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D6 PWM Direction

0 41-255 Anti-clock

1 224-0 Clockwise
A-CCW

Motor ‘A’

D10 PWM Direction

0 49-255 Anti-clock
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Motor ‘B’

D4 PWM Direction

0 36-255 Anti-clock

1 233-0 Clockwise
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Gyroscopes are set at +/-250 °/sec FSD.

Hence at 32,767 FSD; rotation of 1 °/sec = 131.

To convert this to a gyro angle we use the time between readings.

On 10 ms cycle  we would accumulate a count of 1310 over a 100 

cycles when rotating at 1 °/sec.

So delta angle per 10ms cycle = gyro rate * 0.00007633
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Gyro X & Y angles to Motor clockwise drive relationships:

Motor ACW = -(X_Gyro * sin(30°)) + (Y_Gyro * sin(60°)) = -X_Gyro*0.5 + Y_Gyro *0.86603

Motor BCW = (X_Gyro * sin(30°)) + (Y_Gyro * sin(60°)) = X_Gyro*0.5 + Y_Gyro *0.86603

Motor CCW = Y_Gyro

Note: here we are calling the Pitch gyro X_Gyro and Yaw gyro Y_Gyro to be consistent with 

the accelerometer values, which are used in the code for gyro drift correction.
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+Gyro_X
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x
Ø
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If +X & -Y then: Ø0 to +90 = 57.2958 * tan-1 (y/x)

If +X & +Y then: Ø0 to -90 = 57.2958 * tan-1 (y/x)

If -X & -Y then: Ø90 to +180 = 180° - (57.2958 * tan-1 (y/x))

If -X & +Y then: Ø90 to -180 = -180° + (57.2958 * tan-1 (y/x))

Tilt V = sqrt(sq(x) + sq(y)) V is always +ve

Driving force vector F == PID(-V)

F needs to drive in opposite direction to V, so

If +X & -Y then: Ø90 to -180 = -180° + (57.2958 * tan-1 (y/x))

If +X & +Y then: Ø90 to +180 = 180° - (57.2958 * tan-1 (y/x))

If -X & -Y then: Ø0 to -90 = -(57.2958 * tan-1 (y/x))

If -X & +Y then: Ø0 to +90 = -(57.2958 * tan-1 (y/x))

Where 1 radian = 57.2958 degrees

Movement angles and vectors 

Tipping

forward right

Tipping

forward left

Tipping

backward right

Tipping

backward left

F
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Motor drive factors v error angle
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Balancing Gains

0° -10°+10° -15°-5°+5°+15°0° -10°+10° -15°-5°+5°+15°

+angle_gyroY-angle_gyroY

pid_outputX = pid_p_gain * pid_error_tempX

‘P’ term = Err * 17
0 255

BalanceBot Gains:

pid_p_gain = 8.0

pid_i_gain = 0.5

pid_d_gain = 5.0
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RPM @ 50 counts of ball rotation

PWM

AC 

CW 

Motor speed curves v PWM

In CW rotation motors 

are constrained by the 

H-bridge braking.

ACM

@50% 

ACM Controller shaping:

• CW rotation will be assumed to be linear.

• Start and max speed points are the same.

• AC curve will be reduced by loading.

• ACM control points for 50%  as follows:

• CW PWM = 50 v ACM PWM = 41

• CW PWM = 100 v ACM PWM = 70

• CW PWM = 150 v ACM PWM = 103

• CW PWM = 200 v ACM PWM = 146

PWM max = 255

PWM

Start = 21

Key:

AC anti-clockwise speed measurements

ACM modified anti-clockwise speed profile

CW clockwise speed measurements
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Motor PWM Demand v Power chart

PWM

o/p

Motor speed curves v PWM

PWM max = 255
PWM

i/p

MotorMinPWMop

MotorMinPWMip
Increase MotorMinPWMop to gain 

more torque at low demand figures.

This power curve serves to make the 

motors more responsive to small 

demands.
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