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Image Compression Based on Singular Value Decomposition

DENG Zi-Yun
(Faculty of Economics and Trade, Changsha Commerce & Tourism College, Changsha 410116, China)

Abstract: Singular Value Decomposition (SVD) is adopted for image compression of the data matri)?( to obtain an optimal
compression ratio and a clear compressed image. The principle of SVD and its application to compressing images are
elaborated. Two methods for obtaining the better number of eigenvalues are pgoposed including the ratio threshold of
eigenvalue number and the ratio threshold of eigenvalue sum. The experiments"reveal that when the ratio threshold of
eigenvalue number is 0.1, a clear image is obtained with the combression ratio of 5.99. When the ratio threshold of
eigenvalue sum is 0.85, a clear image is also acquired with the compression ratio for PNG images of 7.89 and that for JPG
images of 5.92. Case study indicates that the first 1% of eigenvalues represent more data characteristics. When the ratio
threshold of eigenvalue number is de"terinined, the compression ratios for PNG and JPG images are identical. When the
ratio threshold of the eigen\;alue sum is determined, the compression ratio for PNG images is higher than that for JPG
images. The method for obtaining the eigenvalue number according to the ratio threshold of eigenvalue sum is more
universal. It can be applied to solving alpha channel redundancy and setting a unified ratio threshold of eigenvalue sum
for large-scale image compression.
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import numpy as np

from PIL import Image

#INEER, 5 1 NSO IR IR 58 g1t
orignlmage=Image.open(r' /i &.png','r")
imageArray=np.array(orignlmage)
#193] R I8 H0E R
R=imageArray][:,:,0]

#F3 G IHiE H R
G=imageArray([:,:,1]

#135) B I8 18 HH 4R
B=imageArray[:,:,2]

#FE A HEIE R

#I5 K JPG I RLvERE L AU A RS
A=imageArray([:,:,3]
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import numpy as np

#0F R T B AR 1 A (B
U_R,sigma R,V_T R=np.linalg.svd(R)
#ht G IR AR B 77 S8 70
U_G,sigma_G,V_T_G=np.linalg.svd(G)
#hf B I B FE R B A 4 A
U_B,sigma B,V_T B=np.linalg.svd(B)
#AT A BB A A 7 S (0
#4 JPG J5 B I RIVE R I A YR AR
U_Asigma_A,V_T_A=np.linalg.svd(A)
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def genCompressData(U,sigma,V_T,percent):

m=U.shape[0]

n=V_T.shape[0]
reChannel=np.zeros((m,n))

for k in range(len(sigma)):

#ULA B8 T8 10 30 AR R

#IZA 20
reChannel=reChannel+sigma[k]*np.dot(U[:,k].reshape(m,1),
V_TIk,:].reshape(1,n))
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#ANR C 4k i BE 1 E R

if (float(k)/len(sigma)>percent):
HR B ETER] 0255 FEREIN
reChannel[reChannel<0]=0
reChannel[reChannel>255]=255

break
#6530 ] DS AL B0 R R P e 2R O R Y RS
#4 uint8

return np.rint(reChannel).astype("uint8")
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forp in [0.001;0.005,0.01,0.02,0.03,0.04,70.05,0.1]:
#EE A R T AR R R
reR=genCompressData(U_R,sigma R,V_T_R,p)
#42 G I LA B S
reG=genCompressData(U_G,sigma_G,V_T _G,p)
#7E i B 38 T A R
reB=genCompressData(U_B,sigma B,V_T_B.p)
#AE R A TR I B AR, 9 JPG J5 I R R L ) YA QD
reA=genCompressData(U_A,sigma_A,V_T A,p)
#AE RS BRI AUE 3 4ERE R, JRUIEI DA TPG I D% 1 458 Y T 14
HIERRER
rel=np.stack((reR,reG,reB,reA),2)
# rel=np.stack((reR,reG,reB),2)
rel=np.stack((reR,reG,reB,reA),2)
Image.fromarray(rel).save

("{}".format(p)+"img.png")
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#percent, FFE{E 2 A1 &7 LU B H.

#R (B PR A28 T R 30 AL 4R A

def genCompressDataFromSum(U,sigma,V_T,percent):
m=U.shape[0] »
n=V_T.shape[0] I . -
reChannel=np.zeros((m,n))
sum=0.0 #wm * S R
for\ in sigma: -

% sum-+=i

# sumcurrent 24 £ B8 I RFAEAE B FD

sumcurrent=0.0

-

for k in range(len(sigma)):
#IZEAS BN, LA 31208 8 13 B A
reChannel=reChannel+sigma[k]*np.dot
(U[:,k].reshape(m,1),V_TI[k,:].reshape(1,n))
# R INRHIEAE
sumcurrent+=sigma[k]
#UNR D2 I 5 Y LA R A
if (sumcurrent/sum>percent):
B EREF] 0-255 A
reChannel[reChannel<0]=0
reChannel[reChannel>255]=255
break
#ORE IR [0 PRV ARABSCHE R R F) 7 3R B 2R G wint8
return np.rint(reChannel).astype("uint8")
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for p in[0.3,0.4,0.5,06,0.7,0.8,0.85,0.9]:
#AE B R I8 TE T AR A R
reR= genCompressDataFromSum(U_R,sigma R,V_T_R,p)
#E R G B IE I A K
reG= genCompressDataFromSum(U_G,sigma_G,V_T_G,p)
#25 i B Il T A FE R
reB= genCompressDataFromSum(U_B,sigma_B,V_T_B,p)
#AE R A BB T VB R RS, 9B TPG I RLARE A A G
reA= genCompressDataFromSum(U_A,sigma A,V_T_A,p)
#E BT ALK 3 4ERE NS, SR I D JPG I U i 58 Y T 11
#ERETE S
rel=np.stack((reR,reG,reB,reA),2)
# rel=np.stack((reR,reG,reB),2)
#rAr E1R, ZHECOVE G e B k1R
Image.fromarray(rel).save

(“{}” format(p)+“img.png”)
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