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[Abstract]

This paper analyzes the user authentication scheme for healthcare systems proposed by Jha et al. in
2024. The analysis reveals that Jha et al.’s authentication scheme is vulnerable to session key
computation attacks caused by smart card loss, and it lacks user anonymity, perfect forward secrecy,
and contains design flaws. To address these issues, this paper proposes a secure authentication scheme
that supports anonymity. The security analysis demonstrates that the proposed scheme is resistant to
various attacks, including smart-card lost attack, perfect forward secrecy, insider attack, user anonymity,
offline password guessing attack, and sensor node capture attack. In addition, a comparative analysis of
the computational and communication costs with related authentication schemes shows that the proposed
scheme achieves superior performance in both aspects. Therefore, the proposed authentication scheme is

suitable for secure and efficient user authentication in healthcare systems.
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I. Introduction
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Table 1. Summary of Related Authentication Schemes
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Features Security weaknesses
. . -Authentication scheme for the IoT -Does not provide perfect forward secrecy
Mirsaraei et . .
al[2] -ECC -Does not provide user untraceability attack
’ -Three-factor -Does not provide KCI attack
-Multi-server environment . . .
. . -Does not resist user/server impersonation attacks
Wu et al.[4] -Symmetric encryption and ECC
-KSSTI attack
-Three-factor
-Multi-server environment, L .
Wang[5] —Symmetric encrvotion and ECC -Does not resist impersonation attacks
9 y vp -Does not resist KSSTI attack
-Three-factor
. L -Doesnot resist user/server impersonation attacks
-Multi-server authentication scheme . L -
. . ) -Does not resist privileged insider attack
Ali et al.[6] -Symmetric encryption and ECC ;
~Three-factor -Does not provide perfect forward secrecy
-Does not resist KSSTI attack
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II. Jha et al.’s Authentication Scheme

Jha et al. Q15 WAl AJARL Z7]t T, AIA =&
o] 55 T, ALEA 55 Al 2291 TR <
Al 223 A e WA GAE Alkstt. ZF DA
A Apgst 7]159] ojul= ot
z : AloJEYo] GWel v]Y7](secret key)
X= z-P : Alo|lEZo] GW2] 57l7](public key)
SN; ¢ ¥R Al =&
ID; : %A AREATS] AlEAKidentity)
PW,; @ iR AREALS] TAQE
by + iR AREAR] AR E
H() : 8to]Q 3l4] gt4x(bio-hashing function)
h() @ QPISH TRl ofiaf &
I, ® : ¥Z(concatenation)a} XOR HAH

* System initialization phase

AlPlELo] GWe 73| F,ofl tigt 7HitiHadditive
group)22 G5 A=igh &, H|Y7|(secret key)Z d4
r< Z,* 3707|(public key) X =z P& AR =
+ HZ& {AJokL, 1024 H]EQ] URAE| 7] Kipg A

et &, metoje] {E(F,), G, P, X}5 43t

* Sensor node registration phase

AolEYo] GWE AN =B SN,°| AMEAL SID; 2
e, Al wE0] ¥]UI] Koy = h(SID/||Kqy )&
Alitsto] A7get &AM & N,of| {SID;, Kgy}2 HiE

User registration phase

AREAE Ui AHEARY) ID°F PW, 2]1 H4 g
£ /st MP; = h(allPW;)E Alktsti A
2 0,5 9Estel Fi=H0b)E AN A
D, F,, MP}= gt Ad2 §3to] AlolEY
o] GwolA &3ttt

201EQJ0] GWE A; = H(D||F|IMP;), B;=h
(FIIMP;)®h(ID||Kgyw)E AstA {A,, B, h(),
H(), X, PY5 AUFEZIE SC;ol A7gsto] AR&AL]
A PR A
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* Login phase
LAREAY U7t 7RIS IDoF A= PW,, J2]4
ARl BARE bE dHsH,
V=H®,), o) = V,BF/', MP,’ = h(a; |PW,
Axstol A = h(ID|IF/I|IMP;" )T A7F 22

P
=
A| vluotch RioF Wl Avprt the® AJdS =5}
al
A

AntEFIEE
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IR koW o IS Al RIegsi

= C;, = B;®h(F/IIMP;) = h(ID,

IKew) e AR & da rit UysZ,*S A
P, M, =rz-P, M,=ID,®M,,

M, = SID;®h(ClIM,), M, = h(CISID,M]

1)), M;=U,®h(M)BCE AL, {M,,

My, My, My, My, Ty & GWOllA] A&etct

¢ Authentication phase
LOAR] S g2 Alo|Elo] GW EfJARRL T 9]

(T,—T)) < ATS  ZAelo]  BEE 32,
M =zMy, ID/=M®M,, C =h(D/]|

Kgw).SID = My@®h(C/|IM,), M, =h(C/ |
SID/IM, | T) & AXtstel, M, 3t M7} FLst
Al oW MHS Frstct JHX] &g FLol+=
U= M;@h(M)® G, TD; = h(h (DT,
). My = TD@h(h(SID! Ky T5) & AN
3, Ua GLEZ*S AL M, M, M=
ARt (T, My, My, M, M2 AA wc
SN0l Mt

M; = G, D TD,

My = Gy DUy,
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My = h(G U, 1R (SID | K o) TDI T5)

2/\”\1 L =y SNL E]»O]/\EH_LL TJ ( Tg)
ATE Aistel 819 3¢, TD/ = M@ h(
KSN||T3)‘ Gsk:/ = ‘7\4-769 TDi/‘ Us’k:/ = MS@

Gsk:/ ’ MQ/ = h(Gsk:/ || Us'k:/HKSN)” TD//H T‘i )% 71]
AStol My T M7 S0 ulmgic Sslx|
RO Ax

wEZFXE A

4e SR01L, 1A g A9 da
3/dsto] SK;. My,
? {T5, My, My )2 GWoA A3tttk
SK; = h(TD|ISIDJIU,, |G, 1IS,;)
M,, = S ®h(Gy, HKSN)
My, = WG, IS, JIU, I1TD]I Ty)
3A0lES0] GWE ElABlm T, (T,
ATEZ Alstel Eldain ke 7S,
28t O9A] &g A0 S, = M, Dh(G,lh
(SID/||K¢w)), My," = h(G,, IS, 1T, I TD|
T,) € ARteto] M, M, 0] SLatx] vlwsict
vhof 2o} SYsx] gow AMS FRokw, I
%2 dole SK, = h(TDJISID,|U, NG,
Sg)s My =G, @M, Myy=5,'®TDg
b2 ERIABE TS st My, = h(G,,ll
Sy UGN TDNT, )& AWt 23 og {1,
My, My, My,}e AHEAE UoAAl RSttt
AAREAL Ue Ti9 (Ty— T;) < ATE Aktsto]
EtstA] dod AldS §
G, = M,® M, S, =M;;$TD, SKj =h
TDJISIDN U NG 1S ). Myy" = h(G, NSl
U lITD|IT; )& ARstod My 3k My, 7} S L7
vluelth US| RO NS Fastal, 1A

%e dF AHE Aseth

—-Ty) <
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* Password change phase

LARSAL U7} A1) ID,oF HAYE PW,, b5
A5t AULEIIEE= F/ = H(b/), o = VB F/,
MP;" = h(a/IIPW;), A/ =hUD|F/IIMP;")&
Axstel A/ A7t 7rex] wlistel, vlw A
7t h2w A S Sast 297 gor okg 3}
g e

2.A0IE7tEE= MP" =

h(a/ IPW;"), A= h(ID]|

F/|IMP,"), B]'= B,&h(MP)|F)&h(MP,"|
F/ )& AAtsto] A9t BE A"} B"o2 7¥7t &
gjo] Egty.

ITII. Analysis of Jha et al.’s
Authentication Scheme

2 FoMe 2 =FolA 243t Jha et al. Q15 WA
o] Hot Fopdoz AntEyiE BA Ao o3t A
=2

7] =& AT Y 59 2AIE dmEn

3.1 Smart-card lost attack

AOLEFIECL BNRR Ty, My, My, My, My, & &
E3F 34K Table 29| 574 AL2] Q0] ojste] AlA
7] SK;& AR 2 Qlek. o] ARgALY] D &5
343t AMgste Zloz st of AluR|est ded
B SR My I My, = ARt 5 o

Table 2. The procedure of smart-card lost attack

1.M, =ID, ®M,
2.1D, = h(r(ID,)IT;)

3.Go =M 1D/
4.Ug = M® Gy
5.8¢ =M, ®TD;

6.5K;' = h(ID'i’HSIDjHUSK’ I1Gx 195i)

3.2 Perfect forward secrecy
Jha ©1% "hAlofA= AuksF oMK

Table 3. The procedure of perfect forward secrecy

1.7D," = My&h (h(SID, | Ky NI T)

2.Gy =MD TID/
3. Uy = MBGyy
4.8 = My $1ID;

5.5K; = h(ID; ISID||Ug Gy 1S ) = SK;'

3.3 Design problem
Jha et al. 1= ®FAl2 &

O O 1w

AR S2 TAONA ALgAL)
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ID; Bl3S SISt hou, o] Qlstol ALgAL ID,
38 APt AR,

IV. A New Authentication Scheme

Sro} AU R BRI sjAst ALA olEAe
A5 RE Q1 WALS ARkt AS A% WAl
AAR 5718 WAL AJAR0] QRS glato] U s,
2 Ky ARKgy=h(SID| Keylls )0l 2715100 A
A%t 1S Holstel 71E0] 2]t Al Ao] SUstct

4.1 User registration phase

LAREAL U= AHA19 ID;, AYE PW, H4 o5
Aydstol MP; = h(allPW,)E Axtet FHPE
b g ol&stol F,=H(b,)E AWt 2, {ID, F,
MP}E et A2 &sto] Ao Eo]oA &
sttt

27101EQ0] GWr= AREAT ID9] BfFde &
3. ERER == Wt
A, = H(IDJ/IF|IMP;), B; =h(MP;||F,)® h(ID,]]
Kgulle,) 8 ARSI {4, B, h(), H(), X, P}2 A
OFEZLEO] ARt & AREALOlA] QPlshAl AEeict.

T- E

2

[e) =
7<:)]T Ci=

User, Gateway GW

Selects ID,, PW, and produces g,

Computes MP, = h(q,llPW))
Stamps biometrics b,
Computes  F, = H(b,)

{ID, F\, MP}'

> Checks ID. format

Computes 4, H(ID\FHM’P%

Generates number ¢

Computes B, =h(MP,|IF,)®h(ID|IKllc;)

Stores {A,, B, h(), H)), X, P} in SG

sC
<
Stores V, =a,®F,
SC. contains {A B h() H(),X, P, V}

Fig. 1. Proposed Registration Process

4.2 Login phase
LAMEAL U7} ARAlQ] ID,9F HjAYE PW,, 1)1
Apalo] AW b, ety ADIETIE L 3ol

F'=H®/), o/ = V;OF/', MP, = h(a/||PW,)
= Axstd A/ = h(IDJIF/IIMP," )2t A7t 22
A Hlasteh g ﬂol fed g el

rX, M, EMI(ID,;IISIDJ-IITI), M, :EMI(IDiII
SIDjHTl)' My = h(Q||SIDj||M1||T1) M, =Ug
@h(Ml@ a@ T1)% 71]7‘\_]_’6'}0:], {TlaMoa MQa M‘i’

M,}2 AlP|EY0] GWolA M43ttt

4.3 Authentication phase
LIRS #he Fo]E9Jo] G EfQJABIL T,9]
(T,—T,) < ATE ZRASH ENGSE 4L, M, =
My, Dy (M,) = (IDV;IISIDJ-IITI), C/' = h(ID/
HKGW”CV:)‘ M‘s/ = h(a/||SID*/||M1/HT1)% Ak
sfol My 3 Mol §Ustx] gkom AME FRg
o 2R 4F B U, =MSh(M S C/ D
T Kgy =h(SID, | Kgwlls,) S ARSHL
E}Q] AER T Ty, U M,,, G,EZ, * 2 MAE}o]
M; = TDi@h(KSNHT:i)‘ ¢ = GaDTD;, IM,
=h(TD||Ksy|ITy), M; = U, & IM,;, Mg = h(
G llU Kyl TD T3)& AXtste] AlAf =&
SN {Ty, My, Mg, M, Mg}Z 531,
24 Lt SN&= EfYAREL T,9] (T,-Ty) <
ATE ZARI EFFSHA rod, A East,
J28x] %S AL 1D, =M,Bh(KellTy),
G, =My®TD,, IM, = h(TD; |IKgy I T5),
Uy’ = M; & IM,', My = h(G U, I Kl
TD/|T3)E Ahtstol M ik Mol 5L vl
itk Rief & ol S5 dow MAS F&st

B, IR 9E B9 U S.E2,7F Al

\/\/

of SK;=h(TD/ISIDJIIM," U, IG,,IIS,}).

My = S, Dh(G NIKspll T5), My, =h(G,/ |l
SUNTD N TEIM, )& ARt &, Ty, M,
M,,}& AC1ELolo)A] &3ttt
3AIC|EQI0] GW= EfUARID qu (Ty—T;) <

ATE Altsto] egsir] ¢ z
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1 OR] FE AL Sy'w M, & ARtst My
o M, 0] FLRM] vttt 52 5} ] 4ot Al
= Smohl IFA] %Z B SK, My, M,
IM,, M,3& ]11‘_5]'01 {T;, My,, My, My, IM,}
2 ARl R4t

S :Mg@h( Gl Kyl T5)

= h(G IS, WU NI TD TyllIM, )
SK, = h(TD/|ISID|IIM, | U, G,,l1S,, )
My = Gy @M,
M,, = S,/ TD;
IM, = TD, & IM,
My = h(G S, WU, N TD T |1 IM, )

AR Ue T (Ty— T) < ATS Akt
e o A Sadn 297 e B3

4.4 Password change phase
1.AOLEZLE S A}RA} U7} ID,, BHAYE PW,, b,
=S JFsH F'=HWO,), o) = Vi®HEF', MP, =
h(a/IIPW,) A/ =h(IDJF/IMP;")& ALtst
AT A7} e ul@git) vl 2apt 2w A

g Faohl 1%A] dodl ofg WS AIegsi
2ANETIES M2 Wa ¢/ of A28 mjAgce
PW"g A5t V" =a] ©F/, MP;"= h(a]|
PW,"), Al'=h(IDJIF/|IMP,"), B'=B®h(
MPJIF/)®h(MP"|F/)& Axtet 2, A;, B, V,

S Mz A" B", V,"o=z YHo]Egi.

V. Analysis of The Proposed Scheme

Gsk :MH@Mp _h(IDHUk)@h(M1H
G..). S, =M,®TD, IM, =IM,®TD,, 2 oM At Q15 WA b dat ALt wlE, 1
SK, = h(TDJISID,lIM || U, |G, IS, ), My, =L A& HISS 7180 o /IS @A S vl @A
= (G, IS NUNTDI T ) 2 Aptat 3, =24 A IS gnel dady agds wsds.
ok ,
H| W 8A A= Table 491 ZHod, 'O'= sl 220 ¢
’ = = = = E ’ o O™
My 3t Mol SR wadh wer gesta P e s e o
5 5 5 L ChsR =1
orodi lxﬂ/\qof—ﬂﬁ]-_’ _IE_“K] 0]'27=]O/\11:H§0 HL.L_]—il‘]— Ho ]oe OL.q—L. }\]—L-, [
s—u NMd=E S L =37 5= o = T yijo] ojnlE g
o Jto] ojolE YL
Ry
Lser, Gatewey GII° Sencor Node SN,
Inputs ID, P, b Chocks (Z-T,) = AT Checks (Z,=T,) = AT
cumpmﬂ' Computes Computes
E=Hb) M'=xM, DM ID' mM=h (Ko T,
o' = VaF G =hUID Mgy Gy =M=ID/. Df'sh(ID/IK)T,
MP = hla, 1P A =h(GISID A I T 7= 2g Ui =a=n
A =hUIDIFIMP, ) = A L) | compues L) | =16, 0o 1015 = 0
C=B<h(F AP U =M~k M'=C'=1) Generates 5, €2
Generates r, U, =2.* Lo =R ED; WKy lle, Computes
Computes ” Generates T;. G, M,€2"* SK, =hUID ISIDAM UG 15,
M=rP Computes ID, =k(ID 1ML, M =5, =h (G IRAT,
u‘ -rX M =ID=h(K-AT, My =h G IS U I TD I T
S =G,=ID., D= arlT 5, M, M
M = E,\ID)sID)T;) “f_‘fj’; B4 =M IPIBAR: W TR
M, =h(CISID)MIT;) oo gl oo
M= U, A=) .u_-rc U WA TDIT, G
{fagageagng | | MM . M M, M) Gitewny GV
""""""""""""""""" > Chocks (I,-T) = AT
Computes
Uzer, S =M=h(G AT,
Checks (Z-T) < & \t =h(G, 15, W, ITDITADE 17 = M,
Computes Computes
O A D <:j SK,= b TD,\IDDE 1,y G.-,'
(L S R
ID; =D\, ) =RIG,,) M, =G=M', M:=8/=1D
Sy =M. =1D;, IM'=DL=TD; DL =TD"=D
SK =h(ID)SID) DLV, 1G,. 1S, My = kG, 15,10 DTN
My = MG,y 1S W TDITUM
(Z. M. M. M, IME)
Checks M, 7= M, S —

Fig. 2. The Proposed Login a

nd Authentication Process
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1. Security analysis

Perfect forward secrecy

SAXZE Al0|Edlol9] v]Y7] & Qth 7MY A
L, BARE M, =z MyZ 7Akteto] Hd AR M,

S B35k & oy 28y o5 age] ¢ = h(ID/ ||
Kowlle) & ArtiUA® da ¢0f A 7] Koy s
Yotof it} 12j8g FARN= AlP|EY0lY] H|UI|E
it IR o s st 4 Yok Ee o
WE 5 M, = U, Bh(M B CB T1)E Atste £
29 G= _/'\— ;o OFAH 7] Ky s FOtoF 31, ©f
Ao A ARgSH Oh2 W U, & Yopof sith dzjog
o] == S Xt FAR= U W2 AE
o], AT e A 4 gtk

Smart-card lost attack

AR} A1RAR] AYES HSsRY WS 0,2
Uolof 311 o] Ut V, =a,dF2YE L5 4 9)
Lr

oh 32U U4 a9 BAERES AN F = H(b,)x
AR SRtk A AR A2 AMgsle] Aug
HSoleld ALgAr D9 F, MP7F Basht o] 3S
w3 APEIA] QHeck 2|2 Aok 9 WAle Avte

7l= 24 o] bRt

Sensor node capture attack

AR AN e SN,Q A E SID. 9 Ky =

h(SID) K lls;) S 23T 4 ek 22iut Ao Ego]
7t 28Rt A =0 *4%!7% SID,% ‘5 5,2 XMt
of AlrRt Koy ZF AlA ktopc} 25 ohg loloh, 1
Ho2 AP AIM =B SN,O JES LRsPT &
Rtz o2 AAFAEOl MA| Lt St AFRAL U7}J A

OO0 1w

e}

715 Atske dols B30l AT det-

Privileged insider attack

ID;, F;, MP;Z B5°t YT 34X MP, 22 A}
Bt TARSE ASoler (18719 Y U o
Golof e}, e} 0] £ AEzTol B0z g
clof S0 11 U FAAE BAYs 55 320l 4
55171 otk

’ E

User anonymity
@At IDE B HAIA M, = B, (IDJISID)|
T,)2} o] M, o 9taststo] Aslo] st 1ejn

2 M, 32 Zolot glo] AAgAle] DS A5 4 ct.

M1w\1_ M1 = XL’} M1 = MQ-Q‘} 7Eo] 71]}?_.6}‘1] DH

W O U4 -2 Bste] ARt Jeloe 4 rol

U Aol u]"7] 22 2Ss|oF to] AL8AIO] IDZ A

A0 2 4 9lct

Replay attack

Ak 9 WA BE ulAIA] Asl T,RE Ty
§/1] EfIAInE ALGSlO, EjgARImO] ARZF HA]
Ot ElS WA A5 SOl o S N

5 wAle AjRs 32 sl

Design problems

A Q15 WAL ALGAL S5 Tl ARgAIe) 1D,
PAe A, ol W, AE AF YL 7)1z
Tha Q1% WAOIA WAL & Ot AH8AL B8 BAIE
Ag 4 9t 2B T SN ALEAT

Table 4. Comparison of Security Functions and Design Defects

F1 F2 F3 F4 F5 Fé F7 F8 F9 F10 F11 F12
Jha et al.[1] X 0 0 X 0 0 0 X X X 0 X
Mirsaraei et al.[2] 0 X 0 X 0 0 0 X X X 0 X
Y. Li[3] X X X X 0 0 0 X X X 0 X
Salem et al.[7] X 0 0 X 0 0 0 X X X - X
Saini et al..[9] 0 X 0 0 0 X 0 0 0 0 X X
W. Huang[10] 0 X X 0 X 0 0 0 0 0 X 0
Proposed 0 0 0 0 0 0 0 0 0 0 0 0

F1:User anonymity, F2:User impersonation attack, F3:Server spoofing attack, F4:Smart-card lost attack, F5:Privileged insider

attack, Fé6:0ffline password guessing attack, F7:Replay attack, F8:Perfect forward secrecy, F9:Session key disclosure,

F10:User un-traceability, F11:Sensor node capture attack, F12: Design problems
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Table 5. A Comparative Analysis of Computational Costs in Related Schemes

Registration phase Authentication phase Total cost
Jha et al[1] 6T, 27T,+3T, 27T,+3T,
Mirsaraei et al.[2] 7TT,+1T, NT,+2T, 7T, 18T, +2T +2T,
Y. Li[3] 7L, T, AT+, 417, 28T+2Tm+2
Salem et al.[7] 71, 3Tm 15T, +4 T, 20T,+7T,
W' Huang[10] 8T +3 I;H. ])"l 1 I}. AOT +9 I;H. 27;)7” I} 48T +12T 3 I;)TH. I}
Arpitha et al.[11] 57,+171, 9T, +7T,+6 T,+17T, 14T, +7 T, +6 T,+2 T,
Manickam et al.[12] 16 T, +1 Tm+8T 22T,+5T, 387T,+6 T, +81T,
Proposed 67T, 28T,+3T,+21T, 34T,+3T,+27T,
2. Computation Overhead 7H w2 ASHAIZES 4.0326ms9] Y. Li Q1% "iAlo]
2 oA vlu-2AgH Aot 915 whAl) A4t vl82 1, AQF Q15 WAl Mirsaraei, Jha Q1% WAl O
Table 5 Zt}. Table 5of|X ARESH T),, T,,, Ty, T,, 6ms2| AeIAIZE UERo] #H Q15 HAlE 5 & ¥R
T, = 27} siAIgH0] A, ECColAe] 341 oAl of 2 WhE AgAIS LERKRIG:
x| 2% oAl 8|W7] otsulrlo] otss}l W 55} nE Table 62 X4 H|2L2 8w -2A5F Aytz, ECC 29l
2] A]%22(modular exponentiation) ARS ojujatct  E° 2oJ= 5128|E, siAde= 256H]E, H[T7] 4=
b QAo el AAZES AT 00026ms, LUCIEE AES-128, 1) 7]ER APEL U Efla
_ Elnm = . 15 ES
1.989ms, 1.989ms, 0.00325mso|ui[10], ojo] 25t BE oq 2ol= 1288 ER 7pggtt). Table 69] 418
AXYSH ASRAIZES. Fig. 31} 2T}, B8-S AR 2}, S Hlgo] W2 Hof| A9t A
5 AL 3440 F0) AHgAit A8l § £ 7je) £
, 2 P8 A% Yertn, AN =St 239 PR 4
e F41 FAIRl %= Saini[9], W. Huang[10], ¢ Q15
20
W02 $2A FAPE EVKE A A 8ol Sk
15 12.3566
10.0022 7/\% ?E']; _/l\— %lq
7.995
6.0372 5.9956 40326 6.0463
2 .I -I "l -I -| Table 6. Communication Cost Comparison
° N Communication Massage
Ce\\\\ \O\Q\ d\\%\ Qs\\ﬂ\ ‘}3\\:\,\ %\«*‘S w\}\@\ & \QQO”QL cost rounds
¢ PO A S Jha et al.[1] 4,608 bits 4
~ v \§ Mirsaraei et al.[2] 2,048 bits 2
Authtkation phase Y. Li[3] 2,048 bits 2
R Salem et al.[7] 2,304 bits 2
Fig. 3. Computational Cost Comparison Saini et al.[9] 3,840 bits 4
W. Huang[10] 7,168 bits 4
Arpitha et al.[11] 2,176 bits 4
Fig. 3041 W. Huang[10]9] AISRA]7FS 20.336ms=Z Manickam et al.[12] 2,176 bits 2
aq o]7< H]_,\].: = 7}7(]_ LS% "%3@/\]7"_]'% U(EHH?\,{E} E} Proposed 4,096 bits 4
02 Arpitha Q1% ¥MA[11]& 15.9549mso] AISYAI7E
AIA c 7} 1ak Mol B4 7HR] SHAHOA] 7
%qE}Lﬂqu;xﬁigg AJ7to] masich Arpitha o 9N =E7T 2 H3]H A FAIE 7 oA 7F
2 .
= wrAle XPAIEQ] 01X uiAlo] whachn IARIYl oL} A AL 4 v]8-2 3,840H|ER Saini Q15 ©Ao]d,
9 w-oox] BASH AT}, T, @dAto] Lzto 2 olalo] ut Jha Q15 WAl 46083]—, AQt Q1 WA 4,096H| E
_ o] 7P ore XA d]8Le W. Huang ¢1% d€hrlo g
et A2 A 29I Sanil9)9) Manickam | T2 EE BS U8 B us W
= L 7,168 Eo|t}. 22{u g AIoF Q15 WAl 7]EC] Jha ¢l
A5 FA2l= 247 36 T, +5 T, +1 T, 38T, +6 T, +8
I v] R ar LS 2 WA RS v]gHE o Zhasto] 1E " EHoA ¢
o A} "l Q. 0 o SAA
T,9] AAb w802 thzf 12.3566ms?} 10msQ] AISHA| 22401 719 oF 2 ot}
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VI. Conclusions
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