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1  INTRODUCTION Ol

The hardvware of Khepera is based on a modular concepe. “general 1/0” is a
turret that can be plugged on the basic configuration making simple custom electronic
extensions possible. Due to the configuration of this turret, if the geometry is respected
others turrets can be plugged on the top of it.

The general I/O turret is directly under control of the main proceskdunction-
nalities can be managed by the standard control proteathlle on the basic configu-
ration of KheperaTo use this module pu need to hae a BIOS and a contol
protocol of version 3.0 or grater

1.1 How to Use this Manual

This manual is @anised into six chapters andaappendixTo learn hav to male
the best use of your general I/O turret you agedrto read all of chapters 2 through 5.
You need to read the chapter 6 if you use the soétwabVIEWP. The appendix can be
referred to as necessary

Chapter 1 gives you a general introduction.

Chapter 2  describes some importanamings.

Chapter 3 explains the contents of the package.

Chapter 4  explains the functionality of the general I/O turret.

Chapter5  explains haev to connect the general 1/O turret to the robot
and to the host computer

Chapter 6 is addressed to users of LabVIEWt shavs simple virtual
instruments (VI) to control the general I/O turret functional-
ity.

Appendix A gives an gerview of all connections, of theuls layout and of
the memory map.

Appendix B  contains the schematics of the module.
Appendix C details the commands of the communication protocol.

2 SAFETY PRECAUTIONS ol

Don't plug or unplug any connector or turret when the system is switched OMiII
connections and turret insertions must be made when the robot and thecéntmd
switched OFFOtherwise damages can occur

Switch OFF the robot if you will not use it for more than a day Disconnect the poer
supply remaing it from the vall soclet.

If you hare ary question or problem concerning this turret, please contact your Khepera
dealer




3 UNPACKING AND INSPECTION ﬁ

Please check that youvea complete packag¥éou should find:
» Documentation.
» The general 1/O turret.

* Disks with the softwre modules for LabVIEW® on SUN®, Macintosh®
and PC.

4 THE GENERAL I/O TURRET ol

4.1 Overview

05 Zooooo0o0O0
20000000

Figure 1: Owerview of the turret layout.

Make an eternal inspection of the turret. Note the location of the Walig parts:
1. Serial line (S) connector
2. 1/0 connections area.
3. Free connections area.
4. Analog input @in regulation.

4.2 1/0O connections

The 1/0O connections are situated in a specific area of the module as described in
figurel (point 2) and detailed in thextesectionsThree lines of te&t on the printed cir
cuit help in finding the position of the fiifent pins.

We divide all connections in main groups: Digital inputsy Ipower digital out-
puts, paver digital outputs and analog inpufslast group of connections includes the
power ones.Their location is described in figuke These connections can be used to
power additional circuits.
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Figure 2: Position of the paer connections.

The folloving sections describe in detail the possibilities of all connections. In
AppendixA you can find a short summary of the position of all connections.

4.2.1 Digital inputs

8 digital inputs areailable and can be read from the main processor orxtbasgon
bus at the relate address 32.d¥ every bit a connection is accessible on the tuireé
exact position of gery connection is indicated in Figure 3.

Interrupt request 6 8 digital inputs  Bit nbr.

O

Figure 3: Position of digital input connections.

On the turret is alsovailable the input to generate an interrupt on the main proces-
sor. This possibility can be used for strict real-timeergts and need to be managed
directly from the BIOSThere is no possibility to use this functionality from the control
protocol. Refer to the BIOS manual for more informations.

4.2.2 Digital outputs

Writing at the same relae address on thexeension lois as for the digital inputs (32 dec-
imal), 8 bits are\ailable as output.dur of them (bits O to 3) are directly accessible on
the turret as v power digital outputs. Bits 4,5 and 6 are used to control a full H bridge
(motor control), as described, in talileBits 4 and 5 control the foesd and reerse




direction, the bit 6 enables thevper.

Forward | Reverse | Enable Motor
(Bit 4) (Bit 5) (Bit 6) status
0 0 0 free

0 0 1 free

0 1 0 free

0 1 1 reverse
1 0 0 free

1 0 1 forward
1 1 0 free

1 1 1 blocked

Table 1: H bridge control and result.

The maximum current supported by the H bridge circuitAs lut the pever sup-
ply of the robot can prade 200mA.

Finally, bit 7 is used to dve a paver transistgras described in figure Also in
this case the maximal current picded by the robot is 200mA.

+5V

Digital
Output

(bit 7) Power

output

connection
GND

Figure 4: Pwer output schema.

Two other outputs, independent from thevimas ones, arevailable: Two pulsed
outputs (chip select read and write pulses). On these lines a pulse as described in
Figure 5 is generated when a read/write operation is made at address 36.

-

/CSTurret \\f " about 250ns> —\ \\f <about 200n§ —\

(output connection)

Read - /Write ///// \\\\\ \\\\\ /////

Figure 5: Shape of a read and write pulse. Only (€&®Tis on the output connection.

It has to be noted that the pulse output (read and write) ave atfVolts. This
means that the signal is normally (non\agjiat 5Volts, and is actie when OVolts are on
the line.




The &act position of eery connection is indicated in figure 6.

Power 4 digital Bit Motor Read Write
output  outputs nbr  control pulse pulse

Figure 6: Position of digital output connections

4.2.3 Analog inputs

On the basic configuration of Khepera a 10 Aif3 converter is used to read analog sig-
nals.Three of the six channels of this wenter (0 to 2) are used for the functionnalities
present on the basic configuration (proximity sensors, light sensors and battery control).
Three other channels (3 to 5) amaitable for the user and are inteéd on this I/O
module.To facilitate the wiring wrk of the usersome amplifiers va been already
installed on the board, in the foling way:

* A rail-to-rail I/0 amplifier with adjustableagn has been wired at the input
of channels 3 and 4, as sved in Figure/. The \ariable resistance can be
adjusted with a little scvedriver (point 4 of Figure 1).

0 + A/D
Connection g converter
on the (channel
board = 3or4)

10 kQ
1kQ

Figure 7: Input circuit for analog inputs 3 and 4.

» The two inputs of an amplifier arevailable at the input of channel 5, as
described in figure 8.

1kQ
o— + A/D
Connection o+ Ccorverter
on the O_S.lg _ (channel 5)
board

10 kQE 00

Figure 8: Wing scheme of the ddrential connectionsvailable for channel 5.




The &act position of eery connection is indicated in figure 9.

Analog Analog Reference Differential
inputs ground voltage analog input
(GNA) (4.096 V)

O

< | Gain
43 control

@ ) @ of analog

<+ *%  inputs

Ch.3 Ch.4

Figure 9: Position of analog input connections

4.3 Software support diskettes

Three 3,5” diskttes contain all the modules for the control of the general 1/0 turret from
LabVIEW® on PC, Macintosh® and SUN® (see also “Using LabVIEW®” on page 8).

5  CONNECTIONS ol

Assembling and disassembling additional turets is a delicate operationTry to
avoid it as much as possible and pesfm it carefully. Please déllow the following
instructions to avoid damage to pur modules. K-Team can assume noesponsibil-
ity for any damage caused by immper manipulation.

5.1 Assembling

Assembling is the easier operationt li is also necessary to perform it carefully:

* First of all choose the parameters of the module on to which you plan to
plug the ne turret (the running mode that you will use on the basic Khep-
era configuration, for instance) and set the jumpers if nece¥ghen the
turrets are assembled, it is impossible to access to the modules that are
inside the robot without disassembling it.

» Assemble the turret with the basic configuration in steps: First, place
the module on thexéension connector checking that all pins are seated
correctly Second, apply force to insert the turret into tktergsion connec-
tor.




* If you want to connect the robot to youpikstation, use the serial connec-
tor of the topmost turret.
* Operate as normal.

5.2 Disassembling

This is the most diicult operation for people that are not accustometking with this
type of hardware.
* First switch OFF the robot or disconnect thevposupply
 Separate the turret from the rest of the robotperform this without dam-
age to the connections, it must be regawcarefully such that all pins are
disconnected simultaneousiyne vay to do this is to insert a & plastic
scravdriver between adjacent modules and gently ease the boards apart,
being careful not to push on delicate components. First open one side a bit,
then the othemalternating sides until the module is free.

"’JI -| nj= |j| "l L ’,_\l‘m |1|
[ G = lx.w'...lmll a L3

Figure 10: Hw to disassemble an additional turret.




6 USING LABVIEW® Ol

This chapter is toamiliarise you with the LabVIEW modules used to control the
general I/O turreflo this end, all steps to perform turret manipulations are presented.

6.1 Hardware and softwae setup
Set your emironment as plained in section 5.2 of the Khepera User Marilia¢
jumpers must be set as shed in figure 11, to obtain the running mode 2.

Top view

g

Figure 11: Settings of the jumpers to use LabVIEW

Then assemble the general 1/O turret as described in “Connections” of page

this manual and finally connect the robot to the computer as described in section 5.2 of
the Khepera user manual.

To enable thexehange of information between your computer and the robot, you
have to set up the serial link. Be sure that the connection cable is connected at both ends,
that the robot is peered, then start LabVIEW and open the Set-up instrument present in
your dislette.The folloving panel appears:

S[I=—=— Set-up =—[HI=

=

Set up the =zerial link with
the miniature robot Khepera

baudr’atel Faort
7 1900 | 4 modem

Choosze the part on which
the robot is connected

Figure 12: Set up panel for serial link initialisation.

Now, select the serial port on which the robot is connedteid. selection must be




made for gery module that you will us&hen click once on the run awat the top left

of the windav. A stop icon appears for aweseconds, after what the front panel returns
to its initial stateThat's alllThe serial link with Khepera is set to 19200 baud. It will
remain so until you put your computef.of

6.2 Digital inputs reading

Be sure that the serial link has been correctly installed, then open the Set_arm_pos
instrument present on the dette. Nav your screen displays the foling panel:

Sm—m————— Digital_In ==———FI=

D6 S o pies 7

MR
Digld| Digll| Digl2 Digl3| Cigld) Digls| Digls Digl?)
Choose the port on
which the robot is J J J J J J J J

connected

Figure 13: The Digital_In panel all to read the status of the 8 inputs.

Now, select agin the serial port on which the robot is connectedest this mod-
ule, wire a digital input connection (0 or 1 or 2 ... to 7) to 5V (see “Digital inputs” on
page3 and the introduction of “I/O connections” on p&g®r more details)To read the
status of the digital inputs from the robot, just click once on the ruw.a@oange the
status (5V or GND) of the digital input connections on the board and clak.dfjyou
are getting bored with clicking on the amdry one click on the double awo(in run-
ning mode)This way, you enter the recurrent running. Change the status of the connec-
tions and obseprthe result on the panel in real time. Click on the stop icon to halt the
program.

6.3 Digital output control

All the output connections (digital, p@r and motor control ones, as described in
“Digital outputs” on pag8, kut not the read and write pulse output) are controlled by
writing a 8 bit \alue at one unique addressr Ehis reason the Digital_Out control panel
described in figur&4 controls all outputs at the same tiffileis means, in particulathat
if you use thig/I, all output connections will be modified when you run it, also if you do
not wire all control link when, for instance, tMéis used as a sub-VI. Due to this partic-
ularity it is recommended to use omge Digital Out sub-VI in youWI.




=s[I=——— Digital_iut

== Ld>g
Logic -:-utEut5|

Digd 0 [Digd 1]  [ig0 2|  Digd 3

4

Choose the port on
which the robot i=
connected

* | rooe | A

FPower output Mator (H bridge) contral

Motor E-:-we-r'|
OFF Maotor action I:III—E:I|
Q Let free rotar vl

;q OFF

Figure 14: The Digital_Out panel alao control all outputs on the turret.

To test the Digital_OuVI it is necessary to obsexvthe result on the output con-
nections. Br more details on the characteristics of the output connections, please refer to
section “Digital outputs” on pag® All digital outputs can be tested with a logic probe.
The paver output can be tested with a LED connected through a resistdrecenotor
control outputs can be easily tested connecting a DC motor

When the deices are connected to the output connections, click on the double
arrov (in running mode) entering in the recurrent run mdde digital outputs O to 3
and the pwer output can be controlled bydivndependent switcithe motor is control-
led by a menu and a switchhe menu contains the four possibleveo modes that can
be applied to the motor:

« “Let free motor”: the motor is disconnected and free to turn.
» “Go forward”: the motor turn in one direction.

* “Go backward”: the motor turn in the opposite direction.

» “Block motor”: the motor is connected and bledk

To enable the pwer mode selected with the menu, the motavgraswitch need to
be switched ON.

The read and write pulses (see “Digital outputs” on [&fgpe more details) can be
controlled with the Pulse_Out panel described in figur&té.two pulses can be gerer
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ated independently when the correspondinijon is pressed.

=[[I=———— Pulse_0ut

=l[m= g

Chooze the paort on
which the robot i=
connected

e ||

YWrite F"u15e| Fead F'u15-9|

Figure 15: Wo huttons allev to generate the read and write pulses.

The pulses on the output connections can be obdevith an oscilloscope.

6.4 Analog input reading

TheAnalog_In panel dér an higher Ieel interface than the Get_analue &aila-
ble in the basic packagéheA/D channel selection is made by a menu and the analog
value display is made Molts.

[I=———— fAnalog_In

[ ]
dnalog value['-.-']l

Choose the port on which
the robot is connected

- 2,0
1_1| MODEM 1,0 3,0
0,0 4.1
Analog Input channeﬂ
Channel 3 Cvar gain) W 0,00 |

Figure 16: TheAnalog_In panel display theoitage present on one input connection.

To test this functionality apply awovoltage to an analog input and run e
Please consider and obsemarefully the influence of theaig control described in sec-
tion “Analog inputs” on page 5.

11
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SUMMARY OF ALL
CONNECTIONS

APPENDIX A

4

Figure 17: Description of all connections (WitR numbers corresponding to the sche-

matics ofAppendix B).
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Top view

42]55]56]57]45|

Pin Signal Pin Signal
1 /Reset 41 D15

2 VCC_Ext 42 A0

3 GND 43 Al

4 VCC 44 A2

5 GND 45 R/W

6 VRef 46 /CSExt
7 GNA 47 F7

18 D8 48 /IRQ6
19 D9 49 MISO
20 D10 50 MOSI
21 D11 51 SCK
22 D12 52 /CSCOM
23 D13 53 TxD
36 CH3 54 RxD
37 CH4 55 A3

38 CH5 56 A4

39 PAI 57 A5

40 D14

Figure 18: Decription of the number and name of theu& dpnnections.

Adress

Read MWrite

Function

32 (hea 20)

Read

Read the 8 digital inputs

(for more details see “Digital inputs” on page 3)

32 (hexa 20)

Write

Write the 8 digital outputs:
* bits 0-3 hae direct logic output.

* bits 4 and 5 control the H-bridge
(table 1 on page 4 for more details).

* bit 6 enable the H-bridge.
* bit 7 drives the pwer transistar

(for more details see “Digital inputs” on page 3)

36 (hea 24)

Write

Generate a write pulse (data are not considered).

(for more details see “Digital outputs” on page 3)

36 (hexa 24)

Read

Generate a read pulse (data are not to be copsid-
ered).

(for more details see “Digital outputs” on page 3)

Table 2:Adress map \erview.
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APPENDIX B

SCHEMATICS OF THE
GENERAL /O TURRET

ﬁ
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IReset >—Reset 0O ™ /Reset
VCC_EXt b——————————() TP2 VCC_Ext
v L—Q ™3 GN\D
ZLO P4 VCC
_L_O TP5 GND
VRef el O e VRef
rO TP7 GNA
D8 DDB—O TP18 D8
D9 I e e O JREC D9
D10 D 0O D10
D11 DDM—Q P21 D11
D12 D 0O ™2 D12
D13 D 0O D13
cH3 D 0O s CH3
CH4 DCH"—O P37 CH4
cHs D 0O 7 CHS
—Q P30 PAI
D14 DDM—O TP40 D14
D15 D 0O wa D15
—O P42 A0
—O P43 Al
A2 [ S S W (7} A2
RIW I S L W VY R/W
JCSExt > 0O s /CSExt
—Q P47 F7
/IRQ6 [ S R S /¥ /IRQ6
—O P49 MISO
—0O TPs0 MOSI
—0O P51 SCK
—O P52 /ICSCOM
™ —0 TP53 TxD
RxD —0 TP RxD
A3 DO s A3
A4 DO s A4
A5 I S R W {57 A5
45V 45V
D2 D1
1N4148-SMD 1N4148-SMD i
VCC_Ext 1I
Jie
™D 3I
Jib
RxD ZI
Jid

D4
1N4148-SMD

D3
1N4148-SMD

MicroM-6-FD
S--

Connected not
Connected not

Connected not

Connected not
Connected not
Connected not
Connected not

VCC

TxD

RxD

used
used

used

used
used
used
used

TP47, TP49..TP54 are reserved and should
not be used for custom applications.
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Title: Genlo
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[ B [ [ | D | E [ F I G
ic1
74HC138-SMD
YO 15 MR 1
A2 % 1 o———
" >t > |B Y1 o O P10 /WRL
Y2 |y 1
RW Do 2 va 1
o—=
Y4 o4 —— o u
A5 - 6 G
e ot i ot Y5 o0 O TP01 /RD1L
Y6 :)_9
JCSExt st 5 G2 vz 7
2
ic2
74HC573-SMD ey
RO—— 1 | /OC c J L]
D8 = = 1Q 1D a O P02 INO
b9 = = 2Q 2D 3 O TP103 N1
D10 o 1 3Q 3D = QO P04 IN2 3
b o 18 4Q 4D S O P05 IN3
b1z o = 5Q 5D 8 QO P06 IN4
o13 = 141 6Q 6D (7 O P07 IN5
b4 o = 7Q 7D 8 O P08 ING ]
b5 o 2 8Q 8D 2 QO TP109  IN7
AN E RN BTQ
4
L hhp ]
/IRQ6 [ /Res O P10 /IRQ
ic3 ]
74HC273-SMD
+5V
A
IReset [—fReset 1.+ CL —(O P11 VCC
MR — 11~ CLK —(O P12 VCC
5
D8 = 3 1D 1Q 2 O P13 OUTO
D9 o= 4 2D 2Q 5 O P14 OUTL
D10 e L 3D 3Q 5 QO P15 OUT2
b1y o 8 4D 4Q 2 O TP16  OUT3 H
D12 | S— 13 5D 5Q 12 . u
D5
o o= - &b 5Q L R 1N4148-SMD
D14 [ D14 17 7D 7Q 16 £ 3 P oUTa
D15 o 18 8D 6Q 19 2 6
T .
BF170-SMD
+8v »—O TP GND
H »——( TP119  GND |
22F-SMD-10V
3 l +
El VBAT 7
ﬁ c2h [V R O i OUTSa
ic4 ]
c1
TOnF-SMD MPC1710-SMD
T e
2 Cih
N s
c2
10nF-SMD L M2 11 O Tt OUTSH
3 C1l
15| vep |
o ]
10nF-SMD T H
9
E 6 | Forw
Rb— 7 | Rew
Project: | Khe.E.Genl0.00
Er—0 8 | Enable Title: GenlO )
N Name: | Edoardo Franzi 0
e Date: | 30.05.1996 Revision: | 30.05.1996
GND GND
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B C | D | E | E | G
1
l—O TP200  VRef
VRef > QO TP201  VRef
2
u IC5a
BAT48-SMD LMC6484-SMD 3 o O TP202  CH3
48 OO I u
R2
1kQ-SMD
3
P1 R1 R7
Pot-10kQ-SMD 1kQ-SMD ? 1MQ-SMD
o IC5b
BAT48-SMD LMC6484-SMD S o O TP203  CH4
4
o o= I
R4
1kQ-SMD
P2 R3 R8
Pot-10kQ-SMD 1kQ-SMD 1MQ-SMD
5
u IC5¢ —
BAT48-SMD  LMC6484-SMD 10 — O TP204  CH5-V1
R10
1kQ-SMD
cre (I
R6
1kQ-SMD 9 6
I O P05 CH5-V2
R11
1kQ-SMD
R9 RS
10kQ-SMD 10kQ-SMD TP206  GNA —
TP207  GNA
GNA is connected to GND on 7
1c5d the main board of Khepera
LMC6484-SMD 12
13
8
+5V
C5 Cc6 c7 c8
100nF-SMD | 100nF-SMD | 100nF-SMD | 100nF-SMD
I
9
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APPENDIX C COMMUNICATION PROTOCOL
TO CONTROL THE I/O

TURRET ol

The communication protocol alles complete control of the functionalities of the
turret through a RS232 serial linEhe connection configuration needed is presented in
section 4.2 of the Khepera user mantiie setup of the serial line of your host compu-
ter must correspond to the one set on the robot with the jumpers (running modes 1 to 3).
The protocol command for the I/O general turret are the same as for the basic configura-
tion. In this appendix we will list only the commands that are related to the use of the I/O
turret.

As already described ppendixA of the Khepera User Manual, the protocol is
constituted by commands and responses, all in stad&tdl codesA command goes
from the host computer to the robot: it is constituted by a capital lettewéallaf neces-
sary by numerical or literal parameters separated by a comma and terminated by a line
feed.The response goes from the robot to the host computer: it is constituted by the same
letter of the commandub in lower case, folleved, if necessarypy numerical or literal
parameters separated by a comma and terminated by a line feed.

To better understand this protocol we proposerg gsimple test as folaing:

* Set the jumpers of the robot for running mode number 1 (See figure 4 of the
Khepera User Manual).

e Set the connection configuration presented in section 4.2 of the Khepera
User Manual.

« Start a terminal emulator on your host computer (for inst€id®0) with
the serial line set to 9600 Baud, 8 bit data, 1 start bit, 2 stop bits, no parity

» Connect the digital input number O to the ground (See also “Digital inputs”
on page 3).

» On your terminal type the string “R,32” foll@d by a carriage return or a
line feed. “32” is the address of the digital inputs in the memory mapping
of the tension lois.

» The robot must respond with “r’ folleed by a 8 bits alue corresponding
to the 8 digital connections on the board.

» Change the state of the digital inputs connections on the board and type
acgain “R,32” followed by a carriage return or a line feed. Obsethe
result.

* Try other commands:

19



List of Available Commands
(T replace a line feed, a carriage return or both)

I Read A/D input

Format of the command: |, channel_numberq

Format of the response: i, Analog_\aluef

Effect: Read the 10 bit alue corresponding to theolkage present on the
channel_number analog inpdthe \alue 1024 corresponds to an analog
value of 4,096/0lts. Channels 0,1 and 2 are reservor functionnalities
of the basic configuratiorthe inputs wailable on the 1/O turret corre-
spond to the channels 3, 4 and 5 (Se®atog inputs” on pagb for more
details).

R Read a byte on the extension bus

Format of the command: R, relatve_addressY
Format of the response: r, dataf

Effect: Read the data bytevalable at the relate_address (0..63) of theten-
sion lus.The 8 digital inputs on the I/O turret correspond to the 8 bits of
the byte that can be read at relataddress 32 (See “Digital inputs” on
page3 for more details)The read pulse is generated by reading a byte at
relative address 36 (See “Digital inputs” on page 3 for more details).

W Write a byte on the extension bus

Format of the command: W, data, relatie_address
Format of the response: w¢

Effect: Write the data byte at the reladi address (0..63) of thetension is.
The 8 digital outputs on the 1/O turret correspond to the 8 bits of the byte
that can be written at relaé address 32 (See “Digital outputs” on p&ge
for more details)The write pulse is generated by writing a bytalfe is
not important) at relate address 36 (See also “Digital inputs” on pdge
for more details).

20



