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Development of a portable data logger for long-period

monitoring of onsite work



(cumulative trauma disorder, CTD)



Cumulative trauma disorder (CTD) is one of the greatest challenges in
industry. Most of the CTDs are developed gradually over long periods of time as
a result of awkward manner. As indicated by datistics cited, the number of
recorded cases of CTD is rising each year. Especialy, the magnitude of low
back pain has been expressed in many forms by researchers, government
agencies, and health care professionals.

Methods applied in CTDs researches include physiologica measurement,
biomechanical anayses, psychophysica approach, and epidemiological
Investigation. However, most of the studies were conducted in laboratory by
collecting data under emulated condition. Only very few studies collected data
onsite over a long period of time. In order to explore the causes of CTDs and
interactions between hazardous factors, it is necessary to evaluate onste
physical workload by using portable data logger for long period data collection.

The purpose of this project is to design a portable data logger, utilizing
engineering techniques of microprocessors, modern sensors and signal
conditioning, to record worker’s posture, repetitive frequency, and magnitude of

exertion over along period of time.

Keywords : data logger, instrument, cumulative trauma disorder, motion

anayss
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(cumulative trauma disorder, CTD)
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6 EMG RMS
p<0.05, repeat measures ANOVA  (
4-1) 4-6
RMS RMS
Normalized RMSyage | = RMSStage ! * 100% Stage_i = 1,2,3
age_i
{ RMSuy | @)
stage_j=1
Normalized RMSweight_i - ZRMSweight_i * 100% ,weight_i=1,2,3 (2)
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) a RIVlSFre j ( )
Fre_j=1 -
EMG  MF ( 42
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RMS

p=0.069, p=0.053
RMS MF
4-1 RMS
0 8 * %

* 80 / 110 / 80 / 110 / **=*
7.03+1.20 7.29+2.57 6.96+2.28 10.04+3.68 7.82+1.39 10.53+3.66
8.27+2.09 7.52+2.69 6.89+1.43 11.56+5.39 9.52+2.00 12.10+5.60
8.92+3.14 9.19+3.79 9.64+2.71 9.75+2.60 12.36+4.87 14.93+5.50

* %

P < 0.05, Sig. RECOVER STAGE Effect (repeated measure ANOVA)
P = 0.069, Sig. WEIGHT Effect (repeated measure ANOVA)

RMS (%)
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4-2 MF
0 o
* 80 / 110 |/ 80 / 110 [ ***
29.83+11.65 26.83+16.98 31.58+6.33 39.50+13.78 48.33+8.77  40.25+17.33
23.83+x11.56 26.42+16.48 33.08+4.86 35.17+9.87 40.17£9.58  34.67+15.54
21.00+11.00 24.33+16.80 21.67+10.82 37.17+9.45 30.92+7.10  25.58+10.02

* P < 0.05, Sig. RECOVER STAGE Effect (repeated measure ANOVA)
*x P = 0.053, Sig. WEIGHT Effect (repeated measure ANOVA)
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p<0.001
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p<0.05 4-4 4-8 Okg 8 kg
80 step/min 110 step/min - ( free
80-110 step/min )
4-10a, b
4-3
0 8 *%

* 80 / 110 / 80 / [ Fx*
0.60+0.08 0.79+0.23 0.98+0.13 0.96+0.12 1.12+0.19 142+0.18
0.16+0.04 0.21+0.06 0.30+0.22 0.19+0.14 0.40+0.06 0.40+0.22
0.04+0.08 -0.08+0.18 0.08+0.17 0.08+0.07 0.08+0.08 0.11+0.11

* P <0.001, Sig. RECOVER STAGE Effect (repeated measure ANOVA)
** P <0.05 Sig. WEIGHT Effect (repeated measure ANOVA)

*** P < 0.001, Sig. FREQUENCE Effect (repeated measure ANOVA)
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74.67+13.85 76.88+£13.35 77.35+12.72) 79.87+10.39 83.49+11.03 85.26+11.26

* P <0.001, Sig. RECOVER STAGE Effect (repeated measure ANOVA)

** P <0.05 Sig. WEIGHT Effect (repeated measure ANOVA)
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[* */
[* */
[* *** Datas-Logger for All Complete *** 2001/3/14 */
* */
* */
* Hi-Tech C Compiler  Version 1.00a */
* */
[* 9 Signals content : 1.EMG 1 [With 500HZ] */
I* 2.EMG 2 [With 500HZ] */
I* 3.Analog 1 X [With 125HZ] */
I* 4.Analog 1Y [With 125HZ] */
[* 5.Analog 1 Z [With 125Hz] */
[* 6.Analog 2 X [With 125HZ7] */
* 7.Analog 2 Y [With 125HZ] */
[* 8.Analog 2 Z [With 125Hz] */
[* 9.Pulse [With 125H7] */
* */
[* First Version By Linus */
* */
[* */
[* Finish */
* */

#include <pic.h>
#include "delay.h"
#include "delay.c"
#include "stdio.h"
#include "stdlib.h"
#include "string.h"
#include "conio.h"

#define POLLING_PERIOD 250 /Iwith 4Mhz processor, 250us
#define TMRO_PRESCALER 2 /lgives 1:8, 2000us(500Hz)
#define TMRO_SETTING (0xff - (POLLING_PERIOD-5))
/Ithe -5 factor isto make up for overhead
/Ithe Oxff- factor is because the timer counts up to Oxf

void WriteCF(void);

void WaitFree(void);

void AdcRead(unsigned char channel);
unsigned char ClientRead(void);

void ClientWrite(unsigned char CWData);

static int SRAMAdd = 0; I/ SRAM Address
static int SectorsAddO = O; Il Sectors A ddress Byte O
static int SectorsAddl = O; Il Sectors Address Byte 1

static unsigned char TimerCounterLo; // Low Timer Counter

static unsigned char TimerCounterHi; // High Timer Counter

static unsigned char PulseTime; /I The time between two Pulses
static unsigned char PulseBefTime; // Time at berore Pulse

static unsigned char PulseNowTime; // Time at now Pulse

static unsigned char Channel Switch; // Switch for store of Datas[2~9]
static unsigned char TOIF_Flag;  // The Flag of TOIF
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static unsigned char INTF_Flag;

static unsigned char DataChannel;

static unsigned char WriteChannel;

static unsigned char Base;

static unsigned char Datas[10]; /I Store EMG 1, 2, Pulse Value, Analog 1 and 2
/I 10th bit be [ED] for mark

void main(void)

OPTION& = 0b11000000; /I Turn off bottom 6 bits to configure TMRO
OPTION|= TMRO_PRESCALER; // TMRO prescaler, 1:16 (OPTION_REG)
ADCON1 = 0b00000000; /I Let 8 analog channel all be used
INTCON = 0b00000000; /I Disable any interrupts

TRISB = 0b00000001; /I Set PORTB RBO be INT(external interrupt for Pulse)
TRISD = 0b0000000O0; // PORTD all outputs

PORTD = 0b00000000; /I Clear PORTD

TRISC = 0b00000101; # RCO be input;RC1 be output;RC2 be input
RC1 = 0; /I Initia DRQ be low

TOCS = (; /I Timer increments on instruction clock
TOIE = 1; /I Enable interrupt on TMRO overflow
INTE = 1, /I Enable the external interrupt RBO/INT
INTEDG =1, /I Rising edge trigger the interrupt

TimerCounterLo = 0x00;

TimerCounterHi = 0x00;

PulseTime = 0x00;

Datas[9]=0xED; /I 10th bit be [ED:mean END] for mark
Channel Switch = 1;

for(DataChannel=0;DataChannel <9; DataChannel ++)

Datas[ DataChannel]=0; /I Clear Datas
DelayMs(200); /I Wait for CF warm up
while(1)

{GIE =1, /I Global interrupt enable
for(DataChannel=0;DataChannel <8;DataChannel ++)
{Achead(DataChannel); /I Read A/D Channel 0~7

Datas[DataChannel] = ADRESH;

if(TOIF_Flag == 1)

{
GIE = 0; /I Disable global interrupt

if(Channel Switch > 4)
ChannelSwitch = 1;

WaitFree();

ClientWrite(0x02); /[Function Type SRAM Write
ClientWrite((unsigned char) SRAMAdd); /ISRAM AddressLow
ClientWrite((unsigned char) (SRAMAdd>>8)); //SRAM Address High

SRAMAdd++;

for(WriteChannel=0; WriteChannel <2;WriteChannel ++)
ClientWrite(Datas| WriteChannel]);
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/I DataChannel be stored for:
/] => =>=>=> . = =>

WaitFree();
ClientWrite(0x02);

ClientWrite((unsigned char) SRAMAdJ); /000000 .. [With 500HZ]
ClientWrite((unsigned char) (SRAMAdd>>8)); /111111 .. [With 500HZ]
SRAMAdd++; Il'246824 ..[With 125HZ]

for(Base=0;Base<2;Baset++)
ClientWrite(Datas[2* Channel Switch+Base]); /357 935 ... [With 125H7]

if(SRAMAdd == 256)

{
SRAMAdd = 0;
WriteCF();
}
Channel Switch++;
TOIF _Flag =0; /I Let Flag of TOIF be OFF
GIE = 1, /I Enable global interrupt
}
ifINTF_Flag == 1)
{
GIE = 0; /I Disable global interrupt
RB1 = !'RB1; /I RB1 is be used to Pulse LED

PulseNowTime = TimerCounterHi;

if(PulseNowTime < PulseBefTime) /I Here, calculate PulseTime
PulseTime = PulseNowTime + (255 - PulseBefTime);
else

PulseTime = PulseNowTime - PulseBefTime;

PulseBefTime = PulseNowTime;

Datag[8] = PulseTime; /I Pulse Per minute = 60s/(.008s* PulseTime)
INTF_Flag =0; /I Let Flag of INTF be OFF
GIE = 1, /I Enable global interrupt
}
}
}
}
I* */
* ---Function isr()--- */
I* */
static void interrupt isr(void) // Here be interrupt function
{
if(TOIF) /I TimerOQ interrupt
{
TOIF = 0; /I clear the TimerO interrupt flag
TOIF_Flag =1, /I Let Flag of TOIF be ON
TMRO=TMRO_SETTING; /I reload the timer - 2000uS per interrupt
if(TimerCounterLo < 3) /l 2000us*4 =8 ms
TimerCounterL o++; /I TimerCounterLo increase 1 every 2 ms
else
{
TimerCounterHi++; /I TimerCounterHi increase 1 every 8 ms

TimerCounterLo = 0x00;
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}

}
if(INTF)
{
INTF = 0; /I clear the RBO/INT interrupt flag
INTF_Flag =1; /I Let Flag of INTF be ON
}
}
[* */
* ---Function AdcRead()--- */
[* */
void AdcRead(unsigned char channel)
{
ADCONO = (channel << 3) + 0b01000001, /I Fosc/8, A/D enabled
DelayUs(30);
ADGO = 1;
while(ADGO)
continue; /I wait for conversion complete
}
[* */
* ---Function ClientRead()--- */
[* */
unsigned char ClientRead(void)
{
unsigned char CRData;
TRISD = 0011111111; /ISet Host Data Input
while(!(RC0& 1)); /IWait Client DRQ
CRData = PORTD;
RC1 =1, //Set Ans PortC
while(RC0& 1); //Wait Client DRQ Clear PortB
RC1 = 0; /[Clear Host AnsPortC
return(CRData);
}
[* */
* ---Function ClientWrite() --- */
[* */
void ClientWrite(unsigned char CWData)
{
TRISD = 0b0000000O0; //Set Host Data Output
PORTD = CWData; //Send Datato Client
RC1 = 1; //Set Host DRQ PortC
while(!(RC0& 1)); //Wait Client ANS PortB
RC1 =0 /[Clear Host DRQ
while(RC0& 1); //Wait Client ANS Clear
TRISD = 0b11111111; //Set Host Data I nput
}
[* */
* --- Function WaitFree() --- */
[* */
void WaitFree(void)
{
while(RC2& 1); /IWait Datalog Free
}
* */
I* ---Function WriteCF()--- */
[* */
void WriteCF(void)
{



unsigned char Temp;

SectorsAddO++;

if(SectorsAddO < 100 || SectorsAdd0 > 30720)
SectorsAdd0 = 100;

SectorsAddl = SectorsAdd0/256;

WaitFree();

ClientWrite(0x14);

ClientWrite(0x00);

ClientWrite(0x01);

ClientWrite((unsigned char)SectorsAdd0);
ClientWrite((unsigned char)SectorsAddl);
ClientWrite(0x00);

ClientWrite(0x00);

Temp = ClientRead();

/IStore in 15M bytes

/IFunction Type CF DMA Write Sector
/IMemory Page
/I[Count
/ISector No Byte 0
//Sector No Byte 1
/ISector No Byte 2
/ISector No Byte 3

}
I* *]
I* */




/* Compact Card Reader*/

/* Yung-Ping Liu */

/* Hi-Tech C Compiler */

/* Firmware Version : 2.00b */
/* Hardware Version : 2.00b */

/* Last Data 2001/02/07 */

#include <pic.h>
#include <stdlib.h>
#include <string.h>

#define ByteO(x)
#define Bytel(x)
#define Byte2(x)
#define Byte3(x)

#define WordO(x)
#define Word1(x)

(unsigned char)(* (((unsigned char *)&x)+0))
(unsigned char)(* (((unsigned char *)&x)+1))
(unsigned char)(* (((unsigned char *)&x)+2))
(unsigned char)(* (((unsigned char *)&x)+3))

(unsigned int)(* (((unsigned int *)&x)+0))
(unsigned int)(* (((unsigned int *)&x)+1))

/Ichar TargetFilename[13]="M SCFO001.DAT";

#include "delay.h"
#include "delay.c"
#include "sramio.h"
#include "cfio.h"
#include "hostio.h"

1

/I=Main Program Begin

I
void main(void)

{

unsigned int iTemp;
unsigned int iTempl,
unsigned char cTemp;
unsigned char cTempl,;
unsigned long ITemp;
unsigned char FunctionType;

GIE=0; // Disableall interrupt

PEIE = 0,
TOIE =0,
INTE =0;
RBIE =0;

EEIE =0;
PSPIE =0;
ADIE =0;
RCIE =0;
TXIE =0;
SSPIE =0;
CCPLE =0;
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TMR2IE =0;
TMRIIE =0;
CCP2IE =0;
BCLIE =0;

PIE1 = O;
PIE2 = O;
INTCON = (;
OPTION = 0b10000111; /I TMRO prescaler, 1:256 (OPTION_REG)
ADON = (; /IShutoff A/D module
ADCON1 = 0b00000110; //All PORTA to Digital 1/0

[* Initialize Port A */
TRISA = 0b00111110; / PORTA 05 outputs,
PORTA = 0b00000001; 1

/* Initialize Port E */
TRISE = 0b00000010; // REO,2 Output RE1 Input, DRQ out, ANSin, CF Busy

[* Initialize Port B */

TRISB = 0x00; /I PORTB all output, SRamCS SRamR/W CounterPrel.oad CounterCLK
CFCommandBit3~Bit0

PORTB = 0b10110110; // Set SRAM and Counter and CF to Standy mode

[* Initialize Port C */
TRISC = Oxff;  // PORTC al Input, Data Bus 8~15 for CF, SRAM.

/* Initialize Port D */
TRISD = 0xff;  // PORTD all Input, Data Bus 0~7 for CF, Counter, SRAM, HOST.

/* Initialize Function Viriable */

1
while(1)
{

RE2 = 0; /ISet Datalog Free;
FunctionType = HostRead();
RE2 = 1, /ISet Datalog Busy;
/[FunctionType = 0x99;

switch(FunctionType)

{

case OxO1: /IHost SRAM Read
{
ByteO(iTempl) = HostRead();
Bytel(iTempl) = HostRead();
iTemp = SRAMRead(iTempl);
cTemp = ByteO(iTemp);

HostWrite(cTemp);
cTemp = Bytel(iTemp);
HostWrite(cTemp);
break;
}
case 0x02: //Host SRAM Write
{

ByteO(iTempl) = HostRead();
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Bytel(iTempl) = Hostk
cTemp = HostRead();
ByteO(iTemp) = cTemp;
cTemp = HostRead();
Bytel(iTemp) = cTemp;
SRAMWrite(iTempl, iTemp);

break;
case 0x03: /[Host SRAM DMA Write
{
ByteO(iTempl) = HostRead();
cTemp = HostRead(); /IData Low

ByteO(iTemp) = cTemp;

cTemp = HostRead(); /IData High
Bytel(iTemp) = cTemp;

cTemp = ByteO(iTempl);
SRAMDMAWT rite(cTemp, iTemp);

HostWrite(0x55); /ISend Complete Chenk byte to Host
break;
}
case 0x10: /IHost Read CF Status Function
{
cTemp = ReadCFStatus();
HostWrite(cTemp); /ISend Status byte to Host
HostWrite(0x55); /ISend Complete Chenk byte to Host
break;
case Ox11: /IHost Set CF into Sleep Mode
{
CFSleen();
HostWrite(0x55); /ISend Complete Chenk byte to Host
break;
case 0x12: /IHost Read CF CIS Function
{
ReadCFCIS();
HostWrite(0x55); /ISend Complete Chenk byte to Host
break;
case 0x13: /IHost DMA Read CF Sector Function
{
cTemp = HostRead(); /IMemory Page
cTempl = HostRead(); /ICount

ByteO(ITemp) = HostRead(); /ISector NO Byte 0

Bytel(ITemp) = HostRead(); //Sector NO Byte 1
Byte2(ITemp) = HostRead(); /ISector NO Byte 2
Byte3(ITemp) = HostRead(); /ISector NO Byte 3

ReadCFSector(cTemp, cTempl, ITemp);

HostWrite(0x55); /ISend Complete Chenk byte to Host
break;
}
case 0x14: //Host DMA Write CF Sector Function
{
cTemp = HostRead(); /IMemory Page
cTempl = HostRead(); /ICount
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ByteO(ITemp) = HostRead), == //Sector NO Byte 0
Bytel(ITemp) = HostRead(); /Sector NO Byte 1
Byte2(ITemp) = HostRead(); //Sector NO Byte 2
Byte3(ITemp) = HostRead(); /ISector NO Byte 3

WriteCFSector(cTemp, cTempl, |Temp);

HostWrite(0x55); /ISend Complete Chenk byte to Host
break;
0x15: /[Host Set Init CF Paramater Function
{
InitCFParamater();
cTemp = ByteO(IBPB);
HostWrite(cTemp); //Send BPB Byte 0
cTemp = Bytel(IBPB);
HostWrite(cTemp); //Send BPB Byte 1
cTemp = Byte2(IBPB);
HostWrite(cTemp); //Send BPB Byte 2
cTemp = Byte3(IBPB);
HostWrite(cTemp); /ISend BPB Byte 3
cTemp = ByteQ(iFATL);
HostWrite(cTemp); /ISend FAT1 Byte 0
cTemp = Bytel(iFATL);
HostWrite(cTemp); /ISend FAT1 Byte 1
cTemp = ByteQ(iFATSize);
HostWrite(cTemp); /ISend FATSize Byte 0
cTemp = Bytel(iFATSize);
HostWrite(cTemp); /ISend FATSize Byte 1
cTemp = ByteQ(iFAT2);
HostWrite(cTemp); /ISend FAT2 Byte 0
cTemp = Bytel(iFAT2);
HostWrite(cTemp); /ISend FAT2 Byte 1

HostWrite(cClusterSize); //Send Cluster Size

cTemp = ByteQ(iFDBSize);
HostWrite(cTemp); //Send FDBSize Byte 0
cTemp = Bytel(iFDBSize);
HostWrite(cTemp); //Send FDBSize Byte 1

cTemp = ByteO(iRootDirBlock);
HostWrite(cTemp); /ISend iRootDirBlock Byte O
cTemp = Bytel(iRootDirBlock);
HostWrite(cTemp); /ISend iRootDirBlock Byte 1

cTemp = ByteO(iRootDirBlockSize);
HostWrite(cTemp); /ISend iRootDirBlockSize Byte 0
cTemp = Bytel(iRootDirBlockSize);
HostWrite(cTemp); /ISend iRootDirBlockSize Byte 1

HostWrite(cFATType); //Send FAT Type
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HostWrite(0x55); cte Chenk byte to Host

break;

case 0x16: /IHost Read Cluster Content

/IClustert NO. Byte 0

{
ByteO(iTemp) = HostRead();
/[Clustert NO. Byte 1

Bytel(iTemp) = HostRead();

iTempl = ReadCluster(0x00, iTemp);

cTemp = Bytel(iTempl);
/ISend Cluster NO. Content High Byte

HostWrite(cTemp);

cTemp = ByteO(iTempl);

HostWrite(cTemp); /ISend Cluster NO. Content Low Byte
HostWrite(0x55); /ISend Complete Chenk byte to Host
break;

case Ox17: /IHost Write Cluster Content

/IClustert NO. Byte 0
/[Clustert NO. Byte 1
/[Clustert Content Byte 0
/[Clustert Content Byte 1

{
ByteO(iTemp) = HostRead();

Bytel(iTemp) = HostRead();
ByteO(iTempl) = HostRead();
Bytel(iTempl) = HostRead();

WriteCluster(iTemp, iTempl);
/ISend Complete Chenk byte to Host

HostWrite(0x55);
break;
}
case 0x18: /IHost Find Free Cluster

{
iTemp = FindFreeCluster();

cTemp = ByteQ(iTemp);
HostWrite(cTemp);
cTemp = Bytel(iTemp);
HostWrite(cTemp);
break;
}
case 0x20:

{
ByteO(iTemp) = HostRead(); /[Filename Low Byte

Bytel(iTemp) = HostRead(); /IFilename High Byte
iTempl = CreateRootFDB(iTemp);
cTemp = ByteO(iTempl);

//Send Free Cluster No. Low to Host

/ISend Free Cluster No. High to Host

/ICreate FDB in Root Directory

//Send Free Cluster No. Low to Host

HostWrite(cTemp);

cTemp = Bytel(iTempl);
HostWrite(cTemp); /ISend Free Cluster No. High to Host
break;
}

case 0x21: /I[Find File

{

ByteO(iTemp) = HostRead(); /[Filename Low Byte

Bytel(iTemp) = HostRead(); /[Filename High Byte

iTempl = FindFile(iTemp);
cTemp = ByteO(iTempl);
HostWrite(cTemp);

cTemp = Bytel(iTempl);
HostWrite(cTemp);

/ISend FDB Offset Low to Host

/ISend FDB Offset High to Host
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break;
}

/*

case 0x22: /I[Find File
{
ByteO(iTemp) = HostRead(); /[Filename Low Byte
Bytel(iTemp) = HostRead(); /I[Filename High Byte
cTemp = AppendFile(iTemp, 0x0200);
HostWrite(cTemp); /ISend Resoult to Host
break;

}
*/
case 0x95: /IHost Test

{
break;
}
case 0x96: /IHost Test
{
break;

}
case 0x97: /IHost Test

{
HostWrite(0x55); /ISend Complete Chenk byte to Host
break;

}

case 0x98: /IHost Test
{
break;

}
case 0x80: /[Host Read CF Diag. Function

{
cTemp = CFDiag();
HostWrite(cTemp); /ISend Diag. Result byte toHost
HostWrite(0x55); /ISend Complete Chenk byte to Host
break;

}
case 0x99: /ISend Ok Signal...
{
HostWrite(0x55); /ISend Complete Chenk byte to Host
break;
}
case OxAA: /ISend Firmware Version...
{
HostWrite('2');
HostWrite('.");
HostWrite('0Y);
HostWrite('1);
HostWrite('b");
break;
}
default:
break;
}

}
I

/I=Main Program End

1
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