
Chapter 7
SOFTWARE IMPLEMENTATION

7.1 Introduction
This chapter describes the implementation of microcontroller software to control the quasi resonant 

converter. It has to take care of load tuning, over current protection and mod-bus communication.

It also describes the implementation of Embedded software for implementation of GUI, a discrete 

Proportionai-Integral-Derivative (PID) controller and autotuning.

There are two parts of the complete software.

1. Low-level (Assembly Language) software for Micro-controller Board.

2. High-level (C Language) software for ARM-7 Board.

7.2 Low-level software for Micro-controller Board
The micro-controller board has to perform following tasks.

1. Read Temperature of crucible through thermocouple using Sigma-Delta ADC and do 

linearization and cold junction compensation.

2. Reading of RMS value of DC-Link voltage & current using sigma-delta ADC and finding 

DC-Link power.

3. Sending calibrated DC-Link power & linearized temperature to ARM-7 board through MOD- 

BUS communication.

4. Taking commands of frequency & frequency bursts from ARM-7 board.

5. Generating gate pulses for IGBT using these commands & to automatically tune the on duty 

cycle of gate pulses according to changes in load inductance.

6. To switch off IGBT gate firing in case of over current in tank circuit, DC-Link over current, 

DC-Link under voltage, over temperature (sensed through thermostat), driver card fault, etc.

To implement all above tasks the whole software is divided into 5 parts.

7.2.1 Main program

Following is the listing of Main program which initializes the SFR’s to set the modes of timers & 
serial port and enables interrupts. It checks calibration data stored in Eeprom and validates them & 
informs ARM-7 board for any error. After which it enables timer & external interrupts as well as 
serial port interrupt. And finally remains in a loop where it checks for any error & informs ARM-7 
board as per error generated.
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MAIN:
MOV SP,#BDH
MOV PO,# 11111011B ;KEEP SCLK (CS5460) LOW
MOV PI,#00111111B ;KEEP ENABLE PIN(LCD) LOW, 485 IN RECV. MODE 
MOV P2,#FFH
MOV AUXR,#00010001B ;XRAM SIZE 1792 BYTES, INT-XRAM SELECTED 
MOV CKCONO,#7FH ;X2 SPEED (3.072 MIPS)
MOV CKCON1,#01H 
MOV CKRL,#FFH
MOV PCONJ00H ;RESET POWER-OFF FLAG 
MOV AUXR1 ,#00H ;BOOT ROM DISABLED & DPTR0 SELECTED 
MOV WDTPRG,#05H ;TIMEOUT -> 170MS FOR X2 MODE 
MOV IPH1 ,#00000000B
MOV IPL1,#00000000B ;SPI & KBD INTERRUPTS ARE NOT USED 
MOV IPH0,#00001101B
MOV IPL0,#00010010B PRIORITY -> T1,INTO,INTI; SRL,T0; T2 
MOV TCON,#00000101B ;INT0,1 -FALLING EDGE 
MOV TMOD,#00010001B ;TIMER-1,0 IN TIMER MODE-1 
MOV TH0,#FAH ;COUNTFORlMS
MOV TL0,#07H ;(LESS BY 7 CYCLES TO GET EXACT 1 MS TIME)
SETB TR0 
MOV TH1,#FFH
MOV TL1 ,#66H ;COUNT FOR ON CYCLE TIME = 1 OOuS 
SETB TR1 
SETB ET1
MOV T2CON,#OOOOOOOOB ;T2 -> 16BIT AUTORELOAD MODE
MOV RCAP2H,#10H
MOV TH2,#10H
MOV RCAP2L,#00H
MOV TL2,#00H ;COUNT FOR 40MS
SETB TR2
ORL PCON,#00000000B ;SMODl = 0 
CLR TI
MOV BRL,#246 ;9600 BAUD (X2-SPEED)
MOV BDRCON,#00011100B ;START BRG, USE BRG FOR TX,RX BOTH
MOV SCON,#60H ; SERIAL MODE-1, WITH SM2=1

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

0FH,#FDH
0EH,#04H
31H,#250
35H,#250
38H,#30
39H,#00H
3AH,#00H
3BH,#01H
3FH,#00H
40H,#00H
59H,#10

;COUNT FOR OFF CYCLE TIME FOR 1.67KHZ 
;CS5460-1 TIMEOUT = 10 SEC 
;CS5460-2 TIMEOUT = 10 SEC

;INIT ROOM TEMP. AS 30 DEG 
;RESET KEY-DEBOUNCE COUNTER 
;INIT PRESENT POWER O/P = 0KW 
;MAKE PRESENT O/P FREQ. = 1.67KHZ 

;COUNT FOR 1 SEC
76



Chapter 7 SOFTWARE IMPLEMENTATION

MOV 5AH,#03H ;COUNT FOR 0.12 SEC
MOV 5BH,#25 ;COUNT.FOR 1 SEC
MOV 5CH,#00H ;RESET ERROR BYTE
MOV 5EH,#00H ;RESET OPERATION MODE BYTE TO POWER OFF MODE
MOV 67HJA8H ;INIT RECV BUF POINTER
MOV 6AH,#I0 ;TO GIVE DEBOUNCE TO CJ-ERR (10 SECONDS)
MOV 6BH,#06H ;TO DELAY XMISSION ATLEAST BY 6MS
MOV 70H,# 10 ;COUNT FOR 10MS
MOV 71H,#03H ;RESET UNDER VOLTAGE FAULT CHECK TRIAL CNTR
LCALL DLY_20MS 

;RESET CS5460-1,2 SERIAL PORT 
CLR POT 
NOP 
NOP 
NOP 
NOP 
NOP
SETB POT ;APPLY H/W RESET
MOV 30H,#00H ;TO CALL INIT5460-I FOR 1 ST TIME
MOV 34H,#OOH ;TO CALL INIT5460-2 FOR 1 ST TIME
MOV WDTRST,#1EH
MOV WDTRST,#E1H ;RESET WATCH-DOG TIMER TO ENABLE IT 
SETB ET2 
SETB EA
CLR P2.1 ;REMOVE RESET SIGNAL OF IGBT-DRIVER
LCALL RDY_EE ;WAIT TILL EEPROM IS READY
JC ERR1 
LCALL BYTE FIL 
JC ERR1 
LCALL VERFY 
JNC OK24512 

ERR1:
LCALL ERR2 

OK24512:
MOV 32H,#00H ;RELOAD COUNT FOR 10SEC
SETB 05H ;START KBD TIMER (IF OFF)
LCALL VALBDl ;CHECK FOR VALIDITY OF DATA IN EEPROM
JNC A2
MOV 5CHJ03H ;FLAG THAT DATA IS INVALID
LCALL WKBD ;WAIT FOR A KEY STROKE
LCALL DEFLT1 ;LOAD DEFAULT VALUES IN EEPROM
LCALL DLY0.5
MOV 5CH,#00H ;RESET ERROR BYTE

LCALL VALID 11 ;CHECK IMP. DATA IN EEPROM
JNC AA2
MOV 5CH,#03H ;FLAG THAT DATA IS INVALID
LCALL WKBD ;WAIT FOR A KEY STROKE
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LCALL DEFLT11 
LCALL DLY 0.5 
MOV 5CH,#00H 

AA2:
LCALL VALID2 
JNC A4 
MOV 5CH,#03H 
LCALL W_KBD 
LCALL DEFLT2 
LCALL DLY0.5 
MOV 5CH,#00H

;LOAD DEFAULT VALUES IN EEPROM 

;RESET ERROR BYTE

;CHECK FOR VALIDITY OF DATA IN EEPROM

;FLAG THAT DATA IS INVALID 
;WAIT FOR A KEY STROKE 
;LOAD DEFAULT VALUES IN DS12887

;R£SET ERROR BYTE

LCALL LD VARS ;LOAD VARIABLES FROM EEPROM INTO INT.XRAM
CLR OBH ;RESET CS5460-1 FAULT BIT TO START ACCESSING
CLR OCH ;RESET CS5460-2 FAULT BIT TO START ACCESSING

SETB ETO
CLR RI ;DISCARD RI (DUE TO ANY REFLECTIONS)
SETB REN
SETB ES ;ENABLE RECEPTION (FOR MODBUS COMMUNICATION)
SETB 1 OH ;ALLOW ACCESS TO I2C LINE IN INT.
LCALL DELAYJS
CLR P2.7 ;SW.ON CONTACTOR TO ACTIVATE POWER
LCALL DELAYJS ;ALLOW CS5460 TO START
SETB 41H ACTIVATE DC-LINK UNDER-VOLT FAULT CHECKING

STO:
JBC 42H,UNDERV1 ;CHECK UNDER-VOLTAGE FAULT
JB 59H,EMG1 ;CHECK EMERGENCY SWITCH
JBC 53H,0CERR1 ;CHECK OVER-CURRENT FAULT
JBC 55H,IEXCEED1 ;CHECK I/P-CURRENT EXCEED FAULT
JB 4EH.DRVER1
JB 0BH,ER54601
JB 0CH,ER54601
JBC 1EH,ERR22
JBC 02H,CRCERR
JBC 06H,CJTERR
SJMP STO

Table-7.1 Main program listing (Micro-controller board)

7.2.2 Timer-0 Interrupt at 1ms

In this subroutine the MOD-BUS timings are taken care off. If Melter power is on then it generates 
IGBT on/off commands as per required frequency bursts.

TOOVF:
MOV TH0,#FAH ;COUNT FOR IMS
MOV TL0,#07H ;(LESS BY 7 CYCLES TO GET EXACT IMS TIME)
JNB 2AH,I60
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DJNZ 6BH,I60
MOV 6BH,#06H ;TO DELAY XM1SSION ATLEAST BY 6MS
CLR 2AH
SETB TI ;START TRANSMISSION

160:
JNB 2BH,I61 
DJNZ 6CH,I61
MOV 6CH,#50 ;COUNT FOR 50MS
MOV 67H,#A8H ;RE-INIT RECVBUF POINTER FOR RE-SYNCHRONISM 
CLR 2BH

161:
JNB 2CH,I62 
DJNZ 6DH,I62 
CLR 2CH
CLR RI ;DISCARD RI (DUE TO ANY REFLECTIONS)
SETB REN
MOV 67H,#A8H ;RE-INIT RECVJBUF POINTER FOR RE-SYNCHRONISM

162:
DJNZ 70FI,RET30
MOV 70H,# 10 ;RELOAD COUNT FOR 1OMS

;10MS
PUSH PSW 
PUSH A 

CLR RSI
SETB RSO ;R.B - 1

JNB 52H,P_GFF ;CHECK POWER ON/OFF BIT
;SWITCH IGBT ON/OFF BIT ACCORDING TO ITS ON/OFF TIMER

MOV R0,#B1H
MOV A,@R0
DEC RO
DEC @R0
CJNE @R0,#00H,I64 ;CHECK FOR CT
MOV @R0,A ;RESET CYCLE TIME TIMER (HEAT)

MOV R0,#BAH
MOV A,@R0
INC RO
INC RO
ORL A,@R0
JNZ ONI
INC RO
MOV A,@R0
DEC RO
MOV @R0,A ;RELOAD PRECALCULATED OFF CYCLE COUNT
DEC RO
MOV A,@R0
DEC RO
MOV @R0,A ;RELOAD PRECALCULATED ON CYCLE COUNT
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ONI:
MOV R0,#BAH
MOV A,@R0
JZ OFF1 ;CHECK FOR ON CYCLE COUNT
DEC @R0
SETB 50H ;START SWITCHING IGBT
SJMP 164

OFF1:
INC R0
INC R0
MOV A,@R0
JZ 164 ;CHECK FOR OFF CYCLE COUNT
DEC @R0

P OFF:
CLR 50H ;STOP SWITCHING IGBT

164:
POP A
POP PSW

RET30:
RETI

Table-7.2 Timer-0 Interrupt service subroutine listing

7.2.3 Timer-1 Interrupt for maximum on-cycle time

This subroutine takes care of maximum on-cycle time and generates firing signals for IGBT.

TIOVF:
JBC 51HJ104 
MOV TH1,#FFH
MOV TL1,#66H ;COUNT FOR ON CYCLE TIME = lOOuS 
JNB 5 OH,RET 12 ;CHECK IGBT ON/OFF COMMAND
SETB 51H ;FLAG THAT GATE IS ON 
CLR P2.2 ;SW.ON THE GATE 
CLR IEO ;DISCARD PREVIOUS EDGES
SETB EXO ;ENABLE INTO 

RET12:
RETI

1104:
SETB P2.2 ;SW.OFF GATE 
JBC EX0,I105 
RETI 

1105:
PUSH PSW 
CLR RSI
SETB RSO ;R.B - 1 
CJNE R7,#FFH,I107 
CJNE R6,#B5H,I107 

1107:
80



Chapter 7 SOFTWARE IMPLEMENTATION

JC 1108
MOV TL1,#B5H
MOV TH1,#FFH ;LIMIT COUNT FOR OFF CYCLE TIME = 48uS
POP PSW
RETI

MOV TL1,R6
MOV TH1,R7 COUNT FOR OFF CYCLE TIME
POP PSW
RETI

Table-7.3 Timer-1 Interrupt service subroutine listing

7.2.4 Timer-2 Interrupt at 40ms

It reads DC-Link voltage and current from CS5460 and then calculates DC-Link power. Then it reads 
temperature and does linearization and cold junction compensation. In the later portion of this 
subroutine it applies accelerating/decelerating slope to the frequency of IGBT gate pulses as per 
start/stop command.

T2 OVF:
CLR TF2 
PUSH PSW 
PUSH A 
PUSH B 
PUSH DPH 
PUSH DPL
ORL PSW,#00011000B ;R.B.-3 
MOV WDTRST,#1EH 
MOV WDTRST,#E1H 

;READING CS5460-1 STARTS...
JB 0BHJI32 
CLR P0.4 
MOV A,30H 
JNZ NORST1 
MOV R2,#00H 
LCALL INIT5460 
MOV 36H,#06H 

3 OH,# 12 
131

MOV
LJMP

NORST1:
MOV

;IF 5460-1 IS FAULTY THEN SKIP READING 
^SELECT 5460-1

;IF RESET IS NOT IN PROGRESS 
CURRENT GAIN = 10

;DISCARD 5 SAMPLES AFTER INITIALIZATION 
iREJNIT TRIAL COUNTER

A,#00011110B 
LCALL W 5460 
LCALL R 5460 
MOV R7,A 
LCALL R 5460 
LCALL R 5460 
MOV A,R7 
JNB ACC.7,130

;READ STATUS REG. COMMAND

;DUMMY READ OF STATUS REGISTER

;DUMMY READ A BYTE FROM CS5460 
;DUMMY READ A BYTE FROM CS5460

;IF DRDY IS NOT ACTIVE
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MOV A,#00011000B ;READ V-RMS REG. COMMAND
LCALL W 5460
LCALL R 5460 ;READ A BYTE FROM CS5460
MOV 79H,A
LCALL R 5460 ;READ A BYTE FROM CS5460
MOV 78H,A ;SAVE 16BIT V-RMS DATA
LCALL R 5460 ;DUMMY READ A BYTE FROM CS5460
MOV A,#00010110B ;READ I-RMS REG. COMMAND
LCALL W_5460
LCALL R 5460 ;READ A BYTE FROM CS5460
MOV 77H,A
LCALL R_5460 ;READ A BYTE FROM CS5460
MOV 76H,A ;SAVE 16BIT I-RMS DATA
LCALL R 5460 ;DUMMY READ A BYTE FROM CS5460
MOV A,#01011110B ;WRITE STATUS REG. COMMAND
LCALL W_5460
MOV A,#80H
LCALL W 5460
MOV A,#00H
LCALL W 5460
MOV A,#00H ;RESET DRDY INT.STATUS BIT
LCALL W_5460
SETB P0.4 ;DISABLE 5460-1
MOV 3 OH,# 12 ;REINIT TRIAL COUNTER
MOV 31H,#250 ;RELOAD CS5460 TIMEOUT = 10 SEC
DJNZ 36H,I32 ;DISCARD 5 SAMPLES AFTER INITIALIZATION
MOV 36H,#01H ;NOW DON'T DISCARD ANY SAMPLE
SETB 09H ;FLAG THAT VRMSJRMS DATA IS AVAILABLE
LCALL CALVI
LC-ALL CH VRMS ;CHECK V_RMS FOR UNDER VOLTAGE FAULT
LCALL CH IRMS ;COMPARE IJRMS WITH I/P CURRENT MAX. LIMIT
LCALL CAL PWR ;CALCULATE POWER FROM V RMS & I_RMS

1132:
SJMP 132

130:
DJNZ 31H,II30
MOV 31H,#250 ;CS5460 TIMEOUT = 10 SEC
SETB 0BH ;FLAG THAT CS5460-1 IS FAULTY

1130:
DJNZ 30H,I31 ;CHECK FOR 12 TRIALS (0.48SEC)

;RESET CS5460 SERIAL PORT 
CLR P0.1 
NOP 
NOP 
NOP 
NOP 
NOP
SETB P0.1 ; APPLY H/W RESET
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MOV 34H,#00H ;ALSO CALL INIT5460-2
SETB P0.4 ;DISABLE 5460-1
LJMP no ;SKIP 5460-2 & ALL ITS CALCULATIONS

131:
SETB P0.4 ;DISABLE 5460-1

132:
;READING CS5460-2 STARTS...

JB 0CHJII10 ;IF 5460-2 IS FAULTY THEN SKIP READING
CLR 1P0.5 ; SELECT 5460-2
MOV A,34H
JNZ NORST2 ;IF RESET IS NOT IN PROGRESS
MOV R2,#G1H ;CURRENT GAIN = 50
LCALL IN1T5460
MOV 37H,#06H ;DISCARD 5 SAMPLES AFTER INITIALIZATION
MOV 34H,#12 ;REINIT TRIAL COUNTER
LJMP 134

NORST2:
MOV A,#000111 10B ;READ STATUS REG. COMMAND
LCALL W 5460
LCALL R 5460 ;DUMMY READ OF STATUS REGISTER
MOV R7,A
LCALL R 5460 ;DUMMY READ A BYTE FROM CS5460
LCALL R 5460 ;DUMMY READ A BYTE FROM CS5460
MOV A,R7
JB ACC.7,133 ;IF DRDY IS ACTIVE
DJNZ 35H,II34
MOV 35H,#250 ;CS5460 TIMEOUT = 10 SEC
SETB OCH ;FLAG THAT CS5460-2 IS FAULTY
LCALL RESTMR ;RESET ON/OFF CYCLE TIMERS
LCALL HTOFF ;SW.OFF MELTER POWER
LCALL STP TMR ;STOPO/P ON/OFF CHECK TIMER
LCALL SWOFF ;SW. OFF ALARM RELAYS

1134:
DJNZ 34H,I34 ;CHECK FOR 12 TRIALS (0.48SEC)

;RESET CS5460 SERIAL PORT
CLR P0.1
NOP
NOP
NOP
NOP
NOP
SETB P0.1 ;APPLYH/W RESET
MOV 30H,#00H ;ALSO CALL INIT5460-1

134: .
SETB P0.5 ;DISABLE 5460-2

III 10:
LJMP 110 ;SKIP ALL CALCULATIONS

133:
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;0.1SEC
MOV A,#00011000B ;READ V-RMS REG. COMMAND
LCALL W 5460
LCALL R_5460 ;READ A BYTE FROM CS5460

• MOV R7,A
LCALL R 5460 ;READ A BYTE FROM CS5460
MOV R6,A ;SAVE 16B1T CJ.TEMP. DATA
LCALL R5460 ;DUMMY READ A BYTE FROM CS5460
MOV A,#00010110B ;READ I-RMS REG. COMMAND
LCALL W_5460
LCALL R_5460 ;READ A BYTE FROM CS5460
MOV R2,A
LCALL R_5460 ;READ A BYTE FROM CS5460
MOV R5,A
LCALL R 5460 ;READ A BYTE FROM CS5460
MOV R4,A
MOV A,#0101111 OB ;WRITE STATUS REG. COMMAND
LCALL W_5460
MOV A,#80H
LCALL W5460
MOV A,#00H
LCALL W_5460
MOV A,#00H ;RESET DRDY INT.STATUS BIT
LCALL W 5460
SETB P0.5 ;DISABLE 5460-2
MOV 34H,#12 ;REINIT TRIAL COUNTER
MOV 35H,#250 ;RELOAD CS5460 TIMEOUT = 10 SEC
DJNZ 37H,III10 ;DISCARD 5 SAMPLES AFTER INITIALIZATION
MOV 37H,#01H ;NOW DON'T DISCARD ANY SAMPLE
LCALL HALF
LCALL HALF ;CONVERT INTO MBIT FOR COLD-JUNCTION TEMP.
MOV 7FHR7
MOV 7EH,R6 ;SAVE MBIT CJ.TEMP. DATA
LCALL SHLFT
MOV A,#00H
RLC ,
MOV B,A
LCALL SHLFT
MOV A,B
RLC A ;CONVERT 24BITS TO 18BITS
MOV R0,#80H
MOV @R0,1DH
INC RO
MOV @R0,1AH
INC RO
MOV @R0,A ;SAVE 18BITS DATA IN INT. RAM 
SETB 00H ;FLAG THAT ADC DATA IS AVAILABLE
LCALL C CJTMP ;CALCULATE COLD JUNCTION TEMP.
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LCALL LINEAR ;CALIBRATE & LINEARIZE TEMPERATURE

;ACC. SLOPE OF IGBT FIRING FREQUENCY AS PER SET O/P POWER (0-10KW -> 10SEC)
JB 52H,I92 :;IF POWER IS ON THEN GO FOR ACC/DEC SLOPE
CLR EA
MOV 0FH,#FDH
MOV 0EH,#04H ;COUNT FOR OFF CYCLE TIME FOR 1.67KHZ
SETB EA
MOV 40H,#00H ;MAKE PRESENT O/P FREQ. = 1.67KHZ
SJMP 199

JNB 54H,I99 ;IF SLOPE IS NOT REQUIRED
MOV A,42H ;TAKE ONLINE REQD. O/P POWER
JZ DECSL ;IF POWER IS TO BE SWITCHED OFF
DJNZ 5AH,I99
MOV 5AH,#03H ;COUNT FOR 0.12 SEC

.12SEC
CJNE A,3FH,I93 ;COMPARE WITH PRESENT O/P POWER
SJMP 195

193:
JC DECSL 
MOV A,40H 
CJNE A,#100,194

194:
JNC 196 
INC 40H 
MOV A,40H 
SJMP 196 

DECSL:
DJNZ 40H,I95
CLR EX 1 ;DISABLE INTI (TO MONITOR OVER-CURRENT FAULT) 
CLR 52H ;SW. OFF THE MELTER POWER

195:
MOV A,40H 

196:
ADD A,A 
MOV B,A
MOV DPTR,#CNTTBL
MOVC A,@A+DPTR ;AS MAX. PWR IS 100 THIS WILL WORK OK
CLR EA
MOV 0FH,A
INC DPTR
MOV A,B
MOVC A,@A+DPTR
MOV 0EH,A ;UPDATE COUNT FOR OFF CYCLE TIME
SETB EA 

199:
POP DPL
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POP DPH
POP B
POP A
POP
RETI

PSW

Table-7.4 Timer-2 Interrupt service subroutine listing

7.2.5 Interrupt on external falling edge (generated by Load Tuning Circuit of Figure 6-7)
INTO ISS:

SETB P2.2 ;SW.OFF GATE 
RETI

Table-7.5 External Interrupt service subroutine listing

7.2.6 Serial port Interrupt
Here the serial transmission & reception is implemented using MODBUS protocols. It acts as the 
slave and responds to the commands received from ARM-7 board. It sends DC-Link power & 
linearized temperature to ARM-7 and receives the frequency of operation as well as frequency bursts 
parameters from ARM-7 board.

SRLJSS:
JBC RI,RECV 
CLR TI
DJNZ 69H,M51 ;69H = NO.OF CH. IN XMIT BUF. + 1
SETB 04H ;FLAG THAT COMPLETE TRANSMISSION IS OVER 
CLR P1.7 ;CONVERT INTO RECV MODE
MOV 6DH,#04H ;TIME BETWEEN SENDING & RECEIVING = 4MS
SETB 2CH ;ENABLE RECEPTION AFTER ATLEAST4MS 
RETI 

M51:
PUSH PSW 
CLR RSI
SETB RSO ;R.B - 1
CLR 04H ;TRANSMISSION IS GOING ON
MOV R0,68H 
MOV SBUF,@R0 
INC 68H 
POP PSW 

RET2:
RETI

RECV:
JNB REN,RET2 ;AS PER 89C51ED2-ERRATA WORK AROUND
PUSH A 
MOV A,SBUF
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PUSH PSW 
PUSH B 
PUSH DPH 
PUSH DPL 
CLR RSI
SETB RSO ;R.B -1
MOV 6CH,#50 ;COUNT FOR 50MS
SETB 2BH ;START 50MS RECEPTION-TIMEOUT TIMER
MOV R0,67H
MOV @R0,A
INC 67H
MOV A,67H
CJNE A,#B0H,RET01
MOV 67H,#A8H
LCALL C CRC R ;CALCULATE CRC FROM RECV.BUFFER(DPH,DPL)
MOV R0,#AEH 
MOV A,@R0 
CJNE A,DPL,M55 
INC RO 
MOV A,@R0 
CJNE A,DPH,M55
CLR 02H ;IF NO CRC ERROR THEN RESET COMM. ERROR BIT 
SJMP M56 

M55:
SETB 02H ;IF CRC ERROR THEN SET COMM. ERROR BIT

RET01:
LJMP RETO 

M56:
MOV DPTRJ00D8H
MOVX A,@DPTR ;GET M/C ID. NO.

; MOV B,A
MOV B,#01H ;FIX M/C ID. NO.=01
MOV R0,#A8H 
MOV A,@R0
JZ M57 ;IF GLOBLE ADDRESS
CJNE A,B,RET00 ;CHECK 1ST DIGIT WITH M/C ID NO.

M57:
;CHECK & ANALYZE THE COMMAND 

MOV R0,#A9H
CJNE @R0,#03H,M65 ;CHECK FOR READ HOLDING REGISTER CMD 
INC RO
CJNE @R0,#00H,ADRER1 ;IF ADDR. DOESNT MATCH THEN SEND EXCPN RESP. 
INC RO 
MOV A,@R0 
CJNE A,#12H,M58 

M58:
JNC ADRER1 ;IF ADDR. DOESNT MATCH THEN SEND EXCPN RESP. 
ACALL RDHREG ;PROCESS READ HOLDING REGISTER COMMAND
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AJMP RETO 
M65:

CJNE @R0,#06H,M72 ;CHECK FOR PRESET SINGLE REGISTER CMD 
INC RO
CJNE @R0,#00H,ADRER1 ;IF ADDR. DOESNT MATCH THEN SEND EXCPN RESP 
INC RO 
MOV A,@R0 
CJNE A,#I2H,M67 

M67:
JNC ADRER1 ;IF ADDR. DOESNT MATCH THEN SEND EXCPN RESP. 
ACALL PRSREG ;PROCESS PRESET SINGLE REGISTER COMMAND 
SJMP RETO 

ADRER:
MOV R0,#A8H
MOV A.@R0
JZ RETO ;DONT SEND RESPONSE FOR BROAD CAST MESSAGE
JNB 04H,$ ;WAIT TILL PREVIOUS TRANSMISSION IS OVER
MOV R0,#99H
MOV @R0,B
MOV R0,#A9H
MOV A,@R0 ;TAKE FUNCTION CODE
SETB ACC.7
MOV R0,#9AH
MOV @R0,A
INC RO
MOV @R0„#02H ;ILLEGAL DATA ADDRESS
SJMP M79

VALER:
MOV R0,#99H
MOV @R0,B
MOV R0,#A9H
MOV A,@R0 ;TAKE FUNCTION CODE
SETB ACC.7
MOV R0,#9AH
MOV @R0,A
INC RO
MOV @R0,#03H ;ILLEGAL DATA VALUE

M79:
MOV R2,#03H
LCALL CALCRC
INC RO
MOV @R0,DPL
INC RO
MOV @R0,DPH
MOV 69H,#06H ;5 NO.OF CH. IN XMIT BUFFER
LCALL XMIT

RETO:
POP DPL
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POP DPH 
POP B 
POP PSW
POP A
RETI

Table-7.6 Serial Port Interrupt service subroutine listing
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7.3 High-level software for Embedded controller (ARM-7) Board
The Embedded controller (ARM-7) board has to perform following tasks.

1. Interfacing TFT display & touch screen.

2. To implement graphical user interface for displaying & modifying machine parameters.

3. Reading calibrated DC-Link power & linearized temperature from micro-controller board 

through MOD-BUS communication.

4. Implement PID on temperature & DC-Link power to determine frequency of operation & 

frequency bursts and send them to micro-controller board.

5. Implement Auto-tune for PID loop to optimize the control.

7.3.1 Graphical User Interface

As the monitoring quantities are Crucible temperature, DC-Link Voltage & DC-Link Current they are 

displayed as shown in Figure 7.1. From this figure it is also seen that three buttons are kept in the 

bottom part of GUI. The first START button is used to start the Melter power, the second STOP 

button is used to stop the Melter power and the third Right Arrow button is used to go to next page to 

change different parameters.

Figure 7-1 Monitor Page of GUI
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By pressing the right arrow the parameter setup page as shown in Figure 7.2 is opened. Here it is 

possible to set required output power, Alarm set point, Unit of temperature displayed, date & time.

Figure 7-2 Setup Page of GUI
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To implement the required tasks the whole software is divided into 5 parts. The program is written in 

C-Language using Keil-Real-View as shown in Figure 7-3.

^ C:\Keil\ARM\Boa
FUc Edit View Project Flash Debug Peripherals Tools SVCS Window Help

J A J I r ' :t II II. Bse «t * 6>411(33
at ranFM #

Project • & J Digltj.Dp.h |J Une.col.ltadth J] Main.c *Q»-« *1 kd.giph.c Q general.h ]£] uait.c J=] sbl.lap.c ▼ X

B -Si Startup Code 
£ LPC2400.S 
□ MELTIOW ASM 

ffi Q EEpfom 
0 ^ Nor Flash

tfi ex.norflash.c 
ffi Cl UsbFat
ffi Q UsbMjssStorage 
ffi d UsbHort 
ffi Q TouchScreen 
ffl Q TFT Duplay 
0 £3 Source Code 

JJ nest.irql.s 

_*) IRQ_Pen.c 

£] Main.c 
D RQl.c 

JJ uartc 
B IAP

Jf) sW.iap.c 

S •_ Documentation
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1569
1570 |

RTC_Dpdace - 1; 1

1571 led fillRect(xlccrdlFageNc][0J-120, ylcord[PageNc](0], xlcord[PageNc][0J-2Q, y2cord[PageNc][0J, DARK GRAY I;
1572 led put5trlng2(xlcord[PageNo][OJ-1BO, ylcord[PageNc](0), "C/F FNR ", 0xbSb7, DARK GRAY);
1573
1574 led fillRect(xlcord[PagetJo][i]-180r ylcord[PageNcJ(1J, xlcord[PageNo](1J-20, y2 cord[PageNc][1], DARK GRAY);
1575 led put3tring2(xlcord[PageNc][1J-1S0, ylcord[PageNc][1], " AI-5F ", OxbSb’’, DARK GRAY);
1576
1577 led fillRect(xlcord[PageNc][2J-IB0, ylcord[PageNc][2], xlcord[PageNc][2J-20, y2cord[PageNc][2], DARK GRAY);
1578 led put5cnng2 (xlcord[PageNc] [2]-ieo, ylcord[PageNc][2], " AL-HYS", 0xb5b~, DARK GRAY);
1579
1580 led fillRect(xlcord[PageNc][3J-120, ylcordlPageNc][3], xlcord[PageNo][3J-20, y2cord[PageNc][3], DARK GRAY);
1581 led putString*(xlcord[PageNo][3]-ISO. ylcord[FageNc][3], "TEMP. UNIT", OxfcSb , DARK GRAY);
1582
1583 led fillRect(xlcord[PageNc][4J-1S0, ylcord[FageNc](4], xlcord[PageNc][4)-20, y2cord[PageNc][4], DARK GRAY);
1584 led putStrlngG(xlcord[FageNo][4]-1E0, ylcord[PageNc][4], "DISFLAYCFF", DxtSb-, DARK GRAY) ;
1585

led putString2(x2cord[FageNc][4]*10, ylcord[FageNc][4], "nan.", DARK GRAY, 0xb5b7);1586
1587

led fillRect(xlcord[PageNc][5]-150, ylcord[PageNc][5], xlcord[PageNo][5]-20, y2cord[PageNc)[5], DARK
GRAY|;1588

led put3tring2(xlcord[PageNo][5]-180, ylcord[PageNo][5], " SET DATE", 0xb5b", DARK GRAY); —11589
led fillRect(xlcord[PageNo][5J-1S0, ylcord[PageNc][5], xlcord[PageNc]ISJ-20, y2cord[PageNc](?),

DARK
GRAY) J1590

1591
1592

lcd_putStnng2 (xlcord [PageNo] [2J-180, ylcord [PageNc] [!], " SET TIME", OxbSb , DARK_GRAY):
led wr enable “ 1; // Start displaying on led m me.1593
RTC Disp - 1; // Start displaying RTC m mt.1594

1595

El para index • 0; teacp - 0;_J

3 Build Output I 3 " * 1 2 3 4 5 6

UUNK ARM Debugger CAR NUM SCIU OvR R.W

Figure 7-3 Snapshot of Melter Project in Keil Real View

As seen from Figure 7.3 the whole project is distributed in different groups.

1. Startup Code: Here stack configuration is defined and system as well as peripheral clocks are 

configured and started. It also initializes the external dynamic memory interface & external 

static memory interface.

2. Eeprom: Contains driver routines for AT24C512 Eeprom which is used to store non-volatile 

data.

3. Nor Flash: Contains driver routines for reading & writing from & to the nor flash which is 

used to store the still images (Initial title pages).

4. Touch Screen: Contains driver routines for interfacing TSC2046 touch screen controller as 

well as 4-point calibration routines for touch screen.

5. TFT display: Contains driver routines that initialize peripheral for TFT display. It also 

includes all low level graphics functions to create images.

6. Source Code: The most important part of the whole project is source code which includes 

MAIN.C, IRQ1.C & UART.C
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Chapter 7 SOFTWARE IMPLEMENTATION

7.3.2 Main program (MAIN.C)
Following is the listing of Main program which initializes the ports for input/output configuration. 
And then sets the modes of timers & serial port and enables interrupts.
Finaly enters into a loop where it continuously display the Set & Present temperature as well as DC- 
Link voltage & current. It also checks for touch screen for any key pressed and sends commands to 
micro-controller card (through MOD-BUS) to start/stop the Melter power.

_] Oigtts.Dp.h □ Lin*_Col_Limit.h Jj) Main.c iij IRQl.c [|] lcd_grph.c Jj] uait.c

0933 int main(void)
0934 t
0935 tU8 ee buf[128], temp;
0936 £532 X, y, z = 0;
0937 tU32 i, j;
0938
0939 SCS |= 0x01; // High speed SPIO or. Port Oil
0940
0941 PCONF £= 0x00000BB6; // Svitch off pover to unuse d blocks
0942
0943 | // Set P0.29-P0.30 for Output (TO CHECK INTERRUPT TIMINGS)
0944 PIN5EL1 S= 0XC3FFFFFF;
0945 FIOODIR |= 0x60000000;
0946
0947 // Set for PORT-PWR-B Output, SET dir L output ON P2.25
0948 PINSEL5 S= 0xFFF3FFFF;
0949 FI02DIP |= 0xl«25;
0950 FI02CLR = 0xl«25; // KEEP USB-POSER OFF
0951
0952 // Set P0.4-P0.ll for Output ROSO-ROB7
0953 PINSELO S= OxFFOOOOFF;
0954 FIOODIR |= OxOOOOOFFO;
0955 FIOOCLR = OxOOOOOFFO;
0956 // Set P1.6-P1.13 for Input COLO-COL7
0957 PINSEL2 S= OxFOOOOFFF;
0958 FIOIDIF £= 0XFFFFC03F;
0959
0960 // Set P0.19-P0.22, P4.26 for Output DIG0-DIG4
0961 PIN5EL1 S= 0XFFFFC03F;
0962 PINSEL9 £= OxFFCFFFFF;
0963 FIOODIR |= 0x00780000;
0964 FIOOSET = 0x00780000;
0965 FI04DIR |= 0x04000000;
0966 FI04SET = 0x04000000;
0967
0968 // Set P2.10 for Input
0969 PINSEL4 S= OxFFCFFFFF;
0970 FI02DIR S= ~ (0xl«10) ;
0971
0972 // Set P1.0-P1.S for Output SEG0-SEGS
0973 PINSEL2 S= OxFFFFFOOO;
0974 FIOIDIR |= OX0000003F;
0975 FIOISET = QX0000003F;
0976
0977 // Set PI.14,P1.15 for Digital Input DI1-DI2

Table-7.7 MAIN.C Part-1 listing

93



Chapter 7 SOFTWARE IMPLEMENTATION

0987 /• Enable and setup timer-0 interrupt, start timer V
0968 PCONF I- (i « i); /* Enable pover to TIM block V
0989 T0MRO - 576000; /* 40msec at 14.4 MHz */
0990 TOMCP “ 3 ; /* Interrupt and Reset on MRO */
0991 TO TCP - 1; /* TimerO Enable */
0992 vicvectAddr4 “ (unsigned long)TO_IRQHandler;'/* Set Interrupt Vector */
0993 VICVectCntl4 * 15; /* Lovest Priority for TimerO Interrupt V
0994 VICIntEnable - (i « 4); /* Enable TimerO Interrupt */
0995
0996 /* Enable and setup tixer-1 interrupt, start timer V
0997 // PCONP - (l « 2): /* Enable pover to TIM block */
0998 // T1MR0 - 7200; /* lkhz at 14.4 MHz */
0999 // TIMOR « 3: /* Interrupt and Reset on MRO •/
1000 // T1TCR - 1; /* Timerl Enable */
1001 // VZCVectAddrS * (unsigned long) Tl_IR£Handlier;/* Set Interrupt Vector */
1002 // VJCVectCntl c - 0; /* Highest Priority than any other Interrupt
1003 // VlClntEnabl e - (l « S): /* Enable Timerl Interrupt */
1004
1005 /* Enable and setup titter-2 interrupt, start timer V
1006 PCONF 1“ (1 « 22); /* Enable pover to TIM block */
1007 T2MR0 - 28800; /* 2msec at 14.4 MHz */
1008 T2MCP 3; /* Interrupt and Reset on MRO */
1009 T2TCP - 1; /* Timer2 Enable */
1010 // VJCIntSelect - (1 « 26) ; /* Timer2 as FIQ Interrupt */
1011 VICVectAddr26 « (unsigned long)T2_IRQHandler :/* Set Interrupt Vector */
1012 VICVectCntl26 - 14; /* More Priority than TimerO Interrupt */
1013 VICIntEnable - (1 << 26) ; /* Enable Timer2 Interrupt V
1014
1015 //initialize LCD
1016 lcdlnit (fctft_:para);
1017 lcdTurnOn();
1018
1019 I2C_Init();
1020
1021 touch_init ();
1022
1023 UARTInlt (0); /* Init i Enable UART-0 V
1024 // UARTInit (3) ? /• Init i Enable UART- 3 */
1025
1026 lcdTurnOn();
1027 lcdSetBacklight(100);
1028
1029 Startup * 0;
1030 TouchlntChk * 1;
1031

Table-7.8 MAIN.C Part-2 listing
1074 case MONITOR1:
1075 RTC Disp - 0; // Stop displaying RTC in int.
1076 led wr enable * 0; // Stop displaying on led in int
1077
1078 load picturel(0,0,800,480);
1079 save picture2(0,0,800,430,MON2 NORADP); // Save M0NIT0R2 picture into
1080
1081 P Pv-P 5p=P ALSf=P ALHys-P_I rms=P V rms=P Unit”-1000; // To display
1082 P PWRStatus»P IGBTONOFF- P Warningl8=P_Warningl9-0xff;
1083
1084 led wr enable - 1; // Start displaying on led in int.
1085 RTC Disp - 1; // Start displaying RTC in int.
1086
1087 para index = temp * 0;
1088 while(1)
1089 {
1090 if (temp =“ 1)
1091 SaveNORFLASHl() ; // Save receipy data in Nor-Flash
1092
1093 Var[MONITOR1][0] - 0;
1094 if ( (teitp=KBD Loop O ) == 0)
1095 break;
1096 else if (para index “ 2)
1097 {
1098 // if (ERStatus™0)
1099 // {
1100 while (WrCmdO); // Fait untill previous vnte command is c
1101 Pid IE - 0x01;
1102 WrAddrO - 0x00Of; // Address of Operation Mode Byte
1103 WrDataO - 0x01; // Sv.On Mel ter Pover
1104 WrCmdO = 1; // Write specified variable into PID-card
1105 // }
1106 while(UpYet);
1107 )
1108 else if (para index ==1 3)
1109 <
1110 while (WrCrndO); // Fait untill previous vnte command is over
1111 Pid IE » 0x01;
1112 WrAddrO » OxOOOf; // Address of Operation Mode Byte
1113 WrDataO - 0x00; // Sv.Off Mel ter Pover
1114 WrCmdO ” 1; // Write specified variable into PID-card
1115 while(UpYet);
1116 )

Table-7.9 MAIN.C Part-3 listing
94



Chapter 7 SOFTWARE IMPLEMENTATION

7.3.3 Interrupt Routines (IRQ1.C)

The temperature of crucible is to be controlled through PID control loop, which is implemented as 

follows:

Discrete-time PID Algorithm

In Figure 7-4 a schematic of a system with a PID controller is shown. The PID controller compares 

the measured process value (crucible temperature) with a reference set point temperature. The 

difference or error is then processed to calculate a frequency burst.

This frequency burst will try to adjust the measured process value back to the desired set point.

Freq. Burst Cmd.

Figure 7-4 Closed Loop System with PID controller

Unlike simple control algorithms, the PID controller is capable of manipulating the process inputs 

based on the history and rate of change of the signal. This gives a more accurate and stable control 

method. The basic idea is that the controller reads the system state by a sensor. Then it subtracts the 

measurement from a desired reference to generate the error value. The error will be managed in three 

ways, to handle the present, through the proportional term, recover from the past, using the integral 

term, and to anticipate the future, through the derivate term.

Figure 7-5 shows the PID controller schematics, where K/;, 77, and Td denote the constants of the 

proportional, integral, and derivative terms respectively.

Figure 7.5 PID controller schematic
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Table 7.10 shows how this algorithm is coded in C.

int Pid_Algcrithir (int sv, int pv)
{

int teirp, retval, Error, p_terir, i_terrr, d_terir;
// Proportionate

Error = sv - pv;
if(Error > Max_Error) 

p_tenr = MAX_INT; 
else if(Error < -Max_Error) 

p_tenr = -MAX_INT; 
else

p_terrr = (Error * 256000)/F_3and ;
// Integral

teirp = FID_suit_error 4 Error; 
if (teirp > Max_5uir^Error)
{

PID_s-jit_error = Max_5uin_Error ; 
i_tenr = MAX_INT;

)
else if (teirp < -Max_5uiri_Error)
{

PID_suit_error = -Max_Sum_Error; 
i_tenr = -MAX_INT;

}
else
{

PID_sum_error = teirp;
i_tenr = (((PID_3um_error*2000)/I_Time)*128)/P_Band;

)
// Derivative

d tent = (((PID_Last_pv-pv)*2000*D_Time)/P_Band)*12S; 
if (d_tenr > MAX_INT) 

d_terir = MAX_INT; 
else if (d_tenr < -MAX_INT) 

d_terrr = -MAX_INT;
PID_Last_pv = pv;

retval = (p_tenr4i_tenr4d_tenr)/128;

if(retval > MAX_INT) 
retval = MAX_INT; 

else if(retval < -MAX_INT) 
retval = -MAX INT;

return(retval);

>
Table-7.10 C code for PID algorithm
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Autotuning Implementation
To transform the Ziegler-Nichols Frequency Domain (ZNFD) method to C code, the components 

needed are a relay, and a function to read the magnitude and frequency of oscillation. As the output of 

PID required to be generated is frequency bursts it can be considered as the relay operation. Following 

is the C code for functions to detect a and Tu and compute magnitude and frequency of oscillation, 

which are then utilized to compute Kp, Ti & Td.

536 /*These tvo variables are vhat ve vant to find */
537 double p; // ;cagr4itude of P
538 double w; // frequency of P
539 double tu; // oscillation period (v = 1/tu)
540 double d; // relay amplitude. This is constant for a particular relay
541 double a; // peak process output amplitude.
542 double yold; // keep previous process output
543 double ta; //sampling period
544 int i=0; // a counter to keep the number of iterations between tvo peaks
545 / + + * + + + + + **■ + + + ** + + + + * + + + **■ + * + + + + + + *■+■ + + * + + + *■ + ** + + *** + + + + + ** * /
546 void detect_a_tu(void) / this must be a timer ISR running each ts seconds

532
533 |
534
535 /..*******.*. Global Variables

547
548
549
550
551
552
553
554
555
556
557
558 
558
560
561
562
563
564
565

void ccmpute_pvi (void) // run this after ve get values for a and tu

double y; // use to keep process output each sampling period 
y = read_input( ); // read input from specified channel
if (y>a) a = y; // compare nev input vith a, if greater keep it as nev a 
if (yold<0 ts y>=0)
{ // detect zero crossing

double Na;
Na = (4*d)/ (pi*a);
p “ -1/Na; // gain of P<jv) at point of intersection 
w - 2*pi/tu; // frequency in rad/s

yold=y; 
i++;

tu=i*ts;
i=0;

Table-7.11 C code for computing a&Tu for Autotuning.
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7.3.4 Serial Port Routines (UART.C)
The MOD-BUS communication & reading & writing of machine parameters from & to micro­

controller board is carried out in this section as listed in Table 7.12.
tf (RdAddrO == 0x0000)
<

Sp = (int) ( (UARTOBuffer [3] «8) 4 UARTOBuffer[4 ]) ;
ALSp - (int)((UARTOBuffer[5]«8) 4 UARTOBuffer[6]);
ALHys = (int) UARTOBuffer[e];

>
else if (RdAddrO = 0x0003)
<

Var[PIDPAGE](1] - (int)((UARTOBuffer[3]«8) 4 UARTOBuffer[4]) ;
Var[FIDFAGE]12] = (int)((UARTOBuffer[5]«8) 4 UARTOBuffer[6]);
Var[FIDFAGE][3] = (int)((UARTOBuffer[7]«e) 4 UARTOBuffer(8]);
ReadPBTITE - 0;

)
else
<

if (UARTOBuffer[4] != 3)
AutoTuneON = 0;

)
)
else if (UARTOBuffer[1] — 4)
{
switch(RdAddrO)
{
case 0x0003:

CPStatus * UARTOBuffer[3];
ERStatus - UARTOBuffer[4];

break;

case 0x0004:
ALStatus = UARTOBuffer[4];

break;

default:
if (UARTOBuffer[3]t0x80)

Pv - 0;
else

Fv = (int) ( (UARTOBuffer [3] «8) 4 UARTOBuffer [4] ) ; 
if (UARTOBuffer[5]iOxeO)
I_rms=Q;

else
I_nns = (int) ( (UARTOBuffer (5] «e) 4 UARTOBuffer [6]) ; 

if (UARTOBuffer(7)t0x80)
V_rms” 0 ;

else
V nns = (int) ( (UARTOBuffer [7]«e) 4 UARTOBuffer [e]);

Table-7.12 UART.C subroutines listing

7.4 Summary
In this chapter the software implementation for micro-controller board as well as ARM-7 board is 

described. The micro-controller board software automatically tunes the gate firing of IGBT according 

to the changes in load inductance. ARM-7 board software takes care of graphical user interface to 

view/insert machine parameters. The PID & Autotuning is explained with respect to ARM-7 

controller.
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