
main.cpp

1 /*---------------------------------------------------------------------------------
2  * REED Controller - Renewable Energy Excess Diversion
3  *
4  * Author: Paul Alting van Geusau
5  * Created: 26 Jun 2015
6  * Modified: 02 Aug 2015
7  *
8  * Configured for:
9  * Arduino Mega

10  * Modbus RTU master
11  * Two outputs, one as lead PID PWM control, other as on/off lag.
12  *
13  * This control program communicates with a solar charge controller
14  * to access current state information of the battery bank and
15  * charging process.
16  *
17  * Based on the state, this control program is designed to divert excess
18  * solar energy available from a PV array to other loads, typically heating
19  * such as water storage heating.
20  *
21  * This control program allows for two loads to be individually controlled in
22  * a lead - lag strategy, whereby the lead load will be the initial load connected
23  * and will always have the energy supplied to it modulated via PWM. The lag load
24  * will only ever be operated if the lead load is fully on and the PV array system
25  * is able to supply extra energy. When this happens, the lag lod will be switched
26  * fully on and the lead load will have its energy cut back to maintain balance.
27  *
28  * Allowance for swapping over the lead and lag loads can be made via input to the
29  * control program via input selection.
30  *
31  * Control Process:
32  * [From Chris]
33  * Any controlled changes to the diversion load (by adjusting the PWM value) should make sure
34  * that the current battery voltage remains as close as possible to the target battery voltage.
35  * As long as the current battery voltage is within about 0.4 volts of the target battery
36  * voltage then it will not affect the charge controller mode, ie BULK, ABSORB, FLOAT, EQ.
37  * Ideally, the current battery voltage should be kept at 0.2 volts under the target battery voltage.
38  *
39  * Attempting to maintain the 0.2 volts under target will ensure that even when the
40  * sun sets or is obscured by clouds temporarily, the system will compensate and
41  * reduce the power going to the diversion load.
42  * The battery bank should never be discharged due to the diversion load.
43  * [/Chris]
44  *
45  * The diversion control output signal is derived from the difference between actual
46  * battery voltage and the setpoint for battery voltage.
47  *
48  * While the battery voltage is not less than 0.3 volts below setpoint voltage, the
49  * charge controller mode will not be effected.
50  *
51  * For optimum operation, the differential between battery voltage and setpoint
52  * voltage should not fall to within 0.2 volts below the setpoint target setting.
53  *
54  * The lead output is only ever modulated by PID PWM.
55  * The lag output is only ever off or on.
56  *
57  * if lead and pid_cv > 95% (980 ADC counts) and lag not on then
58  * lag on
59  *
60  * if lead and pid_cv < 5% (50 ADC count) and lag on then
61  * lag off
62  *
63  * PWM Options:
64  * Conceptually, there are two options for diverting available PV energy:
65  * 1. Direct from the PV array as high voltage DC,
66  * 2. Taken from the battery side via inverter as high voltage AC.
67  *
68  * The two options differ in terms output SSR control, where option 1 uses
69  * a DC SSR and will be PWM at a fast PWM duty cycle. Option 2 uses an AC SSR
70  * and as such can only be PWM at the AC line frequency or lower due to zero
71  * crossing on and off switching of the AC SSR.
72  *
73  * During the diversion process, the battery voltage is continuously monitored,
74  * either via direct analog input or via communications with the charge controller.
75  *
76  * The amount of energy diverted is controlled and maintained through monitoring
77  * the PV array volts as well as battery volts through using a PID loop contol
78  * function. The output of the PID contol is then passed into a PWM function to
79  * provide the correct switching of the SSR.
80  *
81  * PID:
82  * I developed this PID based on other code I have looked over.
83  * This PID routine is fast as it is toatlly based on integer math, and makes
84  * no use of any floating point math or variables.
85  *
86  * The input and output terms are integer, as are the loop paramneters.
87  * The output, being scaled from 0 to 1023 fits magically with a timer based PWM.
88  *
89  * For the PID to function, a desired setpoint must also be passed into the
90  * PID loop control function. The error difference between the setpoint and
91  * actual monitored data is what determines the basic PID process.
92  *
93  * Libraries:
94  * Mention needs to be made on a few of the libraries.
95  * Please ensure yoyu get the libraries form the links specified.
96  * I have researched these libraries for what I consider the best.
97  * There will be others by the same namne, either old or other, but not as good.
98  *
99  * • The Timer1 library has been fully updated and optimised by Paul Stoffregen

100  * from the original Timer1 code.
101  * Download from Paul's GitHub site - https://github.com/PaulStoffregen/TimerOne
102  *
103  * • DDModbusMaster is an updated and improved verion by Frank Dietrich of the
104  * SimpleModbusMaster library originally written by Juan Bester. It is not on
105  * GitHib as yet and is included in the files list with this code.
106  *
107  * • LiquidCrystal is the new LCD library, not the standard Arduino IDE.
108  * Typical LCD http://www.robotshop.com/ca/en/dfrobot-i2c-twi-lcd-module.html
109  *
110  * Notes:
111  * The communications protocol used to request data from a charge controller
112  * is Modbus, and options will be for either Modbus RTU or Modbus TCP.
113  * Modbus RTU uses the async serial port on the Arduino and the port may be
114  * selected depending on the model Arduino and its number of ports available.
115  * Modbus TCP uses Ethernet and will use either an onboard or attached
116  * Ethernet controller.
117  *
118  * REED controller is best operated on an Arduino Mega, but can operate in a
119  * limited fashion on smaller Arduino boards like UNO. In this case, a choice
120  * needs to be made concerning the use of Modbus TCP and number of PWM loads.
121  * Using TCP means Ethernet, whicg uses pins 10, 11, 12 and 13 on a UNO.
122  * The PWM outputs are on pins 9 and 10. Therefore pin 10 is in contention
123  * between Ethernet and PWM. Modbus TCP can be used if only one PWM load is
124  * required. If Modbus RTU is selected, then both PWM outputs may be used for loads.
125  * On the Arduino Mega, there is no such issue.
126  *
127  * This control program which operates on an Arduino Mega will be Modbus master,
128  * where this control program initiates all comunication requests to devices.
129  */
130
131 /*-------------------------------------------------------------------------------------------------------------------
132  * Includes
133  */
134 #include "main.h" // header for main entry point:
135 //#include "wire.h" // header for IC2 / TWI interface:
136 //#include "EEPROM.h" // header https://github.com/arduino/Arduino/blob/master/hardware/arduino/avr/libraries/EEPROM
137 #include "BasicTerm.h" // header for VT100/VT220 terminal: - https://github.com/nottwo/BasicTerm
138 #include "TimerOne.h" // header for updated Timer1 - https://github.com/PaulStoffregen/TimerOne
139 //#include "LiquidCrystal_I2C.h" // header https://bitbucket.org/fmalpartida/new-liquidcrystal/downloads
140 #include "includes/pidControl.h" // header for PID loop controller routine:
141 #include "includes/modbus_maps.h" // header for Modbus routines and controller templates:
142 //#include "includes/sensor.h" // header for reading analogue sensors:
143 #include "includes/defines.h" // header for definitions:
144
145 //-------------------------------------------------------------------------------------------------------------------
146 // const type variable = value; comment
147 boolean firstScan = true; // first scan of code, if needed:
148 boolean rtcOneOS = false; // Oneshot 1 second trigger:
149 boolean rtcFiveOS = false; // Oneshot 5 second trigger:
150 boolean rtcTenOS = false; // Oneshot 10 second trigger:
151 boolean rtcMinOS = false; // Oneshot 60 second trigger:
152 boolean rtc5MinOS = false; // Oneshot 300 second trigger:
153 boolean rtc15MinOS = false; // Oneshot 900 second trigger:
154 boolean rtcHourOS = false; // Oneshot 3600 second trigger:
155 boolean rtcDayOS = false; // Oneshot end of day trigger:
156
157 uint8_t process100Counter = 9; // counter decremented by 100mS interrupt for 1000mS flag:
158 uint8_t spIndex = 0; // setpoint index:
159
160 uint32_t lastValues = 0; // last time we repaint the screen:
161 const uint32_t periodValues = 500; // rate period to repaint LCD with live data:
162 uint32_t rtcTime = 0; // internal software rtc time in seconds:
163
164 struct load_t {
165 boolean lead_state_a; // load a in lead being PWM, load b in lag:
166 boolean lag_state; // load b lag status, either on or off:
167 uint8_t lead_output; // selected lead PWM pin:
168 uint8_t lag_output; // selected lag PWM pin:
169 uint16_t pid_cv; // PID output as percentage:
170 };
171 load_t load; // instance of load:
172
173 //    sp kp  ki kd pid_min  pid_max // PID setpoint and pid terms:
174 PID diversion_pid(0, 10, 5, 0, PID_MIN, PID_MAX); // instance of PID with initial parameters:
175
176 BasicTerm term(&Serial); // instance of BasicTerm VT100/VT220 terminal handler:
177
178 /*---------------------------------------------------------------------------------
179  * void setup()
180  * Configure initial states and IO ports.
181  */
182 void setup() {
183 pinMode(LED, OUTPUT); // set onboard LED pin as ooutput:
184 digitalWrite(LED, LOW); // set LED off:
185
186 // uint8_t i;
187 // for(i = A0; i < A6; i++) // quick method to set range of I/O as inputs:
188 // pinMode(i, INPUT);
189 //
190 // for(i = 2; i < 13; i++) // quick method to set range of I/O as outputs:
191 // pinMode(i, INPUT);
192 // pinMode(pin_CSether, OUTPUT); // set ethernet CS as output, if used:
193
194 load.lead_output = PIN_OUTPUT_A; // set lead output to A:
195 load.lag_output = PIN_OUTPUT_B; // set lead output to B:
196 load.lead_state_a = true; // set output A to lead state:
197
198 mb_status.poll_count = 0;
199 mb_status.poll_count_10K = 0;
200 mb_status.timeouts = 0;
201 mb_status.address = 0;
202 mb_status.code = 0;
203
204 reed_param.pid_sp_offset = 3; // set the setpoint offset trim to be -0.3 volts:
205 reed_param.pid_sp_low_clamp = 0; // diversion lower clamp, typically -0.4V below charge controller setpoint:
206
207 cc_param.vBattery_pv = 0;
208 cc_param.vArray_pv = 0;
209 cc_param.battery_amps = 0;
210 cc_param.kwh = 0;
211 cc_param.watts = 0;
212 cc_param.mode = 0;
213 cc_param.vBattery_sp = 0;
214
215 mbPacketInit(); // initialise Modbus packets based on charge controller definition:
216
217 Timer1.initialize(100000); // initialize Timer3, and set a 100 milli second period:
218 Timer1.pwm(PIN_OUTPUT_A, 0); // pre-initialise as pwm output on pin and set for 0% duty cycle:
219 Timer1.pwm(PIN_OUTPUT_B, 0); // pre-initialise as pwm output on pin and set for 0% duty cycle:
220 Timer1.attachInterrupt(process100mS); // attach interrupt to routine, for PID and other timing control:
221
222 #if defined(__AVR_ATmega2560__) // AVR 2560 CPU as found on Mega:
223 pinMode(pin_SPI_CS, OUTPUT); // set hardware SPI CS pin as output if using SPI / Ethernet:
224 #define HAVE_VT100 // if serial VT100 / VT220 terminal:
225 Serial.begin(115200); // if Mega, then init default port for VT100 GUI:
226 term.init(); // initialise terminal screen:
227 term.cls(); // clear the terminal screen:
228 term.show_cursor(false); // hide the cursor:
229 guiPrintStatic(); // go and display the static screen data:
230 #endif /* defined(__AVR_ATmega2560__) */
231 }
232
233 /*---------------------------------------------------------------------------------
234  * void loop()
235  * Mission Control Centre:
236  * Where all controll events are handled from.
237  * Check the Modbus state machine continuously.
238  */
239 void loop() {
240 #if defined(HAVE_VT100)
241 if (term.available())
242 {
243 term.position(48, 1);
244 term.print(F(vtfCyan"Command: "clearEOL));
245
246 switch(term.get_key()) {
247 case 'e': // e toggle LED
248 digitalWrite(LED, !digitalRead(LED));
249 term.print(F("Controller LED toggled"));
250 break;
251 case 'c': // c clear screen:
252 term.init();
253 term.cls();
254 term.show_cursor(false);
255 guiPrintStatic();
256 break;
257 case 'p': // p to select setpoint:
258 term.print(F("Setpoint PID P term"));
259 spIndex = 1;
260 break;
261 case 'i': // i to select setpoint:
262 term.print(F("Setpoint PID I term"));
263 spIndex = 2;
264 break;
265 case 'd': // d to select setpoint:
266 term.print(F("Setpoint PID D term"));
267 spIndex = 3;
268 break;
269 case 's': // s to select setpoint:
270 term.print(F("Setpoint Offset Adjust"));
271 spIndex = 4;
272 break;
273 case '-': // - to decrement setpoints:
274 switch(spIndex) {
275 case 1:
276 diversion_pid.kpPID--; // decrement pid p term:
277 break;
278 case 2:
279 diversion_pid.kiPID--; // decrement pid i term:
280 break;
281 case 3:
282 diversion_pid.kdPID--; // decrement pid d term:
283 break;
284 case 4:
285 reed_param.pid_sp_offset--; // decrement setpoint offset:
286 break;
287 }
288 break;
289 case '+': // + to increase setpoints:
290 switch(spIndex) {
291 case 1:
292 diversion_pid.kpPID++; // increment pid p term:
293 break;
294 case 2:
295 diversion_pid.kiPID++; // increment pid i term:
296 break;
297 case 3:
298 diversion_pid.kdPID++; // increment pid d term:
299 break;
300 case 4:
301 reed_param.pid_sp_offset++; // increment setpoint offset:
302 break;
303 }
304 break;
305 case 'l': // l to swap load lead / lag:
306 if (load.lead_state_a)
307 {
308 load.lead_state_a = false; // set output A a as lag:
309 load.lag_output = PIN_OUTPUT_A;
310 load.lead_output = PIN_OUTPUT_B;
311 Timer1.disablePwm(PIN_OUTPUT_A); // disable PWM mode for output A:
312 term.print(F("Lead is Output A, Lag is output B"));
313 }
314 else
315 {
316 load.lead_state_a = true; // set output A a as lead:
317 load.lag_output = PIN_OUTPUT_B;
318 load.lead_output = PIN_OUTPUT_A;
319 Timer1.disablePwm(PIN_OUTPUT_B); // disable PWM mode for output B:
320 term.print(F("Lead is Output B, Lag is output A"));
321 }
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322 break;
323 }
324 }
325
326 if (rtcTenOS) // if ten second timer set:
327 {
328 if (!spIndex) // if setpoint indexer is not set:
329 {
330 term.position(48, 1); // postion cursor at command line:
331 term.print(F(vtfCyan"Command: "clearEOL)); // clear current setpoint text:
332 }
333 else
334 spIndex = 0; // reset spIndex after 10 second timeout:
335 rtcTenOS = false;
336 }
337 #endif /* defined(HAVE_VT100) */
338
339 if (cc_param.vBattery_pv > reed_param.pid_sp_low_clamp) { // if operationg within the proportional band:
340 // if (true) {
341 Timer1.setPwmDuty(load.lead_output, diversion_pid.cvPID); // set the pwm with the output of the pid output to control the SSR:
342 if ((diversion_pid.cvPID > (PID_MAX - 2)) && !load.lag_state) // if PID output near max and lag load is off:
343 load.lag_state = true; // set trigger to set lag load on:
344
345 if ((diversion_pid.cvPID < (PID_MIN + 2)) && load.lag_state) // if PID output near min and lag load is on:
346 load.lag_state = false; // reset trigger to set lag load off:
347
348 digitalWrite(load.lag_output, load.lag_state); // operate lag output from trigger:
349 }
350 else
351 Timer1.setPwmDuty(load.lead_output, 0); // if not in the proportional band, then set the pwm to zero:
352
353 // regs[cc_pwm] = (uint16_t)diversion_pid.cvPID; // used by simulator testing:
354 charge_controller.modbus_update(); // read the Classic's modbus registers:
355
356 if (firstScan)
357 firstScan = !firstScan; // end of firstScan:
358 }
359
360 /*---------------------------------------------------------------------------------
361  * void process100mS()
362  * Routine is called every 100mSec by an interrupt.
363  * This is the place to do all things that need predictable time deterministic processing,
364  * such as time based statsitical crunching, and importantly PID loop controllers.
365  * Set flags on specific periodic time bases.
366  */
367 void process100mS() {
368 if (!process100Counter) { // if counter is zero:
369 process100Counter = 9; // reset counter to preset, 10 x 100mS is 1000mS:
370 ++rtcTime; // increment software rtc value:
371 if (!(rtcTime % 1)) { // check one second:
372 rtcOneOS = true;
373 if (!(rtcTime % 5)) { // check five second:
374 rtcFiveOS = true;
375 if (!(rtcTime % 5)) { // check five second:
376 rtcTenOS = true;
377 if (!(rtcTime % 60)) { // check 60 second:
378 rtcMinOS = true;
379 if (!(rtcTime % 300)) { // check 300 second:
380 rtc5MinOS = true;
381 if (!(rtcTime % 3600)) { // check 3600 second:
382 rtcHourOS = true;
383 if (!(rtcTime % 86400L)) { // check 86400 second:
384 rtcDayOS = true;
385 }
386 }
387 }
388 }
389 }
390 }
391 }
392 } else
393 --process100Counter; // decrement counter:
394
395 diversion_pid.spPID = reed_param.volt_setpoint; // pass the _sp value into the PID block:
396 diversion_pid.pvPID = cc_param.vBattery_pv; // pass the _pv value into the PID block:
397 diversion_pid.loop(); // call PID controller:
398 load.pid_cv = (uint16_t)(100L * diversion_pid.cvPID / 1023L); // calculate % value of PID output for display:
399 }
400
401 /*---------------------------------------------------------------------------------
402  * void guiPrintStatic()
403  * This routine is only for static text data for display and only needs to be called at
404  * startup or when clear display is needed. This reduces overall CPU time n each loop cycle.
405  */
406 void guiPrintStatic() {
407 uint8_t i = 0;
408
409 term.position(0, 0);
410 term.print(F(vtfLightYellow "REED Controller\r\nThe Renewable Energy Excess Diversion Controller version 0.2.0"));
411 term.position(0, 120);
412 term.print(F("Aug 2015" vtfCyan));
413
414 term.position(3, 0);
415 for (i = 1; i < 133; i++) // horizontal line at top:
416 term.print(char(241));
417
418 // term.print(char(240));
419 // term.print(char(242));
420 // term.print(char(243));
421 // term.print(char(244));
422 // term.print(char(245));
423 // term.print(char(246));
424 // term.print(char(247));
425
426 // term.position(44, 0);
427 // for (i = 1; i < 133; i++)
428 // term.print(char(241));
429
430 term.position(47, 0);
431 for (i = 1; i < 133; i++) // horizontal line at bottom:
432 term.print(char(241));
433
434 term.position(46, 1);
435 term.print(F(vtfDarkGrey"Messages:")); // message label:
436
437 term.position(48, 1);
438 term.print(F(vtfCyan"Command:")); // command label:
439
440 term.position(4, 0);
441 term.println(F(posx4 vtfCyan "Charge Controller Status" vtfDarkGrey));
442 term.println(F(posx8"Mode")); // charge controller mode:
443 term.println(F(posx8"Array Volts")); // charge controller array volts:
444 term.println(F(posx8"Battery Volts")); // charge controller battery volts:
445 term.println(F(posx8"Charge Amps")); // charge controller charge current:
446 term.println(F(posx8"Charge Watts")); // charge controller charge watts:
447 term.println(F(posx8"Charge KWHr")); // charge controller accumulated chareg KWHrs:
448 term.println(F(posx8"Battery Setpoint")); // charge controller battery setpoint target:
449
450 term.position(4, 0);
451 term.println(F(posx48 vtfCyan "Diversion Controller Status" vtfDarkGrey));
452 term.println(F(posx52 "Mode")); // Off or On:
453 term.println(F(posx52 "Setpoint Offset")); // reed controller battery setpoint offset volts:
454 term.println(F(posx52 "Diversion Setpoint")); // reed controller battery setpoint target volts:
455
456 term.position(9, 0);
457 term.println(F(posx52 "Lead Load")); // Output A or Output B:
458 term.println(F(posx52 "Output A Load")); // % value:
459 term.println(F(posx52 "Output B Load")); // % value:
460
461 term.position(13, 0);
462 term.println(F(posx52 "Load Estimate ")); // Watts:
463 term.println(F(posx52 "Run Time Today")); // Hours:
464 term.println(F(posx52 "Run Time Total")); // Hours:
465
466 term.position(17, 0);
467 term.println(F(posx52 "PID P term")); // P term:
468 term.println(F(posx52 "PID I term")); // I term:
469 term.println(F(posx52 "PID D term")); // D term:
470 term.println(F(posx52 "PID Output"));
471
472 term.position(35, 0);
473 term.println(F(posx4 vtfCyan "Modbus status" vtfDarkGrey)); // modbus status section:
474 term.println(F(posx8"Poll Count 0 - 9999")); // modbus poll count 0 to 9999:
475 term.println(F(posx8"Poll Count  x 10000")); // modbus poll count x 10k:
476 term.println(F(posx8"Error Timeouts")); // modbus timeouts:
477 term.println(F(posx8"Error Exceptions")); // modbus exception errors:
478 term.println(F(posx8"Error Unhandled")); // modbus unhandled errors:
479
480 // term.position(20, 1);
481 // term.print(F("No. Din   Ain"));
482 // term.position(19, 0);
483 // term.print(F("Analog Inputs"));
484 //
485 // myTerm.row = 20;
486 // for(i = 0; i <= 5; i++)
487 // {
488 // term.position(myTerm.row, i * 6);
489 // term.print(i);
490 // }
491 }
492
493 /*---------------------------------------------------------------------------------
494  * void guiPrintMessages()
495  * Displays formatted real-time status information.
496  */
497 void guiPrintMesages(char * msg) {
498 // term.position(46, 1);
499 // term.print(F(vtfDarkGrey"Messages:"));
500
501 term.position(46, 11);
502 term.print(F(vtfDarkGrey));
503 term.println(msg);
504 }
505
506 /*---------------------------------------------------------------------------------
507  * void guiPrintLive()
508  * Displays formatted real-time status information.
509  */
510 void guiPrintLive() {
511 term.position(5, 28);
512 term.print(F(vtfGreen));
513
514 switch (cc_param.mode)
515 {
516 case mode_resting: // resting:
517 term.print(F("Resting   "));
518 break;
519 case mode_absorb: // absorb:
520 term.print(F("Absorb    "));
521 break;
522 case mode_bulkmppt: // bulk:
523 term.print(F("Bulk-Mppt "));
524 break;
525 case mode_float: // float:
526 term.print(F("Float     "));
527 break;
528 case mode_floatmppt: // float MPPT:
529 term.print(F("Float-Mppt"));
530 break;
531 case mode_equalise: // equalise:
532 term.print(F("Equalize  "));
533 break;
534 case mode_hypervoc: // hyper VOC:
535 term.print(F("Hyper-Voc "));
536 break;
537 case mode_equlisemppt: // equalise MPPT:
538 term.print(F("Eq-Mppt   "));
539 break;
540 default: // undefined error if get here:
541 break;
542 }
543
544 term.position(6, 28);
545 term.print(cc_param.vArray_pv / 10);
546 term.print('.');
547 term.print(cc_param.vArray_pv % 10);
548
549 term.position(7, 28);
550 term.print(cc_param.vBattery_pv / 10);
551 term.print('.');
552 term.print(cc_param.vBattery_pv % 10);
553
554 term.position(8, 28);
555 term.print(cc_param.battery_amps / 10);
556 term.print('.');
557 term.print(cc_param.battery_amps % 10);
558
559 term.position(9, 28);
560 term.print(cc_param.watts / 10);
561 term.print('.');
562 term.print(cc_param.watts % 10);
563
564 term.position(10, 28);
565 term.print(cc_param.kwh / 10);
566 term.print('.');
567 term.print(cc_param.kwh % 10);
568
569 term.position(11, 28);
570 term.print(cc_param.vBattery_sp / 10);
571 term.print('.');
572 term.print(cc_param.vBattery_sp % 10);
573
574 term.position(6, 72);
575 // term.print('-');
576 term.print(reed_param.pid_sp_offset / 10);
577 term.print('.');
578 term.print(abs(reed_param.pid_sp_offset % 10));
579
580 term.position(7, 72);
581 term.print(reed_param.volt_setpoint / 10);
582 term.print('.');
583 term.print(reed_param.volt_setpoint % 10);
584
585 term.position(9, 72);
586 term.print(load.lead_state_a ? "Output A" : "Output B");
587
588 term.position(10, 72);
589 if (load.lead_state_a)
590 {
591 term.print(load.pid_cv);
592 term.print(F("%  "));
593 }
594 else
595 term.print(load.lag_state ? "On " : "Off");
596
597 term.position(11, 72);
598 if (!load.lead_state_a)
599 {
600 term.print(diversion_pid.cvPID); //load.pid_cv
601 term.print(F("%  "));
602 }
603 else
604 term.print(load.lag_state ? "On " : "Off");
605
606 guiPrintHBar();
607
608 // term.position(14, 72);
609 // if(digitalRead(LED))
610 // term.print(F(vtfLightRed "ON " vtfGreen));
611 // else
612 // term.print(F(vtfYellow "OFF" vtfGreen));
613
614 term.position(17, 72);
615 term.print(diversion_pid.kpPID);
616 term.print(F("  "));
617
618 term.position(18, 72);
619 term.print(diversion_pid.kiPID);
620 term.print(F("  "));
621
622 term.position(19, 72);
623 term.print(diversion_pid.kdPID);
624 term.print(F("  "));
625
626 term.position(20, 72);
627 term.print(diversion_pid.cvPID);
628 term.print(F("  "));
629 // term.print(load.pid_cv);
630 // term.print(F("%  "));
631
632 term.position(36, 28);
633 term.print(mb_status.poll_count);
634 term.print(F("   "));
635
636 term.position(37, 28);
637 term.print(mb_status.poll_count_10K);
638
639 // term.set_color(BT_MAGENTA, BT_BLACK);
640 // myTerm.row = 20;
641 // term.print(F(vtfCyan));
642 // term.print(F(vtfGreen));
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643 //
644 // for(i = 0; i <= 5; i++)
645 // {
646 // term.position(myTerm.row + 1, i * 6);
647 // term.print(analogRead(i));
648 // }
649 // term.print(F(vtfGreen));
650 // myTerm.row = 21;
651 //
652 // for(i = 0; i < 16; i++)
653 // {
654 // term.position(myTerm.row + i, 2);
655 // term.print(i);
656 // term.position(myTerm.row + i, 6);
657 // term.print(digitalRead(i), HEX);
658 // term.position(myTerm.row + i, 11);
659 // term.print(analogRead(i));
660 // }
661 }
662
663 /*---------------------------------------------------------------------------------
664  * guiPrintHBar()
665  * Update GUI display horizontal bargraph for PID output.
666  */
667 void guiPrintHBar() {
668 uint8_t lag_pos = 11;
669 uint8_t lead_pos = 10;
670 int16_t bar = load.pid_cv / 5;
671
672 if (load.lead_state_a)
673 {
674 lead_pos = 10;
675 lag_pos = 11;
676 }
677 else
678 {
679 lead_pos = 11;
680 lag_pos = 10;
681 }
682
683 // term.position(load.lead_state_a ? 10 : 11, 84); // more clever method:
684 term.position(lead_pos, 84);
685 term.print(F("|"));
686 for (int j = 0; j < bar + 1; j++)
687 term.print(F("#" clearEOL));
688
689 term.position(lag_pos, 84);
690 term.print(F("|"));
691 if (load.lag_state)
692 {
693 for (int j = 0; j < 20 + 1; j++)
694 term.print(F("#"));
695 }
696 else
697 term.print(F(clearEOL));
698
699 }
700
701 /*---------------------------------------------------------------------------------
702  * guiPrintModbusTimeout()
703  * Update GUI display with Modbus status if called.
704  */
705 void guiPrintModbusTimeout() {
709
710 /*---------------------------------------------------------------------------------
711  * guiPrintModbusException()
712  * Update GUI display with Modbus status if called.
713  */
714 void guiPrintModbusException() {
720
721 /*---------------------------------------------------------------------------------
722  * guiPrintModbusUnhandled()
723  * Update GUI display with Modbus status if called.
724  */
725 void guiPrintModbusUnhandled() {
735
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