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Progress Summary Since Q1 Report 
 
Since February, we have made significant progress on the construction, testing, and application of 
the ADEPT system that has been funded by the Nayar Prize I award. In fact, we have now completed 
all of the Year 1 aims of the original proposal and are moving on to Year 2 objectives. Specifically, the 
Year 1 aims were to: 1) finalize construction of a dual-wavelength time-domain fluorescence 
tomography system and 2) conduct simulation experiments, validated using physical phantoms and 
measurements, to optimize data collection parameters. The following two subsections present the 
results from the work completed for these aims. 

In addition to completing our Year 1 aims, we have also identified an impactful translational 
application of the ADEPT system: as a rapid assessment of tumor burden in surgically excised breast 
cancer draining lymph nodes to guide pathology and ultimately provide a more sensitive marker of 
cancer stage so that more aggressive therapies can be initiated for more aggressive diseases. This 
idea was written up into a 5-year grant proposal submitted to the National Science Foundation (NSF) 
CAREER award mechanism on July 21, 2016. The research description for this application is also 
appended to this progress report. 

The National Institutes of Health (NIH) R21 Exploratory Grant application that we submitted prior to 
the first Quarterly report was reviewed and received a top 20% score but did not manage to reach the 
fundable threshold. Reviews were overall very positive, however, and we are currently expanding the 
ADEPT idea into a 5-year NIH R01 proposal that will be submitted in October 2016. 

As mentioned in the Q1 report, in the process of building the ADEPT prototype we identified a novel 
method of enhancing the detection rate of rare early arriving photons that could significantly improve 
the spatial resolution capacity of ADEPT. This work was submitted to one of the top journals in 
biomedical optics, Optics Letters, and was recently published (see attached manuscript). 

Furthermore, we submitted a patent application to Illinois Tech’s Technology Transfer Office, which 
has now been filed to the US Patent Office with Serial No. 62/327,800 and a Filing Date of April 26, 
2016 (see attached letter). 

 

 



	

	

 

We have been very active attending pertinent conferences in our field to share the results of the 
ADEPT work with our colleagues for feedback and expansion of ideas. The work was selected for 
oral presentation at both the OSA Biomed conference in Florida in April and at the World Molecular 
Imaging Congress (WMIC) meeting in September. Each of these conferences is notoriously selective 
about handing out oral presentations, and as a further testament to the acknowledged quality of our 
work, our student Lagnojita Sinha was awarded a prestigious travel bursary to the WMIC conference. 

The future steps are to explore more clinical translational applications of the ADEPT system and 
begin imaging biological samples. We are also planning to apply ADEPT to as many biological-
sample imaging applications as possible and to write a paper on the system that could be accepted 
by a high impact journal publisher (e.g., Nature Methods), based on the unprecedented spatial 
resolution we have been achieving in preliminary studies with our system. 
 
1) Finalized construction of ADEPT System (COMPLETED AIM 1) 
 
Quarter 1: 
 
First Generation 

 
 
 
 
 
 
 

Figure 1: First generation of system explained in Q1 progress report. It was composed of 
a single laser and detector and rudimentary sample scanning platform with no angular 
resolution. 
	



	

	

 
Quarter 2&3: 
 
Second Generation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Second generation of system. Angular resolution was added to excitation and 
detection through focusing lens systems. 



	

	

 
Third Generation 
 

 
 
 
 
 
 
 
 
Figures 1-3 roughly depict the evolution of the ADEPT system funded almost entirely by the Nayar 
Prize. The first generation of the ADEPT Cancer Imager was built in the first quarter around a single 
excitation laser at 785 nm (LDH-PC780 and PDL 800-B laser driver, Picoquant, USA) and one state-
of-the-art time-correlated single photon counting (TCSPC) (Picoharp 300, Picoquant, USA) single 
photon avalanche diode (SPAD) (MPD, Picoquant, USA) solid-state detector (Fig. 1).  

The third generation of the system (Fig. 3) has been advanced and optimized in numerous ways 
compared to the first generation system. For full details of why we made certain decisions on the 
optical elements and the make-up of the system, the reader is referred to the attached draft of the 
“system” manuscript we plan to submit to Review of Scientific Instruments in the next 2-3 weeks (see 
attached ADEPT_Sys_Manuscript_Draft.docx).  

 

 

 

Figure 3: Third generation of system. All optical elements have been “caged” to assist in 
exact alignment, and the system includes combination of two lasers with auto intensity 
adjustment. There are also two detector channels now to simultaneously measure 
transmitted laser light and emitted fluorescence light. Furthermore, a more advanced 
sample scanner has been developed that auto-scans in the vertical, horizontal, and 
rotation dimensions within an optical property matching fluid. 



	

	

 

Briefly, the advances include combination of two lasers into a single beam so that two imaging agents 
can be scanned simultaneously. The beams from these lasers are combined using a dichroic mirror 
and then focused to a 50-μm spot size on the surface of the sample. The sample is now held in a 
“bath” of a biological tissue optical property matching fluid to reduce refraction and reflection of the 
laser light as it passes into the sample to be imaged. The sample is placed in a 1-cm-diameter acrylic 
cylindrical vial that is attached to a mechanical translation and rotational stage to allow scanning of 
the sample at all positions and angles for 3D image reconstruction. Light that emerges from the 
backside of the sample (laser and excited fluorescence light) is collected from a 50-μm spot size 
directly opposite to the point of laser illumination on the front of the sample. This light is separated 
using filters based on wavelength, with the laser wavelengths being sent to one detector and the 
fluorescence light sent to a separate detector, allowing fluorescence and laser light at two different 
wavelength channels to be monitored simultaneously. The filters are made removable such that the 
same setup could be used for both absorbance and fluorescence imaging whereas the removable 
dichroic makes the system flexible to work in both single-channel or dual-channel mode. This dual-
channel capacity is critical for the paired-agent molecular imaging we plan to carry out in biological 
samples with this system in the next year of this grant. All software controlling the system was 
developed by Sinha and Brankov in MATLAB. 
  
2)  Demonstration of 100-μm spatial resolution of ADEPT system in simulation and in tissue 
mimicking phantom (re-worded, COMPLETED AIM 2) 
 
Upon commencing the Nayar funded ADEPT project, we uncovered a completely new way of 
significantly enhancing the collection rate of very early-arriving photons that had taken the most direct 
path through a tissue. This has allowed us to truly push the limits of spatial resolution that can be 
achieved with optical imaging in biological tissue. We introduced this idea in the first quarter report, 
but since then have made significant improvements to the approach. The idea has recently been 
published in Optics Letters, a rapid communication publication in biomedical optics for high impact 
ideas (manuscript attached). Furthermore, a patent application has been submitted to the US patent 
clerk on our idea through Illinois Tech’s Technology Transfer Office (see attached letter). Since the 
details of the methodology are described in the attached article, and the idea was presented in the 
first quarter report, we will not reiterate here; however, it should be noted that all imaging using the 
third generation version of the ADEPT system presented employ our enhanced early photon 
methodology.  
 
 
 
 
 



	

	

 

	
 

Figure 4: Dead-time enhanced early photon imaging. (a) demonstration of the temporal 
dispersion of a light pulse through a scattering medium like a lymph node. (b) time window (in 
red) of the early arriving photons. (c) translucent print of the US Air Force target (penny for 
scale). (d) image achieved of target through scattering phantom material (5 mm thick milk like 
liquid imitating human tissue) using conventional optical imaging. (e) result of a section of the 
repeating phantom achievable with Third Generation ADEPT (black bar is 1 mm) – 
DEMONSTRATION OF < 100-μm SPATIAL RESOLUTION. 

 
We tested the spatial resolution of the third generation ADEPT system in a number of ways with the 
most demonstrable being our work scanning a US Air Force Phantom pattern (Fig. 4c) immersed in a 
5 mm-thick biological tissue-mimicking liquid (1% intralipid with 0.02% India Ink). Fig. 4d 
demonstrates the resolution achievable with conventional optical imaging; while, Fig. 4e presents the 
result from the third generation ADEPT system. NOTE: the image in Fig. 4e is from a zoomed in 
portion of Fig. 4d, demonstrating the orders-of-magnitude improvements achievable by ADEPT in 
terms of spatial resolution. Importantly, the spatial resolution achievable with the third 
generation ADEPT system exceeded the 100-μm threshold we had aimed for. 

The improvements garnered by our enhanced early photon imaging are further improved by using 
higher-powered femtosecond pulsed lasers. Our current system used lasers with pulse widths 1000 
times thicker than the best lasers on the market, and powers 1000+ times less. Therefore, there is a 
huge potential to push the spatial resolution of ADEPT even further. There are now extremely high 
power femtosecond lasers, yet they currently come with a price tag between $100-$200K. To explore 
more affordable lower-power femtosecond lasers, we recently ordered a $22K laser from Calmar 
Lasers using the Nayar fund to push the limits of the spatial resolution in the short term. The laser has 
yet to arrive, but we will have new results with this laser for the final quarter report. 
 
 

 

 
 
 



	

	

 
Journal Articles 
 
Published 
 
Quarter 1: 

 None (Results substantial enough to warrant publication were not yet acquired). 
 
Quarters 2&3: 

1. Lagnojita Sinha, Jovan G. Brankov, Kenneth M. Tichauer. Enhanced detection of early 
photons in time-domain optical imaging by running in the “dead-time” regime. Optics Letters, 
41(14) 3225-28, 2016. (Impact Factor – 3.179) 

 
In Preparation 
 
Quarter 1: 

1. Lagnojita Sinha, Jovan G. Brankov, Kenneth M. Tichauer. Enhanced detection of early 
photons in time-domain optical imaging by running in the “dead-time” regime. – NOW 
PUBLISHED! (see previous section) 

 
Quarters 2&3: 

2. Lagnojita Sinha, Wei Zhou, Jovan G. Brankov, Kenneth M. Tichauer. Enhanced early photon 
optical projection tomography system for mesoscopic imaging of thick tissues. In preparation 
for submission to Review of Scientific Instruments (draft attached).  

 
Conference Abstracts 
 
Quarter 1: 

1. Lagnojita Sinha, Wei Zhou, Rajendra Mehta, Jovan G. Brankov, Kenneth M. Tichauer. 
Enhanced detection of early photons in time-domain optical tomography using dead-time 
characteristics of SPADs. OSA Biomed, Fort Lauderdale, FL, April 2016. – SELECTED FOR 
ORAL PRESENTATION 
 

Quarters 2&3: 
2. Lagnojita Sinha, Wei Zhou, Jovan G. Brankov, Kenneth M. Tichauer. Detector saturation helps 

to achieve high spatial resolution images in optical tomography. World Molecular Imaging 
Congress (WMIC), New York, NY, September 2016. – SELECTED FOR ORAL 
PRESENTATION; L. SINHA AWARDED TRAVEL BURSARY 
 

3. Lagnojita Sinha, Wei Zhou, Jovan G. Brankov, Kenneth M. Tichauer. Improved spatial 
resolution in optical projection imaging with enhanced early photon detection. Biomedical 
Engineering Society (BMES) Annual Meeting, Minneapolis, MN, October 2016. 



	

	

 
Patent Application 
 
Quarter 1: 

1. Kenneth M. Tichauer, Jovan G. Brankov, Lagnojita Sinha, “Enhanced early photon paired-
agent 3D fluorescence mesoscope,” submitted to IIT Technology Transfer, November 27, 
2015 

Quarters 2&3: 

2. IIT Tech Transfer submitted application to US Patent Clerk: Serial No. 62/327,800 and a Filing 
Date of April 26, 2016 (see attached letter). 

 

Grants 
 
Quarter 1: 

1. NIH R21 EB021621, “Three-dimensional in vivo quantitative imaging of cancer-drug efficacy in 
preclinical tumor models,” 7/1/16-6/30/18, $442,966. ($120,698 Indirects) PI: Tichauer; Co-I: 
Brankov, Mehta – RECEIVED TOP 20% BUT NOT FUNDED (WILL BE RESUBMITTED IN 
OCT 2016). 

Quarters 2&3: 

2. NSF CAREER 1653627, “CAREER: Development of Enhanced Early Photon Tomography for 
Cancer Staging,” 7/1/17-6/30/22, $500,000. ($149,454 Indirects) PI: Tichauer. – SUBMITTED 
07/21/16. 

	
	


