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A Low-Power Design and Implementation of the Portable Device
for Measuring Temperature and Humidity
Based On Power Consumption Modeling
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Abstract The most important design factor for portable devices is power consumption. In this paper, in the
early design stage of a mobile device which measures temperature and humidity a power consumption model
will be proposed and then the overall power consumption will be estimated based on this model. We will
verify previously the correctness of such estimated power consumption before implementation of the real device.
That is our proposed design methodology based on power consumption model. An improved design method for
efficiently reducing the current consumption in the idle mode is also presented. By implementing a real
prototype of the mobile device for measuring temperature and humidity, the correctness of our proposed design
methodology based on power consumption modeling will be verified.
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[Fig. 1] The block diagram of the proposed mobile device
for measuring temperature and humidity
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[Table 1] The electrical characteristics of the SHT-XX[7]

Parameter Conditions  |Min. |Typ. |Max. |Units
Pawer supply DG 24 | 5 |55V
Supply current measuring 056 1 |mA
average 200 | 281 A
sleep 0.3 | 1.5 JuA
Low level output voltage |loL < 4 mA 0 250 |mV
High level output voltage [Re < 25 kQ | 90% 100% [Vdd
Low level input voltage  |Negative going| 0 20% |Vdd
High level input voltage |Positive going | 80% 100% Vdd
Input current on pads 1 |uA
Output current on 4 |mA
Tristated (off) 10 | 20 [uA

3.2 2EX MM 47

S5 AL AA & Sensirion)A1e] SHT-155 A}
SJCH7]. SHT-15 AllA= -40TCofA +123.8C <9
% 274 9 0~ 100 % RH ¥ 9l9] Atist 3740 7}
‘5 3tTHFig. 2]

SHT7x

[Fig. 2] Humidity and temperature sensor[7]
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[Fig. 3] The interface between the SHT-1x and a MCU [7]
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[Table 2] The current consumption of the components
with respect to operation mode

current
component mode consumption
5 active 14 mA
\4
ATI;\I/E%?§56O idle 4 mA
Com(lis[l(lga)umt v active 5 mA
idle 1.1 mA
SHT-15 temperature and active 1 mA
humidity sensor idle 15 uA
DS-1307 active 15 mA
RTC 5V ;
idle 200 uA
PCF 8563 active 800 uA
RTC v ;
idle 1.7 uA
Flash memory active 30 mA
(SD Card) idle 6 mA

ol 108 272 13] 12 59 24sl Ao As)
A7) wjEol, u) A% % 63]0] o] Hssitk 1 A7
o 7% 99w Ae o 23 meolMe] AA A7
T active®} tj7] ®Eoxle] AA] A%t T idle: 7H7} T
o3} .

T active [hour]
= t_active_sec x n_active / 3600
= 0.0016 h

T idle [hour]
= (3600 - t idle sec) / 3600
=1 -T active = 0.9984 h

Q] Alof|A] t active secS =% M oA EAF A7E
ol tidle_sec th7] BESAY] B4t AglolT). oS
7o) A7t 9= 2% Z(second)o|Tth I, n_actives 1
A 54E 24 mEolH B Hol.

3 AlZHhouryS AIZH TSI AMEHE AL UukAo
= ujele] A2 8 B9IE A An] dR gl

mAhZ FA|E} 9)7] wj&o|c}.

[Table 3] The total current consumption with respect to
the power source

current
DC voltage mode consumption [mA]
active 46.5
5V
idle 10.2
active 36.8
3v
idle 7.1
Al AFsh vRe} o] B =RoAe BE REY T
A A B REHE SUT A A 2 20
AP wEe g k. o] F M)A P2 Bl
Aztef an] MG AT Lu) 4 AL E 3o
A AL Aol whE ZF mEoxo) 4] AR s
AR5tk

5V HY A o &4 A9
P2 _active 5V = 46.5[mA] x 0.0016[h]
= 0.074[mAh]
P2 idle_5V = 10.2[mA] x 0.9984[h]
= 10.184[mAh]
P2 total 5V = P2 active 5V + P2 idle 5V
= 10.258[mAh]

m 3V A A o &) Ay
P2_active_3V = 36.8[mA] x 0.0016[h]
= 0.058[mAh]
P2_idle_3V = 7.1[mA] x 0.9984[h]
= 7.089[mAh]
P2 total 3V = P2 _active_3V + P2 _idle_3V
= 10.242[mAh]
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Lo ulal 48wl o]Ato] HEL AuTS oF 4 9
o} th7] mEO] 4| ARE Zo]7] YAt 4| A

o] th HEI} vlwalo] & 02 W ATmega 2560
MCUSH ZefA] wlme] A Wre] Baghe & 4 9
=

NAND Z&jA] Wxa][11]7} MicroSDL} SD 7}= 1)
welo] w3 o] mEoAe] au) AR7F AR 2]

uizoll, ol & aLeste] Al 23 A ol A= NAND &2
Al Hl &S ARSSHITE NAND Z34] H=2elE 573
HEoMut B4(E4) JEiR wEe] HolHE Agd
T =5 SRl Hh, 7] HEo| A= NAND EejiA|

w5 o] 252 WA TN 7] REoA 9 A

A7) 25uA o HEE 1ok

7] BEoA 9] &H] AFE Fol7] 9% E o E W
oto &, 7] REoA= ATmega 25600] AY Xtk &
Eg FASEE AAE sk Aotk olF Sl o
A 7] HEoA Q] Al MR vl 4H] Mgk |
A8 A2 4 sk

2 47 R Fo) WHE o BEY 54 B
o] W= 48| ZHFE= Table 42} Zt} Table 29} H| W3S
W), BelA) vimel Aelshe chE Ay HESo] 24
BEeAe] 2] AR SrebA getow] o] mEe
o] An] ARG AMELSE oF 2= 9Ick. T Table

5ol 3V Aol Ae] A BE Gk A RS ekl
o},

[Table 4] The current consumption of the components
with the 3V DC power source

component mode current
consumption
active 5 mA
ATmega 2560
MCU %ower 15 vA
own

SHT-15 temperature active ! mA
and humidity sensor idle 1.5 vA
PCF 8563 active 800 uA
real time clock idle 1.7 uA
Flash memory active 25 mA
AT49 Series[10] idle 25 uA

4] e P2 MRS ARESte] 3V DCoA 9] =7
wEe} fy] mEelA Z2ke] 4] A AN o
e

P2_active 3V = 31.8[mA] x 0.0016[h]

= 0.0509[mAh]
P2_idle_3V = 0.043[mA] x 0.9984[h]
= 0.043[mAh]

P2 total 3V = P2 _active_3V + P2 _idle_3V

= 0.0939[mAh]

[Table 5] The accumulated current consumption at each
measurement in the interval of 10 minutes

31.8 mA
43 vA

current active

consumption idle

12 AAGA 3V A AL thr] mEet 24w
SolAe] 4n] HEult 122 wold A 27 A 4
oL 21802 = Egek o7 mEQ] 4] o]
HE gagh Aol 28 299 & 4 9k

sjo} ol AAE el 3V AL Al el
Abg AR At chet 2

T_hour_3V = 2500mAh / 0.0939mAh
= 26624[A]7F] = 1109[¥] = 3[d]

= gl vjE]g]E ARESke] 1089 13] 12 23 F7)
2 Fole L4 2471E AT A9 39 ol AR
A5 o 4 ok
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| of o2 FAFc}. Fig. 59 Fig. 62 U5 =4 A7krhol
L EA e Aol 2w =4 Ant= gl 9t
L szggn
70.00
/_ 60.00
4 : VF\ash Memory®l 53 CHOIE JI= 50.00
5 : ’—“/ JIEH AIAES &2l Al 40.00
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7 l 10.00
AAE Active Al2+ 00202 o0 Bamr0n. 011100 ]rm o e a0 a0
[Fig. 4] The timing sequence of the proposed mobile device B
[Fig. 5] The partial result with respect to varying temperature

[Table 6] The timing sequence when operating

operations time
No to be performed (ms) remarks
Wake up the MCU (ATmega .
1| 2560 20 | procesing of
through the 1Hz pulse of the datag
RTC(PCF 8563)
Check to see if it is the time
5 | to start measurement or not by 50
reading the current time from
the RTC.
If it is, read the data of Access the
3 | measurement from the SHT-15 300 data of
temperature and temperature
humidity sensor. and humidity
4 Write the data measured into 20
the flash memory
5 Do perform the miscellaneous 100
tasks, if necessary
Record the next time to restart Stop the
¢ | measurement in the device 10 rocespgin of
Enter the MCU into the sleep P d g
mode. ata
Enter the all of the components The device
7 | into the sleep mode until the B stays
device receives the wake-up in the sleep
pulse from the RTU. mode.
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f= -1
35.00

30.00

26.00

20.00

15.00

10.00

100010010390011 1:57:00 12:36:00 13:15:00

[Fig. 6] The measurement of temperature and humidity
without variation
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[Fig. 71 The circuit of measuring current consumption of
the device implemented

[Table 7] The measured current consumption with respect
to the power source

voltage
current
Vee components mode measured
measured
[V]
ATmega active 4.98 19.25 mA
2560 + ]
SHT-15 idle 4.99 6.14pA
5V SD Flash active 4.97 40.52 mA
Memory +
PCF8563 idle 5.14 7.051A
RTC
ATmega active 3.02 7.24 mA
2560
+ SHT-15 idle 3.05 2.31pA
3V SD Flash active 3.01 30.35 mA
Memory +
PCF8563 idle 3.03 6.270A
RTC

[Table 8] The comparison of the estimated current

SV AU w27 meol M AA Av] AR 574
] 215 71 A 937E 2 2 HA DA welsh
YT el EALG LEDS] Z1ele O vl v
3
A

4t
/gel 3EA] LEDE QI3 x| ARE Fo)7] f18iAl 3
A (static) 45 FAE 5% (dynamic) G FA 02 HHY
k. & 7|& LED 5 A2 34 A7 Bt 434
o2 ARz HAo|9A, /WME LED M5 Al
H

30Hz duty AFo| 2ol 4] 40:60 U] &5 LEDS HH5He
Aoz upte] A M

P2_active 3V
= 37.59[mA] x 0.0016[h] = 0.060[mAh]
P2_idle_3V
= 0.00858[mA] x 0.9984[h] = 0.00856[mAh]
P2 total 3V = P2 _active_3V + P2 _idle 3V
= 0.06856[mAh]

A Z4E 4H] ARE 7E0R B8 eaE &
7] 28] AL Table 9o LEPH A2 0.06856 m
olct.

T hour 3V = 2500mAh / 0.06856mAh
= 36464[A17H = 1519[2] = 4[]

T hour 3V ZFe AAE 7] 27§33V DC AL ul
Ha2 AN, 27 2715 1082 P8 o 44
AR 4= Stk Aolch

wEha] 2 =oll A AAIEE M 4
o A4 A7E BEYE2 1Hs T8 25w X7
A 48] A 0.0939 mARS FE51E AAYS &

ek

consumption with the measured current
consumption [Table 9] The comparison of the measured power
estimated ‘measured rror consumption with the design goal
Vee | mode conzzgleltlilon corfsmu:rfnttion (%] CLITENL COMMIMpHOn .
prin | i | g g | oo | g
oal - :
Sy |active 465 mA 5977 mA | 28.5 g active idle
idle 15.07pA 13.191A -12.5 0.060 0.00856 interval:
sy |active 31.8 mA 3759 mA | 182 power 10 min.
idle 43pnA 8.58pA -80.0 consumption | 0.0939 batt
(mAh) 0.06856 3V DC
L = - '
: Error® = (@ - @) / ® x 100 [%] AN
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