wo 20217224908 A1 | AT O0 0 TR0 00O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

A

=

(19) World Intellectual Property
Organization
International Bureau

(10) International Publication Number

(43) International Publication Date WO 2021224908 A1
11 November 2021 (11.11.2021) WIRPO | PCT
(51) International Patent Classification: (74) Agent: KORAKH, Eliav et al.; KORAKH & CO. AD-

HO04N 5/33 (2006.01) HO4N 5/349 (2011.01)

(21) International Application Number:
PCT/1L.2021/050494

(22) International Filing Date:
28 April 2021 (28.04.2021)

(81)

VOCATES & PATENT ATTORNEYS, P.O.B. 58100,
6158002 Tel Aviv (IL).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
L . HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,

(26) Publication Language: English KP,KR, KW,KZ. LA, LC,LK, LR, LS, LU, LY. MA, MD.
(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
274418 03 May 2020 (03.05.2020) IL NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,

(71) Applicant: ELBIT SYSTEMS ELECTRO-OPTICS EL-
OP LTD [IL/IL]; 5th Hamada St., 7670305 Rehovot (IL).

(72) Inventors: NACHUM, Avishay; c/o ELBIT SYSTEMS
ELECTRO-OPTICS ELOP LTD, 5th Hamada St., 767030
Rehovot (IL). PEIKIN, Yotam; c/o ELBIT SYSTEMS
ELECTRO-OPTICS ELOP LTD, 5th Hamada St., 767030
Rehovot (IL). BINDER, Shalom; c/o0 ELBIT SYSTEMS
ELECTRO-OPTICS ELOP LTD, 5th Hamada St., 767030
Rehovot (IL). ROZENBAUM, Denis Andre; c/o ELBIT
SYSTEMS ELECTRO-OPTICS ELOP LTD, 5th Hamada
St., 767030 Rehovot (IL).

84

SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: SYSTEMS AND METHODS FOR ENHANCED MOTION DETECTION, OBJECT TRACKING, SITUATIONAL
AWARENESS AND SUPER RESOLUTION VIDEO USING MICROSCANNED IMAGES

660 662,
T MICRO SCAN 1 [
- 6648
664A
7 662y
666 662, 668
| SPATIAL AND TEMPORAL SUPERRESOLUTION |/
INFORMATION IMAGE
1 o
670A~31. q > ' | 266708
o 1
O RESOLUTION MICRO SCAN| 672 CORREGTED COMBINATION
RATE IN BOUNDED MOVING OF MICRO SCAN IMAGES IN
OBJECT AREA BOUNDED MOVING OBJECT
AREA ACCORDING TO
MOVING OBJECT VELOCITY
676~
874
IMPROVED LOW IMAGE l 678
RESOLUTION HIGH FRAME RATE
SUPER-RESOLUTION VIDEQ IMPROVED HIGH IMAGE

T T
680~ | )

682

RESOLUTION LOW FRAME RATE

SUPER-RESOLUTION VIDEQ

STRETCHED
MOVING
OBJECT

EXTRAPOLATED
MOVING OBJECT
FIG. 12

704

SUPER
RESOLUTK
IMAGE

IDENTIFY MOVING

N OBJECT(S)

MICRO SCAN 1 I
702A MICRC SCAN N
702N

7028

SUPER RESOLUTION VIDEQ

71O yppaTED

MICRO
SCAN 1

—

UPDATED
MICRO
SCAN 2

—

UPDATED
MICRO
SCANN  [~F-710N

700—"  708—

)
710B

FIG. 13A

(57) Abstract: Method for displaying super-resolution video of at least one mov-
ing object without image artifacts using a plurality of microscanned images, in-
cluding the procedures of acquiring microscanned images of at least one mov-
ing object, a first and second subset of the images respectively forming a first
and second data set, for each data set, analyzing at least a portion of the sub-
set of the images for spatial and temporal information, determining a respective
movement indication of the moving object according to the spatial and tempo-
ral information, in parallel to the procedure of analyzing, forming a respective
super-resolution image from each data set and designating a respective bounded
area surrounding the moving object, and repeatedly displaying each super-reso-
lution image outside the bounded area a plurality of times at a video frame rate
and displaying during those times within the respective bounded area, a plurality
of consecutive microscanned images of the moving object at the video frame rate.
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