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Ñòèñíåííÿ çîáðàæåíü. Ïåðåòâîðåííÿ Âîëøà�Àäàìàðà

Íà ïîïåðåäíiõ ëåêöiÿõ çãàäóâàëîñÿ, ùî öå ïåðåòâîðåííÿ ìàëî åôåêòèâíå
äëÿ ñòèñíåííÿ äàíèõ. Àëå âîíî äóæå øâèäêå, îñêiëüêè éîãî ìîæíà
îá÷èñëþâàòè, çàñòîñîâóþ÷è ëèøå äîäàâàííÿ, âiäíiìàííÿ i, iíîäi, çñóâ
âïðàâî (ùî åêâiâàëåíòíî ïîäiëó íà 2 äâiéêîâîãî çîáðàæåííÿ âåëè÷èí).
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Äëÿ çàäàíîãî áëîêó N ×N ïiêñåëiâ (òóò ÷èñëî N ìà¹ áóòè ñòåïåíåì
äâiéêè, N = 2n), éîãî äâîâèìiðíå ïðÿìå òà îáåðíåíå ïåðåòâîðåííÿ

Âîëøà�Àäàìàðà (âîíè ïîçíà÷àþòüñÿ WHT òà IWHT, âiäïîâiäíî)
âèçíà÷àþòüñÿ çà äîïîìîãîþ òàêèõ ðiâíÿíü:

H(u, v) =

N−1∑
x=0

N−1∑
y=0

Pxy g(x, y, u, v) =

=
1

N

N−1∑
x=0

N−1∑
y=0

Pxy (−1)
∑n

i=0[bi(x)pi(u)+bi(y)pi(v)],

(1)

Pxy =

N−1∑
x=0

N−1∑
y=0

H(u, v)h(x, y, u, v) =

=
1

N

N−1∑
x=0

N−1∑
y=0

H(u, v) (−1)
∑n

i=0[bi(x)pi(u)+bi(y)pi(v)],

(2)

äå H(u, v) � öå ðåçóëüòàò ïåðåòâîðåííÿ (òîáòî êîåôiöi¹íòè WHT),
âåëè÷èíà bi(u) äîðiâíþ¹ áiòó i ó äâiéêîâîìó çîáðàæåííi öiëîãî ÷èñëà u,
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âèçíà÷àþòüñÿ çà äîïîìîãîþ òàêèõ ðiâíÿíü:

H(u, v) =

N−1∑
x=0

N−1∑
y=0

Pxy g(x, y, u, v) =

=
1

N

N−1∑
x=0

N−1∑
y=0

Pxy (−1)
∑n

i=0[bi(x)pi(u)+bi(y)pi(v)],

(1)

Pxy =

N−1∑
x=0

N−1∑
y=0

H(u, v)h(x, y, u, v) =

=
1

N

N−1∑
x=0

N−1∑
y=0

H(u, v) (−1)
∑n

i=0[bi(x)pi(u)+bi(y)pi(v)],

(2)
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a pi(u) âèçíà÷à¹òüñÿ çà äîïîìîãîþ bj(u) ç òàêèõ ðåêóðåíòíèõ
ñïiââiäíîøåíü:

p0(u) = bn−1(u),

p1(u) = bn−1(u) + bn−2(u),

p2(u) = bn−2(u) + bn−3(u),

· · · · · · · · ·
pn−1(u) = b1(u) + b0(u).

(3)
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Íàãàäà¹ìî, ùî ÷èñëî n âèçíà÷à¹òüñÿ iç ñïiââiäíîøåííÿ N = 2n.
Ðîçãëÿíåìî, íàïðèêëàä, u = 6 = 1102. Íóëüîâèé, ïåðøèé i äðóãèé áiòè
äîðiâíþþòü âiäïîâiäíî, 0, 1, 1, a òîìó b0(6) = 0, b1(6) = 1 i b2(6) = 1.
Âåëè÷èíè g(x, y, u, v) i h(x, y, u, v) íàçèâàþòüñÿ ÿäðàìè (àáî áàçîâèìè

çîáðàæåííÿìè) WHT. �õíi ìàòðèöi çáiãàþòüñÿ. Åëåìåíòàìè ìàòðèöü
ñëóæàòü ÷èñëà +1 i −1, ÿêi ìíîæàòüñÿ íà 1/N . Â ðåçóëüòàòi, ïåðåòâîðåííÿ
WHT ñêëàäà¹òüñÿ ç ìíîæåííÿ ïiêñåëiâ íà +1 àáî −1, äîäàâàííÿ òà
äiëåííÿ ñóìè íà N . Àëå îñêiëüêè N = 2n, òî äiëåííÿ ìîæíà ðîáèòè,
çñóâàþ÷è ðîçðÿäè ÷èñåë âïðàâî íà n ïîçèöié.
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Ñòèñíåííÿ çîáðàæåíü çà äîïîìîãîþ WHT ðîáèòüñÿ òàê ñàìî, ÿê i äëÿ
DCT iç çàìiíîþ ðiâíÿíü (4) òà (5)

Gij =
1√
2n

CiCj

n−1∑
x=0

n−1∑
y=0

pxy cos

(
(2y + 1)jπ

2n

)
cos

(
(2x+ 1)iπ

2n

)
, (4)

pxy =
1

4

7∑
i=0

7∑
j=0

CiCjGij cos

(
(2y + 1)jπ

2n

)
cos

(
(2x+ 1)iπ

2n

)
, (5)

íà (6) òà (7), âiäïîâiäíî,

H(u, v) =

N−1∑
x=0

N−1∑
y=0

Pxy g(x, y, u, v) =

=
1

N

N−1∑
x=0

N−1∑
y=0

Pxy (−1)
∑n

i=0[bi(x)pi(u)+bi(y)pi(v)],

(6)

Pxy =

N−1∑
x=0

N−1∑
y=0

H(u, v)h(x, y, u, v) =

=
1

N

N−1∑
x=0

N−1∑
y=0

H(u, v) (−1)
∑n

i=0[bi(x)pi(u)+bi(y)pi(v)].

(7)
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Íà ðèñ. çîáðàæåíî 64 áàçîâi çîáðàæåííÿ WHT. Ðîçãëÿíóòî âèïàäîê
N = 8. Êîæíå áàçîâå çîáðàæåííÿ � öå òàáëèöÿ ïiêñåëiâ ðîçìiðó 8× 8.
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