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ABSTRACT

A low-cost design of psychrometer based on cheap temperature sensor and MCU
(microcontroller unit) is proposed, where a single high-resolution and low-noise signal
of sensor is converted from large numbers of data by oversampling. Through the
calibration by a standard thermometer, the accuracy of =0.1°C for temperature
reading is achieved. Because the wet bulb size of 5x5x4mm? is small, a mini-fan with
0.35W power consumption can effectively ventilate the wet bulb.

In terms of fast computation of humidity, the 5"-order polynomial approximation
equation for saturation vapor pressure is derived, which makes the calculation can be
executed fast on the microcontroller. The error analysis with the Goff-Gratch
equations shows that the accuracy for relative humidity reading is within +0.02 at 0°C
~55°C range, and the accuracy for vapor pressure deficit is within +0.002mbar. The
speed and accuracy of this polynomial are both better than the common Magnus
equation. By programming in the microcontroller, the data can be displayed on a text
LCD and stored in a micro-SD card with specified format and time interval. Through
the comparison test along with calibrated humidity sensor of *2% accuracy, the
difference is within =2% in relative humidity reading.
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Table 1 Comparison of PT-100 type and transistor type thermal sensors

& o Y0 g R R 3% TMP37
TP-100 35 % g ] % %aaa.a_/mfg}ﬁ% I3
TP-100 temperature sensor Transistor temperature sensor
P TMP37
sh R I
Appearance
s & M rAEA 0°C B 24 100Q » 3 E 1§ T oh BT R R L AR AL A
R PR 45 Ak 35 7 42 M B 47 - Based on the linear temperature
p A 1 The resistance of platinum coil is 1002 at 0 | dependence of the base/emitter
rinciple o . . . . .
P C, and its value varies linearly with voltages of bipolar transistors
temperature.
. B ML BB 4 e R B AR T R BAAELSARERLEAEHH TR
Rgﬁd_ Current or voltage output by the resistance | Voltage output by the in-probe
eadin
& reading module amplification circuit
B B R R S AR AR AL E & AR IR FHERIE
C 1,; . Calibrated in factory seperately for both Calibrative procedure needed
alibration
probe and reading module
P R R BB GR I E IR T F A o FHEMNBEFTREENREIRIESLR
. Any probe will match with any reading Every probe needs its quique
Exchangiable . .
module calibrative parameters
R.~F £ 38 R~} K7 (probe larger than) 5x5x4mm?
Size L20mm x ® 6mm
PRA il 1% B
Cost Expensive Cheap
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HE&E. 2 PT-100 $AEERH R T - H B e
RTSIR B R — S NE R IR - tah
HR A MR B K o 2B e e 7 2 Bl =
= Bl ERERHKE S REFHEDELNE

—f PT-100 & = HEA AR NT$500~
1500 ; [ A 52 At B /N RO~F ~F S5 e e B PR BE

TMP37 AR ZH) NT$20 o Ui i i w ak HI
BERERRFaE B L AR
PRI ET P 8 AR ST 2 E A EE 1000 TT A
T HITIR R IE AR 700 7T - MEBE
P R ENRI FE BE A AR 300 JT » H HiTAY 2 i By 75 B
S EC HER S - WIMEEEAREERS
38 SRR IR T o R I RE R M B - DA
HITIE JEA T ) Tk B S A IR B T R

#*2 BeimELRARRREEZBEAEMSILLE

Table 2 Price comparison of psychrometers on the market

& S (product)

oo /18 # (brand/price)

#r # (Holland) Priva
Measuring Box v1.1
NT$20,000

42 % B (New Zealand) Intech
Instruments

WDT-DW

NT$16,000

8 3 (Australia)
Ocean Control RHUS-BD-X
NT$12,000

A A& (Japan) skSATO
SK-5RAD-MR
NT$74,000
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Fig.14 Setup for indoor field test, two referential sensors are at the intake opening
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Fig.15 Measured data is shown on the text LCD in real time and stored in micro-SD card
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Fig.16 The loggings of dry/wet-bulb temperatures in the field test



16 REMMET] 238 H1Hl] 2014434

85
80 ﬂmn
75

70 =
= \

M,— Hyg
60 I b SEeS Refl

Ref2

55 4

50 \

45

0 1000 2000 3000 4000 5000
Time (min)

Relative humidity (%)

17 FMEEIREIKREFT R EIEE (Hyg) B mfH 25 ORISR ATAI{E (Refl  Ref2) E LLEL

Fig.17 The loggings of RH of psychrometer and two reference in the field test
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