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Minimum documentation searched (classification system followed by classification symbols)
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Documentation searched other than minimum documentation to the extent that such d its are included in the fields
See Search History Document
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Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)
See Search History Document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2004/0141170 A1 {JAMIESON et al.} 22 July 2004 (22.07.2004), pata [0020)-[0021], [0023]- {1, 2,7, B, 11-14, 16, 18,
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27,28
Y WO 2014/080562 A1 (CATHX RESEARCH LTD) 24 April 2014 (24.04.2014), para [0078], 18, 19, 24-26
— [0087], [008S), [00O1], [00111], [00134], [oo1z8-[00138] |
20-23, 27, 26

US 2015/0075066 A1 (PALC ALTO RESEARCH CENTER INCORPORATED) 19 March 2015 | 1-28
{19.03.2015}, entire document

D Further documents are listed in the continuation of Box C. El See patent family annex.
*  Special categories of cited documents: =T later document published after the interational filing date or dprinrity
“A” document defining he general state of the art which is not considered daie and not in conflict with the apﬁllqahun but cited 1o understand
1o be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or afier the intemational =X document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L" dpﬁmem \;lln’ilc_:hhmay lhrglvy dqubtsd on prljnrily l::Iairry(s)_e:r whicl;‘gs step when the document is taken alone
cited to establish the publication dale of another cilation or 6L wy=  gooyment of particular relevance; the claimed invention cannot be
special reason (as specified) o conzidered 10 involve an inventive step when the document is
“Q” document referring to an oral disclosure, use, exhibition or other combined with one or more other such de such inati
means being obvious 1o & person skilled in the art

“P”  document published prior to the intemational filing date but later than g i
the priority date claimed &" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
24 July 2017 ]6 AUG 2017

Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, qur_lmlss‘roner for Patents Lea W. Young
P.0. an 1450, Alexandria, Virginia 22313-145Q PET Helpdeak: S11-272.-4300

Facsimile No.  571-273-8300 PCT O§P: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)



(49) JP 2019-521314 A 2019.7.25

INTERNATIONAL SEARCH REPORT International application Neo.

PCT/US 17/25785

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This intemational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authotity, namely:

2, D Claims Nos.;
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3 I:l Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(z).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet}

This Intemational Searching Authority found multiple inventions in this international application, as follows;
This application contains the following Inventions or groups of inventions which are not sc linked as to form a single general inventive
concapt under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |: Claims 1-28 drawn to a lidar system for three-dimensional imaging of an object.

Group li: Claims 28-52, drawn to a system for performing three-dimensional imaging of a scene

Group l!: Claims 53-72, drawn to a three-dimensional imaging system using a fan of light.

Group IV: Claims 73-78, drawn 10 a three-dimensional imaging system using a distorted illumination pattern.
Group V: Claims 78-94, drawn to a senser for determining a speed of a vehicle

--please ses conlinuation on exira page--

1. D As all required additional search fiees were timely paid by the applicant, this international search report covers all searchable
claims.

2. [:l As ali searchable claims could be searched without effort justifying additional fees, this Autherity did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. }E No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid withio the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheat (2)) (January 2015)
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Continuation of Box No. Il - Observations whare unity of invention is facking

The inventions listed as Groups | through V do not relate to a single general inventive ¢concept under PCT Rule 13.1 becausa, under
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Spacial Technical Features
Group | includes the special technical feature of a laser source configured to be translated through a plurality of emission locations in an
amission plana, not includad in the othar groups.

Group |l Includes the spacial technical feature of a first emission optical element configurad to collimate and direct the first plurality of
laser pulses at & first plurality of comesponding incidence angles with respect to the first eptical axis toward one or more first objects in
the scene, not included in the other groups.

Group Il includes the special technical feature of a first illumination source cenfigured to project a first fan cf light toward an object ina
field of view, not included in the other groups.

Group IV includes the special technical feature of a first illumination source configured to project a first structured illumination foward an
object in a field of view, the first structure illumination ganerating a first distorted illumination pattern, not included in the other groups.

Group V includes the special technigal feature of llluminating a ground over which a vahicle Is travaling and capturing a plurality of Image
frames of tha ground illuminated by the light source at a predetermined frame rats, not included In the other groups.

Common Technical Features:

The only technical features shared by Groups |-V that would otherwisa unify the groups, are a light source, a processor and a plurality of
images. However, these sharad tachnical features do not represent a contribution over prior art, bacause the shared technical featuras
are disclosed by US 2015/00131140286201 A1 (Banks) 15 October 2015 (15.10.2015).

The only additional technical features shared by Groups I-[V that would otherwise unify the groups, are a lidar system for three
dimensicnal imaging comprising a plurality of faser pulses, a photodetector, datermining a time of flight for each of the plurality of laser
pulsas and construct a three-dimansional image of the scene. Howevar, these shared technical features do not represent a contribution
over prior art, because the shared technical features are discfosed by Banks.

The only additional technical features shared by Groups IlI-V that would otherwise unify the groups, are a camera configured to capture
a plurality of image framas of tha field of view and a processor coupled to the camera. Howaver, these shared technical features do not
reprasent a contribution over pricr art, because the shared technical features are disclosed by Banks.

Banks discloses a lidar system for three dimensional imaging (para [0012], [0013): high resolution three-dimensional imaging...capture
information about the ranges and shapes of multiple objects in a scene, which may be positionad at a variaty of distances, with high
resclution...an illumination subsystem configured to emit a light pulse with a divergence sufficlant to irradiate a scene having a wide fiald
of view) comprising a plurality of laser pulses (para [0024]: illumination subsystem ta emit a plurallty of lght pulses), a photodetactor
{para [0014], [0015]}, determining a time of flight for each of the plurality of laser pulses {para [0053]: each of pulse portions 127, 128,
and 129 will have a different time of flight), a camera (para [0021], [3178]: image sensor configured to obtain a broadband or multivandg
image of the scense} configured to capture a plurality of image frames of the field of view {para [0013], [0055]: a plurality of images based
on pulse portions 127, 128, 129 that receiving lens 121 collects} and a processor coupled to the ¢amera and constructing a three-
dimensional image of the scene {para [0013], [0025]): a processor subsystem configured to obiain a three-dimensional Image based on
the first and second images).

As the common technical features were known in the art at the time of the invention, thesa cannot be considerad special technical
features that would otherwise unify the groups.

Thersefora, Groups |-V lack unity under PCT Rufa 13.

Form PCT/ISA/210 {extra sheet) (January 2013)
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