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3.3V Output =~

Analog Input Pins _ 5V_| GND|  RESET Button
i RST Vin  (150gf)

5Uf1 2.15 Arduino Nano V3
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2.4.1 Using Inertial Measurement Units to Calculate Knee Flexion Angle
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2.4.2 Development of A Body Joint Angle Measurement System Using IMU Sensors
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Y = arccos(Acc/g)

By substituting Y in (2), we obtain

B = arccos(Acc/g)
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Fig. I. Two IMUs mounted on the shank and thigh using Velcro straps
(side and front view).
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3 TABLE I. EXPERIMENTAL RESULTS
E 1111 Task Average Error Standard Correlation
111 (degrees) Deviation Coefficient
% ] % e 1 0.08 6.55 0.99
0 7 W er 28 ] i 2 3.06 7.24 0.97
mefsec) 3 1.68 467 098
Fig. 4. Results of two IMUs attached to the subjects leg during an 4 2.40 13.30 0.94

experiment.
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3.3.1 Circuit Diagram
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14 library Wire.h Wiadoansuuu 12C 581319 Arduino iU MPU6050 wagfivuadiuusndndudesly

#include<Wire.h>
const int MPU2=0x69,MPU1=0x68;

intlé t AcXl,AcYl,AcZl;
intle t AcX2,AcYZ,AcZZ;
const float alpha = 1;
Susunsesdyaadoansuuu 12C lngiifiagfe 0x68 @y MPUMT 1 wag 0x69 dmsu MPU #a

2

i/ \setup loop\
void setup () {

Wire.begin();

Wire.beginTransmission (MPUL);
write (0xEB);// PWR_MGMT_ 1 register

write(0); // set to zero (wakss up the MPU-£050)

Wir

Wire.endTransmission(trus);Wire.begin();

Wire.beginTransmission (MPU2);
Wire.write (0xEB);// PWR_MGMT_ 1 register
write(0); // set to zero (wakss up the MPU-£050)

Wir
Wire.endTransmission (trus);

Serial.begin(9€00);
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// \void loop\
void loop(){
Wire.beginTransmission (MPUL);
Wire.write (0x3B); // starting with register 0x3B (ACCEL_XOUT_H)
Wire.endTransmission (false);
Wire.requestFrom(MPUl, 14, true); // reguest a total of 14 registers
AcXl=Wire.read()<<8| Wire.read(); // 0x3B (ACCEL_XOUT_H) & 0x3C (ACCEL_XOUT_L)
AcYl=Wire.read()<<8| Wire.read(); // 0x3D (ACCEL _YOUT_H) & 0Ox3E (ACCEL YOUT L)
AcZl=Wire.rsad()<<8| Wire.read(); // 0x3F (ACCEL ZOUT H) & 0x40 (ACCEL_ZOUT L)

//Low Pass Filter to smooth out data
double fXgl = AcXl * alpha + (fXgl * (1.0 - alpha));
double fygl = AcYl * alpha + (fygl * (1.0 - alpha));
double fZgl = AcZl * alpha + (fZgl * (1.0 - alpha));

//Convert to Degrees
int x1 = BAD TO_DEG * (atan2(fYygl, fzgl));
int yl = RAD TO DEG * (atanZ(-fXgl, -fZgl) + PI);
int z1 = RAD TO_DEG * (atanZ(-f¥gl, -fXgl) + PI);

Serial.print ("\n");
Serial.print ("X1 = ");
Serial._print (x1);
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1/

ansmission (MPU2) ;
with register 0x3B (ACCEL_XOUT H)

; // request a total of 14 registers

; // 0x3B (ACCEL_XOUT_H) & 0x3C (ACCEL_XOUT_L)
(); // 0x3D (ACCEL_YOUT_H) s 0x3E (ACCEL_YOUT_L)
; // O0x3F (ACCEL_ZOUT_H) & 0x40 (ACCEL_ zOUT_L)

//Low Pass Filter to smooth out data

double fXg2 = AcX2 * alpha + (fXg2 * (1.0 - alpha));
jouble f£Yg2 = AcY2 * alpha + (£Yg2 * (1.0 - alpha));
double fzg2 = Acz2 * alpha + (fzg2 * (1.0 - alpha));

//Convert to Degrees
int ®x2 = RAD_TO DEG * (atan2(fyg2, fzg2));

int y2 = RAD_TO DEG * (atan2 (-fXg2, -£2g2) + BI);
int z2 = RAD_TO_DEG * (atan2(-fYg2, -£fXg2) + PI);
Serial.print ("\t");

Serial. nt ("¥2 = ");

Serial.print (x2);

Serial.print ("\t");
Serial.print (x1-x2);
delay (500);

}
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