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Abstract

The wireless control system is proposed in this project. The designed system is applied to
the motor speed control system. The status of the process parameters can be displayed real-time
through the monitor and also recorded in the database for future access. Microcontroller
PIC16F877 is used as a processor to implement the system. The communication between

computer and microcontroller PIC is base on the use of radio frequency 2.4GHz.
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10:16:00 10:17:00 0:01:00 19:52:52 12/11/2549 0
13:02:11 13:03:00 0:00:49 19:52:57 12/11/2543 0
19:51:31 19:53:00 0:01:29 19:53:02 12/11/2549 0
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w. Form1

fwaufl (2671072548 <

BX

fa¥udl [267107 2549 -]

Time Set Speed Speed Date Load
16:11:31 980 980|  26/10/2543 2
16:11:35] 980 980  26/10/2543 2
16:11:41 980 980 26/10/2549 2
16:11:46 380 980| 26/10/2549 2
16:11:51 980 980 26/10/2549 2
16:11:56 980, 980} - .26/10/2543 2
16:12:01 980 980{ ~26/10/2548 2
16:12:06, 980 980|  26/10/2549 2
16:12:11 980 980 ~ 26/10/2549 2
16:12:16 980 980}  26/1072549 2
1812:21 980 980( - 26/10/2549 2
16:12:26 980 980| — 26/10/2549 2
16:12:31 980 880|  26/10/2549 2
16:12:36 38D, 980[  26/10/2549 2
16:12:41 980 360]. " 26/10/2549 2
16:12:46 380 9B80[ 26/10/2548 2

Vumﬁn '

JUN 4.6 fmundundosmsganuzmitiau

(I Fima T Y otor : Tab -
Date Stant | TimeSiart| Date Stop | Timie Stop | Time Total{a § | Time [ Sat Speed | Speed|. Date | Load |~

6/9/2549, " 16:54:00. 6/9/2549 . 16:56:00.0:02:00 19:53.01 980 9801211 1/2549 0

26/10/2549 ", 10.03:16') 26/10/2549  10.02400:00:24 195301 980 980 2/11/2649 0

226102543 1003.46. 26M0/2549  10:04.030:0017 19.53:01 980 980y 2/14/2549 0

26/1072549  10:04:23 2611022549 10:05:32 0:01:09 19:53:01 980 980, 2/111/2549 0

26102549 10:06°47 26/10/2649.° 10:07:48/0:01:01 19:53:M 980 980 2/11/2549 0

26/10/2549  13:23:57 26102549 ©13:24:09.0:00:12 19:53:01 980 980 211/2543. O

5/11/2549 9:30:30 SML548 9:31:4410:01:14 19:53.42 580 980 2/11/2548 0

| 91172548 9:56:56. 9/11/2548;, 9:57.00 0:00:04 19.62:47 980 980 2/11/2549 0

9/11/2549 10:16:00 9/11/2549 10:17.00.0:01:00 " 19:52:62 980 980 2/11/2549 0

9/112549 130211 9/11/2549. 13.03.00 0.00:49 } 19:52:57 980 980 2/11/2549 0

12112549  19:51:31° 12/11/2549  19.53.00 0:01:29 i | 19:53.02 980 980 2/11/2549 0

»
Recorc: (1) 4] 35 [P JP1Jp%) o 38 Record: (IO 4)[ 1445 + [M)s - of 1449

U7 4.7 gouzmisihauiifyTugudoya Access 2003
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RF-MODULE TRW-2.4G

Ensemble list

Transmitter Receiver
TRW-2.4G(250kbps) TRW-2.4G(250kbps)
TRW-2.4G( 1 Mbps) TRW-2.4G(1Mbps)

Suface And Size View

11 3 |
:
3 -. !

BOTTOM VIEW

57

Distance
280m
[50m

TRW-2.46 Series
Surface and size view

0.6CM

Wiring Diagram

TOP VIEW

wiCC
DR2
DOVT2
DRt
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Conditions: VDD = +3VOVSS = 0\ Ty = - J0°C to + R3°C

Symbol [Parameter (condition) [ Notes | Min. | Typ. | Max. | Units_
Operating conditions
VDD Supply voltage 1.9 3.0 30 v
TEMP  fOperating Temperature -40 27 1§35 “
Digital input pin o
Vi HIGH level input voltags VDD- 0.3 VDD v
Vi LOW level input voltage Vs 0.3 v
Digital output pin
Vg HIGH level output valtase {1y -0. SmA) YDD- 0.3 VDD vV
Vo LOW level vutput voltage Uar =0 Sma) Viss 0.3 v
General RF conditions
Iy Qperating lequency } ] 2400 2824 i\-l'H;:_.
Al Freguency deviation : 1156 kHz
Rarxg Dara rate Shock Buist'™ ) 1wt kbps_
‘ IEE'II'I o Channel spacing | MMz
Transmitter operation
Py Maximum Quiput Power 4) ") v dBm
P RE Power Contral Range 16 20 dB
Prevk R¥ Power Control Range Resolution i3 JdB
P 30dB Bandwidth for Modulated Carner 1400 k2
Py 2" Adjacemt Channe! Transimit Power 2MHz -y dBm
Ppps 3™ Adjacent Channel Transmit Power 3MHz -0 JdBm
viyp Supply current i OdBim ouiput power 5 R mA |
hpg Supply current i - 20dBm output power ) 8.8 mA
Iy Average Supphy cutrent (g -SdBim cutput ¢) 08 m.A
power, ShackBurst™
Iyin Average Supply current in stanid-by mede 7 |2 UA
hpp  [Average Supply current in power down | O uA
Receiver operation .
[N Supply current sme channel 250kbps I8 mA
1\ gy Supply curtent enc channel 1UGOKbyps 1 mA
1y 11 Supply cucrent twe channels 230kbps AR} mA
[T Supply current two channels 1800kbps J ] 25 mA
RXsing  [Sensitivity at 0, MBER (5t 250kbps) -0 dBm
RNgins  ISensitivity at 0 1¥LBER (] 000kbps) . -N0 dBm
Cleg  JCA Co-channel 6 JB
Cihisy I Adjucent Channel Selectvity CA vz -1 B
Cloapy 2™ Adpacent Channel Selectivity O 2MHz -6 o JdB
CHamn 13" Adjocent Channe! Selectivity €A 3MH2 226 JdB
RN, Blocking Data Channel 2 -41 JdB
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WENSHING
TRW -2.4GHz Radio Transeceiver

ShockBurst™

The ShockBurst™ technelopy uses on-chip FIFO w clock i data atu fow dita rae
and transmat ata very lugh rate thus enabling extremely power reduction.

When eperating the TRw-2.46 1 ShockBurst™. you gam aceess to the high data rates
{1 Mbpsj offered by the 2.4 GHz band without the need of a costly, high-specd nucro
controfler (MCLY for data processimg.

By putting all high speed signal processimg related wo RF protocol an-chip. the
TRW-2.46 offers the follpwing benetirs:

e Highly reduced current consumption
e Lowersystem cost (Tucilitates use of less expensive micro controller)
e Greatly reduced risk of “on-wir” collisions due to short transmission time

The tRw-2.46 can be programmed using a simple 3-wire interface where the data rate
18 decided by the speed of the micro controller.

By allowing the digital pirtof the apphication to run at low speed while maxinnzing,
the data rate on the RF link. the nRF Shock Burst™ mode reduces the average currem
consumption n applications considerably,

ShockBurst™ principle

When the TRW-2.46 15 canfigured m ShockBurst'™ TX or RX operation is conducted
i the tollowmy way (10 kbps for the exaumple anbv).
!
>

Confinuous 19k yps TRW-2.4G
8-bit _[:l [ 1

MCU RIRURRRUREEN

FIFQ
ShockBurst™  1Mbps

Figure d Clacking i data with MCU aind sending with ShockBurst™ technotogy

without ShockBurst™, running at spesd dictated by 10Kbs MCU

| ‘ < 10MA periode >
T 10MA perlod 10Kbs MCU with ShockBurst™

1 20 40 [418] Sh iy 120 140 1 O | su {1 224 240y
Time mS

Figure 4 Current consumption with & without Shock Burst™ technology
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TRW-24C n

ShockBurst™
IX (CE=h)?,

YES
Data content of registers:

uContrcller
Loading ADDR

and PAYLOAD ADDR PAYLOAD
data

Maximuyn 256 bits
Iy

TRW-2.40
Calculating CRC ADDR PAYLOAD CRC

NO
CE=Low?

YES

TRW-2.4G

Adding Preamble Pre-
Q amble ADDR PAYLOAD CRC

TRW-2.4G
Sending
ShockBurst™
Package
(250 ¢r 1800kbps)

Input FIFO nol Emply

YES

Sending
completed?

Fraure 2 Flow Clurt ShockBurst™ Transmit of TRW-2.46

nRF2401 ShockBurst™ Transmit:
MCU interface pins: CE, CLK 1, DATA
1. When the application MCU has data 1o send. set CE high. This activates
TRW-2.46  On-board data processing.

2. The address of the receiving node (RN address) and pavload data s
clocked nto the TRW-2.46 . The application protocal or MCU sets the speed
< IMbps tex: 10kbps),

MCU sets CE low, this activates a trw.24a  ShockBurst™ transmission,
TrRw-2.46  ShockBurst™:
o RF front end is powered up
e RF packape s completed (preamble added. CRC caleulated)
e Data s transnutted at high speed (230 kbps or | Mbps configured
by user),
e TRW-246 return to stand-by swhen finished

(9]
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aw.2a6 |
ShockBurst!™
RX?

Data content of registers:

TRW-24G
Delecls o
r PREAMBLE and re- ADDR AYLOAD one
Incoming Data amble

Figure 3 Flow Chart Shock Burst™ Recetve of TRW-2.4G

ADDR PAYLOAD CRC
TRWL240G
Receives Data
and ADDR PAYLOAD CRG
Cheecking CRC
ADDR PAYLOAD CRE,
TRY®2 4G -
Sel Data Ready 3
(DR1/2) high PAYLOAD
uCantrofler
Clocks outt .
Payload PAYLOAL
~’na.v.'a.m
Renlstar
Empty?
YES
TRW.2 40
Sats Dala Readly !
(DR1/2i lows Oulput Regisler Empty
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TRW-2.46  ShockBurst™ Receive:
MCU interface pms: CE. DR1, CLKY and DATA {one RX channel receive)
. Correct address and size of payload of incoming RF packages are set when
TRW-246 15 configured to Shock Burst™ RX.

2. Toactivate RX, set CE high.

3. After 200 ps settling, Trw-246 18 monitoring the air for meoming
communicanon.

4. When a valid package has been recerved (correct address and CRC tound),
TRW-2.4G Icmonves the preamble, address and CRC bits.

5. trw-24c then notifies {interrupts} the MCU by setting the DR pin bigh.

6. MCU may {or may noti sct the CE low to disable the RF front end (loav
current mode).

7. The MCU will elock out just the payload data at a suitable rate {ex. 140

kbps).

When all pavload data 1s retrieved  TrRw-2.46 scts DRI low agam. and 1s

ready for new incomunyg data package if CE is kept hagh during data

download. If the CE was set low. a new start up sequence can begin, see

Frowre 12 ‘

7.
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DuoCeiver™ Simultaneous Two Channel Receive Mode
In both ShockBurst!™  muodes the ryv-24a  can facilitate simultancous
reception of two puradlel independent frequency channels at the muximum duta rate.
Thix means:
®  TRW-246 can receive data trom two 1 Mbps transmatters {oX: TRW-2.46 wi
TRW-2.4G_) 8 MHz (X requency channels) apart through one antenna
interface.
e The output from the two data channels is Fed to two separate MCL
interfaces.
o Datachannel [: CLK 1. DATA. and DRI
e Data channel 2: CLK2, DOUT?2, and DR2
e DRI and DR2 are avadable ondy in ShockBurst'™,
The TRW-246  DuoCeiver™ technology provides 2 separate dedicated data channels
tor RX and replaces the need tor two, stand alone recaiver systems.,

TRW-2.4G
Tx/Rx
TRW-2.4G E:>
Tx/Rx
<‘§‘ TRW-2.4G
Tx/Rx

Figure 4 Simultancous 2 channel receive on trw-2.46

There s one absolute requirement for usimg the sceond data channel. For the TRw-2.46
lo be able w recerve at the sceond duta channel the trequency channel must be 8MHz
higher than the frequency of data channel 1. The TrRw.2.46 must be programmed o
receive at the frequency of dara channel 1. No time multiplexing is used i 1ryw.2.46
to fulfil this function, In dircct mode the MCU must be able o handle two
simultancously mcoming data packets it it s not multiplexing between the two data
channels, In ShockBurst™ it is possible tor the MCL o clock out one data channel at
a e while data on the ather data channel warts for MCU availabitity, without any
lost data packets. und by doing so reduce the aceded performance of the MCU,

Clock ADDR. DRA1
Fapy ™ Recovery. i CRC —ww CLK1 > DataiFp
DataSlice Check — DATA
Clock ADDR. [ DR2
Frea=Frpt8MHZ | ——»  Recovery. s CRC | B CLK2 DataiF g
DataSlicer Check l—pwl DOUT?2

Figure 8 DuoCeiver™ with two simultancously independent receive channels,
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DEVICE CONFIGURATION

All configuration of the  Trw-2.46 18 done via a 3-wire mterface to a single
contiguration register. The configuration word can he up to 13 bytes long for
Shock Burst™

Configuration for ShockBurst™! operation

The configuration word m ShockBurst!™ cpables the TRW-246 to handie the RF
protocol. Onee the protocol is completed wnd loaded e TRW-2.46 anly one brte.
vt 7:0). needs to be updated durmg actual aperation.

The configuration blocks dedicated to ShockBurst™! 1s as follows:

e Pavload section width: Specitios the number ot payload bits in a RF package.
This enables the TRW-2.46 10 distinguish between payload data and the CRC
bytes n a recetved package

o Address width: Sets the number ot bits used tor address in the RF package.
Thix cnables the TRW-246 o distingtish between address and payload data.

e Address {RX Channel 1 and 2} Destimation address for received data.

e  CRC: Enubles nRF2401 on-chip CRC generation and de-coding.

NOTE:

These configuration blocks. with the exception of the CRC, are dedivied for the
packages that o TRW-2.46 is 10 receive.

In TN mode. the MCU must eenerate an address and o payload secuon that fits the
configuration of the TRW-246  that 15 10 reveive the duta.

When using the TRW-24G un-clup CRC Feature enstre thae € RC s enabled i uses
the same length for both the TX and RX devices.

PRE-AMBLE | ADDRESS PAYLOAD CRC

Figure 10 Data packet set-up




65

WENSHING

TRW -2.4GHz Radio Transeceiver

Configuration Word overview

Bit Number Name Function
position | of bits
- 143:120 24 TEST Reserved for esring
& - — - e
'ﬁ 19:112 S DATAZ_W Length of dota payland section RX channel 2
= - -
2 F1i:b04 8 DATALI_W Length of daty paylead scetion RX channel |
= F02:04 40 ADDR2 Up o § byte address for RN channel 2
=] = oo -
ot 63:24 40 ADDRI Up tee S byte address Tor RX channel |
”~
- = e -
E REH B 6 ADDR_W Number of address bits (both RX channela
s 7 ) CRC_. Sor 16 hit CRC
-’
3
7
! 11, | CRE_EN Enable vn-chip CRU generation, ¢hecking,
13 | RX2_EN Enable two channel receive mode
g 14 | CM Communication mode (Direct or ShockByrst™)
&
@f 13 ] REDR_SB RE daty rate ¢ EMbps regquires 1oM Mz cevstal 2
g
]
& 12:00 A XOQ F Crvstal Trequaney
=
&
]
-é 2N 2 RI-_PWR RE wntpu powwer
)
=
&
Ad N 7 RY Clis 1" requency channel
0 | RXLN [RX ar I X aperation

Tuble 1 Tuble of configuration wands.

The contiguration word < shifted in MSB First on pesitive CLKT edges. New
configuration is enabled an the falhng cdpe ol €S

NOTE.

On the falling cdge of €S, the TRW-246  updates the number of bits actually shifted in
during the last configuration.

Ex:

M the TrRW-2.46 1% W0 be conligured for 2 chaanel RX s ShockBurst ™, wtotal of 120
bis must be shifted in during the first contiguration atier VDD 1s applicd.

Once the wanted protocol, modus and RI7 channel are set. only one bit (RNEN) 1s
shifted m o switeh between RN and TX.
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