
Bring old toys back to life with Arduino

 It’s Alive!
In this article, we hack a popular toy from the 

2000s, the Robosapien v1, and show you how 

to upgrade it with a new Arduino brain.  

By Paul C. Brown

Back during the Christmas of 2004-2005, the Robosapien v1 by 
WowWee [1] was the cool toy to have: It walked, it talked, it 
did karate, and it cost less than 100 bucks. With 1.5 million 
units sold, you likely know somebody who has one of this 

cute robots.
Even if you don’t have a Robosapien around, you can pick one up 

from eBay for as little as $20 [2] (I’m talking about the old v1; the 
new vX looks nearly the same but costs quite a bit more). Even if 

you’re not interested in getting one of these cool toys, you will be 
able to apply what you learn here to other motor-driven projects. 

I chose the Robosapien because they’re everywhere, and I had 
one in a closet. It walks, looks cool, and is relatively easy to 

hack with spectacular results.

AnAtomy of RobosApien
The Robosapien has one motor in each shoulder, one in 
each elbow (that twists the lower arm and makes the 
claws open and close), one at the waist, and one in 
each leg (Figure 1). Note that these are DC motors, 
not servos.

The touch sensors are found on each of the lon-
gest fingers on each hand, and two (one at the 
front and another at the back) on each foot. Ro-
bosapien also has a sound sensor (microphone) 
on its chest, an LED on each “palm,” a speaker on 
the back, and two red LED “eyes.”

Two big, heavy D batteries go into each foot, 
providing Robosapien not only with power, but 
also stability. If you do away with these batteries 

and use another source of power placed else-
where on its body, it will probably topple over 

when walking. Le
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Removing the screws in Robosapien’s back 
plate allows you to open both the back and 
front plate and uncover the motherboard 
(Figure 2). Fortunately, Robosapien is built 
sturdily and is modular: You’d have to be 
very clumsy to damage anything inside the 
toy by accident.

You can detach the back plate completely 
by pulling out the plug that goes from the 
on/ off button and speaker to the mother-
board (bottom right). Do not pull directly on 
the cables or you’ll rip them out. Hold the 
plug itself (Figure 3) between thumb and 
forefinger on each side, pressing inward with 
your nails. Then wiggle it until it comes 
loose to pull it out.

You can do the same with the rest of the 
plugs. Also, remove the microphone from 
the cavity in Robosapien’s chest and pull it 
over its shoulder. You can now unscrew the 
motherboard and remove it from the robot 
(Figure 4). 

Although I won’t be 
using the board in this 
hack (I’ll substitute an Ar-

duino), you should keep it handy, because it 
has a printout of what each pin in the plugs 
does, making it a great guide. In Figure 5, for 
example, you can see the pins that control 
the motor in the left shoulder and part of the 
pins that control the left elbow.

the body electRic
Flashing an LED is the signature “Hello 
World” project in Arduino, so I’ll do just that 
by taking the plug for the right elbow and 
hand and holding it as is shown in Figure 6, 
with the ridges facing down. Then, I’ll con-
nect pin 13 from the Arduino to the third pin 
in the plug and connect the fourth pin in the 
plug to GND on the Arduino.

Figure 1: The Robosapien v1 has seven motors to control its limbs. It also 

comes with a remote, which isn’t needed for this project.

Figure 2: Robosapien with the torso exposed allows you to access the 

motherboard.

Figure 3: Remove the plugs from the Robosapien 

motherboard by pinching the sides, wiggling, and 

pulling. Figure 4: Keep the motherboard handy, because it’s a great guide to the controls for your robot.
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moving the robot’s limbs is another story 
altogether. You might have read about 
making a servo move in other articles in 
Raspberry Pi Geek, but DC motors, like 
those used in Robosapien, are quite a dif-
ferent beast altogether.

motoR skills
To understand how to move a DC motor, I’ll 
first try with an external motor like that 
shown in Figure 8. This type of motor is 
common in Arduino starter kits and is not 
powerful enough to damage your electronics 
when it is switched off (See the Motor Dan-
ger box).

The simplest way to run the motor is by 
plugging one of the wires into the 5V pin on 
your Arduino and the other into GND. But 
this is boring: The Arduino just acts like a 
power source.

Now I’ll load and run the Blink program 
(Listing 1) on my Arduino, and Robosapi-
en’s yellow LED will flash on and off every 
second (Figure 7). That step was easy, but 

Figure 5: Close-up of the pins that control the joints in 

Robosapien’s left arm.

Figure 7: Making Robosapien’s LED blink.

01  void setup() {

02    pinMode(13, OUTPUT);

03  }

04  

05  void loop() {

06    digitalWrite(13, HIGH);

07    delay(1000);

08    digitalWrite(13, LOW);

09    delay(1000);

10  }

Listing 1: Blink Sketch

Figure 6: Hooking up the Arduino to make the LED in 

Robosapien’s hand flash.
Be careful what you plug in to 
your Arduino in the way of mo-
tors and servos. One false step, 
and you can irreparably kill 
your electronics. To rotate a 
spool of copper wire, you need 
to run an electric current 
through an electromagnet 
(which is in essence how an 
electric motor works). When 
you cut off the electric current, 
the spool does not stop rotat-
ing immediately, so it creates a 
current between the two poles 
of an electromagnet, that is, an 
electric feedback from the 
motor that rushes back to 
whatever was powering it in 
the first place.

So, if you have a motor con-
nected directly to your Arduino 
and that motor is powerful 
enough, the moment you shut it 
down, an electric current will 
surge from the motor toward 
your Arduino. If it’s strong 
enough, it can fry your board.

Motor Danger
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Much better is to start and stop the motor 
from a sketch. First, set up a circuit as shown 
in Figure 9. Before going into how it works, 
load Listing 2 into your Arduino and see how 
your motor starts rotating for a second, then 
stops, then starts again, and so on.

Apart from the Arduino and the motor, you 
have a resistor, a transistor, and a diode. The 
most interesting component is the transistor. 
The transistor has three legs and acts some-
thing like a switch: When in the “on” state, 
an electric current flows into one leg (the col-
lector) and out of the other (the emitter). 
When in the “off” state, no current passes 
through.

The third leg, called the base, is what de-
cides whether the transistor is on or off. If 
you send a small electric current (e.g., send-
ing a HIGH signal through one of Arduino’s 
pins) to the base, the larger current will 
flow from the collector to the emitter. 

If you cut off the electric current to the 
base (sending a LOW signal through the Ar-

duino’s pin) the flow through the circuit 
will stop.

The transistor in the picture is a PN2222 
[3]. Holding it with the flat face toward you, 
the emitter is on the left, the base is in the 
center, and the collector is on right, so the 
current flows right to left, toward ground in 
this layout. 

A current to the base of the transistor that 
is too powerful can destroy it, so I inserted a 
resistor between Arduino pin 3 and the base. 
In this case, I used a 27ohm resistor (red, 
purple, and black bands).

The diode is also there for protection. It 
ensures current runs in only one direction, 
and the “feedback” I mentioned in the Motor 
Danger box never happens. The stripe on the 
diode should be nearer the input of the cur-
rent. As placed, the diode ensures the current 
only flows from right to left.

An interesting twist on the above explana-
tion is that on pin 3, you can regulate the 

Figure 8: A typical DC motor used in home robotics 

and good for Arduino experiments.

Figure 9: Wiring the motor to the Arduino.

01  int motorPin = 3;

02  void setup()

03  {

04    pinMode(motorPin, OUTPUT);

05  }

06  

07  void loop()

08  {

09    digitalWrite(motorPin, HIGH);

10    delay(1000);

11    digitalWrite(motorPin, LOW);

12    delay(1000);

13  }

Listing 2: Starting and Stopping 
a Motor

01  void loop()

02  {

03    analogWrite(motorPin, 255);

04    delay(1000);

05  

06    analogWrite(motorPin, 50);

07    delay(1000);

08  }

Listing 3: Speed Sketch
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In the circuit in Figure 10, the power 
source sits at the top with a motor bang in 
the middle and the ground at the bottom. It 
also has two switches on each side: two 
above the motor and two below.

If you open the switches in the upper right 
and the lower left, the current won’t have 
any choice but to run down the left side of 
the circuit first, cross the motor from left to 
right, and then continue down to ground on 
the bottom right side, as shown in Figure 
10A. 

If you open the upper left and lower right 
switches, the opposite happens, and the cur-
rent crosses the motor from right to left as 
shown in Figure 10B. As you already saw, 
changing the direction of the current crossing 
the motor also changes the direction in 
which it spins. The circuit in Figure 10 is 
called an H bridge, and if you tilt your head 
to one side you’ll see why.

Now, wouldn’t it be cool if you had some 
kind of electronic component that acted like 
a switch, but you could open and close it by 
sending it a signal from an Arduino pin? 
That is exactly what I’ve done in Figure 11 
and Figure 12 by setting up an H bridge 
using transistors.

By studying Figure 11, you will notice two 
things: (1) Only two pins (9 and 10) are used 
to send pulses to the transistors, despite hav-
ing four transistors, and (2) the transistors at 
the bottom of the circuit have a P printed on 
them instead of an N. In this example, you 
have two kinds of transistor: NPN and PNP. 

speed of the motor by using analogWrite() 
instead of digitalWrite(). Be warned, 
though, that under a certain number, the 
motor won’t spin. It’s up to you to find out 
what its lowest threshold is.

To try this out, you can change out the 
loop section of your sketch with Listing 3. 
When run, you will notice how your motor 
spins at full speed for a second, slows down 

for another second, and then speeds up 
again, and so on.

bRidging the h
When the time comes to con-

nect your Arduino up to the 
Robosapien, you’re going to 

want to control not only 
when the motor runs 

and at what speed, 
but also its direction. 
If you want the 

motor to lift Robo’s arm, at some point 
you’re also going to want to lower it back 
down again, and this is where things start 
getting tricky.

Starting with the current circuit in Figure 
9, you can change the direction the motor 
spins by swapping the polarity of the circuit 
(e.g., by physically unplugging the GND and 
5V jumpers and switching them around). So, 
if the current flows from left to right within 
the circuit, the motor will rotate, say, clock-
wise, and if the current flows from right to 
left, the motor will rotate counter clockwise. 
This is crude, but it’s actually a good start.

Figure 10: An H bridge allows you to change the direction of the current as it crosses the motor.
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NPN transistors are the kind you have al-
ready seen (i.e., those that open a flow from 
the collector to the emitter when triggering 
the Base and shut it off when cutting off the 
current to the Base). 

PNP transistors [4], on the other hand, 
work the other way around and shut off the 
current when spiking the Base and let a cur-
rent pass from collector to emitter when cut-
ting off the current to the Base.

From Figure 10, you can see that by com-
bining both types of transistor, you can con-
nect S1 and S3 to just one pin, and have 
them take on opposite states, no matter what 
is sent down the cable. Likewise with S2 and 
S4. To check out how the H 
bridge works, copy and up-
load the code in Listing 4 to 
your Arduino.

You can also try this out on 
the Robosapien. Locate the 
left elbow and hand plug 
(Figure 4) and connect the 
lowermost pins to the H 
bridge where you connected 
the motor (see Figure 11). 
The left elbow will now ro-
tate, opening and closing the 
claw.

chipped out
Of course, building your own 
H bridge from scratch for 

each motor is impractical. First, you’d need a 
massive breadboard to make them all fit. 
Then what? Have Robosapien drag it around 
in a cart? Second, the chance of getting 
something wrong is immense. Third, it 
would use so much power, what with leak-
age and all, that you wouldn’t have enough 
to run the motors.

No, there’s a better way, and that’s getting 
hold of some H-bridge-on-a-chip chips. The 
L293D (Figure 13) family of chips imple-
ments two H bridges on each chip (see the 
“Chips on the Breadboard” box). They cost 
literally cents and are so common, you can 
buy them from any electronic component 
store. These are your best bet to drive a 
motor and control its speed and direction.

This setup would look something like that 
shown in Figure 14, with 5V connected to 

Figure 11: An H bridge implemented on a bread-

board with an Arduino controlling the transistors.

Figure 12: It looks a bit messy, but this H bridge drives a motor in both directions.

01  void setup() {

02    pinMode(9, OUTPUT);

03    pinMode(10, OUTPUT);

04  }

05  

06  void loop() {

07    analogWrite(9, 225);     // Spin one way

08    analogWrite(10, 0);

09    delay(1000);

10  

11    analogWrite(9, 0);      // Spin the other way

12    analogWrite(10, 225);

13    delay(1000);

14  }

Listing 4: H Bridge Example
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plow on, I’m going to run out of pins really, 
really soon.

Don’t fret, I’ll tackle this problem in the 
next issue, when I show you how to use a 
chip as a port expander and how this affects 
the way you program the robot. I will also 
show you how to read from Robosapien’s de-
fault sensors, and how you can mod your 
robot on the cheap to make it a bit more 
aware of its environment.

Until next time, have fun.  ● ● ●

the outermost legs, the controlling inputs 
from pins 9 and 10 connected to the second 
set of pins moving inward, and, moving in-
ward again, the next pair of legs connected 
to the motor. Finally, the innermost legs con-
nect to GND.

To run a second motor, you would do the 
same on the other side of the chip and con-
nect two other PWD pins (e.g., 11 and 12) to 
the chip.

The sketch to try out something like this is 
exactly the same as that used for the hand-
made H bridge (Listing 4).

moving foRwARd
Having reached this point, you might have 
noticed a scalability problem with the cur-
rent setup. As mentioned at the beginning of 
this article, the Robosapien has seven motors 
and each must be spun forward and back-
ward to walk, move its arms, and open and 
close its claws. That means that each motor 
needs the input from two PWM pins. That’s 
14 pins. However, most Arduinos only have 
13 pins, and I haven’t even started to con-
sider feedback from Robo’s 
sensors or controlling the 
LEDs and speaker. If I just 

Figure 14: The setup for a DC motor connected to an L293D motor driver 

chip.

Figure 13: An L293D motor driver chip implements two H bridges – one on 

each side – that you can use to control two motors.

[1]  WowWee:  
http://  www.  wowwee.  com/

[2]  Robosapien on eBay: http://  www.  ebay. 
 com/  sch/  i.  html?  _from=R40&  _
trksid=p2050601.  m570.  l1313&  _
nkw=robosapien+v1&  _sacat=0

[3]  PN2222 datasheet: https://  www. 
 fairchildsemi.  com/  datasheets/  PN/  PN2222.  pdf

[4]  NPN and PNP transistors: http://  www. 
 learningaboutelectronics.  com/  Articles/  Differe
nce‑between‑a‑NPN‑and‑a‑PNP‑transistor

info

I didn’t realize this when I started this project, 
but the legs on chips of the L293D and the 
MCP23017 I am using for this project are in-
credibly fragile. You must plug them into the 
breadboard with the utmost care, making 
sure that the legs are aligned perfectly with 
the holes.

Extracting a chip with your fingers will bend the 
legs, and bent legs will break when you try to 

straighten them. To get them out with some 
guarantee of re-using them, you will need 
something called a chip puller, which you can 
probably buy for about a dollar from the same 
place you bought your chips.

That said, the best advice is to make sure you 
plug your chips into the breadboard only when 
and where you need them and leave them in 
place for the duration of the project.

chiPs on the BreaDBoarD
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