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A method of providing remote navigation of a specimen 
(21) Appl' N05 12/118’356 includes receiving a command to remotely control a micro 

_ _ scope and a camera coupled With the microscope to vieW a 
(22) Flled' May 9’ 2008 portion of a specimen disposed on the microscope, capturing 

. . a digital image of the portion With the camera in response to 
Related U's' Apphcatlon Data the command, representing the digital image as a plurality of 

(60) Continuation of application No. 11/485,478, ?led on digital image Components, each Ofthe digital image COmpO 
Jul. 12, 2006, noW Pat. No. 7,391,894, Which is a 
division of application No. 10/448,913, ?led on May 
30, 2003, noW Pat. No. 7,224,839, Which is a continu 

nents providing a different level of detail of the image, and 
transmitting the components in sequential order of increasing 
level of detail from least detailed to most detailed. 
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SYSTEM AND METHOD FOR REMOTE 
NAVIGATION OF A SPECIMEN 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 11/485,478, ?led Jul. 12, 2006, Which is 
a divisional of US. patent application Ser. No. 10/448,913, 
?led May 30, 2003, now US. Pat. No. 7,224,839, Which is a 
continuation of US. patent application Ser. No. 09/323,371, 
?led Jun. 1, 1999, now US. Pat. No. 6,606,413, Which claims 
bene?t of US. Provisional Application No. 60,087,523, ?led 
Jun. 1, 1998, each of Which are hereby fully incorporated 
herein by reference. 

FIELD 

[0002] The present invention relates generally to the ?eld of 
remote operation and viewing of a videographic imaging 
system and, more particularly, to the acquisition and trans 
mission of images useful in the ?eld of telemedicine to effect 
remote site diagnostic and consultation procedures. 

BACKGROUND 

[0003] The digital revolution has intruded in almost every 
sphere of modern electronic communications and has given 
rise to applications and abilities that Were not even considered 
prior to the introduction of the small platform computer sys 
tem in the late 1960’s and its subsequent development 
through the 70’s, 80’s and 90’s. Although totally pervasive in 
every aspect of society and sector of the economy, the digital 
revolution has had a signi?cant impact in the ?eld of elec 
tronic communication and, most particularly, to that area 
relating to the capture, transmission and faithful reproduction 
of audiographic and videographic data. No one ?eld has 
bene?ted more from the capabilities generated by the digital 
revolution than that of telemedicine. 
[0004] Functionally, telemedicine alloWs a physician to 
have a remote site capability by means of Which they are able 
to direct procedures, make diagnosis, and generally engage in 
the practice of certain forms of medicine Without the need to 
be physically present in the operating theater or the examina 
tion room in order to effect a practically real-time interaction. 
In the ?eld of pathology, speci?cally, telemedicine (telepa 
thology to be more precise) alloWs the investigating patholo 
gist to be separated from the local origin of tissue to be 
investigated and, ideally, still be able to make an effective 
investigation of a tissue sample in order to render a diagnostic 
opinion. 
[0005] The current trend in telemedicine in general, and 
telepathology in particular, gives rise to some very interesting 
implications for the quality of healthcare services available to 
the public at large. Telepathology particularly alloWs a sur 
geon about to perform an invasive surgical procedure, to 
select a particular specialist Without regard to that specialist’s 
location. Selection of pathology services need only be made, 
therefore, by determining those most suited, or experienced, 
in dealing With the particular organ system under consider 
ation. In the daily routine of a large hospital, such service 
?exibility becomes highly relevant When the diverse charac 
ter of the procedures carried out as such hospitals is consid 
ered. LikeWise, small to medium siZed hospitals, Which may 
not be able to support a large pathology staff incorporating the 
many subspecialties required for full coverage, are able to 
avail themselves of the same quality of pathology services 
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that one might ?nd in a major urban hospital. Clearly, the 
bene?ts of telemedicine, particularly telepathology, Would be 
most greatly felt by small to medium siZed hospitals in remote 
areas of the country Where the siZe and quality of specialty 
medical staff is necessarily limited to due to geographical 
isolation. 

[0006] The enabling tool for providing telepathology ser 
vices is a telemicroscopy system connected to a bidirectional 
telecommunications netWork Which is pervasive enough to 
alloW the necessary equipment to be set up and operated 
virtually anyWhere. Conventional forms of telemicroscopy 
equipment are generally Well knoWn in the art and suitably 
comprise a remote controlled microscope system Where 
microscope images are acquired With a conventional video 
camera and transmitted, for display, to a control system. 
Remote operation of the microscope system and remote dis 
play of transmitted images can be realistically performed 
using a variety of communications technologies. HoWever, in 
order to ensure a general availability of a developing telepa 
thology netWork, interconnectivity is most realistic in the 
context of narroW band or broadband landline connections. 

NarroW band systems (like PSTN and ISDN) generally guar 
antee WorldWide availability for very loW costs, but at the 
price of bandWidth and/ or channel capacity. Broadband sys 
tems (like ATM) alloW enhanced channel capacity but still 
suffer from a lack of suf?cient bandWidth to alloW video 
transmissions at anything approximating real-time. Because 
of these limitations, conventional telemicroscopy systems 
have had to make certain compromises betWeen channel 
capacity and image quality. The higher the quality of the 
transmitted image, the longer the time it takes to complete a 
transmission. Conversely, When transmission speed is an 
overriding concern, image quality necessarily suffers. 
[0007] With a limited bandWidth available on PSTN (Pub 
lic SWitched Telephone NetWork) and ISDN (Integrated Ser 
vices Digital Network), the only means available to increase 
transmission speed is to reduce the average number of trans 
mitted bits per image, i.e., compress the digital image data 
developed by video camera. Before telepathology services 
become truly viable, image transmission must operate at bit 
rates of only a feW hundred kilobits or a feW megabits per 
second, Which can only be achieved through rather large 
compression of the data. 
[0008] Most sensory signals contain a substantial amount 
of redundant or super?uous information. For example, a con 
ventional video camera, that captures approximately 30 
frames per second from a stationary image, produces very 
similar frames, one after the other. Compression techniques 
attempt to remove the super?uous information from repeti 
tive frames, such that a single frame can be represented by a 
reduced amount of ?nite data, or in the case of time varying 
images, by a loWer data rate. It is Well knoWn in the art that 
digitiZed video signals comprise a signi?cant amount of sta 
tistical redundancy, i.e., samples are similar to each other 
such that one sample can be predicted fairly accurately from 
another. By removing the predictable or similarity component 
from a stream of samples, the video data rate can be reduced. 
Such statistical redundancy is able to be removed Without 
perturbing the remaining information. That is, the original 
uncompressed data is able to be recovered almost exactly by 
various inverse operations. The algorithms used in a compres 
sion system depend on the available bandWidth, the features 
required by the application, and the affordability of the hard 
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Ware required for implementation of the compression algo 
rithm on both the encoding and decoding side. 

BRIEF SUMMARY 

[0009] In an aspect, a method of providing remote naviga 
tion of a specimen includes receiving a command to remotely 
control a microscope and a camera coupled With the micro 
scope to vieW a portion of a specimen disposed on the micro 
scope, capturing a digital image of the portion With the cam 
era in response to the command, representing the digital 
image as a plurality of digital image components, each of the 
digital image components providing a different level of detail 
of the image, and transmitting the components in sequential 
order of increasing level of detail from least detailed to most 
detailed. 

[0010] In another aspect, a system providing remote navi 
gation of a specimen includes a processor that executes 
instructions and thereby causes the processor to: receive a 
command to remotely control a microscope and a camera 
coupled With the microscope to vieW a portion of a specimen 
disposed on the microscope, capture a digital image of the 
portion With the camera in response to the command, repre 
sent the image as a plurality of digital image components, 
each of the digital image components providing a different 
level of detail of the image, and transmit the components in 
sequential order of increasing level of detail from least 
detailed to most detailed. 

[0011] In a further aspect, a method of navigating a slide 
includes transmitting at least one command to remotely vieW 
a portion of a specimen, and receiving an increasingly more 
detailed image of the portion. 
[0012] In yet another aspect a system for navigating a slide 
includes a processor that executes instructions and thereby 
causes the processor to transmit at least one command to 
remotely vieW a portion of a specimen, and receive an 
increasingly more detailed image of the portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The particular features, aspects and advantages of 
the present invention Will be more fully understood When 
considered With respect to the folloWing detailed description 
and accompanying draWings Wherein: 
[0014] FIG. 1 is a semi-schematic black level diagram of a 
host netWork server platform, including a telemicroscopy 
system in accordance With practice of principles of the 
present invention; 
[0015] FIG. 2 is a semi-schematic block level diagram of a 
netWork client system useful for hosting a remote site telepa 
thology application in accordance With practice of principles 
of the present invention; 
[0016] FIG. 3 is an exemplary illustration of microscope 
sample stage translational motion de?ning previously trans 
mitted and neW portions of a telemicroscope ?eld of vieW; 
[0017] FIG. 4 is a semi-schematic simpli?edblock diagram 
of one embodiment of a video image transmission system 
including multi-tiered compression according to the present 
invention; 
[0018] FIG. 5 is a semi-schematic simpli?edblock diagram 
of a decompression system adapted to receive compression 
packaged video image transmissions in accordance With the 
invention; 
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[0019] FIG. 6 is a semi-schematic simpli?ed block diagram 
of an additional embodiment of a layered decompression 
system in accordance With the invention; and 
[0020] FIG. 7 is a semi-schematic simpli?ed time verses 
image quality graph depicting the relationship of image detail 
With vieWer perception in accordance With the invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0021] In order to gain a complete understanding of the 
compression packaged image transmission system and 
method of the present invention, it Will be useful to examine 
hoW the system might function in the context of a typical 
telepathology procedure. During the course of a surgical 
intervention, as a surgeon is preparing to perform an invasive 
procedure, the surgeon Will typically remove a sample of 
tissue from a patient and forWard the tissue sample to the 
hospital’s diagnostic laboratory for immediate evaluation. 
The tissue sample is prepared in conventional fashion and 
loaded onto the sample stage of an examining microscope, 
comprising the laboratory’s telemicroscopy system, Where an 
image of the tissue sample is captured by a video camera and 
electronically communicated to a pathologist at a remote site 
for evaluation. During the initial, or preliminary, evaluation, a 
pathologist is able to vieW the tissue sample in macro and is 
further able to give directions to laboratory personnel as to 
location and direction of sectioning to be performed in order 
to further any subsequent diagnosis. Frozen sections are pre 
pared according to the guidelines of the pathologist, the sec 
tions are mounted on glass slides, appropriately stained, and 
subsequently loaded onto a robotically controlled micro 
scope stage of the telemicroscopy system. Control of the 
telemicroscopy system is then given to the remote-site 
pathologist. 
[0022] The remote site pathologist is able to manipulate all 
of the microscope’s features and vieW images appearing 
under the microscope objective as though the pathologist 
Were present at the laboratory site and directly manipulating 
the microscope. Motion control of the microscope stage in 
X-Y directions, as Well as focus control of the stage in the Z 
direction, is performed by issuing the appropriate control 
commands to a remote site small platform computer system 
Which, in turn, transmits motion control commands to the 
telemicroscopy system in the hospital laboratory. FolloWing 
each X and/orY translational movement of the microscope 
stage, the resulting tissue sample image is transmitted to the 
pathologist s remote site, Where it is displayed on a high 
resolution monitor. The pathologist is, thus, able to manipu 
late and vieW a tissue sample as if the microscope containing 
the specimen Were directly in front of him. 
[0023] FolloWing the pathologists investigation, the 
pathologist can prepare a report Which provides the surgeon 
With his diagnostic opinion in the case, either over the same 
bi-directional communication medium used to examine the 
specimen, or by any one of a number of various other elec 
tronic communication forms available to the pathologist. In 
particular, the pathologist may transmit a Written protocol to 
the surgeon by facsimile, e-mail, and the like, or make a direct 
oral report to the surgeon and folloW-up With Written docu 
mentation communicated electronically. After making a diag 
nosis, the pathologist releases the telemicroscopy connection 
and is then available for a next consultation With some other 
surgery team Which might be preparing to perform a different 
surgical procedure in a totally different location. In the mean 
time, the original consulting surgeon is able to continue the 
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intervention procedure according to the outcome of the diag 
nosis made by the pathologist. As a check, the original con 
sulting surgeon may decide to forWard the original tissue 
specimen to a local pathology laboratory for a ?nal diagnosis, 
in accordance With conventional accepted procedure. This 
manner of “Gold Standard” cross-checking, is particularly 
useful as a means of acquiring data on the accuracy of results 
obtained by formulating diagnostic opinions on the basis of 
televised images Which have been compressed, transmitted 
over long distances over relatively “noisy” communication 
connections, decompressed and vieWed on a high resolution 
video monitor screen. 

[0024] In this regard, it bears mentioning that if visual 
image data can be transmitted to a remote site pathologist for 
the purpose of obtaining a diagnostic opinion, the same visual 
image data can be transmitted to a consulting pathologist, by 
either the primary diagnostician, or the hospital. A primary 
and a consulting pathologist, or more than one consulting 
pathologist, are able to confer With respect to the same visual 
image data representing the tissue sample. The ability to 
obtain on-line consultations is extremely advantageous, par 
ticularly Where the proposed intervention implies a tissue 
morphology requiring the services of a pathologist or 
pathologists having a highly developed and correspondingly 
rare sub-specialty. 
[0025] Turning noW to FIG. 1, there is depicted a simpli?ed 
semi-schematic block diagram of an exemplary host or server 
telemicroscopy system useful in the practice of the present 
invention. FIG. 1 illustrates the primary components of a 
remote, or robotically, controllable telemicroscope, operable 
under softWare program control Which Would be hosted on a 
control processor such a small platform personal computer 
system. In accordance With the invention, telemicroscopy 
equipment connected to a telecommunication net in accord 
With a bi-directional communication protocol, forms a key 
enabling tool for establishing effective telemedicine services. 
This alloWs the system to combine the high-resolution and 
color saturation integrity of digital, still video images With the 
ability to establish bidirectional communication betWeen the 
“server” and a “client” system to enable remote, client control 
of the microscope in real time. Acquisition and transmission 
of high-resolution video images of desired portions of a 
specimen can be performed in a time period consistent With 
hands-on, real-time optical practice. 
[0026] The telemicroscope portion, indicated generally at 
10 suitably comprises a remotely controllable microscope 12 
con?gured With an illuminated, robotically controllable 
microscope stage 14. The microscope stage is movable in X 
andY directions and is controllable from a remote source by 
mechanically coupling X and Y translation motors to the 
stage platform through control circuitry 16. A suitable illu 
mination source is disposed beneath the stage and is also 
translationally movable beneath the stage in order to shift the 
apparent illumination source With respect to a specimen on 
the microscope stage. Both the translational motion and 
intensity of the illumination source are remotely controllable 
under softWare program control operating as an application 
on the control processor. 

[0027] A plurality of obj ective lenses 18 are connected to a 
rotatable objective frame such that a specimen may be vieWed 
at various magni?cations. The rotatable frame may also be 
robotically controlled such that the various objective lenses 
can be moved into the microscope optical path and a speci 
men be vieWed under any one of a number of magni?cations 
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at the desire of the operator. Examples of robotically con 
trolled microscopy systems suitable for use in connection 
With the present invention include the Olympus Vanox micro 
scope system equipped With a Prior H100 remotely control 
lable stage, or other similar computeriZed stages such as those 
manufactured and sold by Opelco. 
[0028] A control processor, indicated at 20, implemented as 
a small platform computer system such as an IBM-type x86 
personal computer system, provides the data processing and 
platform capabilities for hosting an application softWare pro 
gram suitable for developing the necessary command and 
control signals for operating the microscope system. The 
control processor 20 is able to receive and interpret com 
mands issued by a system user on a conventional input device, 
such as a mouse or a keyboard, and convert user de?ned 

commands into signals appropriate for manipulating the vari 
ous components of the microscope system. The control pro 
cessor 20 is typically coupled to the microscope system 
through an interface, such as an SCSI interface, a proprietary 
interface or any one of a number of alternative coupling 

interfaces, Which, in turn, de?nes a system bus to Which the 
various control electronics operating the microscope system 
are connected. 

[0029] A magni?cation control system suitably comprises 
a robotically controllable motor and motor driver combina 
tion Which is coupled to the objective frame and is con?gured 
to rotate the frame to bring various desired objective lenses 
into the optical path. Upon receipt of an appropriate move 
ment command signal, the magni?cation control system 
directs the motor to rotate the rotatable frame, thus moving a 
different objective lens into the optical path of the microscope 
system. Stage movement is likeWise robotically controlled by 
a stage movement control system 16 Which also comprises 
motors for moving the sample stage 14 in the X, Y (16) and Z 
(17) directions along With appropriate motor driver circuitry 
for actuating the motors. The mechanical apparatus and elec 
tronic control circuitry for effecting stage movement is pref 
erably implemented to include some form of open or closed 
loop motor positioning serving such that the sample stage can 
be either positioned With great precision, or its translational 
movement can be determined very accurately in the X, Y and 
Z directions. For reasons that Will be described further beloW, 
it is important that the microscope stage respond precisely to 
movement commands and that stage movement can be very 
precisely determined and carefully controlled. 
[0030] When the stage control system is con?gured to oper 
ate closed-loop, position feedback information can be recov 
ered from the motor itself or from optical position encoders or 
laser interferometer position encoders, if enhanced precision 
is desired. Closed-loop servo control of stage motion alloWs 
the stage position to be determined With great accuracy and 
insures that translation commands are responded to With great 
precision. Thus, a command to translate the stage 50 microns 
in the positive X direction Will result in the stage moving 
precisely 50 microns in +X, at least to the mechanical reso 
lution limits of the motor system. 

[0031] If the system is con?gured to operate semi-closed 
loop, or open-loop, stage control is not dependent on feed 
back per se, but it is at least necessary to precisely de?ne 
Where the motors controlling the stage Were told to go. For 
reasons detailed further beloW, the transmitted video image is 
compression packaged in a manner that takes stage motion 
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(both relative degree and absolute magnitude) into account 
When de?ning the compression packaging technique used 
under various circumstances. 
[0032] Focusing is performed by causing small excursions 
of the stage in the Z direction under control of corresponding 
focus control circuitry 17. Because the amount of relative 
motion during focusing is signi?cantly smaller than the 
amount of relative motion during gross Z translational move 
ments, the focus circuitry may Well comprise a micro stepping 
motor controlled by appropriate motor driver circuitry and 
operating in parallel With the Z axis stage translation motor. 
The Z axis translation motor could, thus, be provided With a 
more gross response characteristic so that it Would be able to 
accommodate vertical optical sectioning of a specimen, i.e., 
vieWing a specimen on various horiZontal planes vertically 
disposed therethrough, While the focusing motor Would 
accommodate the micromotions required to adequately focus 
each image plane. Illumination circuitry controls the intensity 
of the illumination light source in conventional fashion. 
[0033] A video camera 22 is optically coupled to the micro 
scope to capture diagnostic-quality images of microscopic 
tissue samples disposed on the sample stage. The video cam 
era 22 is preferably a high resolution, color, digital video 
camera operating at an image resolution in accordance With, 
at least, the NTSE standardized composite color video image 
speci?cation. Examples of video cameras suitable for use in 
connection With the present invention include the Sony DKC 
5000 series of video cameras, the Ikegami 370-M video cam 
era, and other makes and models of composite, color video 
cameras of comparable quality and resolution. Images cap 
tured by the video camera 22 are directed through video 
image processors 24 Whereby they are able to be displayed on 
a high resolution digital display screen coupled to the telemi 
croscope control processor 20. 
[0034] In addition, and in accordance With the present 
invention, high-resolution video images captured by the cam 
era are compression packaged by the control processor 20 for 
transmission over a telecommunications interface 26, 
coupled, in turn, to a Wide-area-netWork 28 such as the Inter 
net. 

[0035] The images developed by the video camera should 
have at least the resolution available under the NTSC stan 
dard. In North America and Japan, the NTSC color video 
image comprises approximately 480 pels per image scan line 
in the red, green and blue (RGB) color components. Approxi 
mately 480 scan lines comprise an image frame, and image 
frames are generated at a rate of approximately 30 frames per 
second. If each color component is coded as an 8-bit value (24 
bits/pelt, i.e., “true color”) representing some form of lumi 
nance plus color difference encoding, for example, the rep 
resenting continuous composite video is produced at a bit rate 
of about 168 Megabits per second (Mbps). For truly high 
resolution image production suitable for telepathology appli 
cations, the video camera should be able to generate still 
images With resolutions preferably in the range of from 800x 
600 (pels><lines) to about 1024x1024 (pels><lines). These 
images are transmitted at frame rates of 30 fps and, at 24 bits 
per pel, this results in an image bit rate in excess 750 Mbps. 
[0036] Clearly, the effective bandWidth of the electronic 
telecommunications netWork connection Which intercon 
nects the host server system With a pathologist’s remote vieW 
ing and diagnostic facility (termed herein a client system), 
determines the amount of time, or intrinsic delay, required to 
remotely display transmitted high resolution images on a high 
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resolution monitor in a form and of a quality suitable for 
telepathology applications. Ideally, the system and method of 
the present invention are implemented as an application soft 
Ware program, hosted on both a hospital’s host server and a 
pathologist’s client system. The application program should 
be independent of the communication links interconnecting 
various sites, and should be capable of operation over a Wide 
variety of conventional local and Wide area netWork (LAN 
and WAN) architectures. Preferably, the system is con?gured 
for optimum performance as a WindoWs-based TCP/IP 
implementation, compliant With the WinSock 1.1 speci?ca 
tion, and is thus compatible With LAN-over-broadband tele 
communications architectures such as an Asynchronous 
Transfer Mode (ATM) based optical ?ber connection. 
[0037] Basic rate ISDN, bundled ISDN, Asymmetric Digi 
tal Subscriber Loop (ADSL) and various Frame Relay tele 
communications links are also contemplated as electronic 
communications interconnections suitable for use in connec 
tion With the system present invention. Although ATM-based 
communication protocols in conjunction With an Internet 
based interconnect architecture is preferred, all that is really 
required is a communication architecture (connect hardWare 
and data transmission methodology) able to bi-directionally 
communicate digital data at bitrate appropriate to the inven 
tion. The actual communication bandWidth required Will, of 
course, depend on the kind and amount of compression 
applied to the raW video data stream. As Will be developed in 
greater detail, beloW, compression packaging the video data 
stream in accordance With the invention results in effective bit 
rates suf?ciently loW enough to make effective use of many 
LAN/ WAN architectures. 

[0038] FIG. 2 depicts, in semi-schematic block diagram 
form, an exemplary client system Which Would typically be 
employed in the clinical practice facility of a pathologist. The 
client system simply comprises a typical personal computer 
system 30 equipped With a large, preferably 17 inch or larger, 
high-resolution monitor system, 32, operatively controlled by 
a high-resolution, high-quality video graphics display sub 
system hosted by the system’s electronics housing 34. A 
suitable implementation of the client PC system Would 
include a high speed processor, such as the Intel x86 series 
processor, su?icient random access memory to host the nec 
essary application softWare, a mass storage device such as a 
hard disk drive, and communications interface circuitry for 
effecting direct electronic communication With the server 
application of FIG. 1. Optionally, the client system might be 
provided With a video conferencing suite including a video 
conferencing camera, a microphone, speakers and electronic 
interface circuitry, such that the client user is able to effect 
bi-directional audio/visual communication With the server 
site in parallel With the sample video transmission. 
[0039] Ideally, the pathologist’s client system Would oper 
ate Within a Windows@ or WindoWs-like graphical user inter 
face (GUI) based environment in order to best take advantage 
of the preferred Intemet-based bi-directional communication 
system in accordance With the invention. Operating Within the 
familiar graphical WindoWs-based environment, the patholo 
gist is able to control the remote telemicroscopy system by 
merely “clicking” on various commands available through 
menus, or submenus, presented by the application softWare in 
a manner Which mimics conventional WebbroWser applica 
tion softWare. Alternatively, the GUI environment Would 
alloW image tracking and movement commands to be gener 
ated by “clicking” directly on the screen image. All of the 
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telemicroscope controls are available to the pathologist by 
using simple mouse commands, or alternatively, by issuing 
simple step commands over a keyboard. Multimedia func 
tionality alloWs for bidirectional audio communication 
betWeen the pathologist at the remote site and clinical per 
sonnel at the telemicroscopy server, so that the pathologist is 
able to converse With laboratory technicians, issue directions, 
make suggestions and the like, all in parallel With the video 
feed. The Windows@ or WindoWs-like interface for micro 
scope control and image display remains active throughout 
the entire session, for continuous ease of use. 

[0040] The methodology of the present invention is prefer 
ably implemented as an application software program run 
ning on both the telepathology netWork server and a patholo 
gists client system and is adapted to both control a 
telemicroscopy system and receive information from a video 
camera connected thereto. A microscope slide containing an 
investigation section is placed on the robotically controlled 
sample stage of the server system’s telemicroscope. In one 
particular embodiment of the invention, the server system 
might initially create a “mosaic” of smaller images Which are 
arranged in a grid, or tiled, to de?ne a complete loW poWer 
image of the entire tissue specimen to be examined. As a 
pathologist initiates an electronic communication With the 
server system, the mosaic image of the sample becomes avail 
able and is stored on a mass storage media device such as a 
hard disk drive on both systems for future reference. The 
pathologist may use the mosaic image as a reference image or 
“roadmap” for further evaluation of the sample and is able to 
select any area of the mosaic for vieWing at higher optical 
magni?cation. As Will be described in greater detail beloW, 
the mosaic is initially transmitted With a particular level of 
detail, i.e., magni?cation resolutions of from 1x to about l0>< 
are immediately available for vieWing. As additional resolu 
tion is desired, resolutions greater than l0><, for example, only 
the additional resolution detail required for examination of 
that particular mosaic “tile” is transmitted, representing a 
signi?cant bandWidth savings. 
[0041] As the pathologist determines Which portion of the 
mosaic to investigate, higher optical magni?cation is 
obtained by issuing the appropriate commands over the client 
system, Which are transmitted to the server system through 
the netWork’s communication connection. Additional por 
tions of the mosaic are captured for vieWing by issuing the 
appropriate commands to move the remote sample stage of 
the telemicroscope to appropriate X-Y positions Which cor 
respond to a selected location on the loW poWer mosaic 
image. Selection of particular locations for further vieWing 
might be accommodated by “clicking” on the selected loca 
tion using a mouse and further “clicking” on a desired mag 
ni?cation factor provided on a menu. All images transferred 
to the client system remain on the display until no longer 
required. All images may further be archived in a database 
along With their X-Y coordinates With respect to the mosaic 
image, a time stamp, illumination data, and any such other 
information required to reconstruct the pathologist’s diagnos 
tic “trajectory” through the specimen. These archived images 
are particular useful in developing a database for clinical 
education purposes. 

[0042] Once the pathologist has determined Where to begin 
examination of the specimen, sample magni?cation is 
increased to an amount appropriate for examination of detail 
and transmission of detailed video data is initiated in accord 
With the invention. Video data is transmitted to the client 
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system according to an adaptive, multi-tiered compression 
methodology Which dynamically adapts the form, content 
and detail of transmitted images to the visual perception 
abilities of a typical system user. To summarize, if a user is 
unable to perceive image detail because, for example, the 
image is moving due to sample stage translation, the image is 
adaptively transmitted at a signi?cantly loWer resolution, i.e., 
using signi?cantly loWer bandWidth. As the image stabiliZes, 
and higher resolution is perceptible, the system adaptively 
increases transmitted detail. Thus, the system inherently 
delivers detail proportional to a user’s ability to perceive that 
level of detail. 

[0043] The system is termed multi-tiered, in that various 
forms of compression, both cognitive and operative, are used 
to de?ne the transmitted image data. For purposes of illustra 
tion only, an exemplary embodiment of the invention Will be 
described in terms of a three-tiered compression system in 
Which the tiers comprise; ?rst, necessary image transmission; 
second, progressive image encoding, and; third, bitWise 
image compression, exempli?ed by the J PEG still image 
compression standard. 
[0044] In operation, When a pathologist selects a particular 
sample portion for detailed vieWing and requests the sample 
stage to move in the X or Y direction, the server system 
controls stage movement according to appropriate commands 
received from the client via a special-purpose TCP/IP net 
Work protocol. It should be noted, here, that this netWork 
protocol is merely an extension of HTTP and is con?gured to 
support application-speci?c protocols relating to session 
management, hierarchical image decomposition, image com 
pression, data transmission and telemicroscopy control com 
mands. These commands include translating the sample stage 
in the X or Y direction in order to alter the relative X-Y 
position of the camera With respect to the stage and, thus, the 
specimen or froZen section. When the pathologist requests 
stage movement in the X or Y direction, the client system 
issues this request to the telemicroscope through the server, 
the telemicroscope system moves the stage and a neW portion 
of the section is brought into vieW. It is important to realiZe 
that When the sample stage is moved, the prior image is 
effectively translated in the X and/orY directions by a speci?c 
amount, de?ned by the pathologist Working at the client sys 
tem. 

[0045] As illustrated in FIG. 3, as an image is translated, the 
resulting neW image may be decomposed or de?ned in terms 
of tWo image portions; a ?rst portion 36 comprises those parts 
of the prior image Which remain in the ?eld of vieW but have 
been translated by an amount determined by the X andY stage 
motion commands (termed herein previously transmitted 
portions) and those portions of the image 38 Which have been 
translated into the ?eld of vieW and Which constitute previ 
ously unseen and, thus, untransmitted information (termed 
herein neW portions). In accordance With the present inven 
tion, the client system is able to calculate to What degree the 
previously transmitted image portions must be displaced in 
the X orY direction in order to re?ect the translational move 
ment commands directed to the sample stage. Those previ 
ously transmitted portions are merely displaced in the display 
system With those sections Which presently fall outside the 
?eld of vieW being “dropped-off” the edges in the direction of 
translational movement, as indicated in FIG. 3 at 40. 

[0046] It Will be understood by those having skill in the art 
that those previously transmitted image portions 36 Which 
remain in the present ?eld of vieW need not be retransmitted 
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by the server system, but need only be analyzed and displaced 
by the client. Those portions of the new image which were not 
previously transmitted, i.e., the new portions 38, are the only 
image portions which require transmission. This necessary 
image transmission procedure results in a signi?cant band 
width savings when translational motions in both the X andY 
direction are relatively small, requiring a signi?cantly 
reduced amount of image information transmission in order 
to de?ne the new ?eld of view. Once the new image portions 
have been determined, those image portions are designated 
for transmission and may be either directly transmitted in a 
PKZIP-type bitwise compression format, for example, or 
alternatively, compression packaged in accordance with the 
system and method of present invention and subsequently 
transmitted as a compressed bitstream. 

[0047] The progressive encoding tier of the multi-tiered 
compression scheme is typically invoked when sample stage 
translational movement is fast enough that entire frames, or 
substantial portions of frames are “dropped off” such that the 
majority of the image comprises a “new” image portion. In 
this case, the image is subject to a progressive encoding 
scheme based on differential subsampling. In accordance 
with the invention, image sampling would only be performed 
with respect to every other pel, for example, in both X andY. 
Taking only half the pels in both the X and Y dimensions, 
typically results in a reduction in the image siZe by about 
75%. However, overall image siZe can be maintained by 
merely replicating each pel in software, at the receiving (cli 
ent) site, resulting in a full-siZe image having one-fourth the 
original resolution density. In a 1024x1024 system, this fac 
tor-two progressive encoding scheme would result in an 
image having the effective resolution of a 512x512 original. 
This resolution level is certainly acceptable for fast panning 
and is also marginally acceptable for “quick-stop” fast 
impressions. 
[0048] Once panning is concluded (i.e., when the system no 
longer “sees” X and/orY translation commands being issued 
to the server), the unsent portions of the video signal are 
transmitted in background, and are used to ?ll-in the image in 
place of the replicated pels, until the ideal 1024x1024 reso 
lution is reached. Needless to say, the subsampling index can 
be selected by the user through a settable system parameter. 
The progressive encoding tier is able to be programmed to 
sample every other pel, every third, every fourth, etc. accord 
ing to the perceptual desires of the user. Lower value indices, 
while increasing resolution during fast panning, do so at the 
cost of bandwidth and should be invoked only after careful 
consideration. 

[0049] Turning now to FIG. 4, which is a semi-schematic 
block diagram representation of a bitwise compression 
encoding and packaging engine in accordance with the prac 
tice of principles of the present invention, video data repre 
senting a frame of video information is captured by a video 
camera and initially provided to a frame segmentation and 
differencing engine 42. Brie?y, the frame segmentation and 
differencing engine 42 is responsible for the ?rst compression 
step, i.e., identi?cation of those portions of the video frame 
which are “new” and, thus, necessary for transmission. Frame 
segmentation and differencing can be best understood as the 
process of comparing a present video frame with an immedi 
ately previous video frame, represented at 44, and determin 
ing which portions of the previous frame are to be retained, 
which portions of the previous frame are to be discarded for 
transmission purposes and which portions of the present 
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frame represent new image data requiring transmission. With 
regard to identifying those portions of the previous frame 
which are to be retained, the frame segmentation and differ 
encing engine 42 is further able to de?ne the displacement 
vector difference between the present and previous frames by 
analyZing position and focus change commands directed to 
the telemicroscope system. 
[0050] In accordance with the invention, the previous frame 
video data 44 is provided to the frame segmentation and 
differencing engine by retrieving the previous frame data 
from server system memory and decompressing the data 
using a decompression engine 46 to, thereby, rede?ne the raw 
video information de?ned in the previous frame. Previous 
frame data is “overlaid” to the present frame data in software 
to de?ne those “new” portions which require transmission. 
[0051] Following frame segmentation and differencing, the 
“new” portions of the present video frame data is compressed, 
in a transform block 48, in accordance with any one of a 
number of lossy compression techniques, such as the Discrete 
Cosine Transform (DCT), as implemented in the JPEG com 
pression standard, wavelet transform coding, and the like. 
Whether lossy compression is performed using Discrete 
Cosine Transforms or wavelet transform coding, the tech 
niques result in the video image being represented as a set of 
coef?cients representing the contributions of various fre 
quency components of the signal. Once decomposed into 
their various frequency components, frequency component 
coef?cients are “packetiZed” and inserted into a number of 
transmission queues 50 which, in a manner to be described in 
greater detail, are assigned to transmission priority levels 
based on the level of detail which each packet additively 
contributes to the resultant composite image. In the case of the 
Discrete Cosine Transform or a wavelet transform, the lower 
frequency components represent the least amount of image 
detail and packets which de?ne lower frequency component 
coef?cients are, accordingly, assigned the highest transmis 
sion priority. As detail, and thus, frequency, increases, pack 
ets containing higher frequency component coef?cients are 
assigned correspondingly lower transmission priorities until, 
in the limit, the highest levels of detail (the highest frequency 
components) are assigned the lowest transmission priority. 
[0052] PacketiZation and prioritiZation of transform 
encoded frequency data is an important aspect of the present 
invention, since it allows transmission bandwidth to be adap 
tively varied in order to accommodate the subjective, percep 
tual aspects of a moving image system. For example, when 
sample stage motion is being executed quickly, i.e., relatively 
large amounts of X and/orY translational movements, only 
those coef?cient packets representing the lowest frequency 
components of the image, are transmitted to the client system 
for display. It will be understood that if stage movement is 
rapid, a viewer is unable to perceive ?ne detail making it 
unnecessary to burn bandwidth or channel capacity attempt 
ing to transmit volume data relating to imperceptible detail. It 
is understandably more important to service the client system 
with faster overall frame updates which might be detail de? 
cient than it is to service the client with specimen detail at 
considerably slower intervals. 
[0053] As stage movement is slowed down, i.e., as X and/ or 
Y translational movements become less, additional transmis 
sion queues are ?agged for transmission and bandwidth that 
is not being used to send new ?elds of view is available for 
transmission of additional packets comprising higher fre 
quency component coef?cients for the current view. Adding 
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the information from additional transmission queues neces 
sarily enhances the detail of the current image being dis 
played by the client system. Necessarily, as translational 
movement of the sample stage ceases, all that remains is for 
the ?nal transmission queues, comprising the highest detail 
level component coef?cients, to be ?agged for transmission 
to the client system. 
[0054] The information contained in these ?nal transmis 
sion queues may make use of all of the available transmission 
bandwidth since loWer frequency information (higher prior 
ity packets) have been previously transmitted. It Will be 
understood by those having skill in the art that image detail is 
accordingly inversely proportional to stage translational 
movement speed, With higher speed movement resulting in 
loWer image resolution. Thus, the compression encoding pro 
cedure in accordance With the invention is able to inherently 
deliver image resolution or detail in proportion to the resolu 
tion level that is able to be perceived by a vieWer. Compres 
sion encoding and adaptive prioritization of image resolution 
packets de?nes an image system that is able to ef?ciently 
build upon previously transmitted data in order to minimize 
transmission time (maximize bandWidth) for a full resolution 
image. 
[0055] Returning noW to FIG. 4, transmission queues 50 
containing prioritized frequency component packets, are 
optionally preceded by components that are con?gured to 
provide an additional degree of either lossy, or lossless com 
pression encoding to each of the respective component coef 
?cient packets de?ned by the transform engine. These 
optional components might suitably comprise quantization 
engines 52 folloWed by arithmetic coding or entropy coding 
engines 54. Both quantization and arithmetic or entropy cod 
ing are options available in the J PEG standard and need not be 
described in detail herein. Speci?cally, baseline JPEG uses 
Discrete Cosign Transform compression of 8x8 blocks of 
pels, folloWed by scalar or vector quantization of the DCT 
coef?cients and entropy encoding of the result. JPEG speci 
?es tWo possible entropy encoders, one of Which is based on 
the Well understood Huffman coding algorithm and Which is 
required for the baseline JPEG system. Extensions to the 
JPEG standard and JPEG lossless compression modes also 
permit the use of arithmetic coding, exempli?ed by the IBM 
Q-Coder, as an alternative. 

[0056] Compressed video image data is then moved 
through the server system Whence it is transmitted to the 
client application over a broad band telecommunications 
architecture via an ATM-based communication channel 56 
using, for example, IP-over ATM LAN emulation. While 
transmission queues are forWarding various components of 
the video image data to the client system, the server applica 
tion is able to receive telemicroscope stage translational 
motion commands and/or focus commands from a patholo 
gist at the client, through translation command circuitry 58 
and focus command circuitry 60. If a particular stage trans 
lational movement is requested that moves a portion of the 
current image out of the ?eld of vieW, coef?cient packets that 
correspond to those blocks comprising that portion of the 
image are ?agged With an identi?cation tag Which indicates 
that these packets are no longer in the ?eld of vieW and, 
accordingly, need not be transmitted. 

[0057] It Will be understood, of course, that in the case of 
Discrete Cosine Transform compression, block sizes Will be 
in the familiar 8x8 form. In the case of Wavelet transform 
compression, Wavelet blocks are variably sized, and typically 
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larger than the 8x8 DCT standard. It Will be understood by 
those knowledgeable in the art, that common practice Would 
normally be to apply the Wavelet across the entire neW image 
portion strip, thereby de?ning the block size as the neW image 
portion. While this practice maximizes compression e?i 
ciency, it does so at the expense of packetization and priori 
tization e?iciency. It should be further understood that the 
neW image portion can be subdivided into subimages With 
each of the subimages Wavelet transformed in order to 
improve ef?ciency of the ?agging process packetization and 
prioritization). Necessarily, this Will be at the expense of 
some compression e?iciency. Ideally, Wavelet blocks are 
sized variably in accordance With a design choice that 
achieves a desired balance betWeen out-of-vieW ?agging and 
Wavelet transform performance e?iciency. 
[0058] In the case of changes to specimen focus, i.e., stage 
motion in the Z direction, large portions of the currently 
displayed image undergo substantial modi?cation. The neW 
image, resulting from a focus change or a change illumination 
intensity, is subtracted from the previously transmitted image 
represented by the previous frame data in the frame segmen 
tation and differencing engine, resulting in an image com 
prised of the difference betWeen the previous frame and 
present frame as seen by the video camera. The difference 
image is then transform coded by the transform engine and 
the resulting lossy compression packaged data is then option 
ally quantized and/or entropy or arithmetically coded for 
transmission. 

[0059] As is shoWn in the semi-schematic block diagram of 
FIG. 5, transmitted video data is decompressed in accordance 
With an inverse sequence of processes and the resultant 
inverse transform data is summed to de?ne the current video 
frame. In a manner similar to frame segmentation and differ 
encing, a composite picture 66 is built up by adding current 
frame data 62 to retained portions of the previous frame data 
64 Which have been displaced, in softWare, in accordance 
With any translational motion or focus vector changes. The 
resulting composite frame 66 is then sent to the videographics 
client for rendering on the display screen. Received com 
pressed video information is decoded in respective inverse 
arithmetic coding engines, from Whence the data is directed to 
inverse quantization engines 70. Each packet is then recon 
structed in accordance With an inverse transform, in respec 
tive inverse transform engines 72, and summed, in a summing 
circuit 74, to become the current frame representation 62 of 
the image. 
[0060] It has been determined that the multi-tiered com 
pression packaged image transmission system in accordance 
With the invention is able to deliver video image data at an 
effective compression rate of approximately 1:400. Given a 
raW video input signal comprising a 1024x1024 pet><frame 
produced at a frame rate of approximately 30 frames per 
second, With each pel represented by a 24 bit (true color) 
digital value, the raW data stream Would be operative at 
approximately 755 Mbps. Assuming a 2/3 screen Width pan 
taking place in 0.25 seconds, the multi-tiered compression 
system according to the invention Would be providing video 
data to the client system at an effective rate of about 1.65 
Mbps When all of its component portions are considered. 
[0061] The necessary image transmission portion of the 
novel compression system accounts for at least an order of 
magnitude reduction in the effective bit rate; 755 Mbps 
reduced to 66 Mbps. Transform coding and prioritization 
queuing of the resultant output stream results a further 40 to l 
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reduction in the effective bit rate; from 66 Mbps to about 1.65 
Mbps, With progressive encoding accounting for a 4:1 reduc 
tion in the bitstream (from 66 Mbps to about 16.5 Mbps). It 
should be noted that this last value represents a tWo-fold 
improvement over the generally accepted standard I PEG 
capabilities. Without being bound by theory, it is thought that 
the major portion of the improvement results from the ability 
of the novel system to adaptively deliver image detail in 
inverse proportionality to sample stage movement speed and 
in direct proportionality to the degree of detail that can be 
perceived, While at the same time, building detail upon pre 
viously transmitted data for transmission bandWidth utiliZa 
tion ef?ciency. 
[0062] The necessary image transmission portion of the 
novel compression system accounts for at least an order of 
magnitude reduction in the effective bit rate; 755 Mbps 
reduced to 66 Mbps. Transform coding and prioritiZation 
queuing of the resultant output stream results a further 40 to 1 
reduction in the effective bit rate; from 66 Mbps to about 1.65 
Mbps, With progressive encoding accounting for a 4:1 reduc 
tion in the bitstream (from 66 Mbps to about 16.5 Mbps). It 
should be noted that this last value represents a tWo-fold 
improvement over the generally accepted standard I PEG 
capabilities. Without being bound by theory, it is thought that 
the major portion of the improvement results from the ability 
of the novel system to adaptively deliver image detail in 
inverse proportionality to sample stage movement speed and 
in direct proportionality to the degree of detail that can be 
perceived, While at the same time, building detail upon pre 
viously transmitted data for transmission bandWidth utiliZa 
tion ef?ciency. 
[0063] While the foregoing has included a description of 
the present invention in connection With an exemplary telemi 
croseopy application, it should be understood that principles 
of the invention are equally applicable to image transmission 
methodologies that encompass various combinations of lossy 
and lossless image compression, particularly When adapted 
for image transmission and archiving purposes. Taking the 
principles of the invention into account, i.e., image transmis 
sion and display is predicated upon the ability of a vieWer to 
perceive the degree of detail present in a particular image, 
image compression is subdivided into lossy and lossless 
image compression stages, With image portions being trans 
mitted from various queues in accordance With vieWer per 
ceptualability. In the present context, lossless image com 
pression is commonly understood to refer to compression 
techniques that alloW a particular image, When decom 
pressed, to be replicated precisely, at a bit-by-bit comparison 
level, in the same form as the original image. Particular types 
of lossless image compression algorithms might include run 
length encoding (RLE), Huffman coding, dynamic Huffman 
coding, Lempell-Ziv-Welch encoding, and the like. While 
many lossless compression techniques do afford some degree 
of compression, i.e., some degree of bandWidth recovery, 
lossless compression techniques do not typically afford suf 
?cient bandWidth recovery for rapid image transmission over 
commonly implemented transmission channels. Thus, loss 
less image compression, While accurate, is sloW. Lossy com 
pression techniques result in a recovered image that is not 
precisely the same, at a bit-by-bit comparison level, as the 
original image. Lossy compression techniques result in a 
signi?cantly higher degree of bandWidth recovery than loss 
less techniques, but the amount of precision detail available in 
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the resultant image is often insu?icient for high magni?cation 
applications such as telemicroscopy, and the like. 
[0064] With the advent of Intemet-type Wide area netWork 
ing, many applications that Were previously limited to local 
use, i.e., direct high-speed access to a local memory storage 
area such as a local hard drive, are noW being implemented by 
systems separated by great distances geographically. Many of 
these applications, such as ?uorescent imaging, CAT imag 
ing, and the like, involve quantitative analysis of the image. 
Accordingly, it is necessary that the ?nal image remain “loss 
less” upon compression Without unduly interfering With 
bandWidth constraints of remote vieWing and data archiving. 
[0065] Turning noW to FIG. 6, a particular advantage of the 
principles of the present invention is that lossless compres 
sion of images for both archiving and transmission purposes 
may be achieved Without sacri?cing transmission speed When 
images are accessed by a remote location. As canbe seen from 
the exemplary embodiment of FIG. 6, lossy and lossless 
compression techniques are layered, With the various layers 
representing increasing amounts of detailed structure avail 
able for a particular image. In FIG. 6, the coding layers are 
divided into a lossy layer portion 100 and a lossless layer 
portion 102. The lossy layer portion 100 is further subdivided 
into a plurality of layers, represented by ordinal identi?ers 
ranging from 1 to N- 1, as indicated in FIG. 6.According to the 
invention, loWer ordinal layers 1 to N-1 are adapted to contain 
data obtained from a lossy compression methodology such as 
a direct cosine transform (DCT), a Wavelet transform, fractal 
compression, and the like, as Was described above. Coef? 
cients arising from such transforms are quantiZed and priori 
tiZed into the various loWer ordinal lossy layers 100, as Was 
described previously in connection With the embodiment of 
FIG. 4. Prioritization, necessarily, is expected to vary from 
application to application, With coe?icients being typically 
classi?ed in accordance With theirs importance in assembling 
the ?nal image. In the speci?c case of Wavelet coding, loWer 
order coe?icients, representing loW frequency data, are pri 
oritiZed into loWer-valued ordinal layers, such as layer 1, 
layer 2, or the like, While higher frequency information 
(higher order coef?cients) representing detail information, 
are prioritized into higher and higher layers, corresponding to 
greater and greater amounts of detail. 
[0066] As Was the case With the embodiment of FIG. 4, 
folloWing transformation and quantiZation, the various layers 
are arithmetically coded and entered into an appropriate 
transmission queue 104 for transmission to a remote location 
over WAN transmission channels. 

[0067] In order to retain ?delity With the original image, a 
lossless portion 102 is provided for containing image data 
that, When combined With lossy layer information, results in 
a lossless image. The lossless portion 102 contains data dif 
ference information Which is constructed by subtracting the 
original image representation from the assembled image 
information comprising lossy layers 1 to N- 1. This difference 
data is compressed by a lossless compression technique such 
as Huffman coding, dynamic Huffman coding, or Lempel 
Ziv-Welch coding in order to minimiZe its particular trans 
mission bandWidth requirements. 
[0068] As Was the case With the lossy layer portion 100, the 
lossless portion 102 may also be implemented as a plurality of 
layers, each layer representing perhaps a frequency code, in 
the case of Huffman coding, or some other statistical Weight 
ing in the case of the various other substitutional or statistical 
compression coding methodologies. Similarly, the lossless 
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information is directed to a respective transmit queue 106, 
Which is ?agged as the ?nal queue, i.e., transmitted after all 
the lossy queues 104 have been streamed out. As Was also the 
case in the embodiment of FIG. 4, after receipt and decoding, 
the queue contents are summed, in a summing circuit 108 to 
build a composite image 110. 
[0069] As depicted in FIG. 7, the principles of the present 
invention offer several advantages over lossless or lossy 
transmission techniques alone. In particular, image siZes pro 
cessed in accordance With the invention Will be expected to be 
substantially the same as a losslessly compressed image in 
accordance With LZW or Huffman statistical coding, While 
retaining the rapid doWnload and vieWing capability of a 
lossy compression technique such as JPEG. The present 
invention realiZes these advantages by the particular nature of 
its transmission queuing Which provides the ability to stream 
an image to remote locations at a high data rate With an 
attendant reduction in image detail for rapid vieWing, While 
?lling-in image detail With time. Thus, the present invention 
is able to deliver an image at a level of detail proportional to 
a visual perception level of a user. In the case of a large image, 
such as a pathology slide, as a user scans the specimen, image 
information is accessed from the higher priority transmission 
queues, i.e., those queues containing only loWer frequency 
(loWer detail) information. Transmission queue sequencing 
can be understood as being related to stage motion or frame 
translation, With transmission queuing recycling to higher 
priorities as the image translates. “Fast panning” across an 
image only alloWs higher priority queues to be transmitted 
and doWnloaded. As image translation speed is reduced, more 
and more transmission queues are accessed thereby adding 
detail to the displayed image. When an area of interest is 
identi?ed, and frame translation ceases, all layers queued for 
transmission are doWnloaded giving a resulting image sub 
stantially the same as the original optically obtained image. 
[0070] It should be understood from the time graph of FIG. 
7, that the loWer ordinal layers (higher priority layers) have 
already been doWnloaded as a function of frame translation. 
Thus, as an image ceases to move, only the higher ordinal 
layers (loWer priority queues) and the lossless layers need be 
transmitted in order to reconstruct the ?nal image. Thus, a 
clinician may rapidly traverse an image, looking at only the 
loWer detail levels, and perceiving a near visually lossless 
image. As translation sloWs doWn, greater and greater 
amounts of detail are alloWed to ?ll in as additional transmis 
sion queues, containing additional detail layers, are accessed. 
Image detail, then, becomes a cumulative time function, With 
transmission bandWidth requirements remaining substan 
tially level over time. The ?nal image is thus the result of a 
time integration, With the full-siZe image being constructed 
“vertically” by “overlaying”, or enriching, detail information 
onto a loW resolution primitive, as opposed to the entire 
image’s being captured, compressed, transmitted and 
“painted” on a display. 

[0071] When applied to an application such as pathology 
slide evaluation, principles of the present invention might be 
used in combination With an image “tiling” or mosaic cre 
ation technique such as described previously. In this particu 
lar exemplary embodiment, very large images are segmented 
into a mosaic of tiles, i.e., a 16x16 pattern, for example, each 
of Which are processed in accordance With the transform, 
quantiZation, coding and queuing methodology of the inven 
tion. Speci?cally, compression might be lossless, lossy or the 
particular combination of the tWo described above in order to 
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minimiZe bandWidth utiliZation and improve doWnload and 
vieWing speed. The lossless/lossy transmission methodology 
described above, is particularly useful in this particular appli 
cation. When a large, overall image is being initially con 
structed, it is only necessary to create the mosaic tiles With an 
intermediate degree of detail, since a user’s perceptual ability 
cannot discern ?ne structure at such loW magni?cations. 
Thus, each tile’s image information need only be processed 
by the lossy techniques described above and only the higher 
priority transmission queues (loWer frequency data) need be 
transmitted. An image mosiac constructed in such fashion 
might then support image detail suf?cient to represent 2x, 5x 
and even l0>< magni?cations, such that rapid identi?cation of 
areas of interest in the slide might be made at loWer magni 
?cation levels, While ?ne structure for those areas of interest 
remain untransmitted until such time as a user requires the 
additional image information. 
[0072] In this particular instance, image detail delivery is 
again proportional to a user’s perception level, but rather than 
being a function of frame translation speed, it is a function of 
magni?cation level. At loW magni?cations (the entire image 
for example) suf?cient detail for user perception is provided 
by the lossy compressed data contained in the higher priority 
transmission queues. There is no need to provide ?ne struc 
ture in such circumstances, because the user is unable to 
provide it. BandWidth is thereby conserved. As magni?cation 
increases, image siZe necessarily decreases. Accordingly, ?ne 
structure detail need only be provided for a small portion of an 
image at any particular time. Thus, ?ne structure detail is not 
required for the entire image, again conserving transmission 
bandWidth While not degrading the image. 
[0073] A farther advantage of the present invention can be 
understood When it is realiZed that it need not be limited to 
transmitting real-time videographic images captured over a 
telemicroscopy system. Speci?cally, the system and method 
of the present invention has equal utility in transmitting and 
vieWing “virtual specimen” videographic information Which 
has been previously captured by a computer controlled 
telemicroscope and Which has been stored in a server data 
base as a sequence of high-resolution images. When the digi 
tal nature of information captured by a telemicroscope’s 
video camera is considered, it Will be understood that this 
information can be used to de?ne a multi-dimensional mosaic 
of a sample specimen Which may be “navigated” in precisely 
the same fashion as an actual sample. Virtual specimens can 
be evaluated in detail by traversing the video ?le’s virtual 
dimensions in a manner quite similar to issuing X, Y and Z 
motion commands to a telemicroscope. When it is understood 
that the systems described are easily capable of incorporating 
real-time video conferencing applications suitable for con 
nection to the described telecommunications interfaces, one 
having skill in the art Will immediately appreciate the utility 
of this system as a means for archiving rare or unusual tissue 
samples, either for further revieW or future comparison pur 
poses, consultations and educational presentations. 
[0074] Although the present invention has been described 
in connection With a particular illustrated embodiment, it 
should be understood that various changes, substitutions and 
alterations can be made Without departing from the spirit and 
scope of the present invention. In particular, the novel system 
has been described in connection With a telemicroscopy appa 
ratus that incorporates a conventional optical microscope. It 
should be realiZed that future instruments adapted to image 
microscopic specimens may not be con?gured as micro 
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scopes in the traditional sense but function rather more like 
desktop scanners having compound optical systems. Digital 
signals representing a microscopic image might not conform 
to the NTSC standard nor even be video signals as that term is 
currently contemplated. It should be understood by those 
having skill in the art that the form and arrangement of digital 
signals representing a microscopic image is not the primary 
concern of the invention, but rather represents an information 
package Which is operated on by a novel compression system 
and method. 
[0075] There has noW been brought to the ?eld of telemi 
croscopy an improved system and method for compression 
packaging video image data in a manner Which overcomes 
channel capacity limitations and alloWs almost real-time 
evaluation of tissue samples. A ?exible, variable and self 
adapting methodology is used to compress and reduce the 
image datastream according to the observation activity of a 
user. 

What is claimed is: 
1. A method of providing remote navigation of a specimen, 

comprising: 
receiving a command to remotely control a microscope and 

a camera coupled With the microscope to vieW a portion 
of a specimen disposed on the microscope; 

capturing a digital image of the portion With the camera in 
response to the command; 

representing the digital image as a plurality of digital 
image components, each of the digital image compo 
nents providing a different level of detail of the image; 
and 

transmitting the components in sequential order of increas 
ing level of detail from least detailed to most detailed. 
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2. The method of claim 1, Wherein the microscope com 
prises a stage, and Wherein the specimen is disposed on the 
stage. 

3. A system providing remote navigation of a specimen, 
comprising a processor that executes instructions and thereby 
causes the processor to: 

receive a command to remotely control a microscope and a 
camera coupled With the microscope to vieW a portion of 
a specimen disposed on the microscope; 

capture a digital image of the portion With the camera in 
response to the command; 

represent the image as a plurality of digital image compo 
nents, each of the digital image components providing a 
different level of detail of the image; and 

transmit the components in sequential order of increasing 
level of detail from least detailed to most detailed. 

4. The system of claim 3, Wherein the microscope com 
prises a stage, and Wherein the specimen is disposed on the 
stage. 

5. A method of navigating a slide, comprising: 
transmitting at least one command to remotely vieW a 

portion of a specimen; and 
receiving an increasingly more detailed image of the por 

tion. 
6. A system for navigating a slide, comprising a processor 

that executes instructions and thereby causes the processor to: 
transmit at least one command to remotely vieW a portion 

of a specimen; and 
receive an increasingly more detailed image of the portion. 

* * * * * 


