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Abstract

Nowadays, stage lighting is gradually gaining popularity. But the stage lighting system which
relies on DMX protocol over the RS485 standard is still complicated to use and has high cost due
to wire cost, installation cost, and maintenance cost. This project is designing and developing the
IoT based stage lighting system which can control wirelessly, easy to use, and reduce the overall
cost. The system works on Server-Client Architecture. In the system, Raspberry Pi 3 Model B is
used as a server, NodeMCU is used as a client and the controller is developed for 2 platforms: PC
and Smartphone. The performance of this project is evaluated using the RTT/2 value between server
and client with 513 bytes/packet for 50 packets on the private wireless LAN. In the testing process,
at 5 m., 10 m., and 15 m. from the access point, the system works properly. The RTT/2 is 14.84
ms., 15.86 ms., and 16.92 ms. respectively which is smaller than the period of the maximum refresh
rate period (40 Hz, 25 ms. period). In conclusion, the developed system performs the task well. It
is able to replace the old system and able to work with the old devices seamlessly. In further
development, the server performance is improvable by using a multiprocessing programming

paradigm instead of multithreading.
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Figure Key

1 - “SPACE” for BREAK

2 - “MARK” After BREAK (MAB)

3 - Slot Time

4 - START Bit

5 - LEAST SIGNIFICANT Data Bit

6 - MOST SIGNIFICANT Data Bit

7 - STOP Bit

8 - STOP Bit

9 - “MARK” Time Between slots

10 - “MARK” Before BREAK (MBB)
11 - BREAK to BREAK Time

12 - RESET Sequence (BREAK, MAB, START Code)
13 - DMX512 Packet

14 - START CODE (SLOT 0 Data)
15-SLOT 1st DATA

16 - SLOT nth DATA (Maximum 512)

>0 1W; Entertainment Service and Technology Association (ESTA), "American National Standard ANSI E1.11 —2008

(R2018) Entertainment Technology—USITT DMX512-A Asynchronous Serial Digital Data Transmission Standard for Controlling

Lighting Pg. 17
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2.1.3.Qt GUI Framework
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2.1.4. Transmission Control Protocol (TCP)
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2.1.5. User Datagram Protocol (UDP)
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2.2, NUIVNMIVDI (Related Works)

2.2.1.Intelligent Stage LED light Control System Based On Android Smartphone
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I a 4 [ = < g}/
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7 channel (1 channel PRLGR "IQIIEJM”a 1 slot 11 DMX512)

T https://tools.ietf.org/html/rfc768
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2016.
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3.4.3.4.File Manager

H H 4
Wudruquameasunissans dsiamseinlva msdeulidsuds

J
A3 AOUAINYNABIVDS T1ld

Read file event occured

L

Read File

—

Store to
Object

—r—

Validate

e

Yes No

A

| Return True | | Return False \

end event

'

A o 9

51/ 3.8 Flowchart 381 Irlditaza$1s Scene Object Tagiinis Validate Soyamindiun

U

3.4.3.5.File Transmission

I 1 ~ 1 EaLl a L~ 1 4 o 1 1
ihuduiauqumsddamudumesiiia lasmsda Idvshmsdariuy
=< Y J o o g’/ X
Protocol TCP G9o0nuuy @5 ndaddun1sBia1uaeanils Controller 1ag
= b X = J o o J s A
Server 13 gnizanldainnaaesds Taslilensunissouazmsdala fawnse

nuthninengoamaaali laoa Tuaia



23

Send file event Occurred

Write file
from Buffer

f

Load file

.

initial Socket

broadcast Server call

paCk

Timeout event Occurred

return status

h 4

end event

[Retum Success] [ Return Status ]

|end|

end event

o o ' s . ' 4 ]
51/ 3.9 Flowchart M50 5uda ludues Client Tnovzda Packet mw1zioAUH1 Server luins 0419

A Yo ~ o =2 o I Yo
Lllﬂvlﬂiﬂ Packet Ne191 IP NAVNT 93U IP maxmﬂum‘u



Received event Occurred

set socket time
out

No
Incoming Incoming
Package Package
Yes Yes
Raise Package
Exception Correct

Send IP

1

Get file name

A

Get data
to buffer

<P

Yes

No

Write file

e

Send ack

L i g

close
connection

I

Return file
name

\ .1 - X

end event

24

Timeout event Occurred

return status

A 4

end event

o @ s 4 9 vy { Y o { o v o
31 3.10 Flowchart m3viaumissuliaves Server Taoniio 16511 Packet My Pattern Nmua 13 azvi

msas 1P nau lilieszydSu



UN 4

m‘mﬂamuazﬁ’uﬁnwa

A '
4.1, Hardware, Server #asn1350NN0
A ' o d 2 a vy ~ P} '
NAABIABUAD NodeMCU 1) MAX485 1INUUIITUNMIaIT0Ya Tasligutoyaniu
UART Interface Wuna@wnsodans lan I'ld Taetidsz@nsamiouminumsldumnivngm

Un@ ansndadoya’ld I Refresh Rate 1 40 HZ

||||"|lm
y I|||||."||",..:|I||
Y

o ||t
i
“’“" »

1.88Y Time 5.8080ms 00,0

31 4.1 Timing diagram Y@4d YA UNAIIN NodeMCU 52821195 NIN Packet 087 25 ms U Refresh Rate

40 Hz

deamsaniugu i 1duds Teiauszuumsyonde Tagldnaasuiisudszd@niam

[

F4
M3a9903aT21I 2 Protocol A0 MQTT 1Az UDP Iaenadol Latency vosdoya lAnaasil



M3 4.1 Mreawesmsasdeya Tagk1u Protocol AR

Period (1 s. Interval) MQTT Latency (ms.) UDP Latency (ms.)
1 20.35 13.01
2 21.51 13.41
3 20.82 17.92
4 21.20 14.99
5 21.65 14.52
6 23.54 15.89
7 22.48 16.96
8 21.76 16.25
9 22.49 14.52
10 21.71 14.30
11 22.04 17.16
12 22.67 15.51
13 22.35 16.44
14 22.58 15.85
15 20.86 16.40
16 22.36 16.91
17 21.52 16.96
18 20.70 16.65
19 23.54 16.55
20 21.00 14.97
21 20.61 15.06
22 21.02 16.12
23 22.21 16.86
24 20.24 15.28
25 22.00 14.71
26 21.10 16.32
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Period (1 s. Interval) MQTT Latency (ms.) UDP Latency (ms.)
27 20.90 15.77
28 21.46 14.75
29 22.64 14.63
30 21.35 17.04
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Sm. 10 m. 15 m.
Nth Packet
RTT (ms.) | RTT/2 (ms.) RTT RTT/2 (ms.) RTT RTT/2 (ms.)
1 26.43 13.21 32.95 16.48 32.18 16.09
2 30.17 15.08 30.18 15.09 35.04 17.52
3 29.55 14.77 29.15 14.58 32.13 16.06
4 26.90 13.45 32.54 16.27 32.86 16.43
5 31.44 15.72 31.56 15.78 33.65 16.82
6 31.46 15.73 30.53 15.27 30.51 15.25
7 31.14 15.57 32.09 16.05 34.29 17.14
8 24.31 12.15 31.36 15.68 33.46 16.73
9 28.95 14.47 32.40 16.20 33.11 16.56
10 29.58 14.79 29.93 14.97 35.26 17.63
11 28.24 14.12 31.50 15.75 35.62 17.81
12 30.83 15.42 30.83 15.42 34.84 17.42
13 30.59 15.30 32.19 16.10 35.09 17.55
14 32.27 16.14 32.25 16.13 34.72 17.36
15 29.69 14.85 32.33 16.17 33.65 16.83
16 32.77 16.39 31.72 15.86 32.79 16.40
17 29.03 14.52 32.44 16.22 35.46 17.73
18 28.65 14.33 30.89 15.45 33.38 16.69
19 32.06 16.03 32.77 16.39 35.46 17.73
20 28.59 14.30 30.14 15.07 33.29 16.65
21 31.63 15.82 32.76 16.38 32.08 16.04
22 28.07 14.04 31.37 15.69 33.72 16.86
23 30.62 15.31 31.05 15.53 36.54 18.27
24 29.93 14.97 32.86 16.43 32.77 16.39
25 30.12 15.06 30.30 15.15 32.54 16.27
26 31.24 15.62 32.14 16.07 34.30 17.15
27 28.72 14.36 33.49 16.75 33.98 16.99
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5 m. 10 m. 15 m.
Nth Packet
RTT (ms.) | RTT/2 (ms.) RTT RTT/2 (ms.) RTT RTT/2 (ms.)
28 29.72 14.86 33.79 16.90 33.51 16.76
29 28.32 14.16 30.89 15.45 33.88 16.94
30 30.35 15.18 30.96 15.48 34.46 17.23
31 30.71 15.36 29.24 14.62 35.32 17.66
32 29.68 14.84 30.11 15.06 32.33 16.17
33 29.09 14.55 31.61 15.81 35.71 17.86
34 28.50 14.25 30.18 15.09 34.44 17.22
35 30.76 15.38 33.19 16.60 33.36 16.68
36 29.58 14.79 33.31 16.66 32.05 16.03
37 30.43 15.22 33.41 16.71 33.26 16.63
38 29.64 14.82 30.50 15.25 34.16 17.08
39 27.79 13.90 31.99 16.00 34.42 17.21
40 28.92 14.46 31.98 15.99 34.77 17.39
41 31.66 15.83 32.19 16.10 35.31 17.66
42 28.99 14.50 31.96 15.98 31.17 15.59
43 29.12 14.56 33.46 16.73 38.28 19.14
44 29.27 14.64 33.12 16.56 31.26 15.63
45 30.70 15.35 33.07 16.54 35.58 17.79
46 31.15 15.58 31.31 15.66 34.38 17.19
47 27.98 13.99 33.18 16.59 32.94 16.47
48 28.79 14.40 31.30 15.65 32.57 16.29
49 30.63 15.32 31.91 15.96 32.24 16.12
50 30.11 15.06 29.90 14.95 34.63 17.32
Average 29.70 14.85 31.73 15.86 33.86 16.93
SD. 1.55 0.77 1.18 0.59 1.47 0.73
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4.3. Mobile Application
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