
Bring old toys back to life with Arduino: Part II

 I, Robot
Robotics are all the rage, and those old high-tech toys you 

might have lying around are ideal candidates for the 

Frankenstein/ Arduino treatment. By Paul C. Brown

ones around, and you can find one in perfect 
working order on the cheap on eBay. The toy 
is easily pulled apart without damaging its 
components, and the information printed on 
its control board makes it easy to figure out 
which wire controls which part of the Ro-
bosapien. Best of all: It has a lots of potential 
for cool hacks.

In the previous issue, I showed how to 
upgrade a Robosapien toy with an Ardu-
ino brain [1]. Just to quickly recap, I 
chose a Robosapien robot because it is a 

great toy to hack an Arduino into: It was 
wildly popular about 10 years ago and sold 
millions of units, so, even if you don’t have 
one yourself, there are a lot of second-hand 
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Movement is a big part of Robosapien, so 
in the last installment you learned how to 
implement an H-bridge that lets you easily 
control both speed and direction of a DC 
motor (the Robosapien uses DC motors, like 
those on electric cars, not servos) and you 
got hold of some L293Ds – chips that give 
you two H-bridges, one per side.

However, I left off in issue 9 with the real-
ization that, despite the Arduino’s many 
good points, it falls short when you need to 
control a large number of motors, such as 
those that move Robosapien’s [2] limbs. The 
Robosapien has seven motors and each must 
be spun forward and backward to walk, 
move his arms, and open and close his 
claws. That means each motor needs the 
input from two PWM pins. That’s 14 pins.

Most Arduinos have only 13 pins (plus five 
analog pins, but it’s a waste to use all those 
to control motors), and you would still need 
to get feedback from Robo’s sensors or con-

trol his LEDs and speaker to have a truly 
completely functional walking, talking robot. 
Simply put: An Arduino Uno and its ilk do 
not have enough pins to go around.

Pins in a Haystack
You could buy an Arduino Mega, which pro-
vides 54 I/ O pins, but again, why bother? 

Figure 1: The MCP23017 port expander adds 16 more ports to your Arduino (or Raspberry Pi), and they can all 

be controlled by just two analog pins.

Figure 2: The MCP23017 layout. The 

ports are the top eight pins on the 

right (GPA7 … GPA0) and left (GPB0 … 

GPB7) of the diagram.

01  ...

02  Wire.beginTransmission(0x20);

03    Wire.write(A4);

04    Wire.write(B00011001);

05  Wire.endTransmission();

06  ...

Listing 1: Send a Byte to MCP23017

Figure 3: A row of LEDs connected to a port expander used to show a visual representation of 

binary numbers.
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the two sets of ports. Suppose you use the A4 
pin to control the A ports and A5 to control 
the B ports. You connect the A4 pin on your 
Arduino to the SCL pin on the MCP23017 and 
the A5 pin to the MCP’s SDA pin. (Hooking 
up this chip to the Arduino is more compli-
cated than that, but I’ll get to a complete 
setup shortly).

Say you now want to push a HIGH value to 
pins GPA0, GPA3, and GPA4: You would send 
the binary number 00011001 over the Ardui-
no’s A4 pin, as shown in Listing 1. The first 
bit from the left of the binary number above 
sets GPA0 to HIGH, the fourth bit does the 
same thing for GPA3, as does the fifth bit for 
GPA4.

I’ll come back to this and show the snippet 
in context a bit later on. First, however, I’ll set 
up all the wiring between the Arduino and the 
MCP23017 and show a practical example.

Binary converter
Probably the simplest project you can build to 
test an MCP23017 is to have a row of eight 
LEDs hooked up to the port expander and then 
use them to represent 8-bit binary numbers. 
The setup would look like Figure 3. The wiring 
is as shown in Figure 4.

I’ll start with the simple stuff: All the LEDs 
must be grounded. No surprises there. Their 
anodes (long legs) are connected to pins 
GPB0 through GPB7. As explained previ-
ously, you then run a cable from pin A4 on 
the Arduino to the SDA pin on the MCP23017 
and another from A5 to SCL. Even if you’re 
only using the left side of the port expander, 
you’re going to need both of those connec-
tions for this to work.

For this example, you can ground the 
MCP23017’s A0, A1, and A2 pins. As an I2C 
device, these pins establish the address the 
chip will use to identify itself to the Arduino. 
Grounding all three of the Ax pins gives an 
address of B00100000 in binary (or 0x20 in 
hexadecimal). If you ground A2 and A1, but 
connect A0 to the Arduino’s 5V pin, the 
MCP23017 becomes B00100001 (or 0x21 in 
hex). You can probably see where this is 
going, but check the MCP23017 address table 
shown in Table 1 if you’re unsure. You will 
need to change the MCP23017’s address if it 
coincides with that of another I2C device 
connected to your Arduino.

Getting back to your wiring, you next need 
to ground the Vss pin from the MCP23017 
and then connect its RESET and Vdd pins to 
the Arduino’s 5V pin.

Finally, you pull up two 4.7K resistors [3] 
on each of the connectors coming from the 

When you started on your maker adventure, 
you probably went for the most basic Ardu-
ino – the Uno, or maybe the Leonardo if you 
were feeling frisky – and that’s what you’ve 
got kicking around at home. Believe me, that 
is all you need. Well, that and an MCP23017 
port expander (Figure 1).

As with the L293Ds, you can buy these 
chips online cheaply: These babies go for a 
little over a dollar each. As its name implies, 
the MCP23017 expands the number of ports 
by giving you eight more on each side, 16 in 
total. That’s plenty to control Robosapien’s 
seven motors and then some.

To understand how the digital port ex-
pander works, you must be familiar with bi-
nary numbers. Take a look at Figure 2. The 
MCP’s 16 ports are the top eight ports on the 
right (known as the A ports, pins GPA7 to 
GPA0) and the top eight ports on the left (the 
B ports, pins GPB0 to GPB7). You use two an-
alog pins on your Arduino to control each of 

Figure 4: Setting up eight LEDs to test your MCP23017.
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Arduino’s A4 and A5 pins. This step makes 
sure they are at a defined logical voltage 
level.

Listing 2 shows the type of code you could 
use with this type of setup. On line 1, you 
bring in the Wire library, which allows you to 
communicate with I2C devices. On lines 3 
and 4, you define which Arduino analog 
ports you’re going to use to send instructions 
to the port expander chip. In this case, as 
seen in the hardware stage of the setup, 
you’ll be using ports A4 to control the 
A ports, and A5 to control the B ports. On 
line 5, you tell the Arduino what address the 
MCP23017 will be using. Because the chip’s 
A0, A1, and A2 pins are all connected to 
ground (they are all equal to 0), its address 
is B00100000, or 0x20.

In the setup() section, you initiate the 
Wire library and have the Arduino join the 
I2C bus as master (line 8). On line 10, you 
start the transmission to the MCP23017 and 
then you prepare the B bank of ports (0x01 
on line 11) for output (0x00 on line 12).

The code that starts on line 15 and ends on 
line 18 simply sends a 0 over the wire to the 
MCP23017 to make sure all the LEDs are off. 
Line 20 opens the serial line so you can input 
numbers and have the Arduino relay them 
on to the port expander.

The loop() function is short and sweet. 
You check whether the user has written any-
thing into the serial monitor on line 24; and, 
if so, you pass it on to the MCP23017 on 
lines 26 and 27. The Serial.parseInt() on 
line 27 is a very useful little function that 

A2 A1 A0 Address (Binary) Address (Hex)

GND GND GND B0010000 0x20

GND GND 5V B0010001 0x21

GND 5V GND B0010010 0x22

GND 5V 5V B0010011 0x23

5V GND GND B0010100 0x24

5V GND 5V B0010101 0x25

5V 5V GND B0010110 0x26

5V 5V 5V B0010111 0x27

tabLe 1: MCP23017 Address Table

01  #include "Wire.h"

02  

03  const byte a_Ports = A4;

04  const byte b_Ports = A5;

05  const byte mcp_Add = 0x20;

06  

07  void setup() {

08    Wire.begin();

09  

10    Wire.beginTransmission(mcp_Add);

11      Wire.write(0x01);

12      Wire.write(0x00);

13    Wire.endTransmission();

14  

15    Wire.beginTransmission(mcp_Add);

16      Wire.write(b_Ports);

17      Wire.write(0);

18    Wire.endTransmission();

19  

20    Serial.begin(9600);

21  }

22  

23  void loop() {

24    if(Serial.available()){

25      Wire.beginTransmission(mcp_Add);

26        Wire.write(b_Ports);

27        Wire.write(Serial.parseInt());

28      Wire.endTransmission();

29    }

30  }

Listing 2: Binary Display

Figure 5: Setting up four motors controlled by two pins from your Arduino.
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will light up corresponding to the 1s in the 
number in its binary form.

revving UP
It’s now time to apply what you know to mo-
tors. In the previous issue, you saw how to 
hook up some L293D motor controllers to 
the Arduino. Now, instead of connecting two 
of the Arduino’s pins directly to the L293D’s 
pins, you connect two of the ports from the 
MCP23017. For simplicity’s sake, you should 
probably use GPB0 and GPB1 for one motor, 
GPB2 and GPB3 for another, and so on. (See 
the “Motor Speed” box for additional infor-
mation.)

The hardware setup would look something 
like what you see in Figure 5. It may look 
complex; well, it is complex, but basically it is 
the setup you built above for the MCP23017 
combined with the setup of the L293D seen in 
the previous issue. You connect 5V to the out-
ermost legs of the L293D. The controlling in-
puts from the port expander pins connect to 
the second set of pins moving inward. Moving 
inward again, the next pair of legs of L293D 
connect to the motors. Finally, the innermost 
legs connect to GND. Figure 6 shows what 
things look like in real life.

If you notice that the 5V from the Arduino 
has insufficient oomph to drive the motors, 
you can boost the power by putting the 

converts inputs from 0 to 255 into their nu-
meric equivalents. If you don’t use parse
Int(), the Wire class will parse the input of 
the first character of the string and show the 
ASCII code of that instead.

Next, upload the sketch to your Arduino, 
open the Serial Monitor from your Arduino 
IDE, and type in a number from 0 to 255. 
After a brief pause, a combination of LEDs 

Figure 6: Two L293D motor controllers hooked up to the MCP23017. The left-most L293D is also already con-

nected to two motors.

Figure 7: Close up of wires connected to two of Robosapien’s motor ports.

At this point, you may be asking 
yourself how you control motor 
speed using an MCP23017. In 
short: You can’t.

The MCP23017 is a purely digital 
chip, with digital I/ O ports. The 
only thing you can send and get 
from it are HIGHs and LOWs, 1s 
and 0s.

Fortunately, for many projects, 
including this one involving Ro-
bosapien, controlling the mo-
tors’ speeds is not that impor-
tant. Robosapien’s DC motors 
need to move in one direction or 
the other so that the robot can 
move its limbs into place. With 
one or two exceptions, what 
matters is the final position of 
each limb, not the speed at 
which they get there, as long as 
they move reasonably fast.

If you were building a quadcop-
ter, however, things would be 
very different. You would need 
fine control over each of the mo-
tors’ speeds to determine roll, 
pitch, and yaw, as well as verti-
cal direction and velocity. In this 
case, you’d probably need an 
MC14051 [4] – a port expander 
similar to the MCP23017, but for 
analog I/ O.

But that, dear reader, is an arti-
cle for another time.

Motor sPeed
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body, namely rotating the shoulder and 
wrist motors. I define constants also for 
these on lines 11 through 14.

All this comes together in the moveLimb() 
function (line 49) that takes three parame-
ters: the limb to move (left/ right shoulder/ 
wrist), the direction it will move (CW or CCW), 
and the duration of the movement in micro-
seconds.

When you multiply the direction by the 
limb, you get the byte that tells the port ex-
pander which pin it needs to activate. So, say 
you want to rotate the left shoulder (16) 
counterclockwise (2): 16 x 2 = 32, the port 
expander receives B00010000, that is, the 
order to activate the BP4 pin. STOP just sets 
all pins to 0 and stops all movement.

L293Ds onto a separate breadboard and con-
necting a battery to the + and – rails. Re-
member, though, you will also have to con-
nect the minus rail back to a GND pin on the 
Arduino.

DO NOT connect a battery to the rails on 
the MCP23017’s board: That is exactly how I 
made magic smoke and fried my first port ex-
pander.

A sketch to test all this could look like 
what you see in Listing 3. Apart from defin-
ing ports, you also create constants to con-
tain the three states of each motor: moving 
clockwise (line 7), counterclockwise 
(line 8), and stopped (line 9). In order not 
to get very bogged down, you will be mov-
ing only the upper half of Robosapien’s 

01  #include "Wire.h"

02  

03  const byte a_Ports = A4;

04  const byte b_Ports = A5;

05  const byte mcp_Add = 0x20;

06  

07  const byte CW   = 1;

08  const byte CCW  = 2;

09  const byte STOP = 0;

10  

11  const byte r_Shoulder =  1;

12  const byte r_Wrist    =  4;

13  const byte l_Shoulder = 16;

14  const byte l_Wrist    = 64;

15  

16  void setup() {

17  

18    Wire.begin();

19  

20    Wire.beginTransmission(mcp_Add);

21      Wire.write(0x01);

22      Wire.write(0x00);

23    Wire.endTransmission();

24  

25    Wire.beginTransmission(mcp_Add);

26      Wire.write(b_Ports);

27      Wire.write(0);

28    Wire.endTransmission();

29  }

30  

31  void loop() {

32    moveLimb(r_Shoulder, CW, 250);

33    moveLimb(r_Wrist, CW, 250);

34  

35    moveLimb(r_Shoulder, CCW, 250);

36    moveLimb(r_Wrist, CCW, 250);

37  

38  

39    moveLimb(l_Wrist, CCW, 500);

40    moveLimb(l_Shoulder, CW, 500);

41  

42    moveLimb(l_Wrist, CCW, 500);

43    moveLimb(l_Wrist, CW, 500);

44  

45    moveLimb(l_Shoulder, CCW, 500);

46    moveLimb(l_Wrist, CW, 500);

47  }

48  

49  void moveLimb ( byte limb, byte v_
Direction, int time){

50    byte to_MCP=v_Direction * limb;

51  

52    Wire.beginTransmission(mcp_Add);

53      Wire.write(b_Ports);

54      Wire.write(to_MCP);

55    Wire.endTransmission();

56  

57    delay(time);

58  

59    Wire.beginTransmission(mcp_Add);

60      Wire.write(b_Ports);

61      Wire.write(STOP);

62    Wire.endTransmission();

63  }

Listing 3: Robosapien Motor Control
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sophisticated than its standard touch sensors 
should be a priority. You could have him 
read data in from an ultrasound sensor and 
detect obstacles before actually crashing into 
them, for example.

Finally, you could give Robosapien a real 
brain. An Arduino is better than the brain he 
comes with out of the box, but what about 
fitting him with a Raspberry Pi or some other 
nanocomputer? The Pi has enough comput-
ing power to help Robosapien walk, talk, see, 
and hear, thus allowing him to become a 
fully autonomous robot. Exactly what you 
wanted when you were a kid, right?  ● ● ●

You will have to test beforehand which 
ports on your Robosapien correspond to 
which motor and figure out which direction 
your motors rotate depending on the polarity 
of the cables, as well as how long you have 
to rotate them to get them into the position 
you want. This will involve a lot of trial and 
error. Take notes, wire up the L293Ds and ad-
just your sketch accordingly.

Figure 7 shows a close-up of wires coming 
from the motor controller connected to Ro-
bosapien’s left shoulder (left) and left wrist 
(right) motor ports. Figure 8 shows the 
movement.

conclUsion
Where do you go from here? The obvious 
next step is to make Robosapien walk. Be 
warned, however, that task is going to take 
some sophisticated motor coordination in-
volving the waist motor and the two hip 
motors.

Another interesting challenge would be to 
make more than one motor rotate at the 
same time. Currently, if one motor is run-
ning, all the others have to wait. Getting sev-
eral motors working at the same time will 
make for smoother movements but will also 
require some guru-level knowledge of inter-
rupts and/ or timer functions.

As for kitting Robosapien up, now you 
have some more ports you can play with, so 
fitting your robot with a few sensors more 

Figure 8: Robosapien shakes his fist angrily at a desk piled high with junk.

[1]  “Bring Old Toys Back to Life with Arduino: 

Part I” by Paul C. Brown, Raspberry Pi 

Geek, Issue 9, pg. 44:  

http://  www.  raspberry‑pi‑geek.  com/  Archive/ 

 2015/  09/  Bring‑old‑toys‑back‑to‑life‑with‑Ar

duino

[2]  Get Robosapien on eBay for $20:  

http://  www.  ebay.  com/  sch/  i.  html?  _

from=R40&  _trksid=p2050601.  m570.  l1313& 

 _nkw=robosapien+v1&  _sacat=0

[3]  Pull up and pull down resistors:  

http://  playground.  arduino.  cc/ 

 CommonTopics/  PullUpDownResistor

[4]  MC14051’s datasheet: http://  www.  ee.  mut. 

 ac.  th/  datasheet/  doc/  MC14051.  pdf
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