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Biodesign Innovation @ HUJI 
The Biodesign Innovation Program is a multi-disciplinary,  trans-faculty  academic course of  The 

Hebrew University  of  Jerusalem, in collaboration with the extremely  successful Biodesign Program 

of  Stanford University. The course is taught over two semesters of  one academic year and instructs 

in the design of  a medical devices, from needs analysis and inception through design, testing, 

patenting and funding.

Biodesign Innovation is designed for teams of  three: a PhD 
student in engineering, an MD in training, and an MBA student. 
Teams take on medical challenges and devise a solution to take 
through prototype, testing, patent application and the 
development of  a coherent business plan. Many  such projects 
are expected to advance to market. 

Biodesign Innovation combines the resources of  the Faculty  of 
Medicine and its allied Hadassah Medical Center, The School of 
Computer Science and Engineering, The Faculty  of  Law and 
The School of  Business Administration. A strong relationship 
with the Biodesign Program of  Stanford University  ensures the 
success of this program. 

THE RACHEL AND SELIM 

BENIN SCHOOL OF  

COMPUTER SCIENCE 

AND ENGINEERING Bioengineering
Professional 
Development

The School of 
Engineering at the 
Hebrew University of 
Jerusalem is recruiting 
faculty for tenure-track 
positions in systems 
biology & bioengineering. 
Contact us for details.  

Solutions For a 
New Economy

Israel is a significant player 

in the life sciences industry 

as a result of its 

interdisciplinary capabilities, 

which bring together cutting 

-edge medical institutes, an 

excellent research base, 

software expertise, and top 

engineers. 

BLOOMING INDUSTRY

Of the existing 800 life 

sciences companies, most 

were founded during the 

last decade. In fact, more 

than half of the industry 

was established in the last 

five years. Remarkably, 

close to 30% of these new 

companies are already 

revenue-generating entities. 

The industry is heavily 

biased toward toward the 

medical device sector, with 

54% of the companies, 

biotech is the second 

largest with 19%, and the 

pharmaceutical sector is 

third with 10% of local life 

sciences companies. 

Bioengineering at the Hebrew University
Bioengineering is a multidisciplinary field 

that weaves together biology, physics, 

chemistry, computer science and medicine 

aiming to advance knowledge and create 

tangible applications in biology and 

medicine. This rapidly growing field 

provides a new level of understanding of 

biological  systems, ranging from the 

molecular scale to entire organisms, by 

applying engineering-based analytical and 

experimental approaches. 

The Hebrew University  of  Jerusalem, Israel‘s 

first university, is  a multidisciplinary  research 

institute, where intellectual pioneering, cutting-

edge scientific discovery  and a passion for 

learning flourish. Founded in 1918 by  Albert 

Einstein and Sigmund Freud, the university 

spans seven faculties, sixteen schools and 

over 100 interdisciplinary  research centers. 

Counting seven Nobel laureates among its 

faculty  and alumni, the university  is justly  proud 

of  its position at the cutting edge of  world 

science.  The Hebrew University  has recently 

been ranked by  The Scientist as the 2nd best 

place to work outside the United States.  

The Hebrew University  of  Jerusalem established 

the Center for Bioengineering in 2005 from a 

position of  strength and a long history  of  medical 

innovation. Members of  the center include Prof. 

Aaron Lewis, the father of  Near Field Optics and 

the director of  Hadassah Laser Center; Prof. 

Nissim Benvenisty, director of  the Stem Cell Unit 

and the first lab to differentiate and genetically 

manipulate human embryonic stem cells; and 

Prof.  Shimon Benita, head of  the Institute of 

Drug Development and a world leader in nano-

medicine. 

The Center for Bioengineering has a diverse and 

multidisciplinary  faculty  spanning 18 members  

special izing in medicine, l i fe sciences, 

engineering, chemistry  and computer science. It 

offers a five-year direct  PhD program in 

bioengineering to top Israeli and international 

students, and an advanced course in Biodesign 

Innovation in partnership with the Faculty  of 

Medicine, School of  Business Administration and 

Stanford University.

Research Topics
P.1 BioMEMS

    P.2 Tissue Engineering

        P.3 Systems Biology

            P.4 Medical Imaging

Bioengineering    October 2010

Hebrew University

http://cbsh.cs.huji.ac.il
http://cbsh.cs.huji.ac.il


Microdevices in 
Biology and Medicine

Microfabrication technology  has already  changed the 
world around us. Hiding under the shiny  coat of  our 
cars, iPods, cellphones, laptops, and TVs, the 
integrated circuit and silicon microchip changed the 
way  we live. Micro-scale features enable an 
unparalleled control over electrical signals resulting 
in nearly  magical computational, communication and 
memory  powers. At the dawn of  the 21st century,  a 
similar revolution is changing the study  of  biology 
and the practice of medicine.

Microscale patterns, three-dimensional features, and 
the physics of  small places radically  change our 
ability  to screen thousands of  conditions, control the 
cellular microenvironment, and provide innovative 
tools for diagnosis and treatment of disease.

Dr. Yaakov  Nahmias, director of  the Center for 
Bioengineering and the recipient of  an NIH career 
award for young scientists,  is an emerging leader in 
this  field. His microLiver Technologies (µLT) lab is 
focused on the development of  high-throughput 
microfabricated platforms for the study  of  liver 
development,  drug toxicity, and metabolic disease. 
Funded by  a prestigious ERC starting grant, his 

m i c r o d e v i c e s g a i n 
insight  into the intricate  
transcriptional-metabolic 
program which regulates 
HCV infection. One of 
his compounds, a novel 
triple nuclear receptor 
ligand, is currently  in 

clinical trials at Massachusetts General Hospital.  A 
second project,  funded by  an FP7 consortium, aims 
to develop a liver-simulating device for the cosmetic 
industries. Such devices would fundamentaly reduce

BioMEMs, nanoscience and 
optoelectronics at The Hebrew 
University of Jerusalem 

Systems Biology at 
Hebrew University

Computational techniques 

and high throughput 

screening platforms have 

become a basic research 

tool in modern biology. Micro 

devices, robotic platforms 

and gene arrays provide 

data which enables a deeper 

understanding of complex 

biological responses to injury  

or disease. Computational 

tools enable us, for the first 

time, to analyze  biological 

information on this scale.

Innovation in this field is 

driven by interdisciplinary 

understanding of scientists 

such as Prof. Nir Friedman, 

winner of the Juludan Prize 

for Advancing Technology in 

Medicine, and a prestigious 

European Research Council 

(ERC) advanced grant. 

Prof. Friedman is a computer 

scientist driven deeply into 

biology and is currently 

setting up a state-of-the-art 

robotic facility for the study of  

transcriptional regulatory 

networks in yeast. 

Medical imaging & computer-aided surgery

The Center for 
Nanoscience and 
Nanotechnology

The Harvey M. Krueger 

Family Center for 

Nanoscience and 

Nanotechnology was 

established in 2001 by the 

Hebrew University. The 

center supports a state-of-

the-art clean room with 

advanced photolithography, 

metal deposition, and E-

beam facilities.  The center 

also includes advanced 

characterization facilities 

including AFM, electron 

microscopy,and X-ray tools.

http://nanoscience.huji.ac.il/

The Center for 
Genomic 
Technologies

The Center for Genomic 
Technologies at The 
Hebrew University serves 
as a National Research and 
Service Lab dedicated to 
providing genomic services 
to the academic, medical 
and industrial sectors in 
Israel.

The center provides DNA 
Sequencing, Deep 
Sequencing, Genotyping 
(Microsatellite analyses, 
SNP determination, whole 
genome scan - linkage 
associated studies), DNA 
Microarray, Bioanalyzer, 
and RT-PCR technologies.

http://www.bio.huji.ac.il/eng/

services.asp

The medical image processing group at the School of  Computer Science and 

Engineering is working closely  with physicians to develop the next generation of 

image algorithms and robotic systems to improve the planning,  execution and 

evaluation of surgical procedures. 

Scientists such as Prof. Leo Joskowicz, winner of  the 

2007 Kaye Innovation Award are developing novel, 

image-guided microsurgical tools  for the precise, 

automatic  targeting of  structures inside the brain, 

while others like Dr. Raanan Fattal and Prof. Dani 

Lischinski are developing new algorithms for high 

resolution imaging of  complex 3D ultrasound sheets 

Living, playing and learning in Jerusalem 
!"#$%&'"()*"+#,-,'.+&/)0#"&
Many  are familiar with the beauty  and 

uniqueness of  the old city  of  Jerusalem, its 

ancient walls, magnif icent history  and 

importance to Judaism, Christianity  and Islam. 

And yet over the last 60 years the city  has 

bloomed into a 

m o d e r n 

met ropo l i s o f 

close to a million 

residents. The 

city  is  home to the Israel Museum, site of  the Dead Sea scrolls, the 

Museum of  Islamic Arts,  and Yad Vashem. It is home of  the world 

renowned Israeli Philharmonic Orchestra, the site of  Israel’s 

International Film Festival and the International Jazz Festival. 

Jerusalem offers travelers world-class cuisine and an active nightlife 

in the many  dance clubs,  bars, and live music venues that line the 

streets of downtown.

structed opacity midway between the centers of the splats is roughly
0.95.
Splat triangles are shaded using OpenGL’s standard Phong-like
shading model [20]. We have experimented with two different
methods for computing the normals necessary for OpenGL’s light-
ing computations.
The first method uses the normalized opacity gradient u u ,
computed at the center of the voxel x (which, by our construction, is
also the center of the splat triangle). This single normal is specified
for each splat triangle vertex, resulting in essentially flat shading
for the triangle, which is smoothed to some degree by the Gaussian
opacity function. This works well in relatively flat areas, but can
still create somewhat facetted appearance in regions of high curva-
ture.
Smoother results are obtained by assigning a different normal to
each splat triangle vertex. Rather than computing the normal at
the center of the triangle, we compute three normals, at locations
midway between the center and each of the three vertices. As a
result, three different color values are computed at the vertices of
the triangle, which are then linearly interpolated across the triangle.
Since the splat triangles are rendered with alpha blending turned
on, the rendering must be performed in a back-to-front order. In
our current implementation we create six OpenGL display lists,
each containing the splat triangles sorted along the positive or the
negative direction of one of the three coordinate axes. During in-
teractive display the renderer selects and calls the display list that
corresponds to the direction closest to the look-at vector. It should
be noted that this strategy is not guaranteed to produce the correct
back-to-front ordering because the splat triangles are larger than
the voxels, and they overlap and intersect each other. However, we
have not observed any artifacts caused by these occasional sorting
errors.

5 Results

The techniques described in this paper were implemented in C++
and tested on a 600 MHz Pentium III PC with 256 MB of RAM,
under the Linux operating system. Hardware-accelerated OpenGL
rendering was performed on an NVIDIA GeForce2 GTS graphics
board.
We have experimented with several different 3D ultrasound
datasets. The variational opacity classification times for these
datasets were between 4.0 and 10.5 seconds. The time includes
low-pass filtering of the input volume, the computation of gradi-
ents, setting up the system of equation, and solving it. The classi-
fication parameters , , and viso were user-specified. Additional
statistics pertaining to all four datasets are summarized in Table 1.
Figure 5 demonstrates the effect of variational classification on two
different datasets: each dataset was rendered using ray casting be-
fore and after variational classification. It can be seen that varia-
tional classification is quite effective at removing noise and reveal-
ing the surfaces of interest.
Figure 6 shows the the same two datasets, as well as two other ex-
amples. In this figure all of the images were generated after per-
forming variational classification, and it compares between differ-
ent visualization techniques of the same classified volumes. The
leftmost column shows the dataset rendered using ray casting, the
next column shows a rendering of a polygon mesh extracted from
the volumetric opacity function using Marching Cubes. The third
column shows a software rendering of our opacity function using
Lacroute and Levoy’s shear-warp factorization algorithm [7] (we
used Stanford’s VolPack volume rendering library [18]). The right

Figure 5: The top two images show a visualization of a fetal 3D
ultrasound visualization using ray casting before (left) and after
(right) variational classification. The two images below show a sim-
ilar comparison for a dataset of a spine (top image before, bottom
image after variational classification.

column rendered the opacity function using the oriented splatting
technique described in Section 4.1. With each rendering technique
except ray casting the rendering time is fast enough to allow inter-
active, or near-interactive changes in viewpoint1.
As expected, explicitly extracted surfaces give the sharpest results,
however they also exhibit the most roughness, as a result of having
to make a binary decision for each voxel whether or not a surface
passes through it. The oriented splatting technique appears to give
the smoothest reconstruction without loosing any essential details.
This is not surprising, since it was explicitly designed to visualize
the soft, fuzzy surfaces represented by our opacity function. Shear-
warp renderings are slightly inferior in quality to those produced
using the other two techniques, but overall it seems a reasonable al-
ternative if hardware-accelerated rendering is not available. While
we believe that the smooth renderings produced by oriented splat-
ting are the most aesthetically pleasing, in a clinical application it
might be beneficial to present doctors with several different visual-
izations, alongside with the ability to examine the original unpro-
cessed data.
We were unable to perform an exact comparison with previous

1Movies in MPEG and QuickTime formats can be found under
http://www.cs.huji.ac.il/˜danix/3dus.

the use of  animals in research and are developed 
in the context of  a much larger effort to simulate 
human-on-a-chip. 

Prof.  Aaron Agranat, director 
of  the Brojde Center for 
Innovative Engineering, and 
the winner of  the Discovery 
Innovation Award is a world 
leader in optoelectronics. 
His revolutionary  KLTN 

crystal enables communication routing speeds 
10,000 times faster than normal. Together with 
Prof.  Shimshon Belkin he developed innovative 
biosensors integrating fluorescent bacteria with 
optoelectronic  microchips for rapid sensing of 
water quality. Another project, led by  Prof. Yuri 
Feldman, modeled human sweat  ducts as an 
array  of  microscale helical antenas, demonstrating 
a response in the sub-Terahertz region to human 
stress with clear clinical and security applications. 

Finally, Prof. Micha Spira 
a n d P r o f . J o s e p h 
Shappier developed a 
novel neuroelectronic 
microchip consisting of  an 
array  of  noninvasive gold-
mushroom-shaped micro 
electrodes (gMmEs). The 
array  offers unparalleled 
recording of  neuronal activity  as well as neuronal 
st imulation without breaking the cel lular 
membrane. It  offers a new approach to high fidelity 
neural prosthetics and brain-machine systems.
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structed opacity midway between the centers of the splats is roughly
0.95.
Splat triangles are shaded using OpenGL’s standard Phong-like
shading model [20]. We have experimented with two different
methods for computing the normals necessary for OpenGL’s light-
ing computations.
The first method uses the normalized opacity gradient u u ,
computed at the center of the voxel x (which, by our construction, is
also the center of the splat triangle). This single normal is specified
for each splat triangle vertex, resulting in essentially flat shading
for the triangle, which is smoothed to some degree by the Gaussian
opacity function. This works well in relatively flat areas, but can
still create somewhat facetted appearance in regions of high curva-
ture.
Smoother results are obtained by assigning a different normal to
each splat triangle vertex. Rather than computing the normal at
the center of the triangle, we compute three normals, at locations
midway between the center and each of the three vertices. As a
result, three different color values are computed at the vertices of
the triangle, which are then linearly interpolated across the triangle.
Since the splat triangles are rendered with alpha blending turned
on, the rendering must be performed in a back-to-front order. In
our current implementation we create six OpenGL display lists,
each containing the splat triangles sorted along the positive or the
negative direction of one of the three coordinate axes. During in-
teractive display the renderer selects and calls the display list that
corresponds to the direction closest to the look-at vector. It should
be noted that this strategy is not guaranteed to produce the correct
back-to-front ordering because the splat triangles are larger than
the voxels, and they overlap and intersect each other. However, we
have not observed any artifacts caused by these occasional sorting
errors.

5 Results

The techniques described in this paper were implemented in C++
and tested on a 600 MHz Pentium III PC with 256 MB of RAM,
under the Linux operating system. Hardware-accelerated OpenGL
rendering was performed on an NVIDIA GeForce2 GTS graphics
board.
We have experimented with several different 3D ultrasound
datasets. The variational opacity classification times for these
datasets were between 4.0 and 10.5 seconds. The time includes
low-pass filtering of the input volume, the computation of gradi-
ents, setting up the system of equation, and solving it. The classi-
fication parameters , , and viso were user-specified. Additional
statistics pertaining to all four datasets are summarized in Table 1.
Figure 5 demonstrates the effect of variational classification on two
different datasets: each dataset was rendered using ray casting be-
fore and after variational classification. It can be seen that varia-
tional classification is quite effective at removing noise and reveal-
ing the surfaces of interest.
Figure 6 shows the the same two datasets, as well as two other ex-
amples. In this figure all of the images were generated after per-
forming variational classification, and it compares between differ-
ent visualization techniques of the same classified volumes. The
leftmost column shows the dataset rendered using ray casting, the
next column shows a rendering of a polygon mesh extracted from
the volumetric opacity function using Marching Cubes. The third
column shows a software rendering of our opacity function using
Lacroute and Levoy’s shear-warp factorization algorithm [7] (we
used Stanford’s VolPack volume rendering library [18]). The right

Figure 5: The top two images show a visualization of a fetal 3D
ultrasound visualization using ray casting before (left) and after
(right) variational classification. The two images below show a sim-
ilar comparison for a dataset of a spine (top image before, bottom
image after variational classification.

column rendered the opacity function using the oriented splatting
technique described in Section 4.1. With each rendering technique
except ray casting the rendering time is fast enough to allow inter-
active, or near-interactive changes in viewpoint1.
As expected, explicitly extracted surfaces give the sharpest results,
however they also exhibit the most roughness, as a result of having
to make a binary decision for each voxel whether or not a surface
passes through it. The oriented splatting technique appears to give
the smoothest reconstruction without loosing any essential details.
This is not surprising, since it was explicitly designed to visualize
the soft, fuzzy surfaces represented by our opacity function. Shear-
warp renderings are slightly inferior in quality to those produced
using the other two techniques, but overall it seems a reasonable al-
ternative if hardware-accelerated rendering is not available. While
we believe that the smooth renderings produced by oriented splat-
ting are the most aesthetically pleasing, in a clinical application it
might be beneficial to present doctors with several different visual-
izations, alongside with the ability to examine the original unpro-
cessed data.
We were unable to perform an exact comparison with previous

1Movies in MPEG and QuickTime formats can be found under
http://www.cs.huji.ac.il/˜danix/3dus.
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spans seven faculties, sixteen schools and 

over 100 interdisciplinary  research centers. 

Counting seven Nobel laureates among its 

faculty  and alumni, the university  is justly  proud 

of  its position at the cutting edge of  world 

science.  The Hebrew University  has recently 

been ranked by  The Scientist as the 2nd best 

place to work outside the United States.  

The Hebrew University  of  Jerusalem established 

the Center for Bioengineering in 2005 from a 

position of  strength and a long history  of  medical 

innovation. Members of  the center include Prof. 

Aaron Lewis, the father of  Near Field Optics and 

the director of  Hadassah Laser Center; Prof. 

Nissim Benvenisty, director of  the Stem Cell Unit 

and the first lab to differentiate and genetically 

manipulate human embryonic stem cells; and 

Prof.  Shimon Benita, head of  the Institute of 

Drug Development and a world leader in nano-

medicine. 

The Center for Bioengineering has a diverse and 

multidisciplinary  faculty  spanning 18 members  

special izing in medicine, l i fe sciences, 

engineering, chemistry  and computer science. It 

offers a five-year direct  PhD program in 

bioengineering to top Israeli and international 

students, and an advanced course in Biodesign 

Innovation in partnership with the Faculty  of 

Medicine, School of  Business Administration and 

Stanford University.
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