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Using hand movement system to operate 3D design objects in virtual environment

student : Shin-Hsien Hsiang Advisors : Yu-Tung Liu

Graduate Institute of Architecture
National Chiao Tung University

ABSTRACT

The earliest inspiration for input device is “hand”. Engelbart (1968) made public the first mouse
in the world, and his inspiration came from using hand movement to control the menu on the
computer. However, due to the limit of the monitor, most input devices are designed for 2D
interface. Thus, users are confronted with a number of limitations when making 3D design on a
2D interface. Although perspectives and change of viewing angles can be applied to browse
the virtual environment, it is still hardsto operate the'mevements on a 2D interface. Thus, the
traditional input devices can nojlonger meet'the demands of designers (Tamotsu and
Naomasa, 1994; Gross and Kemp, 2001).“As a result,’ intuitive space input devices are
introduced, such as “Data Glove”, “Force«(space) balls”; “Space Mouse”, “3D Mouse”, which
are commonly-used space input devices (Zimmerman et al., 1987; Li et al., 1997; Rosenberg
and Slate, 1999; Chung, 2003; Hachet et al., 2003; Chen, 2004).

As a result, this research presents an infrared-based space input system, which simulates
hand movements and allows designers to control the input of 3D objects by simple and
intuitive hand movements. Also, it allows natural operations. Without wearing or hand-holding
any equipment, users are able to move freely in 6 degree of freedom (X, Y, Z). The system is
called “Hand Movement System (HMS)”, which senses the hand movement in the space,
direction and height with the arrayed device of the infrared distance measuring sensor
underneath the hand, then transmits the measured parameters to the control system, and
converts the data to corresponding coordinates of the virtual space for users to control the 3D

objects in the virtual environment.

Keyword : input device ~ hand movement ~ human-computer interaction, HCI ~ infrared distance

measuring - virtual environment, VE
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F—L%f]ﬁ;l{:éﬂ = BV Wflgﬁl‘“ e EF}E?Z[ 73 EJ 5 [F IEH]' Iiﬁé[z,:ﬂr%;}g_w%}
IOV 2RO O 1 (T PRIt A

Using hand movement system to operate 3D design objects in virtual environment 11



Y2 Fh AR

FRERURLH PP TRl SR S 5075 (U1 mt A R o VIV BRE T PR E RRURAT S =
“] (i 2-6) -

[ 26 Chou 3™~ ST ¢ BIFRIIARAY= WS 72 H PR = 2 (RF! Chou, 2003)

2.4 FREAfE

e [ A A Fugw_r;égjﬁﬂﬁ ot A B SRR R
F s I Lio= (1997)Jjnﬁf?j§§‘4§§l‘?@_fﬂw HHARVE e DR = e %
SIFGE 1 i e U SRR 1 R T R )
R T (R (N SIS PR R (i 27) -

27 BTG S G Lietal, 1997)

ffij Strickon = Paradiso (1998) ﬂJE'J%F?’E]«ﬁFﬁ%ﬁIU’ELii R~ B tiﬂ‘éééﬂﬁﬂ
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#include <16f88.h>

/I Configure PIC to use: HS clock, no Watchdog Timer,

/I no code protection, enable Power Up Timer

#fuses HS,NOWDT,NOPROTECT,PUT
#fuses INTRC_IO,NOWDT,NOPROTECT,PUT, NOLVP, MCLR, NODEBUG,

NOFCMEN, NOIESO

/I Tell compiler clock is 8MHz.  This is required for delay_ms()
// and for all serial 1/0 (such as printf(...). These functions

/I use software delay loops, so the compiler needs to know the

/I processor speed.

1l

#use delay (clock=8000000)

// Declare that we'll manually establish the data direction of
/I each 1/O pin on port B.

1

#use fast_io(B)

// Standard definitions for the irx2_1 board

1

#define RS232_XMT PIN_B1 /I (output) RS232 serial transmit
#define RED_LED PIN_B2 /I (output) Red LED (low true)
#define IR_LED PIN_B3 // (output) Infrared LED (low true)
#define IR_SENSOR PIN_B4 // (input) IR sensor (Sharp 1S1U30)
#define RS232_RCV PIN_B5 // (input) RS232 serial receive

/I Macros to simplify 1/O operations
I
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#define RED_LED_ON output_low(RED_LED)
#define RED_LED_OFF output_high(RED_LED)
#define IR_LED_ON output_low(IR_LED)
#define IR_LED_OFF output_high(IR_LED)

#define IR_RECEIVED  (linput(IR_SENSOR))

/I Default tri-state port direction bits: all PORT B bits are

I/l output except for IR_SENSOR (bit 4) and RC232_RCV (bit 5).
1

#define IRX_B_TRIS 0b00110000

/I Inform printf() and friends of the desired baud rate
// and which pins to use for serial 1/0.

1
#use rs232(baud=9600, xmit=RS232_XMT, rcv=RS232_RCV)

/* IR calibration data */

#define IR_DISTANCE_BASE . 5

#define IR_DISTANCE_STEP <. 1

#define NUM_IR_CALIB_DATA 31

/* Type definitions */

typedef int uint8 t;

typedef long uint16_t;

/* Public interface */

/* IR sensor interface */

uint8_t get_ir_distance(uint8_t ir_reading);
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[* Variable definitions */
static const uint8_tir_calib_datalNUM_IR_CALIB_DATA] ={
31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 17, 16,
15, 14,13,12,11,10,9,8,7,6,5,4,3,2,1
3

uint8_t distanceA = Oxff;
uint8_t distanceB = Oxff;
uint8_t distanceC = Oxff;
uintl6_t valueA;
uintl6_t valueB;

uintl6_t valueC;

uint8_t get_ir_distance(uint8_t ir_reading) {

inti;

for (i=0;i <NUM_IR_CALIB_DATA;i++){
if (ir_calib_data[i] < ir_reading){
return IR_DISTANCE_BASE + i * IR_DISTANCE_STEP;

return IR_DISTANCE_BASE + (i - 1) * IR_DISTANCE_STEP;

} /* get_ir_distance */

void count_valueA(){

valueA = read_adc();

valueA >>=2;

distanceA = get_ir_distance(valueA);
}
void count_valueB(){

valueB = read_adc();
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}

valueB >>= 2;

distanceB = get_ir_distance(valueB);

void count_valueC(){

valueC=read_adc();
valueC >>=2;

distanceC = get_ir_distance(valueC);

void main() {

// Declare variables for voltage reading and ten-bit
/ a-to-d value

//float adc_value, volts_read;

/lint counter;

//double volts_send;

/lcounter = 0;

/I since we've declared #use fast_io(B) (above); we-MUST
/l'include a call to set_tris_h() at startup:

I

set_tris_b(IRX_B_TRIS);
set_tris_a(0b00000111);

RED_LED_ON; // reality check at startup
delay_ms(200);

RED_LED_OFF;

setup_adc_ports(sANO | SAN1 | SAN2);
setup_adc(ADC_CLOCK_DIV_8);

while (1) {
RED_LED_ON; /[ turn on the led
set_adc_channel(0);
delay_us(10);
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count_valueA();

set_adc_channel(1);

delay us(10);

count_valueB();

set_adc_channel(2);

delay us(10);

count_valueC();

RED_LED_OFF;

printf("%u%u%u,\r\n", distanceA, distanceB, distanceC);
delay_ms(500);
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