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WOVEN g¢-FRAMES IN HILBERT C*-MODULES
ExkTA RAjPUT, NABIN KUMAR SAHU, AND VISHNU NARAYAN MISHRA*

ABSTRACT. Woven frames are motivated from distributed signal processing with
potential applications in wireless sensor networks. g-frames provide more choices
on analyzing functions from the frame expansion coefficients. The objective of this
paper is to introduce woven g-frames in Hilbert C*-modules, and to develop its fun-
damental properties. In this investigation, we establish sufficient conditions under
which two g-frames possess the weaving properties. We also investigate the sufficient
conditions under which a family of g-frames possess weaving properties.

1. Introduction

Frames in Hilbert spaces were first proposed by Duffin and Schaeffer [10] in 1952
while studying the nonharmonic Fourier series. Frames can be viewed as more flexible
substitutes of bases in Hilbert spaces. They are more flexible tools as linear indepen-
dence between the frame elements are not required. In 1985, as the wavelet era
began, Daubechies, Grossmann, and Meyer [9] reintroduced and developed the theory
of frames in 1986. Due to its remarkable structure, the subject drew the attention
of many mathematicians, physicists, and engineers because of its wide application in
various well known fields like signal processing [4], coding and communications [19],
image processing [5], sampling theory [11], numerical analysis, filter theory [3]. In re-
cent years, it has emerged as an important tool in compressive sensing, data analysis,
and in several other areas. The notion of woven frames in Hilbert space was intro-
duced by Bemrose et al. [2], and more deeply investigated in [7,8]. The concept of
woven frames is partially motivated by preprocessing of Gabor frames, and has poten-
tial applications in wireless sensor networks that require distributed processing under
different frames. In the past few years, several generalizations of frames in Hilbert
space have been proposed, for example, fusion frames [6], pseudo-frames [16], etc.
Sun [20] introduced the concept of g-frame or generalized frames in Hilbert spaces.
Let X and Y be separable Hilbert spaces, and {); : i € I} be a sequence of closed
subspaces of Y. Let L£(X,);) be the collection of all bounded linear operators from
X into yz

DEFINITION 1.1. [20] A sequence {A; € L(X,Y;): j € J} is called a generalized
frame, or simply a g-frame, for X with respect to {J); : j € J} if there are two positive
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constants A and B such that
(1.1) AFIP <D IA AP < BIFIP, VS € X

j€l
Woven frames are powerful tools in wireless sensor network. In Hilbert spaces, they
are defined as follows:

DEFINITION 1.2. [2] Let [m] = {1,2,....,m}. A family of frames {¢;; };cs for j € [m]
for a Hilbert space H is said to be woven, if there are universal positive constants A
and B such that for every partition {;}jem of I, the family {¢i;}ico, jeim) is a frame
for H with lower and upper frame bounds A and B, respectively.

In [17], Li et al. introduced the concept of woven g-frames in Hilbert spaces.

DEFINITION 1.3. [17] A family of g-frames {A;;}icr jejm) for a Hilbert space H is
said to be woven if there are universal positive constants A and B such that for every
partition {o;}jem of I, the family {Ay}ico; jem) is a g-frame for H with lower and
upper frame bounds A and B, respectively.

In recent years, many mathematicians got significant results by extending the the-
ory of frames from Hilbert spaces to Hilbert C*-modules. Hilbert C*-modules are
generalizations of Hilbert spaces by allowing the inner product to take values in a
C*-algebra rather than in the field of real or complex numbers. They were introduced
and investigated initially by Kaplansky [14]. Frank and Larson [12] introduced the
concept of frames in finitely or countably generated Hilbert C*-modules over a unital
C*-algebra.

In [15], A. Khosravi and B. Khosravi introduced g-frames in Hilbert C*-modules
and observed that they share many useful properties with their corresponding notions
in Hilbert spaces. Let U and V be finitely or countably generated Hilbert .A-modules,
and {V; : i € I} be a sequence of closed Hilbert submodules of V. Let End (U, V)
be the collection of all adjointable A-linear maps from U to V.

DEFINITION 1.4. [15] A sequence {A; € End(U,V;): i € I} is called a g-frame or
a generalized frame in U with respect to {V;: ¢ € I} if there exist constants C, D > 0
such that for every f € U,

(1.2) C(f, ) <D (Nif. Nif) < DS f).

iel
Woven frames for finitely or countably generated Hilbert C*-module were introduced
and studied in [13].

DEFINITION 1.5. [13] Let [m] = {1,2,...,m}, m € N. A family {{@j}iel} - of
JEIM
frames for U is called woven if there exist universal positive constants A and B such

that for every partition {o;};epm) of I, the family {¢i;}ico; jem) is a frame for U with
lower and upper frame bounds A and B, respectively. Each family {¢y;}ico, jeim) is
called a weaving.

The above literature motivates us to introduce the notion of woven g-frames in
Hilbert C*-modules. In this paper, we introduce the concept of woven g-frames in
Hilbert C*-modules, and develop their fundamental properties.
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2. Woven g-frames

Let I and J be finite or countable index sets and let N be the set of natural numbers.
Throughout this paper, we assume that &/ and V are finitely or countably generated
Hilbert A-modules, and {V; : i € I'} is a sequence of closed Hilbert submodules of V.
For each i € I, End’(U,V);) is the collection of all adjointable A-linear maps from U
to V; and End%(U,U) is denoted by End’y(U).

Now we define woven g-frames in Hilbert C*-modules.

DEFINITION 2.1. Two g-frames A = {A;}ic; and T' = {T';};e; for U are said to
be woven g-frames if there exist universal positive constants A and B such that for

any partition o of I, the family {A;}ico U {Ti}icoe is a g-frame for U with lower and
upper g-frame bounds A and B, respectively, that is

(2:3) AU E) <D NF ) + ) (Duf,Taf) < BU, £),VF €U
i€o 1€0°
DEFINITION 2.2. A family of g-frames {{A;;}32, : 7 € I} for U with respect to
{V; i € I} is said to be woven g-frames if there exist universal positive constants A

and B such that for any partition {o;};e; of N, the family U{Aij}jeai is a g-frame
iel
for U with lower and upper g-frame bounds A and B, respectively, that is

(2.4) AU ) <SS TG NG < BUL P, Vi e,

i€l jeo;

Let {V; :i € I} be a sequence of Hilbert A-modules, we define the space
GBV" = {{cij}jeghig : ¢ij € V; such that Z (¢ij, ¢ij) 1s norm convergent in A}.

i€l jEo;iel
The inner product in EB V); is defined by
iel
{eih Adigy) =D 0> iy dig).
i€l jeo;

Let {{Ai;}32, : i € I} be a family of woven g-frames.
The operator T: U — @ V; defined by
iel
Tf = {Aijf}ieoier
is called the analysis operator.
The operator T™: EB V; — U defined by

el
T*{cy} =Y Y Ajci

i€l jeo,
is called the synthesis operator.
By composing T" and T, we obtain the frame operator S: U — U as

Sf = T*Tf

= D> A

el jEO'i
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where A}, is the adjoint operator of A;;.

PROPOSITION 2.1. Let {{Ay;}52, : @ € I} be a family of woven g-frames for U.
Then the frame operator S is self adjoint, positive, bounded and invertible on U.

Proof. Since S* = (T*T)* = T*T = S, the frame operator S is self adjoint.
Let {{Ai;}32, : @ € I'} be woven g-frame for ¢ with universal lower and upper frame
bounds A and B, respectively.

Forany fel, Sf = ZZAZ’AWC' Then

i€l jeo,
(SF = (DD Auhifif)
i€l jeo;
= ZZ<Aijf7Aijf>-
el jEO’i

= A(f, [) (S, f) < B, 1)
= Al < S < BI
Therefore, the frame operator S is positive, bounded and invertible. O

THEOREM 2.1. Let {{Ay}72, : i € I} be a sequence of g-Bessel sequences for U
with respect to {V; : i € I} and with g-Bessel bounds B;. Then, every weaving is a

g-Bessel sequence with bound Z B;.
j=1

Proof. Let [m] = {1,2,...,m}, and let {o;},cm be any partition of I. Then for
every f € U, we have

St Aaf) < DS (Al )

i€o; j=1 i€l
< D B,
Jj=1

Hence the proof. O

PROPOSITION 2.2. Let A = {A;}ieny and T' = {T'; };en be g-Bessel sequences in U
with respect to {V; : i € N} with g-Bessel bounds By, Bs, respectively. If J C N,
and Ay = {A;}jes and T'y = {I';},e; are woven g-frames, then A and I' are woven
g-frames for U.

Proof. Let A be universal lower g-frame bound for the woven g-frame A; and ',
and let ¢ C N be an arbitrary subset. Then,

Af ) < Y AN+ Y (DT )

jeonJ jeocnJ
< D INLENH + DY TETG )
Jj€EOT jETE

< (By+ B){f, f).

Hence, A and I" are woven g-frames for . m
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THEOREM 2.2. Let A = {A;}ieny and I' = {I';};eny be woven g-frames for U with
respect to {V; : i € I} with universal g-frame bounds A and B. If J C N and

> (N f A f) < DU f)
jeJ
for all f € U and for some 0 < D < A. Then Ay = {A;}iens and T'g = {T'; }iemy s are

woven g-frames for U with universal g-frame bounds A — D and B.

Proof. Let o be any subset of N\.J. We compute

DS NLN A+ D (LT

j€o JEM\JI)N\o

= (Z (Ajf,Ajf)—Z(Ajf,Ajf)>+ > (IifTf)

jeclUJ jed Je(N\J)\o

= (X A+ Y AT = S A

jealJJ FJEM\JI)\o jeJ
On the other hand, for all f € U, we have

SN+ Y LT

j€Eo je(N\J)\o
< Y CWNENH+ DY AT < B L)
jeaUJ JEM\J)\o

Hence, Ay and I'g are woven g-frames for I/ with the universal lower and upper g-frame
bounds A — D and B, respectively. n

LEMMA 2.1. [1] Let U and V be two Hilbert A-modules over a C*-algebra A, and
T € End%(U,V). Then the following statements are equivalent:
1. T is surjective.
2. T* is bounded below with respect to norm i.e there exists m > 0 such that
|7 £l = ml| f]| for all f €.
3. T is bounded below with respect to inner product i.e there exists m > 0 such
that (T*f,T*f) > m(f, f) for all f € U.

LEMMA 2.2. (18] Let U and V be Hilbert A-modules over a C*-algebra A, and let
T :U — V be a linear map. Then the following conditions are equivalent:

1. The operator T is bounded and A-linear.
2. There exists k > 0 such that (T'z, Tx) < k(x,z) for all x € U.

THEOREM 2.3. Let A = {A;};en and I' = {T'; };en be a pair of g-frames for U with
respect to {V; : i € N}. Then for every partition o of N, A and T are woven g-frames
for U with universal lower and upper g-frame bounds A and B, respectively, if and
only if

Al DI = I _AFAS) + D (Cf Taf) I < BIC I

for all f eU.
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Proof. (=) Obvious.
Now assume that there exist constants 0 < A, B < oo such that for all f € U

25)  ANLAIS I NSNS + D (T T < BIKE -
i€o 1€0°
We prove that A and I" are g-woven frames for I/ with the universal lower and upper

g-frame bounds A and B, respectively.
As S is positive, self adjoint and invertible operator. We have

(S2F,82f) = (SF.£) =D (Nf, Aif) + D (Tif Tuf).

From equation (2.5), we have

VA|FI < ISz £l < VBIIf.

By using Lemma 2.1, we have
(521,52 1) = (Sf.f) 2 AU, ).
Since S2 is bounded and A-linear, by using Lemma 2.2, we have
(531,5%f) = (Sf.f) < B{f. f).
O
THEOREM 2.4. Let A = {A;};en and I' = {T'; };en be a pair of g-frames for U with

respect to {V; : i € N} with g-frame bounds Ay, By and Ay, By, respectively. Assume
that there are constants 0 < A1, Ao, it < 1 such that

Ay
MV B+ VB <
1 1+ 2 2+M_2(\/E+\/B_2)

and
IS AT =T F (AT =TOMIE < MDA AL
€N €N
(2.6) + Nl STCIALTENE + pll Y DI
€N

for all {f;}ien € (@V;) Then, A and I' are woven g-frames with universal lower
€N

and upper frame bounds L and By, + By, respectively.

Proof. Let T and R be the synthesis operator for the g-frames {A; }ieny and {I'; }ien,
respectively. T': @ V; — U is defined as

ieN
T{fi} =Y _Afi,
ieN

and R: @ V; — U is defined as

i€EN

R{fi} = Z I3 fi-

1€EN
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For each o C N, define the bounded operators

T, R,: (PV:) » U

€0

T,({f:}) =D _ A fiand Ry({f:}) = > T} f:

i€o i€o

We note that ||T,|| < [T, | Ro| < [|R]| and [|To — Ro|| < |T — R||.
As we know ||f||> = ||[{f, /)], Vf € U and using equation (2.6), we have
MNT{ fitiew)ll + Al RE i Yiew) | + ll{fi Fienll
> Z«A: — I (A =T 2 = (T = R)({ fi}ien)|-
ieN
This gives ||T — R|| < M||T|| + Xo|| R + p

Using this, for any ¢ C N, we compute

D AT =D TITifll = |ITo({Aiftie) = Bo({Tif Yieo) |

1€0 1€0
IT5T5f = RoRo £
HTUT:f o Tch;f +T0R;f - RGR:;fH
(T, T = ToR) 1 + (T, B; = Ro B2 |
176175 = BV + 176 — Rolll[ Bo ]
1T = R 1T = RILRI A
T+ Aol B+ T+ RIS

ullr] - allR) -+ JWBi+ VB
w—w— (VB +VB)I/|

=4

Now, from the equation (2.7), it follows that

1> Anf+d T

i€cC €0

= ||ZA;Aif‘i‘ZAfAif_ZAfAif‘l'ZFzFif“

1€0°€ €0 €0 1€0

= D oANF+D TITif = AAS]

VAN VAN VAN VAN VAN

A

(2.7)

€N €0 1€0
> Y OMASI I AAS =Y TiTLf |
€N €0 €0
> AllfI = 1D AN f =D T
1€0 1€0
A
> Al - S

Ay
= 21

47
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This gives universal lower g-frame bound. By using Theorem 2.1, we get By + By as
universal upper g-frame bound. Hence, A and I'" are woven g-frames. m

THEOREM 2.5. Let A = {A;};eny and I' = {I'; },en be a pair of g-frames for U with
respect to {V; : 1 € N} with g-frame bounds Ay, By and Ay, By, respectively. Assume
that there are constants 0 < A\, u,y < 1 such that

)\Bl—i‘,uBQ—F’V < Ay
and

(2.8) I (AR = T £, (A A = TiT) )12

i€E0

N

< MDD AL AAE + ) Y (T £ T |2
1€0 [X=tes
1
+ 7O I

1€0

for all f € U and for every ¢ C N. Then, A and ' are woven g-frames with universal
g-frame bounds (Ay — ABy — uBy — v/ B1) and (By + ABy + uBs + v/ By).

Proof. For any 0 C N, we use the fact that for f € U,
1D ATASN < Billfll and || Y TiTf || < Ba| f]

1€0 1€0

and as we know that || f||* = [|(f, /)||,Vf € U, (2.8) implies

(2.9) 1Y (AjA =TTy £
1€0
< A AN+l STl O APz
1€0 1€0 1€0

We compute

1Y AAf+ ) TITf|

1€0°¢ 1€0

= D MM+ I =) A
€N i€o 1€0

> D NN =D T = AAS|
€N i1€o 1€0

> AlfI = 1D T =D AAS]
1€0 1€0
> A= MDA =l DTl = O IAfI1)2
1€0 1€0 1€0
> (A = ABy — uBy — vV By)|| f1],



Woven g-frames in Hilbert C*-modules 49

and

1Y Anf+> T

1€0c€ €0
= D NN+ I =) AN
€N 1€0 €0
< Do NASI+ID TITS =) A
€N €0 1€0
< BillfI+ MDA+l D TTafll + 40O A7)
i€o €0 i€o

< (Bi+AB1+ puBy + vV By | f].-

Therefore, A and I" are woven g-frames with the universal lower and upper bounds
(A; — ABy — uBs — v/ B1) and (By + AB;1 + uBs + v/ B1), respectively. O
THEOREM 2.6. For i € I, let A; = {A;;}jes be a family of g-frames for U with
respect to {V; : i € I} with bounds A; and B;. For any 0 C J and a fixt € I, let
= Z AN f — Z Ay Ay f for i # t. If P7 is a positive linear operator, then
j€o j€o
the family of g-frames {A;};cr is g-woven.
Proof. Let {0;}icpm) be any partition of J. Then, for every f € U, a fix t € I and
J € o;, we have

(2.10) Z<A;§Atjf, f)

= Y (MjAyf = PI(f), f)

JjEao;

IN

Z (MM f. f). (As P is a positive linear operator )

JjEao;

Now, using (2.10) we have
AL ) <Y NAGT )

jeJ

= Y AGAGE )+ Y AGAGE ) o Y (AGAGE )
j€Eo1 JET; JEOm

< D AGAGE ) A+ DY GG )+ Y (N A o )
jeo'l jeo'i ]Eo'm

(Bi+ ...+ Bi + .. + Bu)(f, f)

<

iel
This implies that

i€l jeo; i€l
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THEOREM 2.7. For each j € [m], let A; = {A;;}ic; be a family of g-frames for U
with bounds A; and B;. Suppose there exists K > 0 such that

> Iy = Aa)f (A — Aa) Pl

ieJ

< Kmin{z H(Az‘jf,/\z'jfm,z H<Ailf7Ailf>“} (j,l € [m],j 7é l)

ieJ icJ

for all f € U and for all subsets J C I. Then the family of g-frames {{\;;}icr : j €
[m]} is woven with universal frame bounds

j€[m] “*J
43" B,
Gm—1)(K+1)+1 " Ez[:] J
J

Proof. Let {0;}jcpm) be any partition of /. For the lower frame inequality, we have

> AN

J€[m]

A O+ -+ Al (0

SENMMAMW+MQEWMM&MM

= (; (A f, A )]+ e+ Z A f, A ) + -

+ (EZH@MmfﬂMme‘%m*‘éé\KAmJ#%meD
s[2ﬂMMAMW+%§N£m—mmwm—Mﬁm+§NW¢&ﬁw

+ 20D i = M) £, (A = Aan) D+ D 1A, s F)I)] + -

1€E0m 1€E0m

+ [Q(Z (A — Ai) f, (Ni — Nin) )| + Z (A f, A )II) + ..

1€01 1€01
1€ETm—1 1ETm

+ Z [(Aim [ Asz>||]

iEO'm
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< [ DIt Aa Al +2(K 3 I Anfll+ > I(Anf A f)ll) +

+ 2K Z {Aionf, Aim ] + Z (i f Ao )] +

+ [2(sz: [{Air f, A f)]] + ZTKAnf, Aafll) +

+ Z [{(Aigm—1) f, N )f>H+' > i fs A )
o i€omms

+ ;\1<Aimf,Amf>|!}

_ Z LRI S (Pl

4 (m—1)2(K + 1)<; I(Ai f, A ] + oo + EZ [{Aimf Aimf>H)

= [26m - 1)( +1}Z€ZH A f A )|

for all f € Y. From Theorem 2.1, we know that {{A;;}ics : 7 € [m]} satisfies upper
frame inequality with universal upper frame bound Z B;j. Hence, for all f € U, we

J€[m]
have

ZG[m]
s DTl S X DG AP < 3 Bl D

j€lm] i€y j€[m]

[]

PROPOSITION 2.3. Let {Ay;}icr jepm be a family of woven g-Bessel sequences for U
with respect to {V; : i € I} and with g-Bessel with bound B. Then, {Ai;T }icq jepm) s
also woven g-Bessel sequence with bound B||T||* for every T € L(U).

Proof. Suppose that {A;; }icr,jejm is a family of woven g-Bessel sequence for ¢ with
respect to {V; : i € I} and with g-Bessel bound B. Then for any partition {o;}cim]
of I, we have

DD NGNS < B ).

j=1 i€o;
Now

DD NGTFATS) < B(TfTS)

j=1i€o;

< BITIf. 1), Vf €U.
Hence the proof. O
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THEOREM 2.8. Let {Ajj}icrjeim) be a family of g-frames for U with respect to
{V; i € I}. Then {A}icrjepm) is a woven g-Bessel sequence with bound D if and
only if

I (N, Ay Al < DIFIP Y eld

j=1 i€a;
holds for any partition {o;} ;e of I.

Proof. (=) Obvious.
On the other hand, we define a linear operator 7': U — @ V; defined as

i€l
m
E E Aijfei
j=1i€a;

for any partition {o;};cpm of I, where {e;;}ico; jeim are the standard orthonormal
bases for V;.
Then

ITSIP = IKTLTHI= 1Y D (Aif A F))l < DI

j=1 i€a,
This implies that ||Tf|] < v/D|f||. Hence T is bounded. It is obvious that T is
A-linear. Then by Lemma 2.2, we have

(Tf,Tf) <D f)

Equivalently, » Y (A f, Ay f) < D(f, ), as desired. O

j=11i€o;
ExXAMPLE 2.1. Let A =1, U = Cj be the Hilbert A-module of the set of all null
sequences equipped with the A-inner product
(u,v) = wo* = {wv; }72; = {wvi}2,
for any u = {w;}3°; € U and v = {v;}3°;, € U.
Let j € J = N and define A; € B(U) by A; ({fi}ieN) = {0;j f; bien Y{fi}ien € U.
Let A = {A;}3%2, and I' = {I';}32, be defined as follows:
{AJ}]oil == {Al +A2,A1 +A2,0,0,0,...}
{Fj};il = {07 07 A3> A4> A57 }
Let f = {jiajé7j%7“'} € Uu. r'Fhen<f7f> = {jan7jéj§7j3j?7'“'}' Here partkﬂ

ordering <’ means pointwise comparision.
For any subset o of N, we have

S NGEAL) + D (DT ) < 2f, )

j€Eo jETE

On the other hand, it is clear that
(1) < D IGEND + D (T Tf).

JjEo jEoc
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Hence A and I' are woven g-frames with universal lower and upper frame bounds 1
and 2, respectively.

THEOREM 2.9. Let A = {A;}ien be a g-frame for U with respect to {V; : i € N}
with upper and lower g-frame bounds A and B, respectively. Suppose S is the g-frame
operator of {A;};eny such that S™'A; is self adjoint for all i € N. Then {A;};en and
{A:S™'}ien are woven g-frames for U.

Proof. Let o be any partition of N. Since S~ and S™1'A; are self adjoint, we have

Al f) < %mmm
= iﬂ\zﬂ Aif) + ch-f, Aif)
= E(Aif,Aif)Jrzei(SS‘lAif, SS‘lAZ-f>
< Xejmif, Aif) + Z ISIP(S™"Asf, STHA)

i€0 i€0¢

< D NLNS) FBEY (ST (ST

= D NF A+ BEY (NSTHALSTH)
< max{l,BQ}(Z<Aif,Aif>+Z<A:S_1faA;S_1f>)'

This implies that

A
- < A A A* -1 A* —1 '
max(1 B )= Z< if. zf>+;c< 1SS
Thus ————— is a universal lower g-frame bound. To find a universal upper
max{1, B%}

g-frame bound, we compute

S NSNS+ Y (ST ASTH)

i€0 i1€0¢

= STENE + D (ST (ST )

i€o 1€0°

= DAL A + D (ST ST

i€o 1€0c

< AL AL) + SIS AL AL

1€0 1€0°
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< YL+ - S (A Aif)
< max{l,%}Z(Aif,Aiﬁ
€N

1
S Bmax{l, E}Lﬂ f>
Hence, {A;}ieny and {A7S™!},cn are woven g-frames for U with universal lower g-frame

bound ————— and universal upper g-frame bound B max{1, O

)
max{1, B%} A2

Acknowledgement

The authors are thankful to the anonymous referees for their valuable suggestions
and comments that significantly improved the presentation and correctness of this

paper.

References

[1] L. Arambaic, On frames for countably generated Hilbert C*-modules, Proc. Amer. Math. Soc.
135 (2007), 469-478.
[2] T. Bemrose, P. G. Casazza, K. Grochenig, M. C. Lammers and R. G. Lynch, Weaving frames,
Oper. Matrices 10 (4) (2016), 1093-1116.
[3] H. Bolcskei, F. Hlawatsch and H. G. Feichtinger, Frame-theoretic analysis of oversampled filter
banks, IEEE Trans. Signal Process. 46 (12) (1998), 3256-3268.
[4] J. S. Byrnes, Mathematics for multimedia signal processing II: Discrete finite frames and signal
reconstruction, Signals Processing for Multimedia 174 (1999), 35-54.
[5] E. J. Candes and D. L. Donoho, New tight frames of curvelets and optimal representations of
objects with piecewise C? singularities, Commun. Pure Appl. Math. 57 (2) (2004), 219-266.
[6] P. G. Casazza, G. Kutyniok and Sh. Li, Fusion frames and distributed processing, Appl. Comput.
Harmon. Anal. 25 (2008), 114-132.
[7] P. G. Casazza and R. G. Lynch, Weaving properties of Hilbert space frames, Sampling Theory
and Applications (SampTA) (2015), 110-114 IEEE.
[8] P. G. Casazza, D. Freeman and R. G. Lynch, Weaving Schauder frames, J. Approx. Theory 211
(2016), 42-60.
[9] I. Daubechies, A. Grossmann and Y. Meyer, Painless nonorthogonal expansions, J. Math. Phys.
27 (1986), 1271-1283.
[10] R. J. Duffin and A.C. Schaeffer, A class of nonharmonic Fourier series, Trans. Amer. Math.
Soc. 72 (1952), 341-366.
[11] Y. C. Eldar, Sampling with arbitrary sampling and reconstruction spaces and oblique dual frame
vectors, J. Fourier. Anal. Appl. 9 (1) (2003), 77-96.
[12] M. Frank and D. R. Larson, Frames in Hilbert C*-modules and C*-algebras, J. Operator Theory
48 (2002), 273-314.
[13] F. Ghobadzadeh, A. Najati, G. A. Anastassiou and C. Park, Woven frames in Hilbert C*-
modules, J. Comput. Anal. Appl. 25 (2018), 1220-1232.
[14] 1. Kaplansky, Algebra of type I, Annals of Math. 56 (1952), 460-472.
[15] A.Khosravi and B. Khosravi, Fusion frames and g-frames in Hilbert C*-modules, Int. J. Wavelets
Multiresol. Inf. Process. 6 (2008), 433-466.
[16] S. Li and H. Ogawa, Pseudoframes for subspaces with applications, J. Fourier Anal. Appl. 10
(4) (2004), 409-431.
[17] D. Li, J. Leng and T. Huang, On weaving g-frames for Hilbert spaces, Complex Anal. Oper.
Theory 14 (2) (2017), 1-25.



Woven g-frames in Hilbert C*-modules 55

[18] W. Paschke, Inner product modules over B*-algebras, Trans. Amer. Math. Soc. 182 (1973),
443-468.

[19] T. Strohmer and R. Jr. Heath, Grassmanian frames with applications to coding and communi-
cations, Appl. Comput. Harmon. Anal. 14 (2003), 257-275.

[20] W. Sun, G-frames and g-Riesz bases, J. Math. Anal. Appl. 322 (1) (2006), 437-452.

Ekta Rajput

Dhirubhai Ambani Institute of Information and Communication Technology,
Gandhinagar-382007, India

E-mail: ekta.rajput6@gmail.com

Nabin Kumar Sahu

Dhirubhai Ambani Institute of Information and Communication Technology,
Gandhinagar-382007, India

E-mail: nabinkumar_sahu@daiict.ac.in

Vishnu Narayan Mishra

Department of Mathematics, Indira Gandhi National Tribal University,
Lalpur, Amarkantak, Anuppur, Madhya Pradesh 484 887, India
E-mail: vishnunarayanmishra@gmail.com



	1. Introduction
	2. Woven g-frames
	Acknowledgement
	References

