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This paper proposes a virtual touchpad human computer interaction (HCI) based on 

the fingertip hand gesture recognition (FHGR) method for smartphone with depth camera. 
The virtual touchpad HCI requires less computing power and memory resource than the 
conventional hand gesture recognition (HGR) methods. It consists of three modules: (1) 
open hand identification, (2) active fingertip detection and tracking, and (3) fingertip 
hand gesture recognition (FHGR). First, the handshape region is segmented and divided 
into three component regions: arm, palm, and fingers. Second, we locate the fingertips 
and then detect the active fingertips. Finally, the trajectory of every active fingertip is 
analyzed for FHGR. The two major contributions of this paper are (1) development of a 
real-time FHGR method with high recognition accuracy and (2) implementation of a vir-
tual touchpad HCI for the smart phones. 
 
Keywords: virtual touchpad, human-computer interaction (HCI), fingertip hand gesture 
recognition (FHGR), on-click hand gesture, on-press hand gesture 
 
 

1. INTRODUCTION 
 

Real-time hand gesture recognition (HGR) methods have been applied for many 
human-computer interaction (HCI) systems. The HGR methods often operate in compli-
cate environment with cluttered background, moving objects, and changing illumination. 
Skin color modeling [1, 2] has been used to segment the hand region for HGR. A mixture 
of Gaussian model combined with histogram-based color model is effective for hand 
region extraction. Mohr et al. [3] present an algorithm to segment the homogeneous 
skin-color regions based on skin-color modeling under certain constrains. Lamberti et al. 
[5] propose a real-time color-glove-based HGR method by using a vector quantization 
classifier. Priyal et al. [6] use the anthropometric measure for the HGR system which is 
robust to similarity transformation and perspective distortion. Color-based segmentation 
has been combined with trackers [7-9] to generate better object segmentation results. 
Optical flow modeling [10] and color-texture analysis [11] are also developed to obtain 
better hand-region segmentation with high computation complexity. 

The color image analysis algorithms of HGR are not reliable. Using depth image 
much simplifies the image analysis of HGR. Human hand is the closest object to the 
smartphone which can be segmented by the thresholding process. However, not only the 
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trajectory of the active fingertips, it may identify the on-click hand gesture and enter the 
active state. The system in active state will recognize the hand gesture and then trigger 
the corresponding App. In the meantime, it either goes back to the idle state if there is no 
on-click hand gesture. If another on-click hand gesture is identified, it remains in the ac-
tive state and continues identifying the following hand gesture. 

Our system consists of three modules: open hand identification, fingertip detection 
and tracking, and FHGR. The flow diagram of the system is shown in Fig. 2. First, it 
extracts the foreground region and identifies an open hand. Second, it detects the finger-
tips and tracks the movement of the fingertips. Third, it analyzes the trajectory of the 
fingertips to recognize the fingertip hand gesture. The computation limitation of smart- 
phones or hand-held devices makes the system implementation nontrivial. The average 
total computation time of the three modules is within 30ms per frame. The location of the 
active fingertip is displayed by a cursor on the screen. Once the hand gesture is recog-
nized, it will trigger the corresponding HCI APP. 
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Fig. 2. The overview of system flowchart. 

3. HANDSHAPE DETECTION 

Our system detects the handshape in the depth images under three assumptions: (1) 
the handshape is an open hand with five fingers facing toward the camera, (2) no object ex- 
ists between camera and human hand, and (3) wrist center and arm are lower than the palm. 
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4.2 Active Fingertip Tracking 
 
To track the active fingertips between two continuous frames, we analyze the per-

mutation M(t) = {mii=1, …, 5} = (m1, m2, m3, m4, m5) of the many-to-many mapping 
between the fingertips in two frames f(t1) and f(t). The index mi indicates that the ith 
active fingertip in previous frame f(t1) is mapped to the mith active fingertip in current 
frame f(t). The ith mapping (i.e., mi  M) between the active and non-active fingertips is 
replaced by x. M indicates the number of active fingertip mappings. If M<5, then there 
exists one or more active/non-active mapping in M. For instance, the permutation M(t) = 
(3, 2, x, 1, x) (i.e., M=3) shows that the 3 rd and the 5th mappings are non-active/active 
mappings and the 1st, 2nd and 4th mappings are active/active mappings. The 1st, 2nd 
and 4th active fingertips in frame f(t1) are mapped to the 3rd, 2nd and 1st active finger-
tip in frame f(t) respectively. For five fingertips, we have 5!=120 different permutations. 
We find the best permutation Mbest by minimizing the sum of the distance of all the fin-
gertip mappings in f(t1) and f(t) as 

5

i=1
|| ( 1) ( ) ||Argminbest i i

M

F t F t  M   (3) 

where Fi(t1) and Fi(t) indicate the 3D position ith active fingertip in frames f(t1) and f(t) 
respectively. We define {Fi(t1)i=1, …, 5}=(p1, p2, p3, p4, p5), where pi denotes the ith 
active fingertip 2D coordinate. If the 4th and 5th fingertips are non-active in frame f(t), 
then we have {Fi(t)i=1,..5}= (p1, p2, p3, px, px), where px indicates the 2D coordinate of 
non-active fingertip. The distance of the active/non-active fingertip mapping is set to 
zero. Based on Eq. (3), we can find the best permutation Mbest even though the number of 
active fingertips are different in frames f(t1) and f(t). 
 
4.3 On-click Hand Gesture Detection 

 
By analyzing the 3D positions of the fingertips and palm center, we detect the on- 

click hand gesture detection. For single on-click gesture detection, we choose the finger-
tip closest to camera (which has the maximal distance value) as the only active fingertip. 
For double on-click hand gesture detection, we propose a 3D distance threshold dth for 
active fingertip detecting. We may differentiate the active fingertip based on the thresh-
old dth. The double on-click hand gesture detection is a classification problem. The hand 
center is considered as the cluster center in the 3D distance map, and the active fingertips 
are the pixels with local maximum distance. 

To distinguish the active fingertips, we define the average distance of the fingertips 
and hand center as the threshold dth, i.e., dth = n

i=1(di+dhc)/n+1, where di is the 3D dis-
tance of the ith fingertip and dhc is 3D distance of the hand center. However, it may not 
find the active fingertips because the thumb is shorter than the other four fingers. Using 
the average value may cause the thumb miss-identified as an active fingertip. So, we de-
fine the weighted AVG = n

i=1(di+dhcn)/2n. The weighted AVG is more effective for de-
tecting the active fingertips. We add a standard deviation () to the weighted AVG as 

1
th 2

n

i hci
d d n

d
n


 

    (4) 
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where n is the number of active fingertips, di is 3D distance of the ith fingertip and dhc is 
the 3D distance the hand center, and  is the standard deviation of the 3D distance of 
these active fingertips. The threshold dth can be used to differentiate the click fingertips 
from the non-click fingertips more accurately. 
 
4.4 On-Press Hand Gesture Detection 

 
Based on the movement the fingertips, we may differentiate the on-press hand ges-

ture from the on-click hand gesture. There are three different on-press hand gestures: 
single-fingertip, two-fingertips, and five-fingertips hand gestures. 

 
A. Single-Fingertip On-Press HGR 

An on-press fingertip hand gesture can be divided into long-press hand gesture or 
dragging hand gesture based on the fingertip movement. If the position of the active fin-
gertip changes for more than 10 pixels, then it is a valid fingertip movement which indi-
cates a dragging hand gesture, else it is a long-press hand gesture. 

 
B. Two-Fingertip On-Press HGR 

The two-fingertip on-press hand gesture is treated as rescaling or rotation hand 
gesture. Based on the trajectory of the fingertips, the system detects two-fingertip on- 
press hand gesture. Then, it analyzes the variation of the line segment connecting these 
two active fingertips. It calculates both of the scaling ratio and the rotating angle based 
on the length and orientation variations of the line segment in two different frames. For 
the ith frame, li. is the line segment of two fingertips and i is the tilt angle of li. The angle 
of rotation i is computed as (i  1) for the rotation matrix ∆  and the ratio ri = 
length(li)/length(l1) is computed for the rescaling matrix E(ri). 

 
C. Five-Fingertip On-Press HGR 

The five-fingertip on-press hand gesture is a grabbing hand gesture. To detect the 
grab hand gesture, we calculate the average length of the five line segments from five 
fingertips to the palm center. If the average length keeps decreasing in five or more con-
secutive frames, then it is identified as a grabbing gesture. The grabbing gesture is simi-
lar to the iPad’s five finger pinch command to terminate the current App. We verify the 
accuracy and reliability of the proposed scheme through simulation and performance 
analysis.  

5. EXPERIMENTAL RESULTS 

Our system is developed on HTC One (m8) equipped with Dual Lens API and 
OpenCV4Android 2.4.8 on Android SDK 4.4.2. Our experiment consists of fingertip 
detection, handshape detection, fingertip tracking, on-click detection, on-press detection, 
and fingertip tracking. 

 
5.1 Fingertip Detection 

 
The experimental results of fingertip localization are shown in Fig. 10. We can use 
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tiply the original threshold (defined in section 5.6 for image resolution of 320p) by 2 and 
4 respectively so that it can recognize the fingertip hand gestures. This result shows that 
the real-time depth-based FHGR system on a smartphone has been implemented suc-
cessfully. 

6. CONCLUSIONS 

This paper proposes a virtual touchpad system for smartphone HCI App. The sys-
tem includes foreground segmentation, fingertip detection and tracking, open hand ges-
ture detection, arm-palm-finger segmentation, active fingertip detection and tracking. 
Although the depth image quality obtained from smartphone is not good enough, the ex-
perimental results show that the virtual touchpad system is feasible. 
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