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A Brightness-scaling and Detail-preserving Tone Mapping Method for
High Dynamic Range Images

LU Xu-Ming' ZHU Xiong-Yong? LI Zhi-Wen' MAI Jian-Ye' TAN Hong-Zhou'

Abstract For conventional storage, transfer, and display, high dynamic range (HDR) images always need to compress
their dynamic ranges. This paper introduces a brightness-scaling and detail-preserving tone mapping method for HDR
images. By clipping and compensating the luminance histogram of an HDR image, the method preserves the details after
tone mapping. A probability model is also introduced to estimate the output brightness and its standard deviation. Then
the histogram of the original image is divided into several regions to reduce the error between the expected brightness and
the output brightness. Finally, the segmented histogram equalization is applied to each region for reproducing the low
dynamic range image. Experiment results show that the new algorithm can successfully perform tone mapping for high
dynamic range images. It can compress images according to a brightness given or set adaptively and preserve the details
in images.
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Fig. 1 The histogram clipping
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Table 1  The mean brightness comparison for the output images based on different models

Fim 1 iR 2
4 mu HULDR E,. (%) mu MLDR E, (%)
Memorial 90 86.333 4.25 90 85.692 5.03
AtriumNight 90 87.725 2.59 90 87.663 2.67
Fog 70 62.599 11.82 70 62.161 12.61
Cathedral 120 109.151 9.94 120 110.888 8.22
K2 RHA BRI S E G AR HEZE LA
Table 2  The standard deviation comparison for the output images based on different models
i 1 Y 2
K% Om OLDR E, (%) Om OLDR E, (%)
Memorial 51.971 44.884 15.79 40.571 40.093 1.19
AtriumNight 56.722 45.789 23.88 44.690 39.063 14.41
Fog 60.917 54.371 12.04 52.737 50.471 4.49
Cathedral 52.709 47.208 11.65 41.231 42.829 3.73
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(a) The original histogram (b) The compensated histogram
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Fig. 6 The histogram clipping and compensation
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LDR. s th 2k s 2500
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(22)
A3 3] T N E ST [0, N — 1) I EG
S EURBN VG [wo, wr] I EMGR I BUIR Hh Ze bR 2L s
LW 5 RS &0 FEK FE K, 15
LLDR(xa y) = T(LImap(wv Z/)) (23)
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GLDR = <L> LLDR (24)
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Hrh, Ry G Ml B 35010 HDR B4 A RGB
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FPHas . Xt LDR EBSRF SR popr
52 oppr, HFPHHIBOTFISEE mo S A
BHPFBISEE puor AR ZE B, BLKHEIE IR
SUIRREZE 0, AV H BRI AR HEZE oLpr POARDXY
WE By, SR WFR 3 P, Wik A SCEE A

M 3 FIE 7 7] LAE 3, ke A R
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(Adaptive logarithmic mapping, ALM)!"? Duan
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% (BURfRFr KWC 59 141,
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KSR bRn) R Sk AT R TR B PR, JL 4
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ALM #3k, FTM 8k, KWC Bk Z 4R
(o e SRy, FUINFIA) S 2R AR, ERHF T AT &
AR ANE. HIE 8 (a), 8(g) M 8 (m) MK
SE0RI A, ALM SEUR 5 IR PG A 8 B R
U, AR T8 2% IR IR B S FE R Ge v R, (R X
B AR5 BB BRI R, R AR AL H B I
5t (DesignCenter) I, 3 4 Frox 2 PEN 4545 Wk
INIZSFEARBEAR I SR 5 i 401

FTM (5 i e 5 5005 (10 47 5 45 S & 8 (b)),
8 (h) 1 8(n) Fras. ZBEVLIN S HnT LU B i
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SRORAE B I 1 55 b e 8 1R 25 L IR DX PR 0 B
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Table 3  The experiment results of Merorial with the mean brightness set different
i K% mv Om HLDR OLDR B, (%) E, (%)
SEIERHE 80 80 40.71 75.20 39.73 6.38 2.47
SERETT % 85 85 40.62 80.37 39.93 5.76 1.73
SeRETE 90 90 40.57 85.53 40.18 5.22 0.98
SEERE 100 100 40.57 95.01 40.73 5.25 0.40
STERYE 120 120 41.16 114.38 42.46 4.91 3.06
SEIE G - 42.95 134.65 45.43 - 5.46
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Fig.7 The results with different mean brightnesses
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brightness 87.37 brightness 84.56 brightness 42.27 brightness 48.76 (e) Fixed brightness method, brightness
method, mv = 90, 134.65
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brightness 81.35 brightness 161.38 brihtness 86.10 93.82 (k) Fixed brightness brightness method,
method, mv = 85, brightness 132.02

brightness 82 48

(m) ALM, =0.7, (n) FTM, & = 0.55, (0) ICAMOS6, #fi s (p) KWC, fiithise (q) FERERTFEREEL,  (r) SERE NS,
§inHiSERE 61.67 Y ZErE 78.03 1 33.69 1#£26.39 mv =70, 3% ShilaEsE 77.77
(m) ALM, =07, (n) FTM, &= 0.55, (0) iICAMOB6, (p) KWC, brightness 15 64.43 (r) Adaptive brightness
brightness 61,67 brightness 78.03 brightness 33.69 26.39 (q) Fixed brightness method, brightness
method, mv =70, 71.77

brightness 64 .43
8 AU AL A L (SR 455 5 Merorial . AtriumNight £ DesignCenter)
Fig. 8 The comparison of the proposed method and others (The images are Merorial, AtriumNight, and DesignCenter.)
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ARG X L EAE Matlab V& R H5K
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Table 4 The sum-of-Laplacian results

SiES ALM FTM iCAMO6 KWC SEPET A SO A NS
Memorial 89 85 34 37 97 142
AtriumNight 94 174 112 107 127 150
DesignCenter 17 25 13 3 23 39
X5 BHEXANA B BB I (s)
Table 5 The average time cost for different images (s)
SIENE ALM FTM iCAMO6 KWC SRR SIS FVE N

768x512x3 0.33 0.22 5.61 0.18 0.14 0.26

1016x760x3 0.66 0.41 15.52 0.34 0.26 0.48

2000x1312x3 2.21 1.41 32.98 1.17 0.82 1.56
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B9 AtriumNight 34077
Fig. 9 The detail results in AtriumNight
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