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SACOS: Smart Anti-Counterfeiting 

Optical System 
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PATENT FILED in the US through the 

OGC at AUB on November 3, 2014 

 

The Technology Transfer Unit  

Provisional Patent filed on November 3, 2014.   

Extend toward international Patent! Europe, Asia!  
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PATENT FILED at WIPO through the OGC at AUB on 

November 2, 2015 
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PATENT application published on-line by US-PTO 
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1. Rationale behind: Toxins Detection (Origin and Sources) 

2. Major Water and Soil Pollutants (POISONS)! 

3. Classical vs Advanced Analytical Techniques (Sensors) 

4. Technical Aspects and Challenges 

5. New Applications to Explore: Paper Mills, Central Banks, and 

Forensics…Home Land Security. 

6. Research Impact and Societal Outcomes 

7. Conclusion (Scenario)  

8. QA 
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Challenges 
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How Technical Limitations Can be used as an Advantage for 

New Discoveries in Analytical Chemistry and Instrumentation? 

From Classic Analytical Techniques 

To Innovative Techniques 

To Innovative Applications 

From Classic Applications 



•  Organic Pollutants 

– Pesticides (chlorinated, phosphorus, triazines, etc…) 

–Polycyclic Aromatic Hydrocarbons (+ BTEX, etc…) 

–Pharmaceutical compounds or Drugs (Emergent) 

– Explosives 

 

 

Major Water and Soil Pollutants (Common and Emergent) 
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1. SACOS Principle and Counterfeiting Measurements 

•  Inorganic Pollutants 

– Nitrate 

– Phosphate 

– Chromium (VI) Carcinogen 

– Arsenic 

–Lead (Pb2+) 

– Cyanide… 

– Poisons  

 

 

Intentional and/or 

Accidental Pollution  

http://www.google.com.lb/imgres?imgurl=http://www.thetriathletestore.com/images/Equate_Ibuprofen_lg.jpg&imgrefurl=http://www.thetriathletestore.com/detail.aspx?ID=2574&usg=__RjBem67RQpWlDxEWG_nnHYVnTKg=&h=500&w=500&sz=35&hl=en&start=11&um=1&itbs=1&tbnid=Ii2VYLFhHD0bEM:&tbnh=130&tbnw=130&prev=/images?q=ibuprofen&um=1&hl=en&rlz=1R2SKPB_enLB367&tbs=isch:1


 Chromatography (Organic, Ions) 

 Atomic Absorption (Furnace, Flame),  Atomic Emission (Plasma) 

1. Advantages: Very accurate, reproducible, automated, etc. 

2. Disadvantages: Very expensive, continuous maintenance, heavy techniques, not 

transportable, impossible field application, high energy consumption, etc... 

Classical vs Advanced Analytical Techniques 
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1. SACOS Principle and Counterfeiting Measurements  

Unusual Analytical Techniques (Miniaturized) 

– Electrochemical Based-Sensors 

– Spectroscopy-Based Chemical Sensors  

– Bio Sensors 

1. Advantages: Robust, in-situ application, Very sensitive, Rapid, Reproducible, Moderate 

cost, Less frequent maintenance, Transportable techniques, Easily adaptable for field 

application, Wireless connection for data collection and alert launch (sms, e-mail, etc…) 

2. Disadvantages: Do not cover all chemicals, but can easily and successfully give a 

pollution indicator in case of accidental pollution for example.  



•  Optical Sensing Applications 

– Diffuse Reflectance Spectroscopy (inorganic species by complexation 
(color development).  

– Solid Matrix Room Temperature Phosphorescence (SM-RTP) for organic 
species as well as inorganic species after complexation.  

• The SM can be a New Filter paper (cellulose 
based) or an engineered polymer to induce 
good analyte emissive properties.  

 

• A manipulated Solid Surface impregnated with 
a reagent specific to some probes of 
environmental interest (Selectivity 
Improvement) 

Colored Solid Matrix Optode diameter 

d = 5 mm 
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Classical vs Advanced techniques 

1. SACOS Principle and Counterfeiting Measurements 

Ghauch et al. (1999) Talanta 48, 385-392. 

Ghauch et al. (2000) Chemosphere 40, 1327-1333. 

Ghauch et al. (2000) Anal. Lett. 33, 709-728.  

Ghauch et al. (2000) Talanta 51, 807-816. 

Ghauch, A. (2000) Fresen. J. Anal. Chem. 367, 545-550.  



Excite 

Sensors….Electrochemical,  

      Optical,  

        Biological… 

Combination of optical  

and electronic devices 

Interact  

Emit  

Collect  

Treat  Yielding an Engineered System 

Toward …….. Patent, Commercialization 

Technical Aspects / Challenges 
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SACOS Principle and Counterfeiting Measurements 



Xenon Flash Lamp 

/ Built in Mirror / 

Excitation Optical 

Fiber 

Shutter 

Optode 

Sample 

Holder 

Imaging 

Spectrograph 

Incomplete Set up of the smart sensing device to instantaneously measure 

traces of organic compounds in water 

Optical Table 
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SACOS Principle and Counterfeiting Measurements 



FIBER OPTIC DESIGN FOR SMART SENSING IMAGING SYSTEM 

SMA 

CONNECTORS 

50 cm 0.5 METER 

1000 µm DIAMETER 

ILLUMINATION FIBER 

FERRULE 

10 mm OD x 60 mm long 

 1.2 METER 

1000 µm DIAMETER CENTER ILLUMINATION 

FIBER SURROUNDED BY 31 EACH 100 µM 

DIAMETER EMISSION COLLECTION FIBERS 

1.0 mm 

FERRULE 

12 mm OD x 60 mm long 

2 sets of 15/16 Optical Fibers of 100 µm 

diameter each  arranged linearly into two 

columns for maximizing sensitivity throughput 

into the spectrograph 

 

Lamp : Xenon Flash Lamp 15 W  

 

Detector: TE Cooled CCD 

1.92 

mm 

1.0  mm 

To include the first shutter S1 to 

avoid the blooming of the detector by 

the queue of the flash lamp after the 

end of the flash pulse 

31 Optical Fibers 

D = 100 mm 

Active area Diameter = 1.34 mm 

15 fibers 

100 mm 

16 fibers 

100 um 

60 cm 

60 cm 

Xenon 

Flash 

Lamp 

 

10x60 mm 

FERRULE 

To include the 

second shutter S2 

to allow emission 

to penetrate the 

CP 140 

From the source To the CCD detector 

47 fibers 

50 mm 

95 Optical Fibers 

D = 50 mm 

1.65 mm 

48 fibers 

50 mm 
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On-going Research SACOS connected: Forensic Application (4) 

New PEER GRANT (2017-2020) 



Challenges: Shutter installation / Detector Plate Adaptor  

Detector Adaptor 

Shutter 

Adaptation 

Shutter Fixation at the 

entrance of the 

Spectrograph 
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4. Technical Aspects / Challenges 



Smart Anti-Counterfeiting Optical Sensor    
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SACOS Principle and Counterfeiting Measurements 



PORTABLE VERSION 
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Calibration Phase 

Localization of 

the focal plane  

253.7 nm  

Second 

order 

Out of 

focus 

focused 

Straight 

light 

offset 

p# nm 
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Front Panel (User Interface) 
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SACOS Principle and Counterfeiting Measurements 



Non 

destructive 

Instantaneous 

New Applications to Explore: Home Land Security…Safety  

Finance, Counterfeiting bands, etc…    
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SACOS Principle and Counterfeiting Measurements 



Unique 

Signature  
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SACOS Principle and Counterfeiting Measurements 



New Applications to Explore (BANKNOTES)  
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SACOS Principle and Counterfeiting Measurements 
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New Applications to Explore (BANKNOTES)  

SACOS Principle and Counterfeiting Measurements 
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New Applications to Explore (BANKNOTES)  

SACOS Principle and Counterfeiting Measurements 



Quantification, Quality 

control, Counterfeiting 

Film thickness 
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SACOS Principle and Application to Forensics 
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New Applications to Explore (BANKNOTES)  

SACOS Principle and Application to Forensics 



Dr. Antoine Ghauch | AUB | GCC 

New Applications to Explore (BANKNOTES)  

SACOS Principle and Application to Forensics 
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New Applications to Explore (BANKNOTES)  

SACOS Principle and Application to Forensics 
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New Applications to Explore (BANKNOTES)  

SACOS Principle and Application to Forensics 
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New Applications to Explore (BANKNOTES)  

SACOS Principle and Application to Forensics 
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New Applications to Explore (BANKNOTES)  

SACOS Principle and Application to Forensics 



Unique 

Signature  

Unique 

Signature  
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New Applications to Explore (Passports)  

SACOS Principle and Counterfeiting Measurements 



Unique 

Signature  

Spectroscopic shifts showing different origin and nature of raw material used 

for the fabric of American Visas and Lebanese Passports  

Lebanese 

Passport 

US VISA 
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New Applications to Explore (VISA)  

Dr. Antoine Ghauch | NAS | USAID 

SACOS Principle and Counterfeiting Measurements 
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New Applications to Explore (VISAS)  

SACOS Principle and Counterfeiting Measurements 
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Planet NI Program 

Case Study 

SACOS Principle and Counterfeiting Measurements 
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Through Stakeholders  
National 

International 

Validation of the Developed 

Technologies under USAID- 

PEER Award 1-84 (2012-

2015) then 5-18 (2016-2020) 
 



CONTACTS = SEEK FOR INTERNATIONAL PLAYERS IN 

THE FIELD OF DEVELOPING NEW SECURITY 

FEATURES FOR PRINTING 
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1. 2015: Radece Visit: Workshop # 1 on April 2nd. 

 

2. 2015: AUB Visit: Preparation of Agreement for Technology Transfer on June 22 (M. Igor 

Rakusa and M. Georges Berberi) 

 

3. 2015: USAID and NAS headquarters at Washington DC 

 

4. 2015: Blum Center at UC-Berkeley (May 18) 

 

5. 2015: Radece Visit; Workshop # 2 on October 1st to extend R&D toward additional patents. 

 

6. Invention valuation done by third party upon OGC request.  

 

7. 2016: Search for Additional stakeholders AUB visit on February 22nd by SSP IDENT owner 

and CEO (M. Michael Proda and M. Georges Berberi).   

 

8. 2017: Visiting the GWC at Wisconsin and Georgetown University at Washington DC for more 

opportunities with industrialists. 

 

9. 2018: Visiting Interpol at LYON-FRANCE 

 

10. 2018: Visiting HORIBA – PARIS / NEW JERSEY 

PEER Year 3 (2015), … Starting the search for 

stakeholders, industrials and investors  
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Research Impact and Societal Outcomes 

European / Lebanese  Stakeholders  

Slovenia interests 

 

1- Radece papir group  

2- National Institute of Chemistry 

3- Pulp and Paper Institute 

4- National Forensic Laboratory 

Workshop and 
Scientific Visit 1-3 

April, 2015 
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Research Impact and Societal Outcomes 

European / Lebanese  Stakeholders  

Slovenia interests 

 

1- Radece papir group  

2- National Institute of Chemistry 

3- Pulp and Paper Institute 

4- National Forensic Laboratory 

Workshop on April 2nd, 2015 at 

Radece Papir Group Slovenia 

Central Banks, 

EU Police, 

Ministries  
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Research Impact and Societal Outcomes 

Slovenia interests 

1- Radece papir group  

2- National Institute of Chemistry 

3- Pulp and Paper Institute 

4- National Forensic Laboratory 

Workshop on April 2nd, 2015 at 

Radece Papir Group Slovenia 

European / Lebanese  Stakeholders  
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Research Impact and Societal Outcomes 

Development of New Dyes | From 
Classical to Novel Approach for 

Securing Papers/Goods and 
Detecting Counterfeiting 

European / Lebanese  toward international stakeholders  

New 
Horizons 
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Research Impact and Societal Outcomes 

Fake vs Authentic 
200 Euros Banknote 

European / Lebanese  toward international stakeholders  

2015 Results  

0

1000

2000

3000

4000

5000

6000

0

100

200

300

400

500

600

700

550 600 650 700 750

4138/10

P5Non published 

results 
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Research Impact and Societal Outcomes 

ANN 

RTP lifetime 

RTP frequency 

RTP amplitude 

2017 Results  
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Non published 

results 
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Research Impact and Societal Outcomes 

Fake vs Authentic 500 Euros 
Banknote 

European / Lebanese  toward international stakeholders  
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AUB – Visit by Radece Papir Group CEO and MD  

CONTACTS 

At the chemistry department  SACOS Presentation to Radece 

CEO and MD 

Laboratory Visit Showing some SACOS results 
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CONTACTS 

At the Dean’s Office exploring 

mutual interest  

At the OGC - TTU 

With FAS Dean Patrick McGreevy 
With Dr. Fadia Homaidan/OGC 

Director 

AUB – Visit by Radece Papir Group CEO and MD  
A
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B
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Additional Contacts (New Stakeholders)  

AUB – Visit by SSP IDent February 22, 2016  
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Additional Contacts (New Stakeholders)  

AUB – Visit by SSP IDent February 22, 2016  

Chemistry Chairperson 

SACOS Demonstration 
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Additional Contacts (New Stakeholders)  

AUB – Visit by SSP IDent February 22, 2016  

With AUB  

Provost/Chancellor 

With the  

OGC Director 
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Development of New Dyes | From Classical to Novel Approach for Securing 
Papers/Goods and Detecting Counterfeiting 

N
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Research Impact and Societal Outcomes 

TAG for 

luxury Goods  

Luxury Clothes 

Luxury Shoes 

Tracking down counterfeit merchandise, Saving Money, 

Improving Control and Enhancing Customs and Police 

Border Efficiency Dr. Antoine Ghauch | NAS | USAID 
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Development of New Dyes | From Classical to Novel Approach for Securing 

Papers/Goods and Detecting Counterfeiting 

Research Impact and Societal Outcomes 
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Research Impact and Societal Outcomes 

In the fiscal year ended Sept. 30, the 

service recovered $157 million in fake 

bills. 
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Research Impact and Societal Outcomes 

Published on Feb 1, 2014 
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Research Impact and Societal Outcomes 



Aqil Ahmad Al Najjar, 

consultant document examination center 

N
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At Dubai Airport 

https://www.youtube.com/watch?v=EjkBWHhBi_8 
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https://www.youtube.com/

watch?v=EjkBWHhBi_8 
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"We notice that several gang members, organized crime and some 

terrorist groups are associated with distributing, manufacturing 

counterfeit goods. Now all this money is funding other criminal 

activities. That's why we're in this. 

 

It's not so much the Rolex, Gucci, the Chanel. They are technically our 

victims, but the real mission is to take down criminals." 

SOCIETAL OUTCOMES  

Sgt. Rick Ishitani, head of the Los 

Angeles Police Department Economic 

Crimes Unit.  

Research Impact and Societal Outcomes 

Development of New Dyes | From Classical to Novel Approach for 
Securing Papers/Goods and Detecting Counterfeiting 
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Can we develop special dyes for improving security features of 

papers? YES ! 

SCIENTIFIC QUESTIONS 

Interdisciplinary Approach: 
Analytical Chemistry Division  

Organic Chemistry 
Division at  AUB: Dr. 

Tarek Ghaddar 

Future Development to help improving security features  



RTP-Dyes Synthesis 

First synthetized crystals just 

done on Monday September 

29, 2015. 

Room Temperature 

Phosphorescence of Crystals 

upon UV irradiation 

On-going Research SACOS connected: Forensic Application (1) 

Under UV Irradiation 
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X 25 

First synthetized crystals 

Synthetized 

Dye: a first 

trial 
X 1 

On-going Research SACOS connected: Forensic Application (2) 
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Second synthetized crystals, 

January 2016 

Shifting the emission toward non visible spectrum 

Only seen by SACOS! 

Third generation synthetized 

crystals, February 2016 

On-going Research SACOS connected: Forensic Application (3) 
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Shifting the emission toward non visible spectrum 

Only seen by SACOS! 

Third generation synthetized 

crystals, February 2016 
Fourth generation synthetized crystals to 

come soon end 2018 

On-going Research SACOS connected: Forensic Application (4) 
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A Research Grade Room Temperature Phosphorimeter   

NI tools and electronic 

devices 

Horiba spectrometer and 

Princeton Instruments for 

iCCD detector 

3-4 months  

3-4 months  

On-going Research SACOS connected: Forensic Application (4) 

New PEER GRANT (2017-2020) 
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A Research Grade Room Temperature Phosphorimeter   

Testing and calibration Phase 

started last month 

First measurements should 

be done on selected organic 

contaminants such as PAHs 

3-4 months  

3-4 months  

On-going Research SACOS connected: Forensic Application (4) 

New PEER GRANT (2017-2020) 
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New PEER GRANT (2017-2020) 

1. Purchase a New iCCD Detector with an 

Electronic Shutter and an HPLC/DAD. 

2. Miniaturization of Analytical Equipment 

for field measurement.  

3. Improvement of SS-RTP by using 

bleached cotton and A4 banknotes 

papers as Solid Matrix. 

4. Application of SS-RTP to new molecules 

based on the development of innovative 

Solid Matrices.    

On-going Research: Environmental application (1) 

http://www.horiba.com/javasc
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Research Vision and Perspectives: Improving Sensitivity of SS-RTP (1) 

New Solid Matrix to be tested / Additives? Nano  

Bleached Cotton from a paper 

making industry.  

Cartoon made of the 

bleached Cotton. 

Banknotes sheets (blank) made of the 

cartoon above (100% cotton). 

Nanoparticles as Additives to 

enhance SS-RTP? 

Solid matrices to be placed in 

water serving as OCs 

concentrators for direct SS-

RTP measurements.   
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