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Implementation on Wi-Fi/IR Gateway and Smartphone Application
for Integration and Control of Consumer Appliances
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ABSTRACT

Recently, the Smart household appliances to provide Smart services have been actively spreaded by providing
IoT(Internet of Things). Also, the appliances which Wi-Fi and Bluetooth can directly control are preferred. But
until now, the most household appliances are based on IR(InfraRed) and the each procotols of them are different.
In this paper, to solve these problems, we suggested the system to control both smart appliances and general
appliances by using Smart phone. The system is “Wi-Fi to IR” gateway which receives the Wi-Fi signal to
convert to IR signal and transmit it. Also, we made the remote control function in specific brands’ appliances
possible to most brands without limitation and tried to control not only one remote controller for one TV brand

but also for all brand without limitation.
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Fig. 1. System conceptual diagram
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Fig. 2. WiFi Transceiver Circuit Diagram
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Open-drain output

Sl 1 oen dainoutpt

fommunicatio
<WAKEUP control>
Default HIGH

<RESET control>
Default HIGH

output Input pullop

12 3. Wi-Fito-IR chip 7+ 541 why
Fig. 3. A communication method between Wi-Fi-to-IR chips

O3 4. RAZ A7) 3=
Fig. 4. IR Signal Generator Circuit

017141 4#32] IR LEDS HE 2 43| 360= Hl3k
22 Ao A5E EHs AAISIaL dl~Estch
171¢] IR LED= 4137} &354 o <7t A/ 400mA
7t A AABI oF AR 15m o]AFe] AlES Al
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1% 5= WiFi-IR Alo]Ede]e] AA|4ql A4l

N IR Signal
Generator

Wireless/Serial
Communication
Controller

WiFi
Transceiver

Serial
Communication

J% 5. WiFi-IR Ae|Ege] /=
Fig. 5. The Concept of IR Gateway

1. A A o7 24
Table 1. Requirement of RF Repeater

Signal TTL level 3.3 +0.5V
12C,(Clock speed:
100kHz ~ 400kHz),
Wakeup Signal GPIO

Reset Signal GPIO

Communication Interface
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Fig. 6. The Concept of Smartphone Application
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¢17]4+= WiFi signal S IR signal 2 W3ksl= 41
Z2EF Sol 3 ulg-S Aol

X 25 B3l delelrt A= £Ae el
ol A WAZ ~ntEE 2 PC Selld 2] st
+ IRAZE 55 dlo]gfuo] o)A 2o} WiFiZ IRF
A7Vl AgR). F HAR REA7 A& wols
o1zl WiFiAlZ2 12CAl5 2 Wilsle] R HE7]el
A3} A HARZ IRAF7] A IRASE @3 A
ol 53k}

F 2. IR Hlol®] AF 34
Table2. Transmission process of IR data

(Android, PC, -+ )
Output of IR raw data (Referring to Table 3.)

| (Transmission through WIFI)

WIFI-IR MCU
Distributing packet per 250 bytes (Referring to Table 4.)

| (Transmission through I2C to MC96FR116)

(MC96FR116C)
Integration of distributed packet to restore IR raw
data

3.1 WiFi H[o|5 =Zg{e

Asa F A Al WiF Alzr) AdsEls 3
& A=gith

A HAR IR Ae]Eo]el oZ2Alolde] A
5 PCH ArtEEo] WiFi2 2=, FA7]= 13
7| Y2 WiFi Reading protocol= £3}9 IRZA|7]
o] ARZ At} e eIe] 3 Wi 2ul]EE
dlole] Zol& vehfar, Fe] 4ulo] B o] WAl

® E7|7| Address

[A7]A6TAsTA4[A3[A2[A1R0] .
Lilol1 o o o o]o]—— WiiaddressisAoH)

 wifi READING Protocol
To read information data ,we use reading data protocol. The information data should be read 8bytes serially in one time.

Wi to smartphone read data

[Length Goyie) | datetiyter [checksum oyte]
[Toomoon | omom [ omown | oomem |
| o1 i
4426 V1.0 MC96FR116C | Packet Checksum of
(data(@B) +checksum(28) => 6byte) Previous 6 bytes communication data(length+data)
(00h+06h+01h+01h+01h+06h=000Fh)
* The sequence of information data
ngth
yte Length
yte S/W Version
yte DEVICE ID
yte Packet Checksum

12 7. WiFi $7] ZREZ o4
Fig. 7. WiFi reading protocol example
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9] FaE vehdit) o] -5 FhEsle] IRAISS
FIE AR dubd e Aol e|male Fut
S oF 38-43kHzolh 4R n2WlA)

# data Specification

Integer Send (String IRCode, Integer frequency)
IRCode : comma separated list of On/Off timing pulse counts as a String
Frequency : Frequency of IR signal. Supported frequencies 0 — 455KHz

Send(173.171,24.62.2461,2462.24.17,24,17,2418,2417,24,19.22,62.24,61,1880',68000) //IR command example

"ol 50 v1ES of pule o o and carr ity dat> |

IR Pulse Data Transmission

s i s ransited s,
# Wifi WRITING Protocol
Smartphone to vifi data /—/\ﬁ
e e e e e e (e e

]
% | ewm | w | m I ] I
I T I \m | o | [ omen | e |

1

50+2-52 Packet Checksum of Previous 52 bytes
(carrier(4B)+ pulse(468)+checksum(28) => total 528) of communication data.

Summed by byte unit from Length to
last Pulse data,

“Max 2048 data can be buffered in 2Kbyte XRAM
16 Checksus
00H + 331 + 00H + OTH + 00H + AGH + ..+ O7H + 50H

0% 8. WiFi 27| Z2EF 4]
Fig. 8. WiFi writing protocol example

¥ 3. WiFi dlolg] ZHg 7=
Table 3. WiFi data frame structure

= AAE WiFiE E3l 745‘—5101?’ IR Al&o] digt
W-golek n-1A 52 285 n-2WA 57}
2] Checksum3 YFEPAT}. Checksum-2 [2] ~ [n-1]
7] 25 T8k ko] 3F9] 16bit valueo|t}. Byte
order= Big-endian 2 3}t

e 5ol s, AelelFalrrt 38 kHzsl
735 15719] AMelelFata EH el oF 26.31 us®] Al
Zro] Z=25]7]ell 5 ms (5000us)S] B EFHO| 75
oF 19071¢] sNe]olFzta EH At slidshe ot
Al o] F7E Zolgke] 19091 dHlelel7} gk

3.2 12C Hlo|gf =&

WiFi A137} A2 Soled RCE WH7E o
IR A%7|2 A4Eth I 4= WIFE 355 o] Sof
2 dele7t 2CE A5 wjo W-golcth 1A g5
2 AFEe W7 =A2E 7127, 0% A1zbslA
gFle] AL 1R Zr)slc) 2814 22 dlo]E]
Afo]=E e, 2527} ) Alo]=c) 39 ES
AFE= 1R o6 E 712]7]H, 41 352 o] IR ¢
olE]el] gt ChecksumS vFeRdic), 12 9-& Foj o
gk dlele] =)o) & viephich

9 W82 AEE = dlofel7} 250ute] E o]3}e) uf
o] ugelrh. AIRE 250mfe]E olite]  wHW
Fragmentation2- Zl8islo] ojz] 79| Fzleg vy
A A} ol 27 103} 11-2 Fragmentation©]
o] Fo|A wje] dlole] Za|lol| wisiiA vepdc) ut
Fo| AlAbd uf 73] 109} 72 HHE AR jﬂﬂc’] il
FEH, 13 119 98 S FFle] A wizbx]

E 4. 12C dHloJe] ZH Y 7=
Table 4. 12C data frame structure

No|Size| Array | Content Remarks No | Size Array Content Remarks
1| 2| [01] |Data Size| D2 Size except Packet | Packet number
essential field. 1 1 [0] .
number | starting from 0
Repeat .
2|1 [2] Type IR Signal Repeat Type Data size
Carrier Carrier Freugency of IR ::XTSPI essential
3| 3 |BIdst| L | Signal Sl | L
9| (ex: 38000 for 38 kHz) (1 sige | Max 252
4l 2 61171 High of | Length of HIGH period lz’acket data
Ist pulse | of First Pulse 15101; )
512 [81[9] Low of | Length of LOW period checksum 2)
Ist pulse | of First Pulse Packet packet data
High of | Length of HIGH period 3 | <=250 | [2] ~[n-3] distributed per
n-3| 2 |m-6][n-5] Data 1550 byt
last pulse | of Last Pulse yte
Low of | Length of LOW period Checksum
n-2| 2 |[n-4][n-3
[n-4][n-3] last pulse | of Last Pulse 4 2 [n-2][n-1] C}:iflks (16bit) from
n1| 2 |[n-2]fn-1]| Checksum Checksum from [2] to [2] to [n-3]

[n-3] (16bit)
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4 IR Pulse Command Packet

Packetindex| Length | R Carler requency | RPuse | RPuse | WPube | RPuke WPube | Chedsum
(tbyte) (1byte) (4oyte) (@byte) (2byte) (2byte) (@byte) (2byte) (2byte)
0 2 60 m m u @ |, XOVH
[ 3| OOH, O1H,09H AOH | OOH ADH | OOH ABH | OOK 18H | OOK3EH O SR |0, YYH

Packet Checksum of Previous 52 bytes of
communication data,

Summed by byte unit from Packet index to
last IR Pulse data.

Length = 528
(carrier(4B)+ Rpulse(468)+checksum(28) =>

*Max 250 byte IR data can be sent in a packet.

If full IR data s greater than 2508, U16 Checksum =
it should be sent by 2508 unit with increasing packet index. AR 2 o O O o e
Therefore Length data can be maximal 252 in a packet.

If Length data is less than 252, FR116C finishes receive operation and starts IR emission.

If Length data is 252, one more packet with packet index increased and packet length of 2 should be sent for termination.

32 9. RCE AFHE R dlolE 35 44
Fig. 9. IR data transmission by 12C

# IR Repeat Start Command Packet

Packetindex|  Length er Frequency| Repeat tart | R Pulse | Rpulse | I pulse | R Pulse Checesum
Gyt | (byte) | (bye) Gbyte) |indexGbyte) | Qbyte) | @byte) | @byte) | @byte) @byte)

o | w | wm | e I I I O I e

00H [ o1 00K, 96H, 00H | 00#, 06H [ 00, ADH | 00w, ABH [ 00w, 18H [ oon, 3en XY |

Repeat  Carrier Info ‘
mode .

Repeat Start Index

is offset point from Repeat mode byte. Checksum (16bit)
If 6, IR s repeated from first IR pulse. Total Summation
If any other, IR is repeated from that point from Packet Index
after last IR pulse data. to last IR pulse

Length

Total Packet Length from Repeat Mode to
checksum

g 10, b AR EE el
Fig. 10. Repeat Start Command Packet

4R Repeat Stop Command Packet

PacketIndex | Length HOST READ Checksum
(tbyte) | (lbyte) byte) @oyte)

0 6 NIEECCH 0204t

O 06H 11H, 334, EEH,CCH | 02H, 04K
A

Packet Checksum of Previous 6 bytes of communication data.
Summed by byte unit from Packet Index to Repeat Stop

4426 ‘
command.

(command(48)+checksum(28) => 68)

U16 Checksum =
00H + O6H + 11H + 33H + EEH + CCH = 0204H

L R A A
Fig. 11. Repeat Stop Command Packet
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5.4 A& Znf

5.4.1 SE7Hz]

¥ 7. 2~vlEE glng EE282E 3] A}

Table 7. Result of the registrated remote controllers list
in smartphone

IREA717} AA| A8 347 $A15F 3o Product Name Number of Number of
EARAE o] Aglell Shlsilel 10m Aol Pr— e
Ag3150m] TVE OnjOff 3] Agstsirk A2 Loy

- Audio system 154 871
= & 49} 7o), 100% HEEZ 7HAIH 12,085702) Y
Vel A&e zsskadrt. Blueray play 74 257
DSLR camera 7 12
E 5. E970e 845 DVD player 206 972
Table 5. Result of distance coverage test Fan 28 188
- Light 2 2
Units Result
B Projector 25 133
Distance m 10
Settop box 1365 4666
Accuracy % 100 -
Number  of A 12,085 Streaming box 54 110
products ’ TV 608 4261
Total 12,085
5.4.2 AT
il AR AFE SRR A 22 3l V.4 =2

A A= e F 3700 Alsel dal 10514 A1
S AL 3 63 3Lo] F 37He] Alsel wisjA
103] Ao]2 A=slels, 103] 2% A4k 2hEs}o]

E 6. 4 A= Ay A3
Table 6. Result of Reception accuracy test
Number of | Number of | Accuracy
Attempts successes (%)
Sample #1 10 10 100
Sample #2 10 10 100
Sample #3 10 10 100
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