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Lifetime test of batteries for BLE modules for site identification

of vessel’s crews and passengers (SIVCP)
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Abstract: Nowadays, short distance communication systems with low power energy (LPE) are developed for identification and
monitoring of site identification of vessel crews and passengers (SIVCP). LPE communication modules, such as Bluetooth low
energy (BLE) and Zigbee, are used for short distance communications with LPE. These modules enable 1:N communications
and their popularity is growing since the modules can be mounted on movable objects, such as mobile devices and human
body. When these modules are used, the important factor that affects their operation time and design are the capacity and size
of battery. Therefore, they must be made as small as possible, and the battery should be selected to be slightly smaller than
the module. In this study, we calculate the theoretical life of batteries used in SIVCP BLE modules using data sheet and dis-
charge characteristic graph under the condition of a 1/250 transmission-ratio (TR). We thus calculate experimental life by meas-
uring transmission current for the same TR, and low speed mode current for a 1/5000 TR and measure long-term experimental
life using 1/25 TR for days. Through these experiments, we verify experimental methods for the prediction and extension of
battery life that would enable us to select appropriate sizes of batteries based on vessel usage and passenger types. The se-
lections of the module TR and battery size are important factors affecting the cost reduction of module design, the battery
maintenance, and passenger convenience.
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Figure 2: Discharge graphs of CR2016 battery[6]
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Table 1: Electrical characteristics of BLE 4.0 CC2541

Functions Value Test conditions
(mA)

TX mode 18.2 No peripherals active
Power mode  10.27~0.0 Digital regulator on (model),
(Low speed) 01 off(mode2), BLE 4.0 or 4.1

P deep slip 35pnA
MCU 0.35 8051micro controller
Operating
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Figure 3: Batteries used in the BLE module for SIVCP
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Figure 4: Power waveforms of BLE modules
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Table 2: Theoretical and experimental lifetime of batteries

Table 3> CR2016 WIE| 2] & o2 A F714] 343t 3
7 A 29E AHEsk Aoid, A ddsHEe A

Table 3: Comparison of 3 kinds of battery lifetime (CR2016)

25 | AAFID | PLIFHRD)
32.46 26.53 22.71

el & o) & 29
_ (mAh) R | FEE)
CR1616 53 20.24 16.54
CR2016 85 32.46 26.53
CR2032 210 80.20 65.54
23 g7 d¥+38 54

=

Figure 6= 2.1 2 2.2780[X] F3 o| 253} AFFH S
AZ37] st A St wiEE ag WU S
gk ajazolrh. o7)A FAIF7]E 240
718} 17102 %438k 100msd $AAIFS: 4ms(A 55
125)2 AAste] 22"A st &= 108 W
27 &gir) viElE] W 282 CR2016 HIEIEE )2
2 ZF 29 6AXF 30(54.5A17h) 9 M E e, BLE
bR e 2.35v0|th

3.5

2.5 \

1.5

0.5

0 11 23 38 49 50 51 52 53 53.5 54 54.154.5
Figure 6: Graph of long-term lifetime test for CR2016 bat-
tery (x axis: hour, y axis: volt(V))

gaut A Yol g sts A A39A A73(2015.9)

224 W 237014 ST AR BN FAL) W7
o e FEe AFaAY 242 & A e
v g Yag 2 Acw Agay ol ey «
74749 7 o w £ Fol wAsl: SEo] He Ao
o celu @ e AAA ZhelA BA7E 9] w)
£ o AHAYE AEES ) de] F9L A
o= A ALgalE Aol wiwtdaity 53 Azt A
A B70] g Fo SFTUE w Avke gy
o) §A 857} o197) wel] Ao e vjEz o]

WA E Hgrom el ARSSt

aii4i[16].

)

whel, S FEREL Aute] Aol A= wiE
T &S TN FEs AU 52 ¢ e iEEE
z I

= s 7ksel F-Fdhs BLE B 1ol wiE )t 32
= AolmR 28 wiHeE AMdhs Alo] whEA st w
2hA] gako] 7h 2 CRI61691 28514 1654 0] ¥ o
S0 b sk g wAE S ootk FaE Aow
ofl St

oje} & AFE WA mE ko] SR, S0 &
g e Adee she A2 wEFr1e] Heyst A

[e]

757



B

i

g5 . g

C HlLi 713 Abge] 7hssles ARt fAME 7]
= A, poEs C e A avle A
o okt AYTAE GO ALE) ek wElE 3
o] Zdol2 7hAste] CR2450 WEIZHA ARl 715t
A AT,

- EH

C ®Hz

2)

K
=

=™ ool
|
it
Iy
o
offl o

% glel A9 %@
#o) e} e e PANe 24
3

olaldn). wpeha] A7 Wi ko] u
A

o
2

o
tio

im
T
>
=
<
o
o
=
o
o
}l_:‘
)
I
=z
b oo

o op b & px

ol
o
to
BT}
I CONNC NN QN I - 0 DN

2 U
=1
et
N
N
il
i
g
K
t
- rl'ﬂ:
i
Mo
9,
X
>

a4 -

References
[1] H. J. Kwon, H. S. Yang, and S. G. Lee, “Site mon-

itoring of crews and passengers on board by the BLE
and PLM combination,” Journal of the Korean Society
of Marine Engineering, vol. 39, no. 4, pp. 463-467,
2015 (in Korean).

[2] H. Kim, C. S. Kim, and H. C. Shin, “Battery lifetime
estimation considering various power profiles in wire-
less sensor node,” Journal of Institute of Electronics
and Information Engineers, vol. 46-SD, no. 12, pp.
1040-1046, 2009 (in Korean).

[3] M. S. Kang and H. J. Shin, “Analysis of low power
and channel interferences for Zigbee,” Journal of
Internet Computing and Services, vol. 11, no. 3, pp.
33-41, 2010 (in Korean).

[4] M. Y. Moon, Y. M. Kim, M. G Kang, I. K. Kang,
and M. S Lee, “A study on the improvement of
Zigbee based Network Interference,” Proceedings of
the 16th KSII Fall Conference, pp. 551-556, 2007 (in
Korean)

[5] Datasheet (CR1616), http://data.energizer.com/PD
Fs/cr1616.pdf, Accessed July 21, 2015.

[6] Datasheet (CR2016), http://data.energizer.com/PD
Fs/cr2016.pdf, Accessed July 21, 2015.

[7] Datasheet (CR2032), http://data.energizer.com/PD
Fs/cr2032.pdf, Accessed July 21, 2015.

[8] Datasheet (CC2541),
link/cc2541.pdf, Accessed August 12, 2015.

[9] CC2540/41 System-on-Chip Solution for 2.4-GHz
Bluetooth® low  energy http://ww
w.ti.com/lit/ug/swrul 91{/swrul91f.pdf,
August 12. 2015.

[10] Datasheet  (CC2541),
op/goods/goods_view.php?goodsno=21086 (BLE,
Accessed August 16, 2015.

[11] Datasheet (CC2541),
le/articleView.asp?idx=6265,
2015.

http://www.ti.com/lit/ds/sym-

Applications,

Accessed

http://www.funnykit.co.kr/sh

http://www.elec4.co.kr/artic
Accessed August 16,

758



[12]

[13]

[14]

[15]

[16]

SIVCPE BLE 25| wjE]e] 49A13

Datasheet (CC2541), https://www.ti.com/ww/kr/
news/2014/tik_news_0429.html, Accessed August 16,
2015.

Datasheet (CC2541), http://blog.naver.com/PostV
iew.nhn?blogld=time_guy&logNo=220198517336,
Accessed August 16, 2015.

Datasheet (CC2541), http://shopping.daum.net/se
arch/cc2541%20%EB%B8%94%EB%A3%A8%E
D%88%AC%EC%8A%A4%204.0/&docid:016
46287578&srchhow :Cexpo, Accessed August 16,
2015.

H. S. Eom and K. W. Kim, “Study of efficient en-
ergy management for ubiquitous sensor networks with
optimization of the RF power,” Journal of Institute
of Electronics and Information Engineers, vol. 44-CI,
no. 3, pp. 225-230, 2007 (in Korean).

N. S. Kim, “Development of an ubiquitous healthcare
device using a solar cell,” Journal of Korean
Institute of Information Technology, vol. 11, no. 10,
pp. 97-104, 2013 (in Korean).

Sharut Al A Yol g shs A #3978 A|75.(2015.9)

759



