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Abstract. Mobile edge computing (MEC) provides computing resources for lots
of Internet-of-things (IoT) devices in intelligent agriculture, improving the effi-
ciency of agriculture. The energy harvesting efficiency of wireless power MEC
system can be improved through combining unmanned aerial vehicle (UAV) tech-
nique. In this paper, we propose an UAV powered cooperative anti-interference
mobile edge computing strategy for intelligent agriculture, in which IoT devices
transmit their information through distinct subcarriers. Required energy for infor-
mation transmission of UAV is minimized through optimizing power allocation.
Simulation results demonstrate the performance of our proposed strategy.
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1 Introduction

With the maturity and commercial deployment of Internet-of-Things (IoT), smart appli-
cations have beengradually applied to intelligent agriculture.Due to the explosive growth
of IoT devices in intelligent agriculture systems, a variety of real-time environmental
information needs to be collected for ensuring yield and quality, insufficient computing
resources have become a problem [1, 2].

MEC technology is able to provide cloud computing services for IoT devices, and
assist IoT devices in completing computation-intensive and time-critically tasks through
wireless access networks [3]. However, inadequate battery supply for IoT devices can
impact MEC performance severely. WPT is able to provide sustainable and low-cost
energy supply for low-power mobile devices from radio frequency (RF) signals, greatly
extending the standby time of mobile devices [4]. [5] studied aWPT collaborative MEC
system, aim at minimizing the emission energy under the energy consumption and delay
constraints. A binary computation offloading strategy for multi-user WPT based MEC
networks was studied in [6], which maximized the total computing rate of the mobile
device by optimizing transmission rate and computation selection mode.

IoT devices are usually located in remote areas in intelligent agriculture. If the IoT
device exceeds the range of wireless communication during the communication process,

© ICST Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2020
Published by Springer Nature Switzerland AG 2020. All Rights Reserved
X. Wang et al. (Eds.): 6GN 2020, LNICST 337, pp. 298–307, 2020.
https://doi.org/10.1007/978-3-030-63941-9_22

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-63941-9_22&domain=pdf
https://doi.org/10.1007/978-3-030-63941-9_22


UAV Powered Cooperative Anti-interference MEC Network 299

it will cause the communication with MEC to fail [7]. Because of its highly flexible
characteristics, UAVs have been widely used in a variety of scenarios [8]. Moreover, the
energy transfer efficiency is improved through theUAV-assistedwireless power transmis-
sion structure to create a short-distance power transmission link in [9]. In [10], optimizing
the power allocation and trajectory of UAVs which are equipped with MEC servers and
provide services for multiple mobile devices within a limited range, minimizes the total
consumed energy.

However, WPT enabled wireless communication networks are vulnerable to the
double “near-far” effect. IoT device located far away from ET acquires less energy but
needs to communicate for a long distance. Through cooperation between closer-device
and farther-devices, communication performance can be improved. The cooperation of
the devices in wireless powered communication was studied in [11] to surmount the
double “near-far” effect, in which the closer-device uses the same channel to assist the
farther-devices, causing interference.

In order to surmount the interference in the process of IoT devices’ cooperation, we
propose an UAV powered cooperative anti-interference mobile edge computing strategy
for intelligent agriculture, where the IoT device which is closer to the UAV transmits
the information of the farther IoT devices and its own information by utilizing distinct
subcarriers.

2 System Model and Problem Formulation

2.1 System Model

The UAV powered MEC network consists of one UAV and two IoT devices IoD1 and
IoD2. We assume that IoD1 and IoD2 need to accomplish computationally intensive
latency critical tasks. IoD1 and IoD2 obtain energy from UAV throughWPTmethod and
use the harvested energy to accomplish their computation tasks with partial offloading.
IoD1 and IoD2 transmit their tasks with half-duplex mode. We adopt a harvest-then-
offload protocol for wireless powered computation offloading, which uses a block-based
TDMA structure with the duration of each block being T seconds.

Let Ii and Oi denote the size of the input computation data and output data, respec-
tively. Assuming themaximum tolerable delay time Ti = T (i ∈ {1, 2}) of IoD1 and IoD2
are the same. Since input data is much larger than output data, i.e., Oi � Ii. We just
consider the time of the WPT and uplink offloading as the total latency of the proposed
UAV powered MEC system.

The signal is OFDM modulated on K subcarriers, and the subcarrier set is denoted
as N = {1, 2, · · · ,K}. In order to surmount the interference, IoD2 utilizes first half of
subcarriers k ∈ GI to relay the tasks of IoD1 and the other half subcarriers k ∈ GI to
transfer its own offloading tasks to UAV, where GI ∈ N and GI ∈ N .

In the first period T
3 , UAV transmits signal to IoD1 and IoD2 over subcarrier k with

power pk at the same time, which is equally allocated. The harvest energy of IoDi is
given by

Ei
h = T

3

K∑

n=1

viγi,kpk , i ∈ {1, 2} (1)
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where vi denotes the energy conversion efficiency at IoDi, γi,k denotes the channel power
gain on subcarrier k from UAV to IoDi.

In the second period T
3 , IoD1 uses harvest energy to send offloading task to IoD2

with power p1,k . The offloading task L1,2 is given by

L1,2 = T

3
B

K∑

k=1

log2

(
1 + p1,kγ3,k

N2

)
(2)

where B denotes the channel bandwidth of subcarrier, γ3,k denotes the channel power
gain on subcarrier k from IoD1 to IoD2, and N2 denotes the receiver noise power at the
IoD2.

The energy consumed by offloading tasks from IoD1 to IoD2 is given by

E1
off = T

3

K∑

k=1

p1,k (3)

In the third period T
3 , IoD2 uses harvest energy to forward the IoD1’s offloading task

to UAV over subcarrier k ∈ GI with power p21,k . The offloading task L2,1 is given by

L2,1 = T

3
B

∑

k∈GI

log2

(
1 + p21,kγ4,k

N0

)
(4)

where γ4,k denotes the channel power gain over subcarrier k from IoD2 to UAV, and N0
denotes the receiver noise power at the IoD2.

Meanwhile, IoD2 sends its own offloading task to UAV over subcarrier k ∈ GI with
power p22,k . The offloading task L2 is given by

L2 = T

3
B

∑

k∈GI

log2

(
1 + p22,kγ4,k

N0

)
(5)

The energy consumed by offloading tasks from IoD2 to UAV is given by

E2
off = T

3

⎛

⎝
∑

k∈GI

p21,k+
∑

k∈GI

p22,k

⎞

⎠ (6)

Thus, the offloading tasks size of IoD1 with the relaying of the IoD2 is given by

L1 = min
{
L1,2,L2,1

} = L2,1 (7)

The rest of data Ii − Li need to be computed locally at IoDi, which should satisfy

(Ii − Li(p))Ci/fi ≤ T (8)
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where Ci denotes the amount of computing resources required to calculate 1-bit input
data, fi denotes the CPU frequency.

The minimum offloading data of IoDi is denoted as

Li(p) ≥ M+
i (9)

where Mi = Ii − fiT/Ci, (x)+ = max{x, 0}.
The energy consumption of IoDi for local computation is given by

Ei
loc = (Ii − Li)CiQi (10)

where Qi = kif 2i , ki is the effective capacitance coefficient, depending on the chip
architecture.

Therefore, IoDi’s saving energy is denoted as

Ei
s(P0,p) = Ei

h − Ei
off − Ei

loc (11)

where p = [p1,k , p21,k , p22,k ].

2.2 Problem Formulation

In order to minimize the transmission energy of the UAV, the power allocation is opti-
mized under the time delay constraint and the task size constraint. The optimization
problem is given by

(P1) : min
p

P0 (12)

subject to

E1
s (P0,p) ≥ 0 (13a)

E2
s (P0,p) ≥ 0 (13b)

M+
1 ≤ L1(p) ≤ I1 (13c)

M+
2 ≤ L2(p) ≤ I2 (13d)

3 Optimal Solution

P1 can be equivalently converted into P2, which is given by

(P2) : min
p

P0 (14)
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subject to

P0 ≥

K∑
k=1

p1,k + 3C1Q1
T

(
I1 − L2,1

)

v1
K∑

k=1
γ1,k

(15a)

P0 ≥

∑
k∈GI

p21,k + ∑

k∈GI

p22,k + 3C2Q2
T (I2 − L2)

v2
K∑

k=1
γ2,k

(15b)

m1 ≤ p21,k ≤ m2 (15c)

n1 ≤ p22,k ≤ n2 (15d)

where the value of m1, m2, n1 and n2 come from the equations L2,1 = M+
1 , L2,1 = I1,

L2 = M+
2 , L2 = I2, respectively. Considering M+

1 ≤ L1,2 ≤ I1, the range of p1,k is
m3 ≤ p1,k ≤ m4.

Let

f =
K∑

k=1

p1,k − C1Q1B
∑

k∈GI

log2

(
1 + p21,kγ4,k

N0

)
(16)

From (15a), we can see that when f reaches its maximum value, P0 reaches its
minimum value. Calculating the first derivation of f with p1,k and p21,k , we can get

∂f

∂p1,k
= 1 (17a)

∂f

∂p21,k
= − C1Q1Bγ4,k

ln 2
(
N0 + p21,kγ4,k

) (17b)

Therefore, we can draw the conclusion that f increase monotonically with p1,k and
decrease monotonically with p21,k .

Let

y =
∑

k∈GI

p21,k +
∑

k∈GI

p22,k − C2Q2B
∑

k∈GI

log2

(
1 + p22,kγ4,k

N0

)
(18)

From (15b), we can get that P0 reaches its minimum value when y reaches its
maximum value. Calculating the first derivation of y with p21,k and p22,k , we can get

∂y

∂p21,k
= 1 (19a)

∂y

∂p22,k
= 1 − C2Q2Bγ4,k

ln 2
(
N0 + p22,kγ4,k

) (19b)
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We canfind that y increasemonotonicallywith p21,k .When p22,k = p∗
22,k = C2Q2B

ln 2 −
N0
γ4,k

, dy
dp22,k

= 0. Thus, we can conclude that y decreases with p22,k when p22,k < p∗
22,k

and increases with p22,k when p22,k > p∗
22,k .

The minimum value of P0 can be given by

P0 = max{P01,P02} (20)

where P01 and P02 are the minimum value of P0 obtained from (15a) and (15b), respec-
tively. By analyzing the relative value of p21,k and p22,k as follows, we can obtain both
values of P01 and P02.

Case 1. When p21,k = m1, the minimum value of P01 is given by

P01 = 1

v1
N∑

k=1
γ1,k

[
N∑

k=1

m4 + 3C1Q1

T

(
I1 − M+

1

)
]

(21)

(a) When n1 ≤ p∗
22,k ≤ n2, the minimum value of P02 is given by

P02 = max

⎧
⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

∑
k∈GI

m1+ ∑

k∈GI
n1+ 3C2Q2

T

(
I2−M+

2

)

v2
N∑

k=1
γ2,k

∑
k∈GI

m1+ ∑

k∈GI
n2

v2
N∑

k=1
γ2,k

(22)

(b) When p∗
22,k < n1, the minimum value of P02 is given by

P02 =

∑
k∈GI

m1 + ∑

k∈GI

n2

v2
N∑

k=1
γ2,k

(23)

(c) When p∗
22,k > n2, the minimum value of P02 is given by

P02 =

∑
k∈GI

m1 + ∑

k∈GI

n1 + 3C2Q2
T

(
I2 − M+

2

)

v2
N∑

k=1
γ2,k

(24)

Case 2. When p21,k = m2, the minimum value of P01 is given by
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P01 =

N∑
k=1

m4

v1
N∑

k=1
γ1,k

(25)

(a) When n1 ≤ p∗
22,k ≤ n2, the minimum value of P02 is given by

P02 = max

⎧
⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

∑
k∈GI

m2+ ∑

k∈GI
n1+ 3C2Q2

T

(
I2−M+

2

)

v2
N∑

k=1
γ2,k

∑
k∈GI

m2+ ∑

k∈GI
n2

v2
N∑

k=1
γ2,k

(26)

(b) When p∗
22,k < n1, the minimum value of P02 is given by

P02 =

∑
k∈GI

m2 + ∑

k∈GI

n2

v2
N∑

k=1
γ2,k

(27)

(c) When p∗
22,k > n2, the minimum value of P02 is given by

P02 =

∑
k∈GI

m2 + ∑

k∈GI

n1 + 3C2Q2
T

(
I2 − M+

2

)

v2
N∑

k=1
γ2,k

(28)

4 Simulation Results

The channel is modeled as Rician fading, since the signal strength of the line-of-sight

signal is stronger than that of the indirect signal, which is modeled as γk =
√

M
M+1 f̃ +

√
1

M+1 f̂ (k), whereM = 3, f̃ denotes the line-of-sight deterministic factor, f̂ (k) denotes
the Rayleigh fading. The number of subcarriers is K = 32 and the total bandwidth is
$32$ MHz. For simplicity, we set vi = 1.0, ki = 10−28 and the receiver noise power
N0 = N2 = N . The block time T = 0.3–0.5 s. The CPU frequency fi = 0.50GHz. The
number of CPU cycles required per bit of data is Ci = 1000 cycle/bit.
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Figure 1 shows the relationship between UAV’s minimum transmit power and the
blocking time T with different values of input data Ii when N = 10−6 W. In this
condition, the distance between UAV and IoD1, UAV and IoD2, and IoD1 and IoD2 are
set to be d1 = 5 m, d2 = 3 m and d12 = 3 m, respectively. From Fig. 1, we can discover
that as the size of the input calculation data increases, the minimum transmit power of
the UAV increases as well. This is because the IoT devices consume more power to
transmit data to UAV and compute locally as the input data size increases. We can also
find in Fig. 1 that the minimum transmit power of UAV increases as T decreases. This
is because in the case of shorter block time, in order to finish the transmission, the IoT
devices require a higher transmission rate, which will lead to the UAV transmitting more
power to provide energy for the IoT devices.

Fig. 1. Minimum transmit power of UAV versus T

Figure 2 shows the minimum transmit power of UAV versus noise power with dif-
ferent values of input data Ii when T = 0.4 s. In this condition, the distance parameters
are set as same as Fig. 1. In Fig. 2, we can find that the minimum transmit power of UAV
becomes smaller when the receiver noise power becomes smaller. That is because with
a certain amount of offloading data, as shown in (2), the lower noise power, the lower
power required.
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Fig. 2. Minimum transmit power of UAV versus N

5 Conclusion

In this paper, an UAV powered cooperative anti-interference mobile edge computing
strategy is studied. To overcome the interference, utilizing the power harvested from
the UAV broadcasting, different subcarriers was used by IoT devices to transmit the
information to UAV for offloading. In addition, we formulate a power optimization
problem.By optimizing the power allocation of IoT devices under the premise ofmeeting
the delay and the scale of computing task, UAV’s transmit power can be minimized.
Simulation results prove the performance of the proposed strategy is effective and meets
the expectation.
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