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Abstract: This paper studies the throughput of intelligent omni-surfaces (IOS) when the source
recovers power from the sun and wind to broadcast packets to two users Ut and Ur . Ut and
Ur are located in the transmit and reflect spaces of IOS. The recovered power from the sun
depends on radiation intensity that has a Gaussian distribution. IOS is an excellent candidate for
6G communications as it offers significant performance enhancement. However, IOS using the
wind or the solar powers was not yet studied. The harvesting process is optimised to maximise
the throughput. IOS with 64 elements offers 48 dB gain.
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studied and all previous results assume that the source has
a chargeable battery. IOS using wind or solar energies was
not studied in El-Refay et al. (2023), Vinothini et al. (2023),
Zhang et al. (2022a, 2022b), Zhang and Di (2022), Xu et al.
(2022), Zhang et al. (2022c), Fang et al. (2022), Chen et al.
(2022), Zeng et al. (2022), Wang et al. (2022), Zhang et al.
(2022a), Liu et al. (2022), Wang et al. (2021), Cai et al.
(2023), Benaya et al. (2023), Adhikary et al. (2023), Cai
et al. (2021), Zhang et al. (2023), Zhang et al. (2022b),
Asif et al. (2024), Zhang et al. (2024a, 2024b) and Li et al.
(2024). In this article, we evaluate the throughput of IOS
when the source recovers power from wind and the sun
using a photo-voltaic (PV) system. We derive the SINR
statistics to deduce the throughput when the source uses
IOS and recovers power from wind signals and the sun.
IOS is an excellent candidate for 6G communications as it
offers significant performance enhancement. However, IOS
using the wind or the solar powers was not yet studied. The
harvesting process is optimised to maximise the throughput.
IOS with 64 elements offers 48 dB gain. Section 2 derives
the throughput when IOS uses both solar energy and
wind signals. Section 3 gives the results. Section 4 is the
conclusion.

1 Introduction

IOS transmits packets to two users Ur and Ut in the reflect 
and transmit spaces of IOS (El-Refay et al., 2023; Vinothini 
et al., 2023; Zhang et al., 2022a, 2022b; Zhang and Di, 
2022). IOS phases are optimised to maximise the SINR 
and allow a large throughput (Xu et al., 2022; Zhang et al., 
2022c; Fang et al., 2022; Chen et al., 2022; Zeng et al., 
2022; Wang et al., 2022). Coding techniques for IOS were 
presented in Zhang et al. (2022a). IOS for unmanned aerial 
vehicles (UAV) systems was considered in Liu et al. (2022) 
and Wang et al. (2021). Performance analysis of IOS was 
presented in Cai et al. (2023), Benaya et al. (2023) and 
Adhikary et al. (2023). IOS using NOMA was suggested in 
Adhikary et al. (2023), Cai et al. (2021) and Zhang et al.
(2023, 2022b). The security of 6G wireless systems has 
been improved using IOS in Asif et al. (2024). IOS using 
cooperative beamforming has been suggested in Zhang 
et al. (2024a). Spectrum sensing enhancement using IOS 
has been proposed in Zhang et al. (2024b). The spectral 
efficiency of IOS with channel estimation errors has been 
studied in Li et al. (2024). The study takes into account 
hardware impairments. IOS with energy harvesting using 
solar, wind or radio frequency signals has not been yet

Copyright © 2025 Inderscience Enterprises Ltd.
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2 IOS with solar and wind energy harvesting

In Figure 1, the source S recovers energy from wind and the
sun to broadcast a signal to two users Ur and Ut. An IOS
is from the source S and Ur, Ut. The transmit and reflect
coefficient are χt

ne
jθt

n and χr
ne

jθr
n wit 0 < θtn, θ

r
n < 1 and

0 < χr
n < 1, 0 < χt

n < 1 with (χr
n)

2 + (χt
n)

2 = 1. Ur and
Ut are located respectively in the space of reflection and
transmission of IOS. The channel from S to n-th IOS is
fn = |fn|ejϕfn . The channel from n-th IOS and user Up for
p = t, r is tpn = |tpn|e

jϕt
p
n .

The received signal at Up p = r, t is written as

yp =
√
Esζp

N∑
n=1

tpnχ
p
ne

jθp
nfnxp

+
√
Esζp′

N∑
n=1

tqnχ
q
ne

jθq
nfnxp′ + np (1)

where Es is the symbol energy, ζp and ζp′ are power
coefficients for Up and Up′ with ζp + ζp′ = 1. xp

(respectively xp′ ) is Up symbol (respectively Up′).

Figure 1 IOS with wind and solar energy harvesting
(see online version for colours)

The SINR at Up is

γp =
EsζpW

N0 + Esζp′W
(2)

where

W =

∣∣∣∣∣
N∑

n=1

∣∣∣∣∣ tpn||fn|χp
n exp(j[θpn + ϕfn + ϕtpn ])|

2 (3)

IOS phase shift is

θpn = −ϕfn − ϕtpn . (4)

The SINR at Up is

γp =
EsζpA

2
p

Esζp′A2
p′ +N0

(5)

where

Ap =

N∑
n=1

|tpn||fn|χq
n (6)

Ap is Gaussian with mean mAp =∑N
n=1

π
4χ

p
n

1

d0.5pla
S,IOSd0.5pla

IOS,Up

and variance σ2
Ap

=
∑N

n=1[1−
π2

16 ](χ
p
n)

2 1

dpla
S,IOSdpla

IOS,Up

where pla is the path loss

attenuation and dXY is the distance between X and Y .
Let Xp = A2

p and Yp = EsXp, the CDF of γp is equal
to

Fγp(x) = FYp

(
N0x

ζp − ζp′x

)
. (7)

where FYp
(x) is provided in Subsection 2.3.

2.1 Solar energy harvesting model

The recovered power P in S is written as

P solar = ηRI(t), (8)

with 0 < η < 1 and

RI(t) = RI1(t) +RI2(t), (9)

where

I1(t) =
{
IMAX( 2t3 − 3− t2

36 ) = 0 otherwise (10)

I2(t) has a Gaussian distribution expressed as

fRI(y) =
1√
2πA2

exp
(
− [y −RI1(t)]

2

2A2

)
(11)

Let 0 < α < 1 be the harvesting time and T is frame length,
the recovered power during αT seconds is expressed as:

Esolar = αTP solar. (12)

The symbol energy Esolar
s obtained from sun is

Esolar
s =

TsRI(t)αη

1− α
. (13)

where Ts is the symbol duration. The PDF of Esolar
s is

fEsolar
s

(y) =
1√
2πσ2

exp
(
− [y −M(t)]2

2σ2

)
, (14)

with

M(t) =
RI1(t)αηTs

1− α
(15)

σ2 =
T 2
sA

2α2η2

(1 + α2 − 2α)
(16)

2.2 Wind energy harvesting

The wind speed V follows a Weibull distribution given by
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fV (v) =
(v
c

)k−1 k

c
e−( v

c )
k

, (17)

where

k =

(
σ

µ

)−1.086

(18)

c =
µ

Γ
(
1 + 1

k

) , (19)

σ and µ are the standard deviation and mean of wind
speed..

The CDF of V is

FV (v) = 1− e−( v
c )

k

. (20)

c is the wind strength at the and k is the peak value.
The recovered power P from wind is expressed as

(Vinothini et al., 2023)

Pwind = 0.5ρACv3, (21)

where A = πr2, r is the rotor radius, C is a power
coefficient and ρ is the density of air.

The recovered energy at S during αT seconds is

Ewind = αTPwind. (22)

The symbol energy Ewind
s recovered from wind at S is

written as

Ewind
s =

Ewind

(1−α)T
Ts

=
αTPwind

(1−α)T
Ts

=
αTsP

wind

1− α
= ∆v3, (23)

where

∆ =
αTsρAC

2(1− α)
. (24)

The CDF of Ewind
s is

FEwind
s

(x) = P (∆v3 ≤ x)

= 1− e−( x
∆ )

k
3 1

ck

= 1− e−(
2x(1−α)
αTsρAC )

k
3 1

ck . (25)

The PDF of Ewind
s is equal to

fEwind
s

(x) =
k

3
βx

k
3−1e−βx

k
3 (26)

where β = ( 2(1−α)
αTsρAC )

k
3

1
ck
.

The total available symbol energy is the sum of energies
recovered from sun and wind

Es = Ewind
s + Esolar

s (27)

As Ewind
s and Esolar

s are independent, the PDF of Es is
equal to

fEs(x) = (fEsolar
s

∗ fEwind
s

)(x), (28)

where ∗ is the convolution operator.

2.3 Yq statistics

The variable Yq is given by

Yq = EsXq (29)

where

Xq = A2
q, (30)

We have (Li et al., 2024)

FXq (y) = P (|Aq| ≤
√
y)

≃ 0.5erfc

(
−√

y −mAq√
2σAq

)

− 0.5erfc

(√
y −mAq√
2σAq

)
(31)

The CDF of the Yq is:

FYq (x) =

∫ +∞

0

fEs(y)FXq

(
x

y

)
dy

≃ 1

2
√
2πσ2

∫ +∞

0

exp
(
− [y −M(t)]2

2σ2

)

erfc

−
√

x
y −mAq

√
2σAq


− 1

2
√
2πσ2

∫ +∞

0

exp
(
− [y −M(t)]2

2σ2

)

erfc


√

x
y −mAq

√
2σAq

 dy (32)

The packet error probability (PEP) is equal to (Xi et al.,
2011)

PEPq(α) < Fγq (W ), (33)

where (Xi et al., 2011)

W =

∫ +∞

0

1

−

[
1−

(
1− 1√

M

)
Q

(√
3y

M − 1

)]L
dy, (34)

where L and M are packet and constellation size.
The throughput is

Thrq(α) = [1− α][1− PEPq(α)]

> [1− α][1− Fγq (W )] (35)

The throughput is optimised as follows

Thrmaxq = Thrq(α)
0<α<1

. (36)
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Figure 2 Throughput of hybrid energy harvesting for N = 8
(see online version for colours)
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Figure 3 Throughput of hybrid energy harvesting for N = 16
(see online version for colours)
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Figure 4 Throughput of hybrid energy harvesting for N = 32
(see online version for colours)
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Figure 5 Throughput of hybrid energy harvesting for N = 64
(see online version for colours)
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Figure 6 Throughput of IOS using wind and solar energies for
N = 8, 16, 32, 64 (see online version for colours)
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Figure 7 Throughput of IOS using solar energy for N = 8, 16,
32, 64 (see online version for colours)
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3 Numerical results

The used parameters are η = 0.2, β = 0.5, EN = 1, dS,IOS

= 1, dIOS,Ut = 1, dIOS,Ur = 1.5, dN,S = 0.5, L = 500, ple
= 3, a = 1, Imax = 20 and t = 12. The other parameters are
ζq = 0.8 = 1 – ζq′ η

t
n = ηrn = 1√

2
.

Figure 8 Throughput of IOS using wind for N = 8, 16, 32, 64
(see online version for colours)
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Figures 2–5 show the throughput for t = 12, α = 0.5 and
QPSK modulation and N = 8, 16, 32, 64. Hybrid energy
harvesting a higher throughput than using only the wind or
solar energy. Figures 6–8 show that IOS with 64 elements
allows 48 dB gain. These results are valid for both hybrid,
solar and wind energy harvesting.

4 Conclusions

In this article, we evaluated the throughput of IOS if the
source recovers power from the wind and the sun using
a PV system. The recovered power is used by the source
to broadcast data to users Ut and Ur. IOS phases were
optimised to maximise the SINR. IOS with 64 elements
allows 48 dB gain. As a perspective, we can study IOS
using non-orthogonal multiple access (NOMA). In fact,
NOMA will enhance the throughput of IOS since the
symbols of many users can be transmitted jointly using
optimised power coefficients.
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