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Absract: Due to recent industry 4.0, manufacturing has changed a lot. In particular, it is necessary to control the controller
and controller of the control system, to communicate various production information and measurement information, and
to produce a database in accordance with the flexible production for a small quantity of various items, and to manage
the trend of major parts of production facilities. In this paper, we developed a multiple wireless communication controller
for small scale control system for smart factory by applying XBee and microcomputer. This controller is cheap and easy
to build multi-radio communication environment of 1: N and can control and monitor control system. In addition, we
tested multiple wireless communication controllers by using signal processing device and C++, and constructed network,
control, and database for mechanism module, and confirmed effectiveness for industrial application.
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Fig. 1. Stack structure of ZigBee.
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Table 1. Wireless communication technology standard comparison

of IEEE 802.
R ZigBee Bluetooth Wi-Fi
Classfication 5154y  (80215.1)  (802.11b)
2.4 GHz,
Frequency 915 MHz, 24 GHz 2.4 GHz
868 MHz
Modulation DSSS FHSS DSSS/CCK
250 Kbps,
Data rate 40 Kbps, 7132M£E& 11 Mbps
20 Kbps Ps
Transmisson 4575 m 10100 m  60~90 m
distance
Mesh,
co:fiewl\fartli(on Star, Mesh Point-to-Point
9 Cluster tree
Network size 65,536 7 <10
600 KHz,
Channel band 2 MHz, 1 MHz 22 MHz
5 MHz
Transmit power  -4~20 dBm 0~20 dBm 0 dBm
Waiting time 30 ms 10 s 35s
Chip set cost Lowness Height Lowness
Importance Communication Convenience Communicati
P reliability, cost on speed
L Monitoring, Cable Web, email,
Applications .
control replacement video

Table 2. Characteristics of ZigBee by frequency band.

Classification 24 GHz 915 MHz 868 MHz
Data rate 250 Kbps 40 Kbps 20 Kbps
Channel 11~26 10 1

psss 32 chip PN 15 - chip PN code
code

Symbol rate  62.5 Ksym/s 40 Ksym/s 20 Ksym/s
Chip rate 2.0 Mchips/s 600 Kchips/s 300 Kchips/s
Sensitivity -85 dBm - -
TLZ“NS';” od Bm (1 mw)
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Fig. 2. Network configuration of ZigBee.
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Table 3. Specification of XBee.

Specification

XBee

Indoor/Urban range

up to 100 ft. (30 m)

Outdoor RF line-of-sight range

up to 300 ft. (100 m)

Transmit power output
(software selectable)

1 mwW(0 dBm)

RF data rate

250,000 bps

Serid interface data rate
(software selectable)

1200~115200 bps
(non-standard baud rates

also supported)
Supply voltage 28~34 V
Transmit current 45 mA (3.3 V)
Idle/Receive current 50 mA (3.3 V)
Operating freguency ISM 2.4 GHz
o .l Bqu\ler gﬁf‘fr; |-_' Tapsmitier _LRF Switch
CcTs |
vec —> Processor ' H(C Antenna
oND = J_r Port

RF RX .

o Bsf?er Buffer I. [~ Receiver

Fig. 3. Internal data flow diagram of XBee.
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Fig. 4. Network configuration of multiple wireless communication
controllers.
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Fig. 5. Middleware signal flow of multiple wireless communication
controller.
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Fig. 6. Block diagram of multiple wireless communication
controller.
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Fig. 7. Tota circuit schematic. () MICOM section, (b) power
regulator section, (c) wireless communication section, (d) digital
input section, (e) digital output section, (f) differentia analog &
load cell input section, (g) digital analog converter section, and
(h) expandable temperature sensor section.
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Fig. 8. The appearance of multiple wireless communication
controller.
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void CloTedulDlg::OnSendData(BYTE
BYTE data)
{
BYTE send_datal6];
CString str_id, str_data, str;

id, BYTE cmd,

send_datal0] = (BYTE)Oxaa:
send_data[1l] = (BYTE)(id):
send_data[2] = (BYTE)(cmd):
send_data[3] = (BYTE)(Oxff & data):

send_data[4] = "\0'
m_comm->WriteComm(send_data, 4):

®  com coma v| Buad [9600 ~| 5 7|
Machansm ,[2 .|
[min=38 sec=33 msec=328 d=1 cm:'

ToT AUTO =

Fig. 9. RS-232 communication test of UART. (&) Functions for
sending and receiving data and (b) RS232 communication test.
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Fig. 10. Network configuration test of multiple wireless com-
munication controller.
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Fig. 11. Controller response time according to input command.
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Fig. 12. GUI implementation for control and monitoring of
mechanism modules.
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Fig. 13. Mechanism module control using multiple wireless com-
munication controllers.
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Fig. 14. Lift displacement of cam and chain mechanism module.
(a) Lift displacement of cam lifter mechanism module and (b)
lift displacement of chain lifter mechanism module.
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