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(57) ABSTRACT 
A hand-held device comprising a housing (10) shaped and 
dimensioned to alloW the device to be hand held, a display 
(12) secured to the housing for displaying moving pictures 
on a frame-by-frame basis, and a camera (16, 18) having an 
optical aXis (O) extending generally aWay from the display 
to image a person Who is vieWing the display. The hand-held 
device further comprises a sensor (20) con?gured to deter 
mine a rotational angle betWeen an alignment aXis (V) of the 
hand-held device and a reference alignment aXis in real 
space. Alternative embodiments use a reference alignment 
aXis obtained on the basis of data content of the images, as 
determined by image processing techniques. In this Way, 
subjective picture quality can be improved by compensating 
for vertical mis-alignment of the image content of the frames 
obtained by the camera. 
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VERTICAL COMPENSATION IN A MOVING 
CAMERA 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. patent 
application Ser. No. 09/615,117 ?led Jul. 13, 2000, Which 
claims priority from European Application Serial No. 
994018158 ?led Jul. 19, 1999. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates to image processing, more 
especially to a method of and apparatus for processing 
motion picture images taken With a moving camera such as 
a hand-held camera, or a hand-held terminal device includ 
ing a camera. 

[0004] 2. Background of the Invention 

[0005] In the future, there is likely to be considerable 
demand for telephones With a multi-media video and audio 
capability. 
[0006] FIG. 1 of the accompanying draWings illustrates 
one possible design for a video telephone in the form of a 
hand-held terminal 14. The hand-held terminal has a main 
housing 10 to Which is mounted a video display 12 and an 
antenna 26. The display is provided for showing moving 
picture images received by the terminal from a Wireless 
transmission to the antenna 26. A camera 16 and 18 for 
taking images is built into the housing 10. The camera is 
provided to take a sequence of image frames and to supply 
them to the antenna 26 for Wireless transmission to a base 
station. The camera Will most likely be a digital camera 
based on a charged coupled device (CCD) 16, or other array 
detector, and Will have conventional lens optics 18, possibly 
in conjunction With optical ?bre components. The camera 
Will have an optical aXis “O”. In addition, there Will be a 
notional vertical aXis “V” of the terminal de?ned by vertical 
alignment of the display and camera. The alignment of the 
display 12 Will be made to coincide With the alignment of the 
projection of the image vieWed by the camera on the 
rectangular active area of the CCD chip 16. The antenna 26 
may be a broad-band transceiver antenna 26, or some other 
antenna arrangement such as separate helical antennae for 
receiving and transmitting arranged Within the housing 10. 
The main housing 10 Will also comprise various keys or 
buttons for dialing and other functions, and have an in-built 
loudspeaker and microphone for the audio part of the signal. 
These components are not shoWn. 

[0007] Consider a video telephone communication 
betWeen tWo users, Janet and John. During the call, Janet 
Will hold her terminal by one or tWo hands for comfortable 
vieWing of John on the display. For Janet, Whether or not she 
is holding her terminal at the correct orientation Will be of 
secondary importance. HoWever, for John, any mis-orienta 
tion of J anet’s terminal Will be a problem, since it Will result 
in J anet’s image being mis-oriented on the display of John’s 
hand-held terminal. For John, this Will be a nuisance and 
detract from his subjective evaluation of picture quality. 

[0008] FIGS. 2 to 4 of the accompanying draWings illus 
trate the orientation problem. 
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[0009] FIG. 2 of the accompanying draWings illustrates 
Janet’s image displayed on John’s hand-held terminal With 
proper alignment of Janet’s hand-held terminal relative to 
herself. The image is shoWn as a number of shaded objects, 
as Would result from use of a standard such as MPEG-4. 
Janet is object 3, the remaining objects 1, 2 and 4 being 
background objects. 
[0010] FIG. 3 of the accompanying draWings shoWs Jan 
et’s image as superimposed on the CCD chip 16 of her 
hand-held terminal, Which is noW being held by her tilted at 
an angle. More particularly, the vertical aXis “V” of the 
hand-held terminal noW eXtends at an angle 0 to an aXis “U” 
characteristic of J anet’s image. 

[0011] FIG. 4 of the accompanying draWings shoWs Jan 
et’s image as it appears on the display of John’s hand-held 
terminal When Janet is holding her terminal as shoWn in 
FIG. 3. Thus, if John holds his terminal straight, Janet 
appears to be leaning over. John could re-align J anet’s image 
by rotating his terminal, but this Would affect his image as 
displayed on J anet’s terminal. Reaction times and transmis 
sion lag could result in an unstable picture orientation if 
communicating parties attempt hand correction of the ver 
tical alignment in this Way. 

[0012] More generally, in any application Where there is a 
possibility of rotating a camera about its optical aXis, the 
image taken by the camera Will appear distorted in the 
perception of a vieWer When displayed on a remote terminal. 
For example, a door or building Will appear to be leaning 
over at an angle, or the horiZon of a landscape Will appear 
tilted. 

[0013] Appreciation of this problem leads to the folloWing 
conclusions for hand-held terminals comprising a display 
and a built-in video camera: 

[0014] It Will be inconvenient and dif?cult for a user to 
hold a hand-held terminal so that his/her image aligns 
vertically With a vertical aXis de?ned by the hand-held 
terminal’s camera and display. (ii) The vast majority of 
images of interest Will have a preferred vertical alignment 
aXis that Will need to be aligned With a vertical aXis of the 
transmitting user’s hand-held terminal for maXimum per 
ceived picture quality on the receiving user=3 s display. 

[0015] It is therefore an object of the invention to provide 
a method and apparatus by Which vertical mis-alignment of 
images taken With a hand-held camera device can be auto 
matically corrected for. 

BRIEF SUMMARY OF THE INVENTION 

[0016] According to a ?rst aspect of the invention there is 
provided a hand-held device comprising a display for dis 
playing moving pictures on a frame-by-frame basis and a 
camera having an optical aXis extending generally aWay 
from the display to image a person Who is vieWing the 
display. The hand-held device further comprises a sensor 
con?gured to determine a rotational angle betWeen an align 
ment aXis of the hand-held device and a reference alignment 
aXis in real space, and a signal processing circuit arranged to 
associate image frames taken by the camera With respective 
rotational angles determined by the sensor. 

[0017] By associating each frame With a rotational angle 
re?ecting vertical mis-alignment of the data content of the 
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image, vertical mis-alignment can be corrected for by apply 
ing a rotational transform to the image frames, either in the 
hand-held device itself or subsequently. 

[0018] In one embodiment, a digital signal processor is 
operatively arranged betWeen the camera’s detector and an 
output stage of the hand-held device so as to apply a 
rotational transform to each image frame taken by the 
camera prior to supply of that frame to the output stage. 

[0019] In another embodiment, a digital signal processor 
is operatively arranged betWeen an input stage of a terminal 
device and its display so as to apply a rotational transform 
to each image frame received by the input stage prior to 
supply to the display, the transform being a rotation of the 
image frame through an angle derived from the rotational 
angle associated With that frame Which is supplied to the 
hand-held device With the image data device. In this embodi 
ment, the terminal device may in fact not be a hand-held 
device, but could be a larger device such as a bulky 
projector, home video player or personal computer. 

[0020] In a further embodiment, a digital signal processor 
for applying the rotational transform is arranged in a Wire 
less base station used for relaying data betWeen transceiver 
parties. The transform angle is derived from the rotational 
angle associated With that frame Which is supplied to the 
base station With the image data by the transmitting party. 

[0021] According to a second aspect of the invention there 
is provided an image processing apparatus, comprising a 
digital signal processor for processing a sequence of image 
frames by: (a) determining a vertical alignment axis for each 
frame of the sequence from an analysis of the data content 
of that frame; (b) applying a rotational transform to each 
frame to map the vertical alignment axis determined by the 
analysis onto a ?xed alignment axis of the frame; and (c) 
outputting the sequence of image frames. This approach 
differs from that of the ?rst aspect of the invention in that the 
vertical mis-alignment is determined from image processing 
of the data content of the image frames themselves, rather 
than by an independent measurement of a physical param 
eter, such as gravity, With a sensor. 

[0022] In one embodiment, the image processing appara 
tus of the second aspect of the invention is provided in a 
hand-held device comprising a camera, the image process 
ing apparatus being connected on an output side of the 
camera to apply rotational transformations to frames 
obtained by the camera, thereby to compensate for vertical 
misalignment of the data content of the frames. 

[0023] In another embodiment, the image processing 
apparatus of the second aspect of the invention is provided 
in a video display device, the image processing apparatus 
being connected in the data path leading to the display, 
thereby to compensate for vertical misalignment of the data 
content of the frames supplied for display. The display 
device may be a personal computer, a hand-held video 
telephone, or a micro-mirror projector, for example. 

[0024] In a further embodiment, a base station for Wireless 
communication betWeen a plurality of transceiver devices is 
equipped With an image processing apparatus according to 
the second aspect of the invention to compensate for vertical 
misalignment of the data content of the image frames 
received by the base station from a transmitting party prior 
to relaying the signal to a receiving party. 
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[0025] Further aspects of the invention are exempli?ed by 
the attached claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] For a better understanding of the invention and to 
shoW hoW the same may be carried into effect reference is 
noW made by Way of example to the accompanying draW 
ings in Which: 

[0027] FIG. 1 is a perspective vieW of a previously 
proposed video telephone in the form of a hand-held termi 
nal comprising a display and in-built camera; 

[0028] FIG. 2 shoWs an image taken With the in-built 
camera of a hand-held terminal as shoWn in FIG. 1 pre 
sented on the display of another hand-held terminal during 
a video telephone call; 

[0029] FIG. 3 shoWs an image corresponding to that of 
FIG. 1 as recorded by the in-built camera of one hand-held 
terminal after rotation of that terminal about an optical axis 
of its camera by an angle 0; 

[0030] FIG. 4 shoWs the image of FIG. 3 as projected on 
the display of a receiving hand-held terminal With the image 
vertically mis-aligned as a result of the mis-alignment of the 
transmitting hand-held terminal; 

[0031] FIG. 5 is a perspective vieW of a video telephone 
in the form of a hand-held terminal comprising a display and 
in-built camera according to an embodiment of the inven 

tion; 
[0032] FIG. 6 is a block diagram shoWing internal struc 
ture of the video telephone of FIG. 5; 

[0033] FIG. 7 is a How diagram of operation of the video 
telephone of FIG. 6 to correct for vertical mis-alignment in 
the images; 

[0034] FIG. 8 is a block diagram shoWing internal struc 
ture of the video telephone of FIG. 5 as an alternative to that 
of FIG. 6; and 

[0035] FIG. 9 is a block diagram of a base station for 
Wireless communication betWeen video telephones, the base 
station having an image processing apparatus for correcting 
for vertical mis-alignment in the relayed images. 

DETAILED DESCRIPTION 

[0036] FIG. 5 illustrates a hand-held device comprising a 
housing 10 shaped and dimensioned to alloW the device to 
be hand-held. A display 12 is secured to the housing 10 and 
connected internally so as to display moving pictures on a 
frame-by-frame basis. Frame data is received through the 
Wireless antenna 26 Which is a broad-band antenna. Any 
other standard antenna, such as a helical antenna arranged in 
the housing 10 could also be used. A camera 16 and 18 is 
arranged in the housing 10 so as to de?ne an optical axis “O” 
extending from the housing 10 in a direction from Which the 
display 12 is vieWable by a user. Preferably, the alignment 
is as shoWn in the draWing, With the optical axis “O” 
extending approximately at right angles to the plane of the 
display 12. More generally, it Will be preferable to align the 
optical axis “O” to form an angle of close to 90° With an axis 
“W” extending laterally across the terminal, but the angle 
Which the optical axis “O” forms With the notional vertical 
axis “V” of the terminal may be less than 90°, for example 
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in the range 60 to 90°, to take account of a tendency to tilt 
the terminal slightly backwards When being held. 

[0037] In any case, the optical axis “O” is directed so as 
best to image a user Who is holding the hand-held terminal 
normally to vieW the display 12. An image of the user Will 
thus be incident on the array detector 16 Which comprises an 
array of light sensitive elements for obtaining respective 
piXels of an image frame. 

[0038] The hand-held terminal further comprises a sensor 
20 arranged in the housing 10. The sensor 20 is operable to 
determine the orientation of the hand-held terminal relative 
to its environment. More speci?cally, the sensor is con?g 
ured to determine a rotational angle “0” betWeen the vertical 
alignment aXis “V” of the hand-held device and a reference 
alignment aXis “U” de?ned by a real space orientation. The 
angle “0” is the angle betWeen the aXes “U” and “V” in the 
image plane of the camera, noting that both aXes by de? 
nition eXtend in or parallel to the image plane. The reference 
alignment ads may for eXample be based on sensing the 
earth’s gravitational ?eld aXis “G”, i.e. vertical. The aXes 
“G” and “U” are related in that the aXis “U” is the projection 
of aXis “G” onto the image plane of the camera. A similar 
relation Will hold betWeen any other real-space aXis de?ned 
by sensor reading and the reference aXis “U” in the image 
plane. It is also noted that the image plane of the camera Will 
generally be co-planar With the plane of the CCD chip 16 if 
conventional optics are used, and also the plane of the 
display 12, although this may not be the case in all appli 
cations. 

[0039] The sensor 20 may be a magneto-inductive sensor 
such as those used in automobile navigation systems, virtual 
reality head trackers and other applications. One commer 
cially available sensor is made by Tri-M Systems of Canada 
and employs a single solenoid Winding for each real-space 
aXis, thereby to alloW absolute sensing of alignment in all 
three dimensions. These sensors Weigh only around one half 
of a gram (0.02 ounces) and consume less than 1 mA of 
current. The magneto-inductive sensor can be used in com 
bination With a digital signal processor or a dedicated signal 
processing circuit to compute the rotational angle “0” 
betWeen the alignment aXis “V” and some convenient ref 
erence alignment aXis in real space, such as an aXis derived 
from measurement of the earth’s magnetic ?eld orientation. 
Also shoWn in FIG. 5 are an input socket 24 and an output 
socket 22 providing alternative routes for input and output of 
image data, additional to the antenna 26. 

[0040] FIG. 6 is a block diagram shoWing the inter 
relationship betWeen elements of the hand-held terminal 
illustrated in FIG. 5. The CCD-chip 16 is arranged to read 
out into a ?rst frame memory 38. The ?rst frame memory 38 
has the capacity to store at least one image frame at a time, 
preferably several image frames. The hand-held terminal 
further comprises a digital signal processor (DSP) 34 opera 
tive to apply a rotational transform to an image frame held 
in the ?rst frame memory 38 and to Write the transformed 
image frame into a second frame memory 40. The second 
frame memory 40 has the capacity to store at least one image 
frame at a time, preferably several image frames. 

[0041] The rotational transform performs rotation of the 
image through an angle derived from the output of the sensor 
20. 

[0042] It Will be appreciated that in a real-time application 
such as video telephony there Will be no need to store the 
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sensor readings, since the time lag betWeen When an image 
frame is taken by the CCD and When it is transformed Will 
effectively be ?Xed by the frame rate. For example, if the 
frame rate is 30 per second then the time lag betWeen taking 
the frame and processing it Will be a ?Xed small integer 
multiple of 1/30 second, depending on the amount of buff 
ering by the ?rst frame memory 38. All that is needed is 
similar buffering of the sensor readings obtained from the 
sensor 20 to provide the same amount of delay. HoWever, in 
other applications there may be a signi?cant and variable 
time lag betWeen taking the images and processing them in 
Which cases the sensor readings Will need to be stored, for 
eXample in a look-up table, and the image frames Will 
require a time stamp. When performing the processing, the 
DSP can then refer to the look-up table using the time stamp 
of the image frame to be transformed. 

[0043] Moreover, the CCD chip 16 is preferably oversiZed 
relative to the desired output frame. This Will alloW image 
rotation to take place Within a certain angular range, for 
eXample Within 20 degrees from vertical, Without areas in 
the image plane that lie beyond edges of the active area of 
the CCD chip 116 being mapped onto the output frame. 
Alternatively, auto-enlargement techniques could be used to 
avoid loss of signal content at the peripheries of the output 
frames, With the enlargement factor being determined by the 
amount of rotation. 

[0044] Transformed image frames are read out from the 
second frame memory 40 into an output stage 42. The output 
stage 42 leads in turn to the antenna 26 through a Wireless 
transmitter. Output may also take place through an electrical 
or optical communication line 21 leading to the output 
socket 22. 

[0045] One method by Which the rotational transform can 
be performed is to calculate a neW piXel address using the 
coordinates of the corners of a triangle Where the sides that 
are separated by the mis-alignment angle 0 are of equal 
length. The coordinates of the corners of the triangles 
opposite to the angle 0 represent the old and neW coordinates 
for the piXel concerned. This relocation of piXels is repeated 
piXel by piXel over the frames to be corrected With the neW 
piXel addresses being Written into the second frame memory 
40 and the old piXel addresses being read from the ?rst frame 
memory 38. 

[0046] Another method by Which the rotational transform 
can be performed is based on block transformation of visual 
or audio-visual objects in an encoded video signal, such as 
in MPEG-4. In the language of MPEG-4, tools, algorithms 
and pro?les can be developed and de?ned Which alloW for 
rotational transformation on a frame-by-frame basis. In the 
case of video telephone, rotational transformation could be 
con?ned to the audio-visual object or objects forming the 
subject person, With a synthetic background being substi 
tuted for the real background. 

[0047] FIG. 6 also shoWs in dotted lines a drive 44 
connected to the communication line 21 from the output 
stage 42. The drive 44 is mounted in the housing 10 and 
includes a removable data carrier 46. The removable data 
carrier could be a digital audio tape or optical disc. The 
sequence of images stored on the data carrier 46 could also 
be vieWable on the display 12 through a playing function of 
the hand-held terminal. Alternatively, the data carrier 46 
could be a ?Xed data carrier such as a memory, eg a 
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non-volatile solid state memory, and the drive 44 could be 
omitted. If a data carrier of this kind Were included, a 
sequence of images taken by the camera could be stored in 
the hand-held terminal for later read out through the output 
22. 

[0048] Moreover, for an application such as a video cam 
era recorder (camcorder), the display 12 could be omitted 
altogether, as could the Wireless components such as the 
Wireless transmitter and antenna 26. 

[0049] FIG. 7 is a How diagram shoWing operation of the 
DSP 34 to compensate for vertical mis-alignment of the data 
content of the image frames. The DSP 34 is con?gured to 
process the frames taken by the CCD chip 16 by determining 
a vertical alignment aXis for each frame of the sequence. A 
rotational transform is then applied to rotate each frame 
through an angle determined from the mis-alignment 
betWeen the aXis “V” and the aXis “U”, as de?ned by the real 
vertical aXis “G” as projected onto the image plane of the 
camera. The thus transformed image frames are then output 
in sequence to the frame memory 40 and on to the output 
stage 42. The correction angle is thus determined responsive 
to reference data of aXial camera alignment in real space 
obtained contemporaneously With the frame concerned. 

[0050] In an alternative embodiment, the sensor 20 is 
omitted. The digital signal processor is then con?gured to 
apply standard image processing techniques to compute the 
vertical alignment aXis “U” of each frame. The mis-align 
ment angle is thus determined from an analysis of the image 
content of the frames themselves. One technique is to 
identify mutually perpendicular straight lines that intersect 
betWeen data objects in the image. These can then be 
classi?ed into vertical and horiZontal lines from Which the 
alignment aXis “U” can be deduced. Referring to the image 
shoWn in FIG. 2, such lines appear at the border betWeen 
data objects 1 & 2, and 1 & 4. An advantage of this technique 
is that the orientation of objects can be identi?ed using 
contrast techniques to isolate the boundaries of the object. If 
an object is irregular in shape the DSP can be con?gured so 
as to perform no alignment correction. For eXample, a 
sequence of images of a dropping ?oWer can be processed 
by making no alignment correction, since no straight align 
ment lines are identi?ed. 

[0051] In summary, vertical mis-alignment in the image 
frames taken by a moving camera can be corrected for prior 
to output, either using a reference aXis obtained from sensor 
data collated from a sensor mounted in ?Xed relation to the 
camera, or through an image processing analysis of the data 
content of the image frames. 

[0052] A further alternative is instead to defer rotational 
transformation of the image frames until immediately prior 
to supply to the display 12. This alternative is noW described 
With reference to FIG. 8. 

[0053] FIG. 8 illustrates internal structure of a hand-held 
terminal as shoWn in FIG. 5. Image frames are received in 
sequence at the antenna 26, or from the input socket 24 
through the electrical or optical communication line 21. The 
input stage 30 supplies the image data into a ?rst frame 
memory 32. In this embodiment, the image data not only 
includes the piXel data but also includes a rotational angle 
Which is the angle taken by the sensor 20 in the transmitting 
device. A DSP 34 is then arranged to apply a rotational 
transform to its image frame prior to supply to the display. 
More speci?cally, the DSP 34 reads the rotational angle 0 for 
an image frame from the frame memory 32 and then applies 
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the transform rotating through that angle 0 on the piXel data 
for that frame Which is then read from the ?rst frame 
memory 32 and, after transformation, Written to the second 
frame memory 36 from Which the image data corrected for 
vertical mis-alignment is supplied to the display 12. 

[0054] In a variant of the embodiment of FIG. 8, the DSP 
34 determines the rotational angle itself from an analysis of 
the image content of the frames held in the ?rst frame 
memory 32, in Which case no rotational angle needs to be 
supplied With the signal input from the antenna 26 or input 
socket 24. This variant Will be understood by analogy to the 
above-described variant of FIG. 6 in Which the sensor 20 is 
dispensed With. 

[0055] FIG. 9 shoWs a further embodiment of the inven 
tion in the form of a base station 50 comprising a receiver 
52, image processor 54 and transmitter 56. The base station 
is of the kind provided for relaying Wireless communications 
betWeen transceiver devices such as hand-held video tele 
phones. The receiver 52 and transmitter 56 are conventional 
components, but the image processing apparatus 54 is oper 
able to perform automatic correction for vertical mis-align 
ment in the image frames. The image processing apparatus 
54 includes a digital signal processor operable to determine 
a vertical alignment aXis for each frame of the video 
sequence from an analysis of the data content of that frame, 
as described further above With reference to the preceding 
embodiments. A rotational transform is applied to each 
frame to map the vertical alignment aXis determined by the 
analysis on to a ?xed alignment axis for that frame. The 
frames, transformed to compensate for vertical mis-align 
ment of the data content, are then output to the transmitter 
56. With this embodiment, there is the advantage that 
standard hand-held terminal devices can be used, since the 
image processing is performed centrally at the base station. 
Terminal equipment costs can therefore be reduced and 
more numerically intensive image processing techniques 
can be used, since a larger computing resource can be 
employed in the base station than is possible in the terminal 
devices. 

[0056] Further embodiments of the invention may include 
an image processing apparatus as described With reference 
to FIG. 9 in any apparatus used to record, display or process 
sequences of image frames, thereby to compensate for 
vertical mis-alignment of image content prior to transmis 
sion, recording or display of a sequence of image frames. 

[0057] One eXample of a display apparatus is a video 
player, Which may additionally have a recording capability 
and thus be a combined display and recording apparatus. 

[0058] One eXample of a recording apparatus is a semi 
professional or professional type video camera. Convention 
ally, a professional cameraman achieves vertical alignment 
manually by looking through the vieW?nder. Moreover, 
once vertically aligned manually, picture orientation is 
maintained by a mechanical gyroscope system held by the 
cameraman in Which the video camera is suspended. Avideo 
camera could be provided With an image processing appa 
ratus as described With reference to FIG. 9 Which serves to 
analyZe and correct the vertical alignment only Within a 
relatively small angular range, for eXample up to ?ve 
degrees from vertical, based on the assumption that approxi 
mate vertical alignment Will have already been achieved 
manually by the cameraman. Alternatively, the alignment 
correction could be activated over a larger range of angles 
and the mechanical gyroscope support dispensed With. 
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What is claimed is: 
1. A device comprising: 

(a) a housing shaped and dimensioned to allow the device 
to be hand held; 

(b) a display secured to the housing for displaying moving 
pictures on a frame-by-frame basis; 

(c) a camera arranged in the housing so as to de?ne an 
optical aXis extending aWay from the housing in a 
direction from Which the display is vieWable, thereby to 
image an object positioned to vieW the display, the 
camera including a detector comprising an array of 
light sensitive elements for obtaining respective piXels 
of an image frame; 

(d) a sensor operable to make measurements of a physical 
parameter from Which a rotational angle betWeen an 
alignment aXis of the hand-held device and a reference 
alignment aXis in real space can be determined; and 

(e) a signal processing circuit arranged to associate image 
frames taken by the camera With respective rotational 
angles determined from the sensor measurements. 

2. A device according to claim 1, further comprising: 

(f) an output stage arranged to output image frames taken 
by the camera; and 

(g) a digital signal processor operatively arranged 
betWeen the camera’s detector and the output stage so 
as to apply a transform to each image frame taken by 
the camera prior to supply to the output stage, the 
transform being a rotation of the image frame through 
an angle derived from the rotational angle associated 
With that frame. 

3. A device according to claim 2, further comprising: 

(h) a ?rst frame memory connected in relation to the 
camera’s detector to store at least one image frame 
from the camera’s detector prior to frame transforma 
tion by the digital signal processor. 

4. A device according to claim 3, further comprising: 

(i) a second frame memory connected in relation to the 
digital signal processor and the output stage to store at 
least one image frame after transformation by the 
digital signal processor. 

5. A device according to claim 2, Wherein the output stage 
includes a Wireless transmitter. 

6. A device according to claim 2, Wherein the output stage 
includes an electrical or optical communication line for 
output of the image frames to a data carrier to alloW storage 
of a sequence of image frames. 

7. A device according to claim 6, further comprising a 
drive for removably receiving a data carrier Which, When 
loaded in the drive, is in operative communication With the 
electrical or optical communication line to alloW storage of 
a sequence of image frames. 

8. A device according to claim 1, further comprising: 

(f) an input stage for receiving image frames together With 
associated rotational angles; and 

(g) a digital signal processor operatively arranged 
betWeen the input stage and the display so as to apply 
a transform to each image frame received by the input 
stage prior to supply to the display, the transform being 
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a rotation of the image frame through an angle derived 
from the rotational angle associated With that frame. 

9. A device according to claim 8, further comprising: 

(h) a ?rst frame memory connected in relation to the input 
stage to store at least one image frame from the input 
stage prior to frame transformation by the digital signal 
processors. 

10. A device according to claim 9, further comprising: 

(i) a second frame memory connected in relation to the 
digital signal processor and the display to store at least 
one image frame after transformation by the digital 
signal processor. 

11. Adevice according to claim 8, Wherein the input stage 
includes a Wireless receiver. 

12. A device according to claim 8, further comprising a 
drive for removably receiving a data carrier Which, When 
loaded in the drive, is in operative communication With the 
signal processing circuit to alloW storage of a sequence of 
image frames together With associated rotational angles. 

13. A device according to claim 1, further comprising: 

(f) a Wireless transmitter arranged to output image frames 
taken by the camera together With associated rotational 
angles; and 

(g) a Wireless receiver arranged to receive image frames 
for loading onto the display. 

14. A device according to claim 13, Wherein the Wireless 
receiver is arranged so as to supply image frames to the 
display Without rotational transformation. 

15. A device according to claim 13, further comprising: 

a base station for Wireless communication including 

a receiver for receiving sequences of image frames With 
associated rotational angles; 

a digital signal processor arranged to apply a transform 
to each image frame received With an associated 
rotational angle, the transform being a rotation of the 
image frame through an angle derived from the 
rotational angle associated With that frame; and 

a transmitter for outputting a sequence of image frames 
transformed by the digital signal processor. 

16. An image processing method, comprising: 

receiving a sequence of image frames taken by a camera; 

determining a vertical alignment aXis for each frame of 
the sequence; 

applying a rotational transform to each frame through an 
angle determined from mis-alignment betWeen a ver 
tical alignment aXis related to image content and a ?Xed 
alignment aXis of the frame; and 

outputting the sequence of image frames thus transformed 
to compensate for vertical misalignment of the image 
content of the frames. 

17. A method according to claim 16, Wherein the angle is 
determined responsive to reference data of actual camera 
alignment in real space obtained contemporaneously With 
the frame concerned. 


