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Á FRACTALS.L.N.E. isa privatetechnologicalcompanyfoundedin August2005.

Á The motivation was to keep the know-how accumulatedby our team during about 25

yearsworkingat ESA,publicResearchCentersanduniversities,andthe GTCProjectOffice

Á We focus our servicesmainly on the ResearchCentersand Universitieswith Physics,

Engineeringand Astronomy Departments, although due to our skills and previous

experiencewe haveworkedmainlyfor professionalAstrophysics(90%).

Á Our best referees are our customers:

Introducing FRACTAL

http://www.fractal-es.comContact: Marisa García Vargas marisa.garcia@fractal-es.com 

http://www.fractal-es.com/


Who are us?: FRACTAL Team
A group of 12 people covering:

ÁAstronomy
ÁManagement
ÁSystem Engineering
ÁOptics & Adaptive Optics
ÁOpto-mechanics and Mechanics
ÁCryogenics, CCDs and Data Acquisition Syst.
ÁControl Software
ÁData Bases
Á Telescope Control Systems
ÁData Reduction. Pipelines

Plus many (> 10) consultants who collaborate with FRACTAL

Most of us worked many years ( > 9) at the 
GTC Project Office in the Instrumentation, 
Control and System Engineering groups 

Also at ESA, ESO and EUMETSAT

http://www.fractal-es.comContact: Marisa García Vargas marisa.garcia@fractal-es.com 

http://www.fractal-es.com/


ÁManagementand SystemEngineeringservicesand products

ÁInstrumentation: Consultancy,DesignandDevelopment

ï Designfrom scientificrequirementsdefinition to conceptual,preliminaryanddetaileddesign.

ï Optics(includingwideexperienceon FibersandGratings)andOpto-mechanics

ï Cryogenics

ï Integrationandtestsat laboratory,andcommissioningat observatories

ÁSoftwaredevelopmentfor ScientificApplications

ÁScientificoperations(Astronomy)andTechnicalattendanceatŎǳǎǘƻƳŜǊΩǎsite

ÁSpecializedTraining(generalor in-housecourses,participationin masters)

ÁWebservices: publicpagesandcustomized-Intranet developmentandhosting

ÁPartnershipwith WasatchPhotonics(VPH)anddistributor for Europe

Å http://www.fractalslne.es/ http://www.fractalslne.es/files/FRACTAL-Services-Instrumentation-and-software-general.pdf

Å Video with FRACTAL activities: https://youtu.be/161gsgbnRNU

FRACTAL Services

http://www.fractalslne.es/
http://www.fractalslne.es/files/FRACTAL-Services-Instrumentation-and-software-general.pdf
https://youtu.be/161gsgbnRNU


Management & System Engineering

ÁProject Manager and System Engineer services

(ǇǊƻŦŜǎǎƛƻƴŀƭ ta ŀƴŘ {9 ƛƴǘŜƎǊŀǘŜŘ ǿƛǘƘ ƻǳǊ ŎǳǎǘƻƳŜǊΩǎ ǘŜŀƳǎ)

ÁConsultancy

ÁManagement & System Engineering Plans 

ÁProfessional Management is essential to organize complex, multi-
disciplinary, multi-cultural, and geographical distributed projects

ÁRAMS Plan 

ÁOperation and Maintenance Plan

ÁReliability and Availability Plan

ÁSafety Program Plan

http://www.fractal-es.com

http://www.fractal-es.com/


ÇWP Definition and Distribution
ÇProject Organization issues
ÇSchedule 

Management Plan for the 

San Pedro Mártir 6.5m Twin 
Telescopes

IA / 
UNA
M

Management Services for 
MEGARA (GTC)

Management Services

LDT Precursor developed for NANOSAT 1B

Management support 
in the TTT project 
(SEOSAT, INTA)

ÇCost
Ç Partnership issues
Ç Industrial Return

and CARMENES

3.5m (CAHA)

Management and System Engineering Plan for 

Twin (IA-UNAM)

Management services for TSPM 

(IA-UNAM, SO/UA, SAO, INAOE)

TSPM 6.5m



System Engineering Services 
for MEGARA (GTC)

System Engineering Services

CARMENES

3.5m (CAHA)

System Engineering for CARMENES (2013 ς2015)

(2010 ς2017)

Safety Study for LST-CTA

System Engineering services for 6.5m 
TelescopioSan Pedro Mártir





Two fibre-fed stabilised échelle spectrographs (R=82,000) 
at the coudé thermal rooms of the CAHA 3.5 m telescope
(Detailed Design to Commissioning)

VIS channel

ÁProjectManager

ÁSystemEngineer(alsoSEtoolsandwebservices)

ÁDetectorcharacterizationandDataAcquisitionsystem

NIR channel

Front-end



CARMENES Detector characterization



MEGARA
(conceptual design to 

commissioning)

Fiber link

ÁProjectManager& SystemEngineer

ÁOpticsDesignandIntegration

ÁSpectrographmechanics

ÁDataAcquisitionSystem

ÁMechanismcontrol SW

ÁSWTools: FMAT& QLA

ÁSubsystemverification& systemAIV



MEGARA at GTC

Nasmyth A44.5 m fiber link

Commissioned between May and August 2017

Regular operations started on July 1st 2018
12

Folded Cassegrain F

Video on Integration
https://www.youtube.com/watch?v=xyBV0b5okwI

https://www.youtube.com/watch?v=xyBV0b5okwI


MEGARA Spectrograph

RIA-MEGARA meeting ςSeptember 19th 2017





MEGARA Fiber MOS Assignment Tool (FMAT)
Customer: IAA / UCM

http://www.fractal-es.com
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MEGARA Quick Look
Customer: UCM

rssspectrumon CCD

Extractedcalibratedspectrum
IFU





MEGARA 
First light

10 seconds on 10th magnitude standard star 
(and PPN) BD+33 2642



MEGARA 
First light

120 seconds on its central star using LR-U



Partners: 
IA-UNAM (México)
INAOE (México)
Steward Observatory/University of Arizona

Smithsonian Astronomical Observatory (Harvard, Cambridge Mass)

20

6.5m Telescopio San Pedro Mártir (Baja California)
(currently, at detailed design phase)

ÁManagement 

ÁSystem Engineering (also SE tools)

ÁConsultancy in Optics, Mechanics and Civil Work



Telescopio San Pedro Mártir 6.5m

Á Partners: IA -UNAM (México), INAOE (México), Steward Observatory/University of Arizona

Smithsonian Astronomical Observatory (Harvard, Cambridge Mas s)

Enclosure PDR October 2016

Enclosure CDR November 2017

Telescope PDR November 2017

Optics Review November 2017

Á Management and System Engineering

Á Consultancy in Optics  and Mechanics 

San Pedro Mártir Observatory (Ensenada, Baja California)

ImageCredit: M3 Engineering

100 MUS$

+ 25 MUS$

Post-Day One

2016 - 2025
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M3 Engineering(USA)
José Terán(M3)
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Jorge Uribe



TSPM
OrganizationChart

ADMINISTRATION
UNAM

Angelina Salmerón

PROJECT 
COORDINATION

WP-TSPM-02
Michael Richer

SCIENCE
WP-TSPM-03

Fabián Rosales

PROJECT MANAGEMENT
WP-TSPM-04

Marisa García (FRACTAL)

SYSTEM ENGINEERING
WP-TSPM-05

Ana Pérez (FRACTAL)

PROJECT DIRECTION
WP-TSPM-01
William Lee

ENCLOSURE & 
SERVICES

WP-TSPM-06
To Be Hired

CONTROL 
WP-TSPM-12

HazaelSerrano

OPTICS
WP-TSPM-08
Joel Herrera

TELESCOPE
WP-TSPM-07
To Be Hired

M1 ASSEMBLY
WP-TSPM-09
Mario Rascón

f/5 Cass M2
WP-TSPM-10

Andrew 
Szentgyorgyi

NEW 
INSTRUMENTS
WP-TSPM-15

Fabián Rosales

MEGACAM 
WP-TSPM-13

Andrew Szentgyorgyi

MMIRS 
WP-TSPM-14

Andrew Szentgyorgyi

SITE
WP-TSPM-16

Michael Richer

Χ

f/5 CassCorrector
WP-TSPM-11

Andrew 
Szentgyorgyi

M3 Engineering(USA)
José Terán(M3)

CIDESI (Méxicco)
Jorge Uribe

FRACTAL

CoreSciencegroup
AlanWatson UNAM
TereGarcía UNAM
LuisCorral UDG
LaurenceSabin UNAM
DennisZaritsky UA
TBDSAO
Χ

Project Board
UNAM Jesús González
INAOE  Leopoldo Altamirano
UA        Buell Januzzi
SAO     Charles Alcock

X

X



ÁManagement and System engineering of the Optics/Mechanics/Thermal WPs

ÁOptics design, manufacturing supervision and integration

ÁMechanics & Thermal subsystems design, manufacturing supervision and integration

SCORPIO for Gemini Optics/Mechanics/Thermal WPs
Customer: SwRI(San Antonio, TX, USA), currently at detailed design phase

ÁSpectrograph assembly, integration and verification. 

Participation in the System AIV





Three perspectives on Project Management

System Engineering: Application and Development

Optical systems design for Instrumentation

Adaptive Optics

Opto-mechanics systems projects

Introduction to Mechanical Design for IR Instrumentation

OpticalFibresin Astronomy

Scientific Imaging in the visible and near-IR                    

Remote Sensing

Image Processing Techniques

Object Oriented Software Project engineering

Java Projects implementation

CAN/CANOpenbuses integration

Specialized Training
General 1, 2 ,3 days-courses in Madrid

http://www.fractalslne.es/calendario.jsp

TǊŀƛƴƛƴƎ ŀǘ ŎǳǎǘƻƳŜǊΩǎ ƻŦŦƛŎŜǎ



ÁShort courses for SPIE Conference

ÁManagement at International School of Instrumentation(IScAI 2008, 2009, 2010, 2011, 2012)

ÁOptics, Adaptive Optics, Opto-mechanics and Management at the Aerospace
Instrumentation Master by Universidaddel PaísVasco(2010, 2011, 2012, 2013, 2014, 2015,
2016, 2017, 2018and2019)

ÁCoursesat customoffices: alreadyimparted at ESAC,IAA,IAC,ICE,IFAE,INTA,INAOE-UNAM

Specific Training
at customer





Optics and Opto-mechanics

Á Design, specification, manufacturing and tests of optical systems

We can carry out the developmentof any optical system. Startingfrom the basic
scientific requirements,we can produce feasibility studies,designs(at different
levels)or the developmentof the wholeproject.

Á Specification, design, acquisition, and tests of filters, 

prisms, VPHs (especially for Astronomy applications). 

Á Partnership with Wasatch Photonics

http://www.fractal-es.com

http://www.fractal-es.com/


ÁWasatchPhotonicsspecializesin high performanceVolume PhaseHolographic
Gratings(VPHGs)andVolumePhaseHolographicOpticalElements(VHOEs). Their
flagshipproducts are called Dickson®gratings. Theseare an enhancedform of
VPHGsusing WasatchtƘƻǘƻƴƛŎǎΩpatented technologiesand proprietary know-

how. http://www.wasatchphotonics.com/index.html

ÁFRACTALis partner of WasatchPhotonicsfor ProductDistributionandfuture R+D.
Wecanspecifywhat our customerneedandwork with our partner to providethe
requiredgratings

ÁFRACTALisexclusivedistributor for WasatchPhotonicsin Europe

http://www.fractal-es.com

http://www.wasatchphotonics.com/corporate/PressRelease-06-11-04.htm
http://www.wasatchphotonics.com/index.html
http://www.fractal-es.com/


Example:

VPHs for the RAMAN

spectrograph in the rover of

ExoMars mission (ESA)


