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Abstract

ABSTRACT

The aim of the present diploma thesis is the implementation of wireless
communications between the user and the CSL’s micro robot. The key feature that
distinguishes microrobot from other research robots of same scale is the way it
moves. Its prototype motion mechanism is based on the interaction of centripetal
forces generated by platform mounted vibrating dc micro-motors and friction
forces at the base supports. With this method, the microrobot can conduct
experiments with tiny objects and with high precision. However, in order to achieve
higher levels of precision, a wireless connection was required between the user
and the microrobot.

Initially, an experimental setup was built to test a simple trial wireless
connection between microprocessors of the same family as that installed on the
microrobot. Then, the experimental setup was applied on a platform designed and
installed on micro robot’'s upper level of electronics. Also, a communication
protocol was created in order to control the microrobot from any PC with a serial
port. Lastly, a series of experiments was conducted to test the function and the
reliability of the wireless connection. The experiments to be presented were
conducted in two ways. Namely, at the beginning of the experiments, the
microrobot was remotely controlled by the haptic device of the lab. For the
proceeding experiments, the microrobot was controlled by a closed loop position
control receiving feedback images taken by a video-microscope. In both cases,
the aim of the experiments was the coincidence of the needle tip, attached to the
microrobot, with a point predefined by the user.
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1 ( S #% e #' & # " "
$ #ooonoo , " "l "
& # % " . $ CC T %t #%
" ' , #oo" & # % %
&! $% # g o( ( # %
L% ( $ " % "% %0
$ "o ¥ 0 1 "
# $ o( $ U % (
" " " #
0 # #% ( "
" L # # "t v
. # & #

3.2 %( *!1"&"

3.2.1 ! /!
A %0 &" %!’ ( [10] &" I
' U % O nrf24101+ ' % . "'
#' Nordic (. . 3-1). %! ! "$" |
#%  ( % "% " Sparkfun # (& "
S %0 % % " % :
3.21.1 Fn Nordic nrf24101+
%! Y " Nordic # 0 1% 2.4GHz
" %! ! % ( F( , Enhanced ShockBurst™,
" $ #' - " ' % "' ' :
U # % $ % % 2.400-
2.4835GHz* $0!% ISM (industrial, scientific and medical radio bands).
"“( H#% , % ( % % I ' %
$'° % 1% #' #% 2.4-2.525 GHz $0'% ISM  #

$ ' 2.4-2.485GHz
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0 3, ( "5 # $ *0( "$

"0 %( (2.4-2.4835 GHz), % ¢ ' (-18-
0dB)"&l" % $ ' (250 kpbs, 1 Mpbs, 2 Mpbs). % "
0 " H#% # Sparkfun, # A,
# " " 1 % # % . % " %

« g a @ ]
2 2 g g A
==
cE w/\. (15| voo
cs 2} (14| vss
nRF24L01
SCK 3) "\13 ANT2
QFN20 4X4
MosT |4) (12| awra
- -
Mrso |[s) (1] voo_ea
(e} (71 (&) {9} [0}
g g a b} g
=] > » "

RF Transmitter Baseband
nr
PA Fiter [¥|  Modulator 4 SCK
le»l sPI
N N - MISO
n Enhanced ShockBurst = MOSI
RF Receiver TR >l
ANT1 1 higl IRQ
s Pl Fiter [*| D i g CE
\ g
o | -
RF Synthesiser Power Management Radio Control
[[IL]
o <
$8maxg
>> ez
o]
>

( 3-1. Nrf24101+ () "% ()"

nrf24101+ Kepalia
puBuIoTAg TdoNng
-:’ o@ (-]

KpUoTaAAog 16MHz

( 32" 0 %! | nri24l01+, * " #' |
" , & 1% #1% " 9%"1% (  Sparkfun.
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2 3 ! " [
0 . % “( ( % !
& " %% - ( % $ $ #' ro#
$ ' ( 33v?r 7v" I - 33V. %" chip nrf24101+
$ ' #' 1.6-3.3 V. ( & # " %
# " &1 #' % " %"1% " #%
4.8 V.
( 2.4 GHz
Nordic" " / (% nrf24101+ # " #% (
- %! 1% "( , ( % Sparkfun,
#% " " . 2.4 GHz.
).3 F( (4
& (' ' /[ +' # # ,0 " %
% % " ! #% 250 kbps, 1 Mbps, 2 Mbps "

# ! $ #% # " % $

# . "( 1% 250 kbps . # %
0 100 m.

I 1. 0

Power Down mode: , ! #% % %'
"% 1% % , % % 7 R #% , &
" $% % % & $% ( % SPI. " % #
A% "o PWR_UP bit % 0.

Standby-I mode: "t % " (% & '
% 1 % " %! nrf24101+ % " % %'

(% % , ' $ (% % # RX" TX
mode. % %" % % $ ! #%
% % . % # A% "o PWR_UP bit %

1. % %" 0 , ( RX,TX mode
CE % 0.

Standby-Il mode: " #%  ( % Standby-I
F( "% 1% ( % " &1 #% % %

$ " buffer $ . Standby-ll % # (% CE

% 1" " #% " P X , TX FIFO.

RX mode: #% % " # ! #
eyttt % % # PWR_UP % %
i(r PRIM_RX,CE.

TX mode: #% % " # M # r

¢ . % % # PWR_UP % % 1
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0 3 ( 5 # $ o( ' "$!
%1 PRIM_RX % 0. % & " CE %" %
% 10 s.
" &% % " #% "' 1% " 1% #'
%# o "&l " (% ' #'
3-1 #' % # 1% " ! 1%
PWR_UP PRIM_RX CE
Y
RX mode 1 1
TX mode 1 1
Standby-II 1 1
Standby-I 1 0
Power Down 0 -
3-2. (% ( # #
7% ' #' Max Min (
Tpd2stby Power Down  Standby mode 1.5ms Fr(
"$
Tpd2stby Power Down  Standby mode 150 s S
"$
Tstby2a Standby modes TX/RX mode 130 s
Thce Minimum CE high 10 s
Tpece2csn Delay from CE pos. edge to 4 s

CSN low
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0 3 ( 5 # $ *0( " "$
1" #
2% . "( " "( "0 , #
# % "( " % . #% $
"0 | . # "& # ,0 " " #' (.
*#%" 3-3) % " % 1% $ ( $ , "( , H%
% ( L $ %, % $ $
' "0 1 "+ % #
3-3. % "( #% "' "% 1 1%
#' .
1 " % , 1
#l
Power Down 900 n
Standby-I 26
Standby-II 320
0dB 11.3 mA
«» -6 dB 9.0 mA
«» -12 dB 7.5 mA
«» -18 dB 7.0 mA
«» -6 dB Enh.Shockburst ™ 0.12 mA
( RX 8.0 mA
+ 2 Mbps 13.5 mA
«» 1 Mbps 13.2 mA
«» 250 kbps 12.6 mA
I % Enhanced Shockburst™
# #% # ( ' % "' %
"&1' # % % F(" , B! ., %1%
( " + ) ! ,"1% "% . L% % % (
I % ( , # 1% " 1% , %1% "&1 1% 1%
% %1 "0 ! D H% O %" % % "( " "(
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0 3: ( 5 # $ * (" "$!
nrf24101+ # " # % - " " % ! " &1
" % + 1% (1% " %!%# -$ $ (!
- 1%
$
1-32 bytes , % "( " %1%
% , # " 1%
% , # Y% , %1% -$ TX-RX
( " % %1
( % , %1%
% ( " %!%# -$ 1-6 ,"$% !
MultiCeiver™
# % " 1% Enhanced Shockburst™ #% #
% ., %1% -$ , " 1% % # %' #% . "
* (Primary Transmitter PTX ) %1 ' 2 C " (Primary
Receiver PRX).
. H# # 1 | % O (
):
"%H# %, " # % # % ., %1%
( PTX % PRX. To ES (Enhanced Shockburst™) % .%
( % - % PTX # +' % %
% %1 (acknowledgement packet ACK )
% 0&# (% PRX, ES ( . #
% ACK % PTX % CH# -% %
# +'
% PTX ,% ACK " %  %'( &1
"& % " ( ES & # -%  (
“( " ., %1% & - % PTX
# +! % % ACK "
PRX # % # 1# ACK " ", %
% 1% 0#, " %!%# -$ PTX" PRX. %"
ES #% I CH% % (% % & %
(r &( % (% ' " & -$
" +' 7Y %0 &" %! : , # ' " %I%# "
#% - " ( ES, '# !
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0 3 ( 5 # $ * 0 "l
3212 5% Nordic nrf24101+
' " %" (. ' #' nrf24101+
#% ! % " "L " 1% $% %, $% ' BV
7
©
o
=
e
2
0
o]
=
( 3-3. ", nrf24101+.
IRQ -+0" ( " o" ( # '
interrupt)
CE - +0 n # ,l ( n 1 n # %
% # " RX TX # )
CSN-+0" #.," # % " %!%# SPI)
MOSI-+0 " #.," # % " %!%# SPI)
MISO-+0 " S # % " %!%# SPI)
SCK-+0 " #," | # % " %!%# SPI)
rr, SPI
SPI % (. %
$ %| #| ’n
$ % ., %'%  0-8 Mbps 1% (,'%
" (%
: % 1% 8 bit
$" I( %' register map
* FIFO (First In - First Out) 1% 1% " % TX " %
RX" $& %
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1. % SPI
" 00!00# -$ "o " . #%
! ' &% SPI" "0 ! 1% 1% ", " 1%
nrf24101+ (MOSI, MISO, SCK, CSN), # % # % " O%#
&$ ' SPI "o . % |, # ' " 0000 "
& # #" (" - ) " Master ("$ " ) %1
( "' )!" Slave (. . 3-4).
CSN (chip select NOT) " , " ( % "$ %, &
% SPI % HN " # (% CSN . # ( " 1
" 0.
SCK (SPI clock) " ,"' # % I # ( % Master %
W $ .
MOSI (Master output Slave input) " ," #% ' #, v, %
% Master ! +0"$ '
MISO (Master input Slave output) " ,"' % vy % !
+0"$ ' ( % Slave % Master.
SCLK SCLK SCLK > SCLK
Sl MOSI » MOSI sPI B 1| I
| Master MISO |e¢ MISO Slave Master 551 » SS
ss = - =
; »{ MOSI SPI
MISO Slave
» 55
» SCLK
»{ MOSI SPI
—{ MISO Slave
L 88
( 34. 0" "(% 'SPl " %I%t# - %(' Master" %(" Slave,
' # Slave.
% - ' " 0pl%# #% 1 o Master %
( % $ " ( % ! L CSN #
Slave & ' % " %% % $
#%  Master 1 % % $% " " % % %
% - % ., % . % % ( (% # " (%"
% ' 1% ,, %!%
" %!%# SPI #% O#, , #% ( " +
., %1% ( "& " #% ( % . 2 "& "%$
: & .. 1 1% ( %'% ., %1% 1
" 0%l00H " &# ,$% . "& ( $ H#% ( %
Master 0 bit #%  # % %, $ # % "&,
( . 3-5).
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SCK 1
A ‘_

soo | ] IEREE
P o 1 0o 1 0 1 0 1
( 35 ,"# 0 bit bit % ", (,  SPI

* % (" , " ' ' " +' , CSN
% 0, %1 ( % % -+ #% @' "

%( " ( 3-6, 3-7.)

CSN ~ /

] Goooeeea
MISO .'_X—x a5 X_:(_‘)’_‘(_‘m XDTX Ds *o: Aas ‘)‘ ‘{_‘A x o1s o JXDV ;\31 f:niaic) Xm '—

( 36 ,"# . ., %I%  SPI.

—

CSN ~ |\ /
sck UYL JUUyyUyU Uy
vos! [ )= )= e = =) () A= =
mso —{= (= (= = = = = =

( 3-7. " # 0’ ,, %%  SPL
% 0' "% %! " SPI % % 1" !
' ' (. ! % " ! 1% #'
"& # % " ' #' . . o 1 1%
. % 26 II$ 1 /( % 1 n ! ) n (% #I
U

3.2.2 $ %Y

" &1 " ( . %
: &# $% "o PIC [18] ' #'  Microchip.
* "t % $% 18F4331/ 18F2331/ 18F2431. #'
%" % % # " % - 1% 0 " %
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#, #, #' : "% " % - 1%
&#  "&1 %! ! %' #' : "% 1%
1% PWM.
) & $% $ - , %' %
$ "% % % 1% 1% R {
&1 $ T "% % " , -
" % $ & &# 18F4331 %l "
%! 1&# 18F2431.
3.22.1 rry M $ % &
"% " % " # ( % + " '
,$% %, / , # ( . % 0 %
+ ' % ' Flash % "&l "+ $ 10-bit A/D Converter.
: e,
[1] /II II(
% % " % ' " % % $ !
. %1% EEPROM 0 % " 100.000  "$"
% $ % ' "&1' " 1.000.000
" % EEPROM.
34. " " % ' 1% PIC 18F4331" 18F2431.
rr, "( (bytes) 18F4331 18F2431
% ' 8192 16384
% " "$" 4096 8192
" % ., %% (EEPROM) 256 256
3& " % (SRAM) 768 768
4 ( M . %
$% % % %( #' ' 40MHz" (%
" % 1% !" 100 ns. "( % , % ( $
%( &, PLL (Phase Locked Loop) 1 ' %
# %( " : " % Yo/
- % + ( , % %( (40 MHz).
% 16 " /! 1/O
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0 3: , (l n 5 # $ 1 * 0( L} n $! 1
18F4331 36 I( % R % "1% 1%
%1 18F2431, 23 (. 3-8, 3-9).
MCLRNVPp —— [|1 ~/ 28[ ] «— RB7/KBI3/PGD
RAO/ANOD ~— [ |2 27| ] «—— RB6/KBI2/PGC
RA1/AN1 — [ |3 26[ | «— RBS/KBI1/PWM4/PGM
RA2/AN2/VREF-/CAP1/INDX =—— [ |4 25[ ] = RB4/KBIO/PWMS5
g
RA3/AN3/VREF+/CAP2/QEA =— [|5 @ 24[ |<— RBIPWM3
RA4/AN4/CAP3/IQEB =— [|6 & 23] «— RB2PWM2
Avop — [|7 & 22[]«—— RBI/PWMI
Avss — s & 21— RBOPWMO
OSC1/CLKIRA7 «— [J9 & 20[J<—— Voo
OSC2/CLKO/RAB «— [ |10 @& 19 J<+—— Vss
RCO/T10SOMT1CKI =— [|11 18[ ] =— RC7/RX/DT/SDO
RC1/T10SI/CCP2FLTA =— [ |12 17[_] =— RCB/TX/CK/SS
RC2/CCP1 — []13 16[ | «—— RCS/INT2SCKISCL
RC3TOCKITSCKIINTD —— [_|14 15[ ] «—= RC4/INT1/SDISDA
3-8. " "1% PIC 18F2431 SPDIP" SOIC 0 [18].
[+
MCLR/VPR/IRE3 — [ 1 N 40 [ =— RB7/KBI3/PGD
RAD/AND ~—=[] 2 39 [1 <— RB6/KBI2/PGC
RA1/ANT ——[] 3 38 [1 =——= RBS5/KBI1/PWM4/PGM
RA2/AN2/VREF-/CAP1/INDX «— [ 4 37 [ = RB4/KBIOD/PWM5
RA3/AN3/VREF+/CAP2IQEA =—=[] 5 36 2 RB3I/PWM3
RA4/AN4/CAP3/QEB —[] 6 35 [] =——= RB2PWM2
RAS/ANS/ILVDIN =—[] 7 > 34 [J =— RB1/PWM1
REO/ANG —[] 8 g 33 [0 =——= RBO/PWMO
RE1/AN7 =—=[] g = 32 [ =—— VoD
RE2/AN8 <— [ 10 3 310 vss
AVoD —[] 11 w 30 [ =— RD7/PWM7
AVss — -] 12 - 29 [ =—— RD6/PWM6E
OSC1/CLKI/RAT =— [ 12 ) 28 [] «—— RD5/PWM4®)
OSC2/CLKO/RA6 -—[] 14 - 27 [ «—— RD4/FLTA®
RCOM10SO/MICKI ~—=[] 15 26 [1 <— RC7/RX/DT/SDO
RC1/T10SICCP2FLTA ——[] 16 25 [ =<—= RCB/TX/CK/SS
RC2/CCP1/FLTB =—[] 17 24 [] =—— RC5/INT2/SCKWscLM
RCITOCKIMNTSCKIINTDO =—[] 18 231 RC4/INT1/SDI/SDAM
RDO/TOCKIT5CKI — [ 19 22 [] «—— RD3/SCK/SCL
RD1/SDO =~——[] 20 210 RD2/SDI/SDA
( 3-9. " "1% PIC 18F4331 PDIP 0 [18].
1% . PWM% (% €
- ' $% % 0 % 1,2 "
_(’ 1 PWM % 1 n (II 1 0 L} , 1
L , USART SPI, IC2
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0 3, " 5 # $ * 0 "$

# " %I%#  #% "% % # %! RS-
232 "&1' " . % ( % %1 baud rate " &1’
%% baud rate 16-bit . 1% % : (% #/

" %!%# SPI" IC2.
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% , "#% 0 " % - 1%
. % ' #' Quadrature Encoder (QEI) "&1' " Input Capture
(IC). # I meooo # "% %- 1% (1%
#' $% r %" . % Timer 5 "&1'" " % v Special
Event Trigger , 0" 1 % # ' (" " o# & $.
"& # O#,

" (timers) Interrupts

$ o0 - L% % ' % ' (timers),
% %38-bit (timer0), ,$ 16-bit (timerl, timer2) " % %16-bit ," % %,
%, ' "#% ' (timer5). # ' 18F4331 O ' 22 interrupt
%1 18F2431, 14,.

% ! ICSP (In Circuit Serial Programming)

"( ( #% $  %"( "&' #% ,% (
% #/ oo # % %
0 # "$" | # $% % 1%
" "1%  MCLR, PGD,PGC.

3.222 5% $ % 1&"

% " - 1% %' (
#% ! 1% " ,"1% MCLR (Master clear), PGD (Programming Data
line), PGC (Programming Clock line) (. . 3-10, 3-11).

r——— S
MCLR/VPP/RE3 1 - 40 -— RB7/KBI3/PGD

RAO/AND =—[] 2 39 -~—— RB6/KBI2/PGC

( 3-10. ) " " 1% MCLR,PGD,PGC 18F4331 ICSP
Programming[18].

MCLRNPP ———» 1 ~ 28| | = RB7/KBI3/PGD
RAO/ANQ =—» 2 27| | =— RB6/KBI2/PGC

( 3-11. ) "L "1% MCLR,PGD,PGC 18F2431 ICSP
Programming[18].

L MCLR O $ "%t #'
% Device reset " % Device Programming/ Debugging. % Device Reset 0
- "# " Reset ( % ","
#% 0 V. % & % # Device Programming/ Debugging
v ! $ ! (% ,&# %
L # 12 V.
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0 3, " 5 # $ * 0 "$

o "," PGD # % '
#' "o " , %1 PGC #% % % (
% % ,, %'% 1 % #% ! LtO# ' (
% " -
0 ' #% 1 c" 0
1 %' & "L," # A , % . %
o ' itech.
3.3 ! "
331 I ( I &" - LS #
H " # ' $ o( ' &
&# " 1 : &" & %

" , - " %! | %
%, nrf24101+. % % ( -0 #/ ( $%, &
0 # "( g & 0 % # & (

0% 1 & O# "
" # % # ' , - #% ,$
" (breadboard) %! # & & &%
"% , 5 " - 18F4331 " $  nrf24101+, #
& % % . % " %!I%# " $
"$ 1% 10 MHz " S ( "ot #
("% , % N - S O ] - 28 ) "&1IT %(" 1% "1,
, 0(1% I 1% : 0, # "& o, - (nrf24101+ PIC) #%
( $ o0, DC.
(' (" % % #%  $%, "o 18F4331
1 " % ! UART " % ! &%
SPI PIC nrf24101+ # % . % % % ,, %'%
%" 1 " $%, ', # 0 % PTX " $
" %!%# " # % ! # $ 0" " : % $%, PIC
(e ! ' " % $%, PIC  nrf24101+.
7" PC  18F4331 /# ( RS-232
" %!%# -$ - ! "3
# 1 " ' $ o( :
& &# "( ( : % ! 1%
%1% ' : $%, PIC % #%
" ! %(' ( UsB RS-232. " #%  (
., % & % % bit 0 . ( « $%
-, "LH , # % , H# + " ' #
# "% # : # #% # (% $ -]
"1 % % &# $ . R ("
%0 &# %! #/ o "
" %I%H" ! ( % # O % % &# % RS-232
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0 3, "5 # $ * 0( "l

" &1 RS-232 " 1 #% # -12V %1 " 0 +12V.
( ( / # 0" %" , - & o
' RS-232 ' 0-5V & " L #% PIC. chip &
&# #% MAX232N  ( Maxim Semiconductors.
"% chip #% I G (% ( PC" PIC
% # " " ' 0’ 1 %  $%
%," % ,. % . % chip / %
& $% g % "Op! 1 FI" " & ;

GMND
a MAX232PTH
el SR by w
—1¢ 3= | s 1 ' = TX
_ _E 2.__.-_ | i b 550 e, S =i
-4 fufF
h"“?",_ 4 CAJT
e el
| 812 82
< A\ A\ J7
=MD . 8
@
b
( 3-12. " % ' , - MAX232N %
RS-232 [17].
% .. 1&# ! %, # " ! # '
% %, &# % PIC # % #% % ( ," '
' - "% HyperTerminal " % $%, 1%
" " 1% R10OUT % T1IN. 2 0% "' | %%’ % "

(" % #% $%, ,( & + " & 0% #
% &% . $%, MAX232N % PIC #% !
' $%, % " ,"1% R10OUT MAX232N % %#
R #/ " $%, , % RC7/RX" $%,

T1IN % RC6/TX PIC.ORX " "' # r +0" #, '
%1 TX!" +0" -,
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26 ;1 =——= RC7/RX/DT/SDO

( 3-13. ", " 18F4331 # " " %!%# [18].
" 18F4331 nrf24101+ /#  SPI
A %0 &# " "0 3.2.1.2 #
nrf24101+ % %, & $% % ", % ",
"o ¥ "% R MOSI, MISO " SCK
# #% " $& % % , . %% &1
% % ( " $%, ' SPI % %, & $% " % #
oo 18F4331 # % SPI $%, : "t %!
PIC , % ( % $ % 9§ %, 9
"L " 1% SPI " %!%# . (" % #
., % & % 1 ( % " % ,"(
%, (' , & : " $%, #% ('
R RD1/SDO, RD2/SDI " RD3/SCK. R RD1 # I
+0 " % PIC " %, % "," MOSI
, Yo # RD2 # r +0" # ' " %,
% MISO. RD3, ' , H% % % ( 8%, %, %
" SCK :
RDO/TOCKI/T5CKI =—[] 19 22 -—— RD3/SCK/SCL
RD1/SDO 20 21 RD2/SDI/SDA
( 3-14. " " 18F4331  SPI $%,  [18].
( #on " (IRQ, CSN, CE) $% %
%, & $% ( % "," PIC & ' N IRQ
# interrupt % %, &# # +0" #, 1 %
# PIC% % 1% ! 1% 1% & % IRQ. %
"% " , - &" L RC3/INTO #'
%! ! % %, interrupt. ' ' $ o CE "
CSN % & # ' +0 "' -, % " ,"1% RB7 " RB6
% #
, $ ! %, ! # % PTX $
" %1%#"' " # e (! %! $%, PIC 18F4341
% " nrf24101+.
" 0 % o( ' " %!1%# ' 1#
% " # ' o( ' " %#! % 3-15(
1. - 18F4331 (TX).
10. " - 18F4331 (RX).
2 . " nrf24101+ ().
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* 0

II$! 1

20.* " nrf24101+ (R ).

3. MAX232N.

4.)$ RS-232.

5. 0 H-Bridge (," " y o)

(315 41 0" "(% 4
o' .
332 % | $ % 18"
% ( % " - 1%
( 0 ! 1 n $
%, (%' ' IDE ICD2 "
% " % % " - 1% PIC 18.
$% - ' #%
0/ ( % | 1
" % -"% % #
1 % # oo

41

$
&ll
" Microchip, Mplab, o
r " Hi-tech C
n 1 C n
%' " % ( %
, (or:



42

3 ( 5 # $ *0( $!
e , (o1 " &#l % "o
% $% , 0 " " #' RS $
& %( #% % &# (. " & #
r , (or’ & #l % - " " - #'
LP % ' "$ (<1 MHz)
XT"$ (<=4 MHz)
HS + ° $ "$ (>4 MHz)
HSPLL + $ "$ % % #
PLL
RC - " % # / "%! " Y 14 % ", RA6
INTIOL ! "( "$ Y 14, -, % RA6" | %
RA7
INTIO2 | *( "$ +0 " (" - %
RA6 % RA7
EC -I *( ( Yo 14 -,
ECIO -I *( ( /O % RA6
0" %0 ' (Resets)
Power-on Reset (POR)
I % " %0 ' "
% # ( % 0, #' ()) %
& % ( (
Brown-out Reset (BOR)
"% " %0 % # ( %
0, #' ()) - "l ( %
& % ( # (4 % %"( , o
"& # (
% " 1% %0 (Reset Timers)
Power-up Timer (PWRT)

7 % #0 % %' ! CH"
" %0 1

Oscillator Start-up Timer (OST)



% # "& 1024 "$" 1% 0%
% & # PWRT 1 % ,1 % "( &l %
"$ - % & &#
% Watchdog (WDT)
% WDT #% , % ( % %0
"o ( % " , % # % %
#, , % # " #% ( 4ms " 218 min. WDT
# " % # - ( , % (% ( #,

% #'
Fail-Safe Clock Monitor

# % " - , # |
,# K " L% % H "%%"

# L % ( $ ' ( %
o % 1" "$

Two-Speed Start-up
# % % BT -"% %
: Lt %% (" (
& % &#

Code Protection

6 & #/ - # " "1,
" - ( 1 1
ID Location
7 % % &# # "1, "o '
& % ' &" & 1% . & $% %
# "1t

In-Circuit Serial Programming™

& #/ % ( #' In-Circuit Serial Programming.
(' & $% o , (o % " &#
# % " ," 1% "o 7 B "(
' $% % % r+0"#  #, =,

# % " % % " # ' " % +0"
#.,0 /-, % # "L % # ' %
# % % "ol ANSLEO. %" ('
$ ' & ( %

% " - 1% : % " , - ("
o" %( 3.3.1 % " %!%#
pc PIC nrf24101+ % & $% +0 "' #, /-, 1%
"L, " 1% " " % SPI " % & $%
#' I % % &# i %),
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PWM " %, nr24101+(PRX) 0% ('
( & % ' & 9 $ PWM % ,# ' $

n ll% 1

3.3.2.1 UART SPI

UART
% " " %!%# - %
#% # %, #% &% "
" %!%# 18F4331. ( # % H#%N # "&H%
# % ' S TXSTA, RCSTA, BAUDCON " SPBRG
# " 1% % OpenUSART " % ' & '
. "& #] # ' % & # 1
% #%:
% % # , ., %1%
, 8-bit
$ % " #'
% % + $ %% ., %1%
' % ,&# % " ! SPBRG #' #o o( &
% 0 % o0 (! #% & ,&# %
0 " "( 0 % " %9%# . "$ 10 MHz "
% % BRGH, % SPBRG #% 64 (.
*#%" 3-5).
3-5.6& # ' "0 % $ %
10MHz " $

SYNC =0, BRGH =1, BRG16 =0, %g =10 MHz

Baud rate (kbps) Actual rate % Error SPBRG
2.4 2.441 1.73 255
9.6 9.615 0.16 64
19.2 19.531 1.73 31
57.6 56.818 -1.36 10
115.2 125.000 8.51 4
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0 3, "5 # $ * (" "l

* $ ( "( 0 0.16% % "" %
"$ #% & ( ' 9.6 Kbps" SPBRG=64.
SPI
$& ' SPI #' PIC / #
$ "1 1% , 1% SSPCON" SSTAT. S &# %
&3$% ( $ R B #% % # &S spi"é&l
% " ,"1% SDO, SDI, SCK, ,, %1% % #% "&
( %(, " ' (¢ ' %( U /4.
3.3.2.2 PWM
% 1% "% 1% & &# % , Power Control
PWM o PIC 18F4331. "t 0 % , #
% " %, ," # ' I 1% " % %!% PWM
(Pulse-Width Modulated) -(,!% ' "% 1%
o ' % ' .2% % %" 0! Power
Control #% ( #/ % , "% 1% % $ $ | #
+" %, % PIC 18F4331 $ % "
0( , 0 ' %% ' PWM" "1 "% , %1 %
o " , PIC 18F2431, ,$ %%
"% (. . 3-16).
38 [] =— RB5/KBI1/PWM4/PGM
373 RB4/KBI0O/PWM5
36 [] =— RB3/PWM3
35 [ RB2/PWM2
34 [] =—— RB1/PWM1
33 [0 =— RBO/PWMO
32 [] =—— VDD
314 Vss
30 [ =—— RD7/PWM7
29 [[] =— RD6/PWM6
28 [] =— RD5/PWM4B)
()
26] | =—= RB5/KBI1/PWM4/PGM
25[ ] == RB4/KBIO/PWMS
24 | =—— RB3/PWM3
23] =— RB2/PWM2
22[ ] =—— RB1/PWM1
21 ] = RBO/PWMO
()
( 3-16. " "(% 1% " ,"1% ( )18F4331" (.)18F2431
$% ' -, PWMI18].
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0 3, "5 # $ *0( ! "
% $& ' %, Power Control PWM module / %
& $% R ' 3-17.
Name Bit7 Bit6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
INTCON GIE/GIEH |PEIE/GIEL| TMROIE INTOIE RBIE TMROIF | INTOIF | RBIF
IPR3 — — — PTIP IC3DRIP | IC2QEIP | IC1IP | TMRS5IP
PIE3 — — — PTIE IC3DRIE | IC2QEIE | ICNE | TMRSIE
PIR3 — — — PTIF IC3DRIF | IC2QEIF | IC1IF | TMRSIF
PTCONO PTOPS3 | PTOPS2 | PTOPS1 | PTOPSO |PTCKPS1 |PTCKPSO [ PTMOD1 | PTMODO
PTCON1 PTEN PTDIR — — — — — —
PTMRL PWM Time Base Register (lower 8 bits)
PTMRH™ UNUSED | PWM Time Base Register (upper 4 bits)
PTPERL"  |PWM Time Base Period Register (lower 8 bits)
PTPERH( UNUSED | PWM Time Base Period Register (upper 4 bits)
SEVTCMPL") |PWM Special Event Compare Register (lower 8 bits)
SEVTCMPH( UNUSED PWM Special Event Compare Register
(upper 4 bits)
PWMCONO — PWMEN2 | PWMEN1 | PWMENO | PMOD3®@ | PMOD2 | PMOD1 | PMODO
PWMCON1 | SEVOPS3| SEVOPS2| SEVOPS1 | SEVOPSO | SEVTDIR — UDIS | OSYNC
DTCON DTPS1 DTPSO DT5 DT4 DT3 DT2 DT1 DTO
FLTCONFIG | BRFEN | FLTBS®@ |FLTBMOD®@ | FLTBEN(? | FLTCON | FLTAS |FLTAMOD| FLTAEN
OVDCOND | PovD7? | povD6®@ | POVD5 POVD4 POVD3 | POVD2 | POVD1 | POVDO
OVDCONs | PouT7®? | pOUTE® | POUTS POUT4 | POUT3 | POUT2 | POUT1 | POUTO
pDcoL™ PWM Duty Cycle #0L Register (lower 8 bits)
PDCOH™ UNUSED | PWM Duty Cycle #0H Register (upper 6 bits)
pDC1LM PWM Duty Cycle #1L register (lower 8 bits)
PDC1H" UNUSED [PWM Duty Cycle #1H Register (upper 6 bits)
ppc2L™ PWM Duty Cycle #2L Register (lower 8 bits)
PDC2H(1) UNUSED [ PWM Duty Cycle #2H Register (upper 6 bits)
PDC3L™?  |PWM Duty Cycle #3L Register (lower 8 bits)
PDC3H!12) UNUSED | PWM Duty Cycle #3H Register (upper 6 bits)
( 3-17. [ & # % % , Power Control PWM 1% 182431
" 18F2331[18].
$& % " ,"1% PWM "o #% ( %
"ol PWMCONO ™ % %( " % 1%
1% ( R B PTCONO (prescale/postscale bits), PTCON1
(% # % %! ! % % ). %( " % 1%
1% . #% ( ' $
0 1415+67 8143+1&
123 9.<
% >?@> !
D> E@F 123 GHI

46



0 3, ( "5 # $ * (" "l

%", % $ 1% 5 kHz #% " "gll %
#%, 0 ( " ( $ ( %
3_18 / , #I ] mnaun %l
%, # . % % ( "oy " ('
#' 1% %% 1% PWM " 1% %# 1% "% ;9%

Internal Data Bus
PN

S PWMCONO
8

> PWMCON1
8

LD DTCON Dead-Time Control
8

<> FLTCONFIG Fault Pin Control

8
<{Z->| OVDCON<D/S> PWM Manual Control

PWM Generator #3("

PWM Enable and Mode

N\
el
[}
o
w
@
5

I

l
1
|
1 |
1 |
1 /1 l
| PDC3 |
1 l
1 l
| | Channel 3 . —q 2)
_'L»iw Dead-Time Generator| b
——————————— ] and Override Logic'? |-~ —J Pwmei?
g PWM Channel 2
> > annel . ] PWM5
Generator 2 Dead-Time Generator
—>| and Override Logic —>%u_lpul —J Pwma
PWM Channel 1
Generator 1 | Dead-Time Generator| | D PwM3
PTPER ¢—»| and Override Logic || X pwm2
' PWM
- Channel 0 . @
Generator 0 Dead-Time Generator bl
¢—>| and Override Logic [ ] PWMO
8 S
> PTCON X FLTA
X FITB®

Sg,i‘:;l CE;’;"' i—b Special Event Trigger
SEVTDIR

PTDIR
A4
( 3-18. #' "%, Power Control PWM 1% 182431 "
18F2331 [18].
333 % | rf24101+
( #% (
" . . % #
# nrf24/01.h " nrf24101.c, # #% " 1%

"L " 1% "o %, % % "

.% % " % ' # % (' ' #' "

a7



3.3.2 0" (" # ! % " ,"1%
- (% O ' #' Y%, SPI"&1' " 1%
+0 "1% (,'% " ()% . ( (r ( (% % "# .
# " " % & 1% ' "
"o % #% " #  header nrf24101.h. v %
( ' 0% & 1% A
" ' , #l " % "9 R , (
( "% ( : # #% (% %
1% CSN, CE" IRQ"&I MOSI, MISO " SCK % ( (
% %, SPI "o " : %" 0 '
% ' #%:
#define nrf24101_{} IOREGISTER IOPORT
7 3 %' ( oo CSN,CE" IRQ," IOPORT +0"
&$ - & %, &# % %# "
: "t % % ' %
@ " ( % &( "o % %# &$
, $ ! ' # ! %" 0
#define nrf24101_{} PINMASK OxFF
7 4 %' ( ' B CSN, CE " IRQ, " IOPORT
+0" &$ - & %, &# % %#
" : % , #l ' #% .1
e &S &# ( -
% $ #l % . & 1% #, % # (..
PORTA) " ( % &# "t %! L ( %
&# :
#define nrf24101_CE_IOREGISTER PORTC (1)
#define nrf24101_CE_PINMASK 0x02 (2)
(2): % % , #l P CE %%" ," (
% +0"1% [/ & 1% C - " % % /
nrf24101_CE_IOREGISTER.
(2): % , #l ' "Ll L #% ('
& &# ( % : C. -
$% % # % . +0"1% & 1%
$% ( g ", "' " [ 8-bit #% (
, #l % ( " ! 8-bit. 2 0x02 H#% % %
2 % % . 0 #% 0b00000010  #% (
&$ RC1 % $%, I CE( LM%Y 36" 3-

19).
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0 3, ( 5 # $ * 0( " "l
36. % # &$° [ L - 0
)$ ' 3 T
Rx7 0b10000000 0x80
Rx6 0b01000000 0x40
Rx5 0b00100000 0x20
Rx4 0b00010000 0x10
Rx3 0b00001000 0x08
Rx2 0b00000100 0x04
Rx1 0b00000010 0x02
Rx0 0b00000001 0x01
RCO/T10SOTICKI «— 1 15 26 1 <— RC7/RX/DT/SDO
—— RCU/T10SIICCP2FLTA <——[] 16 25 [] «— RCB/TXICK/SS
RC2ICCP1/FLTB -—=[] 17 24 [] «— RCsANT2SCKYscL
RcymocKITscKIINTO —— 0 18 23 [0 =— RC4/NT1/SDI"/spat®
RDO/TOCKITSCKI =—[] 19 22 [] =—— RD3/SCK/SCL
RD1/SDO =——[] 20 21 [] =— RD2/SDI/SDA
( 3-19. "% , & 1% C "&1' %'
&$ % # 0x02 [18].
% & % % $%
, # #' , # %
# L% . . % "&1' " % - % # Enhanced
ShockBurstJ .
/ T
nrf24101_initialize_debug()
# o % % # % ,
#o % # oL ( L& &'
, %1% % # % # Enhanced ShockBurst). H
% # % # # # &#l % " .1 %!
# #' (! #' ' # % -

%
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0 3: ( 5 # $ * (" "$!
nrf24101_write_tx_payload()

"# # W_TX_PAYLOAD , , % "
%1% % #% # # : 1 #% O
" " #% ., % % : 3 #%

' " ' # #% % &#
nrf24101_transmit() %
nrf24101_read_rx_payload()
# # W_TX_PAYLOAD , , % +
, %1% % #% $ # 1 #% 0
" H#% ,, % . % " 3 #%
4
nrf24101_irq_clear_all()
"t % % ' " % 0 % "
% ", IRQ r (% % (
I+ ) % % &# " interrupt . %" %
# I % nrf24101_read_rx_payload() %
nrf24101_write_tx_payload()
3.34 . !
"$ " ( oo ' , - #%
, # " # o#, ' " %I%# " -$ 1% , " 1%
- . 3-20). 0#, " %I%#  #% ,%  ( Y
nrf24101+  $% ! Lt $ % L%
( # $ # %# 0
1% ' "t % 0#, $%, , % 1

" , " # % ( # ' % %
., % ! I'"$ ' RS-232 "

0 % &% 0% # 1 $
(% PXT(1) % PRX(2), % ( % PRX(2) % PTX@1) "
#1 % " :

' (
PC-HyperTerminal: ' ! "$ HyperTerminal % % %
" 0 ASCIl  ( "
'"$ " RS-232.
RS-232: 0$ 1 & # % # 9600
bit % , ( , 8 bit,, %% , 1bit , " ' "
# % ., % % PIC 18f4331
#' I SPI % -
Nrf24101+(1): " 0$ 1 & # % # 0
2 (¢ (PXT) % $ ., % (1
byte) % ," (PRX) " & #/ % %#
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0 3, "5 # $ * 0( "l

% nrf24l01_set_as_rx(true) % . # ( (¢

(4
Nrf24101+(2): Y : ., % . #% (
# ’II # $ "
% . % % # #1 $ % "
# ' 2 % % "
# " % % " ., %1%
Nrf24101+(1): . $ #1 ., % % !
SPI % PIC #' % . % ! '
&$ % + #! % :
% 0 " # (PTX) *
% % ,, % ( " .
PC-HyperTerminal: (& ( [ +
! , n 1 , # n 1
HyperTerminal, 0 %#/ % &% " " 1%
" %!%#
RS-232
( 3-20. 0" "(% ' o#, " %\%0#
% ( "1 -0 &# ( $
0( , % & % " # " #
% v, % 1 % # 0 # " " .
% " ! ‘ o#, " %I%# " -$ % ,$
- 1% % " 0( 1% breadboard, (%
"0 : / % , ( , # "0 %
0( ] n (
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"% 6

4. N

41 Y%H%(

n ' _ & $ %
# "1 % 0 # B
& O # n n ( . n ( , ( |
%0 &# , # ( %"$ . 0
n % 1 n % & '$% 1 n &1| n ( '$ #
# .% % % O ,
n - n %’ ( % n %ll
%! ! % " 0" % # 1% 0! %/#
& $% ' .7 " 0" #% %! | %
1 % "1 % , H " &#
(. 4-1, 4-2)
| o (SEepsy e
e lg%u & 'E%Em EN
als s Fo 0
;- (X)) % Eg.? (hyrass
& CEENT
| Core {F0-o
o5
() (-)
( 4-1.* %! (+ " 1% 2 () 1 () , &
[16].
() ()
( 4-2. | (+ 2 ()" 1 () ) " % "1%
$  [16]
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0 4. , ( "5 # " 1% 6 -
4-3 / % # " % " 0 % ,$ 1%
" % "1% "
Agltepo emrimedo
Movada HIKPOETIEEEPYQOTN
k Schmitt Trigger /
| Mpwro emiTedo
[tupeg H-Bridge
( 4-3.41 0" "(% ' # ' 19 ""1 1%
. ( ' .0 # " %! ! %
%, % ! ' & ' ", " 1% 3 #,
» % ( H#% , % ( % &# % # #,
# # % %! 1&# $ %,
n , % % # n % !& # n % II( ll$ll !
# # , . ( , n $ ! nn 1 1 / (% n
% N et # "( # " , %
# # , & $_ % n $+ 1 n ( 0 # & n
! " I = ) " % ' % ) I k) % "( "( ' % ) 1
, 1 % %! 1% % $ "
oo ( " %" - A" %
. $ ! % # SR T " %!%%# ' -$
n n ( # , ( n n 1 0( 1
'S $ & &# % % " % .%

, % « " ' R { . % % #! &
$ % , # " % 1& # "$" %! ! % %
, n & n ] , n mni n 1 ]

, - $ % "0 #
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0 4: ( 5 # "t 1%
4.2 * o
!
o ( -, %!
% "# # - .
! "$ % ( % ( #' "
74 I"
% 0 ©o(
$+ , % % # (,
( “( 2 "
( (O , ' (" ox "
& " I
$ - $ ,0 "1% 100
( H% , % ( , # !
%" &% " % " $%
% " % ,$ & !
#' 1% " % "1% " , H#
# ' 0
, # , % , PWM " &1" " % ,
# % & # $"
, % ( & % $" (.
$ 0( & , H
( "o 1 "
% 0% '$ ,
$ ! "
# "#% ' "
% % $ %, "1% " "0
% % (% 0 %( % # #
o ' % " %"1% "
& % 0( % " &# %
" (" & % % #& .5
o( % 1' " (
& ' " -( #% "&1'
0( % ( "
% # ' $
- " H"%
"% . #
, 0 " $
| (
% " " - % 0(
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&

%

,$

6

&

%
$
X$+' ) #%

"#%

" % "1%

$

%(
$

1 II#, 1 n n

( "

0% % '

. #l
1%
#, %"
# )
#

(' %,

% #% %

o( '
#
! %

o(

&#

%
0&

%
«( ' %
%

" #%
% . .
! 1% "% 1%
0 ,
&1 &" " (
% #
$&

%
%

% 0 "% "
" g
&
$
' % "1%
, 9 '
% #% (
, % (

1%

%

&" %

& #

1 &II% _!



# 1 l" " "
# ( pin headers - 1%%# (8 pins)
# ( box headers (3x3)
" 1’
& (%
n , n O 1 ’ll mnia n ] &
. ‘ o( : " # (
, 1% (3x3) ! % #% & %,&%$% " "
, n &1! n 8 , 1% $%’ , n
! i , (o " - # 01% ,
' 4-4.,
( 4-4.3D . e, " ' (123D autodesk).
] (OI ! " ! % ' %u , 1
PROXXON mbs 240/E # " " 0 /
o' 0( ( 4-5.
( 45 0 , «( - #
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0 4: ( 5 # "M 1094 6 -
%
1 no - # oo % (

moom 2 , % & &# % " " 1%
' 9% "1% 3 #, H% - . ( $  H#% % % 0, # 194
" 05"10% " ( %, % "
( 4-6. & % "(% #& 1% " ,"1% 2
#% $& % ' 1% " 9% "1% 3 #, .
& moom # " " 051% "M 10
1.vdd ( 0, # 1% " %"1% 5V)
2.RC7/SDO (<0 " AL " - 1%
+0"1% ,, %% ' SPI)
3.RC5/SCK (<0 " , - . #% % (
% SPI)
4.Vss ( #! 1% " %"1% )
5.RC6 (<0 " "o )
6.RC4/SDI (<0 " , - CH 1%
+0"1% ,, %% SPI)

% $%, # nrf24101+  $% L L
(.0 .3212),,% % 0, # (vdd, Vss), " - I G

#' (IRQ, MOSI, MISO, SCK, CSN, CE). % 1' & $%
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0 4: , ( "5 # 1% 6 "' -

T $%, " R { .7 %

0 ' % ' $% % & $% 1, 4 (

% 0, # )" 2,3,6( % " %%# SPI).

( e nrf24101+ :
IRQ: "0t o ( #' ' interrupt,

#% ( & % %, +0 " #

"o . # ' & $ % % " RC6, ! (
&" RC3/INTO # %! ! % %, ST interrupt
flag bit  INTOIF " # % &# " (

+0"  #, . o, RC3 , %

no ( &" % " &# -l $ (. . 4-7)

# & %, &' % $ 0( ¢ . 4-8).

( 4-7. 1, "% " % $ $%,
nrf24101+.

CSN: o CSN # % " %'%# SPI
"o % R % " (0,1) (
+0 " -, "o "% (N % , % # "
% # % " %!%# -$ PIC" nrf24101+.

CE: B ¢ (" " CSN, #% ' (
+0 " -, "o " " registers (. . 0 .
3.21.1) &# % mode # & nrf24101+.

7Y " e IRQ, " CSN, CE & $ % %

% % " ," RC6 "o o (

, % ( % & $% R In-circuit Serial Programming
" "M% PGD" PGC, #' $% "o+ Q " -,
( . 4-8, 4-9). % % ( 0% % "
-l "% "% . 1% ' " " O%# ,
$ o " $%, #% $ "
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0 4. , ( " 5 # "% 6 "' -

PGD/IRBT  PGC/RBE

( 4-8. 0" "0 o "(% % " ,"1% PGD" PGC In-
circuit Serial Programming.

IRQ pin

(  49.4 0" "(% ro g nrf24101+
" % # 1% " ,"1% " %
" / % *#%" 4-1.
' 41 % # 1% " ,"1% " v
nrf 24101+ PIC 182431
MOSI RC7
MISO RC4
SCK RC5
IRQ RC3
CSN RB6
CE RB5
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0 4. ( 5 # "0 6 -
2 ( ' ' "1 #1% " %
& ( %!'% % 0( 1# % "1, %#
' 5 " $+' 1,6 cm.
( 4-10. " 0 1%:" (. $
( 4-11. $ 0( %,, % "
43 . , |
( n % # 1 - ,ll %I
o( % " " . "
! $ . ' B "% " " (
% .( ( ' R #' 3 , I %

R . % "% # " ' ' ' &" % %
ll( , ( . * mnn % n O 1 0( 1 # %
%, & # I ( " . $%, oH% " -(

"&1 % 1% pin box headers % 1% %, %

(% B $ "% " " Y, % - &# # 1%

%, % ( # 10% % "' 0% ' o( ) S+

" %& # $ " $+' ! o( 90%

' 0% " #% 4mm %1 16mm.
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5. I. 1% . I !

5.1 %#%(

$ " %1%# % " R {
( . ( " % # - %Y o' &
# nrf24101+ : & " , # %( "
F( " %I%# " . r " %I%#'  #% #
% "' # % ,, %'% % % $ : #
L# ( - R { , & # %
., % % ' "% " '
& %
#! "®"
*1(" " %I%# " #% % $ +0"1% ,, %% (
"%(%' " , 01 ' : #' "& # % % % 1% ,, %'%
-$ "1% " " %!% "1% 1%
, # ' ' " o+ 1% ,, %'% S 1%
, " 1% nrf24101+  Nordic %! 1 G F("
" %!%#' , Enhanced Shockburst™(. . 0 .3.2.1.1). e (
" % . % % % ,, %% " -0 #/ ( (
., % & # ( & 0&%$% ( % %#
% % - "% ! %, (
- (!
( ( r ,%0% ( (% 1 % "
% $ " %!%# S 1% " - 1% % C*
., % # & 0&$%% % - &% I ' (%
(0 #% ! %(" %( ( "%(%" #/ F( "
$% % " "( ' " %!1%# " . "M % e
% |, &# - ( %
/! ["#'
7 % ' R { % % $ ,
- % .% % ' 0 " % "% " .
' % ' . % % % " ., %1% # %
" ’ ,
% ,, %'% #% (r %0 &# , "
" PTX" $ % PRX % byte O o ( #%
( % " % " 1% " v, 0% & $% % "

8 bytes (. .* %.5-1).
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5-1. "1 % " vy %1% % $

(
"I 1 space "I 2 enter
Dir 1 PWM 1 Dir 2 PWM 2
8 bit 16 bit 8 bit B bit 16 bit 8 bit

I( 1
" % 1 14/ $ "1 " Dir 1"

PWM 1. 1 H#H% " % 0 0’ " % "

&' 8 bhit. ' # % % ' $. +" - % 1
,-( 0 (0 0 % "% 1. , $ H#% duty
cycle, ( #0 "( $ PWM "% 1"

&' 1-2 bytes % % % ( duty cycle #% ,+0 '
%+0 " & (' ( (" ' " 0 % ,, %!%
% $ % % ).
space:

% &' 1 byte " |, '#/ % % "% 1 (

% "% 2 1 (% « 1%  »,, %% %

# - ' % , # '# % # (

% $ "% %
"I 2:
#% ( % % 1"&1 " ( &' 23
bytes" #% % 0 0' &1 " duty cycle $ PWM
"% 2.
enter:
% #H% (% 1% % "%, %%
% % "% % % "%, % 1" % 2,

"I&# : # M " oo 1 %
1 % " % % # & , &% $ "%

., %1% #% % " ASCII. %
space " enter $% ", " ASCIl " % #

" 1% ' space " enter # # ! 1%
%# 1% % 1% ' 1 ' C.

ASCIl (American Standard Code for Information Interchange)
% &# ( 1960 " %' . "( 7-bit "1,"" % %! #/ %
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0 5:5 # $ "

, &# , 9. " U H# " % " 1 :
ASCII "1,"" . % 128 " ;o ( or 127 #
$% % ! % ' "l "#! ;
0-31,127:"1,"" (null, backspace " )
32-47,58-64,81-86,123-126: # #-' 0, & " (" ) $.
65-80: 0 # ( A z
87-122: " ( a z
$ 0% %! . H%" 52 #% % ' '
# % "& % ASCIl "&1' " % # ' L "
52. % # 1% ASCII " 1% 1% % 1% H% ' %
, % ' ASCII I
Dir 1 +,- 43,45 0x2B,0x2D
PWM 1 0-99 48-57 0x(30-39)
PWM 2 0-99 48-57 0x(30-39)
Space (space) 32 0x20
Enter (carriage return) 13 0xD
' # % % % & duty cycle # !
0 H-bridge 0 / ' % ' $ duty
cycle.
(kemen ( ) 80P $
% # % "% 1% [13] JH- o ( $ '
#% " % ' ' 0, #' " manual " %
H% ! $ , % % " 0, #' 1.5V, 10000 RPM
130 mA. ( " " % H#% , % ( % #
% ,#% ( duty cycle" % 0/ rpm % .
(! ' ' ' ' $ 0 ' ' ' #%
- " "( .2 , %% duty cycle ASCII #
(% #% ,+0"' (>9) %% % ,$ %+0' ' ASCII (0-9)
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0 5:5 # $ o

N " $ % % % # RPM. 3 /( %
% , $% - Fy( " %I%H%'  #% "
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"( & "1, 0 "% 1 C. % % .
P ' Hi-tech o ' PIC 18F 2431/4331 %
0 S 1 %' . "t0p! I
"( % , "o ' , MPLab, "
% .% % # ' "o ' " ' U
R % 1' #' % & #'
$ "8 % % PTX" % PRX #%
PTXlocal.c " PRXremote.c % # . 1
"o PIC 18F4331 #% %,, % % " %"(
" 3 R . 3 &# $
# 1% , " 1% I ' SPI #' % .$
- 1% $%
* $ 0 % % "$ #%
"1, % 0& # CD" - #
% # "1,
Usart.c
Nrf24101.h
Delay.h
% & % ( PTXlocal.c "
PRX.remote.c
"1, PTXlocal.c &#/ (' ' #' PTX(PIC
18F4331,nrf24101+). ' . % %, SPI,UART,
F(" "0p0%#"' "&1' " ,0 % ' " interrupts.

PTXlocal.c

#include <htc.h>

#include <stdio.h>

#include "usart.c"

#include <peripheral/usart.h>
#include <peripheral/spi.h>
#include "delay.h"

#include "nrf24101.h"

#define _XTAL_FREQ 10000000
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_ CONFIH 1, 0x0200 ),
__CONFIQ 2, 0x2001 );
__CONFICF 3, 0x0000 ),
__CONFIQF 4, 0x0080);
_ CONFIQF 5, 0xCO0F);
_ CONFIQF 6, OxXFFER);
__CONFIQ 7, OXFFFF);

void Initialize (void );

void InitializelO (void );

void ToggleLED (void ); //toggle the current state of the on-board
LED

void ToggleLED2 (void ); //toggle the current state of the on-board
LED2

/Imain routine
void main (void )
unsigned char data ; //register to hold letter sent and received

unsigned int count ; //counter for 1for loop

Initialize (); /linitialize 10, UART, SPI, set up nRF24L01 as TX
while (1)
{

if  (RCIF)

{ data =getch (); //get data from UART

if ((( data >=48)&&( data <=57))||( data ==13)||( data ==32)||
(data ==45)||( data ==43))

{ [/ffilter the incoming data

nrf24101_write_tx_payload (&data , 1, true ); /ltransmit
received char over RF
while (I( nrf24101_irg_pin_active 0 &&
( nrf24101_irg_tx_ds_active 0O |l
nrf24101_irg_max_rt_active m; /Iwait until the packet has
been sent or the maximum number of retries has been reached
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if (! nrf24101_irg_max_rt_active ()) /lchar has been sent
successfully
{ nrf24101_irg_clear_all (); /lclear all interrupts in the
24101
ToggleLED2 (); /itoggle the on-board LED2 as visual
indication that the char has been sent
}
else
{
nrf24101_flush_tx (); /lget the unsent character out of
the TX FIFO
nrf24101_irg_clear_all (; /lclear all interrupts
}
ToggleLED (); /toggle the on-board LED as visual
indication that the loop has completed
}
RCIF  =0; //clear RCIF interrupt
}
}

/linitialize routine
void Initialize (void )
{

InitializelO (); /Iset up 10 (directions and functions)
OpenUSART (USART_TX_INT_OFF & USART_RX_INT_OFF &

USART_ASYNCH_MODEUSART EIGHT BIT & USART_CONT_RX&
USART _BRGH_HIGH 64); //open UART

SSPCON = 0b00100000 ; /I SPI control register

SSPSTAT =0b01000000 ; /I SPI status register

nrf24101 _initialize_debug
24101 to the debug
auto-ack enabled

(false , 1, true ); [/linitialize the
configuration as TX, 1 da ta byte, and
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/linitialize 10 pins
void InitializelO (void )

{
ANSELO

0;  /l/disable AD converter functionality on PORTA
TRISA

0; //make PORT AO an output to control LED
RAO = 1; /lturn on LED

TRISB = 0b00000001 ; //PORTBO is input since itis IRQ pin

TRISD =0b00000100 ; //SDI

TRISC = 0b10000000 ; //make CSN, CE, SCK, MOSI (SDO), and TX
outputs

PORTC = 0b00000100 ; //set CSN bit
}

/ltoggles on-board LED
void ToggleLED (void )

{
RAO = ~RAGQ //invert the bit that controls the LED
}
void ToggleLED2 (void )
{
RA1 = ~RAL //invert the bit that controls the LED
}
"1, PRXlocal.c & #/ (" ' #' PRX(PIC
18F2431,nrf24101+). ' . % %, ' SPI, F(
"%%%H' ,, 0 TIMERS " interrupts " $& ' #' '
% ,' PWM "o .

PRXremote.c
#include <htc.h>

#include <stdlib.h>
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#include <stdio.h>

#include "usart.c"

#include <peripheral/usart.h>

#include <peripheral/spi.h>

#include "delay.h"

#include "nrf24101.h"

#define XTAL_FREQ 10000000

__CONFIQ 1, 0x0200 );

__CONFIH 2, 0x2001);

__CONFIQ 3, 0x1D00);

__CONFIQ 4, 0x0080 );

__CONFICF 5, 0xCO0F),

__CONFIQ( 6, OXFFFF);

__CONFIQ 7, OxFFFF);

void Initialize

void InitializelO
void ToggleLED2 (void );
void ToggleLED (void );

LED

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

unsigned
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char data_in
char dir ;
char dir2 ;
char input
char input2
char i =0;
char j =0;
int e =0;
int k =0;

int vel_ref

(void );

’

(void );

/ltoggle the current state of the on-board

[ 4];

= 512;
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unsigned int vel_ref2 = 512;
unsigned int vel_fb = 0;
unsigned int pwm_command = 0;
unsigned int pwm_command2 = 0;
unsigned char flag ;

unsigned char data ;

void set pwm (unsigned int rpm , unsigned int vel ref2 ,unsigned char
dir , unsigned char dir2 );

//main routine

void main (void )

{
unsigned char data ; //register to hold letter received and sent
Initialize (); /linitialize PLL, 10, SPI, set up nRF24L01 as RX
PDCOL = 0b0O000000O ;
PDCOH = 0b0000000O ;
PDC1L = 0b0000000O ;
PDC1H = 0b0000000O ;
while (1)
{
}
}

/linitialize routine
void Initialize (void )

{

InitializelO (); /Isetup 10O (directions and functions)
SSPCONO0b00100000 ; // SPI control register

SSPSTAEO0b01000000 ; /I SPI status register
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nrf24101_initialize_debug (true , 1, true ); [/linitialize the 24L01
to the debug configuration as TX, 1 data byte, an d auto-ack
enabled

}

/linitialize 10 pins

void InitializelO (void )

{
ANSELO = 0x0; //disable AD converter functionality on PORTA
PORTA= 0b0000000O ;
TRISA = 0b00011100 ; //make PORT AOQ an output to control LED
RAO = 1; /turnon LED

TRISB =0b00000000 ; //make sure that PORTBO is input since it is
IRQ pin

RB6=1;
TRISC

0b00011000 ; /Imake CSN, CE, SCK, and MOSI (SDO) outputs
PORTC= 0; //set CSN bit
//POWER CONTROL MODULE

PTCONO 0b0O0O000000 ; /I PWM Timer control register 0

PTCON1

0b10000000 ; /I PWM timer control register 1

PWMCON@& 0b00111111 ; // PWM Control register 0, set active PWMO,
PWM1, PWM2, PWMS3, PWM4 and PWM5 and independent

PWMCONZE 0b00000000 ; /I PWM Control register 1

OVDCOND:= 0b00001010 ; // Output overide control register

OVDCONS= 0b00000101 ; // Output State register

FLTCONFIG = 0b0000000 ; // Fault configuration register

PTPERL = OxFF ; // Time base period register low byte

PTPERH= 0x00 ; // Time base period register high byte
/Iset up Timer2 with 1ms period

T2CON = 0b0O0000111 ;

PR2=0x9C;

INTCON=0b01110000 ;

INTCON2 = 0b10000100 ;
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T5CONO0bO0001101 ;
PR5H=0xFF;
PR5L=0xFF;

PIE3 0b00000110 ;

IPR3

0b00000110 ;
PIE1 =0b00100010 ;
ei (); /lenable interrupts
}
/ltoggles on-board LED
void ToggleLED (void )

{
RA1 = ~RAL
}
void ToggleLED2 (void )
{
RAO = ~RAQ
}

void set_pwm (unsigned int vel_ref ,unsigned int vel_ref2
char dir , unsigned char dir2 )

{
if  (( dir2 ==43)&&( dir ==43)) /[forward movement
{
OVDCOND = 0b11111010 ; // Output overide control register
OVDCONS = 0b00000101 ; // Output State register
}

else if (( dir2 ==45)&&( dir ==45)) /lbackward movement
{

OVDCOND = 0b11110101 ; // Output overide control register
OVDCONS = 0b00001010 ; // Output State register

}

else if (( dir2 ==43)&&( dir ==45))

90

, unsigned



*66 3

OVDCONDB= 0b11110110 ; // Output overide control register

OVDCONS = 0b00001001 ; /I Output State register

}
else if (( dir2 ==45)&&( dir ==43))
{
OVDCOND = 0b11111001 ; /I Output overide control register
OVDCONS = 0b00000110 ; /I Output State register
}

/Iconvert 10-bit PWM command to 16-bit PWM DUTY CYC
register

for motor 1
pwm_command =1023-vel_ref ;
PDCOL = ((pwm_command <<2) & 0b11111100 ))
PDCOH = pwm_command>>6;

/[convert 10-bit PWM command to 16-bit PWM DUTY CYC
register for motor 2

pwm_command2 =1023-vel ref2 ;
PDCI1L = ((pwm_command2 <<2?) &( 0b11111100 ))
PDC1H = pwm_command2>>6;
return ;
}
void interrupt my _isr (void )
{
/I Timer 2 interrupt used for sending data serially
if (TMR2IE==1 &&TMR2IF ==1)
{
set_pwm (vel_ref ,vel ref2 ,dir ,dir2 );
TMR2IF  =0;
}
/lincoming data, IRQ interrupt

if (( INTOIE )&&( INTOIF ))
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{
ToggleLED ();
nrf24101_read_rx_payload (&data , 1); //read the packetinto
data
nrf24101_irg_clear_all (); /lclear all interrupts in the
24101
input =data ; // get 1 byte per loop

if (( input !=13)&&( input != 32)) //if the incoming data is
number or +,-

{
data_in [1]=input

i ++;

else if (input ==32)
{

e =((( data_in [1]- 48)* 100)+(( data_in [ 2]- 48)* 10));

ascci to dec
dir =data_in [O];
i =0;

else if (input ==13)

{

k =((( data_in [ 1]- 48)* 100)+(( data_in [2]- 48)* 10));
/lconvert ascci to dec

dir2 =data_in [0O];
vel ref =k;
vel ref2 =e;

i =0;

INTOIF  =0; /lclear flag of IRQ interrupt

}
}
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