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Executive Summary 
 
 By combining existing groups into one center with new faculty hires in 
strategic areas, NUS has the opportunity to create a world-class biological 
imaging research center. Analysis of the existing imaging effort at NUS identifies 
11 current NUS faculty with outstanding expertise in cryoEM, high-resolution 
light microscopy, and AFM. By recruitment of two senior faculty in CryoEM and 
LM areas plus one world-leader in CryoEM and six additional junior faculty, the 
Center would excel across the imaging scales—from atomic-animal, from single 
molecule to population, and from msec-hours. The center will study the basic 
structure and dynamics of cellular systems especially in areas that offers 
collaboration with large-scale research programs such as the Cancer RCE, SBIC, 
SMART Infectious Disease IRG, and mechanobiology. A particular technological 
opportunity is where data from different imaging modes overlap but cannot be 
merged. Specifically at the EM/LM and LM/animal imaging borders, the center 
can merge high resolution data with low resolution structures. This will be 
especially important in overlaps with medical imaging. Envisioned is a Center 
consisting of 15 faculty, 300 scientists, postdocs, students, and staff who will 
require approximately 6,000 sq m of space for their research. The space will 
house state-of-art cryoelectron microscopes, light microscopes, AFMS, and force 
spectroscopy instruments. A central feature of the Center is computation for high 
end imaging that comprise fast, large memory processors and TB data storage. 
Imaging informatics and modeling are opportunity areas that would translate 
image data across the imaging modes into structural and dynamic models. The 
total cost to set-up the Center is estimated at SGD $30M with an annual running 
cost of approximately $10M/year.



1. Biological Imaging Across Space and Time 
 
Perhaps no other scientific discipline spans a larger range in size and time scales 
than microscopy. Biological imaging was founded on optical microscopes and 
350 years later extended in resolution by electron microscopy. These modalities 
established a scale of resolutions from the atomic to tissue level. Later 
development of the atomic force microscope, magnetic resonance imaging, and x-
ray CT broadened the resolution limit to the organ and organism. Overlap 
between structures solved by NMR spectroscopy, x-ray crystallography, and 
cryoelectron microscopy is limited by separate databases and structure formats. 
On the time scale, imaging is capable of capturing ultra-fast kinetic processes and 
is unlimited by slower dynamic events. Although the modalities overlap in their 
limits in resolution, the separate and different structure formats slow synergy in 
applications. 
 In the Life Sciences, imaging is roughly divided into biological and medical 
imaging by size and application base. Medical imaging traditionally refers to the 
organ and whole body imaging carried out by a hospital or medical school 
radiology department and includes MRI, CT, and x-ray imaging. These imaging 
methods have improved in size and time resolution to visualize dynamic (minutes 
to hours) changes in human physiology at the 

tis
sue and organ level. When applied to model organisms used in basic biological 
research, it is possible to detect changes at the sub-tissue and minute time scales. 
In contrast to medical imaging, biological imaging methods characterize 
molecules and cells in tissues and organs and changes in the msec-hours time 
scales. Although the biological questions overlap considerably, imaging modes 
have largely been developed separately. 
 
1.1 Emerging research opportunities in biological imaging 
 
Based on the historical evolution of biological imaging in terms of spatial and 
time resolution, we can expect breakthroughs that will enable dynamic molecular 
imaging in live animals. Although biological imaging has continued to evolve, 



breakthroughs will be challenged by several technological roadblocks. First, the 
most critical challenge is to extract quantitative information from images. An 
image is a pattern of pixels. The most promising approach to extract the 
information in an image is through analysis of time-dependent images. Second, 
automation and computation has enabled high content imaging platforms to 
become critical instruments in systems biology. However, the large amount of 
images creates problems in storing, organizing, and processing image data. 
Third, tomography provides a commonality in the resulting 3D images and 
volumes and is a strategic opportunity to relate imaging information across the 
size scales. However, the data formats are incompatible and prevent images at 
one scale from merging with images at another scale. This roadblock would have 
most impact on relating medical and biological images. Fourth, visualizing 
molecular and cellular functions in living tissues, organs, and organisms is being 
advanced by ex vivo imaging methods. The current limitations are the 
invasiveness of the techniques and short depth of imaging into tissues and 
organs. These hurdles are not caused by a single factor and thus multiple 
approaches and disciplines must be engaged in technology development.  
  
1.2 A cross-disciplinary Biological Imaging Center: A critical mass in bioimaging 
science, engineering, and technology applications  
 
A critical effort in biological imaging will involve faculty from the key 
technological, engineering, and science disciplines. Biological Imaging consists of 
contributions from chemistry (probes), physics (optics), mechanical engineering 
(hardware control), computer science (information processing and informatics), 
and biology (applications and problems). The technical challenges to biological 
imaging are not addressed by the state of art in the respective fields. If the 
ultimate goal is to create 
knowledge from a biology 
experiment, then the 
ensuing process is a series 
of steps that include 
measurement (collecting 
data), extracting 
information from the data 
(mining), and creation of 
computational models of 
the biology. This process 
is embodied in the MIT 
4Ms—manipulate, 
measure, mine, and 
model—paradigm. From the perspective of a process, the technical hurdles to 
biological imaging represent sequential choke points in the creation of a 
seamless, automated procedure. Solving one rate-limiting step only exposes the 
next rate-limiting step.  
 
1.3 Establishing the state-of-art in biological imaging 



 
A handful of state-of-art bioimaging centers/groups can be identified worldwide. 
Most such as the NIH Imaging Centers at Baylor, Maryland, Cornell, MIT, UC 
San Diego as well as groups at UC Berkely, UCSF, Stanford, and Caltech were 
created as a group by a single investigator and then grew in size and scope.  In 
contrast some other world-leading bioimaging centers have been created 
instantly. For example, the HHMI campus at Janellia Farms (below) has 
attracted a select group of talented investigators. All are setting the leading edge  
 
HHMI Scientist Research 
Eric Betzig Pushing the Envelope in Biological Imaging 
Dmitri Chklovskii From Neuronal Circuit Reconstructions to Principles of Brain Design 
Eugene Myers Image Analysis for High-Throughput Biology 
Julie Simpson Mapping and Manipulating Neural Circuits in the Fly Brain 
Karel Svoboda Circuit and Synaptic Mechanisms Underlying Experience-Dependent 

Cortical Plasticity 
 
in technology development AND biology application their own areas. The 
technologies being developed at Janellia Farms include ex vivo imaging, imaging 
probes, molecular imaging, and structure. A common theme of neurobiology 
provides synergistic resources and interactions for supporting state-of-art 
research. These dual areas of neurobiology AND imaging (and structure) are 
further enhanced by appointment of HHMI investigators at universities and 
research institutes. 
 
1.4 Proposal to develop an NUS Biological Imaging Center 
 
NUS has an opportunity to develop a world-leading biological imaging center 
starting with a nucleus of established NUS groups in light microscopy and 
cryoelectron microscopy. Faculty would be invited to move labs into the 
Biological Imaging Center where they could interact with much synergism. 
Biological Imaging faculty would be drawn from Biological Sciences, Chemistry, 
Physics, Bioengineering, and other NUS Science, Engineering, and Medical 
School departments. The mixture will ensure cross-disciplinary and 
multidisciplinary interactions. Also new hires of junior and senior faculty with 
joint positions across two or more departments would be appropriate. A 
minimum size for a center is approximately ten faculty with an initial founding 
group of five faculty. At maturity, the center could easily grow to fifteen faculty 
and would number approximately 300 faculty, postdocs, students, and staff. A 
key component of the center would be professional staff of MS-and PhD level 
researchers whose expertise lie in areas of molecular cell biology, imaging 
applications, computation and software engineering, databases and informatics, 
and hardware engineering. The staff would train students and researchers in the 
use of the resources, collaborate with researchers in the application of imaging 
technologies, and supervise and maintain the imaging facilities. The Center will 
be led by a world-leader in imaging and applications to biological problems.  
 A final key feature of a bioimaging center is to locate the imaging groups in 
state-of-art labs designed for high-end microscopy. To create synergy with new 



initiatives in Singapore, the optimum location of the Biological Imaging Center is 
on the CREATE campus where the imaging groups can serve as a bridge between 
the international CREATE research programs and NUS research groups. A new 
center-of-mass in Singapore research is being established on the Warren site but 
will there be a critically sized NUS presence? An NUS Biological Imaging Center 
can serve the immediate needs of the CREATE research programs. At the same 
time, the center will attract collaborations with medical school, engineering, and 
life sciences groups on the NUS campus.  
 
 The Biological Imaging Center should have a focus on a large biological 
problem. Given the opportunities in Quantitative Biology and the big picture 
scale projects in the US, Japan, and Europe, a suitable research theme is 
"Imaging for Systems Biology". The concept is novel because imaging 
information integrates across the structure, biochemistry and biophysics of cells, 
tissues, and organs. Biological Imaging will have its highest impact in the areas 
that overlap between medicine and basic biology such as infectious disease, tissue 
regeneration, and cancer. To spread the funding opportunities, the Center should 
study two biological problems relevant to biomedical applications (see below). 
Focus on these two problems will create synergistic interactions with large-scale 
research programs in CREATE and the RCEs. 
 
1.41 Visualizing infection 
 
An exciting opportunity lies in visualizing infection. High-resolution virus 
structures from cryoelectron microscopy can be a template for AFM and high 
resolution light microscopy studies of viral infection of live cells and infection by 
other agents. Visualizing infection in live animals will reveal the mechanism of 
virus-tissue interactions in the natural environment. Thus, imaging pathogen 
interactions with cells in a tissue is a ideal problem that exemplifies the need to 
integrate information from different microscopy methods (AFM-EM-LM). This is 
a complex problem that involves concepts and tools from molecular cell biology, 
virology, immunology, biophysics, and regenerative biology as well as 
bioengineering, computer science, electrical engineering, chemistry, and physics. 
 
1.42 Characterizing the ground state cell 
 
A second area of strategic opportunity is to describe the mammalian ES cell as a 
model for molecular cell biology. As a pluripotent cell, an ES cell represents a 
"ground state" in metazoan cell biology. Any changes in ES cell biology constitute 
distinct and determined pathways to differentiation of specialized cells and 
tissues. Furthermore, the unique small volume of cytoplasm and large volume of 
nucleus places ES cell biology in a path for discovery of new relationships 
between nucleus and cytoplasm such as nuclear functions of cytoplasmic proteins 
and cytoplasmic functions of nuclear proteins. The structure of a stem cell 
promises to uncover the new mechanisms for differentiation in development and 
regeneration.  
 



1.5  Molecular imaging at the whole cell-tissue scale 
 
 To image at a systems biology scale requires a set of complementary 
imaging capabilities. A systems level understanding of biological processes 
requires imaging modalities than span structure from molecules to organs. 
Medical imaging overlaps in capabilities but with a top-down focus on organism 
and organ-level structure-function. Molecular level imaging would include 
Atomic Force Microscopy, high-resolution cryoelectron microscopy,  
 
 

2 Biological Imaging Center Faculty 
 
 An impressive collection of imaging faculty already exists at NUS and are 
disconnected by their distribution across campus in the Schools of Engineering 
and Sciences. Their expertise represents Biological Sciences, Chemistry, Physics, 
Bioengineering, Mechanical Engineering, and Physiology. Collaboration among 
faculty would be strengthened by concentrating a selected group in dedicated and 
purpose-built imaging labs. Although no faculty have been contacted to discuss 
the formation of an imaging center, it is easy to identify faculty whose research 
interests are directly in imaging development or applications. A table of possible 
existing and future members of the Biological Imaging Faculty are listed in the 
Table. 
 
       Table 1. Possible Biological Imaging Center Faculty 

TBN faculty Mechanobiology imaging 
TBN faculty High resolution cryoEM tomography 
TBN faculty High resolution light microscopy 
TBN faculty ex vivo light microscopy 
TBN faculty Force microscopy 
TBN faculty Development  
TBN faculty Spectral Imaging 
TBN faculty Imaging pathogenesis 
TBN faculty Imaging plant cell biology 



TBN faculty AFM and Force microscopy 
TBN faculty CryoEM tomography 
TBN faculty Tomography 
TBN faculty Tomography 
TBN hire systems biology 
TBN hire imaging probes 
TBN hire High resolution cryoEM 
TBN hire Imaging computation 
TBN hire In vivo imaging 
TBN hire Imaging computation 

 
The faculty represent an investment in the future with seven unfilled hires, eight 
untenured faculty, and five tenured faculty in DBS (6), Bioengineering (3), Mech 
E (1), Physics (1), Chemistry (1), and Physiology (1). A broad base of cross-
disciplinary faculty will be recruited from an international pool at primarily the 
junior faculty level. It is anticipated that the appointments will be joint between 
Biological Sciences and another department. A possible scenario for recruitment 
is outlined below. 
 
        Table 2. Detailed Five-Year Recruitment Plan for Biological Imaging  

Year Milestone 
2009 Identify five founding NUS faculty, set-up temporary lab, 

recruit core imaging and computation staff 
 recruit systems biology imaging junior faculty 
2010 recruit computational imaging junior faculty member 
2011 recruit high resolution cryoEM faculty member 

set up Biological Imaging Center 
2012 recruit imaging probe junior faculty member 
2013 recruit cell biology imaging junior faculty member 

 
3 Space 
 
 Biological Imaging requires an environment in which temperature, noise, 
vibration, and humidity are controlled. Furthermore, with biological applications 
driving the project, imaging space should incorporate wet labs and tissue culture 
facilities as well as the computational resources for image processing and 
analysis. The labs and microscope rooms would all be BSL2. 
 Ideally, the Biological Imaging Center would occupy 5,000-6,000 sq m of 
space that includes core instrumentation and computing (1500 sq m), research 
lab space (2000), support space (500 sq m), and offices (1500 sq m). The Center  
 
       Table 3. Space allocation for faculty 

Senior faculty 100-200 sq m lab space and offices for 
15-20 students, postdocs, and staff 

Junior faculty 100-150 sq m lab space and offices for 
10-15 students, postdocs, and staff 

 
consists of three types of research space: faculty labs, electron microscopy rooms, 
and light microscopy labs. Resources and space will be shared among groups.  



The Center would be designed around generic instrumentation rooms (10 and 25 
sq m) each room is suitable for housing most imaging-related instrumentation. 
Space allocation estimates are based on the design criteria for SMART. 
 
   Table 4. Functional division of center space (sq m) 

Biology cluster 2200 
CryoEM cluster 500 
LM cluster 500 
Computing 200 
Offices and desks 1500 
Shared and communal 1000 

 
Larger instruments such as electron microscopes would be housed in specially 
designed rooms (50-200 sq m rooms). PIs will occupy offices in shared office 
clusters with separate clusters of shared wet bench and desk/carrels.  
 It is important to stress that the space doesn't need to be contiguous or on 
the same floor. Some large equipment and computational infrastructure may be 
better sited in the basement with offices and labs on another floor/s. 
 
4 Summary of Biological Imaging Center Costs 
 
 Biological imaging combines wet bench research with state-of-art 
instrument and computation. The acquisition and maintenance costs for 
microscopes and computers, staffing, and space are based on the National Center 
for Macromolecular Image at the Baylor College of Medicine and the WI-MIT 
BioImaging Center. 
 
Table 5. Combined Ramp-Up Costs for Acquisition and Maintenance 
 2009 2010 2011 2012 2013 
Software 480,760 140,560 365,512 218,512 391,272 
Instruments 4,718,000 3,262,000 5,992,000 3,920,000 8,610,000 
Compute 231,000 154,000 154,000 600,600 523,600 
TOTAL SGD$ 5,429,760 3,556,560 6,511,512 4,739,112 9,524,872 
 
 
5 Microscopy for Biological Imaging 
 
 Biological imaging will develop around a strong nucleus of NUS faculty 
who have international reputations in AFM, confocal microscopy, and cryoEM. 
The core faculty defines the instrumentation and expertise already in residence at 
NUS. The microscope rooms would be in an acoustically dampened area, with 
reasonable tolerance level for vibration, electromagnetic radiation, temperature, 
and humidity.  
 
5.1 Microscopy Instrumentation and Space Requirements 
 
 The Biological Imaging Center would concentrate on development and 
application of imaging at the molecular-tissue levels. Based on existing 



instruments of present faculty and anticipated acquisitions from new faculty, a 
list of instruments and space can be estimated.  
 
                  Table 6. Instrumentation and Space (sq m) 

200 KeV CryoTEM 100 
300 KeV CryoTEM (high resolution) 100 
FEI FIB/SEM 50 
Cellomics VTi 25 
PE/Improvision 25 
Zeiss 710 NLO 25 
DeltaVision 15 
3D Widefield 15 
Nikon Biostation 15 
sample prep robotics 15 
confocal FLIM 25 
Olympus confocal FCS 25 
Olympus TIRF FCS 25 
NLO FCS 25 
NanoSpotter 15 
Systems Transfecter 15 
AFM/force spectroscopy 15 

 
 
From Table 3, the microscopes would require approximately 1000 sq m of space. 
 
5.2 Microscopy Support Personnel 
 
Table 7. Biological Imaging Core Expertise 
cryoEM (PhD) Operation and instruction in cryoEM imaging and image 

analysis 
cryoEM technician Expertise in cryoEM operation and maintenance 
Light Microscopy PhD Operation and instruction in multimodal live cell imaging 
Cell biology technician Expertise with molecular and cell biology methods 
HCS technician  Operation, instruction, and maintenance of HCS 

instrumentation, and software 

 
5.3 Microscopy Ramp-Up Plan 
 
year 1:location of existing and new microscopes to temporary bioimaging space 

acquisition and installation of cell tomography imaging system (FEI 
FIB/SEM) SGD$1.5M, multiphoton confocal microscope SGD$1.7M, 
widefield microscope (SGD$600K) and live cell imaging instruments 
(Nikon BioScope, SGD$150K), robotics for liquid handling (SGD$600K) 

year 2: acquisition and installation of high content imaging platforms (Cellomics 
SGD$0.75M), 

year 3: acquisition and installation of high resolution 200 kV cryoEM SGD$4.5M, 
PE scanning disc confocal (SGD$0.8M),  

year 4: advanced deep tissue imaging acquisition SGD $1.5M 
year 5: acquisition and installation of high resolution 300 kV cryoEM (FEI or 

JEOL) SGD$5M 



 
6 Computing for Biological Imaging 
 
 The large monolithic image data sets represents high-end computing in all 
aspects and requires an infrastructure that differs significantly from other high-
end scientific and engineering computing resources. The technological drivers 
that pace biological imaging are high-resolution cryoEM and high content light 
microscopy that require TB-PB data storage, 10GB high bandwidth connected 
fiber and switches, and multi-node large memory processors. While the storage 
requirements of the two distinctly different microscopy modes are satisfied by the 
same type of storage, the image processing methods for EM and LM differ and 
require servers that are configured differently. In addition to these modes of 
imaging, the goal of integrating information from disparate imaging modes will 
certainly require investment in database development and cross-purpose image 
processing methods. The overall goal of biological imaging computing is an 
automated pipeline from image capture to models. The computational resources 
to support biological imaging are people (professional computer IT and 
programming staff), hardware (processors, servers, storage, network, and 
switches), software (image processing and analysis licenses), and maintenance 
(hardware and software). The hardware should be located in a server room with 
under floor chilled water cooling, overhead power and cabling, 1 hr UPS back-up 
power, and dry fire control. The computer room should be connected to a high 
bandwidth campus network. 
 Development of biological imaging computing resources is entirely paced 
and prioritized by the scientific projects. Initially, a small developmental 
computing staff is required to install the framework computational backbone of 
servers, processors, and storage. The size and type of computational hardware 
and software that are initially developed will depend on the founding and 
collaborating faculty projects. The priority in the first year will be computing for 
multi-user cell biology LM, high content LM, and cryoEM tomography.  
  

6.1  General computational requirements for Biological Imaging 
 
These requirements are based upon the existing CSBi and WI-MIT BioImaging 
computational facility currently in use at MIT.  Our computational requirements 
were initially defined several years ago to include: 
 
Linux compute servers with large memory (>32GB) and multiple cpus (8) to 
process the large imaging data sets. 
Large multi TB sized data storage system with high BW (>100MB/s) to each 
compute server and >1GB/s total aggregate BW. 
64b desktop workstations 
Fast networking with separate physical networks for general purpose host access 
and for data storage access 
 



In addition, some BioImaging applications such as cryoEM and many Systems 
Biology applications greatly benefit from a distributed processing environment, 
which defines an additional requirement: 
 
Multiple node (16-32) Linux cluster system: 8 cores and 16 GB of memory per 
node 
 
6.2 Compute Servers: 
 
Many imaging applications require large memory, multi-processor systems while 
others are less memory intensive.  Thus any computational resource should 
contain a mix of both kinds of systems, which is how the current CSBi and 
BioImaging resources are allocated, see Appendix.  Here are typical 
configurations for the two types of servers: 
 
1. Large memory, multi-processor systems  
4 dual-core 64b processors 
64+ GB of memory 
single system drive with additional local data drives 
dual Gigabit Ethernet ports 
additional PCI-E slots 
Linux 64-bit OS 
 
2. Standard cluster compute system (16-32 compute nodes, cluster head node) – 
2 quad-core 64b processors 
16 GB of memory 
single system drive with additional local data drives 
dual Gigabit Ethernet ports 
additional PCI-E slots 
Linux 64-bit OS 
 
6.3 Storage and archival subsystem: 
 
Collection and analysis of imaging data sets also places several critical 
requirements to the specifications of any data storage system.  An ideal storage 
system would have the following capabilities: 
 
Large capacity (100+ TB) as a single data set can range from 1GB to 1TB in size. 
Large data transfer rates for a data stream from a single client (> 100MB/s) and 
an aggregate of streams with many clients (>1GB/s). 
High file operations per second as a data set may contain over 1 million files. 
Expandability – start at a small size and add additional capacity and 
performance. 
High reliability through both hardware raid and software data 
replication/recovery 
Support multiple file protocol access: NFS, Samba, iSCSI. 
Data archiving to other on-line, near-line or off-line archives 



 
1. It would be extremely expensive for a single system to provide all these 
capabilities, so a hierarchical tiered approach is usually adopted with the highest 
storage tier and providing: 
 
Modest capacity, 20-30 TB. 
High BW, 100+ MB/s per client 
High file operations, 100s of operations per second 
Support for many protocols, iSCSI, NFS, CIFS, FTP, SCP, … 
 
2. The mid-tier archive would provide large capacity with less performance 
 
Large capacity, 50-100 TB 
Modest BW, 10-100 MB/s per client 
Support for network file protocols: NFS and CIFS 
High reliability with no single point of failure 
 
3. The lowest tier provides the off-site disaster recovery and is usually 
accommodated through a tape backup system.  Small tape backup systems with 
modest throughput can cost $10-$25k, while large near-line tape archival 
systems with 100+ TB of capacity cost $200k and up. 
 
Any multi-tiered storage system approach requires a means to move data sets 
between the various storage tiers through a set of policies that establish where a 
specific file should be located and when it should be moved from one tier to 
another.  These can range from simple user scripts that are run manually to a 
fully automated Hierarchical Storage Management systems 
 
Some vendors provide solutions that may contain elements of one or more tiers 
in an integrated system.  This is desirable if there is limited administrative staff to 
manually manage the system.  Usually these systems are available from the larger 
computer vendors: IBM, SUN, SGI and HP or dedicated storage vendors: 
BlueArc, NetApp, Hitachii Data Systems. 
 
6.4 Workstations in labs and offices: 
 
To process the large data sets routinely acquired in imaging, large memory based 
computers are needed which require a 64b operating system (OS).  A typical 
workstation would include: 
 
1-2  dual-core 64b processors 
8-16 GB of memory 
single system drive with one or more local data drives 
fast graphics card with at least 256 MB of memory and DVI output 
high resolution, 24in, wide screen monitor 
dual Gigabit Ethernet ports 
additional PCI-E bus slots 



specific OS (Linux, Windows or Mac OSX ) depending on the application 
 
6.5 Network cabling 
 
 Cabling for network connectivity between the labs where the data 
collection instruments reside, the offices where people work and the computer 
server room must be installed as the building is built.  The most cost effective 
choice for cabling is category 5e or 6  twisted pair copper, but this has a distance 
limitation of 100m for 1000BASE-T (1 Gigabit Ethernet - GigE).  To support 
longer distances (500m), standard 50µm multi-mode fiber (MMF) cable 
(1000BASE-SX) can be used with optical transceivers. For 10 Gigabit Ethernet 
(10 GigE), OM3 50µm MMF which has no center defect can be used for distances 
up to 300m using low cost 10GBASE-SR optics.  Two circuits are recommended 
to each remote network drop, one for the general purpose network (GigE) and 
one for a dedicated storage network (GigE or 10GigE).  The general purpose 
network circuits from the labs and offices can terminate in a centralized wiring 
closet on each floor to a concentrator switch with only a few trunk lines to the 
computer room.  For network switch trunk lines we recommend installing either 
OM3 50µm MMF or single-mode fiber (SMF) cable that will support both 1 and 
10 GigE.  We don’t recommend using this network for high performance storage 
access as a single large data transfer can saturate a single Gigabit Ethernet circuit 
during the data transfer.  In the computer room, we recommend having one or 
two dedicated network racks centrally located in the room.  The faster 10+ 
Gigabit network protocols have distance limitations if using copper cables 
necessitating short runs to central switches.   Inside the computer room, 
overhead cable trays should be used for the network cabling. 
 
6.6 Computer Server Space 
 
 A full rack of computing equipment needs ~15 sq ft of floor space, draws 
~10KW of power over multiple (4-6) 220V/30A circuits, generates 35000 BTU of 
heat and is extremely noisy making placement in a lab or office impractical.  The 
computational infrastructure listed above requires many computer racks 
necessitating a dedicated computer room with environmental controls, UPS 
battery backup and emergency generator connections to provide continuous 
uptime.  General specifications for the current CSBi/BioImaging server room are 
listed in Appendix B. 
 The power and AC requirements listed above are valid for the traditional 
individual server systems commonly used today.  Many vendors offer higher 
density blade servers with twice the processors and memory per rack thus 
doubling the power and heat load.  This severely taxes the traditional air cooed 
AC units ability to provide enough cold air for these units so blade servers are 
now being offered with chilled water cooling built into the rack.  This requires a 
dedicated chilled water cooling unit for the server room and chilled water piping 
to be installed.  Even if not using chilled water under a raised floor, we 
recommend putting both the network cabling and the power cabling 
in overhead cable trays instead of under the raised floor. 



 
6.7 Computing Ramp-up Plan 
 
Year 1: Establishing initial compute capability 
 
Linux compute server with 4 dual-core processors*, 32 GB of memory, SAS 
system disk and 2 SAS scratch disks with SAS Raid controller, dual GigE NICs 
and additional PCI-E bus slots 
NAS storage server with initial capacity of 10 TB – expandable to 20+ TB, two 
types of system choices 
- Linux NAS storage server with dual-core processor*, 8GB of memory, SAS 
system disk, SATA data disks and SATA Raid controller. 
- Standalone NAS appliance (eg Sun Fire X4500). 
Either system must initially have a minimum of four gigabit Ethernet ports and 
be upgradeable to 10 GigE. 
Two Windows workstations with dual-core processors*, 8GB of memory, nVidia 
high-end graphics card, SAS system disk, SATA local data disk, PCI-E bus slots 
and Windows XP Pro 64b OS 
Cellomics Application and Oracle DB server: 2 dual-core processors*, 4GB of 
memory, SAS system disk, 4TB of SAS data disk (minimum 8 disks) with SAS 
Raid controller, PCI-E Gen2 bus slots, Windows 2003 server OS and Oracle 10G 
server software 
48 port managed Gigabit Ethernet switch with 10 Gb/s capability 
 

 * While Intel 5100/5200 series dual-core processors offer the best application 
performance based on benchmark results from current BioImaging applications, 
these systems have limited memory capacity.  Thus we’ve chosen AMD Opteron 
based compute servers which support up to 128 GB of memory for the servers.  
While quad-core processors offer better price/performance, their memory BW is 
limited negating their theoretical performance benefit for our image processing 
applications. 



 
Year 2: expanding capacity 
Additional Linux compute server with 32 GB of memory 
Linux NAS storage server: add 10 TB of storage capacity 
Two additional Windows 64b workstations 
 
Year 3: increasing compute bandwidth 
Add 32 GB of memory to each of the compute servers 
Add 10 TB of storage capacity to the NAS server 
Additional Windows 64b workstations as needed 
Add 10 Gb/s Ethernet capability to compute servers, NAS storage servers and 
Ethernet switch 
 
Year 4-5: cryoEM imaging compute cluster 
8 (or 16) node compute cluster - 8P, 16GB memory, 73 GB system disk, dual GigE 
ports, Linux 
head node for compute cluster - 4P, 8GB memory, 73 GB system disk, dual GigE 
ports, Linux 
add 10 GigE to NAS storage and GigE switch 
This would require a whole compute rack to hold, would need the equivalent US 
power: 4 x 220V @ 30A circuits and would generate 30-40K BTU/hr of heat.  
Final compute configuration at year 5. 

 
 
 
 
6.8 Computation Personnel 
 
The computational infrastructure should be managed by an experienced 
professional team of IT and IS personnel. 
 



Table 8. Core Computing Expertise 
IT Manager  Oversees the design, installation, and support of 

hardware, software, and networking 
Database support Expertise in database structures, implementation, 

maintenance 
Software Engineer/Programmer  
(2 persons) 

Development and support of software and databases for 
image processing, analysis, and visualization  

IT/network support (2 persons) Desktop and software support, network and switches 

 
 
6.9 Computation Software 
 
The technological roadblock in imaging is to extract information from images and 
then create knowledge from image-derived information. In Quantitative Biology 
applications, image processing and analysis software must seamlessly and 
automatically reduce image data to its most essential parameters. The Center has 
a long collaboration with industry to guide the development and test commercial 
image analysis and processing software. The win-win is the release of Center 
personnel to focus on the science. 
 
Table 9. Biological Imaging Software Years 1-2 
Software Function Acquisition Cost (US$) Support per Year (US$) 
Cellomics HCS 65 000 5 680 
Huygens Deconvolution 75 000 10 000 
Definiens Image Analysis 102 000 16 500 
ImarisXT Image Visualization 60 000 8 400 
MatLab Data Analysis 0 10 000 
StarP Parallelization 5 000 2 000 
 TOTAL 307 000 52 580 

     
1) Cellomics Store, Application Server and Toolboxes with BioApplication 
Licenses – provides the ability to manage and analyze images and data acquired 
on MIT or A-Star Cellomics instruments, without needing an ArrayScan 
instrument. 
 
Store Database* and Application Server    
(*may require acquisition of an Oracle license)   
HCS Gateway (for database sync’ing between MIT & SMART) 
Toolbox clients (2) 
 
Support per year 
 
2) Huygens Deconvolution Software – provides scalable image restoration 
capability for high resolution imaging and low-light imaging, spinning-disk and 
multi-photon compatible. 
 
8P server license 
 



3) Definiens Image Analysis Software – provides scalable image segmentation 
capability for high resolution image analysis and visualization, supports HCS 
images, 3D and time-resolved confocal images. 
 
8P Server  
Workstation clients (3) 
 
4) ImarisXT Image Visualization and Analysis – provides high-end image 
visualization for 2D, 3D and 4D images, batch processing and image analysis via 
XT connection to MatLab. 
 
Workstations (2) 
 
5) MatLab data analysis and modeling – provides general compute environment 
and extends capability of ImarisXT, pricing based on annual charge per base 
license (8) and toolboxes (4) including image processing, signal processing, 
statistics, bioinformatics, simbiology, optimization. 
 
Base MatLab and Toolboxes 
 
6) Star-P parallelization environment – provides performance boost to MatLab 
routines. 
 
Star-P licenses per server 
 
Table 10. Biological Imaging Software Years 3-5 
Software Function Cost in Year 

5 (US$) 
Estimated Support per 
Year (US$) 

Cellomics 
(4 more Toolboxes) 

HCS 80 000 10 000* 

Huygens 
(double capacity) 

Deconvolution 25 000 15 000 

Definiens Image Analysis 50 000 20 000 
ImarisXT 
(2 more licenses) 

Image Visualization 60 000 17 000 

MatLab 
(double capacity) 

Data Analysis 0 20 000 

StarP 
(triple capacity**) 

Parallelization 10 000 6 000 

 
*this is an estimate, since we may have our own Arrayscan at this time, and 
maintenance on HCS software will be included with the hardware. Also toolboxes 
will likely be replaced by a web-based client with a floating license model by then. 
 
 



APPENDIX 
 
A. Computational Infrastructure Acquisition Cost Tables (see BioIm Costs 
Worksheet for SGD totals) 
 
Total Compute Infrastructure Summary: US$ Totals per Year 
Hardware Year 1 Year 2 Year 3 Year 4 Year 5 
Compute server 20 000 20 000 20 000 30 000 30 000 
NAS storage 30 000 20 000 20 000 100 000 50 000 
Workstations 10 000 10 000 10 000 20 000 20 000 
Cellomics 
server 20 000 0 0 20 000 0 

Networking 10 000 0 10 000 40 000 20 000 
Compute 
cluster 

0 90 000 0 80 000 160 000 

Tape Archive 0 0 0 60 000 20 000 
Total Cost 90 000 140 000 60 000 350 000 300 000 
Total M&S*   9 000 14 000 6,000 35 000 30 000 
* Total M&S is based initial 3yrs of support during the purchase and not 
continuing the support contracts after they expire. 
 
 
Year 1 Compute Infrastructure Acquisition: US$ Totals 
Hardware Description Year 1 
Compute server1 8P, 32GB Linux Server for Image processing & 

Analysis 20 000 

NAS storage2 NAS storage front-end with 10TB of storage 
capacity 30 000 

Workstations3 2x 2P, 8GB workstations with MS Windows  10 000 
Cellomics server4 Application Server and Oracle DB for Cellomics 20 000 
Networking5 Basic 1Gigabit Ethernet network switch 10 000 
Total Cost  90 000 
Total M&S    9 000 
1 See Sec A - Initial Equipment purchases in 1st year, paragraph 1 for description. 
2 See Sec A - Initial Equipment purchases in 1st year, paragraph 2 for description. 
3 See Sec A - Initial Equipment purchases in 1st year, paragraph 3 for description. 
4 See Sec A - Initial Equipment purchases in 1st year, paragraph 4 for description. 
5 See Sec A - Initial Equipment purchases in 1st year, paragraph 5 for description. 
 
 
Year 2 Compute Infrastructure Acquisition: US$ Totals 
Hardware Description Year 1 
Compute server1 8P, 32GB Linux Server for Image processing & 

Analysis 
20 000 

NAS storage2 Additional 10TB of storage capacity 20 000 
Workstations3 2x 2P, 8GB workstations with MS Windows  10 000 



Compute cluster6 9 nodes: 8P, 16GB Linux Server for CryoEM 
processing 90 000 

Total Cost  140 000 
Total M&S    14 000 
1 See Sec A - Initial Equipment purchases in 2nd year, paragraph 1 for description. 
2 See Sec A - Initial Equipment purchases in 2nd year, paragraph 2 for description. 
3 See Sec A - Initial Equipment purchases in 2nd year, paragraph 3 for description. 
6 See Sec B - General Requirements, Compute Servers, paragraph 2 for 
description. 
 
D) Year 3 Compute Infrastructure Acquisition: US$ Totals 
Hardware Description Year 1 
Compute server1 2x 32GB memory upgrades for Linux Servers 20 000 
NAS storage2 Additional 10TB of storage capacity 20 000 
Workstations3 2x 2P, 8GB workstations with MS Windows  10 000 
Networking5 Upgrade to 10GbE for storage and compute 

servers 
10 000 

Total Cost  60 000 
Total M&S    6 000 
1 See Sec A - Initial Equipment purchases in 3rd year, paragraph 1 for description. 
2 See Sec A - Initial Equipment purchases in 3rd year, paragraph 2 for description. 
3 See Sec A - Initial Equipment purchases in 3rd year, paragraph 3 for description. 
5 See Sec A - Initial Equipment purchases in 3rd year, paragraph 5 for description. 
 
 
E) Year 4 Compute Infrastructure Acquisition: US$ Totals 
Hardware Description Year 1 
Compute server1 8P, 64GB Linux Server for Image processing & 

Analysis 30 000 

Data storage2 Primary Tier, high performance storage, 20 TB 100 000 
Workstations3 4x 2P, 8GB workstations with MS Windows  20 000 
Cellomics server4 Upgrade to Cellomics Application and DB 

Server 20 000 

Networking5 Additional 1/10GbE for storage and compute 
network upgrades 40 000 

Compute cluster6 8 nodes: 8P, 16GB Linux server for CryoEM 
processing 

80 000 

Data Archive7 Data Archival System for Image storage 60 000 
Total Cost  350 000 
Total M&S    35 000 
1 See Sec A - General Requirements, Compute Servers, paragraph 1 for 
description. 
2 See Sec A - General Requirements, Storage and Archival, paragraph 1 for 
description. 
3 See Sec A - Initial Equipment purchases in 1st year, paragraph 3 for description. 
4 See Sec A - Initial Equipment purchases in 1st year, paragraph 4 for description. 



5 See Appendix A - CSBi network for description. 
6 See Sec B - General Requirements, Compute Servers, paragraph 2 for 
description. 
7 See Sec B - General Requirements, Storage and Archival, paragraph 3 for 
description. 
 
Year 5 Compute Infrastructure Acquisition: US$ Totals 
Hardware Description Year 1 
Compute server1 3x 64GB memory upgrades for Linux Servers 30 000 
NAS storage2 Additional 50TB of NAS storage capacity 50 000 
Workstations3 2x 2P, 8GB workstations with MS Windows  20 000 
Networking5 Additional 1/10GbE for storage and compute 

servers 20 000 

Compute cluster6 16 nodes: 8P, 16GB Linux server for CryoEM 
processing 

160 000 

Data Archive7 Data archive storage upgrades 20 000 
Total Cost  300 000 
Total M&S    30 000 
1 See Sec A - General Requirements, Compute Servers, paragraph 1 for 
description. 
2 See Sec A - General Requirements, Storage and Archival, paragraph 2 for 
description. 
3 See Sec A - Initial Equipment purchases in 1st year, paragraph 3 for description. 
5 See Appendix A - CSBi network for description. 
6 See Sec B - General Requirements, Compute Servers, paragraph 2 for 
description. 
7 See Sec B - General Requirements, Storage and Archival, paragraph 3 for 
description. 
 
 
 
 


