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AUTOMATED DETERMINATION OF AN 
X - RAY TUBE - CURRENT PROFILE 

PRIORITY STATEMENT 

[ 0001 ] The present application hereby claims priority 
under 35 U.S.C. § 119 to German patent application number 
DE 102020204515.1 filed Apr. 7 , 2020 , the entire contents 
of which are hereby incorporated herein by reference . 

centered , patient movements between topogram scan and 
tomogram scan can cause inaccuracies . For example , this 
can occur as a result of different respiratory states for the 
topogram and the tomogram . 
[ 0008 ] When using an optical 3D camera , inaccuracies 
arise because of clothing or covers and also on account of 
the non - trivial relationship between the patient surface and 
the patient attenuation . 
[ 0009 ] The aforementioned inaccuracies in the estimate of 
the patient attenuation prior to the actual X - ray image 
acquisition result in a sub - optimum X - ray dose for the 
patient . 
[ 0010 ] EP 1172069 A1 describes what is known as a CT 
automatic exposure control system , in which the tube cur 
rent is controlled in real time in order to achieve a predefined 
image noise . 

FIELD 

[ 0002 ] Example embodiments of the invention generally 
relate to a method for controlling a tube current for acquiring 
at least one X - ray image of a region under examination of a 
subject under examination using an X - ray imaging appara 
tus . Example embodiments of the invention also generally 
relate to a tube - current controller . In addition , example 
embodiments of the invention also generally relates to an 
X - ray imaging apparatus . Example embodiments of the 
invention also generally relates to a computed tomography 
system . 

SUMMARY 

BACKGROUND 

[ 0003 ] Imaging X - ray equipment such as a C - arm X - ray 
apparatus or a computed tomography apparatus , for 
instance , are being used increasingly to resolve medical 
questions . The X - ray radiation results in mounting radiation 
exposure for patients , and therefore it is a requirement for 
every examination that usage is appropriate and dose - opti 
mized in accordance with the ALARA principle ( “ as low as 
reasonably achievable ” ) . It is hence the aim of medical 
imaging to give a patient the minimum possible dose of 
X - ray radiation for generating one or more X - ray images . 
[ 0004 ] With this aim in mind , modern CT scanners auto 
matically adjust tube currents , and hence the dose , according 
to the attenuation characteristics of the patient under exami 
nation . CARE Dose4D , for example , is one such automatic 
dose control system . In order to determine the attenuation 
characteristics of a patient , the patient attenuation profiles in 
the anterior / posterior direction and the lateral direction must 
be known accurately before starting the actual image acqui 
sition . 
[ 0005 ] Known automatic dose control systems are based 
on topograms . A topogram is equivalent to a conventional 
two - dimensional X - ray superimposition acquisition . It mea 
sures the individual X - ray attenuation distribution through a 
patient in a particular projection direction in which the X - ray 
radiation passes through the patient , and represents this 
distribution by way of different gray- 7 - scale values . An auto 
matic dose control system uses this X - ray attenuation to 
determine a suitable tube - current profile , or to modulate the 
tube current . It is known to acquire one topogram of a patient 
in the lateral direction and one in the anterior / posterior 
direction before an X - ray image acquisition , and to deter 
mine the X - ray attenuation distribution for the patient in 
each direction based upon the gray - scale value distribution . 
[ 0006 ] It is also possible to estimate a patient attenuation 
using optical 3D For example , DE 
102015204449 and US 2019/0214135 describe such a pro 
cedure . 
[ 0007 ] If only one topogram is produced , there are likely 
to be inaccuracies in the estimate of the patient attenuation 
if the patient is not positioned optimally in the center of 
rotation of the scanner . Even when the patient is optimally 

[ 0011 ] The inventors have discovered that it is not pos 
sible , in the above - mentioned method , to take into account 
technical limitations of the X - ray tube such as the inertia of 
the tube - current modulation or overheating of the tube in the 
event of overload , for instance . In addition , the above 
mentioned method described does not allow the dose given 
to the patient to be estimated before performing the scan . 
[ 0012 ] At least one embodiment of the present invention is 
directed to achieving improved accuracy when adjusting the 
X - ray tube - current profile in accordance with the personal 
X - ray attenuation characteristics of a patient , while allowing 
a further reduction in the overall dose given to the patient . 
[ 0013 ] Embodiments of the invention are directed to a 
method for controlling a tube current for acquiring at least 
one X - ray image of a region under examination of a subject 
under examination using an X - ray imaging apparatus ; a 
tube - current controller , an X - ray imaging apparatus ; and a 
computed tomography system . 
[ 0014 ] In the method according to an embodiment of the 
invention for controlling a tube current for acquiring at least 
one X - ray image of a region under examination of a subject 
under examination using an X - ray imaging apparatus , a 
preview acquisition of the region under examination of the 
subject under examination is performed . The preview acqui 
sition is used to obtain information about the X - ray attenu 
ation that will occur during the subsequent actual X - ray 
image acquisition . In other words , a three - dimensionally 
modulated X - ray attenuation of the region under examina 
tion is determined based upon the preview acquisition . In 
this context , the region under examination shall comprise 
the region of the subject under examination that is subse 
quently exposed to X - ray radiation during the actual X - ray 
image acquisition . For instance , this region can comprise a 
segment of a patient body , or even the entire body of a 
patient for a whole - body examination . 
[ 0015 ] The tube - current controller according to 
embodiment of the invention for acquiring at least one X - ray 
image of a region under examination of a subject under 
examination comprises a control unit for controlling an 
X - ray radiation source for an X - ray image acquisition and 
for capturing raw X - ray data from an X - ray radiation detec 
tor . A preview - acquisition control unit for controlling a 
preview acquisition of the region under examination of the 
subject under examination is also part of the tube - current 
controller according to an embodiment of the invention . The 
tube - current controller also comprises an X - ray attenuation 

an 

an camera . 
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estimation unit for estimating a three - dimensionally modu 
lated X - ray attenuation based upon the preview acquisition . 
In addition , the tube - current controller according to an 
embodiment of the invention comprises a profile definition 
unit for determining initial tube - current profiles based upon 
the estimated X - ray attenuation . 
[ 0016 ] The X - ray imaging apparatus according to an 
embodiment of the invention comprises an X - ray radiation 
source having an X - ray tube , and comprises an X - ray 
radiation detector and the tube - current controller according 
to an embodiment of the invention . The X - ray imaging 
apparatus according to an embodiment of the invention 
shares the advantages of the tube - current controller accord 
ing to an embodiment of the invention . 
[ 0017 ] At least one embodiment of the invention is also 
directed to a corresponding computer program product com 
prising a computer program , which can be loaded directly 
into a storage device of an X - ray imaging apparatus and / or 
of a storage device of a controller of a computed tomography 
system and which contains program segments in order to 
perform all the steps of the method according to an embodi 
ment of the invention when the computer program is 
executed in the controller of the X - ray imaging apparatus 
and / or in the controller of the computed tomography system . 
[ 0018 ] At least one embodiment of the invention is also 
directed to a method for controlling a tube current for 
acquiring at least one X - ray image of a region under 
examination of a subject under examination using an X - ray 
imaging apparatus , comprising : 
[ 0019 ) performing a preview acquisition of the region 
under examination of the subject under examination ; 
[ 0020 ] determining a three - dimensionally modulated 
X - ray attenuation of the region under examination based 
upon the preview acquisition ; 
[ 0021 ] determining initial tube - current profiles based upon 
the three - dimensionally modulated X - ray attenuation deter 
mined ; 
[ 0022 ] defining a tolerance band for subsequent real - time 
modification of tube currents , wherein , based upon initial 
tube - current profiles , a maximum permitted tube - current 
profile is determined for which an X - ray tube of the X - ray 
imaging apparatus does not overheat ; 
[ 0023 ] determining an expected value and a maximum 
value of a potential patient dose based upon the initial 
tube - current profiles and the tolerance band defined ; 
[ 0024 ] measuring an actual X - ray attenuation during 
acquisition of the at least one X - ray image ; 
[ 0025 ] determining adjusted tube - current profiles based 
upon the actual X - ray attenuation and the initial tube - current 
profiles , and 
[ 0026 ] adjusting the tube current in accordance with the 
adjusted tube - current profiles determined . 
[ 0027 ] At least one embodiment of the invention is also 
directed to a tube - current controller for acquiring at least one 
X - ray image of a region under examination of a subject 
under examination , comprising : 
[ 0028 ] a controller configured to 

[ 0029 ] control an X - ray radiation source for acquisition 
of the at least one X - ray image , and 

[ 0030 ] capture raw X - ray data from an X - ray radiation 
detector ; 

[ 0031 ] a preview acquisition controller to control a pre 
view acquisition of the region under examination of the 
subject under examination ; 

[ 0032 ] an X - ray attenuation estimation unit to estimate a 
three - dimensionally modulated X - ray attenuation based 
upon the preview acquisition ; 
[ 0033 ] a profile definition unit to determine initial tube 
current profiles based upon the X - ray attenuation estimated ; 
[ 0034 ] a band definition unit to define a tolerance band for 
real - time modification of tube currents , wherein , based upon 
the initial tube - current profiles , a maximum permitted tube 
current profile is determined for which the X - ray tube does 
not overheat ; 
[ 0035 ] a dose determination unit to determine an expected 
value for a potential patient dose based upon the initial 
tube - current profiles , and a maximum value of a potential 
patient dose based upon the defined tolerance band ; 
[ 0036 ] an X - ray attenuation determination unit to deter 
mine an actual X - ray attenuation during acquisition of the at 
least one X - ray image based upon raw X - ray data acquired ; 
and 
[ 0037 ] an adjustment unit to determine adjusted tube 
current profiles based upon the actual X - ray attenuation and 
initially planned tube - current profiles , 
[ 0038 ] wherein the controller is further configured to 
adjust the tube current of the X - ray source in accordance 
with the adjusted tube - current profiles determined . 
[ 0039 ] At least one embodiment of the invention is also 
directed to an X - ray imaging apparatus , comprising : 
[ 0040 ] an X - ray radiation source including an X - ray tube ; 
[ 0041 ] an X - ray radiation detector ; and 
[ 0042 ] the tube - current controller of an embodiment . 
[ 0043 ] At least one embodiment of the invention is also 
directed to a computed tomography system comprising the 
X - ray imaging apparatus of an embodiment . 
[ 0044 ] At least one embodiment of the invention is also 
directed to a non - transitory computer program product stor 
ing a computer program , directly loadable into a storage 
device of an X - ray imaging apparatus , including program 
segments to perform the method of an embodiment when the 
computer program is executed in the X - ray imaging appa 
ratus . 
[ 0045 ] At least one embodiment of the invention is also 
directed to a non - transitory computer - readable medium , 
storing program segments , readable and executable by a 
processor to perform the method of an embodiment when 
the program segments are executed by the processor . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0046 ] The invention is described and explained in greater 
detail below with reference to the example embodiments 
shown in the figures , 
[ 0047 ] in which : 
[ 0048 ] FIG . 1 shows a schematic diagram of an X - ray 
imaging apparatus comprising a tube controller according to 
an example embodiment of the invention ; 
[ 0049 ] FIG . 2 shows a computed tomography system 
according to an example embodiment of the invention ; 
[ 0050 ] FIG . 3 shows a flow diagram of a method for 
controlling a tube current for acquiring an X - ray image of a 
region under examination of a subject under examination 
according to an example embodiment of the invention ; 
[ 0051 ] FIG . 4 shows topograms of a thorax phantom at 
different distances from the image acquisition unit ; 
[ 0052 ] FIG . 5 shows a graph illustrating three different 
initial tube - current profiles for the three different topograms 
shown in FIG . 4 ; 
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[ 0053 ] FIG . 6 shows a graph illustrating adjusted tube 
current profiles for the initial tube - current profiles shown in 
FIG . 5 . 

DETAILED DESCRIPTION OF THE EXAMPLE 
EMBODIMENTS 

" under ” may encompass both an orientation of above and 
below . The device may be otherwise oriented ( rotated 90 
degrees or at other orientations ) and the spatially relative 
descriptors used herein interpreted accordingly . In addition , 
when an element is referred to as being “ between ” two 
elements , the element may be the only element between the 
two elements , or one or more other intervening elements 
may be present . 
[ 0058 ] Spatial and functional relationships between ele 
ments ( for example , between modules ) are described using 
various terms , including " connected , ” “ engaged , ” “ inter 
faced , ” and “ coupled . ” Unless explicitly described as being 
“ direct , " when a relationship between first and second 
elements is described in the above disclosure , that relation 
ship encompasses a direct relationship where no other 
intervening elements are present between the first and sec 
ond elements , and also an indirect relationship where one or 
more intervening elements are present ( either spatially or 
functionally ) between the first and second elements . In 
contrast , when an element is referred to as being “ directly ” 
connected , engaged , interfaced , or coupled to another ele 
ment , there are no intervening elements present . Other 
words used to describe the relationship between elements 
should be interpreted in a like fashion ( e.g. , “ between , " 
versus “ directly between , ” “ adjacent , ” versus directly adja 
cent , " etc. ) . 
[ 0059 ] The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended 
to be limiting of example embodiments of the invention . As 
used herein , the singular forms “ a , ” “ an , ” and “ the , ” are 
intended to include the plural forms as well , unless the 
context clearly indicates otherwise . As used herein , the 
terms “ and / or ” and “ at least one of ” include any and all 
combinations of one or more of the associated listed items . 
It will be further understood that the terms " comprises , ” 
" comprising , ” “ includes , ” and / or “ including , ” when used 
herein , specify the presence of stated features , integers , 
steps , operations , elements , and / or components , but do not 
preclude the presence or addition of one or more other 
features , integers , steps , operations , elements , components , 
and / or groups thereof . As used herein , the term “ and / or ” 
includes any and all combinations of one or more of the 
associated listed items . Expressions such as “ at least one of , " 
when preceding a list of elements , modify the entire list of 
elements and do not modify the individual elements of the 
list . Also , the term “ example ” is intended to refer to an 
example or illustration . 
[ 0060 ] When an element is referred to as being “ on , " 
“ connected to , " " coupled to , ” or “ adjacent to , ” another 
element , the element may be directly on , connected to , 
coupled to , or adjacent to , the other element , or one or more 
other intervening elements may be present . In contrast , when 
an element is referred to as being “ directly on , ” “ directly 
connected to , ” “ directly coupled to , ” or “ immediately adja 
cent to , ” another element there are no intervening elements 
present . 
[ 0061 ] It should also be noted that in some alternative 
implementations , the functions / acts noted may occur out of 
the order noted in the figures . For example , two figures 
shown in succession may in fact be executed substantially 
concurrently or may sometimes be executed in the reverse 
order , depending upon the functionality / acts involved . 
[ 0062 ] Unless otherwise defined , all terms ( including tech 
nical and scientific terms ) used herein have the same mean 

[ 0054 ] The drawings are to be regarded as being schematic 
representations and elements illustrated in the drawings are 
not necessarily shown to scale . Rather , the various elements 
are represented such that their function and general purpose 
become apparent to a person skilled in the art . Any connec 
tion or coupling between functional blocks , devices , com 
ponents , or other physical or functional units shown in the 
drawings or described herein may also be implemented by 
an indirect connection or coupling . A coupling between 
components may also be established over a wireless con 
nection . Functional blocks may be implemented in hard 
ware , firmware , software , or a combination thereof . 
[ 0055 ] Various example embodiments will now be 
described more fully with reference to the accompanying 
drawings in which only some example embodiments are 
shown . Specific structural and functional details disclosed 
herein are merely representative for purposes of describing 
example embodiments . Example embodiments , however , 
may be embodied in various different forms , and should not 
be construed as being limited to only the illustrated embodi 
ments . Rather , the illustrated embodiments are provided as 
examples so that this disclosure will be thorough and 
complete , and will fully convey the concepts of this disclo 
sure to those skilled in the art . Accordingly , known pro 
cesses , elements , and techniques , may not be described with 
respect to some example embodiments . Unless otherwise 
noted , like reference characters denote like elements 
throughout the attached drawings and written description , 
and thus descriptions will not be repeated . At least one 
embodiment of the present invention , however , may be 
embodied in many alternate forms and should not be con 
strued as limited to only the example embodiments set forth 
herein . 
[ 0056 ] It will be un tood that , although the terms first , 
second , etc. may be used herein to describe various ele 
ments , components , regions , layers , and / or sections , these 
elements , components , regions , layers , and / or sections , 
should not be limited by these terms . These terms are only 
used to distinguish one element from another . For example , 
a first element could be termed a second element , and , 
similarly , a second element could be termed a first element , 
without departing from the scope of example embodiments 
of the present invention . As used herein , the term “ and / or , " 
includes any and all combinations of one or more of the 
associated listed items . The phrase " at least one of " has the 
same meaning as “ and / or ” . 
[ 0057 ] Spatially relative terms , such as “ beneath , ” 
“ below , ” “ lower , ” “ under , ” “ above , ” “ upper , ” and the like , 
may be used herein for ease of description to describe one 
element or feature's relationship to another element ( s ) or 
feature ( s ) as illustrated in the figures . It will be understood 
that the spatially relative terms are intended to encompass 
different orientations of the device in use or operation in 
addition to the orientation depicted in the figures . For 
example , if the device in the figures is turned over , elements 
described as “ below , " “ beneath , ” or “ under , " other elements 
or features would then be oriented “ above ” the other ele 
ments or features . Thus , the example terms “ below ” and 

22 
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ing as commonly understood by one of ordinary skill in the 
art to which example embodiments belong . It will be further 
understood that terms , e.g. , those defined in commonly used 
dictionaries , should be interpreted as having a meaning that 
is consistent with their meaning in the context of the relevant 
art and will not be interpreted in an idealized or overly 
formal sense unless expressly so defined herein . 
[ 0063 ] Before discussing example embodiments in more 
detail , it is noted that some example embodiments may be 
described with reference to acts and symbolic representa 
tions of operations ( e.g. , in the form of flow charts , flow 
diagrams , data flow diagrams , structure diagrams , block 
diagrams , etc. ) that may be implemented in conjunction with 
units and / or devices discussed in more detail below . 
Although discussed in a particularly manner , a function or 
operation specified in a specific block may be performed 
differently from the flow specified in a flowchart , flow 
diagram , etc. For example , functions or operations illus 
trated as being performed serially in two consecutive blocks 
may actually be performed simultaneously , or in some cases 
be performed in reverse order . Although the flowcharts 
describe the operations as sequential processes , many of the 
operations may be performed in parallel , concurrently or 
simultaneously . In addition , the order of operations may be 
re - arranged . The processes may be terminated when their 
operations are completed , but may also have additional steps 
not included in the figure . The processes may correspond to 
methods , functions , procedures , subroutines , subprograms , 
etc. 

[ 0064 ] Specific structural and functional details disclosed 
herein are merely representative for purposes of describing 
example embodiments of the present invention . This inven 
tion may , however , be embodied in many alternate forms 
and should not be construed as limited to only the embodi 
ments set forth herein . 

[ 0065 ] Units and / or devices according to one or more 
example embodiments may be implemented using hardware , 
software , and / or a combination thereof . For example , hard 
ware devices may be implemented using processing cir 
cuitry such as , but not limited to , a processor , Central 
Processing Unit ( CPU ) , a controller , an arithmetic logic unit 
( ALU ) , a digital signal processor , a microcomputer , a field 
programmable gate array ( FPGA ) , a System - on - Chip ( SOC ) , 
a programmable logic unit , a microprocessor , or any other 
device capable of responding to and executing instructions 
in a defined manner . Portions of the example embodiments 
and corresponding detailed description may be presented in 
terms of software , or algorithms and symbolic representa 
tions of operation on data bits within a computer memory . 
These descriptions and representations are the ones by 
which those of ordinary skill in the art effectively convey the 
substance of their work to others of ordinary skill in the art . 
An algorithm , as the term is used here , and as it is used 
generally , is conceived to be a self - consistent sequence of 
steps leading to a desired result . The steps are those requir 
ing physical manipulations of physical quantities . Usually , 
though not necessarily , these quantities take the form of 
optical , electrical , or magnetic signals capable of being 
stored , transferred , combined , compared , and otherwise 
manipulated . It has proven convenient at times , principally 
for reasons of common usage , to refer to these signals as 
bits , values , elements , symbols , characters , terms , numbers , 
or the like . 

[ 0066 ] It should be borne in mind , however , that all of 
these and similar terms are to be associated with the appro 
priate physical quantities and are merely convenient labels 
applied to these quantities . Unless specifically stated other 
wise , or as is apparent from the discussion , terms such as 
" processing " or " computing " or " calculating " or " determin 
ing ” of “ displaying ” or the like , refer to the action and 
processes of a computer system , or similar electronic com 
puting device / hardware , that manipulates and transforms 
data represented as physical , electronic quantities within the 
computer system's registers and memories into other data 
similarly represented as physical quantities within the com 
puter system memories or registers or other such informa 
tion storage , transmission or display devices . 
[ 0067 ] In this application , including the definitions below , 
the term “ module ' or the term “ controller ' may be replaced 
with the term ' circuit . ' The term “ module ’ may refer to , be 
part of , or include processor hardware ( shared , dedicated , or 
group ) that executes code and memory hardware ( shared , 
dedicated , or group ) that stores code executed by the pro 
cessor hardware . 
[ 0068 ] The module may include one or more interface 
circuits . In some examples , the interface circuits may 
include wired or wireless interfaces that are connected to a 
local area network ( LAN ) , the Internet , a wide area network 
( WAN ) , or combinations thereof . The functionality of any 
given module of the present disclosure may be distributed 
among multiple modules that are connected via interface 
circuits . For example , multiple modules may allow load 
balancing . In a further example , a server ( also known as 
remote , or cloud ) module may accomplish some function 
ality on behalf of a client module . 
[ 0069 ] Software may include a computer program , pro 
gram code , instructions , or some combination thereof , for 
independently or collectively instructing or configuring a 
hardware device to operate as desired . The computer pro 
gram and / or program code may include program or com 
puter - readable instructions , software components , software 
modules , data files , data structures , and / or the like , capable 
of being implemented by one or more hardware devices , 
such as one or more of the hardware devices mentioned 
above . Examples of program code include both machine 
code produced by a compiler and higher level program code 
that is executed using an interpreter . 
[ 0070 ] For example , when a hardware device is a com 
puter processing device ( e.g. , a processor , Central Process 
ing Unit ( CPU ) , a controller , an arithmetic logic unit ( ALU ) , 
a digital signal processor , a microcomputer , a microproces 
sor , etc. ) , the computer processing device may be configured 
to carry out program code by performing arithmetical , 
logical , and input / output operations , according to the pro 
gram code . Once the program code is loaded into a computer 
processing device , the computer processing device may be 
programmed to perform the program code , thereby trans 
forming the computer processing device into a special 
purpose computer processing device . In a more specific 
example , when the program code is loaded into a processor , 
the processor becomes programmed to perform the program 
code and operations corresponding thereto , thereby trans 
forming the processor into a special purpose processor . 
[ 0071 ] Software and / or data may be embodied perma 
nently or temporarily in any type of machine , component , 
physical or virtual equipment , or computer storage medium 
or device , capable of providing instructions or data to , or 
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being interpreted by , a hardware device . The software also 
may be distributed over network coupled computer systems 
so that the software is stored and executed in a distributed 
fashion . In particular , for example , software and data may be 
stored by one or more computer readable recording medi 
ums , including the tangible or non - transitory computer 
readable storage media discussed herein . 
[ 0072 ] Even further , any of the disclosed methods may be 
embodied in the form of a program or software . The program 
or software may be stored on a non - transitory computer 
readable medium and is adapted to perform any one of the 
aforementioned methods when run on a computer device ( a 
device including a processor ) . Thus , the non - transitory , 
tangible computer readable medium , is adapted to store 
information and is adapted to interact with a data processing 
facility or computer device to execute the program of any of 
the above mentioned embodiments and / or to perform the 
method of any of the above mentioned embodiments . 
[ 0073 ] Example embodiments may be described with ref 
erence to acts and symbolic representations of operations 
( e.g. , in the form of flow charts , flow diagrams , data flow 
diagrams , structure diagrams , block diagrams , etc. ) that may 
be implemented in conjunction with units and / or devices 
discussed in more detail below . Although discussed in a 
particularly manner , a function or operation specified in a 
specific block may be performed differently from the flow 
specified in a flowchart , flow diagram , etc. For example , 
functions or operations illustrated as being performed seri 
ally in two consecutive blocks may actually be performed 
simultaneously , or in some cases be performed in reverse 
order . 
[ 0074 ] According to one or more example embodiments , 
computer processing devices may be described as including 
various functional units that perform various operations 
and / or functions to increase the clarity of the description . 
However , computer processing devices are not intended to 
be limited to these functional units . For example , in one or 
more example embodiments , the various operations and / or 
functions of the functional units may be performed by other 
ones of the functional units . Further , the computer process 
ing devices may perform the operations and / or functions of 
the various functional units without sub - dividing the opera 
tions and / or functions of the computer processing units into 
these various functional units . 
[ 0075 ] Units and / or devices according to one or more 
example embodiments may also include one or more storage 
devices . The one or more storage devices may be tangible or 
non - transitory computer - readable storage media , such as 
random access memory ( RAM ) , read only memory ( ROM ) , 
a permanent mass storage device ( such as a disk drive ) , solid 
state ( e.g. , NAND flash ) device , and / or any other like data 
storage mechanism capable of storing and recording data . 
The one or more storage devices may be configured to store 
computer programs , program code , instructions , or some 
combination thereof , for one or more operating systems 
and / or for implementing the example embodiments 
described herein . The computer programs , program code , 
instructions , or some combination thereof , may also be 
loaded from a separate computer readable storage medium 
into the one or more storage devices and / or one or more 
computer processing devices using a drive mechanism . Such 
separate computer readable storage medium may include a 
Universal Serial Bus ( USB ) flash drive , a memory stick , a 
Blu - ray / DVD / CD - ROM drive , a memory card , and / or other 

like computer readable storage media . The computer pro 
grams , program code , instructions , or some combination 
thereof , may be loaded into the one or more storage devices 
and / or the one or more computer processing devices from a 
remote data storage device via a network interface , rather 
than via a local computer readable storage medium . Addi 
tionally , the computer programs , program code , instructions , 
or some combination thereof , may be loaded into the one or 
more storage devices and / or the one or more processors 
from a remote computing system that is configured to 
transfer and / or distribute the computer programs , program 
code , instructions , or some combination thereof , over a 
network . The remote computing system may transfer and / or 
distribute the computer programs , program code , instruc 
tions , or some combination thereof , via a wired interface , an 
air interface , and / or any other like medium . 
[ 0076 ] The one or more hardware devices , the one or more 
storage devices , and / or the computer programs , program 
code , instructions , or some combination thereof , may be 
specially designed and constructed for the purposes of the 
example embodiments , or they may be known devices that 
are altered and / or modified for the purposes of example 
embodiments . 
[ 0077 ] A hardware device , such as a computer processing 
device , may run an operating system ( OS ) and one or more 
software applications that run on the OS . The computer 
processing device also may access , store , manipulate , pro 
cess , and create data in response to execution of the soft 
ware . For simplicity , one or more example embodiments 
may be exemplified as a computer processing device or 
processor ; however , one skilled in the art will appreciate that 
a hardware device may include multiple processing elements 
or processors and multiple types of processing elements or 
processors . For example , a hardware device may include 
multiple processors or a processor and a controller . In 
addition , other processing configurations are possible , such 
as parallel processors . 
[ 0078 ] The computer programs include processor - execut 
able instructions that are stored on at least one non - transitory 
computer - readable medium ( memory ) . The computer pro 
grams may also include or rely on stored data . The computer 
programs may encompass a basic input / output system 
( BIOS ) that interacts with hardware of the special purpose 
computer , device drivers that interact with particular devices 
of the special purpose computer , one or more operating 
systems , user applications , background services , back 
ground applications , etc. As such , the one or more proces 
sors may be configured to execute the processor executable 
instructions . 
[ 0079 ] The computer programs may include : ( i ) descrip 
tive text to be parsed , such as HTML ( hypertext markup 
language ) or XML ( extensible markup language ) , ( ii ) assem 
bly code , ( iii ) object code generated from source code by a 
compiler , ( iv ) source code for execution by an interpreter , 
( v ) source code for compilation and execution by a just - in 
time compiler , etc. As examples only , source code may be 
written using syntax from languages including C , C ++ , C # , 
Objective - C , Haskell , Go , SQL , R , Lisp , Java , Fortran , 
Perl , Pascal , Curl , OCaml , Javascript , HTML5 , Ada , ASP 
( active server pages ) , PHP , Scala , Eiffel , Smalltalk , Erlang , 
Ruby , Flash® , Visual Basic® , Lua , and Python® . 
[ 0080 ] Further , at least one embodiment of the invention 
relates to the non - transitory computer - readable storage 
medium including electronically readable control informa 
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tion ( processor executable instructions ) stored thereon , con 
figured in such that when the storage medium is used in a 
controller of a device , at least one embodiment of the 
method may be carried out . 
[ 0081 ] The computer readable medium or storage medium 
may be a built - in medium installed inside a computer device 
main body or a removable medium arranged so that it can be 
separated from the computer device main body . The term 
computer - readable medium , as used herein , does not encom 
pass transitory electrical or electromagnetic signals propa 
gating through a medium ( such as on a carrier wave ) ; the 
term computer - readable medium is therefore considered 
tangible and non - transitory . Non - limiting examples of the 
non - transitory computer - readable medium include , but are 
not limited to , rewriteable non - volatile memory devices 
( including , for example flash memory devices , erasable 
programmable read - only memory devices , or a mask read 
only memory devices ) ; volatile memory devices ( including , 
for example static random access memory devices or a 
dynamic random access memory devices ) ; magnetic storage 
media ( including , for example an analog or digital magnetic 
tape or a hard disk drive ) ; and optical storage media ( includ 
ing , for example a CD , a DVD , or a Blu - ray Disc ) . Examples 
of the media with a built - in rewriteable non - volatile 
memory , include but are not limited to memory cards ; and 
media with a built - in ROM , including but not limited to 
ROM cassettes ; etc. Furthermore , various information 
regarding stored images , for example , property information , 
may be stored in any other form , or it may be provided in 
other ways . 
[ 0082 ] The term code , as used above , may include soft 
ware , firmware , and / or microcode , and may refer to pro 
grams , routines , functions , classes , data structures , and / or 
objects . Shared processor hardware encompasses a single 
microprocessor that executes some or all code from multiple 
modules . Group processor hardware encompasses a micro 
processor that , in combination with additional microproces 
sors , executes some or all code from one or more modules . 
References to multiple microprocessors encompass multiple 
microprocessors on discrete dies , multiple microprocessors 
on a single die , multiple cores of a single microprocessor , 
multiple threads of a single microprocessor , or a combina 
tion of the above . 
[ 0083 ] Shared memory hardware encompasses a single 
memory device that stores some or all code from multiple 
modules . Group memory hardware encompasses a memory 
device that , in combination with other memory devices , 
stores some or all code from one or more modules . 
[ 0084 ] The term memory hardware is a subset of the term 
computer - readable medium . The term computer - readable 
medium , as used herein , does not encompass transitory 
electrical or electromagnetic signals propagating through a 
medium ( such as on a carrier wave ) ; the term computer 
readable medium is therefore considered tangible and non 
transitory . Non - limiting examples of the non - transitory com 
puter - readable medium include , but are not limited to , 
rewriteable non - volatile memory devices ( including , for 
example flash memory devices , erasable programmable 
read - only memory devices , or a mask read - only memory 
devices ) ; volatile memory devices ( including , for example 
static random access memory devices or a dynamic random 
access memory devices ) ; magnetic storage media ( includ 
ing , for example an analog or digital magnetic tape or a hard 
disk drive ) ; and optical storage media ( including , for 

example a CD , a DVD , or a Blu - ray Disc ) . Examples of the 
media with a built - in rewriteable non - volatile memory , 
include but are not limited to memory cards ; and media with 
a built - in ROM , including but not limited to ROM cassettes ; 
etc. Furthermore , various information regarding stored 
images , for example , property information , may be stored in 
any other form , or it may be provided in other ways . 
[ 0085 ] The apparatuses and methods described in this 
application may be partially or fully implemented by a 
special purpose computer created by configuring a general 
purpose computer to execute one or more particular func 
tions embodied in computer programs . The functional 
blocks and flowchart elements described above serve as 
software specifications , which can be translated into the 
computer programs by the routine work of a skilled techni 
cian or programmer . 
[ 0086 ] Although described with reference to specific 
examples and drawings , modifications , additions and sub 
stitutions of example embodiments may be variously made 
according to the description by those of ordinary skill in the 
art . For example , the described techniques may be per 
formed in an order different with that of the methods 
described , and / or components such as the described system , 
architecture , devices , circuit , and the like , may be connected 
or combined to be different from the above - described meth 
ods , or results may be appropriately achieved by other 
components or equivalents . 
[ 0087 ] In the method according to an embodiment of the 
invention for controlling a tube current for acquiring at least 
one X - ray image of a region under examination of a subject 
under examination using an X - ray imaging apparatus , a 
preview acquisition of the region under examination of the 
subject under examination is performed . The preview acqui 
sition is used to obtain information about the X - ray attenu 
ation that will occur during the subsequent actual X - ray 
image acquisition . In other words , a three - dimensionally 
modulated X - ray attenuation of the region under examina 
tion is determined based upon the preview acquisition . In 
this context , the region under examination shall comprise 
the region of the subject under examination that is subse 
quently exposed to X - ray radiation during the actual X - ray 
image acquisition . For instance , this region can comprise a 
segment of a patient body , or even the entire body of a 
patient for a whole - body examination . 
[ 0088 ] Initial tube - current profiles are then calculated 
based upon the determined X - ray attenuation . The initial 
tube - current profiles are determined so as to achieve a 
predefined signal - to - noise ratio and an associated image 
quality . In addition , a tolerance band is defined for subse 
quent real - time modification of tube currents , wherein a 
maximum permitted tube - current profile is determined for 
which the X - ray tube does not overheat . The tube - current 
profiles adjusted during the subsequent X - ray imaging must 
therefore not exceed the defined maximum . In this context , 
a tube - current profile shall be understood to mean a current / 
time curve that represents the tube current produced by an 
X - ray tube over the examination time or at least over a 
predetermined time interval of an examination , or represents 
the corresponding time - dependent current magnitude . 
[ 0089 ] In addition , an expected value for a potential 
patient dose is determined based upon the initial tube 
current profiles Iap ( z ) , Ilat ( z ) , and a maximum value of a 
potential patient dose is determined based upon the defined 
tolerance band . The subsequent adjustment of the tube 
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currents during the actual X - ray imaging can take account of 
the maximum value , for example , by appropriate limits to 
the tolerance band being set in advance such that a maxi 
mum dose is not exceeded . It is also possible during the 
X - ray imaging , however , to determine an X - ray dose already 
given and to set sliding and variable limits to the tolerance 
band in real time based upon the X - ray dose predicted to be 
required for the remaining X - ray imaging process . 
[ 0090 ] During the actual X - ray image acquisition , an 
actual X - ray attenuation is then determined regularly based 
upon the measured raw data or projections . The X - ray 
attenuation is preferably calculated by simple division of the 
logarithm of the attenuation data by the linear absorption 
coefficient of water . 
[ 0091 ] Adjusted tube - current profiles are then calculated 
based upon the actual X - ray attenuation values and the 
initially planned tube - current profiles . This is because the 
actual X - ray attenuation values provide information on how 
far the previously made estimate of the X - ray attenuations 
departs from the actual value . Finally , the tube current is 
adjusted in accordance with the determined adjusted tube 
current profiles . The adjustment and the steps for determin 
ing the actual X - ray attenuation of the subject under exami 
nation can be performed repeatedly , or updated , during the 
X - ray imaging in order to achieve a high - quality X - ray 
acquisition for a minimum X - ray dose . 
[ 0092 ] The tube - current controller according to 
embodiment of the invention for acquiring at least one X - ray 
image of a region under examination of a subject under 
examination comprises a control unit for controlling an 
X - ray radiation source for an X - ray image acquisition and 
for capturing raw X - ray data from an X - ray radiation detec 
tor . A preview - acquisition control unit for controlling a 
preview acquisition of the region under examination of the 
subject under examination is also part of the tube - current 
controller according to the invention . The tube - current con 
troller also comprises an X - ray attenuation estimation unit 
for estimating a three - dimensionally modulated X - ray 
attenuation based upon the preview acquisition . In addition , 
the tube - current controller according to an embodiment of 
the invention comprises a profile definition unit for deter 
mining initial tube - current profiles based upon the estimated 
X - ray attenuation . 
[ 0093 ] In order to take into account technical limitations , 
the tube - current controller according to an embodiment of 
the invention also comprises a band definition unit for 
defining a tolerance band for subsequent real - time modifi 
cation of tube currents , wherein maximum permitted 
tube - current profile is determined for which the X - ray tube 
does not overheat . 
[ 0094 ] To protect the patient from an excessive dose , the 
tube - current controller according to the invention comprises 
a dose determination unit for determining an expected value 
based upon the initial tube - current profiles , and a maximum 
value of a potential patient dose based upon the defined 
tolerance band . 
[ 0095 ] An X - ray attenuation determination unit for deter 
mining an actual X - ray attenuation during an X - ray image 
acquisition based upon the acquired raw X - ray data is also 
part of the tube - current controller according to an embodi 
ment of the invention . 
[ 0096 ] The tube - current controller according to 
embodiment of the invention also comprises an adjustment 
unit for determining adjusted tube - current profiles based 

upon the actual X - ray attenuation and the initially planned 
tube - current profiles . The control unit is configured to adjust 
the tube current of the X - ray source in accordance with the 
determined adjusted tube - current profiles . The tube - current 
controller according to the invention shares the advantages 
of the method according to an embodiment of the invention 
for controlling a tube current . 
[ 0097 ] The X - ray imaging apparatus according to an 
embodiment of the invention comprises an X - ray radiation 
source having an X - ray tube , and comprises an X - ray 
radiation detector and the tube - current controller according 
to an embodiment of the invention . The X - ray imaging 
apparatus according to an embodiment of the invention 
shares the advantages of the tube - current controller accord 
ing to an embodiment of the invention . 
[ 0098 ] The X - ray imaging apparatus may be part of an 
X - ray apparatus that is designed to acquire a multiplicity of 
X - ray projections from different projection angles , for 
instance a computed tomography apparatus having an annu 
lar rotating frame , or a C - arm X - ray apparatus . The acqui 
sitions can be produced during a , in particular continuous , 
rotational movement of an acquisition unit comprising an 
X - ray radiation source and an X - ray radiation detector , 
which interacts with the X - ray radiation source . The X - ray 
radiation source in particular may be a rotating anode X - ray 
tube . The X - ray radiation detector for a computed tomog 
raphy apparatus is a multiple - row detector , for example . An 
example of an X - ray detector for a C - arm X - ray apparatus 
is a flat - panel detector . Both an energy - resolving design and 
a counting design are possible for the X - ray detector . 
[ 0099 ] Most of the essential components of the tube 
current controller according to an embodiment of the inven 
tion can be embodied in the form of software components . 
This relates in particular to the control unit , the preview 
acquisition control unit for controlling a preview acquisition 
of the region under examination of the subject under exami 
nation , the X - ray attenuation estimation unit for estimating 
a three - dimensionally modulated X - ray attenuation based 
upon the preview acquisition , the profile definition unit , the 
band definition unit , the dose determination unit , the X - ray 
attenuation determination unit , and the adjustment unit . 
[ 0100 ] In principle , however , some of these components 
can also be implemented in the form of software - aided 
hardware , for instance FPGAs or the like , in particular when 
especially fast calculations are needed . Likewise , the 
required interfaces can be designed as software interfaces , 
for instance if all that is involved is a transfer of data from 
other software components . They can also be designed , 
however , as hardware - built interfaces driven by suitable 
software . 
[ 0101 ] An implementation largely in software has the 
advantage that even controllers already in use for X - ray 
imaging apparatuses , for instance computed tomography 
systems , can be easily upgraded by a software update in 
order to work in the manner according to an embodiment of 
the invention . 
[ 0102 ] In this respect , at least one embodiment of the 
invention is also directed to a corresponding computer 
program product comprising a computer program , which 
can be loaded directly into a storage device of an X - ray 
imaging apparatus and / or of a storage device of a controller 
of a computed tomography system and which contains 
program segments in order to perform all the steps of the 
method according to an embodiment of the invention when 

an 
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the computer program is executed in the controller of the 
X - ray imaging apparatus and / or in the controller of the 
computed tomography system . 
[ 0103 ] The computer program product may comprise in 
addition to the computer program , if applicable , extra ele 
ments such as e.g. documentation and / or extra components , 
including hardware components , such as e.g. hardware keys 
( dongles etc. ) for using the software . 
[ 0104 ] By virtue of a software implementation , the 
method can be performed reproducibly on different com 
puters with less susceptibility to errors . 
[ 0105 ] For transfer to the storage device of the image - data 
generation device and / or controller of the computed tomog 
raphy system , and / or for storage on the image - data genera 
tion device and / or the controller of the computed tomogra 
phy system , a computer - readable medium , for instance a 
memory stick , a hard disk or any other portable or perma 
nently installed data storage medium can be used , on which 
are stored the program segments of the computer program , 
which program segments can be downloaded and executed 
by a processing unit of the X - ray imaging apparatus . For this 
purpose , the processing unit can comprise , for example , one 
or more interacting microprocessors or the like . 
[ 0106 ] The claims and the following description each 
contain particularly advantageous embodiments and devel 
opments of the invention . In particular , the claims in one 
category of claims can also be developed in a similar way to 
the dependent claims in another category of claims . Fur 
thermore , within the scope of the invention , the various 
features of different example embodiments and claims can 
also be combined to create new example embodiments . 
[ 0107 ] According to an embodiment of the method 
according to the invention , the preview acquisition com 
prises a topogram of the region under examination of the 
subject under examination . The method according to an 
embodiment of the invention can improve the accuracy of an 
automatic dose control system based on a topogram for a 
patient who is not centrally positioned . 
[ 0108 ] According to one aspect of the method according to 
an embodiment of the invention , the preview acquisition 
comprises an optical image acquisition of the region under 
examination of the subject under examination . If the pre 
view acquisition is performed without a topogram based 
upon a relatively inaccurate estimate of the X - ray attenua 
tion using data from an optical sensor such as a camera , for 
instance , then the method according to an embodiment of the 
invention achieves a significant improvement in the accu 
racy of an automatic dose control system . In order to acquire 
an image of the subject under examination , the X - ray 
imaging apparatus preferably comprises an optical sensor at 
least in the body region to be imaged . 
[ 0109 ] In a particularly practical variant of the method 
according to an embodiment of the invention , determining 
the three - dimensionally modulated X - ray attenuation com 
prises determining X - ray attenuation vectors . 
[ 0110 ] The X - ray attenuation vectors are preferably deter 
mined in the anterior / posterior direction and in the lateral direction by way of the preview acquisition . If the subject 
under examination is a patient , it can be assumed that in the 
transverse plane , the patient has the smallest dimensions in 
the anterior / posterior direction , and the largest dimensions 
in the lateral direction . Hence the lowest X - ray attenuation 
can also be expected for the X - ray projection in the anterior / 
posterior direction , and the strongest X - ray attenuation can 

be presumed in the lateral direction . The two estimated 
values for the X - ray attenuation in the anterior / posterior 
direction and in the lateral direction can therefore be adopted 
as a minimum value and a maximum value , between which 
the X - ray attenuation varies in a continuous transition . The 
analysis of the preview acquisition can advantageously be 
confined to a small number of directions , thereby reducing 
the computational effort . 
[ 0111 ] Hence the initial tube - current profiles can then also 
be determined based upon the determined X - ray attenuation 
in the anterior / posterior direction and in the lateral direction . 
[ 0112 ] In addition , the actual X - ray attenuation is mea 
sured particularly preferably in the anterior / posterior direc 
tion and in the lateral direction , because , as already men 
tioned , it is in these directions that the boundary values of a 
value range of the possible X - ray attenuation values are 
expected . The calculation of the actual X - ray tube - current 
profile can advantageously be simplified by selecting just 
two particularly meaningful directions , whereby it is also 
possible to implement more easily a real - time function for 
adapting the tube - current profile . 
[ 0113 ] In order to comply with the maximum patient dose , 
a maximum permitted increase in the patient dose by way of 
a configurable parameter is preferably displayed to the 
operator during the X - ray image acquisition . In this variant , 
a variation parameter and its range of variation for adapting 
the tube current is predefined . 
[ 0114 ] Alternatively , the value range of the range of varia 
tion can also be adjusted in real time during an X - ray 
acquisition according to the X - ray dose already given and 
according to the X - ray dose expected over the course of the 
further X - ray imaging . In this variant , a maximum image 
quality can be achieved while complying with the permitted 
or specified X - ray dose . 
[ 0115 ] The tube currents are preferably adjusted based 
upon a function for adjusting the initially planned tube 
currents that comprises an exponential function of a product 
of the absorption coefficient of water and the difference 
between the actual patient attenuation and the X - ray attenu 
ation vectors determined based upon the preview acquisi 
tion . 
[ 0116 ] In a CT system , the tube currents are preferably 
adjusted at a delay of 180 ° . In other words , the correction to 
the tube currents at a particular position z of a CT spiral scan 
is based on the measurement of the patient attenuation in the 
previous half - revolution of the gantry . This achieves maxi 
mum currency of the data forming the basis of the tube 
current adjustment . 
[ 0117 ] FIG . 1 shows schematically an X - ray imaging 
apparatus la comprising a tube controller 12a according to 
an example embodiment of the invention . The X - ray imag 
ing apparatus la comprises also an X - ray source 8 and an 
X - ray detector 9 in addition to the tube - current controller 
12a . 
[ 0118 ] The X - ray tube controller 12a comprises a preview 
acquisition control unit 23 for controlling a preview acqui 
sition of a region under examination of a subject under 
examination . That is to say , the preview acquisition control 
unit 23 is used to control a control unit 27 , by which the 
X - ray radiation source 8 is controlled for an X - ray image 
acquisition and for a preview acquisition . In addition , the 
control unit 27 is also configured to capture raw X - ray data 
from an X - ray radiation detector 9. An X - ray attenuation 
estimation unit 24 , which is configured to determine X - ray 
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attenuation vectors Wap ( z ) , Wlat ( z ) in the anterior / posterior 
direction and in the lateral direction based upon the topo 
gram , is also part of the X - ray tube controller 12a . The 
determined X - ray attenuation vectors Wap ( z ) , Wlat ( z ) are 
then used by a profile definition unit 25 to calculate initial 
tube - current profiles Iap ( 2 ) , Ilat ( z ) . 
[ 0119 ] The tube controller 12a also comprises a band 
definition unit 26. The band definition unit is used to define 
a tolerance band for subsequent real - time modification of 
tube currents . This tolerance band defines a maximum 
permitted tube current or a maximum permitted tube - current 
profile for which the X - ray tube still does not overheat . 
[ 0120 ] Based upon the initial tube - current profiles Iap ( z ) , 
Ilat ( z ) , it is now possible to define in advance the amount of 
adjustment to a tube current , if applicable , that is permitted 
during an X - ray image acquisition . 
[ 0121 ] A dose determination unit 27 , which is configured 
to determine an expected value and a maximum value of a 
potential patient dose based upon the initial tube - current 
profiles Iap ( z ) , Ilat ( z ) and the defined tolerance band , is also 
part of the X - ray tube controller 12a . In other words , an 
expected value of an X - ray dose for the patient can be 
calculated based upon the initial tube - current profiles lap ( 2 ) , 
Ilat ( z ) . The maximum value is then obtained from the 
defined tolerance band . If the maximum value is higher than 
a specified X - ray dose , then appropriate limits to the toler 
ance band can be set to avoid exceeding the specified X - ray 
dose value . 
[ 0122 ] The X - ray tube controller 12a also comprises an 
X - ray attenuation determination unit 28 , which is configured 
to determine an actual X - ray attenuation Vap , Vlat in the 
anterior / posterior direction and in the lateral direction during 
an X - ray image acquisition , based upon the acquired raw 
X - ray data . Projections in tube positions 3 o'clock , 9 o'clock 
and 6 o'clock , 12 o'clock are analyzed for determining the 
actual X - ray attenuation in the anterior / posterior direction 
and in the lateral direction . The positions are labeled in FIG . 
2 with “ 3 h ” , “ 9 h ” , “ 6 h ” and “ 12 h ” . 
[ 0123 ] The actual X - ray attenuation can be determined by 
simple division of the logarithm of the attenuation values of 
a projection by the linear absorption coefficient of water . 
[ 0124 ] Based upon the actual X - ray attenuation and the 
initial tube - current profiles in the anterior / posterior direction 
and in the lateral direction , an adjustment unit 29 , which is 
also part of the X - ray tube controller 12a , then determines 
adjusted tube - current profiles in the anterior / posterior direc 
tion and in the lateral direction . 
[ 0125 ] The control unit 27 uses the adjusted tube - current 
profiles to adjust the tube current of the X - ray source 8 in 
accordance with the determined adjusted tube - current pro 
files . 
[ 0126 ] FIG . 2 shows an X - ray imaging apparatus 1 using 
the example of an X - ray computed tomography apparatus . 
The computed tomography apparatus shown here has an 
acquisition unit 17 comprising a radiation source 8 in the 
form of an X - ray source , and a radiation detector 9 in the 
form of an X - ray detector . The acquisition unit 17 rotates 
about a system axis 5 during the acquisition of X - ray 
projections , and the X - ray source 8 emits rays 2 in the form 
of X - rays during the acquisition . The X - ray source 8 is an 
X - ray tube . The X - ray detector is a multiple - row detector . 
[ 0127 ] A patient 3 lies on a patient couch 6 during the 
acquisition of projections . The patient couch 6 is connected 
to a couch base 4 such that the base supports the patient 

couch 6 bearing the patient 3. The patient couch 6 is 
designed to move the patient 3 along an acquisition direction 
through the aperture 10 of the acquisition unit 17. The 
acquisition direction is usually defined by the system axis 5 , 
which is oriented in the z - direction . During the acquisition 
of X - ray projections , the acquisition unit 17 rotates about the 
z - axis . In this example , the body axis of the patient is the 
same as the system axis 5. Both axes lie on the z - axis of a 
three - dimensional Cartesian coordinate system . For a spiral 
acquisition , the patient couch 6 is moved continuously 
through the aperture 10 while the acquisition unit 17 rotates 
about the patient 3 and acquires X - ray projections . The 
X - rays thus describe a spiral on the surface of the patient 3 . 
[ 0128 ] The X - ray imaging apparatus 1 has a computer 12 , 
which is connected to a display unit 11 , for instance for the 
graphical display of X - ray acquisitions , and to an input unit 
7. The display unit 11 may be an LCD , plasma or OLED 
screen , for instance . It may also be a touchscreen , which is 
also embodied as the input unit 7. Such a touchscreen may 
be integrated in the imaging device or be designed as part of 
a portable device . The input unit 7 is , for example , a 
keyboard , a mouse , a touchscreen or even a microphone for 
voice input . The input unit 7 can also be designed to detect 
and convert into suitable commands , movements of a user . 
A user can use the input unit 7 to modify , for example , a 
selected reference dataset that is used in preparing for an 
imaging . 
[ 0129 ] The computer 12 is connected to the rotatable 
acquisition unit 17 for the purpose of data transfer . Via the 
connection 14 , control signals for the X - ray image acquisi 
tion are transmitted from the computer 12 to the acquisition 
unit 17 , and acquired projection data is transmitted to the 
computer 12 for image reconstruction . The connection 14 is 
implemented in wired or wireless form in a known manner . 
[ 0130 ] The computer 12 comprises a processing unit 16 . 
The processing unit 16 is embodied as an image processing 
unit or an image - data processing unit . It is configured to 
perform all the data processing steps relating to the method 
according to an embodiment of the invention . The process 
ing unit 16 can interact with a computer - readable data 
storage medium 13 , in particular in order to perform a 
method according to an embodiment of the invention via a 
computer program containing program code . In addition , the 
computer program can be stored in retrievable form on the 
computer - readable storage medium . The machine - readable 
storage medium can be in particular a CD , DVD , Blu - Ray 
disc , a memory stick or a hard disk . The processing unit 16 
can be in the form of hardware or software . For example , the 
processing unit 16 is embodied as an FPGA ( Field Program 
mable Gate Array ) or comprises an arithmetic logic unit . 
[ 0131 ] In the embodiment shown here , at least one com 
puter program is stored in the memory of the computer 12 , 
which computer program , when executed on the computer 
12 , performs all the method steps of the method according 
to an embodiment of the invention for controlling a tube 
current for acquiring at least one X - ray image of a region 
under examination of a subject under examination using an 
X - ray imaging apparatus . The computer program for per 
forming the method steps of the method according to an 
embodiment of the invention comprises a program code . In 
addition , the computer program can be in the form of an 
executable file and / or can be stored in another processing 
system other than the computer 12. For example , the X - ray 
imaging apparatus 1 can be designed such that the computer 
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12 downloads the computer program for performing the 
method according to an embodiment of the invention to its 
internal main memory via an intranet or via the Internet . 
[ 0132 ] FIG . 3 shows a flow diagram illustrating a method 
for controlling a tube current for acquiring at least one X - ray 
image of a region under examination of a subject under 
examination using an X - ray imaging apparatus according to 
an example embodiment of the invention . In step 3.1 , first a 
preview acquisition of the region under examination of the 
subject under examination , a patient in this example 
embodiment , is performed . The preview acquisition can be 
made in the form of a topogram , for example . In the case of 
a topogram , the acquisition unit of the X - ray imaging 
apparatus is used to produce X - ray image acquisitions from 
a plurality of directions . As an alternative , it is also possible 
to use optical sensors such as a camera , for instance , to 
acquire images of the patient from a plurality of directions 
in order to determine the dimensions of the patient in three 
dimensions . 
[ 0133 ] In step 3.11 , X - ray attenuation vectors Wap ( 2 ) , W , 
( z ) in the anterior / posterior direction and in the lateral 
direction are determined based upon the generated preview 
acquisition . It can be assumed that a patient , for example , 
has the smallest dimensions in the anterior / posterior direc 
tion , and the largest dimensions in the lateral direction . In a 
subsequent X - ray image acquisition , the highest X - ray 
attenuation values can then be expected in the lateral direc 
tion , and the smallest X - ray attenuation values in the ante 
rior / posterior direction . During a quarter - rotation of the 
acquisition unit , the X - ray attenuation value varies predict 
ably between these two values . 
[ 0134 ] In step 3.111 , initial tube - current profiles Iap ( 2 ) , 
Ilar ( z ) in the anterior / posterior direction and in the lateral 
direction are calculated based upon the determined X - ray 
attenuation vectors Wap ( 2 ) , Wlat ( 2 ) . 
[ 0135 ] In addition , in step 3.IV , a tolerance band is deter 
mined for subsequent real - time modification of tube cur 
rents . This tolerance band must be selected such that a 
maximum permitted tube current is not exceeded , or else the 
X - ray tube will overheat . The tolerance band is determined 
based upon the initial tube - current profiles lap ( 2 ) , Ilat ( 2 ) . 
[ 0136 ] In addition , in step 3.V , an expected value and a 
maximum value of a potential patient dose are calculated 
based upon the initial tube - current profiles Ip ( 2 ) , lar ( 2 ) and 
the defined tolerance band . In other words , the expected 
value of the X - ray dose is obtained from the initial tube 
current profiles , which of course represent a time - dependent 
quantity . The maximum value of the potential patient dose , 
on the other hand , is obtained from the permitted tube 
current . In step 3.VI , to prevent the X - ray dose from now 
exceeding the dose permitted for health , limits to the toler 
ance band of the tube current are set such that the X - ray dose 
is not expected to exceed the dose allowed for health . As 
explained below , it is also possible to narrow the tolerance 
band based upon the actual tube - current profiles in real time 
during the X - ray imaging acquisition so as to be certain of 
preventing the X - ray dose exceeding the dose permitted for 
health in the event that the actual tube - current profiles 
diverge from the initial tube - current profiles . 
[ 0137 ] In step 3.VII , the actual X - ray imaging of a region 
under examination of the patient is started . In step 3.VIII , an 
actual X - ray attenuation Vap , Vlat is determined during the 

X - ray image acquisition based upon the X - ray attenuation 
data captured in real time in the anterior / posterior direction 
and in the lateral direction . 
[ 0138 ] In step 3.IX , adjusted tube - current profiles are then 
calculated based upon the actual patient attenuation and the 
initially planned tube - current profiles . The adjusted tube 
currents Jap ( z ) , Jiar ( z ) in the anterior / posterior direction and 
in the lateral direction are calculated using the absorption 
coefficient of water mu and a suitably selected parameter b 
( 0 < b < 1 ) as follows : 

Jap ( z ) = Lap?z ) emu " ' ( vap ( z ) -Wap ( z ) ) ( 1 ) 

and Jlar ( z ) = 1lar ( z ) -emu b- ( vlar ( z ) -wlat ( z ) ) . 
[ 0139 ] In step 3.X , a tube current is adjusted in accordance 
with the determined adjusted tube - current profiles . 
[ 0140 ] FIG . 4 shows a comparison diagram 40 of three 
different topograms 40a , 406 , 40c in the anterior / posterior 
direction of a thorax phantom . The individual topograms 
40a , 406 , 40c differ in that the thorax phantom is positioned 
differently . In the left - hand depiction 40a , the thorax phan 
tom is in a central position relative to the circular gantry or 
acquisition unit ( see FIG . 2 ) . In the center depiction 40b , on 
the other hand , the thorax phantom is in a lower position , i.e. 
is at a greater distance from the X - ray source . The depiction 
of the thorax phantom is thereby smaller in size . The 
opposite effect can be seen in the right - hand depiction 40c . 
Here , the thorax phantom is positioned closer to the X - ray 
source , resulting in an enlarged representation of the thorax 
phantom . 
[ 0141 ] The different topograms 40a , 406 , 40c result in the 
different initial tube currents or tube - current profiles shown 
in FIG . 5 as the basis for planning CT X - ray imaging . FIG . 
5 presents a graph 50 that shows the profile of three different 
tube currents . The currents , or more precisely their current 
magnitudes I , are plotted in units of mA over time t . A 
tube - current profile I is obtained from the left - hand topo 
gram 40a . The center topogram 40b corresponds to a tube 
current profile 12. It can be seen that the amplitudes of the 
tube current I , associated with the center topogram 40b are 
significantly lower than the amplitudes of the tube current I 
associated with the left - hand topogram . A tube - current pro 
file 13 having by far the largest amplitudes is associated with 
the right - hand topogram 40c . If an X - ray image acquisition 
were now to be performed using the tube current I2 , which 
was determined by acquiring the center topogram 40b , then 
although the patient would receive only a low X - ray dose , a 
reduced image quality might result . In the case of the tube 
current 13 , which was determined by acquiring the right 
hand topogram 40c , the patient would potentially receive too 
high an X - ray dose . 
[ 0142 ] FIG . 6 shows an illustration 60 of the adjusted 
tube - current profiles J1 , J2 , Jz . The adjusted tube - current 
profile J , is associated with the initial tube - current profile 11 , 
the adjusted tube - current profile J2 is associated with the 
initial tube - current profile I2 , and the adjusted tube - current 
profile Jz is associated with the initial tube - current profile 13 . 
It can be seen that the amplitudes of the individual tube 
current profiles are very similar to one another , even though 
the center topograms 40b and right - hand topograms 40c 
shown in FIG . 5 and used for calculating the initial tube 
current profiles 11 , 12 , 13 are erroneous . By employing the 
method according to an embodiment of the invention , dose 
differences resulting from erroneous preview acquisitions 
can thus be corrected in an automated manner . 
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[ 0143 ] Finally , it shall be reiterated that the method and 
devices described above are merely preferred example 
embodiments , and that the invention can be modified by a 
person skilled in the art without departing from the scope of 
the invention insofar as this is defined by the claims . Thus 
the method and the X - ray imaging apparatus have been 
described primarily with reference to a system for acquiring 
medical image data . This does not mean , however , that the 
invention is limited to use in the medical sector , but in 
principle can also be applied to the acquisition of images for 
other purposes . It is mentioned for the sake of completeness 
that the use of the indefinite article “ a ” or “ an ” does not rule 
out the possibility of there also being more than one of the 
features concerned . Likewise , the term “ unit ” does not 
exclude the possibility that the unit consists of a plurality 
components , which may also be spatially distributed if 
applicable . 
[ 0144 ] The patent claims of the application are formula 
tion proposals without prejudice for obtaining more exten 
sive patent protection . The applicant reserves the right to 
claim even further combinations of features previously 
disclosed only in the description and / or drawings . 
[ 0145 ] References back that are used in dependent claims 
indicate the further embodiment of the subject matter of the 
main claim by way of the features of the respective depen 
dent claim ; they should not be understood as dispensing with 
obtaining independent protection of the subject matter for 
the combinations of features in the referred - back dependent 
claims . Furthermore , with regard to interpreting the claims , 
where a feature is concretized in more specific detail in a 
subordinate claim , it should be assumed that such a restric 
tion is not present in the respective preceding claims . 
[ 0146 ] Since the subject matter of the dependent claims in 
relation to the prior art on the priority date may form 
separate and independent inventions , the applicant reserves 
the right to make them the subject matter of independent 
claims or divisional declarations . They may furthermore 
also contain independent inventions which have a configu 
ration that is independent of the subject matters of the 
preceding dependent claims . 
[ 0147 ] None of the elements recited in the claims are 
intended to be a means - plus - function element within the 
meaning of 35 U.S.C. § 112 ( f ) unless an element is expressly 
recited using the phrase “ means for ” or , in the case of a 
method claim , using the phrases “ operation for ” or “ step 
for . " 
[ 0148 ] Example embodiments being thus described , it will 
be obvious that the same may be varied in many ways . Such 
variations are not to be regarded as a departure from the 
spirit and scope of the present invention , and all such 
modifications as would be obvious to one skilled in the art 
are intended to be included within the scope of the following 
claims . 
What is claimed is : 
1. A method for controlling a tube current for acquiring at 

least one X - ray image of a region under examination of a 
subject under examination using an X - ray imaging appara 
tus , comprising : 

performing a preview acquisition of the region under 
examination of the subject under examination ; 

determining a three - dimensionally modulated X - ray 
attenuation of the region under examination based upon 
the preview acquisition ; 

determining initial tube - current profiles based upon the 
three - dimensionally modulated X - ray attenuation 
determined ; 

defining a tolerance band for subsequent real - time modi 
fication of tube currents , wherein , based upon initial 
tube - current profiles , a maximum permitted tube - cur 
rent profile is determined for which an X - ray tube of the 
X - ray imaging apparatus does not overheat ; 

determining an expected value and a maximum value of 
a potential patient dose based upon the initial tube 
current profiles and the tolerance band defined ; 

measuring an actual X - ray attenuation during acquisition 
of the at least one X - ray image ; 

determining adjusted tube - current profiles based upon the 
actual X - ray attenuation and the initial tube - current 
profiles , and 

adjusting the tube current in accordance with the adjusted 
tube - current profiles determined . 

2. The method of claim 1 , wherein the preview acquisition 
includes a topogram of the region under examination of the 
subject under examination . 

3. The method of claim 1 , wherein the preview acquisition 
includes an optical image acquisition of the region under 
examination of the subject under examination . 

4. The method of claim 1 , wherein the determining of the 
three - dimensionally modulated X - ray attenuation includes 
determining X - ray attenuation vectors . 

5. The method of claim 4 , wherein the X - ray attenuation 
vectors in an anterior / posterior direction and in a lateral 
direction are determined by way of the preview acquisition . 

6. The method of claim 5 , wherein the initial tube - current 
profiles are determined based upon the determined X - ray 
attenuation in the anterior / posterior direction and in the 
lateral direction . 

7. The method of claim 5 , wherein the actual X - ray 
attenuation is measured in the anterior / posterior direction 
and in the lateral direction . 

8. The method of claim 1 , wherein a maximum permitted 
increase in the patient dose , by way of a configurable 
parameter , is displayed to the operator during the X - ray 
image acquisition . 

9. The method of claim 1 , wherein the X - ray attenuation 
is determined by division of a logarithm of the attenuation 
data by a linear absorption coefficient of water . 

10. The method of claim 1 , wherein the adjustment is 
performed based upon a function for adjusting the initially 
planned tube currents including an exponential function of a 
product of the absorption coefficient of water and a differ 
ence between the actual patient attenuation and the X - ray 
attenuation vectors . 

11. A tube - current controller for acquiring at least one 
X - ray image of a region under examination of a subject 
under examination , comprising : 

a controller configured to 
control an X - ray radiation source for acquisition of the 

at least one X - ray image , and 
capture raw X - ray data from an X - ray radiation detec 

tor ; 
a preview acquisition controller to control a preview 

acquisition of the region under examination of the 
subject under examination ; 

an X - ray attenuation estimation unit to estimate a three 
dimensionally modulated X - ray attenuation based upon 
the preview acquisition ; 

22 
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a profile definition unit to determine initial tube - current 
profiles based upon the X - ray attenuation estimated ; 

a band definition unit to define a tolerance band for 
real - time modification of tube currents , wherein , based 
upon the initial tube - current profiles , a maximum per 
mitted tube - current profile is determined for which the 
X - ray tube does not overheat ; 

a dose determination unit to determine an expected value 
for a potential patient dose based upon the initial 
tube - current profiles , and a maximum value of a poten 
tial patient dose based upon the defined tolerance band ; 

an X - ray attenuation determination unit to determine an 
actual X - ray attenuation during acquisition of the at 
least one X - ray image based upon raw X - ray data 
acquired ; and 

an adjustment unit to determine adjusted tube - current 
profiles based upon the actual X - ray attenuation and 
initially planned tube - current profiles , 

wherein the controller is further configured to adjust the 
tube current of the X - ray source in accordance with the 
adjusted tube - current profiles determined . 

12. An X - ray imaging apparatus , comprising : 
an X - ray radiation source including an X - ray tube ; 
an X - ray radiation detector ; and 
the tube - current controller of claim 11 . 
13. A computed tomography system comprising the X - ray 

imaging apparatus of claim 12 . 

14. A non - transitory computer program product storing a 
computer program , directly loadable into a storage device of 
an X - ray imaging apparatus , including program segments to 
perform the method of claim 1 when the computer program 
is executed in the X - ray imaging apparatus . 

15. A non - transitory computer - readable medium , storing 
program segments , readable and executable by a processor 
to perform the method of claim 1 when the program seg 
ments are executed by the processor . 

16. The method of claim 2 , wherein the preview acqui 
sition includes an optical image acquisition of the region 
under examination of the subject under examination . 

17. The method of claim 2 , wherein the determining of the 
three - dimensionally modulated X - ray attenuation includes 
determining X - ray attenuation vectors . 

18. The method of claim 17 , wherein the X - ray attenua 
tion vectors in an anterior / posterior direction and in a lateral 
direction are determined by way of the preview acquisition . 

19. A non - transitory computer program product storing a 
computer program , directly loadable into a storage device of 
an X - ray imaging apparatus , including program segments to 
perform the method of claim 2 when the computer program 
is executed in the X - ray imaging apparatus . 

20. A non - transitory computer - readable medium , storing 
program segments , readable and executable by a processor 
to perform the method of claim 2 when the program seg 
ments are executed by the processor . 


