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O 2.1: Target performance of 3D SOKUIKI sensor module

Scanning rotation [sec] ‘ 1.0 ‘ 0.2
Maximum measuring distance [m] 30 30
Measure of precision in each X, Y, Z direction [cm] + 5 + 5
Number of line in one field 100 20
Number of point in one line 440 440
Number of point in one field 44,000 | 8,800
Horizontal view angle [degree] 270 270
Vertical view angle [degree] 30-120 | 30-120
Weight [kg] 1.5 1.5
Power consumption [W] 15.25 15.25
(2D SOKUIKI sensor unit) (8) (8)
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O 2.2: Basic type of request

Command symbol | Control code ‘ LF ‘

O 2.3: Basic type of response

Command symbol | Control code | LF
Status code LF
Data LF
LF
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0 2.4: Request type of SRC command

’S’

R’ ‘ '’

Control code ‘ LF ‘

O 2.5: Substance of control code of SRC command

Control code ‘ Substance

02 0.2 [sec]
03 0.3 [sec]
04 0.4 [sec]
05 0.5 [sec]
06 0.6 [sec]
07 0.7 [sec]
08 0.8 [sec]
09 0.9 [sec]
10 1.0 [sec]

O 2.6: Response type of SRC command

’S’ R | °C ‘ Control code ‘ LF ‘
Status code | LF
LF

O 2.7: Substance of status code of SRC command

Status code Substance
00 Command received without any error
01 Rotation already started
02 Control code is other than designated value

O 2.8: Request type of SBM command

g ‘ B’

"M’ | Control code (01) | LF |

O 2.9: Response type of SBM command

'S’ S IRYS \ Control code \ LF \
Status code | LF
LF
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O 2.10: Substance of status code of SBM command

Status code Substance
00 Command received without any error
01 Laser already lighted up
02 Control code is other than designated value
03 Rotation is not yet started

O 2.11: Request type of QBM command

"M’ | LF |

Q ‘ B’

0 2.12: Response type of QBM command

Q| B’ \ ‘M’ | LF \
0" | °0" | LF
LF

O 2.13: Request type of SCT command

'S ['C | 'T | LF |

O 2.14: Response type of SCT command

'S’ 'C’ | 'T" | LF |

0 0’ | LF
Clock value | LF

LF

O 2.15: Request type of GLP command

'G’ | 'L [P | LF|

O 2.16: Response type of GLP command (In case where status code is not 00)

5G’ 7L’ ’P’ ‘ LF ‘
Status code | LF
LF
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O 2.17: Substance of status code of GLP command

Status code Substance
01 Laser has been lighted
02 Designated data type is difference

O 2.18: Response type of GLP command (In case where status code is 00)

‘G’ 'L | P | LF |
0 0’ | LF
Clock value LF
Three dimensional coordinate value 1 | LF
(I LF
Three dimensional coordinate value N | LF
LF

O 2.19: Request type of GFP command

’G’

F | P’ | LF |
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O 2.20: Response type of GFP command (In case where status code is not 00)

,G’ ’F’ b P’ ‘ LF ‘
Status code | LF
LF

O 2.21: Substance of status code of GFP command

Status code Substance
01 Laser has been lighted
02 Designated data type is difference

0 2.22: Response type of GFP command (In case where status code is 00)

G’ F | P’ | LF |
0 0’ | LF
Clock value LF
Three dimensional coordinate value 1 | LF
(0 LF
Three dimensional coordinate value N | LF
Clock value LF
Three dimensional coordinate value 1 | LF
(I LF
Three dimensional coordinate value N | LF
(I LF
Clock value LF
Three dimensional coordinate value 1 | LF
(0 LF
Three dimensional coordinate value N | LF
LF
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2D SOKUIKI sensor unit Roudly swinging mechanism
Power supply

Swinging controller

Main controller

0 2.1: Image of 3D SOKUIKI sensor module
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Roundly swinging mechanism

2D SOKUIKI sensor unit

Universal joint

Rod
DC motor

. Encoder
100mm

0 2.2: 2D SOKUIKI sensor unit and roundly swinging mechanism
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O 2.3: Changing position of 2D SOKUIKI sensor unit by rod rotation
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Z ! yl

Laser beam direction

2D SOKUIKI sensor unit

Eg X
O': Rotational center 0 e
of 2D SOKUIKI A
sensor unit Y
B
L3
a
C— ¥
O Rotational center .
of roundly swinging ./ N
mechanism o @ *+. 7 Universal joint
R 4, .,
"" ’y “5
et L 67 T
\ \\ Rod

Locus of universal joint

O 2.4: Coordinate

28

system



goboogoobood

goboobooobooobobooboobooboooboobooboooDpCconn
gobobooobobooobbooobbooobboobooooooobuooooboooobooo
goboooobobooobooboobbooobbuoobbooboboobobooboboonobo
gbobobobobooboooooooboobooboobpcoboobobobobobobo
googboobogobooobcooboobooboobooobooooboooboobooooDo
goboooobooooboooboooboooboobobooobooboboonoobooo
gbobobobobobobobobbs”HzOODbOoDbODOD

244 0U0OODOO

uboboobobooboboobbooboooboboooboooobbooooboobooboo
gbobgoboooooobobobobobobooooooboboboboooonog
oobobooobobooooboboboobooboboo  bcooboboooboobgooDog
gobooobooooooo

o2s50000b00oooboobobooooobooobbooo0bOoOo0OD 100Hz
goboboooboboobboobbuooobbooobboobboooobobooboobooo
gboooooooboobooboboobogouSsoooooooooooboboboobooon
gbooobooooboobooboobooboboobooobooboobobobobog Db
goboooobooobooboboobobuooboboobobuooobuooboobooaoboboo
gobooooboooboooboooboooboooobooooboooobooooobooo
gboobo1ooHzODoooooogoobooboboboboboboboooooooo
goboooobobooooooooboooboobobooobbooooboooobobobePC
oboobobobob pcObdbUObO TCP/IPODOUODODODOD PCODUODODD

29



User PC

lT Ethernet (TCP/IP)

Main controller
Armadillo-500 bord (400MHz)

A

USB

Sync. signal
(100Hz cycle)

A

L

Serial communication
(100Hz cycle)

2D SOKUIKI
sensor unit

Swinging controller
SH7125 single bord (48MHz)

L]

)

Motor driver

Encoder

L]

DC motor

Roundly swinging mechanism

O 2.5: Structure of controller
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User PC Swinging controller

Ethernet Serial communication

Main controller

Armadillo-500 board

USB

2D SOKUIKI sensor unit

O 2.6: Main controller
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Motor driver Encoder

‘ Swinging controller

i SH7125 single board

5D SOKUIKI Sync. signal
sensor unit g

Serial communication

Main controller

O 2.7: Swinging controller
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User PC

User process

vA

Communication

Request
(100Hz max)

Response
Wake up (T00Hz max)
Main Communication
controller 4
(OS:Linux)

Data buffer

\

3D calculation

\

Communication

Data request Rotating cycle Wake up
(100Hz) Data response specification Rotating angle
(100Hz) (1T00Hz)
Communication Sync. Communication
signal
: 4 (100Hz) 4
Distance measurment p———»| Encoder measurment
Wake up
2D SOKUIKI sensor unit T

L]

Motor servo

Swinging controller

O 2.8: Process of controller
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2D SOKUIKI sensor unit

Swinging controller

Main controller
3D calculation process

Main controller
Command process

User PC

10ms

A

\i

1 Scannin 7 Send
cdl 9 scanning data
| \ \
v 1 I
\ \
2] 3 ! I \ \
1 I
\ \
A\ y ! —
Response Write time stamp and
4 S scanning data 6 Calculate 3D data 3D data to data buffer
g 10 Read time stamp Send time stamp
and 3D data from data buffer and 3D data

N

Response time stamp
and 3D data

1: Send sync. signal

2: Receive sync. signal
3: Send rotating angle

4: Receive rotating angle
5: Calculate time stamp

6: Request scanning data by GD command

7: Receive GD command

8: Request time stamp and 3D data by GLP command
9: Receive GLP command

10: Interpret command

O 2.9: Timing diagram of process in case of GLP command
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Reflecting point (X, Y, £)

Z[mm]

000

¥[mm]

O 2.10: Set of reflecting point (X, Y, Z) of constant distance (1 [m]) in case of 1.0 [sec] scanning
rotation
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Reflecting point (X, Y, £)

Z[mm]

O 2.11: Set of reflecting point (X, Y, Z) of constant distance (1 [m]) in case of 0.2 [sec] scanning
rotation
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3D SOKUIKI sensor module

0 2.12: Image of 3L307 room
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0 2.13: X-Y-Z plot of reflecting point (X, Y, Z) in 3L307 room
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0O 2.14: X-Y plot of reflecting point (X, Y, Z) in 3L307 room
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0 2.15: X-Z plot of reflecting point (X, Y, Z) in 3L307 room
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00 2.16: Y-Z plot of reflecting point (X, Y, Z) in 3L307 room
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00 2.17: Part of X-Z plot of reflecting point (X, Y, Z) in 3L307 room
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3. SOKUIKI sensor module

0O 2.18: 3L402 room for experiment in indoor environment
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O 2.19: Result and reflecting points (X, Y, Z) in 3L402 room
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0 2.23: Comparisons with average distance between reflecting point and actual distance from
sensor module to wall in indoor environment

Direction ‘ X ‘ Y ‘ A
Reflecting point [mm] | 4,520 | 1,850 | 2,325
Actual distance [mm] | 4,511 | 1,847 | 2,332
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O 2.20: Front of 3L building for experiment in outdoor environment
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00 2.21: Result and reflecting points (X, Y, Z) for outside of 3L building
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0 2.24: Comparisons with average distance between reflecting point and actual distance from
sensor module to wall in outdoor environment

Direction ‘ X ‘ Y
Reflecting point [mm] | 17,273 | 8,032
Actual distance [mm] | 17,288 | 8,040
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Walking person

Walking trajectory 3D SOKUIKI sensor module

0 2.22: Image of 3L307 room
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Reflecting point

1.0[sec] scanning rotation
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O 2.23: Results of reflecting point (X, Y, Z) by 1.0 [sec] scanning rotation
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Reflecting point

0.2[sec] scanning rotation
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O 2.24: Results of reflecting point (X, Y, Z) by 0.2 [sec] scanning rotation
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O 3.1: Image of indoor environment
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3D SOKUIKI sensor unit
Posture sensor unit

Main controller unit

Monopod

O 3.2: Developed transportable system for three dimensional motion distance estimation and map-
ping
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Transportable system for
three dimensional motion
distance estimation and
mapping

User

0 3.3: Transportable system for three dimensional motion distance estimation and mapping and
the user
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Main controller
ThinkPad X61 (1.8[GHz])

Serial USB Serial communication
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(100[Hz] cycle)
y vl A/

Posture 2D SOKUIKI
sensor sensor

Swinging controller
SH7125 single board (48[MHz])
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Motor driver

Encoder

Y

DC motor
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O 3.4: Structure of developed system
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1. Take Rol/and Pitch angle 2. Change to X "-Y "-Z "coordinate
by posture sensor system by Ro//and Pitch angle
)/5,
0 n
XSI
3. Project set of reflecting point 4. Create histogram on p - 6 space

onto )(5’—)/5’surface

O 3.5: Process in calculation of yaw angle of system in indoor environment
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XSI
1. Change to X - ”-Z “coordinate 2. Project set of reflecting point
system by Yaw angle in X 7] ¥ "and Z "direction,

and create histogram
on )(S'f )/S”and Zs”axis
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|
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4. Maximum value of projection data on X “and ¥ “axis
is distance from surface in X “and ¥ ”direction

l , , |
X Y

I ° ’ I
I I:> |
I )/5 ” 05 ” 05 ” XS ” I
I |
I .

Last measurement 91 This measurement |

6., 7. Estimate whether 3D SOKUIKI sensor unit go around

O 3.6: Process in calculation of motion distance in hall environment
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system by Yaw angle
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5., 6. Estimate whether 3D SOKUIKI sensor unit go around

0O 3.7: Process in calculation of motion distance in stairs environment
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XSI

1. Change to )(5”-)/5 ”-Zs ”coordinate 2. Project set of reflecting point
in X 7] ¥ "and Z " direction,

and create histogram
on X" Y "and Z "axis

system by Yaw angle
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s |
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3. Maximum value of projection data on X “and ¥ ”axis

is distance from surface in Xs”and )’S”direction

O 3.8: Processe in calculation of motion distance in gallery environment
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O 3.10: Aspect of experiment
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103



15000 L ' ' Reflecting point (X, Y,2)  _
Measured sensor position

10000 -

E -
E 5000

x
0 .
-5000 -
1 N “I B 1 | | 1 1 1 1

5000 0 -5000 -10000-15000-20000-25000-30000-35000
Y [mm]

0 3.12: X-Y plot of measured sensor position and reflecting point in 1st floor

104



15000 L ' ' Reflecting point (X, Y,2) = _
Measured sensor position
10000 [~ -
E 5000 | ‘
E [ i
x T— T T
0+ : —
-5000 | -
1 1 1 | | 1 1 1 1

5000 0 -5000 -10000-15000-20000-25000-30000-35000
Y [mm]

0 3.13: X-Y plot of measured sensor position and reflecting point in 2nd floor
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O 3.14: X-Y plot of measured sensor position and reflecting point in 3rd floor
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O 3.15: X-Y plot of measured sensor position and reflecting point in 4th floor
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O 3.16: X-Z plot of measured sensor position and reflecting point
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0 3.17: Y-Z plot of measured sensor position and reflecting point
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