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Abstract. The aim of this paper is to study woven c-g-frames for Hilbert C*-modules. We begin by providing some
definitions and key properties that are essential for studying this concept. Additionally, we present several properties

of woven c-g-frames. Finally, we explore the perturbation theory related to woven c-g- frames.

1. INTRODUCTION AND PRELIMINARIES

Frames for Hilbert spaces were introduced by Duffin and Schaefer [7] in 1952 to study some
deep problems in nonharmonic Fourier series by abstracting the fundamental notion of Gabor
[9] for signal processing. In fact, in 1946 Gabor, showed that any function f € L?*(IR) can be
reconstructed via a Gabor system {g(x — ka)e?™ % : k,m € Z} where g is a continuous compact
support function. These ideas did not generate much interest outside of nonharmonic Fourier
series and signal processing until the landmark paper of Daubechies, Grossmannn, and Meyer [6]
in 1986, where they developed the class of tight frames for signal reconstruction and they showed
that frames can be used to find series expansions of functions in L?(IR) which are very similar to
the expansions using orthonormal bases. After this innovative work the theory of frames began
to be widely studied. While orthonormal bases have been widely used for many applications, it is
the redundancy that makes frames useful in applications.

Formally, a frame in a separable Hilbert space H is a sequence { fi};c; for which there exist positive
constants A, B > 0 called frame bounds such that

Al <) K, )P < BIdP, Vx € H.
i€l
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It is remarkable that the above inequalities imply the existence of a dual frame { ﬁ}iel , such that
the following reconstruction formula holds for every x € H: Y, (x, fi)fi. In particular, any
orthonormal basis for H is a frame. However, in general, a frame need not be a basis and, in fact,
most useful frames are over-complete. The redundancy that frames carry is what makes them
very useful in many applications.

Today, frame theory is an exciting, dynamic and fast paced subject with applications to a wide
variety of areas in mathematics and engineering, including sampling theory, operator theory,
harmonic analysis, nonlinear sparse approximation, pseudodifferential operators, wavelet theory,
wireless communication, data transmission with erasures, filter banks, signal processing, image
processing, geophysics, quantum computing, sensor networks, and more. The last decades have
seen tremendous activity in the development of frame theory and many generalizations of frames
have come into existence, for more detailed information, readers are recommended to consult:
[2,8,10,11,14,16,17,19-28].

Motivated by a problem regarding distributed signal processing, Bemrose et al. [3] introduced
a new concept of weaving frames in separable Hilbert spaces. The fundamental properties of
weaving frames were examined by Casazza and Lynch in [5]. Weaving frames were further
studied by Casazza, Freeman, and Lynch [4].

The remainder of this paper is organized as follows. This section concludes with a collection
of essential definitions. Section 2 studies the concept of continuous woven g-frames within the
context of Hilbert C*-modules, explores their key properties, and finishes by investigating the
perturbation of continuous woven g-frames.

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 complex numbers.

Let’s now review the definition of a Hilbert C*-module, the basic properties and some facts

concerning operators on Hilbert C*-module.

Definition 1.1. [12] Let A be a unital C*— algebra and x be a left A— module, such that the linear
structures of A and x are compatible. x is a pre-Hilbert A module if x is equipped with an A—valued inner
product (-, )& : x X x — A such that is sesquilinear, positive definite and respects the module action. In

the other words,

1-y,a>0,Vy € xyand(y,y)a = 0ifand only if y = 0.

2-{az+y,x)a=alz,x)a+ Yy, x)aforallac Aandx,y,z € x

3-x, a =y, x) g forallx,y € x.
For y € x, we define ||yl = |y, y)ﬂH%. If x is complete with ||.||, it is called a Hilbert A—module or a
Hilbert C*—module over A. For every x in C*—algebra A, we have |x| = (x*x)% and the A-valued norm

1
on x is defined by |x| = (x, x>§zlfor X EX.

Definition 1.2. Let H and K be two Hilbert ‘A-modules. A map T : H — K is said to be adjointable if
there exists a map T : K — H such that (Tx, y)a = (x, T*y)a for all x € H and y € K.
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Remark 1.1. It follows from the definition that if T is adjointable, T* is adjointable and (T"x, y)a =
x, Ty)a. Thatis (T*)* =T

We reserve the notation End?, (H,K) for the set of all adjointable operators from H to K and
End?(H,H) is abbreviated to End’, (H).

Proposition 1.1. [15] Let T be an adjointable map. Then T is a bounded linear module map.
Proposition 1.2. [15] For T € End;(H), we have (Tx, Tx) < ITI?(x, x), Vx € H.
The following proposition is given by Ljiljana Arambasi¢ in [1].

Proposition 1.3. Let H and K be two Hilbert A-modules over a C*-algebra A, and T € End’,(H, K).
The following statements are equivalent:

(1) T is surjective.
(2) T is bounded below with respect to the norm, i.e., there is m > 0 such that
IT"x[| > m|lx]l, Vxe K.
(8) T is bounded below with respect to the inner product, i.e., there is m’ > 0 such that

(T*x, T"xy > m’{x,x), Yxe€ K.

Let X be a Banach space, (€}, 1) be a measure space, and f : ) — X be a measurable function.
Integral of the Banach-valued function f has been defined by Bochner and others. Most properties
of this integral are similar to those of the integral of real-valued functions. Since every C*-algebra
and Hilbert C*-module are Banach spaces, we can use this integral and its properties.

Let (Q), 1) be a measure space, U and V be two Hilbert C*-modules, and {Vj : k € Q} be a
sequence of subspaces of V, and End’, (U, Vi) is the collection of all adjointable A-linear maps from

U into Vi. We define
|16t

Q

<00,.

@ Vi =G = {Giken : Gk € Vi,
keQ)

For any F = {Fi}keq and G = {Gylreq, the A-valued inner product is defined by
(F,G) = f(Fk, Gyydu(k) and the norm ||G|| = |G, G)II%. In this case @keﬂ V\is a Hilbert C*-module.
Q

Definition 1.3. [13] Wesay thatT" := {I'y € End}q(ll, Vi) ke a continuous g-frame for Hilbert C*-module
U with respect to {Vi : k € O} if

e forany g € U, the function § : Q) — V. defined by §(k) = T'yg is measurable;

e there is a pair of constants 0 < A, B such that

Alg, ) < fﬂ Teg Tigdadu(k) < Blg, 9hm g € L. (L.1)
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The constants A and B are called continuous g-frame bounds. If A = B we call this continuous g-frame a
continuous tight g-frame. If A = B = 1 it is called a continuous Parseval g-frame. If only the right-hand
inequality of (1.1) is satisfied, we call T := {Ty € End’y(U, Vi)leq the continuous g-Bessel for U with
respect to {Vy : k € O} with Bessel bound B.

For each n > 1 where n € N, we define [n] := {1, 2, ..., n}.

Definition 1.4. A family of c-frames I := {T'xjlreq,je[n) in Hilbert C*-module U with respect to {V : k € (O}
is said to be woven continuous frames if there exist universal positive constants 0 < A < B such that for
each partition {oj}jer) of Q, the family {Tkjles, jefn) is a c-frame in Hilbert C*-module U with bounds A
and B. Each family {Tijes, jejn) is called a weaving.

2. MaiIN Resurt

Now we define woven continuous g-frames in Hilbert C*-modules.
Let T' := {T}; € End(U, Vi)leq,jeln) and @ = {&; € Endy (U, Vi)lkeq,je[n) two c-g-frames in
Hilbert A-module U.

Definition 2.1. I and ® are said to be woven continous g-frames if there exist universal constants

0 < A < B < oo such that for every partition {0} e[, of Q, the family T U ® is a c-g-frame in Hilbert

jeln]
A-module U with bounds A and B respectively,that is:

Ag A < f (Txjg Trjgradp(k) + f (B8, Prjg)adp(k) < B(g, &) forall g € U.

Definition 2.2. A family of c-g-frames I' := {T'yjlreq, jen in Hilbert C*-module U with respect to {V : k €
O} is said to be woven continuous g-frames if there exist universal positive constants 0 < A < B such that
for any partition {oj}jen of Cthe family Ujen{Tyjlkes; is a c-g-frames in Hilbert C*-module U with lower
and upper c-g-frames bounds A and B,respectively.

Let T := {Tjlreq,jen be a family of woven continous g-frames. The Operator T : @keﬂ Vi— Uu
defined by:

(TrG, gy = f (TiG(k), adu(k) GePVigelU
Q keQ)

is called the synthesis operator. Therefore for each g € U and k € ()
Tr(8) (k) = T(g)-

is called the analysis operator.

By composing Tt and T}, we obtain the frame operator Sy : U — U defined by

Sr(g) = f I Tigdu(k) gel
(@)

Proposition 2.1. Let I' := {['4jheq,jen be a family of woven continous g-frames in Hilbert C*-modules U
with bounds Ar and Br. Then the frame operator S is self adjoint,bounded, and positive in U.
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Proof. Now we show that S is self adjoint operator for all g, f € U we have:

Sr(g). fr =

Hence S is self adjoint. We have for all g € U:

sup |[(Sr(f), Faal|-

ISell =

<

lIflI=1

sup
fl=1

sup
=1

sup
IlI=1

Br

([ rirgine),
O
f (TiTyg, Hdu(k)
Q
f (&, T i frdu(k)
Q

(s, f FTefdu(k))
O

(g Sr(f)).

(| Tilefdu(k), ra-
/

f (TS, Padu(k)] .
Q

f(l“kf,l"kﬁﬂdy(k) .
Q

Thus Sr is bounded operator. And for for all g € U we have

A(g,8) <(Sr(8),8) < B(g, &

So

and Sr is a positive operator.

Arl < St < Brl

O

Theorem 2.1. Let T := {Tyheq be c-g-Bessel frames in Hilbert C*-module U with bounds B; for each

j € [n]. Then every weaving is a c-g-bessel frames with bounds ¥ jc |, B.

Proof. Let I' := {I't}keq be a c-g-Bessel frames in Hilbert C*-module U with bounds B; for each

j € [n] So:

f(rkjg/ Tk adu(k) < B{g, ) a.
O
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Since we have for any partition {0} ¢, of Y and g € U,:
f(rkjg/ Ti@adp(k) < f(rkjg/ Tkjg)adp (k)
gj Q

Hence
f (Txjg Tkj&)adu (k) f (Txjg Tki&)adu (k) Z Big, &)
jeln]
yielding the des1red bound. m]

Proposition 2.2. Let I := {['t}req and @ := {Dylreqtwo c-g-bessel frames in Hilbert A-module U with
respect to {Vy : k € O} and with c-g-bessel bounds Br,Be respectively.If Y C Q) be measurable subsets such
that Ty := {T¢}rey and @y := {Dylrey are woven c-g-frames .Then I' and P are woven c-g-frames in U.

Proof. Let Are be the universal lower c-g-frame bounds for the woven c-g-frames ®y and I'y, and
let 0 C () be an arbitrary subset and g € U. Then

Arelg, A < f(Fkg,Fkgmdu(k)Jr f(‘bkg,q’kg)ﬂdﬂ(k)

onNY o‘nY

IA

f<rkg/ T @) adu (k) f<q>kg/ D g adp (k)

IA

(BF + B¢)<gl g>.7l

Hence, I and ® are woven c-g-frames in U. m]

Theorem 2.2. Let T' := {I't}keq and @ = {Pylkeq be woven c- g-frames in Hilbert A-module U with
respect to (V. : k € Q} with universal c-g-frames bounds A and B. If: Y C Q) and:

f (Teg, Tig)adu (k) < D(g, )
Y

forall g € U and for some 0 < D < A.Then I'g := {Tlkeqy and ®g := {Prlreq\y are woven c-g-frames in
U with universal c-g-frames bounds (A-D) and B.

Proof. Let o be any subset of () \ Y we have:

" = f(l“kg,l"kg)quy f (Drg, Prg)ad i (k)
(Q\Y)\o
- f (Tkg Tk adu (k) f (Prg, Prg)adu (k) f (Prg, Prghadu (k)
oY (O\Y)\o
= f(rkg/rkg>ﬂd‘u f (Drg, Prg)adu( )—f(q)kg,cbkg)ﬂd#(k)
oY (@\YV)\o ¥

> Ag 8)a—D(g g
= (A-D)g Vgel
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On the other hand, for all ¢ € U we have:

& = f<Tkg,Fkg>ﬂdu f<¢kg/q>k8>ﬂd[vl()
(O\Y)\o
< f (Tkg, Tk adu (k) f (Drg, Dk adu (k)
ouY (O\Y)\o
< B(g Qa-

Then I'y := {Treq\y and ®g := {Pylieq\y are woven c-g-frames in U with universal c-g-frames
bounds (A — D) and B. m]

Theorem 2.3. Let I' := {Tk}xeq and @ := {Pylreq be a pair of c-g-frames in Hilbert A-module U with
respect to {Vi : k € Q)}. Then for every partition o C Q,I' and ® are woven c-g-frame with universal
c-g-frames bounds A and B,if and only if:

Al(g 9| < < B|(g, §)al| forall g € .

f(rkg, T adu (k) +f<q>kg, D) adu(k)

Proof. (=) Obvious.
Now assume that there exist constants 0 < A < B < oo such that forall g€ U

Alg, 9] < f (T8, Teg)adya(K) f (g, B adu (k)| < B (g, 9. @1)

We prove that I and ® are woven c-g-frames in Hllbert A-module U with the universal lower and
upper c-g-frame bounds A and B, respectively.
Since S is positive, self adjoint operator. We have
(S%g, S%g)ﬂ =(S¢, QA = f(l"kg, T adu (k) + f(q)kg, D) adu (k). From (2.1), we have
o o€

VAg] <

By using proposition 1.3, we have

S%g

' < \@”g” forall g e U.

(518,578)a = (S8, Q) = Alg, D
Since S? is bounded and A-linear, then we have:
(Stg,S1g)a = (Sg, a1 < B(g, an.

O

Theorem 2.4. Let I' := {T}ieqy and @ := {Dylreq be a pair of c-g-frames in Hilbert A-module U with
respect to (Vi : k € Q} with c-g-frames bounds Ar, Br and Ae, Bo respectively. Assume that there are
constants 0 < Ay, Ay, A3 < 1 such that:

Ar
AM ABr + A2 B + Az < .
2( VBr + \/Bq;)
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And

<A + + A5 1Gall (22)

[4ri- @6 naduti)] < a1 | [ 136, paduti)]| + 22 [[@;G, )
@) O @)

forall G € (D, .q Vi) and f € U. Then, T and ® are woven c- g-frames with universal lower and upper
rame bounds 5 and Br + Bo, respectively.
bounds - and Br + Ba, respectively

Proof. Let Tr and To be the synthesis operator for the c-g-frames I' := {I't}keq and @ := {Pilien
respectively. Tr : @, _, Vi — U defined by:

(TG, fra = f TG, fradu(k)  fel
(@]

And To : P, , Vi — U defined by:

(TaG, fra = [(®G. Nadult)  feu.
Q
For each ¢ C (), define the bounded operators: T : (P, _, Vi — U defined by:
(TG, f)a = [ TG, Padul)  feu
And TY : @, Vi — U defined by:
(56, Da = [(@[G i) fe

We note that [|T7|| < ||ITrll, ITll < IToll and [T — Tgll < ITr — Toll. By Equation (2.2) and
1
ligll = IKg, I for all g € U, we have
I(Tr = To)(G)Il = sup |[((Tr - Ta)(G), fal-
fll=1

= sup [{(Tr(G) - To(G)), Hra .
lIflI=1

= sup [K(T+(G), = (To(G)), Pl

lIflI=1

— sup | [ (16, fadu(k) - [ (@G, Pradu(ty
Q (@]

= sup f (- )G, Hadu(k)
[Ifll=1 a

sup A1
=1

IA

+ A2

f (TG, f)adp(k) f (DG, fYadu(k) +A3||<G>ﬂ|}.
Q @)
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IA

Aq sup + Ay sup
lIfl=1 lIfll=1

M |[Te(G)]| + 22 |[To (G)]| + A3 IGII.
(A ITell+ A2 I Toll + As) G-

[[¢xi6. padu
(@)

IA

IA

Then: ||Tr — Toll < A |Trll + A2 [|IToll + As.

So for every partition ¢ C (), we have

M =

< sup

lIfll=1
< j{up ||< U{Tkglkeo — T {Pughreo), |

IflI=1
< sup [((TFTE s = THTo "8 + TY T3 '8 = To T4 8).
< |mlTs =87 el + |77 - TSl T8
< (ITclITr = Toll||g]| + 1Tl ITr - Toll||g]|
< (M ||Tr|| + A2 |ITall + A3) (ITell + I Tal)IIg
< ++B

( \/_ n \/_ (VBr + vBa)llgll

< 7”8”-

Hence for every g € U, we put

R =

Hence

R = f (T:Tig, Adu(k) + f (@ Dyg, Fradu(k)

\%

\%

f(r I8, fadu(k)

f (DG, fradu (k)
O

f<F;Fkg,f>ﬂdu(k) —f(CDZCDkg,f)g{dy(k)

f (g, Fadu(k) - f (@ Drg, Hadu(k)

4

f<F,iFkg,f>ﬂdu(k)+f@;cbkg,fmdu(k) '

f (T:Tyg, Fadu() f (@i Dyg, Fodu(k) f (TiTyg, Fradu(k)

f (g, adu(k) - f (©;Dyg, ) adu(k)

+ A3 [KG)all -
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\%

f (:Tig, Fadu(k) - f (@ Dyg, Frdu(k)

o o

(ar =5 ]

Ar
= S lsll-

Ar e -

\%

So the lower c-g-frames bounds is % and the upper bounds is Br + Bo.

Thus I and ® are woven c-g-frames. m]

Theorem 2.5. Let I' := {Tk}keqy and @ := {Pylreq be a pair of c-g-frames in Hilbert A-module U with
respect to {Vy : k € Q) with c-g-frames bounds Ar, Br and Ao, Be respectively. Assume that there are
constants 0 < Ay, Ay, A3 < 1 such that:

MBr + A2Bg + A3 < Ar.

And for all f, g € U and for every o C (),

<A +

[1rir= @0, aduo] < | [ (Tir)g, aadutid

Ao

f (®®1)g, fadu(k)

o

+ A f Ty, Teg)adu(K). 2.3)

Then, T’ and ® are woven c-g-frames with universal c-g-frame bounds (Ar — A1Br — A2Bo — A3 vBr ) and
(Br + A1Br — A2Bo — A3 VBr).
Proof. For every o C () we use the fact that for g, f € U where || f || =1, we have

f (@ Drg, Proadis(k)

o

f (T8, fradu(k) < Bolgl

o

< Brligll and

and as we know that [[f|I> = |[{f, /I, Vf € U. Equation (2.3) implies

<h 4ol [ (@j0gduth

o

[ rirogauto

o

f (T} — @Dy ) g (k)

o

+2a( [ IigiPduti).
Hence for every g € U, we put:

L=

[4ririg nadut) + [ (@iug, pradutt)
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Hence:

L = | [<Cinig Nadu() + [ (@iig, Pradutk)

- f (g, dp(k) + f (@ Dyg, adu(k) - f (TTyg, Fadu(k)

Q o 7

> f (T8, fadu(k) f T8, fladu(k) - f (@ Pxg, fladu (k)

> Arligl - f (TiLeg, fadu(k) - f (©rPxg, fadu (k)

> A= | [ (Eir)gdu(i)| - a2 | [ (@i@0)gdu(o)) - 2 f ITcglPu()})
> (Ar—/\lBr—/\qu>—/\3\/B_F)”g”-

And:

L= | [@rg paduto) + [(@ieg, padute

= || [ wiris Nadu + [[@ig, pradutt) - [(TiTig, ad
(@) o o

IA

f (g, Fradu(k) f (g, Fadun(k) f (@ Drg, Fodu(k)

IA

e gl + 21| [ (Tirogduto)| + 2

[

< (Br+A1Br + AsBo + A3 vBr) |18

f () gdu (k)

o

s f )

Hence, I'and ® are c-woven g-frames with universal c-g-frame bounds (Ar — A1Br — A2Bo — A3 vBr )
and (Br + A1Br + A2Be + A3 \/B_r)

Theorem 2.6. Fori € N, let I'; = {Tit}xeqy be a family of c-g-frames for a Hilbert A-module U with respect
to {Vi : k € OO} and c-g-frames bounds A; and B,. for any 6 C Q and a fix r € N, let

Pi(g) = f I Lirgdu (k) — f I Tygdu(k)

o o

forr #i. If P{ is a positive linear operator, then the family {T';j}ien is woven c-g-frames.



12 Int. ]. Anal. Appl. (2025), 23:84

Proof. Let {oi}ic, be any partition of ). Then, for every g € U, a fix r € N and k € 0, we have
f (T lng aduk) = f (i lg = P7(8), &hadu(k) < f T8, )adu(k)  (2.4)
(o7} (o] (o

since P7 is a positive linear operator. Now, using (2.4) we have

A(g, 8 < f (T Trg, ) adu(k)
QO

< f (g, adu (k) + f Ty g Oy (k) + .. +f Toilg: adu(l
01 - ;
< f (T3 T8, @adu (k) + f (Ty T8, §hdpa (k) + ... +f Tl a8 Bhndis)
J s On
< (Bi+By+.... + Bu)(g &)
= () B)g 9
i=1
< (Z Bz)(g/ g>
iel
This implies that

A 8) < f (T3 Tig, adp(k) < () B, 8-
Q

iel

O

Theorem 2.7. LetI'; = {Tj}req be a family of c-g-frames in Hilbert A-module U with respect to{ V. : k € )}
with c-g-frames bounds A; and B; For each i € [n]. Suppose there exists D such that

< Dmin{

forall g € U,i# j€ [n]and Y C Q. Then, the family {Ti}ic(,) is woven c-g-frames with universal bounds
Liepn) Ai .
2(n-1)(D+1)+1 feln]

4

f((rik ~Ti)g Tik = Tix)adu(k) f(rikg/ Tiug)adu(k) f(rjkg, Tk &) adu(k)
Y Y Y

Proof. Suppose that {0};c[, is a partition of () and g € U. Therefore.

< Z f (Ti& T adu(k)

i€[n] Q

Z A8, &)
i€[n]

= Z Z f(l"ikg, rikg>3ld“(k)

ieln) jeln] 5,
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IA

Z ( f (Tixg Ti&)adu (k)

iE[i’l] [

+ Z f{(rikg T8 Tiug — T i@ adu(k) +<(T g Tixg)adu(k)})

jG[ﬂ] oj
< | X[ Tapaduto+ Y [0+ 1TsTgiadu(t)
i€n] g, je[n],j;&iaj
= {(m-1)(D+1)+1} Z f(rikg, Ticg)adpu (k)| -
ie[n] [eF}
For The upper bound is evident. m]
Proposition 2.3. Let I' := {Iyjlxcq, je[s be a family of woven continous g-Bessel sequences in Hilbert

A-module U with respect to {Vy : k € Q) and with c-g-Bessel bound B. Then {TxjPlicq jejn) is woven
continous g-Bessel sequences with bound B||P|I? foreach P € Endfﬂ(U).

Proof. Let {T'kjleq,je[s) be a family of woven continous g-Bessel sequences in Hilbert A-module U
with respect to {Vy : k € O} and with c-g-Bessel bound B. So for any partition {o;} jeln] of (), we

have

Z f (Tig, Tj)adu(k) < B(g, &)a

]E[n] U]'
Since Pg € U then for every g € U:
Y f (TjPg, TP adu(k) < B(Pg, Pg)a < BIPI(g, ).
jG[l’l] (Tj
|
Theorem 2.8. Let {I'xjreq be a family of c-g-frame in Hilbert A-module U with respect to {Vy : k € ()}

and with upper and lower c-g-frame bounds A and B, Suppose S is the c-g-frame operator of {I'y}xeqy Such
that ST} is self adjoint for all k € Q). Hence {Ty}xeq and {FZS‘l}kEQ are woven c-g-frame in U.

Proof. Let {T'x}req be a family of c-g-frame in Hilbert A-module U with respect to {Vj : k € (3} and
with upper and lower c-g-frame bounds A and B and S is the c-g-frame operator of {I't}xcq such

that ST is self adjoint,and o be any partition of Q) so we have:

Agg) < f (T8, Teg)adya (k)
@]

= f(rkg,rk8>ﬂdll(k)+f<rkg'rkg>ﬂd”(k)
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= f (Tig, Tx)adu (k) + f (857T'vg, SS™ T @) adu (k)

IA

f(rkg/rkg>ﬂd#(k)+f”S”2<S_lrkgrS_lrkg>:}ld[vl(k)

[

IA

f (T8, Tkg)adu(k) + B f ((S7'Tx)"g, (S7'Tx) ) adu (k)

o

= [Wignigadut0+ 5[5 Ti57 9adu)

IA

max{1, B?}( f (Trg, Tk adu (k) + f T;S7'g, IS g adu(k)).

Then
(3,9) < f (Teg, Teghadp (k) + f (2S¢, 15 ) ad (k)

max{1, B2}

So is the universal lower c-g-frame bound.

A __
max}1,B2}

And we note L := [(T'g, Txg)adu (k) + f (I:571g, I:5 71 g)adp (k)
L= f (Trg, Tk adu (k) + f (IS¢, TS gy adu (k)
- f (T8, Tig)adu (k) + f ((57'Tx)"g, (S7'Tw) g (k)
< f (Tug, Tegondu(K) + f IS~ AT g, Tig)ndp (k)
f Tk Tkgadp (k) f Tk Tkg)adp (k)
< max{1, =} f (Txg Tkgadp (k)

< Bmax({l, }<g, Q)

Thus {Ii}req and {F]*{S‘l}keg are c-woven g-frame in U with universal bounds and

_A
max{1,B2}
Bmax{1, X yH }. O

CONCLUSION

In this note, we have explored the concept of woven continuous generalized frames in Hilbert
C*-modules, and provided several proposions. We also present new results related to generalized

frames in these modules and discuss several properties of woven c-g-frames in Hilbert C*-modules.
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The results extend known results in Hilbert spaces to Hilbert A— module by allowing the inner
product to take values in a C*-algebra rather than in the field of complex numbers. Finally, we
have explored the perturbation theory related to woven c-g frames.
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