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ABSTRACT

(k,n)thresholdisaspecialcaseofthegeneralaccessstructure(GAS)insecretimagesharing(SIS),
thereforeGASismoreextensivethan(k,n)threshold.MostofconventionalSIS,includingvisual
secretsharing(VSS),polynomial-basedSIS,linearcongruence(LC)-basedSIS,etc.,wereproposed
withonly(k,k) thresholdor(k,n) thresholdother thanGAS.Thisarticle introducesacommon
GASconstructionapproachinSISwithonpixelexpansionfromexisting(k,k)thresholdor(k,n)
thresholdSIS.Theauthors inputclassicSISmethods to test theefficiencyandfeasibilityof the
proposedcommonGASconstructionapproach.Experimentsarepresentedtoindicatetheefficiency
oftheapproachbyillustrationsandanalysis.
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1. INTRoDUCTIoN

Secretimagesharing(SIS)for(k, n)thresholdsplitsabinary,grayscaleorcolorsecretimageinton
noisyshares(alsocalledshadowsorshadowimages),andthenassignsthesharesamongtheowners.
Thesecretcanberevealedbycollectingkormoreauthorizedshareswhilelessthanksharesoverall
revealnothingofthesecret.Thus,wehavenshares(stego-images)inSISfor(k, n)thresholdwiththe
featureofloss-tolerance,whichisdifferentfromcryptologyandsteganography.SIScanbeapplied
towatermarking,informationhiding,authentication,transmittingpasswords,accesscontrol,securely
distributedcomputingandstorageincloudcomputingandbigdataapplication,etc.(Yan,Lu,Liu,
Wan,Ding,&Liu,2017b;Belazi&El-Latif,2017).The typicalSIS includespolynomial-based
scheme(Shamir,1979),visualsecretsharing(VSS)(Naor&Shamir,1995;Wang,Liu,&Yan,2016)
calledvisualcryptography(VC)aswell,linearcongruence(LC)-basedmethod(Liu,Lu,Yan,&
Wan,2016;Yan,Lu,Liu&Wang,2018)andsoon(Yan,Ding&Dongxu,2000;Yan,Lu,Liu,Wan,
Ding,&Liu,2017a)inSISresearchdomain.
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InShamir’sfirstpolynomial-basedSIS(Shamir,1979)for(k, n)threshold,thesecretimageis
generatedintotheconstantcoefficientforaconstructedrandom(k −1)-degreepolynomialtogetn
shares,whicharethenalsoassignedtonowners.Thesecretimagecanberevealedwithhigh-resolution,
i.e.,almostlosslessrecovery,byLagrange’sinterpolationwhencollectinganykormoreshares.While
lessthanksharesrevealnothingofthesecret.Thisisso-called“all-or-nothing.”FollowingShamir’s
scheme,someotherpolynomial-basedSISschemeswereextendedtoachievedifferentfeatures(Yang
&Ciou,2010;Li,Yang,&Kong,2016).Thestrengthofpolynomial-basedSISliesinthesecretcan
berevealedwithhighquality.Althoughpolynomial-basedSISonlyutilizesksharesforrevealing
thedistortion-lessimage,itneedsknownorderofshares,complicatedcomputationsforrecovery,
andnogeneralaccessstructure(GAS).InSISforGAS(Wu&Sun,2012;Yan&Lu,2017),theuser
mayappointthequalifiedownerscombinationswhichcanrecoverthesecret,i.e.,aspecificationof
allqualifiedsubsetsofownersmaybeallocatedbytheuser.Therefore,GASismoreextensivethan
(k, n)thresholdand(k, k)threshold.

InVSS(Weir&Yan,2010;Yan,Wang&Niu,2014;Wang,Zhang,Ma,&Li,2007;Wang,Arce
&DiCrescenzo,2009;Yan,Wang,Niu&Yang,2015b)for(k, n)threshold,theobtainednshares
arefirstprintedontotransparenciesandthenassignedtonowners.ThemeritofVSSis,thesecret
imagecanberevealedbysuperposinganykormoresharesandhumaneyeswithnocryptographic
computation.Collectinglessthankshareswillingeneralgivesnoclueaboutthesecretimageevenone
ownsinfinitecomputationpower.Unfortunately,originalVSSsuffersfrompixelexpansionproblem,
codebookdesignandnoGAS.AsanimportantVSSresearchbranch,manyotherresearcherstook
intoaccountofrandomgrid(RG)-basedVSS(RGVSS)(Fu&Yu,2014;Guo,Liu,&Wu,2013;
Yan,Liu,&Yang,2015a)becauseRGVSShasneitherpixelexpansionproblemnorcodebookdesign.
KafriandKeren(Kafri&Keren,1987)firstproposedRG-basedencryptionforbinarysecretimage,
splitintotworandomRGs(i.e.,shares)withthesamesizeassecretimage.Therevealedmethodis
superimposingtoo.AlthoughsomeVSSschemesforGAS(Ateniese,Blundo,DeSantis,&Stinson,
1996;Wu&Sun,2012)wereproposed,mostofVSSschemessufferfromnoGASaswell.

Besidestheabovementionedtwoprimaryapproaches,someotherSISschemes(Liu,Lu,Yan,
&Wan,2016)weregivenaswelltoobtaindifferentfeatures.In(Liu,Lu,Yan,&Wan,2016),Liuet
al.presentedathresholdSISutilizingLCforgrayscalesecretimageaccordingtoonlyadditionand
moduleoperations,whichachievestheadvantagesoflosslessrecoveryandnopixelexpansionby
collectingallthensharesetc.However,itisfor(k, k)thresholdotherthanGAS.SISforGASismore
extensivethan(k, n)thresholdand(k, k)threshold.Inthispaper,ourcontributionisthatweintroduce
acommonGASconstructionapproachinSISwithonpixelexpansionfromexisting(k, k)threshold
SISratherthanpackagingtheexistingmethods.BasedonourGASconstructionapproach,different
SISforGASalgorithmscanbederivedfromdifferentclassicSISmethodswith(k, k)threshold,
respectively.TheoutputSISbyourcommonGASconstructionapproachgainsGAS,whichmay
benotachievedbypreviousresearches.Experimentsareprovidedtoexhibittheefficiencyofour
methodbyillustrationsandanalysis.

Therestofthepaperispreparedasfollows.Section2describedsomebasicrequirementsand
relatedworks.InSection3,ourcommonGASconstructionapproachinSISisgivenindetail.Section
4presentsexperiments.Finally,Section5concludesthispaper.

2. PReLIMINARIeS

Inthissection,weexhibitsomepreliminariesforourwork.Ina(k, n)thresholdSIS,thesecretimage
SwithsizeofW × HisencryptedintototalnsharesSC1,SC2,· · · SCn,whiletherevealedsecret
imageS`isrevealedfromt(k ≤ t ≤ n, t ∈Z+)shares.S(i, j)∈[0,P −1],where[0,P −1]meansthe
pixelvaluerangeandPdenotesthemaximumpixelvalue,suchas,forVSSP=2andP=251,256
orasuitableprimenumberforgrayscaleimageorcolourimagesharing.

Inthefollowing,⊗ and⊕indicateBooleanORandXORoperations,respectively.



International Journal of Digital Crime and Forensics
Volume 12 • Issue 3 • July-September 2020

98

2.1. Polynomial-Based (k, n) Threshold SIS
Weassumethenowprocessinggrayscalesecretimagepixelvalueiss,andthentoencodesinto
npixelsassignedtoncorrespondingsharesbyShamir’sfirstpolynomial-basedSISscheme.The
followingStepsarerepeateduntilprocessingallthesecretpixels.

Step 1:Forthenowprocessingpixelvalues=S(i, j),inordertosplitsintosharedpixelssci,we
constructak −1degreepolynomial:

g(x)=(a0+a1x+· · ·+ak-1xk-1)modP (1)

where:

a0=s,aiisrandomfori=1,2,· · · k −1andP=251

Step 2:SET

sc1=g(1),· · ·, sci=g(i),· · ·, scn=g(n) (2)

Intherecoveryofpolynomial-basedSIS,foranygivenk pairsofn pairs i sc
i i

n

,( ){ }
=1

,where
i maybeservedasanorderlabelofthe i thowner,wecanobtainthecoefficientsofg x( ) basedon
Lagrange’sinterpolation,andthengets g= ( )0 .Theprocessingrepeatsuntilallpixelsofthesecret
imageareprocessed.AndthesecretimageS cannotbeoverallrevealedwithlessthank shares.

Since(k, k)thresholdisaspecificcaseof(k, n)threshold,(k, n)thresholdisalsosuitablefor
ourcommonGASconstructionapproach,wherewecansetk=n.

2.2. (k, k) Threshold VSS
InRGVSS(Kafri&Keren,1987),1indicatesblackpixeland0denoteswhitepixel.Thegeneration
stepsandrevealingphaseofonepopularoriginal(2,2)RGVSSaredescribedasfollows:

Step 1:Construct1RGSC1randomly.Step2:ComputeSC2asinEquation(3).
Revealing phase:S`=SC1⊗SC2fromEquation(4).Ifthesecretpixels=S(i, j)is1,therecoverybit.

sc1⊗ sc2=1isblack.Ifthecertainsecretpixelis0,therecoverybitsc1⊗ sc2=SC1(i, j)⊗ 
SC1(i, j)hashalfchancetobeblackorwhitebecausesc1isgeneratedrandomly:

SC i j
SC i j if S i j

SC i j if S i j2

1

1

0

1
,
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,1 2

1 1

1

0

jj SC i j if S i j( )⊗ ( ) = ( ) =





 1

1 1, ,
 (4)

Weremarkthat,Equation(3)isequaltosc2=sc1⊗ =sc1⊗ sc2.Duetoifs=0⇒ sc2=sc1
⊗ 0⇒ sc2=sc1,andifs=1⇒ sc2=sc1⊗ 1⇒ sc2=sc1.Thus,thesameequationcanbeextended
tos=sc1⊗ sc2⊗ · · ·⊗ scksothat(k, k)thresholdRGVSSisachieved.
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2.3. (k, k) Threshold Linear Congruence-Based SIS
Equation (5) exhibits the primary equation for LC-based secret sharing, based on which (k, k)
thresholdsecretsharingwillbeachieved,wherePisanumberlargerthanthebiggestpixelvalue,sci
andsindicatethei-thsharedpixelandsecretpixel,respectively.Aimingtoshareagrayscalesecret
image,ingeneralwesetP=256:

(sc1+sc2+· · ·+sck)mod P=s (5)

2.4. General Access Structure
Thedefinition(Ateniese,Blundo,DeSantis&Stinson,1996)ofGASisdescribedasfollows.

2.4.1. Definition 1 (GAS)

{ Γ
Qual

, Γ
Forb

} is knownas aGAS,which is a specificationof all qualified and forbidden
subsets(ΓQualandΓF orb)ofownersP={1,2,...,n },wherei∈[1, n]meansanownerwiththe
ordernumberof“i”.AnysetX ={ i i i

r1 2
, ,� }∈ Γ

Qual
,whereownersi1,i2, …., ir ∈ P,canreveal

thesecretimagewhileanysetX ∈ Γ F orbrevealsnothingofthesecret,whichisthesecurityof
SISforGAS.Here,ΓQualandΓF orbexhibitnon-emptysubsetsofownerssetP,whereΓQual⊆ 2P, 
ΓF orb⊆2PandΓQual∩ΓF orb =ϕ.

LetΓ0denoteasetconsistingoftheminimumqualifiedsets,asfollows:

Γ Γ Γ
0
= ∈ ∉ ∀ ⊂{ }′ ′Q Q Q Q

Qual Qual
,  (6)

wheretheelementofΓ0isoneminimumqualifiedset,i.e.,thereisnotanyqualifiedsetlessthanthe
elementofΓ0.ForanyA ∈ Γ0,thereexistsB ∈ ΓQualsatisfyingA ⊆ B.

Owner p ∈ P is called an essential owner if A A p A
Qual Qual

∪{ } ∈ ∉{ } ≠Γ Γ, φ , where A
indicatesanysubsetofP.p ∈ PisanessentialownertellsthatatleastonesubsetofPneedstocontain
ptobeaqualifiedset.

TheGASisstrongandΓ0isabasisifΓQualismonotoneincreasingandΓF robismonotonedecreasing.
Inthispaper,weassumethatalltheownersareessentialandtheGASisstrong.
Indefinition1,therevealedsecretimagemaybelossyinGAS,whichwillbeconsideredinthe

nextSection2.5.

2.5. Quality evaluation Metrics of the Revealed Secret Image
InVSS, thevisualqualityof therevealedsecret imageS`willdecidehowwellhumaneyescan
recognizetherevealedimage,whichcanbeevaluatedbycontrastasfollows(Yan,Liu&Yang,2015a).

2.5.1. Definition 2 (Contrast)

α =
−

+
=





 =( ) = 



 =( )

+ 




′ ′

′

P P

P

P S AS P S AS

P S AS
0 1

1
1

0 0 1 0

1 1(  = 0
 (7)

whereαiscontrast,P0(resp., P1)demonstratestheappearanceprobabilityofwhitepixelsinthe
revealedimageS`forthecorrespondingwhite(resp.,black)areaofsecretimageS, thatis,P0 is
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thecorrectlydecryptedprobabilitycorrespondingtothewhiteareainsecretimageS,andP1isthe
wronglydecryptedprobabilitycorrespondingtotheblackareainsecretimageS. AS0(resp.,AS1)
indicatesthewhite(resp.,black)areaofsecretimageS.

Duetolosslessrecoveryornothing,classicSISforgrayscaleimageomitstoconsiderthequality
evaluationoftherevealedsecretimage.TherevealedsecretimagemaybelossyinGAS,therefore
weneedtoconsiderthequalityevaluationof therevealedgrayscalesecret image.Thefollowing
objectivemetricsmaybeadoptedtoevaluatetheimagequalitybetweenS`andS.

1. Peaksignal-to-noise-ratio(PSNR):PSNR,inEquation(8)betweenSandS`,isusedtomeasure
imagesimilarity,whereMSEindicatesthemeansquareerror,asinEquation(9):

PSN R
MSE

dB� log=










10
255

10

2

 (8)

MSE
W H

S i j S i j
i

W

j

H

=
×

( )− ( )′





= =
∑∑

1

1 1

2
, ,  (9)

2. Structuralsimilarityindexmeasure(SSIM)(Wang,Bovik,Sheikh&Simoncelli,2004)isused
toevaluatethevisualimpactofthreecharacteristicsforanimage,i.e.,luminance,contrastand
structure, which obtains a multiplicative combination of the above three characteristics, as
exhibitedinEquation(10).SSIMisin-1and1.ThelargerSSIMindicateshigherimagesimilarity:

SSI M(x, y)=[l(x, y)] α [c(x, y)] β [s(x, y)] γ  (10)

whereµx, µy, σx, σy,andσxyarethelocalmeans,standarddeviations,andcross-covarianceforimages

x, y.Inthispaper,weassumeC3=
C2

2
, α=β=γ=1.

3. A CoMMoN GAS CoNSTRUCTIoN APPRoACH IN SIS

Here,wewillintroduceacommonGASconstructionapproachinSISwithonpixelexpansionfrom
existingSISforonly(k, k)threshold.

3.1. our Method
TheintroducedcommonGASconstructionapproachispresentedinAlgorithm1,whosediagrammatic
designconceptisshowninFigure1.

InAlgorithm1,weremarkthat:

1. TheGASandexisting(k, k)thresholdSISareinputorselectedbytheuserotherthanourcommon
GASconstructionapproach,basedonwhichourapproachcanderivespecificSISforGAS;

2. Hereweinputexisting(k, k)thresholdSIS,where2≤ k ≤ n;
3. For each position h w h w h H w W, , | ,� �� � � � � � �� �1 1 , k and shares orders are

determinedby i i ik1 2
, ,� � correspondingtoselectedAinStep2;

4. InStep2,ifoneminimumqualifiedsetisselected,sayA,theparticipantsinAcanrecoveronly
aportionofthewholeimage.Theportionwilldecreaseasthenumberofparticipantsincreases.
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Thus,ourconstructionapproachisaprogressiveoneas t increaseswiththesameminimum
qualifiedset;

5. IneffectivevalueisdecidedbytherecoverymethodofexistingSIS:
a. In polynomial-based SIS, the modular 251 operation is applied to the recovery phase,

thereforeineffectivevaluecanbeanyintegerin[251,255].Here,theineffectivevaluecan
beviewedasaflag,whosecorrespondingshadowpixelwillnotjoinintherecovery;

b. InVSS,therecoverymethodisstacking,thusineffectivevalueis0(white).(c)ForLC-based
SIS,sinceadditiverecovery,ineffectivevalueis0(black).

3.2. GAS Construction Proof and Analysis
Here,weonlyperformgeneralperformanceanalysisduetodetailperformanceanalysiscanbegiven
accordingtospecificexistingSIS.Withoutlosingofgenerality,intheanalysis,weassumethatsc1,

Figure 1. The design concept of our introduced common GAS construction approach from existing SIS for (k, k) threshold

Algorithm 1. The introduced common GAS construction approach from existing SIS for (k, k) threshold



International Journal of Digital Crime and Forensics
Volume 12 • Issue 3 • July-September 2020

102

sc2,· · · sckaregeneratedbasedonthesecretpixelsandexisting(k, k)thresholdSISinStep3ofthe
proposedapproachandtheothern − kpixelssck+1,sck+2,· · · scnareobtainedinStep5,respectively.

InSteps2-3,foreverysecretpixel,AisrandomlyselectedfromΓ0,asaresultits(k, k)thresh-old
mechanismwillbeachievedinStep3forGAS,where|A|=k.Sincesc1,sc2,· · · sckareob-tained
bythesecretpixelsandexisting(k, k)thresholdSIS,wecanrevealthesecretswhencollectingsc1,
sc2,· · · sck,i.e.,sc1,sc2,· · · sckarethereallyeffectivepixelscoveredthesecret.Thelastn − kshare
pixelsareineffectivevalues.Whenwecollectkshares,wewillcoversc1,sc2,· · · sckatacertain
probability,thereforethesecretwillberevealedinadegree.Whencollectingmorethankshadows,
theprobabilityofcoveringsc1,sc2,· · · sckwillbeimprovedsothattheGASwillbegained.

AnysetX= i i ir1 2
, ,� �∈Γ Qual,whereowners i i ir1 2

, , ∈ P,canreveal thesecret image
whileanysetX ∈Γ F orbrevealsnothingofthesecret,whichillustratesthesecurityofSISforGAS:

1. Everysingleshareissecure.InStep3ofourmethod,thefirstksharedpixelsaregeneratedfrom
existing(k, k)thresholdSIS,thuseverysinglepixelofthefirstksharedpixelsgivesnoclue
aboutthesecrets.Furthermore,thelastn − ksharedpixelsaresettobeineffectivevalue,among
whichsingleonehasnorelationwiththesecrets.Asaresult,therewillbenocrossinterference
ofthesecretineveryshare,i.e.everysinglesharecouldrevealnothingofthesecretimage;

2. ThesecurityofSISforGAS.ForanysetX∈ΓForb ,XcannotcoverA,thusXcannotcoversc1,
sc2,· · · sck.Asaresult,anysetX∈ΓForb revealsnothingofthesecret;

3. GAS construction. For any set X = i i ir1 2
, ,� �  ∈ ΓQual , there exists A ∈ X at a certain

probability.Thus,X cancoversc1,sc2, · · · sck at a certainprobability.Finally, any setX=
i i ir1 2
, ,� � ∈ΓQual canrevealthesecretimageinadegree.

4. eXPeRIMeNTAL ReSULTS AND ANALySeS

InthisSection,wewillinputclassicSISmethodstotesttheefficiencyandfeasibilityoftheproposed
commonGASconstructionapproach.Experimentalresultsandanalysiswillberealizedtoillustrate
theeffectivenessofthederivedGASconstructionalgorithmsgainedbyourintroducedcommonGAS
constructionapproachinSIS.Inaddition,somediscussionsarefurtherprovided.

4.1. Image Illustration and Quality
Figure2denotes the experimental results of the constructedSIS for GAS from (k, k) threshold
polynomial-based SIS by our introduced common GAS construction approach, where
Γ
0

1 2 2 3 3 4= { } { } { }{ }, , , , , basedonLagrange’sinterpolationdecryptionandthegrayscalesecret
imageisinFigure2(a).Figure2(b-e)givethe4shares,whicharenoisy.Figure2(g-p)displaythe
revealedgrayscalesecretimagewhencollectinganyt(2≤ t ≤4)sharesbyLagrange’sinterpolations.
The revealed imagesby thequalified sets can reveal the secret imagebut revealnothingby the
forbiddensets.Whenthequalifiedsetswiththesameminimumsetandmoreownersareemployed,
betterrevealedsecretimageisobtained.Whenalltheownersarecollected,therevealedsecretimage
ishigh-resolutionduetoourapproachandexisting(k, k)thresholdpolynomial-basedSIS.

Figure3demonstratestheresultsoftheconstructedSISforGASfrom(k, k)thresholdRGVSS
byourintroducedcommonGASconstructionapproach,whereΓ

0
1 2 3 1 4 3 4= { } { } { }{ }, , , , , , based

onstackingdecryptionandthebinarysecretimageisgiveninFigure3(a).Figure3(b-e)displaysthe
4sharesSC1,SC2,SC3,andSC4,whicharenoisyaswell.Figure3(f-p)aretherevealedsecretimages
whencollectingany2ormoresharesbasedonstackingrecovery,fromwhichthesecretimageby
thequalifiedsetscouldberecognizedbasedonsuperpositionwhilenothingbytheforbiddensets.
Whenthequalifiedsetswiththesameminimumsetandmoreownersareemployed,betterrevealed
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secretimageisobtainedaswell.Whenalltheownersarecollected,thevisualqualityoftherevealed
secretimageisthebest.

Figure4isanexamplefortheconstructedSISforGASfrom(k, k)thresholdLC-basedSISby
ourintroducedcommonGASconstructionapproach,where Γ

0
1 2 2 3 3 4= { } { } { }{ }, , , , , basedon

additivedecryptionandtheinputgrayscalesecretimageisinFigure4(a).Figure4(b)−(e)arethe

Figure 2. Simulation results of the constructed SIS for GAS from (k, k) threshold polynomial-based SIS by our introduced common 
GAS construction approach, where Γ

0
1 2 2 3 3 4= { } { } { }{ }, , , , , based on Lagrange’s interpolation decryption. (a) The grayscale 

secret image; (b) −- (e) four shares SC1, SC2, SC3 and SC4; (f)-(p) revealed results by different shares.
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4generatedshares,whicharenoisyaswell.Figure4(f)−(p)demonstratetherevealedimageswith
differentordersofshares.Similarconclusionastheaboveresultswillbeobtained.

Fortheaboveexperiments,theircorrespondingqualitymetricsoftherevealedsecretimageare
giveninTable1.FromTable1,basedonourGASconstructionapproach,thederiveddifferentSIS
forGASalgorithmsachieveGASaswellasprogressivefeaturewhenmoresharesarecollected.

Bytheaboveresultswecanfindthat:

Figure 3. Simulation results of the constructed SIS for GAS from (k, k) threshold RGVSS by our introduced common GAS 
construction approach, where Γ0 1 2 3 1 4 3 4= { } { } { }{ }, , , , , ,  based on stacking decryption. (a) The binary secret image; (b) - (e) 
four shares SC1, SC2, SC3, and SC4; (f)-(p) revealed results by different shares.
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1. Thesharesarenoisy,thereforethereisnocrossinterferenceofsecretimageineachshare;
2. Whenshadowimagesintheforbiddensetsareinspected,thereisnoinformationofthesecret

imagecanbeleakedshowingthesecurityofourmethod;
3. Whenwecollectshadowimagesinthequalifiedsets,thesecretimagecouldberevealed;
4. Whenalltheownersarecollected,thebestqualityoftherevealedsecretimageisobtainedsince

ourapproachandexisting(k,k)thresholdSIS;

Figure 4. Simulation results of the constructed SIS for GAS from (k, k) threshold LC-based SIS by our introduced common GAS 
construction approach, where Γ0 1 2 2 3 3 4= { } { } { }{ }, , , , , based on additive decryption. (a) The grayscale secret image; (b)- (e) 
four shares SC1, SC2, SC3, and SC4; (f)−(p) revealed results by different shares.
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5. Whenthequalifiedsetswiththesameminimumsetandmoreownersareemployed,betterimage
qualitywillbegained.Thus,thederivedSISalgorithmsareprogressive,forthesameminimum
qualifiedset;

6. WeobtainacommonGASconstructionapproach.

4.2. Comparisons with Relative Schemes
WewillfirstcomparetheconstructedGASfrompolynomial-basedSISwithexistingpolynomial-
based(k, n)thresholdSIS(Li,Yang&Kong,2016),whereonlythefirstcoefficientisutilizedto
coverthesecret.Thenanalysiswillbeperformed.

Ascomparison,Figure5displaystheexperimentalresultsforexistingpolynomial-based(k, n)
thresh-oldSIS,wherek=2,n=4andthegrayscalesecretimageisshowninFigure5(a).Figure
5(b-e)showthe4shares,whicharealsonoisy.Figure5(f-h)indicatetherevealedgrayscalesecret
imagewithanyt(2≤ t ≤4)sharesbyLagrange’sinterpolations.Wecanfindexistingpolynomial-
based(k, n)thresholdSIShasneitherGASnorprogressiveness.

AccordingtoFigure2andFigure5,theconstructedGASisprogressivewhenthesameminimum
setisused.Pre-existedpolynomial-based(k, n)thresholdSIShasnoGAS.

Inaddition,comparingfunctionalitieswithrelativeGAS(Ateniese,Blundo,DeSantis&Stinson,
1996;Wu&Sun,2012;Yan&Lu,2017),ourfeaturesliein:

Table 1. The quality metrics of the revealed secret image

Basis Γ0 Quality Metrics

Figure2forΓ0= 1 2 2 3 3 4, , , , ,� � � � � �� � 
oftheconstructedSISforGASfrom(k, 
k)thresholdpolynomial-basedSIS

PSNR{1,2}=10.5935,PSNR{2,3}=10.6352,PSNR{3,4}=10.6244,PSNR{1,2,3}
=13.5586,PSNR{1,2,4}=10.6179,PSNR{1,3,4}=10.6412,PSNR{2,3,4}=
13.6972,PSNR{1,2,3,4}=+∞

Figure2forΓ0= 1 2 2 3 3 4, , , , ,� � � � � �� � 
oftheconstructedSISforGASfrom(k, 
k)thresholdpolynomial-basedSIS

SSI M{1,2}=0.0558,SSI M{2,3}=0.0584,SSI M{3,4}=0.0565,SSI M{1,2,3}=
0.1523,SSI M{1,2,4}=0.0587,SSI M{1,3,4}=0.0562,SSI M{2,3,4}=0.1549,SSI 
M{1,2,3,4}=1

Figure3forΓ0= 1 2 3 1 4 3 4, , , , , ,� � � � � �� � 
oftheconstructedSISforGASfrom(k, 
k)thresholdRGVSS

α{1,4}=0.1231,α{3,4}=0.1250,α{1,2,3}=0.0583,α{1,2,4}=0.1322,α{1,3,4}=
0.3048,α{2,3,4}=0.1344,α{1,2,3,4}=0.4152

Figure4forΓ0= 1 2 2 3 3 4, , , , ,� � � � � �� � 
oftheconstructedSISforGASfrom(k, 
k)thresholdLC-basedSIS

PSNR{1,2}=8.1156,PSNR{2,3}=10.4125,PSNR{3,4}=8.1317,PSNR{1,2,3}=
13.4090,PSNR{1,2,4}=10.4129,PSNR{1,3,4}=10.4271,PSNR{2,3,4}=13.4367,
PSNR{1,2,3,4}=+∞

Figure4forΓ0= 1 2 2 3 3 4, , , , ,� � � � � �� � 
oftheconstructedSISforGASfrom(k, 
k)thresholdLC-basedSIS

SSI M{1,2}=0.0188,SSI M{2,3}=0.0272,SSI M{3,4}=0.0200,SSI M{1,2,3}=
0.0666,SSI M{1,2,4}=0.0272,SSI M{1,3,4}=0.0292,SSI M{2,3,4}=0.0680,SSI 
M{1,2,3,4}=1
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1. OurintroducedmethodbelongstoacommonGASconstructionapproachinSISfromexisting
SISforonly(k, k)thresholdotherthandetailGASalgorithm;

2. Some existing SIS schemes are employed in our method resulting in effective GAS, which
illustratesthefeasibilityoftheintroducedcommonGASconstructionapproachinSIS;

3. ForanygivennewSIS,basedonourcommonGASconstructionapproachinSIS,anewGAS
maybederivedwithspecialcharacteristic;

4. FordetailGASalgorithmiccomparisons,weneedrefertospecialinputexistingSIS,thuswhich
isomittedinthispaper.

4.3. extensions and Discussion
Accordingtotheaboveresultsandanalysis,ourapproachmaybeextendedasfollows:

1. OurapproachmaybesuitableforSISwithpixelexpansion;
2. Basedoncolordecompositionandcolorcomposition,ourapproachcansharecolorsecretimage;
3. Someotherideasmaybefurtherutilizedinourapproachtoenhancetheimagequality(Yan,Liu

&Yang,2015a;Yan,Wang&Niu,2014).

5. CoNCLUSIoN

Inthispaper,weintroducedacommongeneralaccessstructure(GAS)constructionapproachinsecret
imagesharing(SIS)frominputexistingSISforonly(k, k)threshold.BasedonourGASconstruction
approach,thendifferentSISalgorithmsforGASwerederivedfromexistingSISfor(k, k)thresh-old,
respectively,whichindicatestheefficiencyandfeasibilityoftheproposedcommonGASconstruction
approachintermsofanalysisandexperimentalresults.ExtendingGASconstructionapproachowning
betterfeaturesareourfuturework.

Figure 5. Experimental example of existing polynomial-based (k, n) threshold SIS (Li, Yang & Kong, 2016), where k = 2, n = 4. 
(a) The grayscale secret image; (b) - (e) four shares SC1, SC2, SC3, and SC4; (f) - (h) revealed results by t shares, where t = 2, 3, 
and 4, respectively.
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