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Abstract

In recent years, the patent litigation between the big companies has come out one
after the other, so the companies must pay attention to the patent strategy. The
technology function matrix is the main tool used for analyzing the patent portfolios of
the other competitors in a specific field currently, however, the analysis results are not
yet fully demonstrated the specific areas of technology development status, making the
follow-up technical research and development of patent portfolios be more uncertainly.
The proposed of this research is to develop a patent analysis which combines the
advantages of the technology function matrix and the trend of engineering system
evolution for recognizing the current status of the patent portfolios and technical
development on a specific field, and find the ideal directions to develop a patent
portfolio for oneself. The results of this research in the case studies show that the patent
analysis can indeed make the idea directions has a more explicit sort to develop a
patent portfolio, and highlight the directions which is easier to develop, so that the
resource can be concentrated in the ideal directions and the development of patent

portfolio can be more efficient.

Key words: patent strategy, patent portfolio, patent analysis, technology function matrix,

trend of engineering system evolution
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etr s 2 - o TRIZ 23 8.4 Altshuller #74% 1) > Altshuller 83K #75 & 5% € ## ¥
B mEE(ldedity)s? v g Bt o BB GETR LT GO DR AR
F T e E[7] > B HBE A AR 2-7 A7 o Altshuller 3 75 B 5 5Ly € kR 5 B

R B e3¢ (Patterns) ki it 0 FLa% et 5w i A (Line of Evolution) 2t i# it A8 %
(Trend of Evolution) - ) *oi g5 % + #0587 » & 3 LB M0 = 7 i - Altshuller
2 TRIZZG S L F PR R enB N 7 5 AA#HD #p w3 rdrans 30a Jjive

By di1 33 487 b aug it AB% > 4o@) 2-8A TR 2-8D #i7 > P kG R
(Space) ~ p= /& (Time)fr /i & (Interface) = B = » & 8 = 37 if /7 L &R > 4o 2-3 97
oo JUH B R AL AR > T OUIER - I AT - HEGEFE > FRL T

ML LS kK kT ket gOE p[g] -

2.E2,

I=a => 00}

EZC +2:ﬁJH

I — idealization level (dimensionless performance):

F — useful function (effect):

Q — quality of useful function;

C — time and mean cost for useful function implementation.
H — nuisances:

o p— accommodation coefficients.
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(Linear)
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EVOLUTION
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Boundaries Boundaries Boundaries
Point ¥ 1D > 2D > 3D
) Axi-
Planar 2D > Symmetric | Fully 3D
Structure Structure Structure
Structure
. Non-‘ Two-Level Three-Level Recursive
Hierarchical —» .. -
Hierarchy Hierarchy Structure
Structure
. . Fully Fluid or .
hélrr;?frﬁe ém;t;i —» Flexible [*» Pneumatic [ Fl(gdsi?;ed
y y System System y
Non Co- Partially Co- Fully Co- ligie;izt
ordinated r» ordinated [® ordinated [» Durin
Action Action Action £
Intervals
Continuous L, Periodic Use of Travelling
Action Action Resonance Wave
Linear Partial Full
Consideration —* Accounting of —» Accommodation of
of System Non-linearities Non-linearities

B 2-8B 33 #&iw i 484:[8]

19



MONO-BI-POLY
(Similar)

MONO-BI-POLY
(Various)

MONO-BI-POLY
(Increasing
Differences)

NESTING(UP)

REDUCED
DAMPING

INCREASING
USE OF SENSES

INCREASING
USE OF COLOUR

INCREASING
TRANSPARENCY

] 2-8C 33 .5 |

20

L ;@%& [8]

Mono- . .
— - — - P -
System Bi-System Tri-System Poly-System
Mono- —» Bi-System » Tri-System —» Poly-System
System
_ Components Component .
Co?éméfénts —»  With Biased —» Plus Negative | C(l))rgff)rrfélrits
P Characteristics Component P
Structure Completely
Independent L, Connected Integrated
Structure Into Higher Into Higher
Level System| |Level System
Over- Under- Un-Damped
Damped —»  Damped » (Plus Active
D (Oscillatory) Control)
1 Sense —» 2Senses —» 3Senses [» 4Senses ¥ 5 Senses
Full
No Use of . Use of
Colonr Binary Use b Visible > Spectrum
of Colour Use of
(Monochrome) Spectrum
Colour
. Active
Opaqug Partially —» Transparent —» Transparent
Construction Transparent
Elements




COSTOMER
PURCHASE Performance —» Reliability [ Convenience | Price
FOCUS
MARKET . ) . ) ' )
EVOLUTION Commodity +» Product » Service [ Experience [ Transformation
optgissfg for opgi)risilsig at opgi)rflsilsgeg1 at Design re-
DESIGN POINT . . e . —» optimised
single operating| | two operating several discrete .
: . . . continuously
point points operating points
1 Degree
DEGREES OF
FREEDOM of —» 2DOF (> 3DOF t» 4DOF = 5DOF = 6DOF
Freedom
Complex Elimination Elimination Trimmed
TRIMMING D —» of non-key —» of non-key [
System System
components sub-systems
Direct Action . .
CONTROLLABILITY | Control | Through | Additionof |} Intelligent
) i Feedback Feedback
Action Intermediary
REDUCING Human o | | Human + Hg?ﬁ“* Human + | |, oo
HUMAN Human [ Lifool —» Powered Automlate d*Automated+ uTool
INVOLVMENT Tool Tool
Tool
) Slow-
Steady- Transient . Cross- .
DESIGN degradation . Design For
METHODOLOGY Cut & Try > St?l.te R .effects Bq effects » coupling [ Murphy
design include . effects
include
REDUCING Three
NUMBER OF Two Energy One Energy Zero Energy
ENERGY elc ™ Coiszf'}é) " ™ Conversions ™ Conversion ™ Conversions
CONVERSIONS !

21

Bl 2-8D 33 #&.i% it A5 %[8]




SPACE RELATED
TRENDS

TIME RELATED
TRENDS

INTERFACE RELATED
TRENDS

Smart Materias

Action Co-ordination

Mono-Bi-Poly (Similar)
- Interface

Space Segmentation

Rhythm Co-ordination

Mono-Bi-Poly (Various)
- Interface

Surface Segmentation Non-Linearity Mono-Bi-Poly (Increasing
Differences) - Interface
Object Segmentation Mono-Bi-Poly (Similar) Nesting - Up
- Time
Macro to Nano Scale Mono-Bi-Poly (Various) | Damping
- Space - Time
Webs and Fibres Macro to Nano Scale Sense Interaction
- Time

Decreasing Density

Colour Interaction

Asymmetry

Transparency

Boundary Breakdown
- Space

Customer Purchase Focus

Geometric Evolution
(Linear)

Market Evolution

Geometric Evolution Design Point
(Volumetric)
Nesting - Down Degrees of Freedom
Dynamisation Boundary Breakdown
- Interface
Trimming
Controllability

Human Involvement

Design Methodol ogy

Reducing Energy Conversions

% 2-337 iEw i AR

22




241 Fiv-gS gwit B4 FEE

Altshuller 12 2 TRIZ 3235 087 3 F 1P Bk - I ARE NG T - BRI
AR L P W AT e g B 2 ow ek IR 8 % % (Ideal Final Result, IFR) > ¥+ - 78 )
mZ o PR BT R g % chL B> T & ¢ B Ardey R i B+ (Evolutionary

Potential) & -] » 3% 5 SLBEA B I 18 5 % Ax3g > HF (4 BlAR A > F 2 PlAR | o 4o

W 2-8A 1§ 2-8D “i7 » TRIZ St 7 § & (75 — 8 1 AB S 1 Ml PS5 % &
FHFE S o DERF AR PR ERELEE S bR EREE A

- AR AR - FE I gy it R K T E it AR Y A DRk
FooF 0 FEEE KR FEARR 0 AT AT R D e ang VIR AR > F 2 PlAx
,J‘ o

IV ARG E T AL ARG PP o iR Mann #T3
[O] » L FFAH e FIFL D> v b o T g € (%] 0 REREF RS D

AR FFAE A RIF A AR 2 e b PIRE F orrE 0 A H

A At AR R AR T AT AR A 2 R B o

A4 7 Z Bl(Evolutionary Potential Radar Plot) 2 — &% &k B - 58 & 3Lz
IS a1 B oo 4t E - 38 kA 2 o B «'F;rsz - iE o BERER -
AR AELBRAOFOES T FIRIT AR 23 FICES TER

=

R IF kst dmeni B R b s X RIRH A& T W (- ABRY SriE T

BB TE L TR GA R NS BRA KR A AL BRASR L ES

23



"% B & 4] 6296395 5Lt ie U etk k SL s b0 H A 18 00 X a1 RS

S A 29 #0770 30w 1S BB B A E - 0 AR i R

TiHF AR DB B R B o 3% A ARG B B A7 B A 2484 (Space Segmentation
Trend) F g/ 4518 2 AL § - FEE > @ 2 A LABRRE § T BREE > TRk

SR ARR L G o BRSO Bl AR RS FERY &

2 N
T&-;?FNA
3

AT B e Y S ELEEA A Y BT A - s A R o it s Bt 3 B

B 7 B
IEERAA G AR AT RS o B AR Ad AR R

LA R R e s R 2 R KA A RS R RE L) Rl

“—“’ﬂ

—E‘i ‘Zl:‘ «qu——Pm(%’IL@JJ‘"D

Controllability
Energy — | - Space

Boundaries / . . Surface

Action "Geometric (Volume)

Rhythm Geometric (Linear)

Dynamization

Bl 2-9 #h-k & siz xS F i BI[10]

24



F2 PG H AR RS R B A EEF AN AL BR
GEIEBORIEF BIR 2 R BHEFHITF SIS F R LG B E T RE D

FREEE o FIt AR B AN TRIZ L3 ¢ enliie b Suiw AR S > %8 TR

AT R T R A T 0 P I TR 2 R B IR R R i

25



3.1 4

AR ERIN - G A AT 2 0 B8 BEH AR 0 2 Pk SR (4R
%‘Lrﬂ]ﬁ%‘h ) M’ﬁ e R HTAEE B 41:1]]“, B TR AR R TR 0 i@ Y
N R R e R kI R e T g SRR R B

o fRZ_ HFIFAL o
32 B % A E%
(1) ## 73 B3R Hpirs 2 z%?xi;ujﬂgi_g,ﬁxjjg@_g% Rl R Y R

EFE Al R TR B

() AF BT AR %D B R L MR A

>
.)_
beics
e
il
= »
[ad
(o)

%ﬁiﬁf{%%%i@ﬁﬁﬂﬁgﬁ%};ﬁ =
Q) AP BRI 22 2 FREFELJIREEFF S & DF R SHIIA > &

3 R R A SRR ] 23

26



3.3 inAz it

B R i M2 B QI B AT A AR T 24 B 31§ A4
RATEAERE 0 BRFHZAASM 2 B FIF o BT E Pl end I8 7 B
AT SE 0 R A PR AR o -2 IF FAFITIT R o0k Suih iR B K AR
CARFE R A T o A R TR o RIS kg s By
VS FERBEFA O BIBALRR TR E e ka FEIFREp LR G

Boo IR 3E T 8 H M ARG

ATy 3E BATIEALTE N o H7
3 3L BT ) 24 EIEILEN FERE

L5 HER

B 31 & 1 B A 45 2 AL

27



34 4 A AR B

AT fEFEFREGAA AL A RN - BB EEEE 0 &
Vpi2 $ef B g gk ER - B HARH B2 ARE TS B JIF b AT 2 B 0 324

BP AT ] o &S PEFAINMEAFORERFE AL FTRAAS > T8 o7 d ko

—=
N

B ARE R A LT AR REF AT R R A4 FRARS S E
P ke kS XA MRS LA o TR E AT 0 T i T fRIHE

P B U H 2 ARE 0 F SRR TR AT

35 WH 4k & A

PR E  TTHZFBEEAAM AR {EF c R AFEM AR LR

(World Intellectual Property Organization, WIPO)snsizt &2 4 » X £ e P &8 % 5

~)

90%3] 95%§ *+ & 1% gtk ik o w2 H P G BO%A e L W R Y o g
e fl* AT T e T 60% &g 40%[11] o J p T e E AT
REE - B2F A T RE > SEHEJITRERRE 7 g R
AR R NBATHT ) PR L BB PE L [12] 0 B a HpeAT g e AR TR i
Joo PR B 2P S E e PR D > WA BT i e KA A

& el e 3 o HORE R ] ehv 7 42[13]

28



R AHE AP R I Tl A 11 i 2 e
SRS LSRR A A TR R RS S S R LSS
Foom ki TRIZEZH[14] > P 7 A 5 5B ks> 4ok 3157 > @ 2 A &R
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Level 1 - Routine design problems solved by methods well known within the

specialty. Usually no invention needed.

Level 2 - Minor improvements to an existing system using methods known within the

industry.

Level 3 - Fundamental improvement to an existing system using methods known

outside the industry.

Level 4 - A new generation of a system that entails a new principle for performing the

system's primary functions. Solutions are found more often in science than technol ogy.

Level 5 - A rare scientific discovery or pioneering invention of an essentially anew

system.
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(57) ABSTRACT

There is provided a laser radar apparatus including laser beam
generating means, photo detecting means. a mirror assembly,
light deflecting means, and rotation driving means. The laser
beam generating means emits a laser beam having an axis
thereof. The photo detecting means detects a reflected laser
beam that is reflected back by an object. The mirror assembly
includes a through-hole that transmits the laser beam and a
reflecting surface that reflects a reflected laser beam reflected
back by the object toward the photo detecting means. The
light deflecting means has a flat mirror surface and a concave-
shaped mirror surface, and reflects the laser beam toward a
measurement range and detlects the reflected laser beam from
the object toward the mirror assembly. The rotation driving
means rotates the light deflecting means so as to direct the
laser beam toward the measurement range.

9 Claims, 11 Drawing Sheets
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LASER RADAR APPARATUS THAT
MEASURES DIRECTION AND DISTANCE OF
AN OBJECT

CROSS REFERENCE TO RELATED
APPLICATION

The present application relates to and incorporated by ref-
erence Japanese Patent Applications 2007-293224 filed on
Now. 12, 2007.

BACKGROUND OF THE INVENTION

1. The Field of the Invention

The invention relates to a laser radar apparatus capable of

measuring hoth the direction of an object and the distance to
an ohject from the apparatus using laser beam.

2. Description of the Prior Art

As laser radar apparatus capable of measuring both the

direction of an object and the distance to an object from the 2

apparatus, there is a known apparatus such as disclosed by
Hoashi et al. in Japanese Patent No, 2789741,

The laser radar apparatus of Hoashi et al. includes a laser
beam generating means for emitting a laser beam or a laser
pulse serving as an outgoing light into a measurement range,
the outgoing light having an optical axis thereof, a photo
detecting means for detecting the reflected laser beam or the
reflected laser pulse that arrives after the outgoing light is
reflected by an object located in the measurement range and

serves as an incoming light, an optical isolator that allows the

outgoing light w0 transmit therethrough and forbids the
incoming light to transmit, and an electric controlunit (ECTT).
The laser heam generating means is, tor example, a laser
diode that produoces laser emission including a laser beam or
laser pulse. The photo detecting means is, for example, a
photo diode that converts an incident laser beam or an inci-
dent laser pulse to an electric current that 1s a function of the
incident laser beam or the incident laser pulse. The optical
1solator reflects the incoming light, and the incoming light by
the optical isolator will be directed to the photo detecting
means. Inorder to realize these functions, it is preferable that
the optical isolator is located on the optical axis of the outgo-
ing light. The electric control unit (ECU) caleulates the dis-
tance from the apparatus to the object. i1t exisis, based on the
difference in the phases of the outgoing and incoming laser
beams, or the time of flight between the emission and recep-
tion of the laser pulse utilizing the speed of light. Further, the
laser radar apparatus of Hoashi et al. includes a concave
mirror that deflects the outgoing light toward the measure-
ment range and the incoming light rellected back by the object
toward the photo detecting means, Further the concave mirror
1s arranged to rotate up to 360 degrees around the axis so that
an angular scanning range in the horizontal direction can be
realized of up to 360 degrees. It should be noted that in the
optical laser apparatus of Hoashi et al., a projection optical
system meludes the laser beam generating means, the optical
isolator, and the concave mirror, and a photo detecting system
includes the concave mirror and the optical isolator, The
projection optical system and the photo detecting means are
arranged coaxially in part. In more detail, the axes of the
outgoing light and the incoming light between the optical
isolator and the object are identical.

As described abowve, in the laser radar apparatus of Hoashi
et al. or a laser radar apparatus of similar type, the axes of the
outgoing light and the incoming light are identical. and the
optical 1solator 1s arranged to be located on the common axis
to the outgoing light and the incoming light. The outgoing
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light emitted by the laser beam generating means transmits
the optical isolator although the incoming light reflected back
by the object 1s reflected by the optical isolator. In general.
attenuation of the laser beam or the laser pulse may be caused
5 doring both the transmission and the reflection of the laser
beam_through and from the optical isolator, respectively.

Henee, a large loss of the beam splitting efficiency is caunsed
during the transmission and the reflection of the laser beam or
the laser pulse through and from the optical isolator. This
leads to a special configuration of some elements of the laser
radar apparatus, for example, a bigger mirror having a larger
mirror plate to enlarge the effective photo-receiving area so as
to improve the beam splitting efficiency. This conflicts with
the tendency of downsizing of the apparatus.

Further, as i the case ol the laser radar apparatus of Hoashi
et al. or a laser radar apparatus of similar tvpe where the
outgoing light is deflected toward the measurement range by
the concave mirror, a diffusion of the outgoing light can not be
prevented after the outgoing light is deflected by the concave
mirror due to the concaved-shape of the concave mirror. In
particular, it axis of the outgoing light emitted from the laser
beam generating means is slightly deviated from the correct
position or tilted from the correct direction before the outgo-
ing light enters to the concave mirror, the situation will
worsen due to the deflection bv the concave m'n'mr.m
diffusion of the outgoing light due to the deflection by the
concave mirror reduces the measurable range of the distance
ol 1I1|. uh|u,1 Imln the dppdmlub Thus, the laser radar appa-

3 ar apparatus of similar type
camml ensure the dLL'LI]’.’ll.L measurement of the distance of the
object, in particular an object located far from the apparatus.
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SUMMARY OF THE INVENTION

It 15 an object of the present invention fo provide a laser
radar apparatus that has an improved beam splitting ethi-
ciency and an improved accuracy of detecting the direction of
an object and the distance to the object from the apparatus
without sacrificing the small size of the laser radar apparatus
due 1o the coaxial structure of the projection optical system
and the photo detecting system.

According to an aspect of the present invention, a laser
radar apparatus measures the distance and the direction to the
object. the object being located in a measurement range from
the laser radar apparatus, comprises laser beam generaling
means, photo detecting means, a mirror assembly, light
deflecting means, and rotation driving means. The laser beam
generafing means generates a laser beam having an axis
thereof and emitting the laser beam toward the measurement
range. The photo detecting means detects a reflected laser
beam that is reflected back by the object located in the mea-
surement range. The mirror assembly further comprises a
through-hole and a reflecting surface. The through-hole
pierces the mirror assembly being coaxial with the axis of the
laser beam emitted from the laser beam generating means and
transmits the laser beam emitted from the laser beam gener-
ating means. The reflecting surface 1s arranged to be 1 a
predetermined angle with the axis of the laser beam emitted
from the laser heam generating means and reflects a reflected
laser beam reflected back by the object wward the photo
detecting means, The light deflecting means deflects the laser
beam emitted from the laser beam generating means toward
the measurement range, and deflects the reflected laser beam
reflected back by the object located in the measurement range
toward the laser beam isolating means. The light deflecting,
means has a rotation axis thereot, and a mirror surface includ-
ing a flat reflecting portion having a fat mirror surface and a
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1o rotation driving means. In order to detect the rotation angle
of the motor 50, a rotation angle sensor 52 is provided and is
connected to the motor 50.

The rotary device 4008 has a rotation axis 5la that is
defined as the axis of the output shaft 51 of the motor 50. The
rotation axis Sla is aligned with the axis of the outgoing laser
beam L0 and the first outgoing laser beam L1 between the
laser diede 10 and the concave mirror 541. The concave
rellecting portion 543 of the concave mirror 420 has a focal
point on the rotation axis 51g of the rotary device 4008,
Hence, after the incoming laser beam 1.3 reflected back by the
ohject is reflected by the concave reflecting portion 343 of the
concave mirror 420, the incoming laser beam 1.3 is collected
to the focal point positioned on the rotation axis Slea.

Further, in the laser radar apparatus 100C according to the
present embodiment, the flat reflecting portion 421 of the
concave mirror 420 includes a reflection type diffraction grat-
ing. The flat reflecting portion 421 deflects the first outgoing
laser beam L1 emitted from the laser diode 10 and transmitted

through the half=silvered mirror 80 toward the measurement 2

range and transforms the outgoing laser beam L so as to
generate a predetermined projection pattern that covers a
larger cross sectional area than the cross sectional area of the
collimated outgoing laser beam L0 by the optical lens 60. The
incident laser beam which was collimated by the optical lens
60 to the flat reflecting portion 421 is the laser heam of
parallel rays. The incident laser beam is dispersed such that
diameter of the first outgoing laser beam L1 is increased by its
reflection by the Hat reflecting portion 421.

FI(z. 13 is a graph showing an exemplary projection pattern
P2 ofthe first outgoing light [.1 generated by the flat reflecting
portion 421 including the reflection type diffraction grating,
The projection pattern P2 is different form the projection
pattern P1.

The projection pattern P1 is ebtained when the apparatus
100C having the rotary device 4008 is set on the horizontal
plane, the first outgoing laser heam L1 exits from the appa-
ratus 100C in the horizontal direction. Thus, ifa vertical plane
F is prepared in the measuring range, and the first outgoing
laser beam L1 is incident on the vertical plane F, the distri-
bution of intensity of the first outgoing laser beam [L1 has a
rectangular shape, as shown in FIG. 15.

As shown in FIG. 13, the projection pattern P2 has three
reclangular areas ina vertical direction parallel to the rotation
axis Sla. Thus, the projection patiern P2 has the shape of a
long narrow rectangle having a longer edge and a shorter
edge. That is, the projection pattern P2 has a dark area A3 and
a pair of bright areas Ad. The dark area A3 is sandwiched
between the pair of the bright areas Ad. The length of the

longer edge W1 is longer than the length of the shorter edge 3

W2, as shown in FIG. 13, The reflection tvpe diffraction
grating of the flat reflecting portion 421 plays the role of an
optical element.

In the laser radar apparatus 100C according to the present
embodiment, the same advantages with the previous embaodi-
ments can be obtained. Further, the Hat reflecting portion 421
transforms the injection laser beam to have the projection
pattern P2. The projection pattern P2 has the pair of the bright
areas A4 and the dark arca A3 that is sandwiched between the
pair of the bright areas Ad. Thus, the mirror assembly 300 can
reduce the loss of incoming laser beam L3 generated by the
incoming laser heam L3 injecting the through-hole 32. There-
fore. the laser radar apparatus 100C has improved beam split-
ting efficiency and improved accuracy of detecting the direc-
tion and the distance to an abject.

Further, the projection pattern P2 has the shape of the long
narrow rectangle having the longer edge parallel to the rota-
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tion axis S1a, and has the pair of the bright areas A4 that

sandwich the dark area A3 in the direction parallel to the

rotation axis S1a. Thus, it is possible to improve the resolu-
tion of the direction of the object.
3 (Maodification of the Embodiments)

While the present invention has been disclosed in terms of
the preferred embodiment in order to facilitate a better under-
standing thereof. it should be appreciated that the invention
can be embodied in various ways without departing from the
principle of the invention,

For example, in the first, second, and third embodiments,
the optical lens 60 15 provided between the laser diode 10 and
the mirror 30, The aptical lens 60 corresponds to the laser
heam collimating means. However, it is possible to remove
the optical lens 60. In this case, the outgoing laser beam L0
passes through the through-hole 32. Further, it is preferable
that the optical lens 60 includes a collective lens.

Further, in the first and second embodiments, the through-
hole 32 of the mirror is designed such that the projected image
of the through-hole 32 has the circular shape, if the through-
hole 32 is projected to a plane perpendicular to the axis of'the
outgoing laser beam L0, However, it is allowed that the pro-
jected image of the through-hole 32 has a rectangular shape or
other shapes.

Further, in all the embodiments disclosed above, the
through-hole 32 is at least partially covered by the half-
silvered mirror 80, However, it is possible to omit the half-
silvered mirror 80, That is. the through-hole 32 is empty in
this case.

Further, in the first embodiment, the optical element 1000
is provided on the optical path of the outgoing laser beam L0,
However, it i3 possible to omit the optical element 1000. In
this case, the outgoing laser beam L0 is not transformed to
have any predetermined projection patiern, but is the laser
5 beam or pulses of parallel rays,

What is claimed is:

1. A laser radar apparatus that measures the distance of an
ohject and the direction to the object, the ohject heing located
in a measurement range from the laser radar apparatus, com-
prising:

laser beam generating means for generating a laser beam

having an axis thereof and emitting the laser beam
toward the measurement range:

photo detecting means for detecting a reflected laser beam

that is reflected back by the object located in the mea-
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a mirror assembly comprising:

a through-hole that pierces the mirror assembly being
coaxial with the axis of the laser beam emitted from
the laser heam generating means and transmits the
laser beam emitted from the laser beam generating
meains; and

a reflecting surlace that 1s arranged to be at a predeter-
mined angle to the axis of the laser beam emitted Irom
the Jaser beam generating means and reflects a
reflected laser beam reflected back by the object
toward the photo detecting means;
light deflecting means for deflecting the laser beam emitted
from the laser beam generating means and deflecting the
laser beam reflected back by the object located in the
measurement range, the light deflecting means having a
rotation axis and a focal point thereot and comprising a
mirror surlace including a flat reflecting portion having
a flat mirror surface and a concave reflecting portion
having a concave-shaped mirror surface;
rotation driving means for rotating the light deflecting
means around the rotation axis of the light deflecting
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NO. |TREND STAGE

1 |Smart Materials Passive Material

2 |Space Segmentation Monolithic Solid

3 |Dynamization Immobile System

4 |Action Co-Ordination Partially Co-ordinated Action

5 |Rhythm Co-Ordination Continuous Action

6 |Mono-Bi-Poly (Similar) Bi-System

7 |Mono-Bi-Poly (Various) Bi-System

8 |Nesting (Up) Independent Structure

9 |Increasing Use of Colour No Use of Colour (Monochrome)

10 |(Controllability Direct Control Action

11 [Reducing Human Involvment |Human + Powered Tool
Reducing Number of Energy _

12 Two Energy Conversions

Conversions
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NO. [TREND STAGE
1 |Smart Materials One-Way Adaptive Material
2 |Surface Segmentation 3D Roughened Surface
3 |Evoluton Macro To Nano Scale Approch Zero
4 (Increasing Asymmetry Matched Asymmetry In 2D
5 |Boundary Breakdown Few Boundaries
6 |Dynamization Fully Flexible System
7  |Action Co-Ordination Different Actions During Intervals
8 |Mono-Bi-Poly (Similar) Bi -System
9 |Mono-Bi-Poly (Various) Bi-System
10 Mono-Bi-Poly (Increasing Component Plus Negative
Differences) Component
. Structure Connected Into Higher
11  |Nesting (Up)
Level System
12 |Trimming Elimination of non-key

sub-systems
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NO. |TREND STAGE
1 [Smart Materias One-Way Adaptive Material
2 |Space Segmentation Monolithic Solid
3 |Object Segmentation Segmented Solid
4  [Boundary Breakdown Many Boundaries
5 |Dynamization Immobile System
6 |Action Co-Ordination Partially Co-ordinated Action
7 |Mono-Bi-Poly (Similar) Mono-System
8 [Mono-Bi-Poly (Various) Bi-System
9 [Nesting (Up) Independent Structure
10 [Increasing Transparency Partially Transparent
. Elimination of non-key
11 |Trimming
components

Reducing Number of Energy .

12 Two Energy Conversions

Conversions
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NO.

TREND

STAGE

1 [Boundary Breakdown Few Boundaries
_ . Partial Accounting of

2 Non-Linearities . -

Non-linearities
) Structure Connected Into Higher

3 |Nesting (Up)
Level System

4  |Increasing Use of Senses 3 Senses

5 |Increasing Use of Colour No Use of Colour (Monochrome)
Design optimised at two operatin

6 |Design Point . anop P J
points

. Elimination of non-key

7 |Trimming
components

8 [Reducing Human Involvment Human + Automated Tool

9 |Design Methodology Transient effects include
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NO. |TREND STAGE
1 [Increasing Asymmetry Asymmetric In 1D
2  [Boundary Breakdown Many Boundaries
Geometric Evolution _ _
3 . AXi-Symmetric Structure
(Volumetric)
4  [Nesting (Down) Two-Level Hierarchy
5 |Dynamization Jointed System
6 |Mono-Bi-Poly (Similar) Bi-System
7  [Mono-Bi-Poly (Various) Bi-System
i Structure Connected Into Higher
8 |Nesting (Up)
Level System
9  |Reduced Damping Over-Damped
10 [Degrees Of Freedom 2 DOF
, ] Elimination of non-key
11 [Trimming
components
12 |Controllability Addition of Feedback
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NO. [TREND STAGE
1 |[Smart Materials Passive Materid
2 |Space Segmentation Hollow Structure
3 [Surface Segmentation Smooth Surface
4 |WebsAnd Fibres Homogenous Sheet Structure
5 Geometric? Evolution Fully 3D Structure
(Volumetric)
6 |Dynamization Immobile System
7 [Mono-Bi-Poly (Similar) Poly-System
8 |Mono-Bi-Poly (Various) Mono-System
9 |Reduced Damping Over-Damped
10 |Increasing Transparency Opague Construction
11 |Design Point Design re-optimised continuously
12 |Trimming Trimmed System
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NO. [(TREND STAGE

1 |Smart Materials One-Way Adaptive Material
2 |Space Segmentation Hollow Structure
3  |Object Segmentation Field
4  (Boundary Breakdown Many Boundaries
5 |Geometric Evolution (Volumetric)  [Axi-Symmetric Structure
6 |Dynamization Field Based System

. Different Actions During
7  |Rhythm Co-Ordination

Intervals

8 |Non-Linearities Linear Consideration of System
9 |Mono-Bi-Poly (Similar) Bi-System
10 [Mono-Bi-Poly (Various) Tri-System
11 [Costomer Purchase Focus Reliability
12 [Controllability Direct Control Action
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NO. |TREND STAGE
1 [Boundary Breakdown Few Boundaries
2 [Action Co-Ordination Partially Co-ordinated Action
3 [Mono-Bi-Poly (Similar) Bi-System
4  [Mono-Bi-Poly (Various) Poly-System
5 Mono-Bi-Poly (Increasing Components With Biased
Differences) Characteristics
_ Structure Connected Into Higher
6 [Nesting(Up)
Level System
7 [Reduced Damping Under-Damped (Oscillatory)
8 [Increasing Use Of Senses 4 Senses
. . Design optimised at several
9 [Design Point : . .
discrete operating points
10 |Controllability Intelligent Feedback
11 |Automated Tool Automated Tool
Reducing Number Of Energy i
12 One Energy Conversion

Conversions
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NO. [TREND STAGE
1 [Boundary breakdown No Boundaries
2 |Geometric evolution (volumetric) [Planar Structure
3 |Mono-bi-poly (similar) Bi-System
4  |Mono-bi-poly (various) Poly-System
5 |Nesting(up) Completely Integrated Into Higher
Level System
6 |Increasing use of senses 1 Sense
7 |Increasing use of colour Binary Use of Colour
8 |Increasing transparency Active Transparent Elements
9 |Costomer purchase focus Convenience
10 |Design point Design re-optimised continuously
11 |Controllability Direct Control Action
12 [Reducing human involvment Automated Tool
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(57) ABSTRACT

With a device for optically scanning and measuring an envi-
ronment which is designed as a laser scanner, with a light
emitter, which emits an emission light beam. with a light
receiver which receives a reception light beam which is
reflected by an object in the surroundings of the laser scanner
or scattered otherwise, with a control and evaluation unit
which determines the distance to the object for a multitude of
measuring points, wherein the emission light beam is a super-
position of three laser beams having different wave lengths.
which define the three-dimensional color space.
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(57) ABSTRACT

The invention provides a laser scanner 1 for performing
multi-point measurement by projecting a pulsed beam 12
over total circumference for scanning, comprising a main unit
3 and a rotating unit 4 rotatably mounted on the main unit,
wherein the rotating unit has a deflection member 15 for
projecting the pulsed beams by deflecting the beams perpen-
dicularly to center axis of the rotating unit, the main unit
comprises a plurality of light emitting sources 11 disposed in
two-dimensional positions and used for emitting a plurality of
pulsed beams, an optical system 6 for projecting and receiv-
ing the pulsed beams, a rotation angle detecting unit 19 for
detecting a horizontal rotation angle of the rotating unit, a
plurality of photodetectors 8 for receiving a reflection light
12" from an object via the deflection member and being dis-
posed respectively at positions conjugate to the light emitting
sources, a distance measuring unit9 for measuring a distance
based on a photodetection signal from the photodetector, and
a control arithmetic unit 10 for calculating projecting direc-
tions of the pulsed laser beams projected from the deflection
member based on the disposed position of the light emitting
sources and on the result of detection by the rotation angle
detecting unit.
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