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Abstract

Wireless capsule endoscopy (WCE) is considered as recent technology for the detection cancer cells in the human digestive

system. WCE sends the captured information from inside the body to a sensor on the skin surface through a wireless medium. In

WCE, the design of low-power consumption devices is a challenging topic. In the Shannon-Nyquist sampling theorem, the

number of samples should be at least twice the highest transmission frequency to reconstruct precise signals. The number of

samples is proportional to the power consumption in wireless communication. This paper proposes compressive sensing as a

method to reduce power consumption in WCE, by means of a trade-off between samples and reconstruction accuracy. The

proposed scheme is validated under channel constraints, expressed as the realistic human body path loss. The results show that

the proposed scheme achieves a significant reduction in WCE power consumption and achieves a faster computation time with

low signal error reconstruction. 

Index Terms: Compressive sensing, Path loss, Power consumption, Wireless capsule endoscopy

I. INTRODUCTION

Cancer is a dangerous human diseases faced in the current

world. In the biomedical field, wireless capsule endoscopy

(WCE) is a significant breakthrough in the discovery of can-

cer cells located in the esophagus, stomach, small intestine,

and colon. It was invented to provide diagnosis of abnormal

cells and the cancer location via image or video, transmitted

by the capsule. Based on complementary metal oxide semi-

conductor technology, the WCE capsule can be swallowed

by the patient. It is also highly mobile compared with con-

ventional endoscopy. However, there are several challenges

that should be overcome to enhance the WCE performance,

including localization of the capsule, antenna design, and

power efficiency [1]. Instead of solving these problems

simultaneously, in this study, we focus on reducing the

power consumption of WCE, by considering realistic human

body path-loss under channel constraints.

The system operation design of WCE has been success-

fully applied for autofluorescence intensity detection in bio-

logical tissues [2]. Intestinal tissue that emits photons in

responses to LED illumination, namely the single-photon
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avalanche diode (SPAD), generates a train of pulses in pro-

portion to the light intensity. The pulses within a fixed

period are also counted and then transmitted via ultra-high

frequency (UHF) radio to the external receiver, to build a

miniaturized low power sensor prototype. However, further

studies are required regarding power reduction techniques to

gain further advantages of WCE.

Compressive sensing (CS) is an innovative technique in

information theory, which has the capability to reconstruct

the signal using a sampling rate far less than the Nyquist

rate. Unlike the Shannon-Nyquist principle, in which most of

the sampling data remain unused, the CS method only sam-

ples valuable data from the signal. Additionally, CS guaran-

tees a highly accurate reconstruction of the original signal,

with the conditions that the signals must be incoherent and

sparse in a certain domain [3]. In [4], the authors proposed

the combination of CS with shearlet transform for medical

image purpose. However, the authors did not consider the

analysis of its power consumption and its implementation in

the WCE. Based on the huge benefits of CS in signal pro-

cessing, this paper proposes the WCE application of reduc-

ing power consumption. 

To the best of our knowledge, this is the first work that has

evaluated the power consumption of WCE with CS. Firstly,

we propose CS implementation for WCE to reduce power

consumption. Then, the relation between the data transmis-

sion and power consumption of WCE is derived, and the

proposed scheme is validated through simulation. Further,

the signal-to-noise ratio (SNR), additive white Gaussian

noise (AWGN), and path loss based on 3D human body

models are considered to provide a more realistic scenario.

Finally, the proposed scheme is evaluated in terms of power

consumption, computational time, and error performance.

The rest of the paper is organized as follows: Section II

presents the system model and our proposed scheme. In this

section, the relation of the proposed scheme and 3D human

body channel model are derived and explained. Then, Sec-

tion III provides the results and discussion, including perfor-

mance evaluation in terms of power consumption, computational

time, and error performance. Finally, Section IV concludes

this paper. 

II. SYSTEM AND PROPOSED MODEL

The overall block diagram of the proposed scheme is

presented in Fig. 1. Suppose x = (x1, x2, ..., xN) represents the

generated signal of WCE, with a maximum signal length of

N. Then, we assume that x is k-sparse in a particular domain;

thus, the measurement matrix can be represented as Φ,

consisting M × N matrix, where the random measurement M

value is normally smaller than N. In short, the signal y = y1,

y2, ..., yM is the measurement vector from x, which is

calculated from y = Φx. Then, the WCE sends the signal y

from inside to an on-body sensor. Eq. (1) gives the proposed

signal reception r, which include the path loss effect α, and

AWGN noise n, as follows:

r = yα + n (1)

, , 

where PL0 is the path loss at reference distance, d0 is the

distance between the WCE and sensor, δ is the path loss

exponent, β is the phase shift, and fc is the carrier frequency

[5]. One of the latest WCE devices is considered as the

model. This WCE device has technical features including an

application-specific integrated circuit (ASIC) and SPAD,

which improve the accuracy of cancer cell detection

compared to prior WCE devices [2]. Then, following the

proposed model in Fig. 1, the total power consumption of

WCE can be calculated as follows: 

Pc = PL + PA + PS + PCR + Pt . (2)

In (2), Pc is used to compute the total power consumption

of WCE, PL is the LED power consumption, PA is the ASIC

power consumption, PS is the SPAD power consumption,

and PCR is the controller and radio link power consumption.

Fig. 2 shows the WCE located in the colon at (a; b); it is to

be noted that the WCE location can be modelled as a uni-

form distribution 1/W2, and an on-body sensor located in the

center of the small intestine at (W/2, W/2). The relation

between the power transmission Pt, the data transmission

power D, and the expected value of distance E[d2] are

derived as follows:

(3)

Then, the value of Pt can be obtained by utilizing E[d2] as

follows: 

. (4)

The performance of the proposed scheme is measured

using the average iteration of mean absolute error (MAE) as

the performance matrix because it has been widely used to

measure the information loss. The average MAE can be cal-

culated as follows:

(5)

α τβ= τ PL
0

10 logδ
d

d
0

----- S+ += β e
j2π f

c
–

=

E d2[ ] a
W

2
-----–⎝ ⎠

⎛ ⎞
2

b
W

2
-----–⎝ ⎠

⎛ ⎞
2

+
1

W2
------- xd yd

0

W

∫
0

W

∫=

W2

6
------- 0.5 mm±=

Pt D E d2[ ]=

DW2

6
-----------=

MAEavg

1

I
---

1

N
---- xi j[ ] x̂i j[ ]–
j 1=

N

∑
⎝ ⎠
⎜ ⎟
⎛ ⎞

i 1=

I

∑=



J. lnf. Commun. Converg. Eng. 16(2): 130-134, Jun. 2018 

https://doi.org/10.6109/jicce.2018.16.2.130 132

where I denotes the number of iterations, N represents the

total number samples, xi[j] is the generated signal, and 

is the estimated signal in the receiver. 

III. RESULTS AND DISCUSSION

To validate the proposed scheme, a simulation was per-

formed under the same design assumptions as a real WCE

environment and parameters. Fig. 2 shows the WCE device

located in the colon, where the distance to the on-body sen-

sor d is 100 mm. The path loss exponent δ is 4.26, the shad-

owing effect σS is 7.85 dB, the path loss at a reference

distance PL0 is 47.14 dB, the reference distance d0 is 50 mm,

and the carrier frequency fc is 402 MHz [5]. The total power

consumption of WCE is calculated based on the assumption

that the ASIC consumes 1.76 mW, LED consumes 19.8 mW,

SPAD consumes 255 μW, controller and radio link require

150 μW [2], and the transmission of 100 bits of data requires

a power of approximately 100 μW/cm2. The WCE signal

length, N, is 1,000 samples with 10-pulse signals; the length

of the WCE discover area, W, is 200 mm; and the number of

iteration, I, is 100. The standard basis pursuit problem is uti-

lized to estimate the signal, , from the original signal, x [6].

In this section, we calculate the simulation result into two

evaluations. First, the power consumption and computational

time comparison between the full sampling and proposed

scheme are derived. Then, we also provide analysis of the

peak signal-to-noise ratio (PSNR) and an image reconstruc-

tion of our proposed scheme.

Fig. 3 shows the comparison of the original and estimated

WCE signals which is investigated under the channel con-

straints, and Table 1 show the performance comparison of

the proposed CS with full samples, including power con-

sumption, computational time, and error rate. In the simula-

tion, the number of measurement M is 100 samples, and an

SNR of 5 dB is considered. The SNR value of 5 dB is used

to indicate that the environment is appropriate for communi-

cation. For power consumption performance, the percentage

of reduced power consumption for WCE (PCS) using the pro-

posed power transmission with signals (PCM) compared to

that without using the CS scheme with N signals (PCN) can

be calculated as

(6)

x̂i j[ ]

x̂

PCS

PCN PCM–

PCN

-------------------------
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Fig. 2. Proposed scheme environment for in-body communication.

Fig. 1. Block diagram of the proposed scheme.
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In summary, by using (2) and the simulation parameters,

the WCE power consumption PC, power saving PCS, MAEavg,

and computation time Ts are calculated and listed in Table 1.

The results show that the proposed scheme can save up to

68% of the WCE's power consumption, compared to the full

sample. Furthermore, the proposed scheme also is approxi-

mately 17 times faster than the full sampled scheme, where

the number of samples equals to the numbers of data. In

terms of error performance, the proposed scheme produces a

highly accuracy of signal reconstruction with a very small

MAEavg of 2.2 × 10−6. As presented in Table. 1, the MAEavg

result is closely enough compared to full sampled scheme,

while the proposed scheme has better performance in terms

of complexity and power consumption.

IV. CONCLUSION

This paper presented the viability of using the CS algo-

rithm to reduce the power consumption of WCE. In our

algorithm, the wireless channel is considered for the signal

transmission between the WCE and an on-body sensor. The

performance of the proposed scheme was investigated under

channel constraints by considering the path loss from human

tissue. The results showed that the proposed scheme realized

far less computation time, very low power consumption and

highly accurate signal reconstruction compared to the full

sampled scheme. For future works, the real images will be

considered as the signal information from WCE and the

environment of the scheme will be investigated under the

wireless body area network with multiple sensors to capture

the WCE signal. 
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