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Methods of Measuring a Vehicle’s Leaning with a Posture Sensor
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Table 1. Specifications of the posture sensor
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Fig. 1. Structure of the posture sensor.
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Fig. 2. Data forms of the posture sensor.
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Fig. 3. Relationship of the sensors.
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Fig. 5. Rolling angles of the “Catatora” while in motion.
Legend: A, Terrain inclination.
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Fig. 6. Rolling angles of the “Ryousin-go” while in motion.
Legend: A, Terrain inclination.
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Fig. 7. Relationships between terrain inclinations and rolling angles of the “catatora”.
Legend: O, Motionless; +, Moving.
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Fig. 8. Relationships between terrain inclinations and rolling angles of the “Ryousin-go”.
Legend: O, Motionless; +, Moving.
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Table 4. Regression coefficients and coefficients of correlation between terrain inclinations and
rolling angles
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Fig. 9. Relationships between the “Catatora’s” rolling angles while motionless and in motion.

—RIEHE U -5 RO EDR R & HBIRE % -4 1R T4, HBRKRV IR BT 1k,
{5 8 & MR & OMBIESIERICE VW AR LTWS, £/, EURERKIZ1.1~12T
0, HERSEMEIHBENLD I~28HKRELB-TVBILERLTVS, TOFRRKEEL
T, RABPEBAFE-Y 2 v v v EOBEAR, BEEBOH X ICL > THIRERML O K&
B o EMEZOND, LhL, BRBEEEZHE >+ + 5 b 50BAR, BEREOHEICL-
TEBAEMBENT BT ERBVIBVOT, ETHROWLTICK - THIRERSZEILL, HlDE
BB (LBENEEZ SRS, THhbE, RREKOREIZ, FHARIC X B ED I,
b o T, HmBBEZIHTL, SRRICETT 5L VO WIMEER > T EEZ 5N S,

COER, HEETRICHERELZRBREROBER EEANTS, EROMFEBEAIEIREL L7120
THA9,

Wiz, ERORIFEBMY, BEEEETRETLEDLIICREIMRE LI, ¥ +7 50
L ORI S8 A L ETROAS LR L OBREN- I, ) 3 Y Y Y SOHEROREE
Y & ETTE ORI REE & OBIRER-10 1SR Y, KbhoBERIE, #EFR & ETRORLES
MHBELVE XDOMERT, MEd, 7o b LAARERECAEL T, HlETEO



76 AREM - CEREK - /WS - BH B

Rolling angle in motion (degree)

-30 1 1 1 1 1 L
30 -20 -10 0 10 20 30

Rolling angle motionless (degree)

H-10 Y 2 ¥ v BSOS EBAOHILR & ETHOE(L

Fig. 10. Relationships between the “Ryousin-go’s” rolling angles while motionless and in motion.
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motionless and moving
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Summary

To improve the stability of the vehicles in an inclined position off-road, it is one of these
methods that best controlls its posture. To control it automatically, it is necessary to
measure its posture angles accurately and in real-time. With an posture sensor that
moniters two angles (pitching angle and rolling angle) and three angular velocities (pitch-
ing rate, rolling rate, and yawing rate) simultaneously and records them as digital data, the
system, which measures posture angles dynamically at the time of a vehicle’s movement, is
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complete. This system combinds the necessary precision and responsiveness, and its
detecting element is small and lightweight. Therefore, it can be mounted easily on a vehicle
that runs on inclined ground, and it can measure posture angles with sufficient precision
and in real-time. Experiments that measured the rolling angles of vehicles running on
slopes, were made with this instrumentation system. Consequently, it became clear that the
rolling angles of the vehicles running at slow speeds were almost equal to their rolling
angles when they were motionless on same terrain, and they indicated terrain inclination.

Key words. Posture angle, Inclined ground, Dynamic instrumentation system, Posture
control
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f#-1
/* sample.c *
*  TATI75N1 sHAIR 0 75 b4 > 7 *
*  (© Masahiro Iwaoka 1990.10 *
* with Microsoft C Compiler (c1 -0x) *

*

F) Chid, TS EHRGLZIT, “@b LAWY TOSITATYT %/

#include <stdio.h>
#include <conio.h>

#define PORT (unsigned)0x40d0 /¥ T—9 R -7 FLA

(RECLNEDD) */
#define TPORT (unsigned)0x40d2 /¥ F TR —=FTFLR %/
#define BUFF 34

#define data_read(a) datal[(a)] [0]J=inp(TPORT);datal(a)] [1]=inp(PORT)
#define hanten(a) (~(datal(a)l[1]))&0xff

static unsigned char data[BUFF][2]; /* 7— % O—FAGMASEIR */
struct angles {

int pitch_rate; /* pitching rate */

int roll_rate; /* rolling rate */

int yaw_rate; /* yawing rate */
int pitch; /* pitching angle */
int roll; /* rolling angle */
int yaw; /* yawing angle */
int state; /* status */

};

main()

{
int i;

struct angles odata;
void makedata();

fprintf (stderr, " [V ¥ —r] ¥—TA¥—}");
while (getchar () != ’\n’);
fprintf (stderr, "HOME *—T stop");

for (1 =0; 1; i = 0){
while (((inp (TPORT)) & 0x10) == 0x00);
while ((inp (TPORT)) & 0x10);
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Continued.
/* UTRURTH 5D, LELGEELH/DI O R +/
data_read(i); /* 1 %/
data_read(it+1); /* 2 x/
data_read(i+2); /* 3 */
data_read(i+3); /* 4 x/
data_read(i+4); /* 5 */
data_read(i+5); /* 6 */
data_read(i+6); /* T */
data_read(i+7); /* 8 %/
data_read(i+8); /* 9 %/
data_read(i+9); /* 10 */
data_read(i+10); /* 11 =/
data_read(i+11); /* 12 */
data_read(i+12); /* 13 »/
data_read(i+13); /* 14 */
data_read(i+14); /* 15 »/
data_read(i+15); /* 16 */
data_read(i+16); /* 17 */
data_read(i+17); /* 18 x/
data_read(i+18); /* 19 */
data_read(i+19); /* 20 x/
data_read(i+20); /* 21 */
data_read(i+21); /% 22 */
data_read(i+22); /* 23 %/
data_read(i+23); /* 24 =/
data_read(i+24); /* 26 */
data_read(i+25); /* 26 %/
data_read(i+26); /% 27 */
data_read(i+27); /* 28 %/
data_read(i+28); /* 29 %/
data_read(i+29); /* 30 %/
data_read(i+30); /* 31 %/
data_read(i+31); /* 32 */
data_read(i+32); /* 33 %/
data_read(i+33); /* 34 x/

makedata( &odata );
action ( &odata );
if (kbhit()){
if (getch() == Oxia){
exit (0);
}



LEA L Y &R ERERAOBIE I 81

Continued.

/¥ YT XoTTF—% %58 »/
void
makedata( angle )
struct angles  *angle;
{

unsigned char tagl, tag2 = 0x0d4; /* ¥ x/

unsigned char prh, prl, rrh, rrl, yrh, yrl, ph, pl, rh, rl,

yh, yl, sth, stl; /* £EF—5DLETH/SA b »/

int i;
for (i = 0; i < BUFF; i++){
tagl = (“(datal[il[0])) & Oxo0%f;

if (tagl != tag2){
if (tagl < tag2 && tag2 != 0x0d){
continue;
}
switch (tagl){
case 0x00 :
Prh = hanten(i);
break;
case 0x01 :
Prl = hanten(i);
break;
case 0x02 :
Trh = hanten(i);
break;
case 0x03 :
rrl = hanten(i);
break;
case 0x04 :
yrh = hanten(i);
break;
case 0x05 :
yrl = hanten(i);
break;
case 0x06 :
ph = hanten(i);
break;
case 0x07 :
Pl = hanten(i);
break;
case 0x08 :
rh = hanten(i);
break;
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Continued.
case 0x09 :

rl = hanten(i);
break;

case 0OxOa :
yh = hanten(i);
break;

case 0x0b :
yl = hanten(i);
break;

case 0x0c :
sth = hanten(i);
break;

case 0x0d :
stl = hanten(i);
break;

default :
break;

}
}
tag2 = tagl,;

angle -> pitch_rate = cat_high_low (prh, prl);
angle -> roll_rate = cat_high low (rrh, rrl);
angle —> yaw_rate = cat_high low (yrh, yrl);
angle -> pitch = cat_high low (ph, pl);
angle -> roll = cat_high_low (rh, rl);
angle -> yaw = cat_high_low (yh, yl);
angle —> state = cat_high_low (sth, stl);

}

/* T—5DOLETHMNA F s */
int

cat_high_low(high, low)
unsigned char high, low;

{
int adata;
adata = ((high << 8) + low) & OxOfff;
if (adata > 0x07ff) adata -= 0x1000;
return (adata);

}

/* T2 ar x/
int
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Continued.

action ( datas )
struct angles  *datas;
i

return(1);

}
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