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GESTURE RECOGNITION USING DEPTH 
IMAGES 

TECHNICAL FIELD 

0001 Embodiments of the present disclosure relate to the 
field of data processing, in particular, to methods, apparatuses 
and articles associated with gesture recognition. 

BACKGROUND 

0002 Unless otherwise indicated herein, the materials 
described in this section are not prior art to the claims in this 
application and are not admitted to be prior art by inclusion in 
this section. 
0003. With the fast growth of smartTV. Smartphones, and 

tablets, there is an urgent desire to create innovative features/ 
usage models to provide customers with better personalized 
service, social network and added value service (AVS) based 
on higher computing power, wider bandwidth and richer con 
tent. User interaction plays an important part in the user's 
experience. Among existing user-interface techniques, key 
board, mouse, trackball, and other point and click devices are 
typically employed. Gesture is a natural method of interaction 
and has been widely utilized in daily life in reality. Most 
existing gesture recognition systems utilize common web 
cameras, which depend on light, illumination, and other envi 
ronment conditions. As a result, current gesture recognition 
systems are typically unstable or inefficient. 

BRIEF DESCRIPTION OF THE DRAWING 

0004 Embodiments of the present disclosure will be pre 
sented by way of example embodiments, but not limitations, 
illustrated in the accompanying drawings in which like ref 
erences denote similar elements, and in which: 
0005 FIG. 1 illustrates an overview of a gesture recogni 
tion arrangement, in accordance with various embodiments 
of the present disclosure; 
0006 FIG. 2 illustrates the gesture based input service of 
FIG. 1 in further detail, in accordance with various embodi 
ments of the present disclosure; 
0007 FIG. 3 illustrates a gesture recognition method, in 
accordance with various embodiments of the present disclo 
Sure; 
0008 FIG. 4 illustrates an example depth image, in accor 
dance with various embodiments of the present disclosure; 
0009 FIG. 5 illustrates an example computer system suit 
able for use to practice the computing apparatus of FIG. 1, in 
accordance with embodiments of the present disclosure; and 
0010 FIG. 6 illustrates an article of manufacture having 
programming instructions configured to cause an apparatus to 
practice some or all aspects of the method of FIG. 3, in 
accordance with embodiments of the present disclosure. 

DETAILED DESCRIPTION 

0011 Methods, apparatuses, and articles associated with 
gesture recognition using depth images are disclosed herein. 
In various embodiments, an apparatus may include a face 
detection engine configured to determine whether a face is 
present in one or more gray images of respective image 
frames generated by a depth camera, and a hand tracking 
engine configured to tracka hand in one or more depth images 
generated by the depth camera. The apparatus may further 
include a feature extraction and gesture inference engine 
configured to extract features based on results of the tracking 
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by the hand tracking engine, and infer a hand gesture based at 
least in part on the extract features. 
0012. In various embodiments, the face detection engine 
may be configured to analyze the gray images, using e.g., a 
Haar-Cascade model, to determine whether a face is present 
in the one or more gray images. Further, either the face detec 
tion engine or the hand tracking engine may be configured to 
determine a measure of a distance between the face and the 
camera, using the one or more depth images. 
0013. In various embodiments, the hand tracking engine 
may be further configured to select respective regions of the 
depth images that are size-wise Smaller than the one or more 
depth images, to detect and track the hand, based at least in 
part on the determined distance between the face and the 
camera. The hand tracking engine may be further configured 
to determine location measures of the hand. The hand track 
ing engine may be configured to determine the location mea 
Sures in terms of a pair of (x,y) coordinates for a center of the 
hand for respective ones of the one or more depth images, 
using mean-shift filtering that uses gradients of probabilistic 
density. 
0014. In various embodiments, the feature extraction and 
gesture inferring engine may be configured to extract one or 
more of an eccentricity measure, a compactness measure, an 
orientation measure, a rectangularity measure, a horizontal 
center measure, a vertical center measure, a minimum bound 
ing box angle measure, or a minimum bounding box width 
to-height ratio measure, a difference between left-and-right 
measure, or a difference between up-and-down measure. Fur 
ther, the feature extraction and gesture inferring engine may 
be configured to infer one of an open hand gesture, a closed 
hand fist gesture, a thumb up gesture, a thumb down gesture, 
a thumb left gesture or a thumb right gesture, based on the 
extracted features. Additionally, the feature extraction and 
gesture inference engine may be further configured to notify 
an application of the inferred hand gesture. 
0015. In various embodiments, the apparatus may further 
include the camera. The apparatus may be a selected one of a 
desktop computer, a laptop computer, a tablet computer, a 
server, a Smart phone, a personal digital assistant, a game 
console, or a set-top box. 
0016. In various embodiments, a first method may include 
tracking, by a computingapparatus, a hand in selected respec 
tive regions of one or more depth images generated by a depth 
camera, wherein the selected respective regions are size-wise 
Smaller than the respective one or more depth images. The 
first method may further include inferring a hand gesture, by 
the computing device, based at least in part on a result of the 
tracking. 
0017. In various embodiments, a second method may 
include extracting, by a computing apparatus, one or more 
features from respective regions of depth images of image 
frames generated by a depth camera. The second method may 
further include inferring a gesture, by the computing appara 
tus, based at least in part on the one or more features extracted 
from the depth images. 
0018 Various aspects of the illustrative embodiments will 
now be further described using terms commonly employed by 
those skilled in the art to convey the substance of their work to 
others skilled in the art. However, it will be apparent to those 
skilled in the art that alternate embodiments may be practiced 
with only some of the described aspects. For purposes of 
explanation, specific numbers, materials, and configurations 
are set forth in order to provide a thorough understanding of 
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the illustrative embodiments. However, it will be apparent to 
one skilled in the art that alternate embodiments may be 
practiced without the specific details. In other instances, well 
known features are omitted or simplified in order not to 
obscure the illustrative embodiments. 
0019. Further, various operations will be described as 
multiple discrete operations, in turn, in a manner that is most 
helpful in understanding the illustrative embodiments; how 
ever, the order of description should not be construed as to 
imply that these operations are necessarily order dependent. 
In particular, these operations need not be performed in the 
order of presentation. A feature described in a parenthetical 
format denotes the feature as an optional feature, e.g., “an 
instance of (partitions of) an application service.” denotes the 
application service may or may not be "partitioned.” 
0020. The phrase “in one embodiment' is used repeatedly. 
The phrase generally does not refer to the same embodiment; 
however, it may. The terms "comprising.” “having and 
“including are synonymous, unless the context dictates oth 
erwise. The phrase “A/B” means “A or B. The phrase “A 
and/or B' means “(A), (B), or (A and B). The phrase “at least 
one of A, B and C’ means “(A), (B), (C), (A and B), (A and C), 
(Band C) or (A, B and C)’. The phrase “(A) B means “(B) 
or (AB), that is, A is optional. 
0021 FIG. 1 illustrates an overview of a gesture recogni 
tion arrangement, in accordance with various embodiments 
of the present disclosure. As illustrated, for the embodiments, 
computing apparatus 102, incorporated with gesture based 
input service 114, may be coupled with camera 106 with 
depth feature, to enable person 104 to provide inputs to appli 
cation 112 operating on apparatus 102, using gestures, in 
particular, hand gestures. 
0022 Computing apparatus 102, except for gesture based 
input service (hereinafter GBIS) 114, may be any one of a 
number of computing devices known in the art. Examples of 
Such computing devices include, but are not limited to, desk 
top computers, laptop computers, tablet computers, Smart 
phones, personal digital assistants, game console, and/or set 
top boxes. Likewise, application 112, except for the fact it 
may receive gesture inputs, by virtue of the services provided 
by GBIS114, may be any one of a number of applications that 
may benefit from gesture inputs; e.g., games, media players, 
Video applications, and so forth. For the embodiments, in 
addition to application 112 and GBIS114, apparatus 102 may 
further include system services 116 for providing a wide 
range of system services, including but not limited to, com 
munication services for application 112 and GBIS 114, and 
peripheral services for camera 106. The coupling between 
computing apparatus 102 and camera 106 may be wired or 
wireless. For the embodiments, service services 116 may be 
further configured to Support access to a network by comput 
ing apparatus 102. The network may be wired or wireless, 
local or wide area, private or public, including e.g., the Inter 
net. 

0023 Camera 106 may be any depth camera known in the 
art configured to capture and output image frames, including 
determining distances of target objects from the camera, out 
putting depth images as well as gray images for the various 
image frames. An example of a suitable camera may be the 
DImager, available from Panasonic of Japan. DImager is 
configured to calculate the distance to a target object by 
measuring the “Time-of-Flight of near-emitted infrared 
rays. DImager's horizontal field-of-view is about 60 degrees 
and its vertical field-of-view is about 44 degrees. The resolu 
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tion is about 160x120 pixels. The operating range is from 
1.2-9.0 meters. It outputs range (depth) image and infrared 
gray image simultaneously. The process speed can reach 30 
fps. Other depth cameras with the ability to generate depth 
and gray images may also be employed to practice the present 
disclosure instead. 

0024. The gestures supported may be application depen 
dent. In various embodiments, the gestures Supported may 
include an open hand gesture, a closed hand fist gesture, a 
thumb up gesture, a thumb down gesture, a thumb left gesture 
or a thumb right gesture, based on the extracted features. 
0025 FIG. 2 illustrates the gesture based input service of 
FIG. 1 in further detail, in accordance with various embodi 
ments of the present disclosure. As shown, for the embodi 
ments, GBIS 114 may include face detection engine 202, 
hand tracking engine 204, feature extraction and gesture 
inference engine 206, and hand data queue 212, operatively 
coupled to each other. Face detection engine 202 may be 
configured to determine whether a face is present in the image 
frames, using the gray images of the image frames generated 
by camera 106. Hand tracking engine 204 may be configured 
to track a hand using the depth images of the image frames, 
and output results of hand tracking data to hand data queue 
212. Feature extraction and gesture inference engine 206 may 
be configured to process the hand tracking data, extract fea 
tures from the hand tracking data, and infer the hand gestures 
based at least in part on the extracted features. 
0026. In various embodiments, face detection engine 202 
may be configured to determine whether a face is present in 
the image frames, using the gray images and various face 
detection techniques, e.g., a Haar-Cascade model. Further, 
for the embodiments, face detection engine 202 may be con 
figured to determine a measure of a distance between the face 
and the camera, using the one or more depth images. In 
alternate embodiments, hand tracking engine 204 may be 
configured to determine the measure of distance between the 
face and the camera, using the one or more depth images, 
instead. 

0027. In various embodiments, hand tracking engine 204 
may be configured to perform hand detection and tracking, 
only after face detection engine 202 has determined a face is 
present in the gray images of the image frames. In various 
embodiments, hand tracking engine 204 may be configured to 
perform hand detection while hand data queue 212 is empty, 
or every N frame. N may be equal to, e.g., 10. On detection of 
a hand, hand tracking engine 204 may track the hand and 
output hand tracking data into hand data queue 212, until the 
hand stops appearing for a predetermined number of image 
frames. Hand tracking data may include location measures, 
Such as, position, size, and depth of a hand, described more 
fully below. The conditional configuration of detection and 
tracking may reduce the consumption of computation 
SOUCS. 

0028. Further, in various embodiments, hand tracking 
engine 204 may be configured to select respective regions of 
the depth images that are size-wise Smaller than the one or 
more depth images, to track a hand, based at least in part on 
the determined distance between the face and the camera. 
More specifically, hand tracking engine 204 may be config 
ured to select respective regions of the depth images that 
represent an area capturing a part of the person (the hand) that 
is closer to the camera, than the body of the person. Generally, 
it can be expected a user typically makes hand gestures with 
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the user's hands in front of the user's body, i.e., a distance or 
depth closer to the camera than the determined distance of the 
face. 

0029. In various embodiments, hand tracking engine 204 
may be further configured to determine the location measures 
of the hand, within the tracking regions. Hand tracking engine 
204 may be configured to determine position location mea 
Sures in terms of a pair of (x, y) coordinates for a center of the 
hand for respective ones of the one or more depth images, 
using mean-shift filtering that uses gradients of probabilistic 
density. More specifically, hand tracking engine 204 may be 
configured to determine the (x, y) coordinates of the center 
using the equations: 

, (x,y)e ROl 

2 X. p(x,y)y (2) 

where p(x, y) are probabilistic density in common, here in 
particular, the depth information; ROI means region of inter 
est; and X’ and y' are the estimated (x, y) coordinates of the 
center of the hand. As described earlier, hand tracking engine 
204 may be configured to further determine a size measure for 
the hand. 

0030. In various embodiments, hand tracking engine 204 
may be further configured to perform a verification to confirm 
whether the hand region is valid using depth, shape and size 
information. On determination that any hand tracking result 
may be invalid or unreliable, the hand tracking result or 
results may be deleted from the hand data queue 212. 
0031. In various embodiments, feature extraction and ges 
ture inferring engine 206 may be configured to extract from 
the hand tracking data, for the various depth images, one or 
more of an eccentricity measure, a compactness measure, an 
orientation measure, a rectangularity measure, a horizontal 
center measure, a vertical center measure, a minimum bound 
ing box angle measure, a minimum bounding box width-to 
height ratio measure, a difference between left-and-right 
measure, or a difference between up-and-down measure. Fur 
ther, feature extraction and gesture inferring engine 206 may 
be configured to infer one of an open hand gesture, a closed 
hand fist gesture, a thumb up gesture, a thumb down gesture, 
a thumb left gesture or a thumb right gesture, 214, based on 
the extracted features. Additionally, feature extraction and 
gesture inference engine 206 may be further configured to 
notify an application, e.g., application 112, of the inferred 
hand gestures, via e.g., system services 116. 
0032. In various embodiments, the inference logic may be 
implemented using a classifier with multi-layer perception 
(MLP). The MLP classifier uses linear computation operation 
to improve computation efficiency. Further, the classifier may 
be trained using known samples. In various embodiments, to 
Smooth the inference results, a time sliding-window contain 
ing several frames elapsed before current timestamp may be 
employed to vote on the inference results, and the inference 
result with the most votes may be outputted. 
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0033 FIG. 3 illustrates a gesture recognition method, in 
accordance with various embodiments of the present disclo 
sure. As shown, for the embodiments, method 300 may begin 
at block 302, where image frames with depth information 
may be received. From block 302, the method may proceed to 
block 304, where a determination is made on whether a per 
son, in particular, a face is present in the image frames, using 
e.g., face detection techniques, and the gray images. 
0034. From block 304, the method may proceed to block 
306, where a hand of the person may be detected and tracked, 
using the depth images. From block 306, the method may 
proceed to block 308, where hand gestures may be inferred, 
based at least in part on the hand tracking data. From block 
308, the method may proceed to block 310, where messages 
may be sent to a system service for routing to an application 
with interest, informing the application of the inferred hand 
gestures. 
0035. From block 310, the method may proceed to block 
312, where the system service may route the messages to the 
application with interest, informing the application of the 
inferred hand gestures. From block 312, the method may 
proceed to block 314, where the application may respond to 
the receipt of the inferred hand gesture as input. 
0036 FIG. 4 illustrates an example depth image, in accor 
dance with various embodiments of the present disclosure. 
The higher intensities (darker) of the grayscale represent 
further the distances the features are to the camera. 
0037. As shown, in various embodiments, for computa 
tional efficiency, application of face detection techniques to 
determine the presence of a person may be focused on the 
facial region 404 of depth image 402. Similarly, as described 
earlier, for computational efficiency, hand tracking may be 
focused on a size-wise Smaller region where the object within 
the region is closer to the camera. Regions 404 and 406 are 
purposely kept Smaller than the face and the hand respec 
tively, for illustrative purpose only, because of the grayscale 
of the illustration. Regions 404 and 406, in practice, are 
typically larger than the illustrated regions, encompassing the 
face and the hand respectively, although the practice disclo 
Sure may be practiced with Smaller regions as illustrated. 
0038 FIG. 5 illustrates an example computer system suit 
able for use to practice the computing apparatus of FIG. 1, in 
accordance with various embodiments of the present disclo 
Sure. As shown, computing system 500 may include a number 
of processors or processor cores 502, and system memory 
504. For the purpose of this application, including the claims, 
the terms “processor and “processor cores' may be consid 
ered synonymous, unless the context clearly requires other 
wise. Additionally, computing system 500 may include mass 
storage devices 506 (such as diskette, hard drive, compact 
disc read only memory (CDROM) and so forth), input/output 
devices 508 (such as display, keyboard, cursor control and so 
forth), and communication interfaces 510 (such as network 
interface cards, modems and so forth). The elements may be 
coupled to each other via system bus 512, which represents 
one or more buses. In the case of multiple buses, they may be 
bridged by one or more bus bridges (not shown). 
0039 Each of these elements performs its conventional 
functions known in the art. In particular, system memory 504 
and mass storage 506 may be employed to store a working 
copy and a permanent copy of the programming instructions 
implementing the GBIS 114 and related functions, herein 
collectively denoted as computing logic 522. The various 
components, modules, or routines of the functions may be 
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implemented by assembler instructions Supported by proces 
sor(s) 502 or high-level languages, such as, for example, C. 
that can be compiled into Such instructions. 
0040. The permanent copy of the programming instruc 
tions may be placed into permanent storage 506 in the factory, 
or in the field, through, for example, a distribution medium 
(not shown). Such as a compact disc (CD), or through com 
munication interface 510 (from a distribution server (not 
shown)). That is, one or more distribution media having an 
implementation of the agent program may be employed to 
distribute the agent, and program various computing devices. 
0041. The constitution of these elements 502-512 are 
known, and accordingly will not be further described. 
0.042 FIG. 6 illustrates an article of manufacture with 
programming instructions configured to enable an apparatus 
to practice the face recognition based control method and 
apparatus, in accordance with embodiments of the present 
disclosure. As shown, article of manufacture 600 may include 
computer-readable non-transitory storage medium 602. Stor 
age medium 602 may include programming instructions 604 
configured to implement the GBIS 114 of FIG. 1. 
0043 Storage medium 602 represents a broad range of 
persistent storage medium known in the art, including but not 
limited to flash memory, optical disks or magnetic disks. 
Programming instructions 604, in particular, may enable an 
apparatus, in response to their execution by the apparatus, to 
perform operations including: 

0044 tracking, by a computing apparatus, a hand in 
Selected respective regions of one or more depth images 
generated by a depth camera, wherein the selected 
respective regions are size-wise Smaller than the respec 
tive one or more depth images; and 

0045 inferring a hand gesture, by computing device, 
based at least in part on a result of the tracking. 

0046. In alternate embodiments, programming instruc 
tions 604, in particular, may enable an apparatus, in response 
to their execution by the apparatus, to perform operations 
including: 

0047 extracting, by a computing apparatus, one or 
more features from respective regions of depth images 
of image frames generated by a depth camera; and 

0048 inferring a gesture, by the computing apparatus, 
based at least in part on the one or more features 
extracted from the depth images. 

0049. Although specific embodiments have been illus 
trated and described herein, it will be appreciated by those of 
ordinary skill in the art that a wide variety of alternate and/or 
equivalent implementations may be substituted for the spe 
cific embodiments shown and described, without departing 
from the scope of the embodiments of the present invention. 
This application is intended to cover any adaptations or varia 
tions of the embodiments discussed herein. Therefore, it is 
manifestly intended that the embodiments of the present 
invention be limited only by the claims and the equivalents 
thereof. 

1. (canceled) 
2. (canceled) 
3. (canceled) 
4. (canceled) 
5. (canceled) 
6. (canceled) 
7. (canceled) 

... (canceled) 

... (canceled) 
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10. (canceled) 
11. (canceled) 
12. (canceled) 
13. A method comprising: 
tracking, by a computing apparatus, a hand in selected 

respective regions of one or more depth images gener 
ated by a depth camera, wherein the selected respective 
regions are size-wise Smaller than the respective one or 
more depth images; and 

inferring a hand gesture, by the computing device, based at 
least in part on a result of the tracking; 

wherein tracking comprises determining location mea 
Sures of the hand for the depth images. 

14. The method of claim 13, wherein determining location 
measures of the hand for the depth images comprises deter 
mining a pair of (x, y) coordinates for a center of the hand, 
using mean-shift filtering that uses gradients of probabilistic 
density. 

15. The method of claim 13, wherein inferring comprises 
extracting one or more features for the selected respective 
regions, based at least in part on a result of the tracking, and 
inferring a hand gesture based at least in part on the extracted 
one or more features. 

16. The method of claim 15, wherein extracting one or 
more features comprises extracting one or more of an eccen 
tricity measure, a compactness measure, an orientation mea 
Sure, a rectangularity measure, a horizontal center measure, a 
Vertical center measure, a minimum bounding box angle mea 
Sure, a minimum bounding box width-to-height ratio mea 
sure, a difference between left-and-right measure, or a differ 
ence between up-and-down measure. 

17. The method of claim 13, wherein inferring a gesture 
comprises inferring one of an open gesture, a fist gesture, a 
thumb up gesture, a thumb down gesture, a thumb left gesture 
or a thumb right gesture. 

18. (canceled) 
19. A method comprising: 
extracting, by a computing apparatus, one or more features 

from respective regions of depth images of image frames 
generated by a depth camera; and 

inferring a gesture, by the computing apparatus, based at 
least in part on the one or more features extracted from 
the depth images; 

wherein extracting one or more features comprises extract 
ing one or more of an eccentricity measure, a compact 
ness measure, an orientation measure, a rectangularity 
measure, a horizontal center measure, a vertical center 
measure, a minimum bounding box angle measure, a 
minimum bounding box width-to-height ratio measure, 
a difference between left-and-right measure, or a differ 
ence between up-and-down measure. 

20. The method of claim 19, wherein extracting one or 
more features from respective regions of depth images com 
prises extracting one or more features from respective regions 
of depth images denoted as containing a hand. 

21. The method of claim 19 wherein inferring a gesture 
comprises inferring one of an open gesture, a fist gesture, a 
thumb up gesture, a thumb down gesture, a thumb left gesture 
or a thumb right gesture. 

22. (canceled) 
23. A computer-readable non-transitory storage medium, 

comprising 
a plurality of programming instructions stored in the stor 

age medium, and configured to cause an apparatus, in 
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response to execution of the programming instructions 
by the apparatus, to perform operations including: 

tracking a hand in selected respective regions of one or 
more depth images generated by a depth camera, 
wherein the selected respective regions are size-wise 
Smaller than the respective one or more depth images; 
and 

inferring a hand gesture, based at least in part on a result of 
the tracking; 

wherein tracking comprises determining location mea 
Sures of the hand for the depth images. 

24. The storage medium of claim 23, wherein determining 
location measures of the hand for the depth images comprises 
determining a pair of (x, y) coordinates for a center of the 
hand, using mean-shift filtering that uses gradients of proba 
bilistic density. 

25. The storage medium of claim 23, wherein inferring 
comprises extracting one or more features for the selected 
respective regions, based at least in part on a result of the 
tracking, and inferring a hand gesture based at least in part on 
the extracted one or more features. 

26. The storage medium of claim 25, wherein extracting 
one or more features comprises extracting one or more of an 
eccentricity measure, a compactness measure, an orientation 
measure, a rectangularity measure, a horizontal center mea 
Sure, a vertical center measure, a minimum bounding box 
angle measure, a minimum bounding box width-to-height 
ratio measure, a difference between left-and-right measure, 
or a difference between up-and-down measure. 

27. The storage medium of claim 23, wherein inferring a 
gesture comprises inferring one of an open gesture, a fist 
gesture, a thumb up gesture, a thumb down gesture, a thumb 
left gesture or a thumb right gesture. 

28. The storage medium of claim 23, wherein the opera 
tions further comprise determining whether a face is present 
in the one or more depth images corresponding one or more 
gray images of respective image frames generated by a depth 
CaCa. 

29. The storage medium of claim 28, wherein determining 
whether a face is present comprises analyzing the one or more 
gray images using a Haar-Cascade model. 

30. The storage medium of claim 28, wherein the opera 
tions further comprise determining a measure of a distance 
between the face and the camera, using the one or more depth 
images. 

31. An apparatus, comprising: 
a tracking engine to track a hand in selected respective 

regions of one or more depth images generated by a 
depth camera, wherein the selected respective regions 
are size-wise Smaller than the respective one or more 
depth images; and 
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an inference engine coupled with the tracking engine to 
infera hand gesture based at least in part on a result of the 
tracking; 

wherein to track a hand comprises to determine location 
measures of the hand for the depth images. 

32. The apparatus of claim 31, wherein to determine loca 
tion measures of the hand for the depth images comprises to 
determine a pair of (x, y) coordinates for a center of the hand, 
using mean-shift filtering that uses gradients of probabilistic 
density. 

33. The apparatus of claim 31, wherein to infer comprises 
to extract one or more features for the selected respective 
regions, based at least in part on a result of the tracking, and 
to infer a hand gesture based at least in part on the extracted 
one or more features. 

34. The apparatus of claim 33, wherein to extract one or 
more features comprises to extract one or more of an eccen 
tricity measure, a compactness measure, an orientation mea 
Sure, a rectangularity measure, a horizontal center measure, a 
Vertical center measure, a minimum bounding box angle mea 
Sure, a minimum bounding box width-to-height ratio mea 
sure, a difference between left-and-right measure, or a differ 
ence between up-and-down measure. 

35. The apparatus of claim 31, wherein to infer a gesture 
comprises to infer one of an open gesture, a fist gesture, a 
thumb up gesture, a thumb down gesture, a thumb left gesture 
or a thumb right gesture. 

36. An apparatus comprising: 
an extraction engine to extract one or more features from 

respective regions of depth images of image frames gen 
erated by a depth camera; and 

an inference engine coupled with the extraction engine to 
infer a gesture, based at least in part on the one or more 
features extracted from the depth images; 

wherein to extract one or more features comprises to 
extract one or more of an eccentricity measure, a com 
pactness measure, an orientation measure, a rectangu 
larity measure, a horizontal center measure, a vertical 
center measure, a minimum bounding box angle mea 
Sure, a minimum bounding box width-to-height ratio 
measure, a difference between left-and-right measure, 
or a difference between up-and-down measure. 

37. The apparatus of claim 36, wherein to extract one or 
more features from respective regions of depth images com 
prises to extract one or more features from respective regions 
of depth images denoted as containing a hand. 

38. The apparatus of claim 36 wherein to infer a gesture 
comprises to infer one of an open gesture, a fist gesture, a 
thumb up gesture, a thumb down gesture, a thumb left gesture 
or a thumb right gesture. 
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