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ABSTRACT

The IoT system is a structure in which objects are connected to the Internet and operated. Things are
composed of relatively simple hardware (HW) and software (SW), and the operating speed is relatively slow.
However, it is necessary to design a wide range from hardware to higher application layer. This paper is a
tutorial paper on practical design methods of various parts of Things in IoT system. The Things section consists
of sensors, hardware and software, and is connected to the Internet via a hub with WiFi capability. Because the
hub is a commercial product, and the sense is made up of parts, I focused on how to design hardware and
software in things. Things have a small amount but a wide variety of things. For this reason, Field
Programmable Gate Array (FPGA) is used to allow freedom in hardware design. We also designed the software
using the Arduino board, which is easy to program with a slow operation speed. Such a method can have a
high degree of design freedom while minimizing the cost of time, effort, parts used, and investment. This is

possible because it exploits the characteristics of the IoT system.
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Fig. 1. Interconnection in SoC
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Fig. 2. Time Slot Assign, Example
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Fig. 3. Simple Control Interconnection by Using GPIO
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Fig. b. Control Register Table for FPGA

Bl fodule control block (resetn, osc, enable, addr_val, ex_data,
ctl_reg(0], ctl_reg(l],ctl_reg(2],ctl_reg(3],ctl_reg[4],ctl_reg(s],
ctl_reg[6],ctl_reg[7],ctl_reg[e],ctl_reg[9],ctl_reg[10],ctl_reg[11],
ctl_reg[12],ctl_! eg[ 3], ctl_reg[14],ctl_reg([15] ):

o esecn, osc, emable, addrval ; inpuc [3:0] ex dats ;

10 if (!resetn) begin addr <= 0 ; data <= 0; end
11 B else begin

addr_val == 0) begin addr <= ex_data ; end
13 else if (enable == 0 & addr_val == 1) begin data <= ex_data ; end
14 else begin addr <= addr; data <= data ; end

ys @(posedge osc)

R
20 else begin

(!resetn) begin addr <= 0 ; data <= 0; end
({addr,data})

do, 4'd0} : ctl_reg[0] <= 4'd0 ;
{4'd0, 4'd1} : ctl_reg[0] <= 4'dl ;

Fig. 6. Data Receiving Example

Fig. 7. Data Receiving Code, Simulation Result
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delay_test_sketch_feb16:

5 void loop() {

6 digitallrite (2,1)
7 digitalllrite (3,1) ;
8 digitallirite (2,0) ;
9 digitallirite (3,0)
10}

Fig. 9. MCU Input Data

void setup() {
Ied.

in(16, 2); // LCD 37| &%
3in(115200);

(2, INPUT); // DO (From PO )
(3, INPUT); // D1 (Frome P1 )
(5. INPUT); // EN (Enable)

4

12 int Data0 ;

13 int Datal ;

14 int Enable ;

15 int Toggle = 0 ;

16 void loop() {

17 Enable = digitalRead(5) ;

18 if (Enable == 0 && Toggle == 0 )
1

if (i==0)4{lcd.clear(); lcd.setCursor(0, 0); }

21 else if (i==16) { lcd.setl 1% 3

2 else if (i==32) {i=0; led.clear(); lcd.setCursor(0, 0); }
23 else { }

24 Datal = digitalRead (2) ; // D2 Read as D0

Datal = digitalRead (3) ; // 03 Read ad D1

Togale = 1 ;

if (Datal == 0 8% Datal == 0) { Serial.printIn("0"); lcd.print("0") ; }
28 else if (Datal == 0 && Data0 == 1) { Serial.printin{"1"); led.print("1") ; }
29 else if (Datal == 1 && Data0 == 0) { Serial.printin{("2"); led.print("2") ; }
30 else if (Datal == 1 && Datal == 1) { Serial.printin("3"); lcd.print("3") ; }
31 else { }
i=i+1;
34 else if ( Enable == 1 & Toggle == 1) { Toggle = 0 ; }
3B else{}

i

| 8123012391230123 |

- B123012308123 i

Fig. 10. MCU Side, Data Receiving & LCD Display
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Fig. 11. FPGA Development Board

Property Name Value =
Evaluation Development Board | None Specified B
Product Category | Al ]
Family | Spartan6 %)
Device | XCBSLX9 ¢
Package | TQG144 |

Speed |-2

Fig. 12. FPGA Device Selection
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Fig. 14. Simulation after Synthesize
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Fig. 15. FPGA Pin Assignment
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