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Abstract

Modern video signal processing systems need toigidyhadaptive in their processing configuratioredo the broad
range of input signal quality levels. In many cabesinput quality is not known. In this paper, s@@ort on our research
on adaptivity to the sharpness level of the videotent. Based on our work on temporally recursigtaill reconstruc-
tion, which we presented in [1], we developed deysto measure the sharpness level in the inpoakand for subse-
guent automatic gain control. Further we measueectirrent level of image enhancement and stabilizeser time,
approximating a predefined target enhancement.l&@et proposed system helps to avoid over-enhanteofehigh
quality input signals while adjusting the gain fow quality input signals in order to achieve are@uhately enhanced
output signal.

trol of the image enhancement system setup. Common
. approaches for sharpness level estimation comphée t
1. Introduction average edge spread (e.g. [2] and [3]) or analyee t

Video signal processing systems for image enhamﬁ%\a}rpness in the spectra! domain (e_.g., [4] ar_1)d mhgrs
have to be well configured to generate output sgynéth estimate the sharpnessll_n the spatial domain witimsu
a pleasant quality. This configuration is typicadigljusted tial search fqr_edge positions (e.g. [6].and [A)s0 me-
. : X o thods combining spectral and spatial approaches are

to a certain type of input quality. In case of éint input lable f h level AR h

alities the configuration has to be manually sidid to available for sharpness level estimation [8]. Thare
qu i tabl tout litv. In 1 reed only few methods measuring the output enhancement
realize an acceptable output quaity. in [1] wespraed a level and adjust the processing depending on thme- co
temporally recursive detail reconstruction systengener-

; X ; ) =" puted measure. In [9] a method for combined naskeic-
ate an output signal with a perceived higher deeuél o and sharpness enhancement is presented thet- me

and increased sharpness by accumulating high fregueyres the output quality and carries out a secomdmere-
information from multiple input frames. The gain e ment processing with adjusted parameters deperating
computed detail signal inside this system mainlfin@s the computed quality.

the level of image enhancement and has to be mgnughe contribution of this paper is to present a metfor
adjusted to the input signal quality or sharpn€¥s.the automated gain control for temporally recursiveadet-
one hand over-sharpening in case of high detailtit@s construction as presented in [1]. The proposedesysin
to be avoided and on the other hand a sufficiehteoe- the one hand relies on an estimated input shargeess
ment must be realized in case of low quality inWith a and on the other hand measures the enhancemehbfeve
predefined detail gain it is not possible to reboth goals the detail reconstruction output in comparisonhe tur-
at the same time. Hence, either the viewer haettIpShe rent input_ ThUS, a target enhancement level Ca‘pbmx_
detail gain depending on the current input signzlity jmated in a final weighting of the difference beemenput
and change the configuration when having a diffei®ut and detail reconstruction output. Furthermore thelf
quality, or a compromise has to be found, yieldingub- enhancement level is stabilized over time usingdiffer-
optimal output quality for most input signals. las case ences between target and actual enhancement lepes-o
the image enhancement setup should be adoptedeto\{Bus frames. A further contribution is the intretion of
input quality, so that the final enhancement lasaimilar two methods for Sharpness level estimation anchﬂmy_
for all kinds of input quality. Furthermore, usitgmporal- sjs of their behavior for several input blur levele out-
ly recursive detail reconstruction, the image eckament put behavior of the final system is analyzed anugared
level can vary from frame to frame within the sas®& g the basic system from [1] with a predefined ilefin.
quence, as additional details are generated arebladdhe The rest of the paper is organized as follows:eletion 2 a
last result. Thus realizing a stable enhancemeet laver pasic system for temporally recursive detail retmmsion
time is a further goal for an automated setup wfperally as presented in [1] is described and the probleshang-
recursive processing. ing output behavior for varying input quality leses out-
Previous work on automated control of image enhancgned. Our proposed method for automated gain obifdr

ment methods focuses on analyzing the sharpnet®in s system is described in detail in section 3sention 4
input sequence and using this measure for autoncated
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results for the integrated sharpness estimatiomaaistare 24
depicted and output results with activated autothaign 19 -
control are compared to output results of the bagitem YT Z
with a static gain level. We conclude with section
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In [1] we presented a system for temporally remarso- . . : - .
bust detail reconstruction from 2D and S3D videe s .- levels. This effect is depicted in Fig. 2. Teal

T L : gain was adjusted for generating moderately enlthnce
guences. An initial upscaling is assumed to beiehmut . .
. : . . .~ output signals for upscaled SD content. For thegeiti
in a previous processing step, so that input anpubsig-

: ; . signals enhancement levels between 1,25 and 1,4 are
nal have the same size. The basic system for recatien reached. Usina upscaling methods generating svathet
from 2D sequences is depicted in Fig.1. To accutaule ) g up 9 9 g sy

details from multiple input frames, the previousui¢ Z, g?ﬁiselsggsw(iﬁ,ﬁﬁé’ ;:grglﬁe?gr ggiinizaggr?g::;:g?
containing the already computed details from praaed Resolution Spline upscaling (HRS). When using thees
frames, is motion compensated and fed back tortpet. detail gain in case of HD input sigr;als a muchhligen-
For robustness reasons the motion compensatioift ieSLhancement level of 1.5 - 2.0 is reachea for theausig-
mixed with the input signal depending on the loetiabil- nal, depending on inp'ut chz;\racteristics and shamplevel
ity of the motion compensation. The high pass imfation Thé output signals look "over-sharpened” or "o;/er-
(details) of the current input signal X is extrattey com- enhanced". In contrast to this, when adjusting dbtail
paring X and mixing output W. This detail signalsfmul- gain to rea.ch moderate enhan(':ement of HD contepy i
tiplied with a detail gain factor and added to Wngrating signals with a lower sharpness level will not bﬁisiezntly,
the output signa! Z. This signal coptains detaitsf the enhanced when using the same detail gain. Hends, it
g?rrse;é airr1]d p;rewouz f“”?meg CI)'T the |3put_|se?uelmx:eas§ necessary to adjust the detail gain for each ispatpness
put (not _eplctg ere) details from npjldatl_ or quality to generate output signals of a desaekance-
frames of left and right views can be accumulated i

. . ment level. For reasonably handling input signaithw
temporally recursive manner. For further detailsagk . . L
variable quality and sharpness levels it is necgdsaex-

oo S tend the system by an automated gain control. Bch e
— level of input quality a desired enhancement lesheduld

SR v s v§ % z_, ome D€ reached for the output signal.

Detail Signal
Generation

Detail Gain

" 3. Automated Gain Control

Figure 1 Basic system for temporally recursive detail In this section a system for automated gain congrqire-

reconstruction sented, providing a method for gaining a desirdthane-
refer to [1]. ment level for variable input sharpness and quéditgls.
2.2.  Output Behavior at Variable Input 31 Proposed System
Sharpness In Fig. 3 the proposed system for temporally regers

The described system generates an output sigriaiaaii- detail reconstruction with automated gain contlde-
tional details and a higher sharpness level. Ehihieved Picted- The additional processing blocks are deidn
by accumulating high pass information of multiptpat Y&!low. Parallel to computing a detail signal Y de-
frames. The amplitudes of these detail signalsngtyo SCriPed in section 2 the input sharpness levesisnated.
depend on input quality and sharpness level. Fgh h£ased on this, the detail gain is computed, resyiin a

sharpness input signals the detail signal hastehigmpli- high detai_l gain for low sharpness_ Ievels_ ano_l a dmiail
tude due to the large amount of high frequencyrimgs 92" for high sharpness levels. This detail gaithéssame

tion. In contrast to this, for low sharpness inpiginals a O the whole signal. The detail signal Y is muigp by
detail signal with a low amplitude is generated tiu¢he the comput_ed deta|_l gain and ad(_je_d to the_ mixinguiu
missing high frequency information. The level of-erfV: 9enerating a signal U containing additional deta
hancement, which will be defined in section 3.4t | €N the enhancement level up to this processiey ist
paper, can be controlled by adjusting the detdit.gavith CcOmputed by comparing the local contrasts of U end

the same detail gain strongly varying output enbarent rent input X in discri_mina_ted areas of a definedalocon-
levels are achieved for input signals with differsharp- trast range as described in section 3.4. To betalflrally



AUTOMATED GAIN CONTROL FORTEMPORALLY RECURSIVEDETAIL RECONSTRUCTION 3

poton ; - Frame Buffer |«
Compensation
X w Y Y u v z
Input > Mixing > > %B—»@ > » Output
Detail Signal _ 4 4
Generation
-~ T
P
Detail Gain CF‘”a' Gain
Computation ompttation
A A
f A !
Sharpness Level Enhancement '
Estimation Level Estimation Target
Enhancement

!

t Level

Figure 3 Proposed system: Temporally Recursive Detail Reaaction with Automated Gain Control

control the enhancement level, a difference sipealveen
U and X is computed, which shall be weighted bynalf
gain factor and added to the current input. To agiephis
final gain the current enhancement level is conghaoea
target enhancement level. A final gain smaller thars
chosen, if the current enhancement level exceedatiyet
enhancement level. Otherwise a final gain highantbne

is chosen to increase the final enhancement lelel.

achieve a temporal stabilization of the final erdeanent
level, also the previous enhancement level diffeesrare
regarded for computing the final gain. The computedl

gain is further stored and multiplied with the detmin

when processing the next frame. Thus, the initietiaidl
signal weighting is adjusted to the resulting figains of
the previous frames to achieve a detail signal whisults
in a better approximation of the target enhancertexm.

In the following, the different blocks of the pregeal sys-
tem will be described in detail.

3.2. SharpnessLeve Estimation
The sharpness level of the current input imagestisnated

by analyzing the average edge steepness. Two dtiffer

methods are proposed for this purpose. The firdhaok

iation is computed for each pixel. The mean optifiier
standard deviation inside the selected edge amssides
the input signal sharpness. The second method desipu
the mean ratio between maximum gradient and lozai ¢
trast inside selected edge areas. As depictedgindkithis
ratio is higher for sharp edges than for blurredjesd
Hence, it describes the input sharpness level ds we

3.2.1. EdgeArea Sdection

The two proposed methods for input sharpness lesi
mation both compute a mean edge sharpness valse- in
lected edge areas. Hence, in a first step this lsaedo be
detected. Edge areas are described by large luoergna-
dients. The gradients in x- and y direction arerapp
imated using central differences.

X, (x,y) =0.5( X(x+1,y) - X(x-1,))
X, (,y)=0.5(X(x,y+1) - X(x,y-1)

From these values the absolute gradient is compugied

(LS ENS 2

1)

filters the input image with 3 Gaussian low-pastes of 1he final edge area is selected by a simple thiesieci-

different standard deviations. Depending on theimmim Sion. If the absolute gradient at a certain imagsitjpn
description length criterion the optimal filter stiard dev- (X.Y) exceeds a threshold kg the image position (xy) is

Example of edge at low
sharpness level

Example of edge at high
sharpness level

Contrast Contrast

Maximum
Gradient

Area of Analysis Area of Analysis

Figure 4 Contrast and Maximum Local Gradient for Edges aftHand Low Sharpness Levels
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defined to be an edge area. For different inputpstess scribes the edge sharpness, as depicted in Fig. 4.
levels, different thresholds have to be choseredg®es in
low sharpness input images are described by sngiéer
dients than in high sharpness images. Thereforg;dtis
selected depending on the maximum gradient inripati
image. We propose to set garto half of the maximum The mean ratio inside the selected edge area Hesdhe
gradient. input sharpness level and is typically in a rangévieen
omin andomax. Thus, this value is mapped to the range be-
tween 0 and 1, having the same meaning as thersfsmp
level based on the optimal local filter variance.

_ma(x (e iy )X Gy )
- max( X(x+iy+ j))_min(x(x+i,y+j))"DleDJ (6)

3.2.2. Mean Optimal Local Filter Variance
The first method for sharpness level estimation fates

the mean optimal variance for Gaussian filteringide the B
detected edge area. This measure indicates thenssarof 0, if 9<9,,
an edge, as for steep edges a smaller optimal esthd- TH @)
viation is detected than for blurred edges. Thénugtva- sharpnesslLevel _1’ 179> e
riance for Gaussian filtering is computed basethermin- 9-9,,, else
imum description length criterion as describedh [The s -8
max min

input signal X is separately filtered using thrafedent

Gaussian filter kernels of varianea’ - o, generating One of the mentioned methods is used for sharpestss
three Low-Pass filter results;X X3, For each pixel inside mation inside the proposed system. The gradieabtrast
the selected edge area the mean differences betugenrate based method has the lower computational @ipl
rent input X and the filter results,Xare computed inside aty, as after discriminating the edge area onlyrtfaimum
local IxJ block area centered at (x,y). local gradient and the contrast have to be compinide
_ : . . . a local area. The gradient and contrast informadi@nalso

&, (x,y) _EZZ‘X(X +|,y+J)—X On (X Yy )‘ 3 needed for edge area selection and enhancemehtekeve
: timation respectively. Thus, evaluating a localdil@rea
and computing the mean of the ratios over the idiger
nated edge area is the only additional effort fos me-
thod. In contrast to this, the effort for the opminocal
filter variance based method is higher. The inpgnna has
to be filtered with three different blur kernelsdarach
) o filter result has to be compared to the input withilocal
For each pixel (xy) inside the selected edge &heee ,rea The resulting sharpness levels of the twiodstare

description length values are computed and compaiesl compared for an input signal with several blur levie
filter variance c.? inducing the minimum descriptiongection 4.1.

length value is assumed to be the optimal varidioce
Gaussian filterifg at position (x,y). Finally theeam op- 3.3, Detail Gain Computation
timal variance 0 inside the selected edge area is com- i o ) )
puted. Typically ranged betweanin andamaxit is mapped 1he detail gain is computed depending on the estitha

to a range between 0 (low sharpness) and 1 (higmshsharpness level and the final gain of the previbame

For each filtered image then the local descriptergth is
computed using the following equation.

d, (xy) :(22}80” (x.y)

n

(4)

ness). processing.
detailGain= (3p -sharpnessLe@lj O finalGair (8)
0, if >0, 2
sharpnessLevel 1, ifo<o,, (5 In our system the basic detail gairis set to 0.6. For low
_ sharpness levels the detail gain gets a high wahike for
:hﬁ, else high sharpness levels it gets a low value. Furtbeenthe
O nax ~ O min detail gain is amplified in case the final gaintbé pre-

vious frame processing was higher than 1 and reblirce
case the final gain was lower than 1. This redaolsn ad-
g'usted approximation of the target enhancement! lave

€ comparison to the previous frame processing alréady
this processing step.

3.2.3. Mean Gradient / Contrast Rate

The second method for sharpness estimation comghs
mean rate between maximum local gradient and loma
trast inside the selected edge area. For each pixgl
located inside the selected edge area a locallbcek larea . .
centered at (x,y) is selected. Typical values fandl J are 3.4. Enhancement L evel Estimation

3-7. Inside this area the maximum absolute graciewt FOr estimating the enhancement level the localrests of
the difference between maximum and minimum lumieanthe enhanced image U and the current input X ane-co
value are detected. The ratiobetween these values depared. A ratict of the contrasts is computed for each pixel
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(x,y) inside a local IxJ block area which is centerat
(x.y)-
~ max( U( x+i,y+ j))— min( U(x+i,y+ J))

) oLjos ©
max( X(x+i,y+j))=min(X(x+i,y +]))’ 01,09

Furthermore an area is discriminated in which theal
contrast of X has a value inside a defined contasge.
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Figure 6 Sharpness Levels for Gaussian Low Pass Filter
Results

input sharpness. Input images which are blurreghger
are detected as blurred but no further sharpniéfesesh-
tiation is possible.

The results of the gradient / contrast ratio basggioach
show a hyperbolic behavior for low-pass filter feswith
standard deviations between 0.6 and 2.3. For shalps
ness levels it can be well used as basic informatio

This area shall exclude steep edge areas and hommogesetting the detail gain.

ous regions. In our system the area of local cetdrhe-
tween 10 and 50 (for a maximum luminance values) 2
is discriminated.. Inside this area the mean ofcibrgrast
ratios is computed and defined as enhancement level

3.5. Final Gain Computation
The computation of the final gain, weighting th&etience

signal V between current input X and enhancemesultre
U, is depicted in Fig. 5. The final gain shall lseluced in

case the target enhancement level is lower tharcdhe

puted enhancement level and amplified if the tamget
hancement level is higher than the current enhaanem| o7 HD 06 2

level. The goal is to approximate the target enbaremt

level in the final output signal Z. To realize thike com-

puted enhancement level is subtracted from theetarg-
hancement level and this difference is added toealg
fined initial final gain (1 in our system). For Bitizing the

final enhancement level over time also the diffeemnbe-
tween target enhancement level and current enhamten

level of previous frames are analyzed for finahgaompu-
tation. The difference computed in t-1 is weighteith b
and the difference computed in t-2 is weighted vaithin
our simulations we set b to 0.7.

4. Results

4.1. Sharpness L evel Estimation

For analyzing the results of the two different gimmss
estimation methods, a computer generated HD input

guence was filtered with several Gaussian low-fiittess
of different standard deviations between 0.1 arid Phe
resulting sharpness levels are depicted in Fig. 6.

For filter standard deviations between 0.5 andtiedme-

4.2.  Output Behavior

Realizing the same predefined target enhancemest le
for typical kinds of input quality is the goal dfig pro-

21
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thod based on the mean local filter variance esiima Figure7 Final Enhancement Levels for Upscaled SD and

tends to a linear output behavior as indicated \tfité
dashed line. For these types of input sharpnessdlie
mated sharpness level is a good indicator for tteah

HD Input Signals. a) Target Enhancement Level =1)2
Target Enhancement Level = 1,3. ¢) Target Enhanoeme
Level = 1,4.
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posed method for automated gain control. Henceaffiar [6]
lyzing the output behavior, the enhancement legete
scribed in section 3.4 is measured for the outiguiad Z in
comparison to the current input X. For comparisthre [7]
same input sequences that were already used ftyzamp

the basic system output behavior in section 2.2ewer
processed. Three different reasonable target eehsm
levels of 1.2, 1.3 and 1.4 should be realized Withauto- [8]
mated gain control. The resulting enhancement ¢atin
each input signal is plotted in Fig. 7. As becomwisible in
comparison to Fig. 2, for each input sequence dnget
enhancement rates are approximated with only wedk q9]
liers of +/- 0.06 at maximum. This shows that wilte
proposed system it is possible to realize a wefindd
enhancement level for typical input qualities ahdrpness
levels.

5. Conclusion

In this paper a method for automated gain conootém-
porally recursive detail reconstruction with vatalideo
input sharpness was presented. We showed that theing
same detail signal gain for different types of inpignal
quality results in strongly varying output enhaneem
levels using the system presented in [1]. This ltesn
either over-enhancement of high detail inputs dy areak
enhancement of low quality inputs. With the propbse
system the enhancement levels for all types otgipnput
signals can be adjusted to a target enhancemesitvidth-

in a reasonable range. This enhancement level eateb
fined by the user, so that it is possible to achiavwell
defined processing gain for all typical types gfuhsignal
quality without further quality dependent manuajuat
ment.
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