
Digital – Analog – Mechanical

 Mega-Truck
As innovative companies consistently push the envelope of progress, 

antiquated hardware nearly two years old falls by the wayside. We 

take an old iPad, an Arduino Mega, and various other materials to 

create an in-dash climate control app. By Paul Smith

While deciding what to do with 
my redundant iPad 2, which 
warehoused all my videos, 
music, and pictures and has 

an active 3G connection to the Internet that 
provides digital maps for navigating through 
unfamiliar cities, I had a “eureka” moment. 
This old, worn out piece of last year’s tech-
nology would fit perfectly in the dash of my 
truck as a new audio deck.

After a few quick Internet searches, it be-
came apparently easy to integrate the audio 
source into the amp with a simple cable; 
however, why stop there? Next was the pur-
suit to integrate climate control into the iPad 
as an app.

Proof of ConCePt
For my climate control console, I used the 
following materials:
•	 Three	small	32-step	stepper	motors	[1]	

(5V,	1/	16	reduction	gearing)
•	 Two	prototype	boards
•	 A	RedBearLab	BLE	Mini	[2]

•	 Three	L293DNE	600mA	dual	H-bridge	
motor	drivers	[3]

•	 One	Arduino	Mega	[4]
•	 A	bundle	of	jumpers
The stepper motor has five leads and uses a 
cogged wheel with electromagnets that “step” 
the	wheel	around	a	set	position.	By	energizing	
the	coils,	the	motor	is	driven	around	360	de-
grees.	The	L293D	motor	driver	has	the	ability	
to reverse current smoothly, allowing the motor 
to be driven clockwise or counterclockwise.

Wiring the stepper motors to the motor 
driver	ICs	is	the	first	task.	Figure	1	shows	
the	motor	wires-to-L293D	pin	assignments	
(Figure	2),	and	Figure	3	shows	the	motor	
wired to the driver on a breadboard. As you 
can see, four of the five wires from the step-
per motor are connected to the third pins 
from each end on both sides of the motor 
driver	(pins	3,	14,	6,	11).
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After wiring one stepper motor, I then 
proceeded to download the Arduino inte-
grated	development	environment	(IDE)	for	
testing.

Arduino ide
The	Arduino	IDE	is	open	source	software	
that allows you to write code and upload it to 
your	board.	The	IDE	is	available	for	the	three	
most	popular	operating	systems	(OSs):	Win-
dows,	Mac	OS	X,	and	Linux.	Installation	in-
structions	for	your	OS	can	be	found	on-
line	[5].

After installing the software, plug in the 
USB	connector	from	the	Arduino	Mega	into	an	
open port on your computer. The computer 
will autodetect the device and associate a 
driver with the Arduino. To determine 
whether	you	have	a	COM	port	associated	with	
the	Mega,	on	Windows,	right-click	Computer | 
Properties | Device Manager | Ports (COM & 
LPT). If the Arduino software has installed 
correctly,	you	should	have	a	COM	port	associ-
ated	with	the	Arduino	device	(Figure	6).Now that the stepper motors are wired to 

the motor drivers, the next step is to wire 
the	drivers	to	the	Arduino	Mega.	This	pro-
cess	is	a	bit	more	cumbersome.	Figure	4	
shows	the	Mega	with	the	pin	assignments	to	
each	of	the	L293D	motor	drivers	along	the	
bottom.

To	power	my	project,	I	created	a	5V	bus	
strip	(power	rail)	on	my	breadboard;	then,	I	
connected	the	four	corners	of	the	IC	(pins	1,	
16,	8,	9)	with	jumper	wires	and	jumpered	
them back to the 5V bus. Ground was sim-
pler: I created a bus for ground then pulled 
pin	4	back	to	the	ground	bus.	The	final	wir-
ing	step	was	to	connect	the	I/	O	pinouts	from	
the	Arduino	Mega	(pins	2,	15,	7,	10)	back	to	
the	L293D	motor	drivers	(Figure	5).

Figure 1: Stepper motor pin assignments to the 

L293DNE motor driver. (Fritzing)

Figure 2: L293DNE dual H-bridge motor driver and pin assignments to a stepper motor and to 

the Arduino Mega. (IC: Fritzing)

Figure 3: A stepper motor and L293D motor driver 

wired on the breadboard. (Fritzing)
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At this point, you can launch the Arduino 
IDE.	At	first,	the	software	loads	a	blank	
sketch, and you will have to fix a couple of 
settings. To begin, click Tools | Board | Ardu-
ino Mega 2560 or Mega ADK. Then, click 
Tools | Serial Port | COM4 (which is the port 
set	by	the	Device	Manager).	Once	you	have	
fixed these settings, you can test your single 
stepper motor.

Code BreAkdown
If	you	are	familiar	with	writing	Sketches,	
this process will be quick and easy; how-
ever, if this is the first time you have 
worked with Arduino, I suggest you visit 
the Getting Started section on the Arduino 
website	[5].

Arduino has been kind enough to include a 
library that supports stepper motors, which 
makes developing a sketch for controlling a 
stepper	very	simple	(Listing	1).

After including the stepper.h library (line 
1),	the	four	pins	used	to	drive	the	stepper	are	
initialized	in	lines	3-6.	The	next	command	
tells the Stepper.h library which pins are 

connected to the motor driver. The motor 
being	used	has	48	steps;	however,	the	motor	
incorporates	a	reduction	gearbox	of	1:16,	

Figure 4: The Arduino Mega pin assignments to the L293D. (Fritzing)

Figure 5: All the wiring for one motor. (Fritzing)

Figure 6: Your Arduino device is associated with a COM port.

01  #include <Stepper.h>

02  

03  int StepA1Pin = 14;

04  int StepA2Pin = 15;

05  int StepA3Pin = 16;

06  int StepA4Pin = 17;

07  

08  Stepper motor(512, StepA1Pin, StepA2Pin, StepA3Pin, StepA4Pin);

09  

10   void setup()

11  {

12    pinMode(StepA1Pin, OUTPUT);

13    pinMode(StepA2Pin, OUTPUT);

14    pinMode(StepA3Pin, OUTPUT);

15    pinMode(StepA4Pin, OUTPUT);

16  

17    while (!Serial);

18  

19     Serial.begin(9600);

20     motor.setSpeed(10);

21  }

22  

23  void loop()

24  {

25    if (Serial.available())

26    {

27      int steps = Serial.parseInt();

28      motor.step(steps);

29    }

30  }

Listing 1: Single Stepper Motor Sketch
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which	translates	into	16x32=768	steps,	as	
reflected	in	line	8.

Lines	12-15	set	the	behavior	of	the	pins	
used	by	the	Arduino	(input	or	output),	and	
line	19	tells	the	Arduino	to	listen	for	com-
mands	coming	from	COM4.	Line	20	sets	the	
speed at which you want the stepper motor 
to move – the lower the value, the slower the 
stepper	motor	turns.	However,	increasing	the	
value could cause the stepper motor to stop 
responding because it wouldn’t be able to 
parse the pulses it receives.

Line	27	parses	the	COM4	commands	into	
steps,	and	line	28	drives	the	step	count	to	the	
Stepper.h motor function, causing the step-
per to move. Now, you want to upload your 
sketch	to	the	Arduino	Mega.

uPloAding the SketCh
Clicking	the	right	arrow	in	the	Arduino	IDE	
toolbar or pressing Ctrl+U uploads the 
sketch.	Once	the	sketch	has	been	uploaded,	
you	want	to	open	the	Serial	Monitor	to	send	
“steps”	to	the	motor.	To	open	the	Serial	Mon-
itor, click Tools | Serial Monitor or press 
Ctrl+Shift+M.

Not	only	does	the	Serial	Monitor	display	
data sent from the Arduino, you can also 
send	data	from	the	Serial	Monitor	to	the	Ar-
duino by entering text in the text box. To 
begin,	try	a	value	of	500.	This	value	should	
cause	the	motor	to	turn	roughly	360	degrees.	
Entering	a	negative	value	will	cause	the	
motor to turn counterclockwise.

Now that you have a functioning stepper 
motor and can make it move in either direc-
tion, you can go ahead and wire the other two 
stepper	motors	according	to	Figures	4	and	7.	
After wiring all three stepper motors, you can 
augment the code to accept serial data and di-
rect	it	to	the	correct	motor	driver	(Listing	2).	
As you can see, a few changes have been 
made. The key changes are the additions of:
•	 an	array	to	optimize	variable	declarations,
•	 two	additional	motor	functions,
•	 two	additional	setSpeed functions, and
•	 a	switch case to parse serial data.
From	the	Serial	Monitor,	you	can	now	send	
data to Arduino to control the three stepper 
motors as follows:

1 500 2 500 3 500

The 1 500	tells	motor	A	to	turn	500	steps	
(i.e.,	360	degrees),	2 500	tells	motor	B	to	turn	
500	steps,	and	3 500	tells	motor	C	to	turn	500	
steps.

Now you have a fully functional three-tier 
stepper motor system accepting serial data 

01  #include <Stepper.h>
02  
03  int StepPins[] = {4,5,6,7,10,11,12,13,14,15,16,17};
04  int pinCount = 12;
05  
06  Stepper motorA(512, StepPins[8], StepPins[9], StepPins[10], StepPins[11]);
07  Stepper motorB(512, StepPins[4], StepPins[5], StepPins[6], StepPins[7]);
08  Stepper motorC(512, StepPins[0], StepPins[1], StepPins[2], StepPins[3]);
09  
10   void setup()
11  {
12     for(int thisPin‑0; thisPin < pinCount; thisPin++) {
13       pinMode(stepPins[thisPin], OUTPUT);
14     }
15     while (!Serial);
16  
17     Serial.begin(9600);
18     motorA.setSpeed(10);
19     motorB.setSpeed(10);
20     motorC.setSpeed(10);
21  }
22  
23  void loop()
24  {
25    if (Serial.available())
26     {
27       int tMotor = Serial.parseInt();
28       int steps = Serial.parseInt();
29       switch(tMotor){
30         case 1: motorA.step(steps);break;
31         case 2: motorB.step(steps);break;
32         case 3: motorC.step(steps);break;
33       }
34     }
35  }

Listing 2: Multi-Stepper Motor Sketch

Figure 7: All three motors and BLE Mini wired. (Fritzing)
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from a laptop and driving whichever stepper 
motor you choose.

Bluetooth CommuniCAtion
The	next	step	is	to	incorporate	Bluetooth	by	
including	the	RedBearLabs	BLE	Mini,	which	
uses	Bluetooth	4.0	low-energy	technology	to	
generate signal input from a mobile device. 
The	BLE	Mini	uses	a	serial	port	for	commu-
nication, so it supports all development plat-
forms	that	have	a	UART	interface	(e.g.,	Rasp-
berry	Pi,	Arduino,	BeagleBone).

The	J4	connector	on	the	BLE	Mini	has	six	
pins	–	Reset,	P0_0,	RX,	TX,	GND,	and	Vin	
(looking	from	the	MicroUSB	port	inward)	–	
but I’m only interested in the four pins far-
thest	from	the	MicroUSB	port.	These	pins	are:
•	 Vin	–	wired	to	the	power	bus
•	 GND	–	wired	to	the	ground	bus
•	 TX	–	wired	to	the	Serial1	RX	pin	19	on	the	

Arduino	Mega
•	 RX	–	wired	to	the	Serial1	TX	Pin	18	on	the	

Arduino	Mega
The wiring on the breadboard should look 
something	like	that	shown	in	Figure	7.	Figure	
8	shows	the	real-life	result.

uPgrAding the Ble mini
Before	going	any	further,	make	sure	the	latest	
firmware	has	been	loaded	into	the	BLE	Mini	
[6].	To	do	so,	hold	the	Reset	button	down	
while	connecting	a	USB	cable	to	the	PC.	The	

Figure 8: Order out of chaos: stepper motors, motor drivers, Arduino Mega, and BLE Mini wired 

for action.

01  #include <Stepper.h>
02  #include <Arduino.h>
03  #include <AltSoftSerial.h>
04  
05  # if defined (__AVR_ATmega168__)  

|| defined (__AVR_ATmega328P__)
06     AltSoftSerial BLEMini;
07  #else
08     #define BLEMini Serial1
09  #endif
10  
11  int StepPins[] = {4,5,6,7,10,11,12,13,14,15,16,17};
12  int pinCount = 12;
13  
14  Stepper motorA( 512, StepPins[8], StepPins[9], 

StepPins[10], StepPins[11]);
15  Stepper motorB( 512, StepPins[4], StepPins[5], StepPins[6], 

StepPins[7]);
16  Stepper motorC( 512, StepPins[0], StepPins[1], StepPins[2], 

StepPins[3]);
17  
18   void setup()
19  {
20     for(int thisPin‑0; thisPin < pinCount; thisPin++) {
21       pinMode(stepPins[thisPin], OUTPUT);
22     }
23     while (!Serial);

24  
25     Serial.begin(9600);
26  
27     CLEMini.begin(57600);
28     motorA.setSpeed(10);
29     motorB.setSpeed(10);
30     motorC.setSpeed(10);
31  }
32  
33  void loop()
34  {
35    if (BLEMini.available());{
36      delay(5);
37        int tMotor = BLEMini.parseInt();
38        int rot = BLEMini.parseInt();
39        int steps = rot / 0.72;
40        String test = "Steps: ";
41        test += steps;
42         switch(tMotor){s
43           case 1:  motorA.step(steps);  

BLEMini.print(test);break;
44           case 2:  motorB.step(steps);  

BLEMini.print(test);break;
45           case 3:  motorC.step(steps);  

BLEMini.print(test);break;}
46    }
47  }

Listing 3: Incorporating the BLE Mini
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able	pair	the	BLE	Mini	with	my	Apple	
 iPhone and send serial commands via the 
Chat	application.	My	code	in	Listing	3	takes	
a series of integers representing the motor 
and degrees of turn and parses out the asso-
ciated data, dividing it back into steps and 
sending the step data to the appropriate 
stepper motor driver.

The	Simple	Chat	interface	from	RedBear-
Labs	takes	my	series	of	integers,	parses	it,	
and translates the data into steps for the 
stepper	motor	driver	(Figure	9);	however,	I’m	
in the process of building a standalone iPad 
app	that	will	leverage	the	RedBearLab	BLE	
Mini	library	and	allow	me	to	manipulate	the	
environmental controls in a more intuitive 
manner.

ConCluSion
In this proof of concept, I have shown how 
to	create	signals	in	an	iOS	app	that	are	
communicated	through	Bluetooth	as	serial	
data	to	an	Arduino	Mega,	which	signals	a	
motor driver that, in turn, runs stepper mo-
tors.

The next step is to create the iPad app, 
then	3D	print	a	case	to	house	the	unit	and	
connect the stepper motor arms to the man-
ual turn dials for the fan, louver position, 
and temperature control.  ● ● ●

BLE	Mini	will	pop	up	as	a	removable	media	
device.	Delete	the	current	*.bin file and copy 
the newly downloaded *.bin file. Now, cycle 
power, and you should be in business.

You also need to install additional libraries. 
To	do	so,	just	follow	the	directions	on	the	Ar-
duino	website	[7];	it	will	step	you	through	
loading	the	BLE	Mini	library	[8].

finAl PrototyPe
By	using	the	free	RedBearLabs	BLE	control-
ler	app	for	iOS	[9]	(or	Android	[10]),	I	was	

Figure 9: Sending commands via the Simple Chat app on an iPhone.

[1]  Stepper motor:  
http://  www.  adafruit.  com/  product/  858

[2]  RedBearLab BLE Mini:  
http://  redbearlab.  com/  blemini/

[3]  L293D: http://  www.  ti.  com/  product/  l293D

[4]  Arduino Mega: http://  arduino.  cc/  en/  Main/ 
 arduinoBoardMega

[5]  Installing the Arduino IDE:  
http://  arduino.  cc/  en/  Guide/  HomePage

[6]  BLE Mini firmware: https://  github.  com/ 
 RedBearLab/  Biscuit/  tree/  master/  release

[7]  Additional Arduino libraries:  
http://  arduino.  cc/  en/  Guide/  Libraries

[8]  BLE Mini library:  
http://  redbearlab.  com/  rbl_library

[9]  BLE controller app for iOS:  
http://  redbearlab.  com/  app/  ios

[10]  BLE controller app for Android:  
http://  redbearlab.  com/  blecontroller.  apk

info

Paul is a Canadian-based Automation/Controls 
guy. Outside of the home lab, he works as a 
Security Solutions Engineer for Lockheed 
Martin. In 2010, Paul was recognized as a 
young leader in engineering by Control 
Engineering magazine.
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