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Abstract

The objectives of this research were 1) to implement the small embedded
Ethernet network systems for remote controlling FM radio transmitting systems via
web page and 2) to test and analyze performances of remotely-controlled high power
FM radio transmitting systems.

Research methodology includeed 1) designing and implementing the
small embedded Ethernet network systems with cooperating between dsPIC33
microcontroller board and ENC28J60 embedded Ethernet controller chip 2) testing
the web-based remote controlling module on FM radio transmitting systems and 3)
analyzing the performances of small embedded Ethernet network systems regarding
response time, throughput, availability and frequency errors of high power FM radio
transmitting systems when interfacing with the small embedded Ethernet network
systems.

Performances of small embedded Ethernet network systems implemented
by dsPIC33 and CIE-M10 microcontroller boards were compared in this research. It
was found that both microcontroller boards could remotely control FM radio
transmitting systems effectively. Although, response time and throughput
performances of CIE-M10 microcontroller board were slightly higher than dsP1C33
microcontroller board, the availability and frequency error performances of both
boards were not much different. However, when comparing with the ET-
dsPIC33WEB V1 microcontroller board, there were less of digital and analog inputs
available for CIE-M10 microcontroller board as its constraint for further
implementation.

Keywords: Small embedded Ethernet network systems, ENC28J60 embedded
Ethernet controller chip, ET-dsPIC33WEB V1 microcontroller board,
FM radio transmitting Systems
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2.1 M3euAanUUa SPI
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3.1.2 Transmitter Metering

TRANSMITTER
POWER

FWDPWR  RFLPWR PAAMPS  PAVOLTS

l N

AN 2.6 VOLEAINANAZYNAIVANMITIINUYDUATOIAIINY

~ 3‘; 1 9 g A VAo w A U U
INNINN 2.6 NI 5 “]J‘llﬁlﬂ‘ﬂf]uﬁﬂﬂWﬂlﬂuﬂ1‘ilﬁﬂﬂ@ﬂ1ﬂﬁ1 iyﬂl@ﬂlﬂiﬂﬂﬁﬂiuﬁ’)u

' ] Y
Y04 Diagnostic Display 1H1ogA1A 19 v0 AT 0989 Al

v o

1) FWD PWR (Forward Power) Aotjudmsugaimasdya o

' o v o

2) RFL PWR (Reflected Power) finljudmsugammasdyapadzounay
U 1 4 J
3) PA Amps Aotjugainszud ihvesTugamiesueni
N 1 o 4 o
4) PA Volts notjugaws s Tiihves Tugamnesuond
. A ! [ I o o o w
5) APC (Automatic Power Control) Antjugaseau Iihdmsunruguias
Ty aeeno1Maon lula

1) Forward Power (FWD PWR) Units of Measure

] U 1

a o W o 1 d ad ] ] I~ s I 4
nuredanlinavesmasdygiuadadesisaouanunlosisua

]
v o =

1 I U o a 4 1 1 I 3 s a
1 100% uJummmmmﬁmmmmeﬂmuﬂﬂmauﬂ%ma fﬂ!ﬂﬂil%u@]ﬁ1ﬂﬁﬂﬁ]3lmﬁmiGl

99

v o 1

{ 1 1 1 o Jdad
laTaeulasun1 configuration 1u diagnostics f1dpemsvumMaIFyauasesiisalu

wihoidlufladad awnsomldlasnisnatly FWD PwR felfszaina 3 Jund wdann

'
v o S

a A 1A I ) I [} a v [ A
3 U anuaassziummasdyaaniluniien laded lagdn Tugia



19

2) Reflected Power (RFL PWR) Units of Measure
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130418 1R 0dIzTUMdInInUsa ET-dsPIC33WEB V1 W0AIUANNITHIIUI ON
A = J 9 A [ d' 1 A [
¥30 OFF  nazlinsaitoyaionsnnaataniizmsmauyeuasedddlagganeings

A 1A 3 A ) 9 A o A ~
wsesdeIngevliounagth l1Feuiidinmi 3.2 tazawi 3.3

TB1-1 ¢ HIGH
TB1-2 € LOW
TB1-3 ¢ OFF
814 ; POWER RAISE
TB1-5 ¢ POWER LOWER
TB1-6 ¢ SOMMON
J TBI-11 ) TX ON HIGH
= TX ON LOW
S mis > XMTR PWR LOW
N REMOTE CONTROL ACTIVE
W Tmr1s RF MUTE
2 I AFC FAULT
ﬁ TB1-18 » PA FAULT Microcontroller
. PS FAULT &
E TB1-19 4 SUMMARY FAULT Interface set
w o TB1-20 7 VSWR/FAULT
lé Iz: 2; ; VSWR FOLDBACK FAULT
7 AMBIENT FAULT
< g2 s ISO TEMP FAULT
o IB1.26 EXTERNAL INTERLOCK IND
TB1.27 FAIL SAFE
81.28 ; IPA FAULT
TB1-37 PHASE LOSS

i

COMMON EXTERNAL
TB1-35 +5V TO +28V
POWER SUPPLY

L J

P~ o A ! A o A o Y
NN 3.2 G]'ILLWU\‘]L%?JN@]@!W@?YJU?!NLLQZLlﬁﬂﬁﬂaﬁﬂ’ngﬂ’lﬁﬂ’l\ﬂuﬂu']llﬂﬁl%\ﬂu

11 : aauaan191n Harris Corporation 2000, 2001 (2003: 2-25)
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FWD METERING

TB1 - 30 N
RFLD METERING

TB1 - 31 >

TB1-32 PAV METERING N

TB1-33 PAI METERING .

TB1 - 34 APC REF METERING

TB1-25,TB1-29

A4

Microcontroller
&
Interface set

pya

COMMON

N

MU 3.3 MUHULFIUABLEAIHANITATIVIAAINTHINIUANE

A11: aauaasu191n Harris Corporation 2000, 2001 (2003: 2-26)

1.2 gaarufnnam3esdaIngonion (Interface set)

o

4 1T A o [ 4 T A <3 1Y
FONABIUNATINTUAIVANNITIINIUYD AT INglovlioy 164

/o o 4 9 ao & a =
Uluiﬂiﬂﬂui“ﬂiﬁLﬁf)i“l/]u'lll‘]_]l,!ﬁﬂ\iwﬁ‘hﬂ Aume TuanuIteil uaasseazidea lua1s1en 3.1

' ! A o o ° 4 1A <3
A15191 3.1 YAIFONABDUNAT NS UAIVAUMTINNIUAT DIFINGLOHIDY

TB1-1 XMTR ON_HIGH mﬁmuqmwz”lﬂmﬁaé’wm High power ON 924191147
N1 Active Low

TB1-2 XMTR ON LOW mﬁmm;mwz”lﬂmﬁaﬁmu LOW power ON 924197147
AN Active Low (F83d9903103 048992 aAA91NATINILg
voImMasdeadn1Izlnm)

TB1-3  XMTR_ON_OFF mﬁmmgmzﬂz”lﬂaLﬁaﬁ"muﬂmﬂ%m%zﬁmu‘ﬁﬁmaz
Active Low

TB1-4 XMTR RAISE mimuamxaz“lﬂan’ﬁaf?muﬂmﬁuﬁm”m%m o
FOUATN1E Active Low

TBI-5  XMTR LOWER mimm;mzﬂx“lﬂalﬁaér"mumia@mé’m?'mdq oF

MNUNTNNE Active Low

A: aauaanian Harris Corporation 2000, 2001 (2003: 2-30)
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A 1 4 o A 1T A I~} ]
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s o P ao X a =
uliliﬂiﬂ’f)uj‘ﬂiﬁLﬁf]i‘I/]u'lhl‘ﬂl!ffﬂQﬂﬁHWDULW‘D‘U@\N'Iu’J%EJu HARN9T18821009 1A 19N 3.2

' ! . ° 4 1A <
A13197 3.2 AFONADIDIANAUAAIAN1ILNTHINTUVDIUAT DITIINGLONDN

TBI-11 XMTR ON_HIGH IND  u@f9dn12¢ High power

TBI-12 XMTR_ON LOW IND  L@ASEN1IE LOW power (F1A3a4U8LAT 0984

é é o v 1 a
ﬂiﬁﬁuﬁ%ﬂﬂﬂWﬁﬁﬁQﬁﬂT}zﬂﬂﬁ)

TBI-13 XMTR PWR LOW IND LE#A9EN1IZMAIa9vadn309ainnlnatisemasds

AN
TB1-14 LOC REM IND LAANAN1IZA5 191U Remote
TB1-15 MUTE_IND LLﬁﬂQﬁﬂT’J%Lﬁﬂlﬂdﬁlﬂﬂdﬂ Mute
TB1-17 AFC FAULT HAANAN1IE Exciter L0
TB1-18 PA FAULT Heald m’;ggﬁa PA IT® 13U PA Overcurrent, PA

Undercurrent PA Overtemp

TB1-19 PS_FAULT Wetasan1z1ile Power supply iAatlamdados

TB1-20 SUMMARY_FAULT uansan 1z lagswianuaienatymdados

TB1-21 VSWR_FAULT HEIAEINIZIATBIFATINITATINLAT VSWR g4
Hailna

TB1-23 AMBIENT_FAULT wansanziloguvginelung ot g4

TB1-26 INTERLOCK_IND WEIAEINIETEUY Interlock VOUATOIA

TB1-28 IPA FAULT Haaaan12z 1uga IPA 188 19U IPA over current, [PA

Over temp, IPA overload

11 : 9auaan191n Harris Corporation 2000, 2001 (2003: 2-30 — 2-31)
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daanaueuzaoniien lllasdyanaueuzdeniiludinalaslulng

Jd o A < 2 A
ﬂ’ﬂu}ni'ﬂlﬁ'ﬂj u']llﬂllﬁﬂ\iﬂ l')‘UlWﬂllﬁﬂ\ii’]ﬂaglﬂﬂﬂﬁlugnﬁ'l\iﬂ 3.3

~ 1 J 3 A o 9
M1319N 3.3 11ﬂ@16L’e)mwmmuzaaﬂmauﬂﬂhﬁm

TB1-30  FWD_PWR SAMPLE (0 WdWadaaiauouzaen

Power output 3.5V =120 %

TB1-31 REL PWR SAMPLE 01dnadya aueouzaen

Reflected power 3.5V = full scale

TBI-32 PAV_SAMPLE PWHAdYAALE UL AN LEAIA

PA Voltage 3.5V = full scale

TB1-33 PAI_SAMPLE EHAdY RO UZABN LEAIM

PA Current 3.5V = full scale

17 : aauaan191n Harris Corporation 2000, 2001 (2003: 2-31)
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PGD3/EMUDS/ANO/CNZ/RBO
PGC3/EMUC3/AN1/CN3/RB1
ANZ/SS1/CN4/RB2
AN3/CNS/RB3
AN4/CNEB/RB4
ANS/CNT7/RBS
PGC1/EMUC1/ANG/OCFA/REE
PGD1/EMUD1/ANT/RBT
U2CTS/ANB/RBS
ANS/RBEZ
AN10/REB10
AN11/RB11
TCKIAN12/RB12
TDI/AN13/RB13
U2RTS/AN14/RB14
AN15/0CFB/CN12/RB15

20 Rgg
9 Raq
18 RmE2
| 17 RB3
| 16 RB4
5 Res
| 21 RB6
22 RBT

27 RBS

28  RBY
29

30

33__RB12
|54 RB13
35

36 RB15
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ANTNN 3.4 ﬂqiﬁﬂmqquiﬂjﬂ@uiﬂﬁalaﬂﬁlWﬂﬁQﬂTﬁQLﬂW@WWﬂﬂﬂﬂl%@n@]@lﬂﬁ@q?N'J‘V]q

eWidy
luTasneuInsames In309daINg wihi
RBI11 TB1-1 ﬁ'JNTLJ High power ON
RB12 TB1-2 #9911 LOW power ON
RBI13 TB1-3 FrmTansoeds
RB14 TB1-4 Faumsiumdunsoads
RBI15 TBI-5 Faumsaamdunsoada

o 4 1A < { ) 4 1
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OC1/RDO 2? ;EG
0C2/RD1 = 1
OC3/RD2 RD2
OC4/RD3 63__RD3
OC5/CN13/RD4 gg RD4
OC6/CN14/RD5 RDS
OC7/CN15/RDE 68 RD6
OC8/CN16/RDT 69 __RD7
IC1/RD8 54 __RDS8
IC2/IRD9 55 __RDY
IC3/RD10 56___RD10
IC4/RD11 57 __RD11
IC5/RD12 64 RD12 Ay AU ALARIE ATUE TN
IC6/CN19/RD13 65 _RDI3 (i psdsinmeiEn
IC7/U1CTS/ICN20/RD14 37 __RD14
IC8/UIRTS/CN21/RD15 38 __RD1S
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{ 1 S A a [ 4 1 4 1
M319% 3.5 misov1 luIasnou InsamosNeUaAIdTN1IZBUNANUIATONADIAG DIAN

Ingravidw
lulnsneuTnsames  n3eedeing nhil

RD7 TB1-11 HHEANTN1IT High power

RDS TB1-12 HARIANIE LOW power (FSId90031A3 0484
Asaniweididaanzalng)

RD9 TB1-13 aeanzMSIdweunssdainlnAniersa
AN

RD10 TB1-14 LAAIANIZANS 19911 Remote

RDI1 TB1-15 wananzilomIpada Mute

RDI2 TB1-17 HAASAN1IE Exciter 10

RD13 TB1-18 u,ﬁmamamﬁa PA 158 19U PA Overcurrent, PA
Undercurrent, PA Overtemp

RBO TB1-19 werAsan1ziile Power supply iAatamdates

RBI TB1-20 !,LﬁﬂQﬁﬂ133Tﬂammﬁy’mmgﬁmﬁﬂﬂﬂmﬁi’ﬂ%’m

RB2 TB1-21 AN AT BETNTATIINLAT VSWR g4
natlna

RB3 TB1-23 wansrnnzilegungineluniesded ge

RB4 TB1-26 AL 5ZUY Interlock YDUAZ DAL

RB5 TB1-28 wagan12z 1uga IPA 1§88 19U IPA over current,

IPA Over temp, IPA overload

A s o < A o o < 3 aa o
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RC1 i AN16/T2CKIT7CKIRCA
ueurRandunauaniAiinaiias ggg I ANTTITICK/TBCK/RCZ
(AT BadaInyLaviEy AN18TACK/TICK/RC3

RC4 5 | AN19/TSCK/TBCK/RCA

{ o [l 4 1 W < o
AINA 3.6 @]”ILL‘WLNL%?J?J@@ aumpmgmﬁwmmuzaaﬂﬂum%ﬂ ET-dsPIC33WEB V1

1w A o 9 £ ' a J Y a
maaedyyruini ) ldnuazdesiiunsesdumessdudunaveslulng

s A N s o = A VW a =
ﬂ@ui%ﬁﬁlﬁ@ilwmlﬁﬂ\‘]ﬂm@iﬂ"lﬁ‘l/]N"I‘L!Iﬂfmﬂ"lﬁl“]f@ll@]@f’fﬂluﬂlu1‘@1!&!@7@\1513@13!@8@11!@”51\17] 3.6

{ 1 s A a [ (% 4 '
M3191 3.6 Mmaaev1 luTnsneuInsamoimonaasdnzdunaLUZADNIUATONAD

in3eadaIngeity
Iulasnoulnsames  nTesdedng nhi

RCI TB1-30 PIANAT Y IULOULADN Power output 3.5V =
120 %

RC2 TB1-31 LE]WT‘V!G] ‘”a,;aunmuauzﬁaﬂ Reflected power 3.5V
= full scale

RC3 TB1-32 PIANAT YU ULADN LAAIAT PA Voltage
3.5V = full scale

RC4 TB1-33 PIWATYULOULADN HAAIAT PA Current

3.5V = full scale

d' | Y2 a d &
1.4 MIYONADTYYIUBUNDIITN
d’ 1 [ a L~ d' 1 [ A [
MIFoUADTYYIUDUIMOT TR TUITFONADHIUIATOV BAY Az Y
A P < s S YA A
sTUvUdUMmesIHaNINMeuen 1Usunsuiuus1iwesnlvAe Internet Explorer 150 1151053
< 7 S o a ° ' . X s
A iwesna 1l TaeIsnsmvuan Configuration Y04U®35A ET-dsPIC33WEB V1
1 s A ] 9 . .

veud luruwesadea1sounsy RS232 04 2 (RS232-CH2) TaalH11sunsu Serial Terminal

A . vy A v 9 A @ dy
A9 Hyper Terminal Iagl#da¥ounoaioon ludall
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Baudrate = 19200BPS
Data Bit = 8 Bit
Parity Bit = None
Stop Bit =1 Bit

Flow Control = None

A A | ° 4 A Y v Y [,
Lllf)tﬂﬂiﬂ’iuﬂill Hyper Terminal HOZNHUANITIFONUADLITIUIDYLAT WIDNUNUAD
a1e wﬂny’]mﬂ’]ﬂ RS232-CH2 "U@\ﬁ_]@%’@] ET-dsPIC33WEB V1 fel’l] Comport PC LL'(?I}"J MNINA

A o Al o P v v o A < o Y} ' A
I9%Y¥ SW1 Neond Port-RDSY ﬂTQ13W5ﬂNﬂUﬂﬂﬁ3@ﬂf RESET m@ﬂﬂ@iﬂllalﬂaﬂﬂ Iﬂﬂ‘ﬂ SW1

)}

< ' ' 1 o W
AR Nazng Tnuams Setup Configuration ¥94UD5A ZAMIdIToANUIAZINYAIAT

e

ASUNINIANDSA  RS232-CH2  #9 eNN130NARE  1A0NAIAUAINIITOA1NY) 10115

waesunalasun luA1 Configuration a149) laAenINA 3.7

“& 3 - HyperTerminal

File Edit Wiew Cal Transfer Help

0= 3 =0 B

Microchip TCP/IP Config Application (STI, Jul 28 2013)

1: Change serial number: 0]

2: Change host name: DSPIC33VEB

3: Change static IP address: 192.168.149.72

4: Change static gateway address: 192.168.149.126

5: Change static subnet mask: 299.255.255.128

6: Change static primary DNS server: 10.0.0.101

1. Change static secondary DNS server: 10.0.0.100

8: Enable DHCP & IP Gleaning: DHCP is currently disabled
9: Download MPFS image.

0: Save & Quit.

Enter a menu choice: _

Connected 0:01:10 Auto detect 19200 8-N-1 MUM

A 3.7 Mavlasunalaaud luan Configuration 199)

(% 4’ 1 1 4 Y o A ] a A
ANHUSMIFOUADFUUAUTZTHINUDIA [WINVUTTVUIATeV AU Tas NTalf
A v o v P ' A A A I A
IFOUAONIUEVIZTADI IFE UV UADAT I HASNTUNLFOUABDLUINUNITALAUVDILAT DN
A4 A

a 4 4 o 1 o
asuinaosvzandldmenunlyd mszginsalmilounwiioounenudneldais LAN



44

HUUATOH (Crossover Cable) 1199910 ET-dsPIC33WEB V1 tf3eunailounieinouinaosan

° Y Ad Aad S W ~
MuNd s lnos aanInm 3.8

192.168.149.80

192.168.149.72

Aanuuledans

uasm ET-dsPIC33WEB

AN 3.8 LEAAIM5IFOUAD ET-dsPIC33WEB V1 L"ISIIWﬁJ‘]Jﬂ1§ﬂ!muﬂl@ﬁﬂfluﬁ3m®§

o 3 1 a Jq ¥ PR
MMTFAAT IP Address VDIABUNIUADS 1N Subnet mask: LAz IP address 111U
AMAAEINUNDVDIA ET-dsPIC33WEB V1 108 IP ¥99U0350 Ao 192.168.149.72 11aZA3A1 IP

A a 79 ¥ o .
mmmi@mauwamaﬂmﬂu 192.168.149.80 ﬂ\iﬂﬁﬂﬂhﬂMﬁ 3.9
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5; Wireless Network Connection Properties & Internet Protocol Version 4 H(l:lP.'TPv-iJ Pn:lpperties M

Netwarking .shm I G 2l

Connect using: You can get [P sattings assigned automatically if your network supports
¥ |ntel{R) WiFi Link 1000 BGN this capability, Otherwise, you need to ask your network administrator
- for the appropriate [P settings.

Obtain an IP address automatically

Thig connection uses the following tems:
| @ Use the following IP address:

[ 9% Client for Microsoft Networks

|;"1IEAVGnet fiker di IP address: 192,168 .149 , B0
 JBlQoS Packet Scheduler Subnet mask: 255 . 255 , 255 , 128
& =} File and Printer Sharing for Microsoft Networks
¥ i intemet Protocol Version & (TCP/IPvE) i Default gateway: 192 . 168 . 143 . 12|
N |ritemet Protocol Version 4 (TCP/1Pv4)
[ -a Link-Layer Topology Discovery Mapper 1/0 Driver Obtain DNS server address automatically
_®1 -+ Link-Layer Topology Discovery Responder | @ Use the folowing DNS server addresses:
Instail.... =a Properties Preferred DNS server: w.9 .0 ,101
Description Alternate DNS server: Ww.0 .0 ,100

Transmission Control Protocol/intemet Protocol. The default
wide area network protocol that provides communication
across diverse interconnected networks | Validate settings upon exit Advanced... J

o) ] e

~ I A a Jq Y I
NINN 3.9 NITANAT TP ﬂlﬂﬁlﬂﬁﬂﬂﬂ@uwjmﬂijﬁlﬂu 192.168.149.80

nageuMI¥oune IagldI5s Ping l1/ivaneiav IP vesuesa ET-dsPIC33WEB
V11l @9 192.168.149.72 Taefiunimdd ping 192.168.149.72 1187 Enter JAONAIINN5 Ping

4 1 <] [ {
WINMIFNADANYIE NIZUAAITOAAINING 3.10

Copyright <c? 208? Microsoft Corporation. All rights reserved.

C:sUszersssubin>192.168.14% .72
'192.168.149.72' is not recognized as an internal or external command.
operahle program or hatch file.

C:\Usersssubin>192.168.147.72
'192 .168.142.72' iz not recognized as an internal or external command.
operabhle program or batch file.

C:s\Usersssubin?ping 192.168.14%.72

Pinging 192.168.1492_.72 with 32 bytes of data:
192.168.1492.72: bytes=32 time=16ms TTL=188
192.168.149.72: hytes=32 time=2ms TTL=18A
192 .168.149.72: bhytes=32 time=2ms TIL=18A

Reply from 172.168_14%_.72: bhytez=32 time=4mz TIL=188

Ping statistics for 192.168_14%9_.72:

Packets: Sent = 4. Heceived = 4. Lost = 8 (8% loss>.
Approximate round trip times in milli-seconds:

Minimum = Zmsz,. Maximum = 16ms,. Average = 6ms

C:“\Usersssubin>

{ 4 1 J
ﬂ’]Wﬁ 3.10 HFAINDIINNIT Ping ﬁﬂ'ﬁlg]ﬂfﬂuﬂﬂﬁﬂyjim



46

N 1A <
5$U‘]Jﬂ']ﬁﬂ')‘llﬂll33‘]J‘]Jﬂ1§'f]@ﬂﬂ”lﬂ']ﬁsllﬂ\‘]!ﬂ§ﬂ\?ﬁ\?'J‘VIEJﬂﬁgﬁ]TEJL%fJQL@V‘IL@iJfJG]qfﬂ

=

[ 1 4 =Y < @ 4 o I 4 1
!%@Mﬁ@ﬁgﬂ'JNLﬂ%’ENﬁ'\TJ“VIEJﬂi$ﬂ?ﬂ!%ﬂﬂlﬂ“l/‘ll’ﬂllﬂﬂllﬂiﬂ ET-dsPIC33WEB V1 mmm%me

[ [

dyauniugy dygraaniigmsinnu uazulasdyanaussau ldihnszuaaselian

oo q

e I ausamau1dnuuesa ET-dsPIC33WEB V1 aataadiieazioealunini 3.11

((®)

% User 5

e

TCRAP

INTERNET _
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Router
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TCPIP
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Qe

TCPIP

TN e

BROADCAST

CONTROL

FM Radia INTERFACE

Transmitter SET
TA CONT
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e User 1 User @ User 3
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