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ABSTRACT
An embedded system based on a digital signal processor ( DSP) microcontroller was developed

for the touch-panel-based human-—machine interface of a racket stringing machine. The DSP
microcontroller was the dsPIC33EP512MUS814 from Microchip. This system has a fully digital

software and hardware architecture and comprises a thin-film transistor ( TFT ) liquid crystal display
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(LCD) touch panel, a string-pulling motor, a tension sensor, and EEPROM external memory. The
goal was to provide precise tension control for the racket stringing machine in a user-friendly manner.
The human—machine interface screens for the TFT LCD panel were first designed considering the
functional requirements of the racket stringing machine. Each screen includes a background, icons, and
buttons. Images were cropped using Adobe Illustrator and converted into binary files that were
subsequently burned into the touch panel's memory. Embedded programs for the DSP are written using
the MPLAB development environment with the C30 compiler. Various operation codes were designed
to communicate with the TFT LCD touch panel over the universal asynchronous receiver-transmitter
protocol. The system parameters were read from and stored in EEPROM memory over the 12C protocol.
To capture analog signals from the tension sensor, the built-in analog-to-digital and pulse-width
modulation functional modules of the DSP were enabled through software. A tension control algorithm
was developed to control the string-pulling motor to achieve the desired string tension. The touch-based
human—machine interface of the DSP embedded system is not only intuitive and user-friendly but also
simpler than other systems due to the use of the DSP's built-in functional modules. These modules
replace peripheral hardware circuits, thus reducing the required number of electronic components and
allowing for a fully digital design. The developed system was applied to an actual stringing machine
and its effectiveness was experimentally validated.

Key Words: DSP microcontroller, embedded system, TFT LCD touch panel, human-machine interface
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I41E 28 ON/OFF ~ TFTLCD i & ¢ 55 5% « Load Cell U

BT P ol
gange [ »
LiEH
G ¥
EE
! ! ! ! ! v
HURTE | [T | | o | (5505 |BSRE | TSR
RIS | (BYE | | oo | | SE007 | | BEE || SeEE/%
e | | g | || \mem| (s | E
!
WEE
T
! ! v v 3 ! v
iz ||eeses| | it || Load || o | @@ Bm
F/T ||ON/OF| | 721 || Cell ;’DLEDE REREY|| AR
gage || F || gk || ke || T || e | e

& 17. BT AT GAGRFEF

BERCIE ~ BRI HEE S 30E ~ BT R E BT SUE CRIEUR
PIARAEREEDRE - B —TERUE DAL B A — M S By AR
TEEH > B— AMERFEEEE T E R - MHE B
FREEARETT - BB FRFEREE FER Icon [ - fifd
SN Tcon fEERARENL B LARAHE EAVENE © K T T (EEER
R (R A 7 1 1 25 T 00 L I 8 T P 1 e S il
Icon [ERYECIRESFEF LB lcon [EAEEIMVEEME » DIK
BE A E AR AR E ~ (I BIEEAR - B O
Icon HY X/Y FEAFHEE - TE2R4% B HHZEERER] Teon » Bl
HEASOE EE T AR E AT DU TR S B T i
18.2% ON/OFF ~ TFTLCD Mt ET Yo afE F5%L « Load Cell PUEE
RIE ~ B HRE S 30E ~ B BTE B RUE S e CRIEURL
SRR BE IR - TR E DIRE B A — THE B AR
=l F- AMEEREEENE - RREET LSRR
AT - EREABFEREAEE FIEM leon [E - fHfHE
Bl Icon MR B LR AHBIFERIENE - B T T (EEERE
2 B A I 2 T 0 R R T I T P B AY 5 S A
Icon [BEVECIEBEEREFAIEN Icon B REEIAYEEALMIE - DL
BUEMEECRAE - (L BRIRGE AR - 25 S E
Icon Y X/Y BEAZEIE -

Ul



PREEGE ~ 2= 588 ~ B

RUK : ERHERA DSP PBIEEAR M < B

(2) EZhiErEE =%

REE AR ETHR AT Z 0P 75 B 8 0 8 R S i A
THRERS4H » E14E Load Cell EHHEHIHY A/D ~ EEPROM i
#y 12C ~ EZEERH)IY PWM f1 TFTLCD [Eif##) UART
FERAH - S RIRGINT -

1. Load Cell ] A/D §Ei#fauttisH

Load Cell FHI234% FHELHT#EEAE ( Wheatstone Bridge )
FORERIOR RS - WA SEL SR E R/ 0~3.2 V - AT
AL J7 BF B ks 0~45 kegw o I MEH LE R OBE 00 ZH &
dspic33EP512MUS814 (R 3 NEHY ADC fEARIEHA R B
firsER - FEHERL a2 - ARG ADC 154HERE 10 bit »
T A8 By ANO o K > Load Cell fii AZEJEE 0-3.2V - AH¥F
A/D {E 1y 0~1024 - 5ii# ADC DjsefEsEAHRARIZERIR 725

( Control Registers ) 43 7l 5 ADxCONI - ADxCON2
> ADxCONI1 & F ¥ ADC HYHE AH#EAE
ADxCON2 ft T 50 L4 e - EiE BB R SE - 3%
Bifmfhim A - ZEHEE G A E R - ADXCON3 fuf%
TR S5 ~ 15 B USRI PR 2 585 DUBE AR H
BB R SRR RS - T e 5 A 2 A Ry (EAE RA R R 2 25
53711k ADXCHSO 1 ADXCHS123 » ADxCHSO FHjA 2

H 0 IEARA - JUEFTTE A/D B AEHEEE] ADC HYEUERA]
RFF (S&H) JRRESIIE - ADxCHS123 fitE ADC HYiH
~ 203 RS A DB E IS LA IE A A 0 TR
MIEEIERE -
2. EEPROM Yy I2C iR

ADxCON3

EEPROM F Microchip /3 E]ZI5% 24LC16BH 16 Kbit £
B dspic33EP512MUS 14 {pa i Ssfy#im 7 = 5
2 C BRI TR RERTRER - SDA (Bk4R ) 1 SCL (1%
$E4R ) - JEIEAY OP-code HY R/W (FH/59) #3EES A ACK (fifE
SRERSR ) FTaHRE - SFF 2 FUERISSAEnhRI a7 = - SDA %y
FAF B¢ FEtHBIes i - DUS R {8 5 SCL HH 1 3%
PE > SEELFI FER B R AR T - SE R E T
8B TIT (Bit) HYEH  —(EIETET (Byte) #EIL
78 (M Bt B2 ) Ioliis - BESE1Ess
FUER SR ARE R SDA SRAIEAREH% ACK S5t - K2
ISR R B B B B A S AN - (R S5 LB 52
Al & B (R FF SDA 43 &S 8 SF » 48 3% NACK F5% -
dspic33EP512MUS14 # R 25 1) I C 81 EEPROM J#iHE
SDA 4RHIKFP AR - R F e B AR

EEPROM -

S 1 0 1 0 | B2 | Bl | BO |[R'W | ACK

EEEREE E B ACE

B %542 7T K5

18. I C AR TTHY T IR

HIERGR » Ml RIS FFEE D4 1 LA T » J00E 18 From » Horr
BR4ARI TR 0 5 ZeIAEE & 1010 PTOfEALTT s B2~ B1~ B0 A
57~ EEPROM HYELIEJi#E (Block) » 1 000~111 53 5i#5H
0~8 {E 7788 s R/W 155 0 AIZE A » 1 HIZ3HHL -
3. HISRISZEEREENHY PWM 540

fusR SR EN R SRS % &y H ZURY By MOSFET BagE)E
% » 4@ 19 firs » MOSFET #U5% 5 NMOS-IRF1010E 2582
Hirg Ryl K A\ BB 60V ~ A HE G R 80A ~ ZEER
FH 8mQ - MOSFET HYSEEh& 5 & IRS2101S » H Infineon
Technologies /N FJA4:EEHYEEE ~ =2 N j@7E MOSFET 5EH)
o BATEAE - SRR EERIE o BERTER AR
%11 s BT 2 & 2 42 ( Pulse Width Modulation » PWM)FJRZ T <

SR ETRRRAY BB T - SRS 2 A EAY R R
{8 - dspic33EPS12MUS14 {4pEIHsedt 14 4H PWM i
PWMIL~PWM7L » it F el {d e -
ASHEH PWMIH+PWMIL i 5k H BUBBEIEERS /o5
#9. =/~ MOSFET fy#% > i PWM2H+PWM2L #3155
7> H RIEES)E RS A B _ B/~ MOSFET 926 - & Hir4s B
EE G EEGBE - PWMIH fGd PWM 57
PWM2L ##i, 0  (BH3E MOSFET ) » PWMIL 1 PWM2H i
tH 1 (BHPA MOSFET) - X2 » S UAR M R A B 4R
FHAIF - PWM2H Ei il PWM Sk PWMIL §ai 0 (B
i MOSFET ) PWMIH 1 PWM2L #5441 (BRI MOSFET) -
HHEARY PWM 5 E i {725H PTCON : PWM REEHIET T
22 PTCON2: PWM H§44MEEIER /798 - MDC : PWM
5 22 FEEFTR 21 IOCONX : PWM /O $EHHf1FERE » A
% PTCON2bits PCLKDIV = 0b101 » PWM #E% 4 FSOC

(6MHz) [&DL 32 Hifk PWM #8249 5 187kHz - PWM 1Y

ti/22tE (Duty) F4EH MDC B {78858 0E ©
4. TFTLCD MR UART iH:H

PWMI1H~PWM7H -

UART ( Universal Asynchronous Receiver/Transmitter )

- REAIRED I e o F AR AR RS B MR E
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MEBRTEZMHN F£o+—% FH RE—IE

-~y

. @
=1 J% NMOS-RFIONE
=

D13
) - 0
TAR ]
1 Soszrone
-
DIS ®
s
I\
>
-
1 J LVO‘»-'F-F
li—-
DI® "
1 g 1 a0
I\
ISAAH I
’ %
1 {._.3 }gmos—mo:v:&
Do ZHTHAE g
3=oy 1
250 002RMA SHUNT HIGH SM |
PRILVGRSF.TI

1 19. H ZI{§ MOSFET EEBhE I E

Z TR {4 -
UART FyiBR i

dspic33EP512MUS814 i Higs A 2 4H
» Ar{#F UART1 2 TFTLCD [EiffY
i - UART J38 RX (F2U) FI TX (%2%) WIfE5 | RE
TTEASHIRRER S - B4R (Baud Rate) REFEEHEE
HYRER R a2/ Dor ot Bds (Bfibits/sec) - Jy
IV TE A K E| BRGH (High Baud Rate Select Bit) #ll
UxBRG (UART Baud Rate Generator Register ) 32 Fi{[ T
4 - & BRGH=0 [§f » UART (i FRAE R EHR R
BRGH=1 [ - R =25 - ) UXBRG B {Fasaec
FERINAVIN < IRFERATETRAHENN 240088 (Fey) H

UxBRG HysZiE(H » 4% BRGH =0 - JZRERAVEIHEAR
Baud Rate=Fcy/( 16x( UxBRG+1)) (1)
# BRGH =1 gtE AR
Baud Rate=F _cy/( 4x( UxBRG+1)) (2)

AIEGE BRGH = 0 Rt B AR B (DGR
%4 Fey Ky 60 MHz » UIBRG 3 £y 32 0 HIlEH (1) =EF
SRR B 115200 bit/sece UXTXREG oy (S48 BT {755
PN B 85 AR - % dspic33EPS12MUS 14 figHies
HEFREEABIBNT BB RS AL - UART TS
E BRI TR TX (3834) SR H - TX (Hifi—

FE LA ISR - BRI ~ 7T RIS MERERALTT

HIEIEfiIIC « UXRXREG EHECR B 788 - FNTFEEGE
RX (U0 5IHIBHI R TEEE - BRI/ Nt i
FITHEOHEA > UART BREE B Sl SRy 1739t
R FEIGFEE UXRXREG o - fiZedi2si % ] DIEEH
B (EE s ATE B -

A~ EREGR

REE AR B T ARG ER T & 1 E

HEEIIH S E R S A i fE i A= TETLCD fi%
PEA AN TERIEER - A0 20 Fos > R E BRI TR
HYEERF & > AL dsPIC33EPS 12MU814 fiiZEilles Fo izt
TR~ BRI AU AR - BRI/ ELRE TFTLCD g%
AR ~ AI4RBEENIE 2 - Load Cell FUHIZS - EEPROM A1)
SOl S AL o FIF] MPLAB IDE v8.43+C30 #iS E. &g
C =120 /&1 MPLAB ICD3 #E{TH2 AV A BIEREE -
TFTLCD fi 2 it (B A o AT 15 800%480/16 bit RGB =
/A0 fERa 75 & 256 Mb (32M x 8 bits ) dspic33EP512MU814
PR PR 2572 A R 115200 bit/sec Y UART 3R 5 Hi B
BT PIC32MXS75F5 121 {2 25 im i e - il
VEPERERIFERE R e T » DL 10 bit #) ADC #HHU Load
Cell fir ST RCRIZSHYEAEE RS - FU LRI H 0~40 kgw» FH¥T Load
Cell #HEEEE 0~3.2V - ifii ADC §H#afE 0~1024 - fHEIGE A
NMOS-IRF1010E ffJVU{fE MOSFET 405k H HIf i 45 2 b
BEERS - MOSFET SaH) 5 K Bl5% IRS2101S Y=k N i

Ul
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BREE ~ R - EAERAS DSP PBHEHEAR AR <

B 21. FERETHE

&R KRB EMMS R DC BRRFIEZERBE R
60W/24V/3.2A - e 57 i i ok 28 B B B EE By 1/64 -
dspic33EP512MUS14 & ¥ 28 5 PWMIH+PWMIL Fl
PWM2H+PWM2L 73l H £ MOSFET BE&EheEF AT/ »
BE - MAEHERIRIA B EEIE - SO A ERE - PWM Ay
HISHAR Ry 187 kHz © BB a%a THIHL ST 2EHI 25 {(cHE Load Cell
HYRNIRF AL ECHIE - R PWM AY 5 Z2 LT REAE B2 AT ER
THALERATARAYIS S - NI (E e DRtk 5 Bhaok - 2R
FEMME EET=(E7 > 2HIEBROT
(—) 2 R E

BN R SRR R - & HE A BRI H > R AREE A
B BRI SR/ ~ AEIREERE - B P g IR ENE
EOTE) - WHUE G > Load Cell ] ADC #1465 E
e 7o AIIRBERE S FE) - RRATHIEAYIE H L
BIRE LA T 2T - 4nfE 21 Fos - ARG EMSIERER - B
BIEAZREHE > ETARATHISRECE -

B 22. EHEEH

HH 23. A HEE

(Z) FREHEH

FEFFGRERE (QE 22) "L R TRIARATHI 2%
SR EENE - EIERCE AR ILET - 5/ TR - fUR
HRIE ~ SEORBUBE B ~ TSR RE M B R - TRELR
BRREF B (E B T - AIIE] 23 AR - FE BRI AR R
BIVE A St B e I - i AT AREE R > TR
Ltk o BREIZF R EE T - AR HAEIZE kg 8UE b HY
FRALEIE - BIRE I SR By B - BBt Gk oA -
RO AR B 3 sec - AT DAY E B IHE R F-Eh
HAER - K2 > R IE A B > AfRZRRI IR
TS > R B RAL () - T2 BR R AR R P (B AR ] AU L
SRR BRI R 122 F1 3 =28 1Ry 100% 52 2 A 4R 5
2 3Ry TS%HIER 3 Ry S0%HIER » Pt SR e B o
AL - $5 BRGHAR BRI GE AR ELRE - GEAREIFE 0 AL
> AIAREVES B P NIATSEAVAS SR I8 0~5 kg - $2BR
GEGREF BB > RUBUE B — I 0.5 kg - 78R
R BRI AR EEE - AR B O B & - FLEREY
SR S TSR E AR G DI BE0~2.5 kg - $2 BRI AR

ul
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MEBRTEZMHN F£o+—% FH RE—IE

BB B - S E AR — ORI 0.5 ke - $ZBATHAILR
[EARA TR AR ELAE > TRELARBIFEAE 0 B p &L (& - RREhHIAR
I > G SCTRI AR BRI RFE DA E R %o % > Rtk -
FHER AR B FTEUE RIS R > DUMBRIBERNEVIET] - 12 BATH
AIERYH VB BIEE - RIBUE B — I 1% » 20
£ 20% © [B 24 FBAEF AR EH HERTEER -

(Z) EEXHHE
FEEFAR T H 7 B e AR - B A s e EHIA - WE]
25 FoR > AEREHIA ] LASOE iS85 ON/OFF Ui - JilZE £ 25. REFEE

F} ~ Load Cell &£ 1F ~ TFTLCD =S 5% « BIZ2 ~i& ~ 8
SRUARBRIGE S 50 B IIRE - HBRMIAE b - AR ZR4R
8 b7t FIH - RS © FZ - FERRAIAE T FEIRE - iR
ZRGENS N - FIGH » RIS Ak o RIS S AR A BT LoD
HAENS 28 ON/OFF » WnS 28 SR B A5t S PR s - R
—ZXHI] ON/OFF FAHSH: - $%BE TFTLCD [Ek e e e
FE[EE B A TETLCD (A se s 4ME 26 Fime

1R e M R E AR S R R R AR o 10 (ESREL
A B AR BB R B e T - IR TR e R B
7 I [ B 5 £ - #20B% Load Cell 52 1F 842> B3 A Load 26. TFTLCD [t 3 e e aRaE
Cell FIEZEH > WIE 27 AR 53 HIFIE Load Cell 7 10kgw-
20kgw ~ 30kgw Fll 40kgw HIEFEL(E - F—(ERIERE - AL
2BE b~ TR > i ARV BT - B A TSR

1ZEE" V" HESDEREERE AT — R ERHIRE - EF 58 Pull the fension and enfer
the value displayed on the
PURGFZIEREHIRSIE Ry b - T2 BRGE S S E AR - BV AGE =6k : toniometer.

TEEH > AE 28 Fon o FEREERVEE S B - EEREIE
ALE - T2 BRREURHI SR BIEIAR - B A BRI AR
I > A0 29 R o SR EREERAYAL R RBAH SR
A5 B SR B R

B 24. ZFREFERESER
B 28. SAERERH

ul
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FEFIER A DSP PABHZEEAR A% T < BT

[ - strung Rackets since last reset

B 29. RUNHIERERBEE

A3 PA Microchip /3 5] #I5% dsPIC33EP512MUS14 HYfH
PEFIEE Btz La&ties TFTLCD fE#ZesXHR - SEaT8R - WERSHY

AT EA » LAE AR BT B 2 SR ay AT MBI

WHEERIAZR AR DRERR 5K » BL Adobe Illustractor 4@ &1 AS
st TETLCD [ERFTREEI ASERFEE - BiEFKE 2
BrEA - 2R THERSCE THAS - FrAsativs jER
AT Fh e i, BIN A (& 058 A Bt Ay S0 1A -
F]F MPLAB IDE v8.43+C30 #{i& 585 DSP AYiHR AZ
= A EEREEEER - TFTLCD [Hifk UART &R -
4MEl EEPROM sCfEAE 12C 3@ :H ~ Load Celle fi7 S7EH] ADC
FRAH ~ FU SR G E PWM FERIIEAHE - 5w FTift LAY DSP il
PEEARUR A T  NMERE IR FEE RS H
LAgRAGHH 8 DSP NERAYTHEERAH VA EB AR &R -
(LRSI ATREET R B L HAY » SR G E NS
5 o Jxtk - BILEEE TP ER & - ERSE
ERRSRE A ST T AR B R

SERR
FIEE (R 95) S A RIRFEEHZERIZ O R AEZ
HREEFERZEREE - BIIL G LRI B EREHT
FERTHE 3w -
2. FEYL (R 96) » REAEINRIE S48 A 1 2 BT S BH
i B EEARA R A EERE TR AT

Lo

aff
3. GHE (R 95) MANKEERENZRLS - TR

(
BEESH > 3(1) 0 1-19 -
% (B 100) » B fe] B pe B e i s M B SR e ik

10.

11.

12.

13.

14.

15.

16.

THAE Z R AU BHIEN 241 > B G LRSS T
TEWIFERTRE 50
w9 (R 1) R N s R ARG KA R Y)
EHEH > PREASTREAG TR SRS -
EAHE (B2 100) » 2 EE R AR/ R ESTRZ 5T
» B B AR R BRI T TR AR
FEIEA (R 98) - fi&gine Al DSP e as e LS 5
EREE S ECHIRIRERS 2 ek s AR - R REE
T IR AL -
B (R 100) > DL dsPIC RAERERTE A A 25
KEAEHRS T 2 M - B P IEARS B TR
A
BT (R 103) - BRI G EIEE R 2 R AN A 88
P BIPRB B TR AR

e (R 111) > #RAZC EtherCAT (A% 2453
B WL GEFEFREEN TR A5
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