TWR56F8257 Thermistor Lab Tutorial
This lab will help you to understand how to configure and use ADC module to sample differential voltage across on-board thermistors RT1 – RT4. If a user touch any on-board thermistor by a finger the lab application detects a change in the thermistor temperature and start flashing a corresponding LED pair.
The Lab tutorial demonstrates:

- how to configure ADC module to read differential inputs
- how to filter and process  ADC results
- how to use FreeMASTER visualization tool to display sampled results
Open TWR56F8257 Thermistor Lab CodeWarrior project and download code into MC56F8257

Launch CodeWarrior v. 8.3. Select Open in a File menu and browse into TWR56F8257_Thermistor_lab_SCI folder and open “TWR56F8257_Thermistor_lab.mcp”.

Configure TWR56F8257 board fo OSBDM function:

· unplug USB cable from on-board mini-B USB connector

· place a shunt on J20

· plug USB cable to mini-B USB connector

· plug USB cable into one of you free USB ports
Click on a “Project Settings” button (see Figure 1) in the project window. Go to Debugger/Remote Debugging settings panel. Please make sure that the Remote Debugging connection of the CodeWarrior project is set to “56800E Local FSL OSBDM Connection”. 
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To download code in to MC56F8257 click on a green arrow (see Figure 1) in the project window or press F5 on your keyboard.

TWR56F8257 Thermistor Lab project will be built and loaded into a device flash. The debugger will stop at the main function entry point. The MC56F8257 is now in a debug mode. You can either click on a green debug arrow once more to start executing the application code or you can use step-by-step debug buttons to trace the application code. See Figure 2.
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There are two versions of the “MC56F8257 Thermistor Lab” available:

· TWR56F8257 Thermistor Lab noSCI– default application loaded in MC56F8257 flash memory as a Out-of-the-Box application. It has no FreeMASTER communication enabled.
· TWR56F8257 Thermistor Lab SCI – thermistor lab application with FreeMASTER communication via SCI0.
The text below describes an application with a FreeMASTER enabled  communication.
TWR56F8257 Thermistor Lab Code Overview
The lab application configures ADC to be triggered by a QuadTimer B0 output. The QuadTimer output is routed via Crossbar to the ADCA sync input. A QuadTimer B0 output toggles every 500us with a compare event. Only a rising edge on the timer output triggers ADC conversion (every 1ms).  When ADC conversion is complete an interrupt is generated by ADC module and an interrupt service routine is executed (see Figure 3).
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The interrupt service routine ADC_EndofScanISR() executes following tasks:

· read ADC result registers
· filter ADC results with low-pass FIR filter
· differentiate filtered results to detect a change in a voltage across the thermistor
· detect a negative/positive slope of a voltage change to determine which LED will be turned on/off. If a negative change in a voltage is detected a corresponding pair of LEDs is switched on, flashing fast. If a positive change in a voltage is detected the LED will return to a default flashing pattern.
· executes a software timer, which timeout period is 100ms and it resets every 400ms. The software timer is used to generate a time base for LEDs flashing.
ADC Differential Mode of Operation
To measure a voltage across the thermistors it is beneficial to configure ADC for a differential mode of operation. In differential mode the ADC measures a difference between two analog inputs. The ADC enables to select a inputs pairs, which will be treated as differential inputs. Table 1 shows a assignment of ADC channels and thermistors.
Table1: ADC input configuration
	Thermistor
	Differential Pair
	Gain
	Sample Slot

	RT1
	ANB4, ANB5
	4x
	4

	RT2
	ANB6, ANB7
	1x
	5

	RT3
	ANA6, ANA7
	2x
	1

	RT4
	ANA4, ANA5
	1x
	0


The following formula shows how differential measurements are converted:
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VIN1,VIN2 - applied voltage at the input pins

VREFH and VREFLO = Voltage at the external reference pins on the device (typically VREFH=VDDA and VREFLO=VSSA)
As shown in the above formula, the result value has a offset = 16384. To get the result in a more convenient form we remove this offset from the result. OFFSETn registers for sample slots 0,1,4 and 5 are set to 16384. The OFFSETn value is subtracted from the ADC result before it is stored in a corresponding RSLTn register.
Low-Pass FIR Filters
ADC result values measured on analog input pins are processed by a digital low-pass FIR filters. The filters use functions from ProcessorExpert DSP Func DFR component. The lab application uses four FIR filter instances, one per each thermistor. The low pass FIR filters are used to remove a high frequency noise from the thermistor signal. For more details on how to use and set-up FIR filter functions please refer to TWR56F8257 FIR Lab.

Detection of a Change of Thermistor Voltage

If a person places a finger on a thermistor its temperature will rise. The temperature rise will result in a decrease of a voltage across the resistor. If the finger is removed then the temperature will decrease and voltage goes up.

To detect a change in a voltage a simple differentiators are used. The filtered thermistor voltages are stored in a buffer. Buffer size is defined by BUFF_SIZE. The differentiator calculates a difference between an actual voltage sample and a sample delayed by i_delay pointer, which points into the buffer.

delta_rt1 = rt1_filt - rt1_filt_buff[i_delay];
If the voltage across the thermistor decreases the differentiator returns a negative value. If the voltage increases the differentiator returns a positive value. If there is no change in a voltage the deviator output returns zero. The bigger the slope of voltage increase/decrease the more positive/negative value the differentiator returns. The lab application uses this information to detect if the finger is placed on the particular thermistor or if the finger was removed.

Placing/removing a finger on the thermistor is characterized by a certain slope (rate) of voltage decrease/increase. The application defines positive and negative thresholds for each thermistor. If a differentiator output exceeds threshold limits (for at least three consequent samples) then an action is taken and a corresponding LED pair starts to flash faster. Assignment of LED pars vs. thermistors is in a following table.
	Thermistor
	LED pair

	RT1
	E0, E1

	RT2
	E2, E3

	RT3
	E4, E5

	RT4
	E6, E7


FreeMASTER Visualization

The measured ADC results can be visualized via FreeMASTER. To enable FreeMASTER communication MC9S08JM60 MCU has to be configured to operate as SCI to USB bridge. To change MC9S08JM60 MCU operating mode, please, follow these steps:

· unplug USB cable from on-board mini-B USB connector

· remove shunt on J20

· plug USB cable to mini-B USB connector
In MS Windows Device Manager identify a virtual COM port number. Look for a port labeled “HC9S08JMxx CDC”. Remember this port number to be used in FreeMASTER Communication Options setting.
For more details on FreeMASTER communication set-up please see TWR56F8257 FreeMASTER lab.

Launch FreeMASTER application by clicking on freemaster.pmp project file. The fremaster.pmp file can be found in a TWR56F8257 Thermistor Lab CodeWarrior project in a Files tab. See Figure 4. 
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The FreeMASTER watch window will display following variables:
· rt1_filt, rt2_filt, rt3_filt, rt4_filt – filtered voltage measured across thermistors in mV.

· rt1on, rt2on, rt3on, rt4on – show status of every thermistor. If rtxon = 1 temeperature rise detected (a finger is touching the thermistor).
There are five scopes available to be displayed by FreeMASTER. The list of the scopes available can be found in a Project Tree window. The scopes are: rt1, rt2, rt3, rt4 and swTimer. The rtx scope window display following waveforms (see Figure 5):
· rt1 – green line – direct ADC result reading (no filter)

· rt1filt – red line – voltage across rt1 filtered by low-pass FIR filter

· delta_rt1 – blue line – rt1filt signal after differentiation
· rt1on – light blue line – if =1 then a finger is touching thermistor rt1
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Figure 3 – ADC Trigger Signal Generation





Figure 2 – CodeWarrior in a debug mode





Figure 1 – CodeWarrior Project Settings





Figure 5 – FreeMASTER project page





Figure 4





ADC_EndofScanISR()





interrupt





ADCA


ADCB





QuadTimer channel B0





Debug Button








[image: image8.png]TWRSG8257_Thermistor_ab.mcp |

[ snmoroMRAN MEERC O

s | LinkOrder | Tergts | ProcessrEvpr |

v | Fie Code

23 support 30358
33 Generated Code. 16037
23 Project Setings. 0
{33 User Madules 814
{83 Doc 0
2 Startup Code. 8

wa

[ryrqryryryrery



[image: image9.png]=lolx|

Ble Edt View Scope Item Project Tools Heb

| slBIolE EEE] =210l BT e gkl [7 218 502

TVRSGFa257 Toemstors
g e — —_— —_— —
= - py o) aon

= L] 925

5% swTimer

Ready Rs232,coMs spee: [Scope Bad




[image: image10.png]TWRS6F5257_Themmistor lab.mcp |

||7., o oRONARAI Ry € %>



[image: image11.png]Freescale CodeWarrior
Fle Edt View Search Project Debug Data FreescaleToos DSPSGSODE Processor Expert DataVisualizaton Window Hep

=lolx|

MEsEs e <xbAA AN NS W5 HERA

SRl = o ororqarcr et
5 Ex o0 E

|

~=lolx|

[# smmorom-An MEERE BN

Fios | LinkOrder | Targts Procesor et |

= & Configurations

2. srim pROM-4RAM

& Operating System

=& CPUs
@ s
= @ Components.
1 ADCTnLADC
£ 0 THRTIRLTHR

) LED_PortEytel0

@ Leb_resin0

@ Wagt WalchDog

£ ) RUSTRI Frebaster

= & User Modules
[ TWRBEF8257_Themistor_lab.c:main
« [ Events.cievent

& Generated Modules

& Extemal Modules

& Documentation

& PESL

Stack

[5 Varbles Live

[Value

T Location

Fi

a0

oC 0:0310 0:00000207

|

B Souce:

DD ala\DSCVAnguleBlack TR BEFEZ57 v 1abs\ W, \TWRBBF6257_Themisio,_lab.c

]

mEEEs S (B Q

0] Line 294 Coll

PESL(ADC, ADC_CLEAR_STATUS_EOSI, NULL);

£ @ XBAR! Crmssharswitch R
49 DFRT.0SP_Func DFR S
£ € MEMT-DSP_MEM 1 hpplication wainG) Fonceion Y

[T ———
void nain(void)

»
/¢ Write your lacal variable definition here s/
Fracie = pC;
/5% Processor Expert internal initialization. DON'T REOVE THIS CODE
PE_lov_level_init();

J+%x End of Pracessor Expert internal initialization

/% ADC Periph Bean Workaround GPIO_#_PEREN
SetReqlenita(GPI0_A_PEREN, OxfaU);
7+ ADC Periph Bean Workarbund GPIO_B_PEREN
SetReqleBita(GPI0_B_PEREN, OxfoU);

PE7=1, PE6=1, PES=1, PEA=t

/% Initialize FIR filter data structures =/
PC = (Fracis =) FirCoefs ;

- PFIRL = DFRL_dfrisFIRCreate( pe, 31);
- PFIRZ = DFRL_dfrisFIRcreate( pC, 31);
- PFIR3 = DFRLdfrisFlRcreate( pc, 31);
- PFIR4 = DFRL_frisFlRcreate( pt, 31);

/+ Clear Watch Dog x/
UDogi_tlear();

/% uait for ADC to pover up %/

K1

| Souree

PE7=1, PE6=1, PES=1, PEA=t

[GPIOCT5_SCLOX [GPIOC5_SCLO_X [inone)
Categoies. ONCHipProh | Aphabet | Assitont|

ted trget CPU
@ AllChps

PotCGPO. 20

~=lolx|

Quick help>

| ;l_i el




_1331549769.unknown

