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1. Overview
.=: ,DB> ��/� �DCIGDA�D6G9 >H 9:H><C:9 ID 7: 6HH:B7A:9 L>I= 6 Romi chassis

[https://www.pololu.com/category/202/romi-chassis-and-accessories] ID 8G:6I: 6 86E67A: >CI:<G6I:9 GD7DI

EA6I;DGB�I=6I�86C�:6H>AN�7:�EGD<G6BB:9�6C9�8JHIDB>O:9�

&>@: DJG A-Star 32U4 programmable controllers [https://www.pololu.com/category/149/a-star-

programmable-controllers]	 I=: ,DB> ��/� �DCIGDA�D6G9 >H7J>AI6GDJC96 /-�
:C67A:9 �IB:A

� .B:<6��/� � 0, B>8GD8DCIGDAA:G	 6C9>IH=>EHEG:AD69:9L>I=6C�G9J>CD
8DBE6I>7A:7DDIAD69:G� .=:

8DCIGDA7D6G9;:6IJG:H ILD "
7G>9<: BDIDG9G>K:GH6C9>H9:H><C:9ID8DCC:8IID6 Romi Encoder Pair

Kit [https://www.pololu.com/product/3542] �6K6>A67A:H:E6G6I:AN�ID 6AADL8ADH:9
ADDEBDIDG8DCIGDA�#I6AHD

>C8AJ9:H6 EDL:G;JA� 0 HL>I8=>C<HI:E
9DLC G:<JA6IDGI=6I 86CHJEEANJE ID � � 8DCI>CJDJHAN	 6ADC<

L>I= 6 K:GH6I>A:EDL:GHL>I8=>C<6C9 9>HIG>7JI>DC8>G8J>I�� �
6M>H688:A:GDB:I:G6C9 <NGD:C67A: 6

,DB> ��/� GD7DIID B6@: >C:GI>6AB:6HJG:B:CIH	 :HI>B6I: >IHDG>:CI6I>DC	6C9 9:I:8I :MI:GC6A;DG8:H�

.=G:: DC
7D6G9EJH=7JIIDCHD;;:G6 8DCK:C>:CI>CI:G;68:;DGJH:G>CEJI	L=>A:>C9>86IDG&��H	 6 7JOO:G	

6C9�6�8DCC:8IDG�;DG�6C�DEI>DC6A�&���6AADL�I=:�GD7DI�ID�EGDK>9:�;::9768@�

.=: ,DB> ��/� �DCIGDA�D6G986C7: JH:9 :>I=:G6H6 HI6C96ADC:8DCIGDAHDAJI>DCDG6H6 76H: ;DG6

BDG:EDL:G;JA,6HE7:GGN*> 8DCIGDAA:G� #IHDC
7D6G98DCC:8IDG6C9BDJCI>C<=DA:H6AADL6 8DBE6I>7A:

,6HE7:GGN*> �'D9:A �� DGC:L:G	 >C8AJ9>C<Pi 3 Model B [https://www.pololu.com/product/2759] 6C9

Model A+ [https://www.pololu.com/product/2760]� ID EAJ<9>G:8IAN>CIDI=: 8DCIGDA7D6G9�#CI:<G6I:9A:K:A

H=>;I:GHB6@: >I :6HN ID H:I JE #X� 8DBBJC>86I>DC6C9 >CI:G;68:DI=:G H><C6AH7:IL::C I=: ILD

8DCIGDAA:GH	6C9 I=: 8DCIGDA7D6G96JIDB6I>86AANHJEEA>:H� 0 EDL:GID 6C 6II68=:9 ,6HE7:GGN*>� #C

I=>HH:IJE	 I=: ,6HE7:GGN*> 86C=6C9A:I=: =><=
A:K:AGD7DI8DCIGDAL=>A:G:AN>C<DCI=: ,DB> ��/�

�DCIGDA�D6G9 ;DGADL
A:K:AI6H@H	A>@:GJCC>C<BDIDGH	G:69>C<:C8D9:GH	6C9 >CI:G;68>C<L>I= DI=:G

6C6AD<�DG�I>B>C<
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.=: #�) A>C:HD; 7DI= I=: � .B:<6��/� 6C9 I=: ,6HE7:GGN*> 6G: 7GD@:CDJI ID 
��Y
HE68:9 I=GDJ<=


=DA:H6ADC<I=: ;GDCI6C9G:6GD;I=: 8DCIGDA7D6G9	6C9I=: 7D6G9VHEDL:GG6>AH6G:H>B>A6GAN688:HH>7A:	

:C67A>C<�H:CHDGH�6C9�DI=:G�E:G>E=:G6AH�ID�:6H>AN�7:�8DCC:8I:9�

� HD;IL6G:699
DC>H6K6>A67A:I=6I B6@:H>I:6HN ID EGD<G6B6 ,DB> ��/� GD7DI;GDBI=: �G9J>CD

:CK>GDCB:CI	6C9 L: =6K: �G9J>CDA>7G6G>:H6C9 :M6BEA: H@:I8=:HID =:AE<:I NDJHI6GI:9�� USB A

to Micro-B cable [https://www.pololu.com/product/2072] �CDI�>C8AJ9:9��>H�G:FJ>G:9�;DG�EGD<G6BB>C<�

1.1. Included components
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.=: ;DAADL>C<8DBEDC:CIH6G:

>C8AJ9:9L>I= I=: ,DB> ��/�

�DCIGDA��D6G9�

P ILD ADLEGD;>A:;:B6A:

=:69:GH ;DGBDIDGH6C9

:C8D9:GH

P buzzer

[https://www.pololu.com/

product/1484]

P 2×7 female header

[https://www.pololu.com/

product/1027] 6C9 male

header

[https://www.pololu.com/

product/966] ;DG�&��

P 76II:GN�I:GB>C6AH

P ;DJG�����Y���
���H8G:LH�6C9�CJIH

P ;DJG M2.5 standoffs [https://www.pololu.com/product/1952] �� � BB A:C<I=�	 screws

[https://www.pololu.com/product/1968]	 6C9 nuts [https://www.pololu.com/product/1967] ;DGBDJCI>C<

,6HE7:GGN�*>

�C�&���6C9�,6HE7:GGN�*>�6G: not >C8AJ9:9�L>I=�I=:�,DB>���/���DCIGDA��D6G9�

1.2. What you will need

.=:H:�699>I>DC6A�>I:BH�6G:�6AHD�C::9:9�;DG�JH>C<�6C9�6HH:B7A>C<�I=:�,DB>���/���DCIGDA��D6G9�

Required accessories

P 6 Romi Chassis Kit [https://www.pololu.com/category/203/romi-chassis-kits] �I=>H>C8AJ9:HBDIDGH	

L=::AH	�DC:�76AA�86HI:G	�6C9�76II:GN�8DCI68IH�

P 6 Romi Encoder Pair Kit [https://www.pololu.com/product/3542]

P H>MAA batteries [https://www.pololu.com/product/1003]� .=: ,DB> 8=6HH>H6C9 8DCIGDA7D6G9

LDG@L>I=7DI=6A@6A>C:6C9(>'" 76II:G>:H	I=DJ<=L: G:8DBB:C9 G:8=6G<:67A:(>'" 8:AAH�
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Assembly tools

P HDA9:G>C<>GDC6C9 HDA9:G�L: G:8DBB:C9 DC: L>I= 69?JHI67A:I:BE:G6IJG: 8DCIGDAA>@:I=:

Hakko FX-888D Digital Soldering Station [https://www.pololu.com/product/2779]�

P HB6AA�*=>AA>EH�H8G:L9G>K:G

P USB A to Micro-B cable [https://www.pololu.com/product/2072] ID 8DCC:8I I=: 7D6G9ID NDJG

8DBEJI:G�;DG�EGD<G6BB>C<�6C9�9:7J<<>C<

Optional tools

P HB6AA��BB�HADII:9�H8G:L9G>K:G�;DG�69?JHI>C<�I=:�&���8DCIG6HI

P small pair of pliers [https://www.pololu.com/product/150]

P wire cutter and stripper [https://www.pololu.com/product/1923]	�;DG�699>C<�L>G:H�;DG�E:G>E=:G6AH

P I6E:�DG�HB6AA�8A6BEH��;DG�=DA9>C<�E6GIH�ID<:I=:G�L=:C�HDA9:G>C<�

Optional accessories

3DJ�B><=I�6AHD�8DCH>9:G�<:II>C<�I=:H:�;DG�NDJG�,DB>���/��,D7DI�

P 6C8×2 character LCD [https://www.pololu.com/product/356]

P 6 8DBE6I>7A:,6HE7:GGN*> �'D9:A �� DGC:L:G	 >C8AJ9>C<Pi 3 Model B [https://www.pololu.com/

product/2759] 6C9Model A+ [https://www.pololu.com/product/2760]�

P sensors [https://www.pololu.com/category/7/sensors]	 HJ8= 6H optical [https://www.pololu.com/

category/79/sharp-distance-sensors] DGsonar range finders [https://www.pololu.com/category/78/

sonar-range-finders]

P connectors and jumper wires [https://www.pololu.com/category/19/connectors]	 ;DG8DCC:8I>C<

699>I>DC6A�H:CHDGH�6C9�8DBEDC:CIH

P 76II:GN8=6G<:G	 >;NDJ6G: JH>C<G:8=6G<:67A:76II:G>:H�H>C8:I=: ,DB> ?JHIJH:H DG9>C6GN

�� 76II:G>:H	L: G:8DBB:C9 76H>8�� 8=6G<:GH�>CIDL=>8=NDJHI>8@I=: >C9>K>9J6A8:AAH�

6K6>A67A:6I BDHI<:C:G6A:A:8IGDC>8HHIDG:H	I=DJ<=L: 86GGN6 BJ8= ;6C8>:GiMAX-B6AC V2

balance charger/discharger [https://www.pololu.com/product/2588] I=6I 86C7: 6AHDJH:9 ;DGI=>H

1.3. Supported operating systems

.=: ,DB> ��/� �DCIGDA�D6G9 86C 7: EGD<G6BB:9JH>C<6CNDE:G6I>C<HNHI:B I=6I HJEEDGIHI=:

�G9J>CD:CK>GDCB:CI�.=>H>C8AJ9:H'>8GDHD;I1>C9DLH�
	 ���	 �	 �	 0>HI6	2* �L>I= -:GK>8: *68@��	

&>CJM	�6C9�B68)-�
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2. Contacting Pololu
1 : LDJA97: 9:A><=I:9ID =:6G ;GDBNDJ67DJI 6CND; NDJGEGD?:8IH6C9 67DJI NDJG:ME:G>:C8:L>I=

I=: ,DB> ��/� �DCIGDA�D6G9�3DJ86Ccontact us [https://www.pololu.com/contact] 9>G:8IANDGEDHIDCDJG

forum [http://forum.pololu.com/]� . :AAJHL=6I L: 9>9L:AA	L=6I L: 8DJA9>BEGDK:	L=6I NDJLDJA9A>@:ID

H::�>C�I=:�;JIJG:	�DG�6CNI=>C<�:AH:�NDJ�LDJA9�A>@:�ID�H6N�
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3. Romi 32U4 Control Board

3.1. Microcontroller

&>@: DJG A-Star 32U4 programmable controllers [https://www.pololu.com/category/149/a-star-

programmable-controllers]	 I=: ,DB> ��/� �DCIGDA�D6G9 ;:6IJG:H 6C >CI:<G6I:9	 /-�
:C67A:9

� .B:<6��/� � 0, B>8GD8DCIGDAA:G;GDB�IB:A	 8AD8@:97N6 EG:8>H>DC�� '"O 8GNHI6ADH8>AA6IDG� .=>H

>HI=: H6B: B>8GD8DCIGDAA:G6C98AD8@;G:FJ:C8NJH:9 >CI=: Arduino Leonardo [https://www.pololu.com/

product/2192] 6C9Micro [https://www.pololu.com/product/2188]�

.=: 8DCIGDA7D6G9>C8AJ9:H6 /-� '>8GD
� 8DCC:8IDGI=6I 86C 7: JH:9 ID 8DCC:8IID 6 8DBEJI:GVH

/-� EDGIK>66 USB A to Micro-B cable [https://www.pololu.com/product/2072] �CDI>C8AJ9:9��.=: /-�

8DCC:8I>DC86C 7: JH:9 ID IG6CHB>I6C9 G:8:>K: 96I6 ;GDBI=: 8DBEJI:G 6C9 EGD<G6BI=: 7D6G9

DK:G/-�� .=: /-� 8DCC:8I>DC86C6AHDEGDK>9:EDL:G;DGI=: B>8GD8DCIGDAA:G6C9 BDHID; I=: DI=:G

=6G9L6G:�DC�I=:�7D6G9��7JI�CDI�BDIDG�EDL:G���H::Section 3.5 ;DG�BDG:�9:I6>AH�

.=: 8DCIGDA7D6G9VH � .B:<6��/� 8DB:H EG:AD69:9L>I= I=: �G9J>CD
8DBE6I>7A:A-Star 32U4 USB

bootloader [https://www.pololu.com/docs/0J66/7]	 L=>8= 6AADLH>I ID 7: :6H>ANEGD<G6BB:9JH>C<I=:

�G9J>CD�#���� DG�BDG:�>C;DGB6I>DC�67DJI�EGD<G6BB>C<�I=:�,DB>���/���DCIGDA��D6G9	�H::Section 5�

.=: 7D6G96AHD=6H6 �
E>C#-* =:69:G I=6I 6AADLH>IID7: EGD<G6BB:9L>I=6C:MI:GC6AEGD<G6BB:G	

HJ8=6HDJGUSB AVR programmer [https://www.pololu.com/product/3170]� *>C� D;I=: =:69:G >H>C9>86I:9

L>I=�6�HB6AA�L=>I:�9DI�6C9�=6H�6C�D8I6<DC6A�H=6E:�

3.2. User interface

LEDs

.=:�,DB>���/���DCIGDA��D6G9�=6H�;>K:�>C9>86IDG�&��H�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���,DB>���/���DCIGDA��D6G9 *6<:���D;���
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P � yellow JH:G&�� >H8DCC:8I:9 ID�G9J>CD9><>I6AE>C��	 DG*��� 3DJ 86C9G>K:I=>HE>Chigh

>C6 JH:GEGD<G6BID IJGCI=>H&�� DC�.=: A-Star 32U4 Bootloader [https://www.pololu.com/

docs/0J61/9] ;69:H�I=>H�&���DC�6C9�D;;�L=>A:�>I�>H�L6>I>C<�;DG�6�H@:I8=�ID�7:�AD69:9�

P � green JH:G&�� >H8DCC:8I:9 ID �G9J>CDE>C�
	 DG*��	 6C9 A><=IHL=:C I=: E>C>H9G>K:C

low� 1=>A: I=: 7D6G9>HGJCC>C<I=: �
-I6G ��/� �DDIAD69:GDG6 EGD<G6B8DBE>A:9>CI=:

�G9J>CD:CK>GDCB:CI	>IL>AA;A6H=I=>H&�� L=:C >I>Htransmitting 96I6 K>6I=: /-� 8DCC:8I>DC�

P � red JH:G&�� >H8DCC:8I:9 ID�G9J>CDE>C��	 DG*�
	 6C9A><=IHL=:C I=: E>C>H9G>K:Clow�

1=>A:I=: 7D6G9>HGJCC>C<I=: �
-I6G ��/� �DDIAD69:GDG6 EGD<G6B8DBE>A:9>CI=: �G9J>CD

:CK>GDCB:CI	�>I�L>AA�;A6H=�I=>H�&���L=:C�>I�>Hreceiving 96I6�K>6�I=:�/-��8DCC:8I>DC�

.=: ,DB>��/� A>7G6GN8DCI6>CH;JC8I>DCHI=6I B6@: >I:6H>:GID 8DCIGDAI=: I=G:: JH:G&��H �H::

Section 6�� �AAI=G:: JH:G&�� 8DCIGDAA>C:H6G:6AHD&�� 96I6 A>C:H	HDNDJL>AAH:: I=:B ;A>8@:GL=:C

NDJJE96I: I=: &��� .=: <G::C 6C9G:9JH:G&��H 6AHDH=6G:#�) A>C:HL>I=EJH=7JIIDCH�H:: 7:ADL��

P � blue EDL:G&�� C:MIID I=: EDL:GHL>I8=>C9>86I:HL=:C I=: 8DCIGDAA:G>HG:8:>K>C<EDL:G

;GDB�I=:�,DB>VH�76II:G>:H��I=:�EDL:G�HL>I8=>C<�8>G8J>I�BJHI�7:�IJGC:9�DC��

P � green EDL:G&�� DCI=: 7DIIDB:9<: D;I=: 7D6G9C:6GI=: /-� 8DCC:8IDG>C9>86I:HL=:C

I=:�/-��7JH�KDAI6<:��0�/-��>H�EG:H:CI�

Pushbuttons

.=: ,DB> ��/� �DCIGDA�D6G9 =6H;>K:EJH=7JIIDCH�6 power button >CI=: G:6GA:;I 8DGC:G	 6 reset

button DCI=: ;GDCIG><=I:9<: 6C9 three user pushbuttons AD86I:96ADC<I=: G:6G:9<:� .=: JH:G

EJH=7JIIDCH	A67:A:9�	 �	 6C9 �	 6G: DC�G9J>CDE>C�� �*���	 E>C�
 �*���	 6C9 E>C�� �*�
�	

G:HE:8I>K:AN��*G:HH>C<�DC:�D;�I=:H:�7JIIDCH�EJAAH�I=:�6HHD8>6I:9�#�)�E>C�ID�<GDJC9�I=GDJ<=�6�G:H>HIDG�

.=: I=G:: 7JIIDCHV#�) A>C:H6G:6AHDJH:9 ;DGDI=:GEJGEDH:H�E>C�� >H'#-) DCI=: -*# >CI:G;68:	E>C

�
 6C9 E>C�� 8DCIGDAI=: <G::C 6C9 G:9 JH:G&��H	 6C9 6AAI=G:: E>CH6G: &�� 96I6 A>C:H��AI=DJ<=

I=:H: JH:H G:FJ>G:I=: E>CHID 7: 9G>K:C7N I=: � 0, �DG-*# HA6K:9:K>8:H >CI=: 86H: D; '#-)�	

G:H>HIDGH>CI=: 7JIIDC8>G8J>IH:CHJG: I=6I I=: ,DB> ��/� �DCIGDA�D6G9 L>AACDI7: 96B6<:9 :K:C

>;I=: 8DGG:HEDC9>C<7JIIDCH6G: EG:HH:96I I=: H6B: I>B:	 CDGL>AA-*# DG&�� 8DBBJC>86I>DCH

7: 9>HGJEI:9�.=: ;JC8I>DCH>CI=: ,DB>��/� A>7G6GNI6@: 86G: D; 8DC;><JG>C<I=: E>CH	G:69>C<6C9

9:7DJC8>C<�I=:�7JIIDCH	�6C9�G:HIDG>C<�I=:�E>CH�ID�I=:>G�DG><>C6A�HI6I:H�

LCD

.=: ,DB> ��/� �DCIGDA�D6G9 =6H 6 H:I D; I=GDJ<=
=DA:H>CI=: 8:CI:G L=:G: 6 �W� =:69:G 86C

7: HDA9:G:9ID 8DCC:8I6C 8×2 character LCD [https://www.pololu.com/product/356] �DG6CNDI=:G&��

L>I= I=: 8DBBDC HD44780 parallel interface [https://www.pololu.com/file/download/DMC50448N-AAE-

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���,DB>���/���DCIGDA��D6G9 *6<:���D;���
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https://www.pololu.com/docs/0J61/9
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AD.pdf?file_id=0J71] ��
�@ E9;��� 3DJ 86C69?JHII=: &�� 8DCIG6HIL>I=I=: EDI:CI>DB:I:GDCI=: IDEG><=I

D;�I=:�&���8DCC:8IDG��1 :�G:8DBB:C9�JH>C<�6�� BB�HADII:9�H8G:L9G>K:G�ID�69?JHI�I=:�8DCIG6HI�

.=: ,DB>��/� A>7G6GNEGDK>9:H;JC8I>DCHID 9>HEA6N96I6 DC 6 8DCC:8I:9 &��� #I >H9:H><C:9 ID

<G68:;JAAN=6C9A:6AI:GC6I:JH: D; I=: &�� 96I6 A>C:H7NDCAN8=6C<>C<E>CHI6I:HL=:C C::9:9 ;DG6C

&�� 8DBB6C9	 6;I:GL=>8=>IL>AAG:HIDG:I=:B IDI=:>GEG:K>DJHHI6I:H� .=>H6AADLHI=: &�� 96I6 A>C:H

ID�7:�JH:9�;DG�DI=:G�;JC8I>DCH��HJ8=�6H�EJH=7JIIDC�>CEJIH�6C9�&���9G>K:GH��

(DI: I=6I I=: 8DCIGDA7D6G9>HCDI9:H><C:9 ID 6AADL7DI= 6C &�� 6C9 6 ,6HE7:GGN*> ID EAJ<>CID>I

6I I=: H6B: I>B:� "DL:K:G 	 =6K>C<6C &�� =:69:G HDA9:G:9ID I=: 7D6G9H=DJA9CDI>CI:G;:G:L>I=

BDJCI>C<�6�,6HE7:GGN�*>�

Buzzer

.=: buzzer [https://www.pololu.com/product/1484] >C8AJ9:9L>I= I=: ,DB> ��/� �DCIGDA�D6G9 86C 7:

HDA9:G:9>CIDI=: 9:H><C6I:9 I=GDJ<=
=DA:H6C9 JH:9 ID <:C:G6I: H>BEA:HDJC9H6C9 BJH>8� �N

9:;6JAI	 >I>H8DCC:8I:9 ID9><>I6AE>C� �L=>8=6AHDH:GK:H6H)���	 6 =6G9L6G:*1' DJIEJI ;GDBI=:

� 0,VH�

7>I . >B:G��� #;NDJ6AI:GC6I:7:IL::C 9G>K>C<I=: 7JOO:GE>C=><=6C9ADL6I 6 <>K:C;G:FJ:C8N	

I=: 7JOO:GL>AAEGD9J8:HDJC96I I=6I ;G:FJ:C8N� 3DJ 86CEA6NCDI:H6C9BJH>8L>I=I=: 7JOO:GJH>C<

;JC8I>DCH>CI=: ,DB>��/� A>7G6GN� #;NDJL6CI IDJH: E>C� ;DG6C6AI:GC6I:EJGEDH:	NDJ86C9>H8DCC:8I

I=:�7JOO:G�8>G8J>I�7N�8JII>C<�I=:�HJG;68:
BDJCI�?JBE:G�C:MI�ID�I=:�7JOO:G�

3.3. Motor drivers and encoders

Motor drivers

.=: ,DB> ��/� �DCIGDA�D6G9 =6H ILD . :M6H #CHIGJB:CIH�, 0���� BDIDG9G>K:GHI=6I 6G: JH:9

ID EDL:G I=: ,DB> 8=6HH>HVH ILD mini plastic gearmotors [https://www.pololu.com/product/1520]�  DJG

�G9J>CD�E>CH�6G:�JH:9�ID�8DCIGDA�I=:�9G>K:GH�

P Digital pin 15	 DG*��	 8DCIGDAHI=: right motor direction �&)1 9G>K:HI=: BDIDG;DGL6G9	

"#!"�9G>K:H�>I�>C�G:K:GH:��

P Digital pin 16	�DG�*��	�8DCIGDAH�I=:left motor direction�

P Digital pin 9	 DG*��	 8DCIGDAHI=: right motor speed L>I= *1' �EJAH:L>9I=BD9JA6I>DC�

<:C:G6I:9�7N�I=:�� .B:<6��/�V H�.>B:G��

P Digital pin 10	�DG�*��	�8DCIGDAH�I=:left motor speed L>I=�*1'�

 DG BDG: >C;DGB6I>DC67DJI I=: 9G>K:GH	H:: I=: DRV8838 datasheet [https://www.pololu.com/file/

download/drv8838.pdf?file_id=0J806] ��'� E9;�� 1 : 6AHDH:AA6 carrier board [https://www.pololu.com/product/

2990] ;DG�I=>H�9G>K:G�

.=:�,DB>��/��A>7G6GN�EGDK>9:H�;JC8I>DCH�I=6I�6AADL�NDJ�ID�:6H>AN�8DCIGDA�I=:�BDIDGH��H::Section 6��

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC
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.=: BDIDG9G>K:G8DCC:8I>DCH6G:7GDJ<=IDJI IDILD E6>GHD;=:69:GHI=6I 6G:>CI:C9:9ID>CI:G;68:L>I=

I=: Romi Encoder Pair Kit [https://www.pololu.com/product/3542]� � E6>GD; ADL
EGD;>A:;:B6A: =:69:GH >H

>C8AJ9:9L>I=I=: ,DB> ��/� �DCIGDA�D6G96C9 86C7: HDA9:G:9>CID:>I=:GI=: DJI:GDG>CC:GGDLD;

I=GDJ<=
=DA:HDC:68= H>9:��(DI: I=6I I=:H: =:69:GH BJHI 7: HDA9:G:9>CIDI=: EDH>I>DCHI=6I B6I8=

I=:�B6A:�=:69:G�>CHI6AA:9�DC�I=:�:C8D9:G�7D6G9��

�H NDJG76II:G>:HGJCDJI	 I=: KDAI6<:HJEEA>:9IDI=: BDIDG9G>K:GH�0-1� L>AA9:8G:6H:	

L=>8= L>AAB6@: I=: BDIDGHHADL:G� #I >HEDHH>7A:ID 688DJCI ;DGI=>H>CNDJG8D9:

7N BDC>IDG>C<I=: 76II:GNKDAI6<:�H:: Section 3.5� DGJH>C<I=: :C8D9:GH6C9 DI=:G

H:CHDGH�ID�BDC>IDG�I=:�BDK:B:CI�D;�I=:�GD7DI�

Quadrature encoders

.=: ,DB> ��/� �DCIGDA�D6G9>H8DC;><JG:9ID8DCC:8II=: FJ69G6IJG::C8D9:GDJIEJIH;GDBI=: ,DB>

�C8D9:G*6>G%>IIDI=: � .B:<6��/� B>8GD8DCIGDAA:G� .=: :C8D9:GH86C7: JH:9 IDIG68@I=: GDI6I>DC6A

HE::9 6C99>G:8I>DCD; I=: GD7DIVH9G>K:L=::AH� .=:N EGDK>9:6 G:HDAJI>DCD; �� 8DJCIHE:GG:KDAJI>DC

D; I=: BDIDGH=6;IL=:C 8DJCI>C<7DI= :9<:H D; 7DI= 8=6CC:AH	L=>8=8DGG:HEDC9HID 6EEGDM>B6I:AN

���
 8DJCIHE:GG:KDAJI>DCD; I=: ,DB>VHL=::AH�  DGBDG:>C;DGB6I>DC67DJI I=: HE:8>;>86I>DCHD; I=:

,DB> :C8D9:GH	EA:6H:H:: I=: Romi Encoder Pair Kit product page [https://www.pololu.com/product/

3542]�

+J69G6IJG: :C8D9:G IG6CH>I>DCH6G: D;I:C 9:I:8I:9 7N BDC>IDG>C<7DI= :C8D9:G 8=6CC:AH9>G:8IAN�

"DL:K:G 	 H>C8:IG6CH>I>DCHDCI=: ,DB>VH:C8D9:GH86CD88JG6I =><=;G:FJ:C8>:H�H:K:G6AI=DJH6C9

E:GH:8DC9�L=:C >IHBDIDGH6G: GJCC>C<	>I>HC:8:HH6GNID JH: I=: � 0,VH E>C8=6C<: >CI:GGJEIHDG

:MI:GC6A>CI:GGJEIHID G:69 I=: :C8D9:GH�. D G:9J8: I=: G:FJ>G:9CJB7:G D; >CI:GGJEIE>CH	I=: ,DB>

��/� �DCIGDA�D6G92),H ID<:I=:G 7DI=8=6CC:AHD; :68= :C8D9:G6C98DCC:8IHI=: G:HJAI>C<H><C6A

ID�6C�>CI:GGJEI�E>C	�L=>A:�8=6CC:A���D;�:68=�:C8D9:G�>H�8DCC:8I:9�ID�6�CDC
>CI:GGJEI�E>C�

P Digital pin 7	�DG�*��	�G:69H�I=: right encoder XORed signal JH>C<�:MI:GC6A�>CI:GGJEI�#(.��

P Digital pin 8	 DG*��	 G:69HI=: left encoder XORed signal JH>C<E>C8=6C<: >CI:GGJEI

*�#(.��

P Digital pin 23 �6C6AD<�E>C���	�DG�* 
	�G:69H�I=:right encoder channel B�

P *>CPE2 G:69H�I=: left encoder channel B�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���,DB>���/���DCIGDA��D6G9 *6<:��
�D;���
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.=: 2),:9 H><C6A6C9I=: 8=6CC:A� H><C6A86C7: JH:9 IDG:8DCHIGJ8II=: 8=6CC:A� H><C6A7NH>BEAN

2),>C< I=:B 6<6>C�(A XOR B) XOR B = A�  DG7DI=:C8D9:GH	8=6CC:A� A:69H8=6CC:A� L=:C I=:

BDIDG>HGDI6I>C<>CI=: ;DGL6G99>G:8I>DC�I=6I >H	� G>H:H7:;DG: � G>H:H6C9� ;6AAH7:;DG: � ;6AAH��.=:

L6K:;DGBH>CI=: 9>6<G6B67DK: LDJA97: EGD9J8:97N ;DGL6G9GDI6I>DC��(DI: I=6I I=>H9:H8G>EI>DC

9:H><C6I:HI=: � 6C9 � H><C6AH6HA67:A:9DCI=: 8DCIGDA7D6G9>IH:A;	L=>8=EJIH� >C;GDCIDC7DI=

H>9:H�

.=: ,DB>��/� A>7G6GNEGDK>9:H6EEGDEG>6I:>CI:GGJEIH:GK>8:GDJI>C:H6C9 ;JC8I>DCH;DGG:69>C<I=:

:C8D9:GH�6C9�@::E>C<�IG68@�D;�I=:>G�8DJCIH��H::Section 6��

3.4. Inertial sensors

.=: ,DB> ��/� �DCIGDA�D6G9>C8AJ9:HDC
7D6G9>C:GI>6AH:CHDGH8DCC:8I:9 IDI=: � .B:<6��/�V H#X�

>CI:G;68:I=6I 86C7: JH:9 >C69K6C8:9 6EEA>86I>DCH	HJ8=6H=:AE>C<9:I:8I 8DAA>H>DCH6C99:I:GB>C>C<

I=: GD7DIVH DG>:CI6I>DC�.=:H: H:CHDGH6G: E6GID; I=: -. LSM6DS33 [https://www.pololu.com/product/

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���,DB>���/���DCIGDA��D6G9 *6<:�� ��D;���
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2736]	�L=>8=�8DB7>C:H�6��
6M>H�688:A:GDB:I:G�6C9��
6M>H�<NGD�>CID�6�H>C<A:�E68@6<:�

.=: >C:GI>6AH:CHDGH6G:8DCC:8I:9 IDI=: 7D6G9VH#X� 7JH7N9:;6JAI	 7JI I=:N 86C7: 9>H8DCC:8I:97N

8JII>C<I=: HJG;68:
BDJCI?JBE:GHA67:A:9T#'/ -�� $BEU6C9T#'/ -�& $BEU�&:K:AH=>;I:GH7J>AI>CID

I=: 8DCIGDA7D6G96AADLI=: � .B:<6��/�	 DE:G6I>C<6I � 0	 ID8DBBJC>86I: L>I=I=: ��� 0 H:CHDGH�#;

6 ,6HE7:GGN*> >HEAJ<<:9>CIDI=: 8DCIGDA7D6G9	>IH#X�E>CH6G:8DCC:8I:9 IDI=: ��� 0 H>9:D;I=: 7JH

6H�L:AA���-:: Section 3.7 ;DG�BDG:�>C;DGB6I>DC�67DJI�I=:�,6HE7:GGN�*>�>CI:G;68:��

1 : G:8DBB:C9 86G:;JAANG:69>C<I=: LSM6DS33 datasheet [https://www.pololu.com/file/download/

LSM6DS33.pdf?file_id=0J1087] ��'��E9;��ID�JC9:GHI6C9�=DL�I=:H:�H:CHDGH�LDG@�6C9�=DL�ID�JH:�I=:B�

Using the sensors

.=: ,DB>��/� A>7G6GN�H:: Section 6� >C8AJ9:H:M6BEA: EGD<G6BHI=6I 9:BDCHIG6I:=DL ID JH: I=:

H:CHDGH�

3.5. Power

.=: ,DB> ��/� �DCIGDA�D6G9 >C8AJ9:H76II:GNI:GB>C6A8DCC:8I>DCHI=6I EGDK>9:688:HHID EDL:G

;GDBI=: ,DB> 8=6HH>HVHH>M
�� 76II:GN8DBE6GIB:CI�1 : G:8DBB:C9 JH>C<G:8=6G<:67A:�� (>'"

8:AAH	L=>8=G:HJAIH>C6 CDB>C6AKDAI6<:D;��� 0 ���� 0 E:G8:AA��3DJ 86C6AHDJH: 6A@6A>C:8:AAH	L=>8=

LDJA9�CDB>C6AAN�<>K:�NDJ��0�

.=: C:<6I>K: 76II:GNKDAI6<:>H8DCC:8I:9 ID !(�� .=: EDH>I>K:76II:GNKDAI6<:>H9:H><C6I:9VBAT�

0�� . ;::9H >CID6 G:K:GH:EGDI:8I>DC8>G8J>I6C9 I=:C 6 EDL:GHL>I8=>C<8>G8J>I8DCIGDAA:97NI=: DC


7D6G9�EJH=7JIIDC�DG�HA>9:�HL>I8=��.=:�DJIEJI�D;�I=:�EDL:G�HL>I8=>C<�8>G8J>I�>H�9:H><C6I:9VSW�

0-1 EGDK>9:HEDL:GID I=: BDIDGHI=GDJ<=I=: DC
7D6G9�, 0���� BDIDG9G>K:GH	HDI=: BDIDGH86C

DCAN�DE:G6I:�>;�I=:�76II:G>:H�6G:�>CHI6AA:9�6C9�I=:�EDL:G�HL>I8=�8>G8J>I�>H�DC�

.=: G:K:GH:EGDI:8I:9 6C9 HL>I8=:9 76II:GNKDAI6<:DC0-1 86C 7: BDC>IDG:9I=GDJ<=6 KDAI6<:

9>K>9:GI=6I >H8DCC:8I:9 IDanalog pin 1 �* �� 7N9:;6JAI� .=: 9>K>9:GDJIEJIH6 KDAI6<:I=6I >H:FJ6A

ID DC: I=>G9D; I=: 76II:GNKDAI6<:	L=>8=L>AA7: H6;:AN7:ADL I=: � .B:<6��/�V H B6M>BJB 6C6AD<

>CEJIKDAI6<:D; � 0 6HADC<6HI=: 76II:GNKDAI6<:>HA:HHI=6C�� 0 �I=DJ<= I=: B6M>BJB KDAI6<:;DG

I=: 7D6G9>HHI>AAA>B>I:9ID�
�� 0 7NI=: �, 0���� BDIDG9G>K:G��.=: readBatteryMillivolts() ;JC8I>DC

>CI=: ,DB>��/� A>7G6GN86C7: JH:9 ID9:I:GB>C: I=: 76II:GNKDAI6<:;GDBI=>HG:69>C<�.=: HJG;68:


BDJCI ?JBE:GA67:A:9T�� � �� .&�0U 86C7: 8JI ID9>H8DCC:8II=: KDAI6<:9>K>9:G6C9;G:: I=: E>C;DG

DI=:G�JH:H�

Power switch circuit

.=: ,DB> ��/� �DCIGDA�D6G9JH:H I=: E6I:CI:9 A6I8=>C<8>G8J>I;GDBI=: Pololu pushbutton power

switch [https://www.pololu.com/product/2808]	 L=>8=EGDK>9:H6 HDA>9
HI6I:EDL:G HL>I8=;DGNDJGGD7DI

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���,DB>���/���DCIGDA��D6G9 *6<:����D;���

https://www.pololu.com/product/2736
https://www.pololu.com/file/download/LSM6DS33.pdf?file_id=0J1087
https://www.pololu.com/file/download/LSM6DS33.pdf?file_id=0J1087
https://www.pololu.com/product/2808
https://www.pololu.com/product/2808


8DCIGDAA:9L>I=I=: DC
7D6G9EJH=7JIIDC��N 9:;6JAI	 I=>HEJH=7JIIDC86C7: JH:9 IDID<<A:EDL:G�DC:

EJH=IJGCHDCEDL:G6C9 6CDI=:GIJGCH>ID;;� �AI:GC6I>K:AN	 6 H:E6G6I:EJH=7JIIDC86C7: 8DCC:8I:9

ID I=: PWRA 6C9 PWRB E>CH6C9 JH:9 >CHI:69�'JAI>EA:EJH=7JIIDCH86C 7: L>G:9>CE6G6AA:A;DG

BJAI>EA:8DCIGDAED>CIH	6C9:68= D; I=: E6G6AA:AEJH=7JIIDCH	>C8AJ9>C<I=: DC: DCI=: 7D6G9>IH:A;	L>AA

7: 67A: ID IJGCI=: HL>I8=DCDGD;;� The latching circuit performs some button debouncing, but

pushbuttons with excessive bouncing (several ms) might not function well with it.

 DG EGDE:GEJH=7JIIDCDE:G6I>DC	I=: 7D6G9VH HA>9:HL>I8=H=DJA97: A:;I >C>IHOff

EDH>I>DC��-A>9>C<I=: HL>I8=ID I=: )C EDH>I>DCL>AA86JH: I=: 7D6G9EDL:GID A6I8=DC	

6C9 I=: HL>I8=BJHI 7: G:IJGC:9ID I=: ); ; EDH>I>DC7:;DG: I=: 7D6G986C7: IJGC:9D;;

L>I=�I=:�EJH=7JIIDC��

�AI:GC6I>K:AN	 ID9>H67A:I=: EJH=7JIIDC	NDJ86C8JI I=: 7JIIDC?JBE:GA67:A:9Btn Jmp� I=>HIG6CH;:GH

8DCIGDAD;I=: 7D6G9VHEDL:GIDI=: DC
7D6G9HA>9:HL>I8=>CHI:69�� H:E6G6I:HA>9:DGID<<A:HL>I8=86C

7:�8DCC:8I:9�ID�I=: GATE E>C�6C9�JH:9�>CHI:69�

.=: EDL:G HL>I8=8>G8J>I6AHDD;;:GHH:K:G6A6AI:GC6I:EJH=7JIIDC8DCC:8I>DCDEI>DCHI=6I G:HJAI>C

EJH=
DC
DCANDGEJH=
D;;
DCANDE:G6I>DC	6C9699>I>DC6A>CEJIH:C67A: ;JGI=:GEDL:G8DCIGDADEI>DCHA>@:

6AADL>C<NDJGGD7DIIDIJGCD;; >IHDLCEDL:G� .=:H: 69K6C8:9 8DCIGDADEI>DCH6G:6K6>A67A:I=GDJ<=I=:

7JIIDC�8DCC:8I>DC�E>CH�6C9�;DJG�8DCIGDA�>CEJIH�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���,DB>���/���DCIGDA��D6G9 *6<:����D;���



PIN Description

*1,�
�DCC:8I I=GDJ<=BDB:CI6GNHL>I8=ID E>CT*1,�U ;DGHI6C96G9EJH=
DC�EJH=
D;;

DE:G6I>DC���DCC:8I�I=GDJ<=�BDB:CI6GN�HL>I8=�ID�<GDJC9�;DG�DC
DCAN�DE:G6I>DC�

*1,�
�DCC:8I I=GDJ<=BDB:CI6GNHL>I8=ID E>CT*1,�U ;DGHI6C96G9EJH=
DC�EJH=
D;;

DE:G6I>DC�

)(
� =><=EJAH:�� � 0� DCI=>HE>CIJGCHDCI=: HL>I8=8>G8J>I�This pin only functions when

pushbutton operation is enabled (i.e. the button jumper has not been cut).

)  

� =><=EJAH:�� � 0� DCI=>HE>CIJGCHD;; I=: HL>I8=8>G8J>I�:�<� 6AADL>C<6 EDL:G:9

9:K>8: ID H=JID;; >IHDLC EDL:G�� This pin only functions when pushbutton operation

is enabled.

�.,&

1>I= EJH=7JIIDCDE:G6I>DC:C67A:9	 I=>HE>C9>G:8IAN9:I:GB>C:HI=: HI6I: D;I=: HL>I8=

8>G8J>I�� =><=EJAH:�� � 0� DCI=>HE>CIJGCHDCI=: HL>I8=�6 ADLEJAH:�:�<� 9G>K>C<

I=: E>CADLL>I=6 B>8GD8DCIGDAA:GDJIEJI A>C:DGEJH=>C<6 7JIIDC8DCC:8I:9 ;GDBI=>H

E>CID <GDJC9�IJGCHI=: HL>I8=D;;� &:6K: I=>HE>C9>H8DCC:8I:9DG;AD6I>C<L=:C CDI

IGN>C<IDH:I I=: HL>I8=HI6I:� (DI: I=6I I=>HE>CH=DJA9CDI7: 9G>K:C=><=6I I=: H6B:

I>B:�I=:�T)  U�E>C�>H�9G>K:C�=><=�

!� .�

1>I= EJH=7JIIDCDE:G6I>DC9>H67A:9�7JIIDC?JBE:G8JI�	 I=>HE>C8DCIGDAHI=: HI6I: D;

I=: HL>I8=8>G8J>I�9G>K>C<>IADLIJGCHI=: HL>I8=DC	L=>A:A:II>C<>I;AD6IIJGCHI=: HL>I8=

D;;� �DCC:8I I=GDJ<=HA>9:DGID<<A:HL>I8=ID <GDJC9;DGDC�D;; DE:G6I>DC�&:6K: I=>H

E>C9>H8DCC:8I:9DG;AD6I>C<;DGEGDE:GEJH=7JIIDCDE:G6I>DC�1 : G:8DBB:C9 DCAN

:K:G 9G>K>C<I=>HE>CADLDGA:6K>C<>I;AD6I>C<�I=>HE>CH=DJA9never 7: 9G>K:C=><=L=>A:

I=:�HA>9:�HL>I8=�>H�>C�I=:�T)CU�EDH>I>DC�

5 V and 3.3 V regulators

0-1 HJEEA>:HEDL:GID 6 � 0 G:<JA6IDG	 L=DH: DJIEJI >H9:H><C6I:9 VREG� .=: 76II:GNKDAI6<:>H

G:<JA6I:9ID � 0 7N 6C '*����" HL>I8=>C<7J8@8DCK:GI:G�6AI=DJ<=I=: G:<JA6IDG>IH:A;LDG@HL>I=

>CEJIKDAI6<:HJE ID �� 0	 I=: BDIDG9G>K:GHA>B>II=: 8DCIGDA7D6G9VHB6M>BJB >CEJIKDAI6<:ID �
�� 0�

1=:C 6K6>A67A:	0,�! >H<:C:G6AANJH:9 ID HJEEANAD<>8EDL:G;DGI=: � .B:<6��/�	 BDIDG9G>K:GH	

6C9 :C8D9:GH�.=: G:HID; I=: G:<JA6IDGVH68=>:K67A:DJIEJI 8JGG:CI	L=>8=9:E:C9H DC>CEJIKDAI6<:

6C96B7>:CI 8DC9>I>DCH	86C7: JH:9 IDEDL:GDI=:G9:K>8:H�I=>H86C>C8AJ9:6C6II68=:9 ,6HE7:GGN

*> �L=>8= INE>86AAN9G6LH6 ;:L =JC9G:9B>AA>6BEH��/C9:G INE>86A8DC9>I>DCH	JE ID � � D; 8JGG:CI>H

6K6>A67A:;GDBI=: 0,�! DJIEJI� �1 : 6AHDB6@: 6 standalone regulator [https://www.pololu.com/product/

2858] 76H:9�DC�I=>H�>CI:<G6I:9�8>G8J>I��

.=: '*����" G:<JA6IDG;:6IJG:H 6C DE:C
9G6>CEDL:G<DD9DJIEJI	 PG	 L=>8=G:FJ>G:H6C :MI:GC6A

EJAA
JE�*! 9G>K:HADLL=:C I=: � 0 G:<JA6IDGVHDJIEJIKDAI6<:;6AAH7:ADL6GDJC9��� D; I=: CDB>C6A

KDAI6<:6C97:8DB:H =><=
>BE:96C8:L=:C I=: DJIEJIKDAI6<:G>H:H67DK: 6GDJC9�
�� .=: G:<JA6IDG

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���,DB>���/���DCIGDA��D6G9 *6<:����D;���

https://www.pololu.com/product/2858
https://www.pololu.com/product/2858


8>G8J>IDC I=: ,DB> ��/� �DCIGDA�D6G9 86C 7: 9>H67A:97N 9G>K>C<I=: G:<JA6IDGH=JI9DLCE>C	

REGSHDN	 =><=�I=>HL>AA86JH: � 0 AD<>8EDL:G;DGI=: 8DCIGDA7D6G9ID7: HDJG8:9;GDB/-� >CHI:69

>;�>I�>H�6K6>A67A:�

.=: ,DB> ��/� �DCIGDA�D6G96AHD8DCI6>CH6 ��� 0 &�) I=6I 9G6LH>IHEDL:G;GDBI=: DJIEJI D; I=:

AD<>8EDL:GH:A:8I>DC8>G8J>I9:H8G>7:97:ADL� .=: DJIEJID; I=: ��� 0 G:<JA6IDG>H9:H><C6I:93V3 6C9

>H�JH:9�ID�HJEEAN�I=:�DC
7D6G9�>C:GI>6A�H:CHDGH�6C9�A:K:A�H=>;I:GH�

Logic power selection

.=: ,DB> ��/� �DCIGDA�D6G9VH EDL:G H:A:8I>DC8>G8J>IJH:H I=: TPS2113A power multiplexer

[https://www.pololu.com/product/2596] ;GDB . :M6H #CHIGJB:CIHID 8=DDH: L=:I=:G >IH � 0 HJEEAN

�9:H><C6I:9 5V� >HHDJG8:9;GDB/-� DGI=: 76II:G>:HK>6I=: � 0 G:<JA6IDG	 :C67A>C<I=: 8DCIGDA7D6G9

ID H6;:AN6C9 H:6BA:HHANIG6CH>I>DC7:IL::C I=:B� .=: .*-�� ��� >H8DC;><JG:9ID H:A:8I G:<JA6I:9

76II:GNEDL:G�0,�!� JCA:HHI=: G:<JA6IDGDJIEJI ;6AAH7:ADL67DJI ��� 0� #;I=>H=6EE:CH	>IL>AAH:A:8I

I=: =><=:GD; I=: ILD HDJG8:H	L=>8=L>AAINE>86AAN7: I=: /-� � 0 7JH KDAI6<:>;I=: 8DCIGDA7D6G9>H

8DCC:8I:9�ID�/-��

�DCH:FJ:CIAN	 L=:C I=: ,DB> ��/� �DCIGDA�D6G9>H8DCC:8I:9 ID6 8DBEJI:GK>6/-�	 >IL>AAG:8:>K:

� 0 AD<>8EDL:G:K:C L=:C I=: EDL:GHL>I8=>HD;;� .=>H86C7: JH:;JA>;NDJL6CI ID JEAD69DGI:HI 6

EGD<G6BL>I=DJI9G6L>C<EDL:G;GDBI=: 76II:G>:H6C9L>I=DJIDE:G6I>C<I=: BDIDGH�#I>HH6;: ID=6K:

/-��8DCC:8I:9�6C9�76II:GN�EDL:G�HL>I8=:9�DC�6I�I=:�H6B:�I>B:�

.=: 8JGG:CIANH:A:8I:9 HDJG8:>H>C9>86I:97N I=: STAT E>C�I=>HE>C>H6C DE:C
9G6>CDJIEJI I=6I >H

ADL>;I=: :MI:GC6AEDL:GHDJG8:>HH:A:8I:9 6C9 =><=
>BE:96C8:>;I=: /-� HJEEAN>HH:A:8I:9� .=:

8JGG:CIA>B>ID; I=: .*-�� ��� >HH:I ID 67DJI ��� � CDB>C6AAN�  DGBDG: >C;DGB6I>DC67DJI I=: EDL:G

BJAI>EA:M:G	 H:: I=: TPS2113A datasheet [https://www.pololu.com/file/download/tps2113a.pdf?file_id=0J771]

��'��E9;��

.=: � 0 DJIEJI D; I=: H:A:8I>DC8>G8J>I>HJH:9 ID HJEEANI=: 8DCIGDA7D6G9VH � .B:<6��/�

B>8GD8DCIGDAA:G	 AD<>8EDL:G;DGI=: �, 0���� BDIDG9G>K:GH	6C9I=: :C8D9:GH�>I6AHDDEI>DC6AANEDL:GH

6C�6II68=:9�,6HE7:GGN�*>�

Raspberry Pi power

�N 9:;6JAI	 I=: 8DCIGDA7D6G9L>AAEGDK>9:EDL:G;GDB>IH�0 A>C:ID 6C 6II68=:9 ,6HE7:GGN*>� #CI=>H

H>IJ6I>DC	L: G:8DBB:C9 HL>I8=>C<DCI=: EDL:G 8>G8J>IHDI=6I I=: ,6HE7:GGN*> G:8:>K:HEDL:G

;GDBI=: 76II:G>:HI=GDJ<=I=: 8DCIGDA7D6G9VHDC
7D6G9HL>I8=>C<G:<JA6IDG� �AI:GC6I>K:AN	 NDJ86CJH:

6 USB wall power adapter [https://www.pololu.com/product/1459] ID HJEEANEDL:G I=GDJ<=I=: 8DCIGDA

7D6G9VH/-� 8DCC:8IDG	 6AI=DJ<=L: =6K: HDB:I>B:H D7H:GK:9� 0, 7GDLC
DJIG:H:IHD88JGG>C<L=:C

6 7D6G9EDL:GHI=: ,6HE7:GGN*> I=>HL6N� � INE>86A8DBEJI:G/-� EDGIB><=ICDI7: 67A: ID HJEEAN

:CDJ<=�8JGG:CI�ID�EGDE:GAN�EDL:G�I=:�,DB>���/���DCIGDA��D6G9�6C9�6C�6II68=:9�,6HE7:GGN�*>�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���,DB>���/���DCIGDA��D6G9 *6<:����D;���

https://www.pololu.com/product/2596
https://www.pololu.com/product/2596
https://www.pololu.com/file/download/tps2113a.pdf?file_id=0J771
https://www.pololu.com/product/1459


*DL:G EGDK>9:9ID I=: ,6HE7:GGN*> 86C 7: HL>I8=:9 D;; 7N 9G>K>C<I=: ,6HE7:GGN*> H=JI9DLCE>C	

RPISHDN	�ID�� 0�

�C >9:6A9>D9:8>G8J>IDCI=: 8DCIGDA7D6G9B6@:H>IH6;: ID=6K: 6 9>;;:G:CI EDL:GHJEEAN8DCC:8I:9 ID

I=: ,6HE7:GGN*> �;DG:M6BEA:	 I=GDJ<=I=: ,6HE7:GGN*>VH/-� '>8GD
� G:8:EI68A:�L=>A:I=: 8DCIGDA

7D6G9>H8DCC:8I:9 6C9 EDL:G:9� �#CDI=:GLDG9H	>I>HH6;: ID =6K: 6CN8DB7>C6I>DCD; 8DCIGDA7D6G9

/-� EDL:G	 76II:GNEDL:G	 6C9 ,6HE7:GGN*> /-� EDL:G8DCC:8I:9 ID I=: HNHI:B�� .=: RPI5V E>C

EGDK>9:H9>G:8I688:HHID I=: ,6HE7:GGN*>VH� 0 A>C:	L=>8=L>AAINE>86AAN8DB: ;GDBI=: =><=:GD; I=:

ILD�EDL:G�HDJG8:H��.=:���� 0�DJIEJI�D;�I=:�,6HE7:GGN�*>�>H�6AHD�B69:�6K6>A67A:�DC�I=:RPI3V3 E>C�

(DI: I=6I I=: 9>D9:8>G8J>IEG:K:CIHEDL:G;GDB7:>C<H=6G:9>CI=: G:K:GH:9>G:8I>DC�I=: ,6HE7:GGN

*>�86CCDI�HJEEAN��0�AD<>8�EDL:G�ID�I=:�8DCIGDA�7D6G9�I=GDJ<=�I=:��

E>C�8DCC:8IDG�

Power distribution

P VBAT >H8DCC:8I:9 IDI=: 76II:GN8DCI68IA67:A:9BAT1+ 6C9EGDK>9:H6 9>G:8I8DCC:8I>DCID

I=:�76II:GN�HJEEAN�

P VRP EGDK>9:H�688:HH�ID�I=:�76II:GN�KDAI6<:�6;I:G�G:K:GH:
KDAI6<:�EGDI:8I>DC�

P VSW >H�I=:�76II:GN�KDAI6<:�6;I:G�G:K:GH:�EGDI:8I>DC�6C9�I=:�EDL:G�HL>I8=�8>G8J>I�

P VREG >H�I=:�DJIEJI�D;�I=:�DC
7D6G9��0�G:<JA6IDG�

P 5V >HI=: DJIEJI D; I=: .*-�� ��� EDL:GBJAI>EA:M:G8>G8J>IL=>8=>H8DCC:8I:9 ID 0,�! 7N

9:;6JAI	�7JI�HL>I8=:H�ID��0�/-��EDL:G�>;�0,�!�>H�IDD�ADL �

P 3V3 >H�I=:�DJIEJI�D;�I=:���� 0�&�)�G:<JA6IDG�

-:: Section 3.6 ;DG�6�9>6<G6B�D;�I=:�7D6G9VH�EDL:G�9>HIG>7JI>DC�7JH:H�6C9�688:HH�ED>CIH�

3.6. Expansion areas

.=: ,DB> ��/� �DCIGDA�D6G9 =6H H:K:G6A:ME6CH>DC6G:6H�EG>B6G>AN>CI=G:: <GDJEHC:6G I=:

;GDCIA:;I 6C9 B>99A: 6C9 768@G><=I:9<:H� I=6I 7G:6@DJI 6AAD; I=: <:C:G6A
EJGEDH:#�) A>C:H

;GDBI=: � .B:<6��/� B>8GD8DCIGDAA:G6C9 I=: ,6HE7:GGN*>� .=: 7D6G96AHDEGDK>9:H688:HH ID

K6G>DJHEDL:G >CEJIH	DJIEJIH	6C9 8DCIGDAE>CH	6C9 >IB6@:H 6 ;:L HI6C9
6ADC:7JH:H 6K6>A67A:

ID =:AENDJB6@: 8DCC:8I>DCH�.=: ;DAADL>C<9>6<G6BH>9:CI>;NI=: AD86I>DCHD; I=:H: E>CH6C9 I=:

=6G9L6G:6HHD8>6I:9L>I= I=:B� I=:N 6G: 6AHD6K6>A67A:6H 6 printable PDF [https://www.pololu.com/

file/download/romi-32u4-control-board-pinout-power.pdf?file_id=0J1261] ��'� E9;��  DGBDG:>C;DGB6I>DC67DJI

I=:�� .B:<6��/��B>8GD8DCIGDAA:G�6C9�>IH�E:G>E=:G6AH	�H::��IB:AVH�� .B:<6��/��9D8JB:CI6I>DC�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���,DB>���/���DCIGDA��D6G9 *6<:����D;���
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Pinout diagram of the Romi 32U4 Control Board (ATmega32U4 pinout, peripherals, and board
power control).
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Pinout diagram of the Romi 32U4 Control Board (Raspberry Pi pinout, peripherals, and level
shifters).
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Power distribution diagram of the Romi 32U4 Control Board.

3.7. Raspberry Pi interface and level shifters

.=: ,DB> ��/� �DCIGDA�D6G9 L6H 9:H><C:9 ID 7: :6HN ID >CI:G;68:L>I= 6 ,6HE7:GGN*> H>C<A:


7D6G98DBEJI:G ID :ME6C9I=: ,DB>VH EGD8:HH>C<EDL:G� #I =6H 6 8DCC:8IDG6C9 BDJCI>C<=DA:H

B6I8=>C<I=: ,6HE7:GGN*> "� . �"6G9L6G: �II68=:9 DC. DE�HE:8>;>86I>DC6C9>H9:H><C:9ID8DCC:8I

ID I=: 'D9:A �� 6C9 C:L:G K:GH>DCHD; I=: ,6HE7:GGN*> L>I= �

E>C !*#) =:69:GH �>C8AJ9>C<

I=: Raspberry Pi 3 Model B [https://www.pololu.com/product/2759] 6C9 Model A+ [https://www.pololu.com/

product/2760]�� � �W�

E>C 
��Y ;:B6A: =:69:G >HHDA9:G:9IDI=: 8DCIGDA7D6G9	6C9>IH=>EHL>I=6 H:I D;

;DJGstandoffs [https://www.pololu.com/product/1952]	 screws [https://www.pololu.com/product/1968]	 6C9nuts

[https://www.pololu.com/product/1967]�
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I²C communication

1=:C JH:9 L>I= 6 ,6HE7:GGN*>	 I=: 8DCIGDA7D6G9>H9:H><C:9 ID H:GK: 6H 6C 6JM>A>6GN8DCIGDAA:G	

8DBBJC>86I>C<L>I= I=: ,6HE7:GGN*> JH>C<6C #X� >CI:G;68:�6AHD@CDLC6H �
L>G: -:G>6A#CI:G;68:	

DG.1#�� �H HJ8=	 I=: � .B:<6��/� B>8GD8DCIGDAA:GVH #X� 96I6 6C9 8AD8@A>C:H�-�� 6C9 -�&� 6G:

8DCC:8I:9 ID I=: 8DGG:HEDC9>C<A>C:HDCI=: ,6HE7:GGN*>VH#X� 7JH � I=GDJ<=DC
7D6G9A:K:A
H=>;I>C<

8>G8J>IH�.=:H: 7>9>G:8I>DC6AA:K:AH=>;I:GH8DCK:GI7:IL::C I=: � 0,VH� 0 AD<>8A:K:A6C9I=: ,6HE7:GGN

*>VH���� 0�AD<>8�A:K:A�

1 : =6K: LG>II:C6C Arduino library [https://github.com/pololu/pololu-rpi-slave-arduino-library] ;DGDJGDJG

��/� ;6B>AND;7D6G9HI=6I A:IHI=:B 68I 6H6C#X�HA6K:6C9EGDK>9:H6 ;G6B:LDG@;DG8DBBJC>86I>DC

7:IL::C�I=:�� .B:<6��/��6C9�6�,6HE7:GGN�*>�B6HI:G �

� tutorial [https://www.pololu.com/blog/577] DCI=: *DADAJ7AD<9:BDCHIG6I:HI=>HA>7G6GN6C9 >IH>C8AJ9:9

:M6BEA: 8D9:	 JH>C<I=:B ID B6@: 6 GD7DII=6I 86C 7: G:BDI:AN8DCIGDAA:96C9 BDC>IDG:9I=GDJ<=

6 L:7 H:GK:GGJCC>C<DCI=: ,6HE7:GGN*>� .=>H IJIDG>6AJH:H DJGA-Star 32U4 Robot Controller

SV [https://www.pololu.com/product/3119] 6C9 6 A6H:G8JI 8=6HH>H	7JI I=: >CHIGJ8I>DCH;DGH:II>C<JE NDJG

,6HE7:GGN*> 6C9 ,6HE7:GGN*> HA6K:A>7G6GN;DG�G9J>CDHI>AA6EEAN;DGI=: ,DB> ��/� �DCIGDA�D6G9	

6C9�L:�L>AA�7:�G:A:6H>C<�6C�JE96I:9�IJIDG>6A�L>I=�HI:EH�HE:8>;>8�ID�I=:�,DB>�HDDC�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���,DB>���/���DCIGDA��D6G9 *6<:��
�D;���
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Raspberry Pi robot using the A-Star 32U4 Robot Controller.

General-purpose level shifters

#C699>I>DCID I=: 9:9>86I:9 #X� A:K:AH=>;I:GH	I=: 7D6G96AHDB6@:H6K6>A67A:6 ;:L <:C:G6A
EJGEDH:

A:K:A�H=>;I:GH�I=6I�6G:�CDI�8DCC:8I:9�ID�6CN�H><C6AH�7N�9:;6JAI�

LS1 >H6 9J6A
8=6CC:AJC>9>G:8I>DC6AA:K:AH=>;I:GI=6I 8DCK:GIH6 E6>GD; � 0 >CEJIH�HA 6C9 HB� ID 6

E6>G�D;�8DGG:HEDC9>C<����0�DJIEJIH��LA 6C9LB��

LS2 6C9LS3 6G: :68= H>C<A:
8=6CC:A	IG>HI6I67A:	JC>9>G:8I>DC6AA:K:AH=>;I:GH��68= D; I=:H: :MEDH:H

;DJG�E>CH�OE �DJIEJI�:C67A:�	 IN �>CEJI�	OUT �H=>;I:9�DJIEJI�	�6C9VCC �AD<>8�HJEEAN�KDAI6<:��

P 1=:C )� >H�=><=	�)/.�>H�>C�6�=><=�>BE:96C8:�HI6I:�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
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P 1=:C )� >H�ADL	�)/.�B6I8=:H�I=:�HI6I:�D; IN	�H=>;I:9�ID�I=:�KDAI6<:�HJEEA>:9�DC�0���

 DG:M6BEA:	 >;NDJEJAA)� ADL	 8DCC:8I6 ��� 0 H><C6AID #(	 6C9 8DCC:8I�0 ID 0��	 I=: H><C6AL>AA

7:�H=>;I:9�ID�� 0�AD<>8�A:K:A�DC�)/.�

.=: >CEJIAD<>8A:K:A86C7: ��� 0 ID ��� 0	 L=>A:0�� �6C9 I=: DJIEJIAD<>8A:K:A�86C7: � 0 ID ��� 0�

.=: #( H><C6A86C=6K: :>I=:G6 ADL:GDG=><=:GAD<>8A:K:AI=6CI=: 0�� KDAI6<:�NDJ8DJA98DCC:8I6

� 0�H><C6A�ID�#(�6C9�6����0�ID�0�� or 6���� 0�H><C6A�ID�#(�6C9�6��0�ID�0���

Powering the Raspberry Pi from the control board

.=: 8DCIGDA7D6G9L>AAEGDK>9:� 0 EDL:GID6C6II68=:9 ,6HE7:GGN*> 7N9:;6JAI� -:: Section 3.5 ;DG

BDG:�9:I6>AH�67DJI�=DL�EDL:G�>H�H=6G:9�6C9�86C�7:�8DCIGDAA:9�7:IL::C�I=:�ILD�7D6G9H�

ID EEPROM

.=: ,DB> ��/� �DCIGDA�D6G9 >C8AJ9:H6 ��
@>AD7>I��
��
7NI:� ��*,)' I=6I 8DCC:8IHID I=:

,6HE7:GGN*>VH #�5-� 6C9 #�5-� E>CH�.=: ��*,)' H=>EHL>I= >IH8DCI:CIH7A6C@	7JI NDJ86C

EGD<G6B>I6H 6C #� ��*,)' >CI=: ;DGB6IHE:8>;>:97N I=: Raspberry Pi HAT specifications

[https://github.com/raspberrypi/hats]	 JH>C<I=: JI>A>I>:HEGDK>9:9I=:G:� 1=:C HJ>I67ANEGD<G6BB:9	I=:

��*,)' 86C=:AEI=: ,6HE7:GGN*> >9:CI>;N6C9 8DC;><JG:>IH:A;ID LDG@L>I=I=: ,DB> ��/� �DCIGDA

�D6G9�

1 G>I:EGDI:8I>DC;DGI=: ��*,)' 86C7: :C67A:9 7NJH>C<HDA9:GID7G>9<:I=: HJG;68:
BDJCI?JBE:G

A67:A:9�T1*U�C:MI�ID�I=:���*,)'�8=>E���.=:���*,)'�>H�CDI�LG>I:
EGDI:8I:9�7N�9:;6JAI��

3.8. Pin assignments

.=: I67A: 7:ADL A>HIHI=: BDHI >BEDGI6CIE>C6HH><CB:CIH;DGI=: � .B:<6��/� DCI=: ,DB> ��/�

�DCIGDA�D6G9� .=>HI67A: >H=:AE;JA>;NDJL6CI ID 699 NDJGDLC :A:8IGDC>8HID I=: ,DB> ��/�	 LG>I:

NDJGDLC ADL
A:K:A8D9: ;DG>CI:G;68>C<L>I=I=: =6G9L6G:	DG?JHIL6CI ID JC9:GHI6C97:II:G =DL I=:

,DB>���/��LDG@H���68=�GDL�G:EG:H:CIH�6�E=NH>86A�E>C�DC�I=:��.B:<6��/��

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
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.=: T�.B:<6��/� E>CC6B:U 8DAJBCH=DLH I=: D;;>8>6AC6B: D; I=: E>C688DG9>C<ID I=:

ATmega32U4 datasheet [http://www.atmel.com/devices/atmega32u4.aspx]�

.=: T�G9J>CDE>CC6B:HU8DAJBCA>HIHI=: C6B:H EGDK>9:97N I=: �G9J>CD:CK>GDCB:CI;DGI=: E>C�

.=:H: C6B:H 86C<:C:G6AAN7: JH:9 6H6G<JB:CIHID6CN;JC8I>DCI=6I I6@:H6 E>CCJB7:G� "DL:K:G 	

I=:G: 6G: HDB: :M8:EI>DCH� DG:M6BEA:	 E6HH>C<I=: CJB7:G � ID analogRead 68IJ6AANG:69HE>C��	

CDI�E>C�����AHD	�9J:�ID�=6G9L6G:�A>B>I6I>DCH	�HDB:�;JC8I>DCH�DCAN�LDG@�DC�6�A>B>I:9�H:I�D;�E>CH�

.=: T,DB> ��/� ;JC8I>DCHU8DAJBC9D8JB:CIH L=6I I=: E>C>HJH:9 ;DGDCI=: ,DB> ��/� �DCIGDA

�D6G9� '6CN E>CH86CH:GK:BJAI>EA:EJGEDH:H8DC8JGG:CIAN7NHL>I8=>C<BD9:H�  DG:M6BEA:	 *�


86CG:69I=: HI6I: D;7JIIDC� L=:C >I>H6C>CEJI	6C9>I86C8DCIGDAI=: G:9&�� 6C9H:GK:6H6C&��

96I6�A>C:�L=:C�>I�>H�6C�DJIEJI�

.=: T(DI:� 6AI:GC6I:;JC8I>DCHU8DAJBC9D8JB:CIH DI=:G;:6IJG:H D; I=: E>C	6AI=DJ<=HDB: D; I=DH:

;:6IJG:H�B><=I�7:�>BEG68I>86A�ID�JH:�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���,DB>���/���DCIGDA��D6G9 *6<:����D;���
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ATmega32U4

pin name

Arduino

pin names

Romi 32U4 Control Board

functions
Notes/alternate functions
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�C6AD<�>CEJI������
�

. >B:G��*1'�DJIEJI��

�)����

. >B:G
�8DJCI:G�HDJG8:��.
�

* � ��	��� �6II:GN�A:K:A�>CEJI��0#(���
�C6AD<�>CEJI�������

$. �!�I:HI�96I6�DJI��.�)�

*�� �
	���
	��� &:;I�'DIDG�*1' �C6AD<�>CEJI��������

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���,DB>���/���DCIGDA��D6G9 *6<:����D;���



ATmega32U4

pin name

Arduino

pin names

Romi 32U4 Control Board

functions
Notes/alternate functions

. >B:G��*1'�DJIEJI��
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*>C
8=6C<:�>CI:GGJEI
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-*#�'6HI:G�)JIEJI�-A6K:
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*>C
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�*�#(.��
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*>C
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ATmega32U4

pin name

Arduino

pin names

Romi 32U4 Control Board

functions
Notes/alternate functions

�MI:GC6A�>CI:GGJEI�HDJG8:

�#(.
 �

*�� �	�-��
#X��96I6�;DG�,6HE7:GGN�*>�8DBBJC>86I>DC

6C9�>C:GI>6A�H:CHDGH

�MI:GC6A�>CI:GGJEI�HDJG8:

�#(.� �

*�� 
 Free I/O

/�, .�G:8:>K:�E>C��,2���

�MI:GC6A�>CI:GGJEI�HDJG8:

�#(.� �

*�� � Free I/O

/�, .�IG6CHB>I�E>C��.2���

�MI:GC6A�>CI:GGJEI�HDJG8:

�#(.� �

*�� � Free I/O

. >B:G��*1'�DJIEJI��

�)����

. >B:G��*1'�DJIEJI��

�)��� �

*�� ��	��� �	��� Free I/O

�C6AD<�>CEJI�������

. >B:G��*1'�DJIEJI��

�)��� �

. >B:G��8DJCI:G�HDJG8:��.��

* � �
	��� Free I/O
�C6AD<�>CEJI�������

$. �!�I:HI�96I6�>C��.�#�

* � ��	��
 Free I/O

�C6AD<�>CEJI�������

$. �!�I:HI�BD9:�H:A:8I

�.'-�

* � ��	��� Free I/O
�C6AD<�>CEJI�������

$. �!�I:HI�8AD8@��.�%�

* � ��	��� Free I/O �C6AD<�>CEJI�������

,�-�. 
 ,:H:I�EJH=7JIIDC
>CI:GC6AAN�EJAA:9�=><=	�68I>K:

ADL

�,� 
 
 �C6AD<�G:;:G:C8:

3.9. Adding electronics

.=>H H:8I>DC<>K:HI>EH;DG=DL 699>I>DC6A:A:8IGDC>8H86C 7: 8DCC:8I:9 ID I=: ,DB> ��/� �DCIGDA

�D6G9�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
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���,DB>���/���DCIGDA��D6G9 *6<:����D;���



Free I/O pins

#; NDJL6CI NDJG699>I>DC6A9:K>8:H ID H:C9 DGG:8:>K: >C;DGB6I>DC;GDBI=: � 0,	 NDJL>AAC::9 ID

8DCC:8II=:B ID DC: DGBDG: D; I=: � 0,VH#�) E>CH�.=: E>C6HH><CB:CII67A: >CSection 3.8 A>HIH6AA

D; I=:H: E>CH6C9 =DL I=:N 6G: JH:9� '6CN D; I=: #�) E>CH6G: 6AG:69N7:>C<JH:9 ;DGHDB: DI=:G

EJGEDH:DCI=: 7D6G9	7JI I=:G: 6G: � ;G:: #�) E>CH�
	 �	 �	 ��	 �
	 ��	 ��	 6C9 ��� �CN D; I=: ;G:: #�

)�A>C:H�86C�7:�JH:9�6H�76H>8�9><>I6A�>CEJIH�DG�DJIEJIH��:68=�E>C�6AHD�=6H�HDB:�HE:8>6A�86E67>A>I>:H�

*>C�
��*����6C9�E>C����*����6G:�I=:�,2�6C9�.2�A>C:H�D;�I=:�� 0,VH�..&�H:G>6A�EDGI�

*>C� �*��� >H6 =6G9L6G:*1' DJIEJI6C9>HJH67A:L>I=I=: �G9J>CDanalogWrite() ;JC8I>DC�*>C��

��� �� *��� 86C6AHD7: JH:9 6H6 *1' DJIEJI	 7JI >I>HCDIHJEEDGI:97NanalogWrite() 	 6C9JH>C<E>C

�� ;DG*1' B><=I8DC;A>8IL>I=JH:H D; E>C� �L=>8=8DCIGDAHI=: 7JOO:G7N9:;6JAI� 6HI=:H: ILD E>CH

6G:�8DBEA:B:CI6GN�DJIEJIH�D;�.>B:G��8=6CC:A���

*>CH�� ��� �� *���	 �
 ���� * ��	 �� ��
� * ��	 �� ���� * ��	 6C9 �� ���� * �� 86C7: JH:9 6H6C6AD<

>CEJIH�

Freeing up more I/O pins

#;I=: ;G:: #�) E>CH6G: CDIHJ;;>8>:CI;DG8DCC:8I>C<I=: 9:K>8:HNDJL6CI ID 8DCC:8I	NDJB><=IC::9

ID9>H67A:DG9>H8DCC:8IHDB: D; I=: DI=:G;:6IJG:H D;I=: ,DB> ��/� �DCIGDA�D6G9ID;G:: JE BDG:#�

)�E>CH�

#;NDJ9DCDIC::9 I=: � 0, ID7: 67A:IDB:6HJG: I=: 76II:GNKDAI6<:	NDJ86CJH: E>C�� ���� * �� ;DG

DI=:GEJGEDH:H�.=>HE>C86C7: JH:9 ;DG9><>I6A>CEJI6C9DJIEJI	 6HL:AA6H6C6AD<>CEJI�#;NDJL6CI

IDJH: I=>HE>C6H6 9><>I6ADG6C6AD<>CEJI	NDJB><=IC::9 ID8JI I=: HJG;68:
BDJCI?JBE:GA67:A:9T��

� �� .&�0U >CDG9:GID 9>H8DCC:8I>I;GDBI=: DC
7D6G9KDAI6<:9>K>9:G� #;NDJDCANL6CI ID JH: �� 6H

6C�DJIEJI	�NDJ�B><=I�CDI�C::9�ID�8JI�I=6I�?JBE:G�

#;NDJ6G:CDI8DCC:8I>C<6C&�� IDI=: 7D6G9VH&�� 8DCC:8IDG	 I=:C E>C� � �*��� 6C9E>C� ���� *���

6G: ;G::� �DI= E>CH86C7: JH:9 ;DG9><>I6A>CEJI6C9DJIEJI� #C699>I>DC	E>C� � 86C7: JH:9 6H6 *1'

DJIEJI�6C9�6�E>C�8=6C<:�>CI:GGJEI�6C9�E>C���86C�7:�JH:9�6H�6C�6C6AD<�>CEJI�

#; NDJ6G: CDI8DCC:8I>C<6C &�� ID I=: 7D6G9VH &�� 8DCC:8IDG	 NDJ86C JH: I=: &�� 8DCIG6HI

EDI:CI>DB:I:G;DGDI=:GEJGEDH:H�.=: DJIEJI D; I=: EDI:CI>DB:I:G>H6 
 0 ID � 0 H><C6AL=>8=>H

688:HH>7A:DCI=: &�� 8DCC:8IDG� #I86C7: 8DCC:8I:9 ID 6CN;G:: 6C6AD<>CEJI>;NDJL6CI ID G:69 >I

;GDB�I=:�� 0,	�DG�>I�B><=I�7:�JH:;JA�ID�8DCC:8I�>I�ID�I=:�DI=:G�:A:8IGDC>8H�I=6I�NDJ�6G:�699>C<�

#;NDJ9D CDIC::9 ID JH: I=: 7JOO:G	 NDJ86C ;G:: JE E>C� ���� *��� 7N 8JII>C<I=: HJG;68:
BDJCI

?JBE:GA67:A:9T� � �JOO:GU�*>C� 86C 7: JH:9 6H 6 *1' DJIEJI	 9><>I6A#�) A>C:	DG6C6AD<>CEJI�

�>H67A>C<I=: 7JOO:G6AHD;G::H JE . >B:G�	 L=>8==6HH:K:G6A*1' DJIEJI E>CH�.=:H: E>CH86C7:

JH:9�6H�*1'�DJIEJIH�>;�I=:N�6G:�CDI�C::9:9�;DG�I=:>G�CDGB6A�I6H@H�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���,DB>���/���DCIGDA��D6G9 *6<:����D;���



#;NDJ9DCDIC::9 :C8D9:GH	NDJ86C;G:: JE E>C� �*���	 E>C� ���� *���	 *��	 6C9E>C�� ���� * 
��

�68= D; I=DH: E>CH=6H6 8DGG:HEDC9>C<HJG;68:BDJCI ?JBE:GDCI=: 7DIIDBD; I=: 7D6G9I=6I 86C7:

8JI�>C�DG9:G�ID�9>H8DCC:8I�I=:�:C8D9:G�DJIEJI�;GDB�I=:��0,�

�: 86G:;JA67DJI 8DCC:8I>C<:A:8IGDC>8HID E>C�� �*���	 E>C�� �*�
�	 6C9 E>C�
 �*���� .=:H: E>CH

6G:JH:9 ID8DCIGDAI=: &��H DCI=: ,DB> ��/�� �AAI=G:: D;I=:H: E>CH6G:8DCIGDAA:96HDJIEJIH7NI=:

7DDIAD69:G� *>C�� �*�
� 6C9 E>C�
 �*��� 6G: JH:9 6H,2 6C9 .2 >C9>86IDGH	HD>;NDJ6G: H:C9>C<

DGG:8:>K>C<96I6 DK:G/-� I=:C I=: �G9J>CD/-� 8D9: L>AA9G>K:I=DH: E>CH>C>IH>CI:GGJEIH:GK>8:

GDJI>C:H�L=>A:�NDJG�H@:I8=�>H�GJCC>C<�

I²C devices

#IH=DJA97: EDHH>7A:ID 6II68= 699>I>DC6A#X� HA6K:9:K>8:HID I=: 8DCIGDA7D6G9VH#X� 7JH 6HADC<6H

I=: 699>I>DC6A9:K>8:HVHA6K:699G:HH:H9D CDI8DC;A>8IL>I= I=6I D; I=: &-'��-��	 L=>8=JH:H �
7>I

699G:HH� �
�
� �� .=: � .B:<6��/�V H#X� E>CH�� 6C9�� DE:G6I:6I � 0� #;NDJ6G:8DCC:8I>C<6 ��� 0

9:K>8:	 NDJ86C8DCC:8I>IIDI=: ��� 0 H>9:D;I=: 7JH>CHI:69�688:HH>7A:I=GDJ<=,6HE7:GGN*> !*#)

E>CH�	 ;DG-��	 6C9�	 ;DG-�&	 :K:C >;6 ,6HE7:GGN*> >HCDI8DCC:8I:9�� -:E6G6I: A:K:AH=>;I:GHB><=I

7:�C:8:HH6GN�ID�>CI:G;68:�L>I=�9:K>8:H�I=6I�JH:�DI=:G�KDAI6<:H�

#;NDJ9D CDIL6CI ID JH: I=: >C:GI>6AH:CHDGHDCI=: #X� 7JH	 NDJ86C8JI I=: HJG;68:
BDJCI?JBE:GH

A67:A:9T#'/ -�� $BEU6C9T#'/ -�& $BEU�.=>H;G::H JE E>C� �*��� 6C9E>C� �*�
� ;DGA>B>I:9JH:

6H9><>I6A>CEJIH6C9DJIEJIH6HADC<6H6 ,6HE7:GGN*> >HCDI6II68=:9 ID I=: 8DCIGDA7D6G9�(DI: I=6I

I=: � 0,VH#X� E>CHL>AAG:B6>C8DCC:8I:9 ID I=: DC
7D6G9#X� A:K:AH=>;I:GH6C9 L>AAI=:G:;DG:HI>AA7:

EJAA:9�JE�ID��0�

Power

.=: 8DCIGDA7D6G9VHEDL:GCD9:H6G:688:HH>7A:>CH:K:G6A6G:6HDCI=: 7D6G9�#;NDJEDL:G699>I>DC6A

9:K>8:H;GDB0-1 	 I=:C I=:N L>AA7: EDL:G:9 L=:C:K:G I=: 8DCIGDA7D6G9VHEDL:G>H>C)(	 6C9 I=:N

L>AAG:8:>K:L=6I:K:G KDAI6<:I=: 76II:G>:H6G:DJIEJII>C<�#;NDJEDL:GI=:B ;GDB0,�!	 I=:N L>AA<:I

� 0 EDL:GL=:C:K:G I=: 76II:G>:H6G:>CHI6AA:96C9I=: EDL:G>HDC�7JI I=:N 86CCDI7: EDL:G:9 ;GDB

/-��� #;NDJEDL:GI=:B ;GDB6 �0 E>C	I=:C I=:N L>AAG:8:>K:�0 EDL:GL=:C:K:G I=: 8DCIGDA7D6G9VH

AD<>88DBEDC:CIH6G: EDL:G:9� #;NDJEDL:GI=:B ;GDB�0�	 I=:N L>AAG:8:>K: ���0 EDL:GL=:C:K:G

I=: 8DCIGDA7D6G9VH AD<>88DBEDC:CIH6G: EDL:G:9�  DGBDG: >C;DGB6I>DC67DJI I=:H: EDL:GCD9:H

6C9�=DL�BJ8=�8JGG:CI�I=:N�86C�EGDK>9:	�H::Section 3.5�

#I>H6AHDEDHH>7A:ID699 NDJGDLCEDL:GHL>I8=ID8DCIGDAEDL:GIDI=: ,DB> ��/� �DCIGDA�D6G9	6H

9:H8G>7:9�>CSection 3.5�

Ground

3DJ H=DJA9B6@: HJG:I=6I 6AAI=: <GDJC9H>CNDJGHNHI:B 6G: 8DCC:8I:9� .=: ,DB> ��/� �DCIGDA

�D6G9VH<GDJC9CD9: 86C7: 688:HH:9 ;GDBE>CHA67:A:9T!(�U� #IH=DJA97: 8DCC:8I:9 IDI=: <GDJC9

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���,DB>���/���DCIGDA��D6G9 *6<:����D;���



CD9:�D;�:K:GN�DI=:G�8>G8J>I�7D6G9�DG�9:K>8:�NDJ�699�ID�I=:�GD7DI�

3.10. AVR timers

.=: � .B:<6��/� =6H� I>B:GH�. >B:G
	 . >B:G�	 . >B:G�	 6C9. >B:G�� �68= I>B:G=6H6 9>;;:G:CI H:I D;

;:6IJG:H	�6H�9D8JB:CI:9�>C�I=:�96I6H=::I�

P . >B:G
�>H�JH:9�7N�I=:��G9J>CD�:CK>GDCB:CI�;DG�I>B>C<
G:A6I:9�;JC8I>DCH�A>@:millis() �

P . >B:G��>H�JH:9�7N�I=:�,DB>���/���DCIGDA��D6G9��G9J>CD�A>7G6GN�;DG�9G>K>C<�BDIDGH�

P . >B:G� >Hnot JH:9 7N I=: ,DB> ��/� �G9J>CDA>7G6GN6C9 86C 7: ;G::ANJH:9 ;DGNDJGDLC

EJGEDH:H�

P . >B:G� >HJH:9 7NI=: ,DB> ��/� �G9J>CDA>7G6GN;DG8DCIGDAA>C<I=: 7JOO:G� .=: 7JOO:GE>C

�9><>I6AE>C�	 DG*��� . >B:G� DJIEJI)���� 86C7: ;G::9 ;DGDI=:GJH:H7N8JII>C<I=: HJG;68:


BDJCI�?JBE:G�A67:A:9�T�����JOO:GU�

3.11. Schematics and dimensions

Schematics

.=: H8=:B6I>89>6<G6B;DGI=: ,DB> ��/� �DCIGDA�D6G9>H6K6>A67A:6H6 *� � Romi 32U4 Control

Board schematic diagram [https://www.pololu.com/file/download/romi-32u4-control-board-schematic-

diagram.pdf?file_id=0J1258] ����@�E9;��

Dimensions

� 76H>89>B:CH>DC9>6<G6B;DGI=: ,DB> ��/� �DCIGDA�D6G9 >H6K6>A67A:6H 6 *� � Romi 32U4

Control Board dimension diagram [https://www.pololu.com/file/download/romi-32u4-control-board-

dimension-diagram.pdf?file_id=0J1259] ��'��E9;��

�>B:CH>DCHI=6I 6G: CDI>C8AJ9:9>CI=: 67DK: 9>6<G6B86C 7: B:6HJG:9 ;GDBI=: ;DAADL>C<�2 	

L=>8=H=DLHI=: B6>C7D6G9DJIA>C:6ADC<L>I=I=: H>O:H6C9AD86I>DCHD;6AAD;I=: =DA:HDCI=: 7D6G9�

Romi 32U4 Control Board drill guide [https://www.pololu.com/file/download/rom04a-drill.dxf?file_id=0J1260]

����@�9M;��

.=: ;DAADL>C<E>8IJG:H=DLHI=: 6EEGDM>B6I:9>B:CH>DCHD; I=: Romi chassis [https://www.pololu.com/

category/203/romi-chassis-kits] L=>8=�>H�>CI:C9:9�ID�7:�JH:9�L>I=�I=:�,DB>���/���DCIGDA��D6G9�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���,DB>���/���DCIGDA��D6G9 *6<:����D;���

https://www.pololu.com/file/download/romi-32u4-control-board-schematic-diagram.pdf?file_id=0J1258
https://www.pololu.com/file/download/romi-32u4-control-board-schematic-diagram.pdf?file_id=0J1258
https://www.pololu.com/file/download/romi-32u4-control-board-schematic-diagram.pdf?file_id=0J1258
https://www.pololu.com/file/download/romi-32u4-control-board-dimension-diagram.pdf?file_id=0J1259
https://www.pololu.com/file/download/romi-32u4-control-board-dimension-diagram.pdf?file_id=0J1259
https://www.pololu.com/file/download/romi-32u4-control-board-dimension-diagram.pdf?file_id=0J1259
https://www.pololu.com/file/download/rom04a-drill.dxf?file_id=0J1260
https://www.pololu.com/category/203/romi-chassis-kits
https://www.pololu.com/category/203/romi-chassis-kits


Basic dimension diagram of the Romi Chassis.

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���,DB>���/���DCIGDA��D6G9 *6<:��
�D;���

https://a.pololu-files.com/picture/0J7257.1200.png?3dd80f5552a36930e6a03ce4424a50a4
https://a.pololu-files.com/picture/0J7257.1200.png?3dd80f5552a36930e6a03ce4424a50a4


4. Assembling the Romi 32U4 Control Board

Control board additions

'DHI D;I=: =6G9L6G:DCI=: ,DB> ��/� �DCIGDA�D6G98DCH>HIHD;HJG;68:
BDJCI8DBEDC:CIHI=6I 6G:

6AG:69NHDA9:G:9IDI=: 7D6G9	7JI I=:G: 6G:6 ;:L I=GDJ<=
=DA:E6GIHI=6I NDJC::9 IDHDA9:GNDJGH:A;�

�� -DA9:GI=: 7JOO:GID I=: IDE D; I=: 8DCIGDA7D6G9	B6I8=>C<>IHDG>:CI6I>DCID I=: EG>CI:9

DJIA>C:	�I=:C�IG>B�I=:�:M8:HH�A:C<I=�;GDB�I=:�7JOO:G�A:69H�JC9:GC:6I=�I=:�7D6G9�

�� -DA9:GI=: ILD �W� ADLEGD;>A:;:B6A: =:69:GH ;DGI=: :C8D9:GHID I=: 7D6G9�)C: ;:B6A:

=:69:G H=DJA97: HDA9:G:9DC:68= H>9:>CI=: H:I D; I=GDJ<=
=DA:HI=6I B6I8=:H ID I=:

DG>:CI6I>DCNDJ L>AAJH: L=:C HDA9:G>C<I=: 8DGG:HEDC9>C<B6A: =:69:GH ID I=: Romi

Encoder Pair Kit [https://www.pololu.com/product/3542]� 1 : G:8DBB:C9 JH>C<I=: H:I 8ADH:GID

I=:�:9<:H�D;�I=:�,DB>���/���DCIGDA��D6G9�

�� Optional: #;NDJEA6CIDJH: 6CLCD [https://www.pololu.com/product/356] �CDI>C8AJ9:9�L>I=I=:

8DCIGDA7D6G9	HDA9:G:>I=:GI=: �W� ;:B6A: DG�W� B6A: &�� =:69:G IDI=: H:I D;E>CHA67:A:9

T&��U >CI=: 8:CI:G D; I=: 8DCIGDA7D6G9�1 : <:C:G6AANG:8DBB:C9 HDA9:G>C<I=: ;:B6A:

8DCC:8IDGIDI=: 7D6G96C9I=: B6A: 8DCC:8IDGIDI=: &�� >;NDJ9DCDI=6K: HDB: E6GI>8JA6G

G:6HDC�;DG�9D>C<�>I�I=:�DI=:G�L6N�

�� Optional: #;�NDJ�EA6C�ID�8DCC:8I�DI=:G�=:69:GH�DG�L>G:H	�8DCH>9:G�HDA9:G>C<�I=:B�CDL�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

����HH:B7A>C<�I=:�,DB>���/���DCIGDA��D6G9 *6<:����D;���

https://www.pololu.com/product/3542
https://www.pololu.com/product/3542
https://www.pololu.com/product/356


#I>HHI>AAEDHH>7A:ID HDA9:GI=: 7JOO:G6C9 &�� =:69:G 6;I:G I=: 8DCIGDA7D6G9=6H 7::C BDJCI:9

DCI=: 8=6HH>H	7JI HDA9:G>C<I=:B 7:;DG:=6C9>H:6H>:G6C9 6KD>9HI=: G>H@D; >C69K:GI:CIANB:AI>C<

I=: 8=6HH>HL>I=NDJGHDA9:G>C<>GDC�.=: 8DCIGDA7D6G9BJHI 7: G:BDK:9 ;GDBI=: 8=6HH>H7:;DG: I=:

:C8D9:G�=:69:GH�86C�7:�HDA9:G:9�>C�

.=: ;DJG76II:GN8DCI68II:GB>C6AHH=DJA97: HDA9:G:9ID I=: 8DCIGDA7D6G9after >I>HBDJCI:9 DCI=:

8=6HH>H	6H9:H8G>7:9>CI=: 8=6HH>H6HH:B7AN>CHIGJ8I>DCH�3DJ L>AA7: 67A: IDG:BDK: I=: 7D6G96C9

76II:GN�8DCI68IH�;GDB�I=:�8=6HH>H�6H�6�H>C<A:�E>:8:�6;I:G�HDA9:G>C<�

Assembling the chassis

)C8: I=: I=GDJ<=
=DA:8DBEDC:CIH6G: HDA9:G:9ID I=: ,DB> ��/� �DCIGDA�D6G9	 EA:6H: ;DAADL

I=: instructions [https://www.pololu.com/docs/0J68/4] <>K:C>CI=: Pololu Romi Chassis User’s Guide

[https://www.pololu.com/docs/0J68] ID ;>C>H=6HH:B7A>C<I=: 8=6HH>H	BDJCI>C<I=: 8DCIGDA7D6G9	6C9

HDA9:G>C<�>C�I=:�76II:GN�8DCI68IH�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

����HH:B7A>C<�I=:�,DB>���/���DCIGDA��D6G9 *6<:����D;���

https://a.pololu-files.com/picture/0J7512.1200.png?87f5fec52b8bcb75f8bc48fb1ebdd9ba
https://a.pololu-files.com/picture/0J7512.1200.png?87f5fec52b8bcb75f8bc48fb1ebdd9ba
https://www.pololu.com/docs/0J68/4
https://www.pololu.com/docs/0J68
https://www.pololu.com/docs/0J68


5. Programming the Romi 32U4 Control Board
.=: ,DB> ��/� �DCIGDA�D6G9 >H9:H><C:9 ID 7: EGD<G6BB:9DK:G/-� ;GDBI=: Arduino IDE

[http://arduino.cc/en/Main/Software]� #I 86C 7: EGD<G6BB:9;GDB1>C9DLH	&>CJM	6C9 '68 )- 2� .=:

� .B:<6��/� DC I=: 8DCIGDA7D6G98DB:H EG:AD69:9L>I= I=: H6B: /-� 7DDIAD69:G6H I=: A-

Star 32U4 family [https://www.pololu.com/category/149/a-star-programmable-controllers] D; <:C:G6A
EJGEDH:

EGD<G6BB67A:� .B:<6��/� 7D6G9H�.=: ;DAADL>C<H:8I>DCHL>AA=:AENDJ<:I HI6GI:9EGD<G6BB>C<

NDJG�,DB>���/���DCIGDA��D6G9�

5.1. Installing Windows drivers

#;NDJJH: 1>C9DLH2* 	 NDJL>AAC::9 ID=6K: :>I=:G-:GK>8: *68@� DG"DI;>M%�������

>CHI6AA:97:;DG: >CHI6AA>C<I=: �
-I6G 9G>K:GH�-DB: JH:GHL=D >CHI6AA:9I=: =DI;>M=6K:

G:EDGI:9EGD7A:BHI=6I L:G: HDAK:97NJE<G69>C<ID-:GK>8: *68@�	 HDL: G:8DBB:C9

-:GK>8:�*68@���DK:G�I=:�=DI;>M�

�:;DG: NDJ8DCC:8INDJG*DADAJ�
-I6G ��/� �DG6CDI=:GD;DJG��/� ;6B>AND;7D6G9H�ID6 8DBEJI:G

GJCC>C<�'>8GDHD;I�1>C9DLH	�NDJ�H=DJA9�>CHI6AA�>IH�9G>K:GH�

�� �DLCAD69 I=: A-Star Windows Drivers [https://www.pololu.com/file/download/a-star-

windows-1.3.0.0.zip?file_id=0J1240] ��@ O>E�6C9:MIG68II=: 4#* ;>A:ID6 I:BEDG6GN;DA9:GDCNDJG

8DBEJI:G� �.=:H: ;>A:H6G:6AHD6K6>A67A:>CI=: T9G>K:GHU9>G:8IDGN;GDBI=: A-Star repository

on GitHub [https://github.com/pololu/a-star]��

�� )E:C�I=:�T6
HI6G
L>C9DLHU�;DA9:G��,><=I
8A>8@�DC�T6
HI6G�>C;U�6C9�H:A:8I�T#CHI6AAU�

�� 1>C9DLHL>AA6H@NDJL=:I=:G NDJL6CI ID >CHI6AAI=: 9G>K:GH��A>8@T#CHI6AAU�1>C9DLH�
	 �	

�	�6C9�0 >HI6��DG�T�DCI>CJ:��CNL6NU��1>C9DLH�2*��

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���*GD<G6BB>C<�I=:�,DB>���/���DCIGDA��D6G9 *6<:����D;���

http://arduino.cc/en/Main/Software
http://arduino.cc/en/Main/Software
https://www.pololu.com/category/149/a-star-programmable-controllers
https://www.pololu.com/category/149/a-star-programmable-controllers
https://www.pololu.com/file/download/a-star-windows-1.3.0.0.zip?file_id=0J1240
https://www.pololu.com/file/download/a-star-windows-1.3.0.0.zip?file_id=0J1240
https://github.com/pololu/a-star
https://github.com/pololu/a-star


�� 1>C9DLHL>AACDII:AANDJL=:C I=: >CHI6AA6I>DC>H8DBEA:I:	 7JI >IH=DJA97: 9DC: 6;I:G 6 ;:L

H:8DC9H�

Windows 10, Windows 8, Windows 7, and Windows Vista users: �;I:G >CHI6AA>C<I=: 9G>K:GH	NDJG

8DBEJI:GH=DJA96JIDB6I>86AANG:8D<C>O:I=: 9:K>8: L=:C NDJ8DCC:8I>IK>6/-�� (D ;JGI=:G68I>DC

;GDBNDJ>HG:FJ>G:9�"DL:K:G 	 I=: ;>GHII>B: NDJ8DCC:8I6C�
-I6G 9:K>8: IDNDJG8DBEJI:G	 1>C9DLH

L>AAI6@: H:K:G6AH:8DC9HID G:8D<C>O:I=: 9:K>8: 6C9 8DC;><JG:>IH:A;EGDE:GAN� .=: ;>GHII>B: NDJ

EGD<G6BI=: 9:K>8:	 1>C9DLHL>AA6<6>CI6@:H:K:G6AH:8DC9HIDG:8D<C>O:I=: �
-I6G /-� 7DDIAD69:G	

6C9 I=>H8DJA986JH: I=: EGD<G6BB>C<DE:G6I>DCID ;6>AI=: ;>GHII>B:� �AHD	1>C9DLHL>AAC::9 ID G:


G:8D<C>O:I=: 9:K>8: 6C9 I=: 7DDIAD69:G>;NDJ8DCC:8II=: 7D6G9ID 6CDI=:G/-� EDGII=6I >I=6HCDI

7::C�8DCC:8I:9�ID�7:;DG:�

Windows XP users: �;I:G >CHI6AA>C<I=: 9G>K:GH	NDJL>AAC::9 ID;DAADLHI:EH�S� ;DG:68= C:L �
-I6G

9:K>8: NDJ8DCC:8IIDNDJG8DBEJI:G� 3DJL>AA6AHDC::9 ID;DAADLI=:H: HI:EHI=: ;>GHII>B: NDJ6II:BEI

IDEGD<G6BI=: 9:K>8: >CDG9:GIDB6@: 1>C9DLHG:8D<C>O:I=: 7DDIAD69:G	 6C9L=:C NDJ8DCC:8II=:

9:K>8:�ID�6�9>;;:G:CI�/-��EDGI�I=6I�>I�=6H�CDI�7::C�8DCC:8I:9�ID�7:;DG:�

�� �DCC:8I�I=:�9:K>8:�ID�NDJG�8DBEJI:GVH�/-��EDGI�

�� 1=:C I=: T DJC9 (:L "6G9L6G: 1>O6G9U>H9>HEA6N:9	H:A:8I T(D	 CDII=>HI>B:U6C9 8A>8@

T(:MIU�

�� )C I=: H:8DC9H8G::CD; I=: T DJC9 (:L "6G9L6G: 1>O6G9U	H:A:8I T#CHI6AAI=: HD;IL6G:

6JIDB6I>86AANU�6C9�8A>8@�T(:MIU�

�� 1>C9DLH2* L>AAL6GCNDJ 6<6>CI=6I I=: 9G>K:G=6H CDI 7::C I:HI:9 7N '>8GDHD;I6C9

G:8DBB:C9�I=6I�NDJ�HIDE�I=:�>CHI6AA6I>DC���A>8@�T�DCI>CJ:��CNL6NU�

�� 1=:C�NDJ�=6K:�;>C>H=:9�I=:�T DJC9�(:L�"6G9L6G:�1>O6G9U	�8A>8@�T >C>H=U�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���*GD<G6BB>C<�I=:�,DB>���/���DCIGDA��D6G9 *6<:����D;���



Programming the A-Star 32U4 from the
Arduino IDE.

COM port details

�;I:G >CHI6AA>C<I=: 9G>K:GH6C9EAJ<<>C<>C6C�
-I6G 	 >CI=: T*DGIH��)' � &*.�U 86I:<DGND;I=: �:K>8:

'6C6<:G 	�NDJ�H=DJA9�H::�6��)'�EDGI�;DG�I=:��
-I6G VH�GJCC>C<�H@:I8=�C6B:9�T*DADAJ��
-I6G���/�U�

3DJ B><=IH:: I=6I I=: �)' EDGI>HC6B:9 T/-� -:G>6A�:K>8:U >CI=: �:K>8: '6C6<:G >CHI:69D;

=6K>C<6 9:H8G>EI>K:C6B:� .=>H86C=6EE:C >;NDJ6G: JH>C<1>C9DLH�
 DGA6I:G6C9 NDJEAJ<<:9

I=: �
-I6G >CIDNDJG8DBEJI:G7:;DG: >CHI6AA>C<DJG9G>K:GH;DG>I�#CI=6I 86H:	 1>C9DLHL>AAH:I JE NDJG

�
-I6G JH>C<I=: 9:;6JAI 1>C9DLHH:G>6A9G>K:G�JH7H:G�>C;�	6C9 >IL>AA9>HEA6NT/-� -:G>6A�:K>8:U 6H

I=: C6B: ;DGI=: EDGI�.=: EDGIL>AAHI>AA7: JH67A:	7JI >IL>AA7: =6G9IDI:AA>;>I>HI=: G><=IDC: 7:86JH:

D; I=: <:C:G>8C6B: H=DLC>CI=: �:K>8: '6C6<:G � 1 : G:8DBB:C9 ;>M>C<I=: C6B:H >CI=: �:K>8:

'6C6<:G 7N G><=I
8A>8@>C<DC:68= T/-� -:G>6A�:K>8:U :CIGN	 H:A:8I>C<T/E96I: �G>K:G-D;IL6G:RU	

6C9I=:C H:A:8I>C<T-:6G8=6JIDB6I>86AAN;DGJE96I:9 9G>K:GHD;IL6G:U�1>C9DLHH=DJA9;>C9I=: 9G>K:GH

NDJ�6AG:69N�>CHI6AA:9	�L=>8=�8DCI6>C�I=:�8DGG:8I�C6B:�;DG�I=:�EDGI�

#;NDJ6G:JH>C<1>C9DLH�
 DGA6I:G6C98=DDH:CDIID>CHI6AAI=: 9G>K:GH	I=: �
-I6G L>AAHI>AA7: JH67A:�

. DI:AAL=>8=T/-� -:G>6A�:K>8:U >CNDJG�:K>8: '6C6<:G >HI=: �
-I6G 	 9DJ7A:
8A>8@DC:68= DC: 6C9

ADD@6I I=: T"6G9L6G:#9HUEGDE:GIN>CI=: T�:I6>AHUI67� �C �
-I6G GJCC>C<6 H@:I8=L>AA=6K: I=: #� USB\

VID_1FFB&PID_2300&MI_00 	 L=>A:6C�
-I6G >C7DDIAD69:GBD9: L>AA=6K: I=: #� USB\VID_1FFB&PID_0101 �

#;NDJL6CI ID8=6C<: I=: �)' EDGICJB7:GH6HH><C:9IDNDJG�
-I6G 	 NDJ86C9DHDJH>C<I=: �:K>8:

'6C6<:G � �DJ7A:
8A>8@6 �)' EDGIIDDE:C>IHEGDE:GI>:H9>6AD<	6C98A>8@I=: T�9K6C8:9RU 7JIIDC>C

I=:�T*DGI�-:II>C<HU�I67�

5.2. Programming using the Arduino IDE

)JG ��/� ;6B>AND;7D6G9H86C7: EGD<G6BB:9;GDBI=:

EDEJA6G�G9J>CD>CI:<G6I:99:K:ADEB:CI :CK>GDCB:CI

�#���� .=: �G9J>CD#�� >H6 8GDHH
EA6I;DGB	DE:CHDJG8:

6EEA>86I>DCI=6I >CI:<G6I:H6 ��� 8D9: :9>IDG	 I=: !(/

��� 8DBE>A:G	 6C9 6 EGD<G6BJEAD69JI>A>IN� . D <:I

HI6GI:9EGD<G6BB>C<NDJG9:K>8: L>I= I=: �G9J>CD#��

�K:GH>DC�������DG�A6I:G�	�;DAADL�I=:H:�HI:EH�

�DLCAD69I=: �G9J>CD#�� ;GDBI=: Arduino Download

page [http://arduino.cc/en/Main/Software]	 >CHI6AA>I	6C9 HI6GI

>I�

�� #C I=: �G9J>CD #��	 DE:C I=: File B:CJ

�1>C9DLH�&>CJM�DGI=: Arduino B:CJ �B68)-�

6C9�H:A:8I�T*G:;:G:C8:HU�

�� #CI=: *G:;:G:C8:H 9>6AD<	;>C9I=: T�99>I>DC6A�D6G9H'6C6<:G /,&HU I:MI 7DM�=><=A><=I:9>C

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���*GD<G6BB>C<�I=:�,DB>���/���DCIGDA��D6G9 *6<:����D;���

https://a.pololu-files.com/picture/0J5280.1200.png?bf69c3b4670a3fb8177e28384e777540
https://a.pololu-files.com/picture/0J5280.1200.png?bf69c3b4670a3fb8177e28384e777540
http://arduino.cc/en/Main/Software
http://arduino.cc/en/Main/Software


I=:�E>8IJG:�7:ADL����DEN�6C9�E6HI:�I=:�;DAADL>C<�/,&�>CID�I=>H�7DM�

https://files.pololu.com/arduino/package_pololu_index.json

#;I=:G: 6G:6AG:69NDI=:G/,&H >CI=: 7DM	NDJ86C:>I=:G699 I=>HDC: H:E6G6I:97N6 8DBB6

or 8A>8@I=: 7JIIDCC:MIID I=: 7DMID DE:C 6C >CEJI9>6AD<L=:G: NDJ86C699 I=: /,& DC6

C:L�A>C:�

Adding a Boards Manager index for Pololu boards in the Arduino IDEÕs Preferences dialog.

�� �A>8@�I=:�T)%U�7JIIDC�ID�8ADH:�I=:�*G:;:G:C8:H�9>6AD<�

�� #C�I=:Tools > Board B:CJ	�H:A:8I�T�D6G9H�'6C6<:GRU��6I�I=:�IDE�D;�I=:�B:CJ��

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���*GD<G6BB>C<�I=:�,DB>���/���DCIGDA��D6G9 *6<:����D;���



�� #C�I=:��D6G9H�'6C6<:G�9>6AD<	�H:6G8=�;DG�T*DADAJ��
-I6G��DCIGDAA:GHU�

�� -:A:8I�I=:�T*DADAJ��
-I6G��DCIGDAA:GHU�:CIGN�>C�I=:�A>HI	�6C9�8A>8@�I=:�T#CHI6AAU�7JIIDC�

�� �;I:G�I=:�>CHI6AA6I>DC�;>C>H=:H	�8A>8@�I=:�T�ADH:U�7JIIDC�ID�8ADH:�I=:��D6G9H�'6C6<:G�9>6AD<�

�� #CI=: Tools > Board B:CJ	 H:A:8I I=: T*DADAJ�
-I6G ��/�U :CIGN� #;NDJ9D CDIH:: NDJG

9:K>8:�A>HI:9�>C�I=:��D6G9�B:CJ	�IGN�G:HI6GI>C<�I=:��G9J>CD�#���

Selecting the Pololu A-Star 32U4 in the Boards menu.

�� #CI=: Tools > Port B:CJ	 H:A:8I I=: EDGI;DGI=: 9:K>8:� )C 1>C9DLHNDJ86C 9:I:GB>C:

L=6I �)' EDGII=: 9:K>8: >H6HH><C:9ID 7NADD@>C<6I I=: T*DGIH��)' � &*.�U H:8I>DCD;

I=: �:K>8: '6C6<:G � )C &>CJM	I=: EDGIC6B: L>AA7:<>CL>I=T�9:K�IIN��'U� )C '68 )- 2	

I=:�EDGI�C6B:�L>AA�7:<>C�L>I=�T�9:K�IIN�JH7BD9:BU�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���*GD<G6BB>C<�I=:�,DB>���/���DCIGDA��D6G9 *6<:����D;���



Windows 10 Device Manager showing the A-StarÕs virtual COM port.

�
� )E:C JE I=: T�A>C@U�G9J>CD:M6BEA:	 L=>8= 86C 7: ;DJC9 JC9:G File > Examples >

01.Basics > Blink� .=: 8D9: >CI=>H:M6BEA:L>AA7A>C@I=: N:AADL&��� 1=:C NDJH:A:8I I=:

�A>C@�:M6BEA:	�6�C:L��G9J>CD�#���L>C9DL�L>AA�DE:C�JE��#I�>H�)%�ID�8ADH:�I=:�;>GHI�L>C9DL�

Selecting the Blink example in the Arduino IDE.

� �� *G:HHI=: T/EAD69U7JIIDCID8DBE>A:I=: H@:I8=6C9JEAD69>IIDI=: 9:K>8:� #;:K:GNI=>C<<D:H

8DGG:8IAN	 NDJL>AAH:: I=: B:HH6<: T�DC: JEAD69>C<U6EE:6GC:6GI=: 7DIIDBD; I=: L>C9DL�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���*GD<G6BB>C<�I=:�,DB>���/���DCIGDA��D6G9 *6<:����D;���



#;NDJ6G:JH>C<1>C9DLH6C9NDJ=6K: CDIEG:K>DJHANEGD<G6BB:96C�
-I6G 9:K>8: DCI=>H

/-� EDGI	I=:C 1>C9DLHB><=II6@:H:K:G6AH:8DC9HIDG:8D<C>O:I=: �
-I6G 7DDIAD69:G� .=:

7DDIAD69:GI>B:H DJI 6;I:G � H:8DC9H6C9 <D:H 768@ID GJCC>C<I=: H@:I8=	HDI=: JEAD69

B><=I;6>A>;1>C9DLH9D:H CDIG:8D<C>O:>IFJ>8@AN:CDJ<=� #;I=>H=6EE:CH	IGN6<6>C�#;NDJ

6G:JH>C<1>C9DLH2* 6C9=6K: CDIEGD<G6BB:96C�
-I6G DCI=>H/-� EDGI	NDJL>AA=6K: ID

<DI=GDJ<=I=:  DJC9 (:L "6G9L6G: 1>O6G96<6>C6H9:H8G>7:9>CI=: EG:K>DJHH:8I>DC	7JI

I=: H:8DC9I>B: NDJIGNIDJEAD69>IH=DJA9LDG@�#;I=: �G9J>CD#�� =6HIGDJ7A:8DCC:8I>C<ID

I=: EDGIDGJH>C<>I	IGNJCEAJ<<>C<I=: 9:K>8:	 8ADH>C<6CNEGD<G6BHI=6I B><=I7: JH>C<I=:

H:G>6A�EDGI	�G:HI6GI>C<�I=:��G9J>CD�#��	�6C9�I=:C�EAJ<<>C<�I=:�9:K>8:�768@�>C�

Uploading a sketch to the A-Star using the Arduino IDE.

��� #;NDJJEAD69:9I=: �A>C@H@:I8=	I=:C I=: N:AADL&�� H=DJA97: 7A>C@>C<DC8: :K:GNILD

H:8DC9H�"DL:K:G 	 L: H=>EHDB: �
-I6GH L>I=I=6I H6B: :M6BEA:6AG:69NEGD<G6BB:9DCID

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���*GD<G6BB>C<�I=:�,DB>���/���DCIGDA��D6G9 *6<:����D;���



>I	HDNDJB><=ICDI7: 8DCK>C8:9I=6I 6CNI=>C<=6H8=6C<:9� . GN8=6C<>C<I=: 9:A6NK6AJ:H

>CI=: H@:I8=ID HDB:I=>C<:AH: 6C9 JEAD69>C<6<6>CID H:: >;NDJ86C8=6C<: I=: HE::9 D;

I=:�&���

.=: �
-I6G ��/� 7D6G9H6G: H>B>A6G:CDJ<= ID I=: �G9J>CD&:DC6G9DI=6I NDJ9D CDI

68IJ6AAN=6K: ID >CHI6AAI=: 699
DC� #; NDJ L6CI ID	 NDJ 86C ?JHIH:A:8I I=: T�G9J>CD

&:DC6G9DU7D6G9>CI=: �G9J>CD#��� (DI: I=6I >;NDJJEAD696 H@:I8=ID I=: 9:K>8: I=>H

L6N	 NDJG8DBEJI:GL>AAI=:C G:8D<C>O:>I6H 6 &:DC6G9D�;DG:M6BEA:	 >IH:CIGN>CI=:

1>C9DLH��:K>8:�'6C6<:G�L>AA�9>HEA6N�T�G9J>CD�&:DC6G9DU��

�;I:G NDJHJ88::9 >CEGD<G6BB>C<NDJG9:K>8: ;GDBI=: �G9J>CD#��	 I=:G: 6G: B6CNG:HDJG8:HNDJ

86C�JH:�ID�A:6GC�BDG:�

P .=: �G9J>CD#�� =6HB6CNexamples [http://arduino.cc/en/Tutorial/HomePage] I=6I 86CGJCDC�


-I6GH�

P .=: �G9J>CDL:7H>I: =6H 6 Language Reference [http://arduino.cc/en/Reference/HomePage]	 6

L>@>�86AA:9�I=:The Arduino Playground [http://playground.arduino.cc/]	�6C9�DI=:G�G:HDJG8:H�

P .=: �
-I6G ��/� 7D6G9H6G: H>B>A6GID I=: Arduino Leonardo [https://www.pololu.com/product/

2192] 6C9 Arduino Micro [https://www.pololu.com/product/2188]	 HDNDJ86CH:6G8=I=: #CI:GC:I

;DG�G:A:K6CI�EGD?:8IH�I=6I�JH:�DC:�D;�I=DH:�7D6G9H�

P .=:�,:A6I:9�,:HDJG8:H�H:8I>DC�A>HIH�B6CN�BDG:�G:HDJG8:H�

5.3. Programming using avr-gcc and AVRDUDE

.=>H H:8I>DC:MEA6>CH=DL ID EGD<G6BDJG��/� ;6B>AND; 7D6G9HJH>C<I=: 6KG
<88IDDA8=6>C6C9

� 0,�/��� .=>HH:8I>DC>H>CI:C9:9 ;DG69K6C8:9 JH:GHL=D 9D CDIL6CI ID JH: I=: �G9J>CD#�� 6H

9:H8G>7:9�>C�I=:�EG:K>DJH�H:8I>DC�

Getting the prerequisites

#;NDJ6G: JH>C<1>C9DLH	L: G:8DBB:C9 9DLCAD69>C<WinAVR [http://winavr.sourceforge.net/]	 L=>8=

8DCI6>CHI=: 6KG
<88IDDA8=6>C6C9 6 8DBB6C9
A>C:JI>A>IN86AA:9AVRDUDE [http://www.nongnu.org/

avrdude/] I=6I 86C7: JH:9 ID JEAD69EGD<G6BHID I=: �
-I6G 7DDIAD69:G� #;I=: K:GH>DCD; !(/ '6@:

I=6I 8DB:H L>I=1>C� 0, 8G6H=:HDCNDJG8DBEJI:G	 L: G:8DBB:C9 JH>C<I=: Pololu version of GNU

Make [https://github.com/pololu/make/releases]�

#; NDJ6G: JH>C<'68 )- 2	 L: G:8DBB:C9 9DLCAD69>C<I=: CrossPack for AVR Development

[http://www.obdev.at/products/crosspack]�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���*GD<G6BB>C<�I=:�,DB>���/���DCIGDA��D6G9 *6<:��
�D;���

http://arduino.cc/en/Tutorial/HomePage
http://arduino.cc/en/Reference/HomePage
http://playground.arduino.cc/
https://www.pololu.com/product/2192
https://www.pololu.com/product/2192
https://www.pololu.com/product/2188
http://winavr.sourceforge.net/
http://www.nongnu.org/avrdude/
http://www.nongnu.org/avrdude/
https://github.com/pololu/make/releases
https://github.com/pololu/make/releases
http://www.obdev.at/products/crosspack
http://www.obdev.at/products/crosspack


#;NDJ6G:JH>C<&>CJM	NDJL>AAC::9 ID>CHI6AA6KG
<88	6KG
A>78	6C9 � 0,�/��� /7JCIJ JH:GH86C<:I

I=:�G:FJ>G:9�HD;IL6G:�7N�GJCC>C<�

sudo apt-get install gcc-avr avr-libc avrdude

�;I:G NDJ=6K: >CHI6AA:9I=: EG:G:FJ>H>I:H	DE:C6 8DBB6C9 EGDBEI6C9IGNGJCC>C<I=:H: 8DBB6C9H

ID�B6@:�HJG:�6AA�I=:�G:FJ>G:9�JI>A>I>:H�6G:�6K6>A67A:�

avr-gcc -v
avr-objcopy -V
make -v
avrdude

#;6CND; I=DH: 8DBB6C9H;6>A	B6@: HJG:I=: 9:H>G:9:M:8JI67A: >H>CHI6AA:9DCNDJG8DBEJI:G6C9

B6@:�HJG:�I=6I�>I�>H�>C�6�9>G:8IDGN�A>HI:9�>C�NDJG�*� ."�:CK>GDCB:CI�K6G>67A:�

Compiling an example program

�DEN�I=:�;DAADL>C<�8D9:�ID�6�;>A:�C6B:9�TB6>C�8U�

#C�I=:�H6B:�;DA9:G	�8G:6I:�6�;>A:�C6B:9�T'6@:;>A:U�L>I=�I=:�;DAADL>C<�8DCI:CIH�

PORT=\\\\.\\USBSER000
MCU=atmega32u4
CFLAGS=-g -Wall -mcall-prologues -mmcu=$(MCU) -Os
LDFLAGS=-Wl,-gc-sections -Wl,-relax
CC=avr-gcc
TARGET=main
OBJECT_FILES=main.o

all: $(TARGET).hex

clean:
rm -f *.o *.hex *.obj *.hex

%.hex: %.obj
avr-objcopy -R .eeprom -O ihex $< $@

%.obj: $(OBJECT_FILES)
$(CC) $(CFLAGS) $(OBJECT_FILES) $(LDFLAGS) -o $@

program: $(TARGET).hex
avrdude -p $(MCU) -c avr109 -P $(PORT) -U flash:w:$(TARGET).hex

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

#define F_CPU 16000000
#include <avr/io.h>
#include <util/delay.h>

int main()
{

DDRC |= (1 << DDC7); // Make pin 13 be an output.
while (1)
{

PORTC |= (1 << PORTC7); // Turn the LED on.
_delay_ms(500);
PORTC &= ~(1 << PORTC7); // Turn the LED off.
_delay_ms(500);

}
}

?

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���*GD<G6BB>C<�I=:�,DB>���/���DCIGDA��D6G9 *6<:����D;���



'6@: HJG:I=6I I=: *), . K6G>67A:>CI=: '6@:;>A: >HH:I ID I=: C6B: D; I=: 9:K>8:VHK>GIJ6AH:G>6AEDGI�

#C1>C9DLH	\\\\.\\USBSER000 H=DJA9LDG@>;I=: �
-I6G >HI=: DCAN/-� 9:K>8: 8DCC:8I:9 I=6I >HJH>C<

I=:�JH7H:G�HNH�9G>K:G	�7JI�NDJ�86C�8=6C<:�>I�ID�7:�I=:�68IJ6A�C6B:�D;�I=:��)'�EDGI��:�<� COM13��

#C6 8DBB6C9 EGDBEI	C6K><6I:IDI=: 9>G:8IDGNL>I=I=: '6@:;>A: 6C9B6>C�8�#;NDJGJCI=: 8DBB6C9

make	�I=:�8D9:�H=DJA9�<:I�8DBE>A:9�6C9�EGD9J8:�6�;>A:�C6B:9�TB6>C�=:MU�

Programming

. DEGD<G6BI=: �
-I6G 9:K>8:	 NDJL>AAC::9 ID<:I >I>CID7DDIAD69:GBD9: ;>GHI�)C: L6N ID9DI=>H>H

ID G:H:I I=: � 0, IL>8: L>I=>C��
 BH� 'DHI D; I=: 7D6G9H>CDJG��/� ;6B>AN=6K: 6 G:H:I 7JIIDCI=6I

86C7: JH:9 IDG:H:I I=: 7D6G9�)C 6CND;DJG��/� ;6B>AND;7D6G9H	6 EJH=7JIIDC86C7: 8DCC:8I:9

7:IL::C I=: !(� 6C9 ,-. E>CHID H:GK:6H6 G:H:I 7JIIDC	DGNDJ86CJH: 6 L>G:�)C8: I=: 9:K>8:

>H>C7DDIAD69:GBD9:	 FJ>8@ANGJCI=: 8DBB6C9 make program IDEGD<G6B>I�#;NDJL6>IADC<:GI=6C�

H:8DC9H	�I=:��
-I6G�7DDIAD69:G�L>AA�:M>I�6C9�I=:��0,�L>AA�<D�768@�ID�GJCC>C<�I=:�JH:G�EGD<G6B�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���*GD<G6BB>C<�I=:�,DB>���/���DCIGDA��D6G9 *6<:����D;���



6. Romi 32U4 Arduino library
.=: ,DB> ��/� �DCIGDA�D6G9 86C 7: EGD<G6BB:9;GDBI=: �G9J>CD#�� 6H 9:H8G>7:9>CI=:

EG:8:9>C<�H:8I>DCH�

. D =:AE>CI:G;68:L>I= 6AAI=: DC
7D6G9=6G9L6G:DCI=: 8DCIGDA7D6G9	L: EGDK>9:I=: Romi32U4

library� .=: Romi32U4 library documentation [http://pololu.github.io/romi-32u4-arduino-library] EGDK>9:H

9:I6>A:9�>C;DGB6I>DC�67DJI�I=:�A>7G6GN	�6C9�I=:�A>7G6GN�8DB:H�L>I=�H:K:G6A�:M6BEA:�H@:I8=:H�

#;NDJ6G:JH>C<K:GH>DC����� DGA6I:GD; I=: �G9J>CDHD;IL6G:�#���	 NDJ86CJH: I=: &>7G6GN'6C6<:G

ID�>CHI6AA�I=>H�A>7G6GN�

�� #C I=: �G9J>CD#��	 DE:C I=: T-@:I8=UB:CJ	 H:A:8I T#C8AJ9:&>7G6GNU	I=:C T'6C6<:

&>7G6G>:HRU�

�� -:6G8=�;DG�T,DB>��/�U�

�� �A>8@�I=:�,DB>��/��:CIGN�>C�I=:�A>HI�

�� �A>8@�T#CHI6AAU�

#;�I=>H�9D:H�CDI�LDG@	�NDJ�86C�B6CJ6AAN�>CHI6AA�I=:�A>7G6GN�

�� �DLCAD69I=: latest release archive from GitHub [https://github.com/pololu/romi-32u4-arduino-

library] 6C9�9:8DBEG:HH�>I�

�� ,:C6B:�I=:�;DA9:G�TGDB>
��J�
6G9J>CD
A>7G6GN
B6HI:GU�ID�T,DB>��/�U�

�� 'DK: I=: T,DB>��/�U ;DA9:G>CIDI=: TA>7G6G>:HU9>G:8IDGN>CH>9:NDJG�G9J>CDH@:I8=7DD@

9>G:8IDGN� 3DJ 86CK>:L NDJGH@:I8=7DD@AD86I>DC7NDE:C>C<I=: T >A:UB:CJ 6C9 H:A:8I>C<

T*G:;:G:C8:HU>CI=: �G9J>CD#��� #;I=:G: >HCDI6AG:69N6 TA>7G6G>:HU;DA9:G>CI=6I AD86I>DC	

NDJ�H=DJA9�B6@:�I=:�;DA9:G�NDJGH:A;�

�� �;I:G�>CHI6AA>C<�I=:�A>7G6GN	�G:HI6GI�I=:��G9J>CD�#���

�;I:G NDJ>CHI6AAI=: ,DB>��/� A>7G6GN	 NDJ86C A:6GCBDG: 67DJI >I7N IGN>C<I=: >C8AJ9:9:M6BEA:

H@:I8=:H6C97NG:69>C<I=: Romi32U4 library documentation [http://pololu.github.io/romi-32u4-arduino-

library]�

#;NDJ6G:JH>C<I=: ,DB> ��/� �DCIGDA�D6G9L>I=6 ,6HE7:GGN*>	 NDJB><=I6AHDL6CI IDB6@: JH:

D; DJGRaspberry Pi slave library for Arduino [https://github.com/pololu/pololu-rpi-slave-arduino-library]	

L=>8=H:IH JE I=: �
-I6G 6H 6C #X� HA6K:6C9 =:AEH:HI67A>H=8DBBJC>86I>DCL>I= 6 ,6HE7:GGN*>

B6HI:G��-:: Section 3.7 ;DG�BDG:�>C;DGB6I>DC�67DJI�I=:�,6HE7:GGN�*>�>CI:G;68:�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���,DB>���/���G9J>CD�A>7G6GN *6<:����D;���

http://pololu.github.io/romi-32u4-arduino-library
https://github.com/pololu/romi-32u4-arduino-library
https://github.com/pololu/romi-32u4-arduino-library
http://pololu.github.io/romi-32u4-arduino-library
http://pololu.github.io/romi-32u4-arduino-library
https://github.com/pololu/pololu-rpi-slave-arduino-library


7. The Romi 32U4 USB interface
)JG ��/� ;6B>AND; 7D6G9H6G: 76H:9 DC6 H>C<A:� 0, � .B:<6��/� B>8GD8DCIGDAA:GI=6I GJCHI=:

JH:GEGD<G6B6C9 6AHD=6C9A:HI=: /-� 8DCC:8I>DCID I=: 8DBEJI:G� .=: � 0, =6H6 ;JAA
HE::9/-�

IG6CH8:>K:G7J>AI>CID>I6C986C7: EGD<G6BB:9IDEG:H:CI6ABDHI6CNINE: D; /-� 9:K>8: >CI:G;68:ID

I=:�8DBEJI:G�

/-� >H6C6HNBB:IG>8HNHI:BI=6I 8DCH>HIHD;6 H>C<A:T=DHIU8DCC:8I:9 IDBJAI>EA:T9:K>8:HU�.=: =DHI

>HINE>86AAN6 E:GHDC6A8DBEJI:G� .=: � .B:<6��/� 86CDCAN68I 6H6 /-� 9:K>8:	 HD6C�
-I6G 9:K>8:

86CCDI7: 8DCC:8I:9 ID DI=:G/-� 9:K>8:HA>@:B>8: 6C9 @:N7D6G9H�>I86C DCAN7: 8DCC:8I:9 ID 6

=DHI�HJ8=�6H�NDJG�8DBEJI:G�

*GD<G6BB>C<6C � .B:<6��/� 7D6G9JH>C<I=: �G9J>CD#�� 6H 9:H8G>7:9:6GA>:GL>AA6JIDB6I>86AAN

8DC;><JG:>I6H6 8DBEDH>I:9:K>8: L>I=6 H>C<A:K>GIJ6AH:G>6AEDGI�#;NDJEGD<G6BI=: B>8GD8DCIGDAA:G

L>I= 6C �G9J>CDH@:I8=I=6I >BEA:B:CIH6CDI=:G/-� 9:K>8: 8A6HH	A>@:"#� DG'#�#	 NDJL>AAH::

699>I>DC6A�8=>A9�9:K>8:H�6H�L:AA�

)C 6 1>C9DLH8DBEJI:G	 NDJ86C H:: I=: K>GIJ6AH:G>6AEDGI7N <D>C<ID NDJG8DBEJI:GVH �:K>8:

'6C6<:G 6C9:ME6C9>C<I=: T*DGIH��)' � &*.�U A>HI�3DJ H=DJA9H:: 6 �)' EDGIA67:A:9T*DADAJ�


-I6G ��/�U� #CE6G:CI=:H:H6;I:GI=: C6B:	 NDJL>AAH:: I=: C6B: D;I=: EDGI�:�<� T�)'�U DGT�)'�U��

1>C9DLHL>AA6HH><C6 9>;;:G:CI �)' EDGICJB7:G ID I=: 9:K>8: 9:E:C9>C<DCL=6I /-� EDGINDJ

EAJ<>I>CID6C9 L=:I=:G >I>H>C7DDIAD69:GBD9: DGCDI�#;NDJC::9 ID 8=6C<: I=: �)' EDGICJB7:G

6HH><C:9ID I=: �
-I6G 	 NDJ86C 9D HDJH>C<I=: �:K>8: '6C6<:G � �DJ7A:
8A>8@DCI=: �)' EDGIID

DE:C>IHEGDE:GI>:H9>6AD<	6C98A>8@I=: T�9K6C8:9RU 7JIIDC>CI=: T*DGI-:II>C<HUI67�  GDBI=>H9>6AD<

NDJ�86C�8=6C<:�I=:��)'�EDGI�6HH><C:9�ID�I=:�9:K>8:�

Windows 10 Device Manager showing the A-StarÕs virtual COM port.

)C 6 1>C9DLH8DBEJI:G	 NDJ86CH:: I=: G:HID; I=: /-� >CI:G;68:7N<D>C<ID I=: �:K>8: '6C6<:G 	

H:A:8I>C<View > Devices by connection	 6C9I=:C :ME6C9>C<:CIG>:HJCI>ANDJ;>C9I=: T*DADAJ�
-I6G

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���.=:�,DB>���/��/-��>CI:G;68: *6<:����D;���



��/�U��)'�EDGI��(:6G�>I	�NDJ�H=DJA9�H::�I=:�E6G:CI�8DBEDH>I:�9:K>8:�

The Windows 10 Device Manager in ÒDevices by connectionÓ mode, showing
that the A-Star is a composite device.

)C 6 &>CJM8DBEJI:G	 NDJ86CH:: 9:I6>AH67DJI I=: /-� >CI:G;68:7NGJCC>C<lsusb -v -d 1ffb: >C6

. :GB>C6A��.=:�K>GIJ6A�H:G>6A�EDGI�86C�7:�;DJC9�7N�GJCC>C<ls /dev/ttyACM* >C�6�.:GB>C6A�

)C 6 '68 )- 2 8DBEJI:G	 I=: K>GIJ6AH:G>6AEDGI86C7: ;DJC97NGJCC>C<ls /dev/ tty.usbmodem* >C6

. :GB>C6A�

3DJ 86CH:C9 6C9 G:8:>K:7NI:H ;GDBI=: K>GIJ6AH:G>6AEDGIJH>C<6CNI:GB>C6AEGD<G6BI=6I HJEEDGIH

H:G>6AEDGIH�-DB: :M6BEA:H6G: I=: -:G>6A'DC>IDG>C�G9J>CD#��	 I=: Pololu Serial Transmitter

Utility [https://www.pololu.com/docs/0J23]	 Br@y Terminal [http://sites.google.com/site/terminalbpp/]	 PuTTY

[http://www.chiark.greenend.org.uk/~sgtatham/putty/]	 TeraTerm [http://ttssh2.sourceforge.jp/]	 Kermit

[http://www.columbia.edu/kermit/ck80.html]	 6C9 GNU Screen [http://www.gnu.org/software/screen/]� '6CN

8DBEJI:G�EGD<G6BB>C<�:CK>GDCB:CIH�6AHD�HJEEDGI�H:C9>C<�6C9�G:8:>K>C<�7NI:H�;GDB�6�H:G>6A�EDGI�

*DADAJ�,DB>���/���DCIGDA��D6G9�/H:GVH�!J>9: Q��

�S�
���*DADAJ��DGEDG6I>DC

���.=:�,DB>���/��/-��>CI:G;68: *6<:����D;���
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8. The A-Star 32U4 Bootloader
)JG ��/� ;6B>AND; 7D6G9H8DB: L>I= 6 /-� 7DDIAD69:GI=6I 86C 7: JH:9 >C8DC?JC8I>DCL>I= I=:

�G9J>CD#�� DG� 0,�/�� ID AD69C:L EGD<G6BHDCIDI=: 9:K>8:� .=>H H:8I>DC9D8JB:CIH HDB:

I:8=C>86A9:I6>AHD; I=: 7DDIAD69:G;DG69K6C8:9 JH:GHL=D L6CI ID 7:II:G JC9:GHI6C9=DL >ILDG@H�#;

NDJ�?JHI�L6CI�ID�<:I�HI6GI:9�JH>C<�NDJG�9:K>8:	�>I�>H�;>C:�ID�H@>E�I=>H�H:8I>DC�

.=: �
-I6G ��/� �DDIAD69:G>H76H:9 DCI=: Caterina bootloader [https://github.com/arduino/Arduino/

tree/master/hardware/arduino/bootloaders/caterina]	 L=>8=>HI=: 7DDIAD69:GJH:9 DCI=: Arduino Leonardo

[https://www.pololu.com/product/2192]	 Arduino Micro [https://www.pololu.com/product/2188] 6C9H:K:G6ADI=:G

� .B:<6��/� 7D6G9H�.=: 7DDIAD69:G>HDE:C HDJG8:6C9 >IHsource code [https://github.com/pololu/

a-star/tree/master/bootloaders/caterina] >H6K6>A67A:DC!>I"J7� .=: 7DDIAD69:GD88JE>:HI=: JEE:G;DJG

@>AD7NI:HD; I=: � .B:<6��/�V H EGD<G6BB:BDGN	 A:6K>C<�� %� ;DGI=: JH:G EGD<G6B�.=:

7DDIAD69:GVH /-� >CI:G;68:8DCH>HIHD; 6 H>C<A:K>GIJ6AH:G>6AEDGII=6I 688:EIH I=: EGD<G6BB>C<

8DBB6C9H9:;>C:9 >CAVR109 [http://www.atmel.com/images/doc1644.pdf]� .=: 7DDIAD69:G6AL6NHGJCH;>GHI

>BB:9>6I:AN�6;I:G�I=:��0,�>H�G:H:I�

Startup logic

.=: B6>C9>;;:G:C8: 7:IL::C I=: �
-I6G ��/� �DDIAD69:G6C9 �6I:G>C6 >H>CI=: HI6GIJEAD<>8�.=>H

>HI=: E6GID; I=: 7DDIAD69:GI=6I GJCH>BB:9>6I:AN6;I:G I=: � 0, >HG:H:I	 6C9 >I9:8>9:H L=:I=:G ID

GJCI=: JH:GEGD<G6BDGGJCI=: G:HID; I=: 7DDIAD69:G� .=: HI6GIJEAD<>8D; I=: �6I:G>C67DDIAD69:G>H

9:H><C:9HDI=6I L=:C I=: ,-. A>C:<D:H ADL	 I=: 7DDIAD69:GL>AAGJC�.=>HB:6CH I=6I >;NDJL6CI ID

G:HI6GINDJGEGD<G6BJH>C<I=: ,-. A>C:	>IL>AAI6@:� H:8DC9H7:;DG: I=: 7DDIAD69:GI>B:H DJI L6>I>C<

;DG�6C�JEAD69�6C9�I=:�H@:I8=�HI6GIH�

.=: �
-I6G ��/� �DDIAD69:G=6H9>;;:G:CI HI6GIJEAD<>8I=6I 6AADLHNDJIDJH: I=: ,-. A>C:IDG:H:I I=:

7D6G9L>I=6 HB6AA:G9:A6N� #;I=: ,-. A>C:<D:H ADLDC8:	 I=: JH:GEGD<G6BL>AAGJC6;I:G 6 ��
 BH

9:A6N� #;I=: ,-. A>C:<D:H ADLIL>8: L>I=>C��
 BH	 I=:C I=: 7DDIAD69:GL>AAGJC��.=>H7:=6K>DG>HI=:
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The startup logic for the A-Star 32U4 bootloader.

Brown-out detection
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1
2
3
4
5
6
7
8
9

10
11
12
13
14

pinMode(13, OUTPUT);
if (MCUSR & (1 << BORF))
{

// A brownout reset occurred. Blink the LED
// quickly for 2 seconds.
for (uint8_t i = 0; i < 10; i++)
{

digitalWrite(13, HIGH);
delay(100);
digitalWrite(13, LOW);
delay(100);

}
}
MCUSR = 0;
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9. Reviving an unresponsive Romi 32U4
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The uploading-before-bootloader method
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The bootloader-before-uploading method
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9.2. Reviving using AVRDUDE
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B6A;JC8I>DC>C<�EGD<G6B�DC�I=:�9:K>8:�7JI�EG:H:GK:�I=:�7DDIAD69:G�
avrdude -c avr109 -p atmega32U4 -P COM4 -e

�� *G:HH�I=:�G:H:I�7JIIDC�IL>8:�L>I=>C���
 BH�ID�B6@:�I=:�� 0,�<D�>CID�7DDIAD69:G�BD9:�

�� +J>8@ANGJCI=: 8DBB6C9 NDJ INE:9 EG:K>DJHAN� .=: 8DBB6C9 C::9H ID 7: GJCL>I=>C

� H:8DC9HD; HI6GI>C<I=: 7DDIAD69:G	 DG:AH: I=: 7DDIAD69:GL>AA:M>I6C9 IGNID GJCI=:

B6A;JC8I>DC>C<�EGD<G6B�6<6>C�

�N ;DAADL>C<I=: >CHIGJ8I>DCH67DK:	 I=: B6A;JC8I>DC>C<EGD<G6BDCI=: 9:K>8: L>AA7: :G6H:9 6C9 I=:
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http://www.nongnu.org/avrdude/
https://www.pololu.com/product/1400
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10. Related resources
. D�A:6GC�BDG:�67DJI�JH>C<�I=:�,DB>���/���DCIGDA��D6G9	�H::�I=:�;DAADL>C<�A>HI�D;�G:HDJG8:H�

P .=: �G9J>CD#�� =6HB6CNexamples [http://arduino.cc/en/Tutorial/HomePage] I=6I 86CGJCDCI=:

,DB> ��/� �DCIGDA�D6G9 �6AI=DJ<=CDI: I=6I I=: 8DCIGDA7D6G9VHDC
7D6G9=6G9L6G:B><=I

8DC;A>8I�L>I=�HDB:�D;�I=:H:�:M6BEA:H��

P .=: �G9J>CDL:7H>I: =6H 6 Language Reference [http://arduino.cc/en/Reference/HomePage]	 6

L>@>�86AA:9�I=:The Arduino Playground [http://playground.arduino.cc/]	�6C9�DI=:G�G:HDJG8:H�

P .=: ,DB> ��/� �DCIGDA�D6G9 JH:H I=: H6B: B>8GD8DCIGDAA:G6H I=: Arduino Leonardo

[https://www.pololu.com/product/2192] 6C9 Arduino Micro [https://www.pololu.com/product/2188]	 HD

NDJ86CH:6G8=I=: #CI:GC:I;DGG:A:K6CIEGD?:8IH6C9 8D9: :M6BEA:HI=6I JH: DC: D; I=DH:

7D6G9H�

P Atmel’s ATmega32U4 documentation [http://www.atmel.com/devices/atmega32u4.aspx] =6H I=:

� .B:<6��/��96I6H=::I�6C9�B6CN�G:A6I:9�9D8JB:CIH�

P AVR Libc Home Page [http://www.nongnu.org/avr-libc/]� I=>HE6<: 9D8JB:CIH I=: HI6C96G9

A>7G6GN�D;�;JC8I>DCH�I=6I�NDJ�86C�JH:�L>I=�!(/���6C9�����8DBE>A:GH�;DG�I=:��0,�

P Romi 32U4 Arduino library [https://github.com/pololu/romi-32u4-arduino-library]

P Romi 32U4 library documentation [http://pololu.github.io/romi-32u4-arduino-library]

P LUFA – the Lightweight USB Framework for AVRs [http://www.fourwalledcubicle.com/

LUFA.php]

P WinAVR [http://winavr.sourceforge.net/]

P Atmel Studio [http://www.atmel.com/microsite/atmel-studio/]

P AVRDUDE [http://www.nongnu.org/avrdude/]

P AVR Freaks [http://www.avrfreaks.net/]

�6I6H=::IH�;DG�HDB:�D;�I=:�8DBEDC:CIH�;DJC9�DC�I=:�,DB>���/���DCIGDA��D6G9�6G:�6K6>A67A:�7:ADL�

P ATmega32U4 documentation [http://www.atmel.com/devices/atmega32u4.aspx]

P Texas Instruments DRV8838 motor driver datasheet [https://www.pololu.com/file/download/

drv8838.pdf?file_id=0J806] ��'��E9;�

P ST LSM6DS33 3D accelerometer and 3D gyro module datasheet [https://www.pololu.com/

file/download/LSM6DS33.pdf?file_id=0J1087] ��'��E9;�

P Texas Instruments TPS2113A power multiplexer datasheet [https://www.pololu.com/file/

download/tps2113a.pdf?file_id=0J771] ��'��E9;�
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