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(57) ABSTRACT 

A battery charger system, for use With an injector system, 
comprises a poWer supply and a battery pack. The poWer 
supply converts AC poWer to DC poWer. The battery pack 
includes a battery and a charging module. The module moni 
tors the operating mode of the injector system. When the 
battery pack is disconnected from the injection control unit, 
the module enables the poWer supply to charge the battery 
With DC poWer. When the battery pack is connected to the 
injection control unit: (A) upon detecting the injector system 
in an idle mode, the module routes DC poWer from the poWer 
supply to both the battery for charging thereof and the injec 
tion control unit for operation thereof; and (B) upon detecting 
the injector system in a non-idle mode, the module prevents 
the poWer supply from charging the battery and enables the 
battery to provide DC poWer to the injection control unit. 

30 Claims, 16 Drawing Sheets 
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FIG. 1B 
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CONTINUOUS BATTERY CHARGER 
SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 

This application for patent claims the bene?t of US. Pro 
visional Application Ser. No. 60/429,511 titled Continuous 
Battery Charger System, ?led Nov. 27, 2002. This provisional 
application has been assigned to the assignee of the invention 
disclosed below, and its teachings are incorporated into this 
document by reference. 

FIELD OF THE INVENTION 

The invention relates generally to injector systems of the 
type used with magnetic resonance imaging (MRI) systems to 
inject contrast media into a patient to enhance the quality of 
images obtainable during scans of the organs and other inter 
nal structures. More particularly, the invention relates to sys 
tems and methods of powering such injector systems. Even 
more particularly, the invention pertains to a continuous bat 
tery charger system capable not only of allowing the battery 
for an injection control unit of such an injector system to 
power the injection control unit while it is functioning in a 
non-idle mode of operation but also of charging the battery of 
such an injection control unit and powering its operations 
while the injection control unit is functioning in an idle mode 
of operation. 

BACKGROUND OF THE INVENTION 

The following information describes one of the many pos 
sible environments in which the invention can be used. It is 
provided to assist the reader to understand the invention, as 
novel material is often more readily understood if described 
in a familiar context. 

Magnetic resonance imaging (MRI) is a noninvasive 
method of producing high quality images of the interior of the 
human body. It allows medical personnel to see inside the 
body (e.g., organs, muscles, nerves, bones, and other struc 
tures) without surgery or the use of potentially harmful ion 
izing radiation such as X-rays. The images are of such high 
resolution that disease and other forms of pathology can often 
be visually distinguished from healthy tissue. Magnetic reso 
nance (MR) systems and techniques have also been devel 
oped for performing spectroscopic analyses by which the 
chemical content of tissue or other material can be ascer 
tained. 
MR imaging and spectroscopic procedures are performed 

in what is known as an MR suite. As shown in FIG. 1A, an MR 
suite typically has three rooms: a scanner room 1, a control 
room 2, and an equipment room 3. The scanner room 1 houses 
the MR scanner 10 into which a patient is moved via a slide 
able table 11 to undergo a scanning procedure, and the control 
room 2 contains a computer console 20 from which the opera 
tor controls the overall operation of the MR system. In addi 
tion to a door 4, a window 5 is typically set in the wall 
separating the scanner and control rooms to allow the opera 
tor to observe the patient during such procedures. The equip 
ment room 3 contains the various subsystems necessary to 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
operate the MR system. The equipment includes a power 
gradient controller 31, a radio frequency (RF) assembly 32, a 
spectrometer 33, and a cooling subsystem 34 with which to 
avoid the build up of heat which, if left unaddressed, could 
otherwise interfere with the overall performance of the MR 
system. These subsystems are typically housed in separate 
cabinets, and are supplied electricity through a power distri 
bution panel 12 as are the scanner 10 and the slideable patient 
table 11. 
An MR system obtains such detailed images and spectro 

scopic results by taking advantage of a basic property of the 
hydrogen atom, which is found in abundance in all cells 
within the body. Within the body’ s cells, the nuclei of hydro 
gen atoms naturally spin like a top, or precess, randomly in 
every direction. When subject to a strong magnetic ?eld, 
however, the spin-axes of the hydrogen nuclei align them 
selves in the direction of that ?eld. This is because the nucleus 
of the hydrogen atom has what is referred to as a large mag 
netic moment, which is basically an inherent tendency to line 
up with the direction of the magnetic ?eld to which it is 
exposed. During an MR scan, the entire body or even just one 
region thereof is exposed to such a magnetic ?eld. This causes 
the hydrogen nuclei of the exposed region(s) to line upiand 
collectively form an average vector of magnetizationiin the 
direction of that magnetic ?eld. 
As shown in FIGS. 1B and 1C, the scanner 10 is comprised 

of a main magnet 101, three gradient coils 103a-c, and, usu 
ally, an RF antenna 104 (often referred to as the whole body 
coil). Superconducting in nature, the main magnet 101 is 
typically cylindrical in shape. Within its cylindrical bore, the 
main magnet 101 generates a strong magnetic ?eld, often 
referred to as the B0 or main magnetic ?eld, which is both 
uniform and static (non-varying). For a scanning procedure to 
be performed, the patient must be moved into this cylindrical 
bore, typically while supine on table 11, as best shown in 
FIGS. 1B and 1C. The main magnetic ?eld is oriented along 
the longitudinal axis of the bore, referred to as the Z direction, 
which compels the magnetization vectors of the hydrogen 
nuclei in the body to align themselves in that direction. In this 
alignment, the hydrogen nuclei are prepared to receive RF 
energy of the appropriate frequency from RF coil 104. This 
frequency is known as the Larmor frequency and is governed 
by the equation (DIYBO, where u) is the Larmor frequency (at 
which the hydrogen atoms precess), Y is the gyromagnetic 
constant, and B0 is the strength of the main magnetic ?eld. 
The RF coil 104 is generally used both to transmit pulses of 

RF energy and to receive the resulting magnetic resonance 
(MR) signals induced thereby in the hydrogen nuclei. Spe 
ci?cally, during its transmit cycle, the coil 104 broadcasts RF 
energy into the cylindrical bore. This RF energy creates a 
radio frequency magnetic ?eld, also known as the RF B 1 ?eld, 
whose magnetic ?eld lines point in a direction perpendicular 
to the magnetization vectors of the hydrogen nuclei. The RF 
pulse (or B l ?eld) causes the spin-axes of the hydrogen nuclei 
to tilt with respect to the main (BO) magnetic ?eld, thus 
causing the net magnetization vectors to deviate from the z 
direction by a certain angle. The RF pulse, however, will 
affect only those hydrogen nuclei that are precessing about 
their axes at the frequency of the RF pulse. In other words, 
only the nuclei that “resonate” at that frequency will be 
affected, and such resonance is achieved in conjunction with 
the operation of the three gradient coils 103a-c. 

Each of the three gradient coils is used to vary the main (BO) 
magnetic ?eld linearly along only one of the three spatial 
directions (x,y,z) within the cylindrical bore. Positioned 
inside the main magnet as shown in FIG. 1C, the gradient 
coils 103a-c are able to alter the main magnetic ?eld on a very 
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local level When they are turned on and off very rapidly in a 
speci?c manner. Thus, in conjunction With the main magnet 
101, the gradient coils can be operated according to various 
imaging techniques so that the hydrogen nucleiiat any given 
point or in any given strip, slice or unit of volumeiWill be 
able to achieve resonance When an RF pulse of the appropri 
ate frequency is applied. In response to the RF pulse, the 
precessing hydrogen nuclei in the selected region absorb the 
RF energy being transmitted from RF coil 104, thus forcing 
the magnetiZation vectors thereof to tilt aWay from the direc 
tion of the main (BO) magnetic ?eld. When the RF coil 104 is 
turned off, the hydrogen nuclei begin to release the RF energy 
they just absorbed in the form of magnetic resonance (MR) 
signals, as explained further beloW. 
One Well knoWn technique that can be used to obtain 

images is referred to as the spin echo imaging technique. 
Operating according to this technique, the MR system ?rst 
activates one gradient coil 103a to set up a magnetic ?eld 
gradient along the Z-axis. This is called the “slice select gra 
dient,” and it is set up When the RF pulse is applied and is shut 
off When the RF pulse is turned off. It alloWs resonance to 
occur only Within those hydrogen nuclei located Within a slice 
of the region being imaged. No resonance Will occur in any 
tissue located on either side of the plane of interest. Immedi 
ately after the RF pulse ceases, all of the nuclei in the activated 
slice are “in phase,” i.e., their magnetiZation vectors all point 
in the same direction. Left to their oWn devices, the net mag 
netiZation vectors of all the hydrogen nuclei in the slice Would 
relax, thus realigning With the Z direction. Instead, hoWever, 
the second gradient coil 103b is brie?y activated to create a 
magnetic ?eld gradient along the y-axis. This is called the 
“phase encoding gradient.” It causes the magnetization vec 
tors of the nuclei Within the slice to point, as one moves 
betWeen the Weakest and strongest ends of this gradient, in 
increasingly different directions. Next, after the RF pulse, 
slice select gradient and phase encoding gradient have been 
turned off, the third gradient coil 103c is brie?y activated to 
create a gradient along the x-axis. This is called the “fre 
quency encoding gradient” or “read out gradient,” as it is only 
applied When the MR signal is ultimately measured. It causes 
the relaxing magnetiZation vectors to be differentially re 
excited, so that the nuclei near the loW end of that gradient 
begin to precess at a faster rate, and those at the high end pick 
up even more speed. When these nuclei relax again, the fastest 
ones (those Which Were at the high end of the gradient) Will 
emit the highest frequency of radio Waves and the sloWest 
ones emit the loWest frequencies. 

The gradient coils 103a-c therefore alloW these radio 
Waves to be spatially encoded, so that each portion of the 
region being imaged is uniquely de?ned by the frequency and 
phase of its resonance signal. In particular, as the hydrogen 
nuclei relax, each becomes a miniature radio transmitter, 
giving out a characteristic pulse that changes over time, 
depending on the local microenvironment in Which it resides. 
For example, hydrogen nuclei in fats have a different 
microenvironment than do those in Water, and thus emit dif 
ferent pulses. Due to these differences, in conjunction With 
the different Water-to-fat ratios of different tissues, different 
tissues emit radio signals of different frequencies. During its 
receive cycle, RF coil 104 detects these miniature radio emis 
sions, Which are often collectively referred to as the MR 
signal(s). From the RF coil 104, these unique resonance sig 
nals are conveyed to the receivers of the MR system Where 
they are converted into mathematical data. The entire proce 
dure must be repeated multiple times to form an image With a 
good signal-to-noise ratio (SNR). Using multidimensional 
Fourier transformations, the MR system then converts the 
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4 
mathematical data into a tWo- or even a three-dimensional 

image of the body, or region thereof, that Was scanned. 
As shoWn partially in FIG. 1A, the scanner room 1 is 

shielded to prevent the entry and exit of electromagnetic 
Waves. Speci?cally, the materials and design of its ceiling, 
?oor, Walls, door, and WindoW effectively form a barrier or 
shield 6 that prevents the electromagnetic signals generated 
during a scanning procedure (e. g., the RF energy) from leak 
ing out of scanner room 1. Likewise, shield 6 is designed to 
prevent external electromagnetic noise from leaking into the 
scanner room 1. The shield 6 is typically composed of a 
copper sheet material or some other suitable conductive layer. 
The WindoW 5, hoWever, is typically formed by sandWiching 
a Wire mesh material betWeen sheets of glass or by coating the 
WindoW With a thin layer of conductive material to maintain 
the continuity of the shield. The conductive layer also extends 
to the door 4, Which When open alloWs access to the scanner 
room 1 and yet When closed is grounded to and constitutes a 
part of shield 6. The ceiling, ?oor, Walls and door of shield 6 
provide approximately 100 decibels (dB) of attenuation, and 
WindoW 5 approximately 80 dB, for the typical operating 
range of MR scanners (~20 to 200 MHZ). Barrier 6 thus 
shields the critical components (e.g., scanner, preampli?ers, 
receivers, local coils, etc.) of the MR system from undesirable 
sources of electromagnetic radiation (e. g., radio signals, tele 
vision signals, and other electromagnetic noise present in the 
local environment). 
The shield 6 serves to prevent external electromagnetic 

noise from interfering With the operation of the scanner 10, 
Which if not addressed could otherWise result in degradation 
of the images and/ or spectroscopic results obtained during the 
scanning procedures. For the scanner 10 to operate, however, 
the shield 6 must still alloW communication of data and con 
trol signals betWeen the scanner room 1 and the control and 
equipment rooms 2 and 3, and such communication is gener 
ally accomplished through a penetration panel 16. 
As shoWn in FIG. 1A, the penetration panel 16 is typically 

incorporated into the Wall betWeen the scanner and equip 
ment rooms 1 and 3. It features several ports through Which 
the scanner 10 and other devices in the scanner room 1 are 
connected by cables to the computer console 20 and control 
subsystems in the control and equipment rooms 2 and 3, 
respectively. Each port typically includes a ?ltered BNC con 
nector, Which alloWs the communication of data and/or con 
trol signals While still maintaining the barrier to unWanted 
electromagnetic signals. 

Several auxiliary systems designed for use in the MR suite 
require communication across the shield 6. These systems are 
typically bifurcated, i.e., they have tWo pieces of equipment, 
With one piece located in the scanner room 1 and the other 
situated in the control room 2. One example is the Spectris® 
MR Injector System produced by Medrad, Inc., of Indianola, 
Pa. It alloWs contrast media to be injected into the blood 
stream of a patient undergoing an MR procedure. (As is Well 
knoWn, contrast media serves to increase the contrast 
betWeen the different types of tissues in the region of the body 
undergoing a scan, and thereby enhances the resolution of the 
images obtained during the scan.) In this bifurcated system, 
an injection control unit in the scanner room 1 With Which to 
inject the contrast media into the patient requires communi 
cation With a controller therefor situated in the control room 
2. This is disclosed in US. Pat. No. 5,494,036 to Uber, III et 
al., incorporated herein by reference. The ’036 patent dis 
closes that the injection control unit and its controller com 
municate across shield 6 using a pair of transceivers attached 
to, and aimed at each other through, opposite sides of WindoW 
5. They alloW the injection control unit and controller to 




















