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1. Introduction

The CAMBADA robots were designed and completely built in-house. Each robot is
built upon a triangular aluminum chassis, which supports three independent motors
(allowing for omnidirectional motion), an electromagnetic kicking device, three, 4 cells,
LiPo batteries and the motor controller modules. The remaining parts of the robot are
placed in three higher layers, namely: the first layer upon the chassis is used to place the
kicking mechanism, the ball handler and related electronic modules; the third layer
contains the PC (currently a 12" notebook based on an Intel Core i5 processor); finally,
on the top of the robots stands an omnidirectional vision system based on a hyperbolic
mirror (AIS Fraunhofer-Gesellschaft) and the IMU module.

The mechanical structure of the robot is highly modular and was designed to facilitate
maintenance. The main two sections of the robot can be easily separated from each
other, allowing an easy access both to the main mechanical components and to the
electronic modules.

2. General Architecture of the Robots

The general architecture of the CAMBADA robots has been described in [1][2][3].
Basically, the robot's architecture is centered on a main processing unit (a PC running
the Linux operating system) that is responsible for the higher-level behavior
coordination, i.e. the coordination layer. This main processing processes visual
information gathered from the vision system, executes high-level control functions and
handles external communication with the other robots. This unit also receives sensing
information and sends actuating commands to control the robot behaviour by means of a
distributed low level sensing/actuating system. The communication among team robots
uses an adaptive TDMA transmission control protocol [5], on top of IEEE 802.11b, that
reduces the probability of transmission collisions between team mates thus reducing the
communication latency.

The low-level sensing/actuation system (Figure 1) is implemented through a set of
microcontrollers interconnected by means of a CAN network (Controller Area Network
(CAN) [6]). The main blocks of the low-level sensing/actuation system are: motion
control, IMU, kicking control and ball handling control. The motion control block is
composed of three independent motor control boards each of them receiving a velocity
setpoint from the high-level holonomic motion controller. The IMU is composed of a 3-
axis accelerometer and a 3-axis gyroscope. The kicking control block includes the
control of an electromagnetic kicker. Finally, the ball handling module controls the
reception and dribbling of the ball.
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Figure 1. The CAMBADA hardware architecture.

The low-level control layer connects to the coordination layer through a gateway (see
Figure 2 for the electrical drawing of this module), which filters interactions within both
layers, passing through the information that is relevant across the layers, only.

3. Low-level hardware description

The low-level layer nodes are interconnected with a CAN network operating at a bit rate
of 250Kbps. A gateway interconnects the CAN network to the PC at the high-level layer
through an Ethernet port. All modules are based on Microchip microcontrollers which,
along with a set of useful peripherals, such as timers, PWM generators, analog to digital
converter and serial communications, also integrate one or more CAN controllers. The
basic structure of every module includes the CAN port to connect to the network and
also a 115 Kbps RS232 serial port, which is useful for debugging purposes.

One important characteristic of the CAMBADA hardware design is the galvanic
decoupling between the "logic" blocks (e.g. microcontrollers, PC, cameras) and the
"power" blocks (e.g. motors, kicker) carried out through optocouplers and isolation
amplifiers. Along with improved reliability of the whole system it prevents serious
damages in expensive equipment (such as the notebook in the high-level layer)
whenever any electric problem occurs in the "power" block. The drawback of this
solution is the need of an extra battery for the "logic" part of the system. Thus, the low-
level hardware modules are powered through 3, 4 cells 5000 mAh Lipo batteries.

The following sections describe in more detail each node of the low-level
sensing/actuation system.

3.1. Motion control

The robot holonomic motion is obtained combining the speed of 3 DC motors (Maxon
24V-150W), each with its own speed controller. Each of these controllers is a distinct
module of the whole distributed architecture implementing a PI closed loop speed
control. It takes as inputs the motor shaft displacement, obtained through a quadrature
500 P/R incremental optical shaft encoder coupled to the main axis of the motor, and
the speed setpoint. The hardware of these modules has two main blocks: 1) the "logic"
block (based on a Microchip dsPIC) that interfaces to the rest of the system and
generates the required control signals, and 2) the "power" block which is essentially an
NMOS H-Bridge, with two high-side drivers, to actually drive the motor. The output of
the logic block is a set of two 20 KHz PWM signals implementing a modified lock anti-
phase drive. In this drive mode the motor is energized only during the on-time, in
contrast with the standard lock anti-phase where the motor is energized in reverse



direction during the off-time. That is, when the motor is stopped (duty-cycle of the
PWM signals is 50%) the current is zero. This implementation leads to a significant
gain in battery autonomy, whenever the motor is not rotating at its maximum speed.
Figure 3 and Figure 4 present the complete electrical drawing for this module.

The odometry function of the robot is accomplished through the combination of the
readings of each one of the 3 encoders to generate coherent robot displacement
information (Ax, Ay, AB). The reading of each encoder is naturally allocated to each
motor control module, using the same readings as those used by the speed feedback
control. The combination of the readings is carried out in a process running on the
laptop PC which receives, via CAN messages, the encoder readings from the motor
control modules.

3.2. IMU module

The IMU module (see Figure 7 for the electrical drawing) is based on a Microchip
dsPIC30F4013 microcontroller. The IMU module includes a 3-axis compass (a
Honeywell HMCS5883L) and a MPU-6000, an integrated circuit which put together a 3-
axis MEMS gyroscope and a 3-axis MEMS accelerometer.

The connection between the microcontroller and the peripheral sensors is accomplished
through the 12C serial bus. The IMU module communicates with the high-level decision
layer through CAN.

3.3. Ball handler module

The ball handler module (see Figure 8 and Figure 9 for the electrical drawing) is based
on a Microchip PIC32 microcontroller. The ball handler module includes two h-bridges
that drive the two motors of the ball handling mechanism and a CAN interface that
allows the connection of this module to the remaining low-level sensing/actuating
system.

The ball handling mechanism is composed of two independent arms. The position of
each of these two arms is sensed through a 12-bit resolution absolute encoder. These
two encoders connect to the ball handler module through a second (independent) CAN
bus, working with a baudrate of S00Kbps.



4. Electrical drawings

4.1. Gateway
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Figure 2. Gateway module.
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4.2. Motor control

Motor Drive Module - Page 1/2

u1
CN1
cgy PGD CAN TX ; Do Rs )
c1 GND CANH
csv csvo 3 veo can & 2'
RXD  Vref R1
R2 4 g 100nF NICPZ551 A 269P1 MC2W-3.81
10K 2 oz
o o 3 120 HEADER 2
Rixd MCLRIVPP S s z PWM1L/REQ [-28— v H
LED1 5| PWM1H/RET [RE————————{ >PWM1_CTRL
<5 EMUD3/ANO/Vref+/CN2/RBO
231 EMUC3/AN1/Vref-/CN3/RB 1 PWM2L/RE2 [-24— MC2W-3.81
cLocK PWM2H/RE3 [23———{ >PWM2_CTRL
ClocK 4|
AN2/SS1/CN4/RB2
DATA PWM3L/RE4 22—
DATA 5| (21
CHA AN3/INDX/CNS/RB3 PWM3H/RES
CHA g
e AN4/QEA/ICT/CNE/RB4 18 PGC CAN RX
=T AN5/QEB/IC8/CN7/RBS PGC/EMUC/U1RX/SDI/SDA/C1RX/RF2 PO GAN TX
[17  PGD CAN TX
PGD/EMUD/U1TX/SDO1/SCLIC1 TX/RF3
OSC1/CLKIN HEADER 3
FLTAINTO/SCK1/0GFA/RES [-16—
cz OSC2/CLKO/RC15
UTX EMUC2/0C1/IC1/INT1/RDO [ 39— [ > DISABLE_CTRL
Ut 19 | (14
25 29 URY EMUD1/SOSCIT2CK/UTATX/CNT/RG13  EMUD2/OC2/IC2/INT2/RD1 LED1
A ——12 ] EMUC1/SOSCOMICKIUTARX/CNO/RC14
» w3 680
w v = D1
KsPIC30F401250IC > > = LED
o)
i ?
dsPIC programming connector + UART Temperature measurement
c5v
CNS u1o cNa
T cs 1
1 2 csv cs VDD MC3W-3.81 U3 csv
PGC 3 Pl URX cLock 3 KF50BDT-TR 3
PGD CAN X5 S UTX SCK c26 3 v vout 2
DATA 4|
VPP 7 8 DATA S0 vsS 100nF ?L
= TC77 ca | | GND |
MINIFIT-8 - —— o5 A = c6
10UF / 16} 100nF 2.20F
Encoder interface N
c5v
o)
R5 2 R6
3K3 > 3K3 CN3
1
CHB > CAMBADA MSL team
3 University of Aveiro
CHA 4 DETI / IEETA
Portugal
MINIFIT-4

Figure 3. Motor control module (part 1).
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Figure 4. Motor control module (part 2).

6




4.3. Kicking module
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Figure 5.

Kicking control module (part 1).
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Figure 6. Kicking control module (part 2).
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4.4. IMU module
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Figure 7. IMU module.
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4.5. Ball handler module

c1 " 0.1uF 33V
+3.3V
) I\
c2 " 10 uF
R1
X1
I\ < c3 200F 3K3
gy N e 8 MHz
U1 N wn [t MCLR
MR 7 88888 g I:I c4 20PF at
MCLR z>>>> 9 OSC1/CLKI/RC12 RTS\ IN7002
2 0SC2/CLKO/RC15
ANALOG_0 RBO/ANO/PGED1/Vref+/CVref+/PMAB/CN2 > R2
ANALOG_1 RB1/AN1/PGEC1/AN1/Vref-/CVref-ICN3 g
ANALOG 2 RB2/AN2/C2IN-/CN4 Q SOSCICN1/RC13 [FL— 10K
ANALOG_3 RB3/AN3/C2IN+/CN5 SOSCO/TICK/CNO/RC14 (48—
—12— RB4/AN4/C1IN-/CN6
RB5/ANS/C1IN+VBUSON/CN7
F",gg—ﬂ— RB6/AN6/OCFAIPGEC2 D+RG2 [L—x
AN TC———8-{ RB7/ANT/PGED2__ D-/RG3 38— U TX
A 21| RRg/ANB/C2TXISSA/USRX/U2CTS/C10UT SCK2/UBTXU3RTS/PMAS/CNB/RGE [~ T3 RYX L1
—22{ RBY/AN9/C20UT/PMA7 SDI2/U3RX/PMA4/SDA4/CNI/RGT [-2 T3TX —
IR_CNTL RB10/AN10/TMS/CVRefOutPMA13 SDO2/U3TX/PMA3/SCL4/CN10/RG8 U6 RX USBPW Y
IR_OUT RB11/AN11/TDO/PMA12 §S2/UBRX/U3CTS/PMA2/CNT1/RGY |8 C5_|
27 MI0B05K400R-10 (1.5A, 400hm) c6
RB12/AN12/TCK/PMA11 CAN1 RX oN1
CAN2 RX —28 RB13/AN13/TD1/PMA10 C1RX/AETXD1/ERXD3/RFO (28— g7r—o— o O1uF 4.7 uF
SRR 29 1 RR14/AN14/C2RXISCK4/USTX/UZRTS/PMALH/PMA1 CATX/AETXDO/ERXD2/RF1 |23 —— =R "2 u2 <
—30 RB15/AN15/0CFB/EMDC/AEMDC/PMALL/PMAOG/CN12 USBID/RF3 [—33—
AC1TX/SDI4/U2RX/PMAY/SDAS/CN17/RF4 DIR_M2 8
AC1RX/SDO4/U2TX/PMA8/SCL5/CN18/RF5 DIR_M1 i 12 USBDM > U6 RX
USBDP ™ T
PWM_M1 RDO/OC1/INTO ERXD1/PMDO/REO LED1 RXD P2———2
PWM_M2 RD1/0OC2/EMDIO/AEMDIO/SCK3/UATX/UTRTS ERXDO/PMD1/RE1 LED2 c8 co_| RTS\
101 RD2/0OC3/SDA3/SDI3/UTRX ERXDV/ECRSDV/PMD2/RE2 LED3 usB FT23RQ  RTS e
102 RD3/0C4/SCL3/SDO3/U1TX ERXCLK/EREFCLK/PMD3/RE3 LED4 10nF | 47 pF | 47 pF
103 RD4/0C5/IC5/PMWR/CN13 ERXERR/PMD4/RE4 [F34— 3vaouT (HE
104 RD5/PMRD/CN14 ETXEN/PMD5/RES [—— VCCIO
105 RD6/AETXEN/ETXERR/CN15 ETXDO/PMD6/RE6 a =
RD7/ETXCLK/AERXERR/CN16 ETXD1/PMD7/RE7 g 2229
—42{ RD8/INT1/RTCC/AERXD1/ETXD3/IC1 I GOOF col
12C_SDA RDY/INT2/SDA1/AERXDO/ETXD2/SS3/U4RX/UTCTS/IC2
12C_SCL RD10/INT3/SCL1/ECOL/AECRSDV/IC3/PMCS2/PMA15 » vusB F8—x ™ 0.1 uF
—45 | RD11/INT4/ECRS/AEREFCLK/IC4/PMCS1/PMAT14 Q009 VBUS [F¥—x
<>>>
PIC32MX795F512H (TQFP)
BUS TERMINATOR
JP1 MINIFIT-4
ol—
- CAN2L 3 4 CAN2H
Programming R3 1 B 0 5V
oN3 0 120 PRIMARY CAN BUS
1 2 +33V CAN1 TX Pl p— CN4 CN2
PGC 3 4 U3_RX o S [7 CAN1H 1
PGD 5 5 U3 1X +3.3V 5| GND CANH 7 CANTL 2 MINIFIT4
MCIR 7 8 CANT RX 4| Ve CANL =
RXD  Vref MINIFIT-2
L VIAX30ET CAN2L 3 [ I 4 CAN2H
MINIFIT-8 1 2 0 +33V
R4 7 CN5
+3.3V
Q U4
CAN2 TX 10 = 120 CAMBADA MSL team
s P ’
C1lL C1i c13| C1LL C1§L csz cagL ‘33 2 | GND CANH L gﬁ“g[‘ University of Aveiro
1~ SARY 31 Vee CANL |8 DETI/ IEETA
01uF| O01uF| O1uF| 01uF| 01uF| 01uF| 01uF 41 RXD  Vref FA— Portugal
MAX3051
N N Ball Handling Module - Page 1/2

Figure 8. Ball handler module (part 1).
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Figure 9. Ball handler module (part 2).
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