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INTRODUCTION 

The knee joint movement is an important aspect for a human biped locomotion. An 

amputee with a prosthetic rigid leg is deprived of this knee movement. This leads to an 

uncomfortable walking gait and injury for lack of shock absorption which the knee joint provides 

during walking. The key elements of Adaptive Modular Active Leg (AMAL) involve providing 

the required knee joint movement and shock absorption during locomotion. The AMAL is 

designed to allow the amputee to vary their walking speed from one walking mode to next higher 

walking mode by calculating time period of each oscillation from the biological hip joint of the 

amputee. The active control of AMAL includes signal analysis, period detection and damping 

profile generation. A highly efficient and low cost microcontroller based circuit is used to for the 

purpose. 

In our endeavor to keep the system simple and make it economically viable for common 

people, we have developed mechanical design and electronics control circuit indigenously. The 

only part imported is the LORD’S MR Damper, which may be easily fabricated in-house once 

the product is commercialized.   

 

 

 

 

Fig 1 - MR Damper from LORDS Corp 

A Magneto-Rheological (MR) Damper simulates the natural knee joint for a human 

being. The MR damper is a sophisticated shock absorber whose damping profile can be 

accurately adjusted as required at a very fast rate (few milliseconds). The MR damper is filled 

with the Magneto-Rheological fluid which is a smart fluid. It is a colloidal mixture of 

microscopic magnetic particle and carrier liquid (oil). During un-biased conditions the smart 

fluid behaves like any other viscous oil, free to flow in any direction. When subjected to a 

magnetic field the micrometer sized magnetic particles align themselves according to the 



magnetic line of force and transform into a viscoelastic solid. Therefore, the viscosity of the 

smart fluid can be varied over a wide range, from free flowing to fully rigid, by changing the 

strength of the applied magnetic field. An electro-magnet is used to apply the magnetic field. The 

electro-magnet coil can be excited using a battery. The damping profile of the MR damper is 

controlled using an advanced electronic circuit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



WORKING OF AMAL  

We have designed the AMAL, a prosthetic limb, to be very easy to use and maintain. The 

mechanical parts of the AMAL are made of rugged stainless steel for long term use. The 

stainless steel parts can be replaced by aluminum metal or advance carbon fiber structure. The 

design is modular and it may be altered for a variety of people with different height, weight, ages 

etc. to give them maximum comfort. The electronics circuit is made to perfectly fit the knee 

structure of AMAL. The electronic circuit should be hermetically sealed to keep it safe and away 

from moisture. The AMAL structure is very user friendly and any amputee would be able to 

wear it. The mechanical structure of AMAL is inspired by the existing prosthetic limbs 

manufactured by ALIMCO. Apart from the knee structure, the AMAL is in every manner similar 

to the passive prosthetic leg produced at ALIMCO. 
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Fig 2. The Adaptive Modular Active Limb (AMAL) 

The AMAL mechanical design is further divided into two parts; the upper part of the 

AMAL which is a comfortable synthetic material leg socket designed especially for the 

amputated limb. The limb socket be should very comfortable and should give a good grip to the 

amputee for comfortable movement of the AMAL. The leg socket is not connected to the 

intelligent knee system in any way and it may be change as needed to comfort the amputee.  



The lower part of the AMAL artificial limb consists of the damper support bars, pylon 

and the foot. The lower part of the AMAL is joined to the upper socket using two ball bearing 

hinge joints and the movement between them is controlled by a MR damper. The upper and 

lower parts of the AMAL structure can move freely back and forth in the same way as that of a 

natural limb of a human can move along the knee joint. The MR damper is placed such that the 

free movement of the AMAL structure can be controlled by the changing the damping profile of 

the MR liquid inside the damper.  

 

 

 

 

 

 

Fig 3 Knee joint of AMAL 

 The control of AMAL is done by a specially designed sophisticated electronics control 

circuit which is fixed to the support bars of the MR Damper. The electronics should be 

hermetically sealed and properly cushioned to keep it safe. The control circuit consists of the 

AMAL electronics circuit and the batteries. The battery is fixed at the ankle joint of the AMAL. 

It solves two purposes, firstly the battery unit is near to the electronics circuit and secondly the 

weight of the battery will help the AMAL to retrieve to the stable position quickly while walking 

(like head mass effect in a hammer). The electronic control circuit is powered by advanced 

rechargeable lithium-ion batteries. The charging of the lithium-ion battery needs an advanced 

intelligent charging circuit which is provided with the pack. The control circuit can be switched 

ON/OFF by a toggle button on the circuit board. There is a status LED on the circuit which 

indicates the normal working of the circuit. The control circuit uses a latest microcontroller to 

analyze the heel strike and produce digital output signal. The microcontroller has advance 

software written into its memory. The software is coded in Bascom-AVR on a PC and 



transferred to the microcontroller by using a serial port (RS232) cable. You will need a PC with 

serial port for the purpose. The software required for programming the microcontroller is 

provided in the CD provided.  

The active control of AMAL is initiated by the foot heel strike of the AMAL. The heel 

strike sensor is pressure detector. The sensor detects the pressure applied on the heel of the foot 

while natural walking; it sends digital signals to the microcontroller. The microcontroller 

analysis the signal using the software and sends the control signal to the PWM controller. The 

PWM damper controller changes the stiffness of the MR Damper and thus changing the free 

movement of the AMAL Knee. If the control circuit detects the heel strike it energizes the MR 

Damper to its maximum value. The moment pressure is removed from the heel sensor the MR 

damper returns to its flexible condition. This gives amputee a comfortable gait and a stable 

standing position. All the above mentioned process happens in split of a second and the amputee 

will never feel any lag in the response. While walking the heel strike is natural but the amputee 

can be trained to change the stiffness of the MR damper by moving his foot in any position. Ask 

a trainer for more help. 

 

 

 

 

 

 

 

 

 

 



HARDWARE SETUP GUIDE 

The mechanical structure of AMAL is designed in our Robotics and AI laboratory, IIITA 

It is inspired by the existing prosthetic leg. A person using the much successful Jaipuri Prosthetic 

limb will find our AMAL design very user friendly. The AMAL is fairly simple and effective 

electronically controlled prosthetic limb. 

Please follow the instruction carefully to use the AMAL.  

Operating procedure  

1. Always completely charge the battery before using the AMAL.  

2. Switch on and check the electronic circuit is working properly. The heel strike sensor can 

be checked by applying little pressure on the heel of AMAL looking for the sensor Green 

LED. 

3. Check all the wire connections going to the electronics control circuit. Specially check 

the joints in the wires. All the joints should be properly insulated with an adhesive 

electrical tape.   

4. Check the mechanical structure of the AMAL for any damage or defect. There should be 

no restriction to the free movement of the hinge joint at the knee of AMAL. 

5. The amputee should wear the AMAL and tighten the belt around the waist. 

6. The amputee should be made to walk few steps under passive condition (electronics 

switch OFF) so as to confirm that there is absolutely no problem with mechanical 

structure.   

7. Switch ON the elections circuit 

8. The amputee should be made to stand under supervision and the sensor status should be 

checked by looking at the green LED. The LED should blink while amputee is walking 

normally. 

9. The amputee is ready to walk with the AMAL prosthetic limb.  



Important Precautions 

1. Always check the proper working of all the mechanical parts of AMAL after wear it. 

2. The electronics circuit is delicate and it should always be kept safely away from dust and 

moisture. 

3. Before using AMAL check the electronics control circuit by connecting it properly and 

applying pressure on the heel strike sensor manually and sensing the change in the 

stiffness of the MR damper. 

4. Always completely charge the Li-Ion battery using the Lithium-Ion Intelligent charger 

provided with the pack. 

Troubleshooting 

If AMAL is not working-  

a. Check if the toggle switch is in ON position, red LED should glow. 

b. Check batteries, it should be completely charged. 

c. Check if the PWM MR controller is not over heated.  

d. Check the signal cable is correctly connected; apply force on the heel sensor to 

check the signal is coming to the circuit. The green LED blink when the sensor 

cable is properly connected. 

e. Check the wiring of the MR damper. Check if all the wires are properly insulted. 

f. The male/female connector may be damaged. 

 

HARDWARE DESCRIPTION 

We have designed and built a new control circuit using commonly available components 

in India. The circuit has been successfully tested and deployed on the AMAL. 



The AMAL electronic controller works on 12V D.C and drains 2 Amps of current at full 

load. The power going to the MR damper is controlled using an advanced power management IC 

and it can extent the battery life three folds. The control circuit employs a powerful 

microcontroller – AVR Atmel Mega32 for computational needs. The microcontroller is used to 

process the data coming from the hell strike sensor. The output of microcontroller is directed to 

the input pin of the MR damper controller and the damping profile is controlled.  

The input from the heel strike sensor is attached to the “Sensor IN” of the electronics 

circuit. There is no polarity of connecting MR Damper. The battery unit is connected to the PCB 

using “Battery”. The toggle switch is the ON/OFF switch for the circuit. The electronics circuit 

is powered using a battery pack of 12.6V. The 7V line is tapped from the same battery unit. A 

standard voltage regulator IC (IC7805) is used to regulate supply to 5V. The 5V is used to power 

the microcontroller circuit. The 500 ohms reference potentiometer is used to supply the analog 

reference voltage to the microcontroller for A/D conversion. Its screw should be set in the middle 

for 250 Ohms drop. The microcontroller is programmed using a PC serial port and the 6 pin ISP 

PORT. The output of the microcontroller can be viewed on a PC computer using a serial port and 

UART PORT on the PCB. The Red LED shows the ON/OFF status of the circuit.  The yellow 

LED on the PCB shows the over temperature or over current protection enable. The MR damper 

controller has an inbuilt over-temperature and over-current protection. The IC DRV102 and IC 

7805 are expected to heat when used continuously and therefore need heat sinks. The figure 4 

shows the electronic circuit.  
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Fig 4: Prototype Electronic Circuit 

 

 

 

 

 



Software Description 

The software is coded in Bascom-AVR programmer for AVR Atmel mega32. The 

software analyzes the signal sent by the heel strike sensor. If there is any change in the sensor 

position the software changes the stiffness of the MR damper. The software runs from the 

memory of the ATMEL micro controller. It is fairly easy to write the existing software into the 

microcontroller memory, but only a trained person should be allowed to do the job. An untrained 

person may corrupt the software and will make AMAL control circuit useless. Please follow the 

steps to successfully write the software into the controller memory. 

The procedure explained can be used for- 

a) Writing latest Software 

b) Re-writing the corrupted software 

Writing the Software on the microcontroller 

1. Open the PonyProg software, and set the option in the top bar for  “AVR MICRO” and 

“ATMEGA32” as shown in the fig 5 

2. open the file AMAL Software.hex. 

3. Connect the 6-pin ISP serial cable to the ISP port of the controller. 

4. Goto ‘setup’ in the toolbar and select ‘probe’. Click the ‘test’ button to check the 

connectivity of the serial port with the AMAL controller.  

5. Goto ‘setup’ again and click ‘calibrate’. Click ‘yes’ to calibrate the software for AMAL 

controller circuit. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX A 

Printed Circuit Board   

We have designed our own circuit board combining all the electronics on a single printed 

circuit board (PCB) including the microcontroller and PWM controller. The PCB is designed to 

make the electronic as compact as possible without disturbing the normal operations of 

components. A printed circuit board has been successfully prepared and tested. The Detail 

description of the components used can be found in the Appendix A 



 

6. Please set the Security bits as shown in the screen shot 

7. After successfully calibrating the ‘write all’ button can be used to write the AMAL 

control software on the microcontroller.  

8. AMAL should be check manually by a trained person after every write operation. 

 

 

 

 

 

 

 

 

 

 

Fig 5 Security Bit Setting, the box in red shows the AVR setting for Ponyprog  

 

 



 

 

 

 

 

 

 

 

 

 

 

Fig 6 Security Bit Setting (Please “check” and “uncheck” as seen in the figure) 



 

Fig 7 – Opening a hex file for programming 

 

 



 



 

Fig 8 Writing Program into the Micro controller 



 

Fig 9 Click “Yes” to write the program 



 

Fig 10 Program written on Micro-controller successfully 

 

 

 



 

 

 

 

 

 

 

 

 

Fig 9: PCB Design for Electronics Circuit 

 

 

 

 



Enlarged PCB (Component Side) Detail 

 

 

 

 

 

 

 

 

 

 

 

 

 



List of Components Required for AMAL Electronic Control Circuit 

Component Part Name Part Package Symbol Rating/value 

Atmel AVR 
Mega32 

ATMEGA32 16PU  40 PIN PDIP  IC 3  5V  16 MHz 

Burr Brown PWM 
Controller  

DRV 102 
7 LEAD STAGGER 
FORMED TO‐220 

IC 1  12V 2 Amps 

Pressure Sensor         

Toggle Switch  2Amps Toggle Switch    SW 1   

Ports/PIN Strip  “1 Pin Strip/Port  Male‐Female type     

Battery Pack 
12.6V 4000mAh Lithium 
Ion Battery 

2 Cell or 3 Cell type     

Battery Charger 
Li‐Ion Intelligent Charger 
for 2 ‐3 cell with adaptor 
for 220V power supply 

     

PCB Fabrication   
Single Sided with 
insulation on both 
sides 

   

Capacitances  100uF, 22uF, 100nF, 22pF 
Electrolytic and 
ceramic 

   

Resistor  18K, 1K       

LEDs  Red Green Yellow  Ceramic     

40 Pin IC Base         



Reference 
Resistor 

500ohm       

Heat Sink  Maximum 25W       

Diode  1N4007       

         

         

 

 

Circuit Specifications 

Circuit specifications  Maximum Normal Comment 

Voltage Microcontroller 

PWM Controller 

5 V 

25V 

5 V 

12V 

 

Current  2 amps 2 amps  

Maximum temperature  70 oC 35 to 40 oC  

 

 

 

 

 



Vendor List 

1) ATMEL AVR ATMEGA32 micro controllers 

ATMEL INDIA Prestige Meridian 2, 12th Floor, Unit 1202, # 30, MG Road 

Bangalore-560001 India Tel: +91-80-4154 0551 

       +91-80-4154 0552  

Fax: +91-80–4154 0550  

Email: ganesh.kumar@atmel.com 

 

Robokits India 

Second Floor-35, Rudra Square, 

Judges Bungalows Cross Road, Bodakdev,  

Ahmedabad 380015 

Gujarat, India. 

Phone: +91-9725505955 (11AM to 5PM) 

Email:  

info@robokits.co.in (General Queries, Support & Info) 

 

2) DRV102 PWM Controller 

Avnet India Pvt. Ltd, Delhi  +91-11-2684 1700-07 

Contact person Deepak Mishra 09810554136 

     3) Heel Strike Sensor (Switch,Foot,small,IP67,black) 

RS Components & Controls (India) Ltd 

B-74, Sector-60, Noida - 201 301 (U.P.) 

India 

Webhelp  + 91-0120-451 9100 

Monday - Friday (8:30 - 17:30) 



Saturday (2nd & 4th) (9:30 - 17:30) 

Saturday (1st & 3rd) (Closed) 

Click here for Sales and Marketing Branch Offices 

Order Lines Telephone  

Fax + 91-0120-451 9100  

+91-0120-451 9198-99  

Email  sales@rs-components.co.in  

Quoteline Telephone  

Fax  + 91-0120-451 9100  

+91-0120-451 9198-99  

General Enquiries Telephone  

Fax +91-0120-451 9100  

+91-0120-451 9198-99  

Email  sales@rs-components.co.in  

Technical Information  

Email techsupport@rs-components.co.in 

4) Li-Ion Battery and Charger 

Robokits India 

Second Floor-35, Rudra Square, 

Judges Bungalows Cross Road, Bodakdev,  

Ahmedabad 380015 

Gujarat, India. 

Phone: +91-9725505955 (11AM to 5PM) 

Email:  

info@robokits.co.in (General Queries, Support & Info) 

 

 



For further help, please contact 

Prof G C Nandi 

 Robotic and AI Lab, CC1, IIITA, Jhalwa, Allahabad, U.P 

Email: gcnandi@hotmail.com,gcnandi@iiita.ac.in 

Ph. 0532-292-2102 


