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A Study on the Microcontroller Input Port Reduction of IoT
Equipments with Mixed Digital and Analog Inputs
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Abstract In this paper, a method of inputting one analog input and two digital switch inputs by using one
analog port of microcontroller embedded in IoT device was proposed. In this method, the upper limit and
the lower limit of the input voltage range of the analog input port are determined, and the analog input
voltage is input to this interval. The digital switches are configured to exceed the boundaries of the upper
and lower limits, respectively. To verify the performance of the proposed method, an experimental circuit
was constructed and tested using a microcontroller. As a result, all three inputs can be sensed using a single
analog port, thus confirming that the three required input ports are reduced to one input port, ie, 33%.
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(@) Hot water mats control panel
(b) Bailer controller control panel with loT
Fig 1. Example of analog and digital mixed control
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Fig. 2. Circuit of input ports to be reduced
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Fig. 3. Principle of voltage generation for analog input
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Table 1. Experimental result

Theory Experiment
Condition
ADC Vo V] ADC Vo IVI
SWi On OxFF 5.0000 OxFF 5.0000
SWs On 0x00 0.0000 0x00 0.0000
VA min 0x0C 0.2518 0x0E 0.2745
VA max 0xF2 4.7482 OxF1 4.7255
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Fig. 10. Oscilloscope waveform
( Ch1, 2 : Volt/Div = 2.0V, Ch3, 4 : Volt/Div = 10.0V
Time/Div = 0.5 Sec )

Fig. 10 Ch19] V, o} 7o = RE HEsH
O=7A, 7t @ SW 7Fsdl HEHU0] A= 4
5191, ololl wiet Ch3olxl Swiol A&H &go] A
o} = O 7HATS 7FSAIR] Z02A, AEH Fho
tAE-old& ] W E AA Ch2ol E29ct E3t
7 © SWE 71T AElEA HEHYe] 012 kst
o, o] X157} AE=|0] Chdolld HE Eeo] WALt o]
go] A4, 17]9] o) R XEE o83l VR Y ofg
B A2 B2 219 A9JA] YElo] 47 AEES g1l

ok oy

4. 28

£ =FolA [oT 717]e] Wisls mlo|azAEs

9 17} ofdel ZES ol g3} #F 5:9) 37} gle] 4]
oP2E1 vt 2740] TXE 291X e 2z
2 % G 27 S AASHL, ofS WS vl B4
o o felet e Adsik AN PES okde
QeimE] QlebHsr el 5 Ak} SRS 9l of
TR opl 9 AYS YL, tiAE AgASL
212} AT SiREES) A 2t gto] Wls) 5t
o] ohdzl JEES B9 3550 2] Hsshe



43  gEy==2x| HoH H9s

5 I8t

AR 0] st BE ASsl] f) vel==
EEHE ol8dl 2l2g detelon, 1 243 357 9
E0| BT 9] ofd®l ZES o8l AT & U
< SIS, ool wi=t 2 WRFH 3719] AH=ET}
33%% 1He] YEEER I dgEe Pt A ¢
S wEbA B =20l ARt HHE 10T 7171
A& B¢ 71719] 4% % el 2 At e
o= A,

REFERENCES

[11 C. J. Chae & H. J. Cho. (2016). Smart Fusion
Agriculture based on Internet of Thing. Journal of
the Korea Convergence Society, 7(6). 49-54.

DOI : 10.15207/JKCS.2016.7.6.049

[2] S H. Lee & D. W. Lee. (2016). A Study on u-Health
Fusion Field based on Internet of Thing. Journal of
the Korea Convergence Society, 7(4), 19-24.

DOI : 10.15207/JKCS.2016.7.4.019

B] S K. Youm, S. K. Hong & W. K Koh. (2018). The
Smart Outdoor Cultivation System using Internet of
Things. Journal of the Korea Convergence Society,
A7), 63-68.

DOI : 10.15207/JKCS.2018.9.7.063

[4] J. Gubbi, R. Buyya, S. Marusic & M. Palaniswam.
(2013). Internet of Things (IoT): A Vision,
architectural elements, and future directions. Future
Generation Computer Systems, 29(7), 1645-1660.
DOI : 10.1016/j.future.2013.01.010.

51 I Lee & K. Lee. (2015). The Internet of Things (IoT):
Applications, investments, and challenges for
enterprises. Business Horizons, 58(4).

DOI : 10.1016/j.bushor.2015.03.008.

[6] S T. Kim. (2017). Design of small-scale connected
service solution for Internet of Things. Journal of the
Korea Convergence Society, 8(9), 25-30.

DOI : 10.15207/JKCS.2017.8.9.025

[71 J. B. Peatman. (1989). Design with Micro- controllers,
McGraw-Hill.

[8] H C Lee S. Y. Kwon, W. S. Na & M. Y. Kim. (2018).
Analysis about Reducing Micro- controller port of
the IoT Equipments : Case of Analog and Digital
mixed. Conference of Convergence Society for SMB,
224-225.

[91 A Malvino & D. J. Bates. (2006). Electronic Principles

- 7th Edition, McGraw-Hill.

[10] Microchip Technology Inc. (2014). A7mega4S/
88/168 Automotive 8-bit AVR Microcontroller.
Microchip.  http://ww1.microchip.com/downloads/
en/DeviceDoc/Atmel-7530-Automotive-Microcontrol
lers-ATmega48-ATmega88-ATmegal 68_Datasheet.p
df

[11] J. Watkinson. (2013). Art of Digital Audio. Znd ed.
Focal Press, 196-274.

(12] Texas Instruments. (2001). DACOSO8 8-Bit D/A
Converter. Texas Instruments.
http://www.ti.com/lit/ds/symlink/dac0808.pdf

3 Z(Hyun—Chang Lee) [R518]

- 1986 2¢ : Tist At
(FEAD

- 198949 8¢Y : w=thisla #xg st

CRRl)

0

(3P

- 1996 3% ~ 20054 2 : =7 ZRIF Ao A S Al Fak
- 20059 38 ~ @A =¥ Al SHeh JREAE

SkBe A
s @s

- TR} : mo|FIREEAA 3, JZ U A|AH]
- E-Mail : hclee@kongju.ac.kr





