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FishRobot.c

* FishRobot.c

* ¥

Author: baisy Lachat <daisy.lachat@epfl.ch>

Date: 25-JUN-05

Release: 1.0

Purpose: fish robot make a serie of motion's sequences

% % 3

#include <16F876A.h>
#include "FishRobot.h"
#include "regs.h"
#include "sin.h"
#include "sequences.h”

/* Device control registers (generic) */
const uint8 gen_regs[24][2] = {

{24, 0}, /*number of items*/
{REG MODE , MODE_IDLE},
{REG_SETPOINT_SOURCE, SETPOINT_SRC_I2C},
{REG_CONTROL_TYPE, CONTROL_POS},
{REG_ERROR_FLAGS, 0},

{REG_SETPOINT, 0},

{REG_POSITION, 0},

{REG_FILTER_POS, 1},

{REG_SAMPLE_TIME_H,
{REG_SAMPLE_TIME_L, 124},

oo
-

{REG_HW_OPTIONS, 0}, /*power up in idle mode*/ ) i
{REG_SW_OPTIONS, 3} /*enable antireset windup and separate derivative
*term, disable softstop*/
};

/% Device control registers (body element specific) */
const uint8 body_regs[7][2] = {

{7, 03}, /*number of items*/
{REG_KDWPOS, 25},

{REG_KD_DIV_POS, 0},

{REG_KP_POS, 10},

{REG_KP_DIV_POS, 0},

{REG_DIVIDER_SPEED, 5},

{REG_DIVIDER_POS, 8}

1

/* Device control registers (head element specific) */
const uint8 head_regs[7][2] = {

{7, 0%, /*number of items*/
{REG_KD_POS, 10},
{REG_KD_DIV_POS, 0},
{REG_KP_POS, 10},
{REG_KP_DIV_POS, 0},
{REG_DIVIDER_SPEED, 5},

) {REG_DIVIDER_POS, 9}

/* 12C addresses of the modules */

const uint8 caudal = 0x01;

const uint8 pect_left = 0x07;

const uint8 pect_right = Ox1f;

const uint8 addr_fin[FINS]= {caudal, pect_left, pect_right};



FishRobot.c
f Global variables

float time;
uint8 num_seq; /*number of the current sequence*/

/*Parameters of sines available for the current sequence*/

uint8 sine_amp1[FINS]; /*amplitude of sine*/

float sine_phas[FINS]; /*phase of sine*/

uint8 sine_freq[FINS]; /*frequencies of sine mult by 20(resolution=0.05Hz)*/
int8 sine_offs[FINS]: /*offsets of sine*/

* Increment time and update the number of the
* current sequence. Interrupt every 546.621 [us].
* out: time, num_seq

#INT_TIMER?Z
int_ t1mer 201
uint8 1;

time+=DELTA_T;
if(time >= tab_time[num_seq])

num_seg++;

/1": _____________________________________________________________________________

* Functions

B e e e e o o e e e o o ot 2t o 2 2t e e e v 00 0 o 2 2 2 o o o e e o 2 S0 ot o1 S ot e 2 oo o e o o o 7 T e o o e o o o o e o 'k/
/'k _____________________________________________________

* Write a value in a register of a module.

* value is unsigned but we can send a signed number

* and it would be interpreted correctly.

* in: addr : adress of the module

¥ re : adress of the register

* value: value to write )

* return 1 if the register is set, 0 otherwise y

B e e e e e e e e e o Y 1 2 52 2 o o 7 " 7 7 o 1 o o e o e oe o ot oo *
intl setkreg_va1ue(u1nt8 addr, uint8 reg, uint8 value){

uint8 k;

intl ac&:O; /*ack==1 -> no ack from slave*/

for(k=0 ; k <5 ; k++){
i2c_start(;
ack = i2c_write(addr<<l);
if(ack==0) ack = iZc_write(re?
if(ack==0) ack = i2c_write(va ue),
i2c_stop();

if(ack==0)
return 1; /*value transmitted*/

PDEBUG("set_reg_value: value %u not wrote in reg Ox%x of module Ox%x\r\n",
value, reg, addr); )
return 0; /*value not transmitted*/

Read a register of a module. value is positive but
can be interpreted as a signed number if requiered
(ex: position) and it would be interpreted correctly.
in: addr: address of the module

3k % 3
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) FishRobot.c
* reg: address of the register
* return: the value read
¥*

uint8 get_reg_value(uint8 addr, uint8 reg){
uint8 value, k;
intl ack; /*ack==1 -> no ack from slave*/

for(k=0 ; k <5 ; k++){

i2c_start(Q);

ack = i2c_write(addr<<l);

ack = ack || i2c_write(reg);

i2c_start(); /*repeated start*/

ack = ack || i2c_write((addr<<l) | 1); /* reading */
value=i2c_read(0); /*0 = no ack from master*/
i2c_stopQ);

if(ack==0)
break;

}
if(ack!=0)
PDEBUG('"get_reg_value: reg Ox%x not read from module Ox%x\r\n", reg, addr);

return value;

* Set sine configuration for the nth fin for the cur-
* rent sequence.

* in: a: amplitude, p: phase, f: frequency, o: offset
* n: number of the fin /
S *

/* n = number of the fin */
void set_sine(uint8 a, float p, uint8 f, int8 o, uint8 n){

sine_ampl[n]=a;
sine_offs[n]=0;
sine_phas[n]=p;
sine_freq[n]=f;

}

#1fdef GRAPH
#inline
*

* Send a float to RS232 1in graphique mode

* in: t: float to transmit

B o e e e o o 7t 1 e 2 212 1 o S o 7o o o o T S 1 T B S T o o o B S S o o +/
zoid send_float(float t)

uint8 1;
for (i=0; i<4; i++) putc(*((uint8 *) &t) + 1));

P
#endif

void start_fish(Q{
uint8 1; o
for(i=0 ; i<FINS ; i++) set_reg_value(addr_fin[i], REG_MODE, MODE_NORMAL);

* Set each fin in idle mode
o o e - — o s " ot o o 7 1 o o o "r/
void stop_fish(){
uint8 1i; ..
for(i=0 ; i<FINS ; i++) set_reg_value(addr_fin[i], REG_MODE, MODE_IDLE);
Page 3




FishRrRobot.c

* Set the configuration to sequence number seq

* in: seq: number of the sequence to configure

* mod: sine_ampl, sine_phas, sine_freq, sine_offs
*

void set_seq(uint8 seq){
static uint8 num=0;
uint8 j;
PDEBUG("set_seq %d a t=%f\r\n",seq,time);

for(j=0 ; j<FINS ; j++) {
/*Set the fin in position of offset*/
set_reg_value(addr_fin[j], REG_SETPOINT, tab_offset[seq][j]);
set_sine(tab_ampl[seq]l[j], M_PI*((f]oat)(tab_phas[seq]%j]))

) tab_freq[seq][jg, tab_offset[seql {§1, j);

* Ccheck if number of sequence have to be change and
* call set_seq if required.

* return: 1 it every sequence have been passed

* 0 otherwise

intl check_seq(void){
uint8 1i;
/*flag to verify if the current sequence has already been configured*/
static uint8 internal_flag = 255;

for(i = 0; i1<SEQUENCES+1 ; i++){
/*set the seq only one times per seq*/
if((num_seqg==1)&&(internal_flag !=i)){
internal_flag = 1i;
1f(i==SEQUENCES)
return 1; /*each sequence have been passed®/
set_seq(i);
return 0;

}

return 0;

* Set the setgoint of module_i at the right value
* in: i: number of the module to set
¥*

void position_motor(uint8 1){
uint8 val;
uint32 num;
float w;

/*if the frequency is null, it disn't a sine*/
if(sine_freq[i] != 0){
/*compute the sine value*/ ) )
num = ( 255 * time * sine_freq[i] * 0.05 )+ (sine_phas[i]*0.5%255/M_PI);
num -=((uint32)(num/255))*255; /*scaling [0;255]*/ .
val = sine_ampl[i] * (f1oat)(1ookup_sin%num})/100.0 + sine_offs[i];

set_reg_value(addr_fin[i], REG_SETPOINT, val);

#ifdef GRAPH

send_float(time); /*send time to rs232 (float) */
putc(val); /¥send consigne to rs232 (int) */
/*send position of the motor to rs232 (int)*/
putc(get_reg_value(addr_fin[i], REG_POSITION));
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FishRobot.c
putc(2); /*sync*/
#endif

else{
#ifdef GRAPH
send_float(time); /*send time to rs232 (float) */
val=get_reg_value(addr_fin{i], REG_SETPOINT);
putc(val); /*send consign to rs232 (int) */
/*send position of the motor to rs232 (int)*/
putc(get_reg_value(addr_fin[i], REG_POSITION)); //for checking position
putc(2); //sync
#endif

}

}

void init_graph(void){
delay_ms(5000); /*wait to let time for open the prog on pc*/

putc(2); /*begining*/

putc(FINS); /*number of couple (float, int) before return */

putc(2); /*number of int variables to printf after the float variable*/
) putc(2); /*end of 1init*/
#endif

/* Macro to send configuration registers to a single module */
#define send_config(addr, tab); for(j=1 ; j<tab[0][0] ; j++)
{set_reg_value(addr, tab[j][0], tab[3j][1]);}

: Send registers table to initialize modules y
void init_fins(void){
uint8 i, j;
/* general config for all fins */
for(1=0 ; i<FINS ; 1++)
send_config(addr_fin[i], gen_regs);

/* specific confi? for caudal fin */
send_config(caudal, body_regs);

//specific config for pectoral fins
send_config(pect_left, head_regs);
send_config(pect_right, head_regs);

void main(){

g uint8 i, j, cnt=0;
o PDEBUG("Begin\r\n");
delay_ms(1000); //wait that modules are powered

time = 0;
num_seq = O0;

Setup_cqunters(RTCC_INTERNAL,RTCC_DIV_Z);
setu?_tqmer_Z(TZ_DIV_BY_lG,10,16);
enable_interrupts (INT_TIMER2);

output_Tow(LED); /*led off*/

init_finsQ;
Page 5




FishRobot.c
delay_ms(2000); /*time for placing fins manually*/

#ifdef GRAPH
1nit_graph();
#endi

enable_interrupts (GLOBAL):

/¥*start to move*/
start_fish(Q;

/*main loop*/
while(1){
for(i=0 ; i<FINS ; 1i++) position_motor(i);
if(check_seq()==1){
time = 0;
num_seq = 0;
PDEBUG%"End of sequences. One more time\r\n'");

#ifdef GRAPH
break; /*in graphic mode, the sequences are execute only one time*/
#endif
}
}

/*stop to move*/
stop_fish(;

#ifdef GRAPH
/*close RS232 communication®*/
for(i=0 ; i<4 ; i++){
send_float(0);
putc(0);
putc(0);

#endif

PDEBUG("End\r\n™);
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FishRobot.h
FishrRobot.h

L

Author: Daisy Lachat <daisy.lachat@epfl.ch>
Date: 25-JUN-05

Release: 1.0

Purpose: header file of FishRobot.c

L

#ifndef _FISHROBOT_H
#define __FISHROBOT_H

#use delay(clock=19660000) /* Set clock to 19.66 MHz*/
#fuses HS,NOLVP y NOWDT , NOBROWNOQUT
#use I2C(MASTER,Slow,sci1=PIN_C3,sda=PIN_C4)

/* debug define */
//#define DEBUG
//#define GRAPH

#ifdef DEBUG

#define PDEBUG printf
#else

#define PDEBUG
#endif

#ifdef DEBUG
4 #3§$ rs232(baud=38400,parity=N,xmit=PIN_C6,rcv=PIN_C7,bits=8)
endi

#ifdef GRAPH
#ifndef DEBUG .
#use rs232(baud=38400,parity=N,xmit=PIN_C6,rcv=PIN_C7,bits=8)

#endif
#endif
/* constantes */
#define M_PI 3.141592654
#define DELTA_T 0.000546621

#define FINS 3

/* Define LED */

#define LED PIN_C2
#define PINNR_LED 2

/* Typedefs */

typedef unsigned int8 uint8; /* 8 bits unsigned */
typedef signed int8 sint8; /* 8 bits signed */
typedef unsigned intl6 uintl6; /* 16 bits unsigned*/
typedef signed intl6é sintl6; /* 16 bits signed */
typedef unsigned int32 uint32; /* 32 bits unsigned*/
typedef signed int32 sint32; /% 32 bits signed */

#endif
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* regs.h
* Purpose: constantes defines of registers for the 12C motor control modules
%

¥ o e e o o e e o e s om0 o o T e o .t it 7 1o o oo 1o o o o i i i 2 o o e e e o o e e T

#ifndef __REGS_H
#define _REGS_H

#define REG_MODE 0x28
#define REG_SETPOINT_SOURCE 0x29
#define REG_HW_OPTIONS 0x2A
#define REG_SW_OPTIONS 0x2B
#define REG_CONTROL_TYPE 0x2¢C
#define REG_ERROR_FLAGS 0Ox2D
#define REG_STATUS_FLAGS Ox2E
#define REG_SETPOINT Ox2F
#define REG_POSITION 0x30
#define REG_SPEED 0x31
#define REG_TORQUE 0x32
#define REG_DIVIDER_POS 0x33
#define REG_POSITION_HH 0x34
#define REG_POSITION_HL 0x35
#define REG_POSITION_LH 0x36
#define REG_POSITION_LL 0x37
#define REG_DIVIDER_SPEED 0x38
#define REG_SPEED_H 0x39
#define REG_SPEED_L 0x3A
#define REG_DIVIDER_TORQUE 0x3B
#define REG_TORQUE_H 0x3c¢C
#define REG_TORQUE_L 0x3D
#define REG_TORQUE_BIAS_H Ox3E
#define REG_TORQUE_BIAS_L Ox3F
#define REG_KP_POS 0x40
#define REG_KP_DIV_POS 0x41
#define REG_KD_POS 0x42
#define REG_KD_DIV_POS 0x43
#define REG_FILTER_POS 0x44
#define REG_KP_SPEED 0x45
#define REG_KP_DIV_SPEED 0x46
#define REG_KI_SPEED 0x47
#define REG_KI_DIV_SPEED 0x48
#define REG_KP_TORQUE 0x49
#define REG_KP_DIV_TORQUE Ox4A
#define REG_KI_TORQUE 0x4B
#define REG_KI_DIV_TORQUE Ox4cC
#define REG_SAMPLE_TIME_H Ox4D
#define REG_SAMPLE_TIME_L OX4E
#define REG_BLOCKED_TIME Ox4F

#define REG_INT_GEN_PERIOD 0x50
#define REG_INT_GEN_AMPLITUDE Ox51
#define REG_INT_GEN_OFFSET 0x52

#define REG_SOFT_STOP_MIN 0x53
#define REG_SOFT_STOP_MAX 0x54
#define REG_ACCELERATION 0x55
#define REG_MAX_SPEED 0x56

#define REG_STATIC_FRICTION  Ox57
#define REG_HW_CURRENT_LIMIT O0x58
#define REG_SW_CURRENT_LIMIT 0x59

#define REG_DELTA_8BIT 0Ox5A
#define REG_PID_P_8BIT 0x5B
#define REG_PID_I_S8BIT Ox5C
#define REG_PID_D_8BIT 0x5D
#define REG_PID_OUT_8BIT OX5E
> #define REG_EXT_DEVICE Ox61
#define REG_IR_INPUT 0x62
#define REG_RESET_VALUE 0x63
#define MODE_IDLE 0
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#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
#define
#define

#define
#define
#define
#define
#define

#endif

MODE_NORMAL
MODE_STOP
MODE_SLEEP
MODE_RESET
MODE_SETPOINT_RESET

CONTROL _OPEN_LOOP
CONTROL_POS
CONTROL_POS_PROFILE
CONTROL_SPEED
CONTROL_SPEED__PROFILE
CONTROL_TORQUE
CONTROL_ZERO_FRICTION

SETPOINT_SRC_I2C
SETPOINT_SRC_ANALOG
SETPOINT_SRC_SQUARE
SETPOINT_SRC_TRIANGLE
SETPOINT_SRC_SINUS

HWO_STARTUP_NORMAL
HWO_ANALOG_SETPOINT
HWO_LED

HWO_ENC_025
HWO_INVERT_TORQUE

BWNRO OUVIRWNRERO DWW

0x01
0x02
0x04
0x08
0x10

regs.h
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sequences.h

/* _____________________________________________________________________________

* sequences.h
%

* Author: Daisy Lachat <daisy.lachat@epfl.ch>

* pDate: 25-JUN-05

* Release: 1.0

* Purpose: constantes' tables for trajectories follow

* Sequences:

forward fast. Caud: 10° 8hz. Pect: 40° 6hz

turn left. caud: max offset. Pect: 40° 6hz

forward slower. Caud: 30° 3hz. Pect: 30° 5hz

turn left on +itself. caud:offset null. pPect: 50° 5hz, left: offset 180°
spinning and forward motion. Caud: 10° 8hz. Pect: 40° 6hz, left: offset

U1 P W N
(AN A

right: offset -90°
6) forward fast. cCaud: 10° 8hz. pPect: 40° 6hz
7) backward. Caud: straight. Pect: 40° 6hz
8) divin? Caud: 10° 8hz. Pect: 40° 6hz with up offsets
9) turn left with up motion. Caud: max offset. Pect: 40° 6hz with down offset

o ot e o i o o i S0 o e T S T e ot i W 2 o o e o o o o S ki S e i it o o o o o o s N

O
LR R e B
L)

#define SEQUENCES 9 /*number of sequences*/

/*ending time of each sequence*/
const uint8 tab_time[SEQUENCES+1] = {4, 7, 12, 18, 22, 26, 28, 32, 37, 100};

/*table of amplitudes¥/
const uint8 tab_ampl[SEQUENCES][3] = {
{21, 22, 22},

const uint8 tab_freq[SEQUENCES][3] = {

{160, 120, 120},
{ O, 120, 120},
{ 60, 100, 100},
{ 0, 100, 100},
{160, 120, 120},
{160, 120, 120},
{ O, 120, 120},
{160, 120, 120},

0, 120, 120}

const uint8 tab_phas[SEQUENCES][3] = { //in rad/M_PI
{O! 1! 0}’
{0, 1, 0},
{O! 11 0}!
{O! 07 O})
{0, 1, 0},
{Ol 1! O}l
{0, 1, 0},
{0, 1, 0},
{0, 1, 0}
}s
°°?3t uintg tab_offset[SEQUENCES][3] = {
{127, 0, 0},
{Ol Ol 0}!
Page 1




sequences.h

{0, 100, 0},
{0, 50, 50},
{0, 0, 0%,
{0, 100, 100},
{Oy 201 ‘20}7
{127, -20, 20}

};
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Author: Daisy Lachat <daisy.lachat@epfl.ch>

Date: 25-JUN-05

Release: 1.0

Purpose: Tookup table for computing the sinus, values are multiplied by 109

% % ¥ %

I o o o e S S o o T " ]k o o oo S o e o ] S 1 o " T o 50 o i e e e T

#ifndef __SIN_H
#define __SIN_H

const sint8 Tookup_sin[256] =
{0,2,5,7,10,12,15,17,20,22,24,27,29,31,34,36,38, 41,
43,45,47,49,52,54,56,58,60,62,64,66,67,69,71,73,74,76,78,79,81,82,83,85,86,87,
88,90,91,92,93,93,94,95,96,97,97,98,98,99,99, 99,100, 100,100,100,100,100,100,100,
99,99,99,98,98,97,97,96,95,95,94,93,92,91,90,89,88,87,85,84,83,81,80,78,77,75,
73,72,70,68,66,65,63,61,59,57,55,53,51,48,46,44,42,40,37,35,33,30,28,26,23,21,
18,16,14,11,9,6,4,1,-1,-4,-6,-9,-11,-14,-16,-18,-21,-23,-26,-28,-30,-33,-35,-37,
-40,-42,-44,-46,-48,-51,-53,-55,-57,-59,-61,-63,-65,-66,-68,-70,-72,-73,-75,-77,
-78,-80,-81,-83,-84,-85,-87,-88,-89,-90,-91,-92,-93,-94,-95,-95,-96,-97,-97,-98,
-98,-99,-99,-99,-100,-100,-100,-100,-100,-100,-100,-100,-99,-99,-99,-98,-98,-97,
-97,-96,-95,-94,-93,-93,-92,-91,-90,-88,-87,-86,-85,-83,-82,-81,-79,-78,-76,-74,
-73,-71,-69,-67,-66,-64,-62,-60,-58,-56,-54,-52,-49,-47,-45,-43,-41,-38,-36,-34,
-31,-29,-27,-24,-22,-20,-17,-15,-12,-10,-7,-5,-2,0};

#endif
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generate_sine_table.m
A generate_sine_table.m

O
% Author: Daisy Lachat <daisy.lachat@epfl.ch>
% Date: 25-JUN-05
% Release: 1.0

% Purpose: create a lTookup table for sine wave

N=255;

for i=1:N
dtab(i):round(loo*sin(i*Z*pi/N));

en

plot(tab)

id = fopen( sin.txt','w');
Fpr1ntf(f1d {0 ')'
fprintf(fid,’ 79 tab),
fprintf(fid,’
fc1ose(f1d),
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plot_position.m
% plot_position.m
0,

% Author: Daisy Lachat <daisy.lachat@epfl.ch>

% Date: 25-JUN-05

% Release: 1.0

? Purpose: plot the 3 graphics of desired position and measured position

% and a more visual graphic that show the position of the 3 fins
g the data file is generated by the software Rs232Interface.cpp
clear

close all

Toad data.txt %load data file

%plot ?raphics of desired position(in green) and measured position (in red)
%caudal fin

figure();

plot(data(:,1),data(:,2),'g",data(:,1),data(:,3),'r");

title('caudal fin');

Tegend('desired position', 'measured position');

xlabel('time [s]');

ylabel ('position');

%left pectoral fin

figure();
plot(data(:,4),data(:,5),"'g"',data(:,4),data(:,6),'r');
title('pectoral fin left');

Tegend('desired position', 'measured position');
xlabel('time [s]');

ylabel('position');

%right pectoral fin
figure();
plot(data(:,7),data(:,8),"
title('pectoral fin right');

Tegend('desired position', 'measured position');
xTabel('time [s]');

ylabel ('position');

g',data(:,?),data(:,Q),'r');

%p1ot %?e measured position of each fin in the same graphic
igure();
plot(data(:,7),data(:,8),'b',data(:,1),data(:,2),'r"', data(:,4),data(:,5),'g");

Tegend('right pectoral fin','caudal fin', 'left pectoral fin');
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plot_surface.m
% plot_surface.m

% Author: Daisy Lachat <daisy.lachat@epfl.ch>

% Date: 25-JUN-05

% Release: 1.0

Purpose: create a graphical approximated surface with data in x,y,z vectors
It is used to represente the dependance of z=speed with x-amp11tude

% and y=frequency of the fins' oscillation

R

clear;

%load data from appropriate file
%pect_data;
caudal_data;

%plot the surface

tri = de1aunay(x vy);

plot(x,y,'.")

[r,c] = s1ze(tr1),

disp(r), %number of triangles

h = trisurf(tri, x, y, z); hold on; %plot
axis vis3d;

axis([10 60 190 0.251);

%Clean it

Tighting phong;
shading interp;
colorbar EastOutside;

/t1t1e( Speed variation with frequency and amplitude for pecoral fins'
'FontSize', 17);

§;§1e( Speed variation with frequency and amplitude for caudal fin', 'FontSize',
ylabel (' frequency [Hz]' 'FontSize', 14);
xlabel('ampTitude [°]', 'FontSize', 14);

zlabel('speed [m/s]’, 'Fontsize', 14);
scatter3(x,y,z,"'.m'); %plot the measure points on the same graphic
%plot the physical Timit: multiple Tines 1in different z position

for i=1:50
zlim=k*ones(9,1);
plot3(x1lim,yTlim,z1im, 'k');
hold on;
k = k+0.006;

end

hold off;
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Rs232Interface.cpp

/v‘r _____________________________________________________________________________
Rs232Interface.cpp

Author: Alessandro Crespi

Modified: Daisy Lachat <daisy.lachat@epfl.ch>

Date: 25-JUN-05

Release: 1.1

Purpose: RS232 interface to catch values send by PIC

ok 3k b % % 3

#include <stdio.h>
#include <math.h>
#include <windows.h>

#define OCOUNT 3
#define COUNT OCOUNT + 1

void wperror(char *str)

DWORD err
char *msg

GetLastError();
NULL;

FormatMessage (FORMAT_MESSAGE_ALLOCATE_BUFFER | FORMAT_MESSAGE_FROM_SYSTEM | 60,
NULL, err, LANG_NEUTRAL, (char *) &msg, 2048, NULL);

fprintf(stderr, "%s: %s\n", str, msg);

LocalFree(msg);

HANDLE open_serial(char *portname, int speed)

HANDLE h;
DCB dcb;
COMMTIMEOQUTS ct;

h = CreateFile(portname, GENERIC_READ | GENERIC_WRITE, O, NULL, OPEN_EXISTING,

O! )l

if (h==INVALID_HANQLE_VALUE) {
wperror("CreateFile");
return h;

GetCommStateCh, &dcb);
dcb.pCBlength = sizeof(dch);
dcb.BaudRate = speed;
dcb.ByteSize = 8;
dcb.Parity = NOPARITY;
dcb.StopBits = ONESTOPBIT;
if (!setCommsStateCh, &dch)) {
wperror("setCommState');
CloseHandle(h);
return INVALID_HANDLE_VALUE;

SetupCommCh, 4096, 16);
ZeroMemory(&ct, sizeof(ct));
if (i1setcommTimeouts(h, &ct)) {
wgerror("SetCommTimeouts");
C

oseHandle(h);
return INVALID_HANDLE_VALUE;

return h;

bool read_block(HANDLE hSerial, void *buffer, DWORD count)

DWORD w;
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Rs232Interface.cpp
if (lReadFile(hserial, buffer, count, &w, NULL)) {

wperror("ReadrFile");
return false;

return (count==w);

DWORD swap_dword(DWORD d)

52§?rn (d >> 24) | ((d & OxFF00) << 8) | ((d & OxFFO000) >> 8) | ((d & OxFF) <<
}

double GetTickCountw()

E_int64 1, f;

QuerypPerformanceCounter ((LARGE_INTEGER *) &1);
QueryPerformanceFrequency ((LARGE_INTEGER *) &f);

;eturn (double) 1 / (double) f;

float dword_to_float(DWORD d)

{

DWORD e = (d & 0x00800000) << 8 | (d & Ox007FFFFF) | (d & OxFF000000) >> 1;
float res = *((float *)(&e));

return res;

int main(int argc, char *argv[])

{
HANDLE h;
FILE *f;
BYTE b;
char num_int, num_bloc;
DWORD d;
h = open_serial("coml", 38400);
if (h==INVALID_HANDLE_VALUE) return 1;

printf("wait... ");
double r,s;
do {
do {
read_block(h, &b, 1); //beginning of init
} while (b!=2);
printf(".");

r = GetTickCountw();
read_block(h, &num_bloc, 1); //read the number of bloc to printf
read_block(h, &wum_int, 1); //read the number of int in each bloc

read_block(h, &b, 1): //end of init
s = GetTickCountw();
fflush(stdout);

} while (bi=2);
printf(" Init OK\n");
printf("bData frame rate: %0.2f fps\n", 1/(s-r));

f = fopen("/data/data.txt"”, "w"):
if (f==NuLL) {

wperror("fopen");

return 2;

}

//beginning of reading
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Rs2321Interface.cpp
do {

for (int k=1; k<(num_bloc+1); k++) {
read_block(h, &d, 4);
fprintf(f, "%f ", dword_to_float(swap_dword(d))); //write time (float) and

a space
for (int j=1; j<(num_int+1l); j++) {
char c;
read_block(h, &c, 1); i )
fprintf(f, "%d ", c); //write position

(int) and ? space

read_block(h, &b, 1); //sync
if (bi=2) {
fprintf(f, "\nsync lost ");
f?rintf(stderr, "ERROR: synchronization Tost!\n"):
CloseHandle(h);
return 2;

}
fprintf(f, "\n"); //carriage return

} while (1);

fflush(f);

fprintf(f, "\nend of prog ");
CloseHandle(h);

return 0;
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Appendix C

Web sites of fish robots

These web sites were visited in march 2005.

e RoboTuna I, http://web.mit.edu/towtank /www/Tuna/Tunal/tunal. html

¢ RoboTuna II, http://web.mit.edu/towtank /www/Tuna/tuna.html
e RoboPike, http://web.mit.edu/towtank/www /Pike/pike.html

e SPC-ILhttp://www.vieartificielle.com/nouvelle /?id _nouvelle=769
* Dongle,http://www.seattlerobotics.org/encoder /200211 /autonomous_robotic_fish.html

s BI1, http://www-personal.umich.edu/ bobden/biomechatronic
-devices.html#Movie%200f%200ur%20Biomechatronic%20Fish

e NMRT’s robots, http://www.nmri.go.jp/eng/khirata/fish/index_e.html
» Essex University’s robots, http://privatewww.essex.ac.uk / jliua

o Coelacanth fish, http://www.mhi.co.jp/enews/e_0898.html

e Aqua project, http://www.aquarobot.net:8080/AQUA /AQUA /index_html
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Appendix D

Translation english-french of

fishes’ vocabulary

English French
Trout = truite
Tuna = thon
Salmon = saumon
Swordfish = espadon
Mackerel = magquereau
Herring = hareng
Pike = brochet
Carp = carpe
Cord = morue
Boxfish = poisson coffre
Angelfish = poisson ange
eel = anguille
lamprey = lamproie
buoyancy = flottabilité
air bladder = vessie natatoire
fin = nageoire
caudal fin = nageoire caudale
pectoral fins = nageoires pectorales
pelvic fins = nageoires pelviennes ou ventrales
median fing = nageoires impaires
spiny rays = rayons pineux
soft rays = rayons mous
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Appendix E

Electronical parts

E.1 Control board Amphibot II - body module

po |
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E.2 Power board Amphibot II - body module
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motor control register summary
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APPENDIX A: REGISTER SUMMARY

The PID controller uses 56 registers for parameter input and output. The following table resumes all
these registers. For more information read the corresponding chapters.

Name Address | Function Min Max
Mode 0x28 Selection of mode 0 5
0 = Idle Mode
1 = Normal Control Mode
2 = Stop Motor
3 = Sleep Mode
4 = Reset Mode
5 = Save configuration to EEPROM '
SetPointSource 0x29 Source of SetPoint 0 4
0 = External 12C
1 = External analogical input
2 = Internal Square Wave Generator
3 = Internal Triangle Generator
4 = Internal Sinus Generator
HWOptions O0x2A Hardware options Flags
Bit0: Start-up mode, 0=ldle mode / 1=Normal control
Bit1: Analogue SetPoint Input, O0=disabled / 1=enabled
Bit2: LED, O=disabled / 1=enabled
Bit3: Encoder resolution, 0=100% / 1=25%
Bit4: Torque inversion, O=disabled / 1=enabled
Bit5: Driver Option 1
Bit6: Driver Option 2
Bit7: Driver Option 3
SWOptions 0x2B Software options Flags
Bit0: Separate D, O=disabled / 1=enabled
Bit1: Antireset Windup, O=disabled / 1=enabled
Bit2: SoftStopMin, O=disabled / 1=enabled
Bit3: SoftStopMax, O=disabled / 1=enabled
Bit4: Error on SoftStop, O=disabled / 1=enabled
Bit5: Stop motor if blocked, O=disabled / 1=enabled
Bit6: SoftwareCurrentControl, O=disabled / 1=enabled
Bit7: Direction inversion, 0=disabled / 1=enabled
ControlTyp 0x2C Type of PID Control 0 6

0 = Open Loop

1 = Position control with no speed Profile

2 = Position control with Trapezoidal Speed Profile
3 = Speed control with no speed profile

4 = Speed control with Trapezoidal Speed Profile
5 = Torque control

6 = Zero Friction control

Table continues next page

' A special security . procedure has to be followed in order to prevent erroneous overwriting of the
module configuration. The values 0x55, 0xAA and 0x05 have to be written one after the other to the

Mode register.




ErrorFlags 0x2D Flags indicating an error (read only!) Flags

Bit0: Sample time to small

Bit1: Watchdog timer overflow

Bit2: Brown-out

Bit3: SoftStop happened (only if SoftStop enabled)

Bit4: Motor blocked (only if MotorBlocked enabled)

Bit5: Position out of range (Overflow), 0=No / 1=Yes

Bit6: Speed out of range (Overflow), 0=No / 1=Yes

Bit7: Torque out of range (Overflow), 0=No / 1=Yes
StatusFlags Ox2E Flags indicating the status of the controlier (read only!) | Flags

Bit0: Movement detected, 0=No / 1=Yes

Bit1: Direction of movement, 0=negative / 1=positive

Bit2: On SetPoint, 0=No / 1=Yes

Bit3: Near SetPoint (+/-5units), 0=No / 1=Yes

Bit4: Saturation of driver command, 0=No / 1=Yes

Bit5: Antireset Windup overflow, 0=No / 1=Yes

Bit6: SoftwareCurrentControl active, 0=No / 1=Yes

Bit7: SoftStop active, 0=No / 1=Yes
SetPoint Ox2F SetPoint -127 | 127
Position 0x30 Measured position, 8bit signed integer (read and write) | -127 | 127
Speed 0x31 Measured Speed, 8bit signed integer (read only) -127 [ 127
Torque 0x32 Measured Torque, 8bit signed integer (read only) -127 1127
DividerPos 0x33 Divider for the position, choose 8bit out of 32bit 0 24
PositionHH 0x34 These 4 variables contain a copy of the 32bit position | 0 21
PositionHL 0x35 Always first read the PositionHH register!
PositionLH 0x36
PositionLL 0x37
DividerSpeed 0x38 Divider for the speed, choose 8bit out of 16bit 0 8
SpeedH 0x39 These 2 variables contain a copy of the 16bit Speed 0 2"°-1
SpeedL 0x3A Always first read the SpeedH register!
DividerTorque 0x3B Divider for the torque, choose 8bit out of 16bit 0 8
TorqueH 0x3C These 2 variables contain a copy of the 16bit Torque | 0 27°1
Torquel 0x3D Always first read the TorqueH register!
TorqueBiasH Ox3E These 2 variables contain the 16bit Bias of the 0 2"°1
TorqueBiasL Ox3F Torque measurement
KpPos 0x40 Kp of PID Position 0 255
KpDivPos 0x41 Divider for KpPos, Kp=KpPos/2*KpDivPos 0 32
KdPos 0x42 Kd of PID Position 0 255
KdDivPos 0x43 Divider for KdPos, Kd=KdPos/2*KdDivPos 0 32
FilterPos 0x44 Length of 1st order filter of differential part 0 255
KpSpeed 0x45 Kp of PID Speed 0 255
KpDivSpeed 0x46 Divider for KpSpeed, Kp=KpSpeed/2*KpDivSpeed 0 32
KiSpeed 0x47 Ki of PID Speed 0 255
KiDivSpeed 0x48 Divider for KiSpeed, Ki=KiSpeed/2/KiDivSpeed 0 32
KpTorque 0x49 Kp of PID Torque 0 255
KpDivTorque 0x4A Divider for KpTorque, Kp=KpTorque/2*KpDivTorque 0 32
KiTorque 0x4B Ki of PID Torque 0 255
KiDivTorque 0x4C Divider for KiTorque, Ki=KiTorque/2*KiDivTorgue 0 32
SampleTimeH 0x4D Sampling time, 16bit integer 0 21
SampleTimelL Ox4E h=SampleTime*1.6us
BlockedTime 0x49 Time to wait before the motor is considered blocked 0 255

Table continues next page




IntGenPeriod 0x50 Period of function generator, T=IntGenPeriod*256*h 0 255
IntGenAmplitude | 0x51 Amplitude of internal function generator 0 255
IntGenOffset 0x52 Offset of internal function generator -127 1127
SoftStopMin 0x53 Position of SoftStop minimum -127 ) 127
SoftStopMax 0x54 Position of SoftStop maximum -127 1127
Acceleration 0x55 Acceleration for trapezoidal speed profile 0 255
MaxSpeed 0x56 Maximal Speed for trapezoidal speed profile 0 127
StaticFriction 0x57 Friction of the system for zero friction control 0 127
HWCurrentLimit 0x58 HardwareCurrentLimit, U=5V/255*"HWCurrentLimit 0 255
SWCurrentLimit 0x59 SoftwareCurrentLimit (limits measured torque) 0 127
PID_E_8Bit Ox5A Delta8Bit=SetPoint-Process variable (read oniy!) -127 | 127
PID_P_8Bit 0x5B Proportional part of PID controller (read oniy!) -127 | 127
PID_I_8Bit 0x5C Integral part of PID controller (read only!) 127 | 127
PID_D_8Bit 0x5D Differential part of PID controller (read only!) -127 1127
PID_OUT_8Bit Ox5E Qutput of PID Controller (read oniy!) =127 | 127

Table 1: Register summary.
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