl jlosd o oalitd Sl VPl upas JS taled sl ool S A sl 2l So T2 j0 g paie s
) noas Giules slp 5l 090 alidls Jlade (i ST adu ;0 a5 b led) e Job b ey S0l LS oLl fo

S o dle 1y (G50, iz redle b a2 o S

>> ¢ = Huffman(hist(double(f2(:)), 4))
CcC=

‘011

1

‘010

00"
Col (0, aiile C dasles 393 & dittaud 00l (6,18 0, i (sladles 989 (comd Dlads Slawd wlul p yebla slaye, oS ‘_.,-"L?di ;|

Syl caws N e o 511, fo

ol 00l (geximz Sldas (51,21 C jo, bl o Y8l (6,108 50, (5l ool g, SO

>> h1f2 = c(f2())’

h1lf2 =
Columns 1 through 9
' ‘'010''1" '011''010''1" '1' '0O11'‘'0C'
Columns 10 through 16
‘00' '011''1* 1+ ‘00" 1Y 1

>> whos('h1f2")
Name Size Bytes Class
h1f2 1x16 1530 cell array

Grand total is 45 elements using 1530 bytes

S oo 00,8 1) Y aS cenl olml> h1f2 Sgd oo o VF#Y Jolw al) &y a5 il uint8 £9 5l o g0 Al ) SO fo el jo

il 53 isSin oy oly & w2 5 ol & W o g olie b Gl o wis puite Jsb b slaers, D12 ole
Atiwd T g Lo 090 aladl plp Voo a8 04 o ool ol VOY - 5l oad (6 N3850, pguas

sl T L 5 Glp a5 cwd MATLAB  (slaosls o lusbinl slaojle 51 (o a5 92 ol it D12 Jgls a1yl 51 solasl

STL I gl oot cls p slg g ol dung sloass, Jsb 4 bgs o h1f2 3,90 53 DSl ol o 00, )5 4 alinl glaosls




Coxdge by lp a5 (Gl 00l zy3 Joke AT 15 45) 098 0 Camone bl eges slaanie g Jobe al)l &b

2,8 Lzl eges sloas 3o 5l ls3 oo Byleie (gom 99 anys al,] S A D12 Los b ogs o 00 )5 & yoiie Jsb b 5,0bis

>> h2f2 = char(h1f2)'
h2f2 =
1010011000011011
111 1001 O
010 1 1
>> whos('h2f2")
Name Size Bytes Class
h2f2 3x16 96 char array
Grand total is 48 elements using 96 bytes

5las col T2 5l g pgai jare SO L @lae D22 51 gis el oo oS h2f2 \5y ans g )] & h1f2 Folo wl)T el jo
G ey aals ) g e gl a5 Sl jlaisd e 50 Al e (5505 ojlail gl LSk isdise gy Cely 4 oz g ol 4 YL
el T2 6l 5L 0590 ol ol V8 51 iis 4 e £ a8 ol ol 48 N2M2 Lawgs soliinl 5,90 abidl> JS el 5L <ol g0

2,5 Bdo 3 algy sleslanul L1y oo zy0 JB slalas g oo

>> h2f2 = h2f2(:);
>>h2f2(h2f2==" Y =[];

>> whos('h2f2")
Name Size Bytes Class
h2f2 29x1 58 char array

Grand total is 29 elements using 58 bytes

<ol 2 ol ol V8 51 iy 5L 040 alidl>

Agd pex Cub SG 0 enld Gl 0, G paal jaie pdiz g 09d Jleel Ca v ;o Wb C s, fs & slwod pid gl

>> h3f2 = mat2huff(f2)
h3f2=
size: [4 4]
min: 32769
hist: [38 2 3]
code: [43867 1944]

>> whos('h3f2")
Name Size Bytes Class
h3f2 1x1 518 struct array
Grand total is 13 elements using 518 bytes
(V) el lad o ) 3590 90 51 (o b ol 2T 8 )ls aladl> ol OVA & 5Ls a5 wiS o o |, h3f2 =L, mat2huff¢3ls a5
2,3 MATLAB 581 65 a5 MATLAB ol 6500l slp £ s o imratio sloslaiul) ojle yuxe sgec slodi o

g ‘_,’_';T GlmliS e, Juoms sl Sledbsl mat2huff (v) 5 (05 oo oolatl agec sloanie sl cob VYT 5loslu 5l o
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L, fo matZhuffecl o sis LB sole ojlail b (63l slo pguas oy pl5in a5 ogee sloanje ool 5l a5 B0 05 oo

ol 5 200 4 N3F2 50, jolicaigd o088 o VP aadS ¥ a0 Ty o A S V8 aiS o (s5lwen yi8 F2) Jale b

>> hcode = h3f2.code;
>> whos(‘hcode")

Name Size Bytes Class

hcode 1x2 4 uintl6 array
Grand total is 2 elements using 4 bytes
>> dec2bin(double(hcode))
ans =

1010101101011011
0000011110011000

G Lao ¥ o) 3] Jgoe V8 slois 5l g Sigd e 00 )15 4 D32 closs 51 G yo ol sl dEC2DINAS sl asls axg5
20,5 a5 PN (s 10 W3 4 cel 08 4 pasmie (655 o VA oS5l Jolae Con YY (538 50 9 oo a5 By

5 boles SYlasl ie) s (6 00850, alT SlaSie, ly a3Y Sledbl sol> MAt2huff b is L3 Jio jo a5 job oles
site sleal, e o Ll ol Sledbl )l L3 MATLAB 5l 65 5 slapaiie 51 (S5 50 a5 ol (Lol olal
el sas z,0 Mat2huff

function y=mat2huff(x)
%MAT2HUFF Huffman encodes a matrix.

% Y = MAT2HUFF(X) Huffman encodes matrix X using sy mbol

% probabilities in unit-with histogram bins between X's minimum
% and maximum values. The encoded data is returned as a structure
% Y:

% Y.code The Huffman-encoded values of X, stored i n

% a uintl6 vector. The other fields of Y conta in
% additional decoding information, including:

% Y.min The minimum values of X plus 32768

% Y.size The size of X

% Y.hist The histogram of X

%

% If X is logical, uint8, uint16, unit32, int8, int 16, or double,
% with integer values, it can be input directly to MAT2HUFF. The
% minimum value of X must be represent able as an i nt16.

%

% If X is double with non-integer values---for exam ple, and image
% with values between 0 and 1---first scale X to an appropriate

% integer range before the call. For example, use Y =

% MAT2HUFF(255*X) for 256 gray level encoding.
%

% NOTE: The number of Huffman code words is round(m ax(X(:)) —
% round(min(X(:))) + 1. You may need to scale input X to generate
% codes of reasonable length. The maximum row or co lumn dimension

% of X is 65535.
%
% See also HUFF2MAT.

If ndims(x) ~= 2 | ~isreal(x) | (~isnumeric(x) & ~i slogical(x))
error("X must be a 2-D real numeric or logical matrix.");
end
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% Store the size of input x.
y.size = unit32(size(x));

% Find the range of x values and store its minimum value biased
% by +32768 as a UINT16.

x = round(double(x));

xmin = min(x(:));

xmax = max(x(:));

pmin = double(int16(xmin));

pmin = uint16(pmin + 32768); y.min = pmin;

% Compute the input histogram between xmin and xmax with unit
% width bins, scale to UINT16, and store.

X =X();

h = histc(x, xmin:xmax);
if max(h) > 65535

h = 65535 * h / max(h);
end

% Code the input matrix and store the result.

Map = huffman(double(h)); % Make Huffman code map

hx = map(x(:) — xmin + 1); % Map image

hx = char(hx)’; % Convert to char array

hx = hx(:)";

hx(hx==" ") =[], % Remove blanks

ysize = ceil(length(hx) / 16); % Compute encoded size

hx16 = repmat('0’, 1, ysize * 16); % Pre-allocate module-16 vector
hx16(1:length(hx)) = hx; % Make hx module-16 in length
hx16 = reshape(hx16, 16, ysize); % Reshape to 16-c haracter words

hx16 = hx16'—-'0"; % Convert binary string to decimal
twos = pow2(15:-1:0);

y.code = uintl16(sum(hx16 .* twos(ones(ysize, 1), :) , 2),

olie o sy sl a4 L ancin laalaize 5l eslitnl b 1) X L il Gedla Y=matZhuff (X) o le a5 acsl atils a>gs
T30y Tn S 3)5m edle oS g oa LiS e lan Y5 ot ()55, (slaosls By S oo (5,350, X ST 5 il
oedla o, Lai> o> 4 MatZhuff sss asls col X gl ai o5 Y.NISt g cul Xjlade JSlas a5 Y.MIN 5l 0,bgo wub o
&b el o 0,53 Y.SiZ€ o a5 X 5be ol slal g ga050 ol 4 azgi b oyl 0 a5 1) T saze adgi slp 5o 0,90 Sledb

Dgdien 08,15 4 X g3lusb g V.COOR LLiSje, sl (arr i) £YY isw huffZmat

el 00 Lo el o aods b 4y Y.COACLIS 1y 5Ls 8,90 Sy
5 0uiS dwle aly sl 4 olealims | oolitul b X polie iSTas g Blas o X (689,5 slaools b 1, N gles aciy Tal )
89 > UINELG Jls 5 y0 a5 oS s 5,9b 1y )] obide

ol oo o wbie N gles Ay (e (gl Lol jo a5 asS oolawl Huffman ;i pedls 5, sbx! gl Y
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A8 b Ny Glawsg ol Ta |, ol s § (998 ol Jokw 4l,T 5 B) 0S5 aiis 5l oolawl L 1) X (599,9 sloosls Y
DS Gk Y e j0 D22 g sais )0 JB slalad
plsl Jgae V8 dwngs o o oll b5 cpl T jo gamlg V8 Slakad & 90 a5 )] slodungs 45 oS Cawyd g9k |y N o f
DS YSIZe al)T o uxly V8 sles, o 1, ol g S o o5 ol @l Ny polic g ols o a5 50, 0 1) Nyip &5 048 s
oo MATLAB il a5 IS &b S e 05 Colpin cude Conw 4y 1 olacl ceil &b as ol bl a4 Y sy 5l oS oo
ol 3

y = reshape(x, m, n)
ol il pate sae M*N slasw LSl S .aigi co 48,5 X 5l Seiw D0 a0 o jolic a5 098 0 0dei N o 5o 51 M Lx! 5o
Beh e ddgi lla>
il g 0oy adal, jo Oyl ¥l (UINELBS ) oS Jod oo V8 9990 slael & 1) Nyt (lawsgs V8 polic O
Ipj dimd yim e (Jg A5 oo 0dgi 1) 9990 atd, s liel Jolae a5 .aiiwe DIN2dEC Lol ats LT y=UIN16 :xse
i Y olg 4 Y ol polie a5 050 00y 5 4 sl adsi lp ke POW2Y ol ol a8l (20lS kST cogas sloaix
S e adgi | YYYEA 4,1 tWOS= POW2 _ins
L@ F Se o [ 0VEMY Soh K S pgal SO edle (6108 50, Ghgy (g3lwos pid 8 Slas i o i glpfY e

il 3aS lesd b g5, 15 Slygies glyal b MALNUTE T oslizal U g ol (g3losod pd .0y 505

>> f = imread('Tracy.tif");
>> ¢ = mat2huff(f);
>> crl = imratio(f, c)
crl=

1.219

ol Conly itz oleaS 50 9 03 SO TS, STAYHONY S A peal SO FF peal

1¢




SleMbl Ol b o) (hogs Lol ojlail A+ 4y paal GBilae Siw A 09990 (6,005 50, 10 05290 Sl slaosls 40,5 Bi> L
gl gn 00,28 (2liS e, (sages
oS (0 0 S S (59, SAVEL 3l eoliiwl b ) ksl s o5l S MAtZNUF 9,5 slaosls a5 SloT ;)

>> save SqueezeTracy c;
>> cr2 = imratio(‘Tracy.tif', 'SqueezeTracy.mat’)
cr2 =

1.2365

L’?Lu‘ o A..Su;n o).._'>.> matu\.vw L| ‘) 03l él.’?u‘ ou\.v'j).; S)ye0 U"‘ 29 Cnl Lﬁb;hw ).vl...u LI 0&5).; G)Lu ofo.b (5‘)" Save@l.‘
sloosls sol> odigy (ol 0gb o sael MATLAB 1581 o5 5l eaig, G SqueezeTracy.mat « o 5l Jol> odigy
Crl, Cr2 sjlues yid s Sl sl cde o ls 551, C (gol,il piite e ol HI5 e polie g Lo prite solul 9 29890

Sl MATLAB 581 6 5 00ig s 48 ite (sloosls 020,5 drwlze Ju3 Lido jo a5

(Huffman Decoding ) cyedla oLiS 50, ).Y.Y

Sl oS @liSie; (ol pslai ©ygo a4 o)ligs | Ll plyy & T K ails (Swl 0,5 (adle oa (5513550, sl pgas
WS 5k 39,000 )5 4 X laS e, sl edla 45 a5 1) (530, Wb LaSpe il sl L3 25 (29,5 sleesls o y=matZhuff x
e S ygo |y 0l (6 18 e, (slmodls e g (395 oo ploul WSOl Sledlbl 5 (NIStOgram Y aicies Lulsl » I8 cplas)
ol 5o oo XZNUR2ZMAL(Y) slens o 5 45 jsb plos (Wpdion Tl Y 51X (silil sl sl 45) w35 s
12,5 428 (pwlul a0 O ) Glgioe 1) wal 8

Y 53959 slosls o3le 51 (X (9,5 slaosls) XMIN Jlaie JBlas g M, N slal gl 5l .

S pgd 50 08 adgi oy by (edla b @ 1) o sles arciny conl i, IS 4 X (6510550, sl 45 edle o,y (s3Lail sl Y
Deds oo ol MAPEL 4

sloosls HlaF e, lall, WIS 9990 gz 6w S L L oS ol 1) Jll 5 besls sledgus Sledbl [LsLs Y
D98 2 s Y.COOR s 00ty (5,135 50,

Slegine szl sl 3ls 0)50 Gloy @b (ol S Jate unravel Al C b ) abogy o ,Lislos 5 0uds (5,135 50, sloosls F
S oo Sl el Caelas b double&; S X gboosls ool olaS 50, o g aiS o deS |, 59090

(O 33e N g o, 05e M ﬁ.)a,asuxagll{&mu@o,‘@l)QTJ&aﬁwaulusil,@xﬂm)xmin.a
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axxl e § al> o a) cool UNFavelesl 4 MATLAB 180 65 C slonls 51 S5 plesl huff2Zmats 5 & jpamis cliogas 5 S
9h plxl (6598 (gole G SSE L oo pgal QLiS 50, 9 0 Ll &5 (S

function x= huff2mat(y)
%HUFF2MAT decodes a Huffman encoded matrix.

% X =H UFF2MAT(Y) decodes a Huffman encoded struct ure Y with uint16
% fields:

% Y.min Minimum values of X plus 32768

% Y.size Size of X

% Y.hist Histogram of X

% Y.code Huffman code

%

% The output X is of class double.

%
% See also MAT2HUFF.

If —isstruct(y) | ~isfield(y, 'min’) | ~isfield(y, 'size) | ...
~isfield(y, 'hist") | ~isfield(y, '‘code")
error('The input must be a structure as returned by MAT2HUFF.";
end
sz = double(y.size); m = sz(1); n =sz(2);
xmin = double(y.min) — 32768; % Get X minimum
map = huffman(double(y.hist)); % Get Huffman code (cell)
% Create a binary search table for the Huffman deco ding process.
% 'code’ contains source symbol strings correspondi ng to 'link’
% nodes, while 'link' contains the address (+) to n ode pairs for
% node symbol strings plus '0' and '1' or addresses (-) to decoded
% Huffman codewords in ‘'map'. Array 'left' is a lis t of nodes yet to

% be processed for 'link’ entries.

code = cellstr(char(", '0', '1"); % Set startin g conditions as
link = [2; 0; O]; left = [2 3] % 3 nodes w/2 unp rocessed
found = 0; tofind = length(map); % Tracking varia bles
while length(left) & (found < tofind)
look = find(strcmp(map, codefleft(1)}); % Is str ing in map?
if look % Yes
link(left(1)) = -look; % Point to Huffman map
left = left(2:end); % Delete codes found
found = found + 1; % Increment codes found
else % No, add 2 nodes & pointers
len = length(code); % Put pointers in node

link(left(1)) = len + 1;

link = [link; 0; O]; % Add unprocessed nodes
code{end + 1} = stract(code{ left(1)}, '0");
code{end + 1} = stract(code{ left(1)}, '1");

left = left(2:end); % Remove processed nodes
left = [leftlen + 1 len + 2]; % Add 2 unprocesse d nodes
end
end
X = unravel(y.code', link, m * n); % Decode using C 'unravel'
X =X+ xmin —1; % X minimum offset adjust
X = reshape(x, m, n); % Make vector an array
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w59 s ol 2 aliSi0; 4 e b 5 25993 slagzins » (e WUF2MAL Ll LS50 (0iiS SLE oS 5l lon
Ll

2999° 2LaS 50, 3y silloly el aBL Y b b 4l a5 098 oo oy oS 4 &S Gedle 0ad (60550, AL Sl paie e
0l ()38 50, g090 s, b gllae atlls aw INK )l yolie 5 Sy o 0800 JUil 5 zg)% sboools Jyoz Lolasl 5
L g) sl abais (V) oS 5 axs, el cOde=cellstr(char(”,’0’, ‘17)) lou!l ,s sten Ll b @las Jsbo o))l jo cpebla
LS e, cll> god()) Wgm ,0 ¥ sae g e 000 5w edle aid, loliSie, aen 0 oS col (Sleais oliSse, >
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>> mex unravel.c
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Unravel.c
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/* === prs b ———————

* unravel.c

* Decodes a variable length coded bit sequence (a v ector of

* 16-bit integers) using a binary sort from the MSB to the LSB
* (across word boundaries) based on a transition ta ble.

* S —

#include "mex.h"
void unravel(unsigned short *hx, double *link, doub le *x,
double xsz, int hxsz)

{
intl=15,j=0,k=0,n=0; [* Start ar root node, 1st */
/* hx bit and x element */
while (xsz —k) { /* Do until x is filled */
if (*(link + n) > 0) { [* Is there a link? */
if (*hx + j) >> ) & 0x0001) /*Is bita 1? */
n = *(link + n); /* Yes, get new node */
else n =*(link + n) — 1; /* 1t's 0 so get new no de */
if (i) i--; else {j++; i = 15;} /* Set i, j to nex t bit */
if (j > hxsz) [* Bits left to decode? */
meXxErrMsgTxt("Out of code bits ??7?");
}
else { /* It must be a leaf node */
* (X + k++) = -*(link + n); /* Output value */
n=0; } [* Start over at root */
if (k==xsz-1) [* Is one left over? */
* (X + k++) = -*(link + n);
}
void mexFunction(int nlhs, mxArray *plhs][],
int nrhs, const mxAr ray *prhs[])
{

double *link, *x, xsz;
usigned short *hx;
int hxsz;

/* Check inputs for reasonableness */
if (nrhs 1= 3)

meXxErrMsgTxt("Three inputs required.");
else if (nlhs > 1)

meXxErrMsgTxt("Too output argument.");
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/* 1s last input argument a scalar? */

if ('mxIsDouble(prhs[2]) || mxIsComplex(p
mxGetN(prhs[2]) * mxGetM(prhs[2]) != 1)
mexErrMsgTxt("Input XSIZE must be a scalar.");

[* Create input matrix pointers and get scalar */

hx = mxGetPr(prhs[0]); /* UINT16 */

link = mxGetPr(prhs[1]);

xsz = mxGetScalat(prhs[2]); /* DOUBLE */

/* Get the number of elements in hx */

hxsz = mxGetM(prhs[0]);

[* Create 'xsz' x 1 output matrix */
plhs[0] = mxCreateDoubleMatrix(xsz, 1, mxREAL);

/* Get C pointer to a copy of the output matrix */
x = mxGetpr(plhs[0]);

/* Call the C subroutine */
unravel(hx, link, X, xsz, hxsz);

}

%UNRAVEL Decodes a variable-length bit stream.
% X=
% transition and output table LINK. The elements
%

UNRAVEL(Y, LINK, XLEN) decodes UINT16 input

considered to be a contiguous stream of encoded b

rhs[2]) |

/* DOUBLE */

g oo sl UNrAVELMab 4 M onig,y yo Lasal, oy

vector Y based on
Y are
its--i.e., the

of

% MSB of one element follows the LSB of the previou s element. Input
% XLEN is the number of code words in Y, and thus t he size of output
% vector X (class DOUBLE). Input LINK is a transiti on and output
% table (that drives a series of binary searches):

%

% 1. LINK(O) is the entry point for decoding, i.e., state n = 0.

% 2. If LINK(n) < 0, the decoded output is | LINK( n)|; setn=0.

% 3. If LINK(n) > 0O, get the next encoded bit and transition to

%

5 Sl Jlg, 1) Ll o8 codl oas LSas plaie i g0 |

state [LINK(n) — 1] if the bit is O, else LINK(n

).
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M-file unravel.m

CMEXfile unravel .c

Help text for C MEX-file unravel:

Contalng baxt thal is displayed in response to
>» help unravel

-
!
!

M-file huff2mat -|

MATLAB passes ¥, ink.andm * n
ta the © MEX file:

pris [0] = ¥
prig [1] = link
prhs [2] = m*n
nrhs = 3

nrhs = 1

Parameters nlhs and nrhs are inlegers
indicating the number of keft- and right-
hand arguments, and prig is & vector
containing poiniers 1o MATLAB arrays
¥y, link.andm * n.

statement

Link.andm *

assigned to x.

In M-fle huff2mat, the
x = ynravelly, ...
link, m * n)
tells MATLAB to pass v,
file fumetion unravel.

On return, plhs{0} is

n g CMEX-

C o5 sl awisls a>es MATLAB 331 6 5 0 nduilesl s Unravel ot g mhuff2Zmatesss,, i1y 5 oS £5 ea

W 6,508 odigp 0 Lexal,y cye UNFavel sloul=e Jls, s MeX functions;ls,s Jls, olsie 4 :0,ls s, ¥ mex file unravel

MATLAB passes MEX-file cutpin .
p1hs[0] to M-file huff2mat a

In CMEX-file unraval, exscution beging and
ends in gareway rowiine mexFunct ion, which calls
C compuiational romine unravel. To declare the
entry point and interface routines, use

i

#include "-'nr.'.- h*

C fancilon mexFunction

MEX-fils gateway rontine:

void mexFunction(
int nlhs, mxArcay *plhs{],
int nrhs, const mMeArray

*pris[])

wherte integers nlhs and nrns indlcate the |
number of left- and right-hand arguments and
viectors plhs and pris contain poimters to
input and oulput arguments of type mxArray.
The meArray type is MATLAB'S internal
array representation.

The MATLAB AP provides routines 1o
handle the data Iypes it supports. Here, we

1. Use mxGet, mxGetH, mxI=0ouble,
mxIsComplex, and mexErrMsgTxt o
check the Inpul and outpul arguments.

2. Use mxGatPr to pet pointers to prhs (0]
{the Huffman code) and prhg{1] {he
decoding table) and save a5 C pointers hx
and 1ink, respectively,

3. Lnse mxBetScalar to get the Guiput aray
size from prhs[ 2] and save 25 x52.

4. Use mxGetM w get the number of elements
in pris[ Q] (the Huffman code} and save
as X%z,

5. Usze mxCreateDoubleMatrix and
mx@atPr 1o creale an ouipul artay pointer
{for the decode) and assign it to pLhs{0].

6. Call compuieriona! routine unraval,
passing (he arguments formed in Steps 2-5.

C fenetfon unravel
MEX-lile computarional roifine;

yolid unravel(
unsigred shart -*hx
double *link, double =*x,
double xsz, int husz)

which contains the C code for decoding hx
based on 1ink and putting the vesull in x,

ool UNravelst
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2,5 oliSie; 25 leiled I Ll so |y P Jlie jo edle oals ()35 50, gl
huffZmatt LS., £.f Jue
i 2 o pite galul S e )35, IS Laame 51 1, T il o laoig 5 |, MATLAB  la,.iie load file st

Digh oo Ba> (6 051 5 (g5l 050

>> |oad SqueezeTracy;
>> g = huff2mat(c);
>> f = imread('Tracy.tif");
>>rmse = compare(f, g)
rmse =

0

Sa8 50, slien 31 e o Sl huff2mat¢,:;6@ el C MEX sy 1o oliS e, jiin a5 Sbml 5l ool jao oo 5,280
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O Ady, a5 0y 00 45 4 (5,105 50, (Sig38l malS gl e Jsb b (6,105 50, caiiecs ply polal (6,nS L palaw a5 Sl )l

o Le(Lw.iu ‘5{5050 ‘_,’.p.».la 6)|.\§).4)

>> f1 = imread('Random Matches.tif");
>> c1 = mat2huff(fl);
>> entropy(fl)

ans =
7.4253
>> imratio(f1, c1)
ans =
1.0704

>> f2 = imread('Aligned Matches.tif");
>> ¢2 = mat2huff(f2);
>> entropy(f2)

ans =
7.3505
>> imratio(f2, c2)
ans =
1.0821
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fa

Input Symbol | Co::npressed
image = encoder image
Predictor > lt\learest |
integer
S
Co:ppresscd | Symbol " _ Decompressed
image decoder image
Predictor [
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rolie b f(X, ) b o5 0l il arg gdo ol Y o X (olad Slaiss S| (al Sy 4 Guigingg Sloiie | So 5o
SLaSie, 5 mpin b olen )85, 2! sl MAtZLpC, LpeZmatM sleab.cwl 55l Giulon b3 3 (L3 sppas
O3 518 g S pgas polie 51 e oy sl MATZLPC,IAS 5e; ol aitns (S 50) 5 (6,18 50, (oles Jlpe 5l 2 @)
Jie ol Coons 4 (gt S Sl bl S O jg0 a0 a5 XS 1SS ands ja 5l aas .0iS oo ooliiul dil> 51X (635,9 slassls jo o
3 0gd s o P s sin i Exeme b g 098 o0 el Siuin copo S 000 5 Conl jao c Caas 505 Y 5 058 0
1A 0l 4l dx g 5 Cewptd 50 e e pliml e 0l B inl JS el Sl Ygano s o iy culps sl a5 o]

Ded g0 0olaiwl V oo b g pae SO pld SOl ogis asin fu;.....w...a,.l.s

function y = mat2lpc(x, f)

%MAT2LPC Compresses a matrix using 1-D lossless pre dictive coding.
% Y = MAT2LPC(X, F) encodes matrix X using 1-D loss less predictive
% coding. A linear prediction of X is made based on the
% coefficients in F. If F is omitted, F = 1 (for pr evious pixel
% coding) is assumed. The prediction error is then computed and
% output as encoded matrix Y.
%
% See also LPC2MAT.
error(nargchk(1, 2, nargin)); % Check input argum ents
if nargin < 2 % Set default filter if omitted
f=1,
end
x = double(x); % Ensure double for computations
[m, n] = size(x); % Get dimensions of input mat rix
p = zeros(m, n); % Init linear prediction to O
XS = X; zc = zeros(m, 1); % Prepare for input shi ft and pad
for j = 1:length(f) % For each filter coefficie nt...
xs = [zc xs(;, 1:end — 1)]; % Shift and zero x
p=p+f()*xs; % Form partial prediction su ms
end
y = x — round(p); % Compute the prediction erro r

03 2 Cawygd 0 a5 b len e oo plil [, MALZIPCAL L 045 iS50, sliad wsSae wllee LPCZMAt sliS e, b
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function x = Ipc2mat(y, f)

%LPC2MAT Decompresses a 1-D lossless predictive enc oded matrix.
% X = LPC2MAT(Y, F) decodes input matrix Y based on linear
% prediction coefficients in F and the assumption o f 1-D lossless
% predictive coding. If F is omitted, filter F =1 (for previous
%
% See also MAT2LPC.
error(nargchk(l, 2, nargin)); % Check input argum ents
if nargin < 2 % Set default filter if omitted
f=1,
end
f =f(end:-1:1); % Reverse the filter coefficie nts
[m, n] = size(y); % Get dimensions of output ma trix
order = length(f); % Get order of linear predi ctor
f = repmat(f, m, 1); % Duplicate filter for vect or zing
X = zeros(m, n + order); % pad for 1st 'order' c olumn
decodes
% Decode the output one column at a time. Compute a prediction based
% on the 'order’ previous elements and add it to th e prediction
% error. The result is appended to the output matri X being built.
forj=1:n % For each filter coefficient...
i =j+ order;

X, ) = y(, j) + round(f(;, order:-1:1) .* ...
X(:, (jj = 1): -1:(jj — order)), 2));
end
X = X(:, order + 1:end); % Remove left padding

o ST ey 6,185 50, 0 Jlie
0 Sl 0 Y A s o il sl sl L (CFY year (o )05 5,

f (x,y) = round[af (x, y - 1)]
S0y 1) (St 3 618 e, gy E9 (nl g peelise (B polie salST cogin Sldes ) gg8 (pl Sl leasST ot
zhw Lyl jo 0sd o0 0dsd @FA S j0 el ol ol a=l o> o a5 e sl Gl paal el oo Lol
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Digd oo 8 ymS 05 g cpdg, slaale MAL2QraYlhvwy ey 4 ,ho né e g Cude slallas
>> f = imread(‘'Aligned Matches.tif');
>> e = mat2huff(f);
>> imshow(mat2gray(e));
>> entropy(e)

ans =
5.9727

ol cpl jlade ool ol paai o arld fed eSS Lo € co i sl ok o a0 aslh oS ail alil ao g

S M oo paad [0 4 J50 ,0 Gl a8l alS LSy 2 50 o BAVYY a (0l dewlee isw ool (blgl j0 a5) Y.YO-0
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>> ¢ = mat2huff(e);

>> cr = imratio(f, c)

cr=
1.3311
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>> [h, x] = hist(e(:) * 512, 512);
>> figure; bar(x, h, 'k";
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>> g = Ipc2mat(huff2mat(c));
>> compare(f, g)
ans =

0
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function y = quantize(x, b, type)
%QUANTIZE Quantizes the elements of a UINT8 matrix.

% Y = QUANTIZE(X, 8, TYPE) quantizes X to B bits. Truncation is
% used unless TYPE is 'igs' for Improved Gray Scale quantization.
error(nargchk(2, 3, nargin)); % Check input argum ents

if ndims(x) ~= 2 | ~isreal(x) | ...

~isnumeric(x) | ~isa(x, 'uint8")

error("The input must be a UINT8 numeric matrix.") ;
end

% Create bit masks for the quantization
lo=uint8(2" (8 —b) - 1);
hi = uint8(2 ~ 8 — double(10) — 1);

% Perform standard quantization unless IGS is speci fied
if nargin < 3 | ~strcmpi (type, 'igs')
y = bitand(x, hi);
% Else IGS quantization. Process column-wise. If th e MSB's of the
% pixel are all 1's, the sum is set to the pixel va lue. Else, add
% the pixel value to the LSB's the previous sum. Th en take the
% MSB's of the sum as the quantized value.
else
[m, n] = size(x); s = zeros(m, 1);
hitest = double(bitad(x, hi) ~= hi); x = double(x );
forj=1:n
s = Xx(:, j) + hitest(:, j) .* double(bitand(uint8 (s), 10));
y(:, J) = bitand(uint8(s), hi);
end
end
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>> f = imread('Brushes.tif");
>> q = quantize(f, 4, 'igs");
>> (s = double(q) / 16;
>> e = mat2lpc(gs);
>> ¢ = mat2huff(e);
>> imratio(f, c)
ans =
4.1420
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>> ne = huff2mat(c);
>>ngs = Ipc2mat(ne);
>>ng =16 * ngs;
>> compare(q, nq)
ans =

0
>>rmse = compare(f, nq)
rmse =

6.8382
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function y = im2jpeg(x, quality)

%IM2JPEG Compresses an image using a JPEG approxima tion.
% Y = IM2JPEG(X, QUALITY) Compresses image X based on 8 x 8 DCT
% transforms, coefficient quantization, and Huffman symbol
% coding. Input QUALITY determines the amount of in formation that
% is lost and compression achieved. Y is an encodin g structure
% containing fields:
%
% Y.size size of X
% Y.numblocks Number of 8-by-8 encoded blocks
% Y.quality Quality factor (as percent)
% Y.huffman Huffman encoding structure, as returne d by
% MAT2HUFF
%
% See also JPEG2IM.
error(nargchk(1, 2, nargin)); % Check input argume nts
if nargin(x) ~= 2 | ~isreal(x) | ~isnumeric(x) | ~i sa(x, 'uint8")
error('The input must be a UINT8 image.");
end
if nargin < 2
quality = 1; % Default value for quality.
End

m=[16 11 10 16 24 40 51 61 % JPEG normalizing ar
12 12 14 19 26 58 60 55 % and zig-zag reordering
14 13 16 24 40 57 69 56 % Pattern.
14 17 22 29 51 87 80 62
18 22 37 56 68 109 103 77
24 35 55 64 81 104 113 92
49 64 78 87 103 121 120 101
72 92 95 98 112 100 103 99] * quality;

order = [1 9 2 3 10 17 25 18 11 4 5 12 19 26
41 34 27 20 13 6 7 14 21 28 35 42 49 57 50

43 36 29 22 15 8 16 23 30 37 44 51 58 59 52

45 38 31 24 32 39 46 53 60 61 54 47 40 48 55

62 63 56 64 ]

[xm, xn] = size(x); % Get input size.

X = double(x) — 128; % Level shift input

t = detmtx(8); % Compute 8 x 8 DCT matrix

% Compute DCTs of 8x8 blocks and quantize the coeff icients.

y = blkproc(x, [8 8], 'pl * x * p2', t, t');
y = blkproc(x, [8 8], 'round(x ./ p1)', m);

y = im2col(y, [8 8], 'distinct'); % Break 8x8 bloc ks into columns
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xb = size(y, 2); % Get number of blocks

y = y(order, :); % Reorder column elements
eob = max(x(?)) + 1; % Create end-of-block symbol
r = zeros(numel(y) + size(y, 2), 1);
count = 0;
forj=1:xb % Process 1 block (col) at a time
i = max(find(y(:, )))); % Find last non-zero ele ment
if isempty(i) % Ni nonzero block values
i=0;
end
p = count + 1;
q=p+l;
r(p:q) = [y(L:, j); eob]; % Truncate trailing 0' s, add EOB,
count=count+i+ 1; % and add to output vector
end
r((count + 1):end) =]; % Delete unused portion ofr
% Y.size = uintl6([xm xn]);
% Y.numblocks = uint16(xb);
% Y.quality = uintl6(quality * 100);
% Y.huffman = mat2huff(r);
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A = col2im(B, [M N], [MM NN], 'distinct’)

function x= jpeg2im(y)
%JPEG2IM Decode an IM2JPEG compressed image.

% X = JPEG2IM(Y) decodes compresses image Y, genera tiong

% reconstructed approximation X. Y is a structure g enerated by
% IM2JPEG

%
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% See also IM2JPEG.
error(nargchk(1, 1, nargin));

% Check input argume nts

m=[16 11 10 16 24 40 51 61 % JPEG normalizing ar ray
12 12 14 19 26 58 60 55 % and zig-zag reordering
14 13 16 24 40 57 69 56 % Pattern.
14 17 22 29 51 87 80 62
18 22 37 56 68 109 103 77
24 35 55 64 81 104 113 92
49 64 78 87 103 121 120 101
72 92 95 98 112 100 103 99];
order = 1 9 2 3 10 17 25 18 11 4 5 12 19 26 33 ..
41 34 27 20 13 6 7 14 21 28 35 42 49 57 50
43 36 29 22 15 8 16 23 30 37 44 51 58 59 52 ..
45 38 31 24 32 39 46 53 60 61 54 47 40 48 55
62 63 56 64 ],
rev = order; % Compute inverse ordering
for k = 1:length(r=order)
rev(k) = find(order == k);
end
m = double(y.quality) / 100 * m; % Get encoding qua lity.
Xb = double(y.numblocks) % Get x blocks.
sz = double(y.size);
Xn = sz(2); % Get x columns.
xm = sz(1); % Get x rows.
x = huff2Zmat(y.huffman); % Huffman decode.
eob = max(x(:)); % Get end-of-block symbol
z =zeros(64, xb); k=1; % Form block columns by copying
forj=1:xb % successive values from x into
fori=1:64 % columns of z, while changing
if x(k) == eob % to the next column whenever
k =k + 1: break; % an EOB symbol is found.
else
z(i, j) = x(k);
k=k+1;
end
end
end
z=2z(rev, ); % Restore order

x = col2im(z, [8 8], [xm xn], 'distinct');

x = blkproc(x , [8 8], 'x .* P1', m);
t = detmtx(8);

x = blkproc(x , [8 8], 'P1 * x * p2', t'

X = Uint8(x + 128);

GLQ"”L’ )‘ Co] 00 G)L.))L: ).:ya.a A=A

matrix blocks
ze DCT

% Form
% Denormali
% Get 8 x 8 DCT matrix
mpute block DCT-1

b); % Co

% Level shift
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>> f = imread(Tracy.tif");
>> ¢l = im2jpeg(f);

>> f1 = jpeg2im(cl);

>> imratio(f, c1)

ans =
18.2450
>> compare(f, f1, 3)
ans =
2.4675

>> ¢4 = im2jpeg(f, 4);
>> f4 = jpeg2im(c4);
>> imratio(f, c4)

ans =
41.7826
>> compare(f, f4, 3)
ans =
4.4184
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function y = im2jpeg2k(x, n, q)
%IM2JPEG Compresses an image using a 2000 approxima

% Y = IM2JPEG2K(X, N, Q) Compresses image X using a

% 2k wavelet transform, implicit or explicit coeffi

% guantization, and Huffman symbol coding augmente
% run-length coding. If quantization vector Q conta

% elements, they are assumed to be implicit quantiz
% parameters; else, it is assumed to contain expli

% size. Y is an encoding structure containing Huff

% data and additional parameters needed by JPEG2K2
%

% See also JPEG2K2IM.

global RUNS

error(nargchk(3, 3, nargin)); % Check input argume
if nargin(x) ~= 2 | ~isreal(x) | ~isnumeric(x) | ~i
error('The input must be a UINT8 image.");
end
if length(q) ~=2 & length(q) ~=3*n+1
error('The quantization step size vector is bad.")
end
% Level shift the input and compute its wavelet tra
x = double(x) — 128;
[c, s] = wavefast(x, n, 'jpeg.7";
% Quantize the wavelet coefficients.
g = stepsize(n, q);

sgn =sign(c);  sgn(find(sgn ==0) = 1, ¢ = abs(c)
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fork =1:n
gi=3*k-2;
¢ = wavepaste('h', c, s, k, wavecopy('h', c, s, k)
¢ = wavepaste('v, c, s, k, wavecopy('Vv', c, s, k)
¢ = wavepaste('d, c, s, k, wavecopy('d, c, s, k)
end
¢ = wavepaste('a’, c, s, k, wavecopy('a c, s, k)
¢ = floor(c);

% Run-length code zero runs of more 10. Begin by cr
% a special code for 0 runs (‘zrc') and end-of-code

% making a run-length table.

Zrc = min(c(})) - 1; eoc=zrc—1; RUNS = [65535]
% Find the run transition points: 'plus' contains t

% start of a zero run; the corresponding 'minus' is
z=c==0; z=z-[02z(l:end-1)];

plus = find(z == 1); minus = find(z == -1);

% Remove any terminating zero run form 'c'.
if length(plus) ~= length(minus)

c(plus(end):end) =[]; c =[c eoc];
end

% Remove all other zero runs (based on 'plus' and '
for i = length(minus):-1:1
run = minus(i) — plus(i);
if run>0
ovrflo = floor(run / 65535); run = run — ovrflo
¢ = [c(L:plus(i) — 1) repmat([zrc 1], 1, ovrflo)
runcode(run) c(minus(i):end)];
end
end

% Huffman encode and add misc. information for deco

y.runs = uintl6(RUNS);
y.S = uintl16(s(’));

y.zrc = uintl16(-zrc);

y.q = uint1l6(100 * q');

y.n = uint16(n);

y.huffman = mat2huff(c);

%
----%
function y = runcode(x)
% Find a zero run in the run-length table. If not f
% new entry in the table. Return the index of the r
global RUNS
y = find(RUNS == x);
if length(y) ~= 1

RUNS = [RUNS; x];

y = length(RUNS);

end

%
--—--%

function q = stepsize(n, p)

% Create a subband quantization array of step order
% decomposition (first to last) and subband (horizo
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% diagonal, and for final decomposition the approxi mation subband).

if length(p) == % Implicit Quantization
a=[I;
gn=2"28-p(2)+n)* (1 +p@a)/2"11);
fork=1:n
gk=27-k*qgn;
a =[a (2 gk) (2* qk) (4 * qk)];
end
a = [a ak];
else % Explicit Quantization
a=p;

end

g = round(q * 100) / 100; % Round to 1/100th place
if any(100 * g > 65535)

error('The quantizing steps are not UINT16 represe nt able.");
end
if any(q == 0)

error(A gquantizing steps of 0 is not allowed.");
end
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function x = jpeg2k2im(y)
%JPEG2K2IM Decoded an IM2JPEG2K compressed image.

% X = JPEG2K2IM(Y) decoded compresses image Y, reco nstructing an
% structure returned by IM2JPEG2K.

%

% See also IM2JPEG2K.

error(nargchk(l, 1, nargin)); % Check input argume nts

% Get decoding parameters: scale, quantization vect or, run-length

% table size, zero run code, end-of-data code, wave let bookkeeping

% array, and run-length table.
n = double(y.n);

g = double(y.q) / 100;

runs = double(y.runs);

rlen = length(runs);




zrc = -double(y.zrc);
eoc =zrc—-1;
s =reshape(s, n + 2, 2);

% Compute the size of the wavelet transform.
Cl = prod(1, 2)):
fori=2:n+1
cl=cl + 3 * prod(s(i, :));
end

% Perform Huffman decoding followed by zero run dec oding.
r = huff2mat(y.huffamn);
c=1] Zi = find(r == zrc); i=1;
for j = 1:length(zi)
c =[cr(i:zi(j) — 1) zeros(1, runs(r(zi(j) + 1))) I
end
zi = find(r == eoc); % Undo terminating zero run
if length(zi) == % or last non-zero run.
c=Jcr(i:zi—1)];
¢ = [c zeros(1, c1 — length))];
else
c =[cr(i:end)];
end

%Denormalize the coefficients.
c=c+(c>0)-(c<0);

fork =1:n
qi=3*k-2;
¢ = wavepaste('h', c, s, k, wavecopy('h', c, s, k) 1 q(qi));
¢ = wavepaste('V', ¢, s, k, wavecopy('V, ¢, s, k) / q(qi+1));
¢ = wavepaste('d, c, s, k, wavecopy('d, c, s, k) / q(qi+2));
end
¢ = wavepaste('a), c, s, k, wavecopy('a’, c, s, k) / q(qi+3));
% Compute the inverse wavelet transform and level s hift.

x = waveback(c, s, 'jpeg9.7', n);
X = uint8(x + 128);
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>> f = imread('Tracy.tif');
>> cl = im2jpegek(f, 5, [8 8.5)]);
>> f1 = jpeg2k2im(cl);
>>rmsl = compare(f, f1)
rmsl =

3.6931
>> crl = imratio(f, cl1

crl =
42.1589
>> c2 = jm2jpeg2k(f, f, [8 7]);
>> 2 = jpeg2k2im(c2);
>> rms2 = compare(f, f2)
rms2 =
5.9172
>> cr2 = imratio(f, c2)
cr2 =
87.7323
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>>c3 = im2jpeg2k(f, 1,[1 1 1 1]);
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>> 3 = jpeg2k2im(c3);
>>rms3 = compare(f, f3)
rms3 =

1.1234
>> cr3 = imratio(f, c3)
cr3 =

1.635
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