From small dream to brilliant realit\l

Israeli Space Program
History

by Alexander Friedman






| was borne in 1950 in Moscow — Russia. l

Short time after my born my father was
arrested together with many other “Hasidic”
people and send to labor camp in Kazakhstan.
Up to age 6.5 years | never meet my father.

First my years i live at my Grandparents house
In Moscow



My pillars




Schoolboy In Russia







My family after alia







My short CV

» At 1967 | start my study in the state University of Leningrad
(1967- 1970)

» After Alia | continue my study in Jerusalem Hebrew
University (1971 - 1973).

» In 1974 | was Graduated as M. Sc. In Applied Mathematics
by Jerusalem Hebrew University. Space Department.

» 1976 - 1979 INF operational research department manager
» 1979 — 1980 Systems design & analysis at MBT/IAI



My short CV (cont.)

» 1981- 1988 Founder & first manager of the System
Engineering department at MBT SPACE

» 1990 - 2009 System Engineering manager of AMOS1/2/3
Communication satellites programs in IAl

» 2009 - 2011 AMOS 5 Technical Monitoring team manager

» 2011 - 2014 Satellites sub systems Manager in Spacecom
Ltd. Deeply involved in AMOS 6 program

» 2015 - 2019 - System Engineering manager & Mission
Director of “Beresheet” Lunar Lander in Spacell




The Beginning

» Somewhere in 1980 Israeli Government decide
to approve ambitious secret space program —
design & development of small reconnaissance
satellites that will launched from Israel.

» |Al (Israeli Aircraft Industry) was defined as the
prime contractor for the satellite design &
development

» Small group of engineers in |Al was teamed as a
task team for this project.




The Beginning (cont.)

» This team start from zero to learn what is
Space and how to design satellites. We try to
find any piece of relevant information in the
open sources but this information was very
limited.

» After vert hard work we success and at
September 19 1988 The first Israeli satellite —
OFEK 1 was launched in ORBIT.

» Israel was the eight country in the world to
launch its own satellite
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Next Ofek type satellites

» The second Ofek experimental satellite (Ofek 2) was
launched at April 4 1990.

» The first operational satellite — Ofek 3 was
successfully launched at April 5, 1995.

» After Ofek 3 additional Ofek type satellites were

launched including and the last satellite of this type
- Ofek 11 was launched at September 25, 2016

» TECSAR - Radar imaging all weather satellite was
developed in addition to optical satellites




OFEK 3 launch









The Beginning

» By BARBARA OPALL-ROME SEPTEMBER 25, 2016 15:02

» "If you're looking for a story that capfures Israeli innovation, cunning
and can-do chutzpa, think spy satellites. Look to Ofek, the Hebrew
word for horizon. It's all there In Israel’s military satellite program, the
newest of which — Ofek 11 —Is stfruggling to stabilize itself in space
after its launch earlier |last week".



http://www.jpost.com/Israel-News/New-intelligence-satellite-sending-back-great-images-468490
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AMOS communication satellites

» In 1990 IAl decide to start development of the
first Israeli communication satellite — AMOS 1.

» The full scale development start in1991 and the
satellite was launched at May 16, 1996

» In 2000 |Al start development of the second

communication satellite - AMOS 2 that was
launched at December 28, 2003.




AMOS communication satellites

» In 2005 IAl start development of the third
communication satellite - AMOS 3 that was

launched at April 28, 2008.
» AMOS 4 was launched at August 31, 2013

» AMOS 6 was supposed to be launched at
Saturday September 3 2016 but was destroyed
3 days earlier during Falcon 9 hot firing test.
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AMOS 1 & 2 launch

arianespace
V 86

V 86 - Lift-off

Publication :
ARIANES,PACE [ 24
Photo CSG Kourot it gl




AMOS 3 Satellite

PEMAC e




AMOS 4 Satellite




AMOS 6 Satellite
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Main mission requirements

» To design, develop and launch lunar lander to the Moon as part of
Google X prize competition.

» The lander shall provide Hi quality pictures & video during the
landing and also panoramic picture of the Moon after Landing.

» All picture/video shall be transmitted to the Ground Station and the
Google X Prize

» The Lander shall move at least 500 m on the Moon surface

» Not government or government support company



Main challenges
» Not government or government supported company

» Very limited budget (less than 0.01% of Apollo
program cost):

» Use of cheap, non Space qualified units
»\Very limited redundancy

»Small low experienced team

» High percentage of development (new units)
» "Shabbat” problems



Main challenges (cont.)

» New type of mission with new requirements:

»\Very accurate orbit determination requirements

» “Deep Space” radiation
» Long distances communication
» Many synchronized orbit correction maneuvers

» Totally new landing phase
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special payload
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Selfie with the Earth
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Main “Shabbat "problems in Space proglns

» Very expensive projects usually with penalties — time
schedule is critical

» Predefined “launch period” — the spacecraft must arrive
on time.

» In case of launch delay the spacecraft usually requested
to be ready for launch in any day



Main “Shabbat "problems in Space prols
(cont.)

» TV tests — usually more than 2 weeks. During this test the
spacecraft require 24/7 manual control.

» After launch — in case of some failures or maneuvers the
operators intervention is required (no full autonomy)



How “Shabbat problems” can be solv'

» More onboard autonomy.

» Special solution in accordance with “nN27n" very limited
capability

» “wal nip'a” — only in specific programs

» Mission design to avoid major operations (like maneuvers)
at Saturday or Holydays (unique Israeli approach).

» The most promising solution - Al based fully autonomous
ground/space expert systems for spacecraft control (still
not existing)
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