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CAUTION 
Lithium batteries can be extremely dangerous, if not handled and cared for properly. This design does not 

include any form of current limiting circuit, like a fuse. So, care must be taken to ensure that the wiring 

guidelines are followed accurately, that checks are made for short-circuits, and that battery polarities are 

marked, and they are inserted the correct way round. Failure to do so, could result in an explosive fire.

Charging Practices: Always remove batteries from your project to charge them. Use a charger, designed for the 

battery used, and from a trusted supplier. Choose a flat, non-flammable surface to charge on, away from 

flammable materials. Never leave unattended when charging. Don’t charge overnight. Monitor charging to 

ensure charge characteristics are as expected. Only pair batteries with similar characteristics. Do not 

overcharge, or leave charging for prolonged periods. This increases the risk of damage and fire.

Battery care & maintenance: Stop using a battery if it is swollen, damaged, dented or leaking. Never charge

a damaged battery. Never allow a Lithium battery to discharge below 3.2 volts, as cell damage will occur.

Avoid extreme temperatures. Do not charge or store batteries in very hot or cold environments.

Don’t cover batteries whilst charging, as this can trap heat, causing overheating.

In case of fire: Get out and stay out. If a fire starts, leave immediately, and call the fire brigade.

For low voltage Lithium batteries, water is a safe extinguisher.

Built-in Monitoring: Most of my project designs include code, and circuitry, to monitor battery 

voltage, whilst in use. This code then seeks to alert the operator, when the battery has reached a 

critical low voltage, before shutting down power consuming circuitry; including the micro. Time 

should therefore be spent on calibrating this feature, as a precaution, for good battery 

management and  maintenance.

Carefully dispose of batteries that damaged, or discharged below their critical voltage.
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Quadruped Battery Monitor (Protection)

VA0 =  VBatt x R2

R1 + R2

VA0 =  VBatt x 10K

16K8

VA0D =  VA0 x 1023

5

VA0D =  VBatt x 0.5952 x 1023

5

VFSD = 8.4 volts

Two cells in series gives a nominal 7.4v constant 

discharge voltage. To prevent damage, stop using 

once  the following conditions are reached:

3.70 + 3.00 = 6.70v (one battery fades early)

3.30 + 3.30 = 6.70v (both batteries fade together)

Hence VA0D = 804  @ VBatt = 6.60v
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Course Calibration

Use a servo tester when attaching 

the servos to your robot initially, 

to set the angles of the attached 

levers in their approximate 

positions. The head of the 

clamping screw is a useful guide.

Fit the hip joints at 1500µs  =  45° Fit legs just within collision limits

45°

Once you have assembled and wired up your robot you 

can use the application I have provided. This works with 

special code you need to install temporarily on the NANO. 

You can select each servo in turn and move the slider to 

determine values needed to achieve the calibration angles 

shown in the subsequent pages of this guide.

Note that as no two servos are alike, the values I have 

given in this guide, and included in the sample code, will 

be similar but different from the ones you derive from 

your robot. That’s the nature of servos!
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The 90° values are not actually used in the code. 

Like all other angles they are derived from the 

45° and 135° angles using the mapping function.

Ang1_45 Ang3_45

Ang1_135 Ang3_135

Ang7_135 Ang5_135

Ang7_45 Ang5_45
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These limit values are used to prevent 

leg collision's, useful should your coded 

ever try to exceed them.

Physically pull the legs together, then 

use the 14 channel servo controller app 

to move the legs and find these values.

Max1

Min7 Max5

Min3

Min1 Max1
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Legs

90°

65°

153°

18922 9734

19546 10368

11892 16244

13136 16768

21642 7154

22126 8018

2,4,6,8 2,4,6,8

2,4,6,8

Min(S°) values

6822 23174

6866 22988

2,4,6,8

Max(S°) values

The 90° values are not actually used in the code. Like all other 

angles, they are derived from the 65° and 153° values.

Ang2_153

Ang6_153

Ang4_153

Ang8_153

Ang8_65Ang6_65

Min4

Ang4_65

Max2

Ang2_65 Collision

point
Min2

Min6

Max4

Max8

Max6 Min8
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Legs

This diagram gives an indication of how high the legs lift from the 

ground for a given servo angle; where 90° is calibrated as the vertical 

angle.

When walking on a hard floor you will only need a small amount of lift 

on the freely moving legs for it to walk; where as in thick piled carpet 

the robot will sink in and a higher leg lift will be needed to avoid 

unnecessary drag. You could change the code to use options to set 

different heights from the infrared controller.
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Ultrasonic Sensor

Max.

1855

Min.

310

30cm 2.5cm

Mid.

1083

Back away

Track

690 3101800

Speed-up Slow down DeadDead

1800 500 3101250

1000

1050

Max.

Max. Max.

1650

Reverse

ReverseForward

6501855

Speed

These are the values I determined from 

my ultrasonic sensor, and the speed 

maps I developed for the back away 

and wall tracking functions.

You should be able to find these values 

in the code and if necessary substitute 

the values you have determined from 

your sensor. Use the serial monitor in 

the IDE along with Serial.print() 

functions to display your values.
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