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Abstract: The "stamp rally" is an event that participants go the round with predetermined points for 
the purpose of collecting stamps. They bring the stamp card to these points. They, however, 
sometimes leave or lose the card. In this case, they may not reach the final destination of the stamp 
rally. The purpose of this research is the construction of the stamp rally system which distinguishes 
each participant with his or her hand instead of the stamp card. We have realized our method 
distinguishing a hand posture by the image processing. We have also evaluated it by 30 examinees. 
Furthermore, we have designed the data communication between the server and the checkpoint to 
implement our whole system. We have also designed and implemented the process for the 
registering participant, the passing checkpoint and the administration.  
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1. Introduction

The "stamp rally" is an event that participants go the
round with a predetermined attractions for the purpose of 
collecting stamp. The participants have a card distributed 
by a rally organizer. They bring the card to some check 
points such as shops which the organizer decides. When 
they visit a checkpoint, the organizer presses the special 
stamp, which is installed in each point, on the card. Fig. 1 
shows an example of the stamp rally. A participant has to 
bring his or her card to 6 checkpoints. He or she has 
already visited A, B and C checkpoint. Therefore, 3 stamps 
have been put on his or her card. Since he or she bring it to 
D checkpoint, the special stamp installed in D point will be 
put on the card. In this way, the participants collect all 
stamps installed in the checkpoints.  

In recent years, stamp rally sometimes use the FeliCa 
card instead of the stamp card [1]. The "FeliCa" is a 
technique which can exchange data by holding up the card 

Fig. 1. Stamp rally. 
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reader. But, there is a problem in the stamp card and 
FeliCa card. The problem is that it is likely to lose the card 
and it is troublesome to take out the card. 

The purpose of this research is the construction of the 
stamp rally system distinguishing with participant's hand 
shapes, which we call "hand pose rally system." The 
advantage of using this system is that participants may not 
carry around the card and may only holding the hand when 
passing through the authentication checkpoint. In the 
development of the system, we have realized distingui-
shing with posture by image processing program using 
OpenCV library [2]. Furthermore, we have designed a 
system for data communication between the checkpoints to 
implement and operate it. 

2. Identification of Posture 

2.1 The Posture Number 
There are 32 patterns of posture made by bending and 

stretching of fingers of a single hand. We assigned a 
posture number for each hand's posture based on finger 
binary, which is a system for counting and displaying 
binary numbers with the fingers of a hand. The posture is 
distinguished by treating the five fingers of a single hand 
as a binary number. The stretched finger is treated as "1," 
and the bended finger is treated as "0." Fig. 2 shows some 
examples of the number indicated by each posture. They 
are the images of the right back of the hand. The thumb 
means the place by 24, and the little finger means the place 
by 1. In the figure, the posture at the most upper left 
indicates "0" because no fingers stretch. The next posture 
indicates "8" because only the index finger stretches. In the 
figure, the bit pattern, whose most right figure is the lowest 
rank, is shown on each posture.  

2.2 The Posture our System Handled 
Our system handles three types of posture. We, firstly, 

describe the terms to be used hereinafter. 
 
Registered posture (RP): 
The registered posture is the posture which the 

participant presents to our system when the rally starts. If 
the participants register the different posture each other, 

our system can identify them. The system requires the 
participants to present four RPs and stored them in the 
presentation order. Since a participant selects a RP from 32 
types of the hand posture, the system can ideally 
distinguish 1,048,576 (32 to the power 4) participants.  

 
Presented posture (PP): 
The presented posture means the posture which the 

participant presents to our system when he or she passes 
through the checkpoint. The system requires him or her to 
present four PPs. If the participant indicates the same 
posture as the RP in the registered presentation order at the 
checkpoint, it is equal to passing through it. 

 
Typical posture (TP): 
The typical posture means the posture of the samples 

that are previously provided on the system. It is used to 
distinguish the PP. We have collected some images for 
each posture. Even if the posture presented by a participant 
is a certain one posture, it may be distinguished the 
different posture by our feature. That is reason why the 
shape of hand is different by humans. Therefore, we 
prepared 232 images of hand of some friends for each 
posture. 

2.3 Vector Made from the Feature Points 
The vector is a representation as a vector hollows 

contour the hand caused by the finger. This is used to 
distinguish the position. Fig. 3 is a representation as a 
vector hollows contour the hand caused by the thumb and 
the index finger. There are some researches which 
distinguish hand posture based on estimating the fingertips 
and inter-digit spaces [3-5]. We have designed our method 
to recognize hand postures by detecting fingertips and 
inter-digit spaces. 

Our system must estimate whether the number 
indicated by the PP is the same as the number indicated by 
the RP. Firstly, we have prepared the PC equipped with an 
USB camera at each checkpoint. Secondly, the system 
takes a picture of the back of the hand of the participant. 
Thirdly, it compares the vectors in the PP with ones in TP. 
Finally, it finds the TP whose vectors are most similar to 
ones of PP, and assigns the number indicated by the TP to 
the PP. Fig. 4 shows an example of our estimation. The top 
image is a PP. There are 4 sets of vectors. If our system 
has only 3 images of TP and the set of vector of the most 
right image is most similar to one of the PP, then our 

 

Fig. 2. The number indicated by each posture. 

 

Fig. 3. Vectors of hollow caused by finger. 
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system estimates the number indicated by the PP to be 31.  

3. Generate and Compare the Vector 

Our pre-system is shown in Fig. 5. The system consists 
of an ordinary PC. It has Intel core i7 CPU. A USB camera 
is connected. The camera is mounted over a table on which 
a black cloth is laid. An examinee presents his or her hand 
on the black cloth. The system captures the hand, extracts 
the sets of the vector, and estimates the posture of the hand. 

3.1 Generating the Vectors 
(1) Detect the contour of the hand 
Fig. 6 is the contour of the hand which our system 

detected with the background subtraction technique and 
the edge detecting technique. We lay a black cloth on the 
table. That makes it easy to do the background subtraction 
technique. Our system determines that the dark (almost 
black) pixels are parts of the background. Since the 
foreground image sometimes has noise, our system 
performs noise reduction. The contour of hand is easily 
detected from the foreground image. Since the hand is 
captured as the largest region of white pixels, our system 
continues to seek the largest one towards the lower right 
corner from the top left of the image by using the functions 
cvFindContours() and cvContourArea() in OpenCV. 

 
(2) Generate convex hull of the contour 
The convex hull is set of the straight lines that 

connected the outermost dots in the set of points. In Fig. 7, 
the red lines are the convex hull that generated from the 
points of the contour of the hand. The intersectional points 
(the light blue dots) of both the contour and the convex 
hull are candidates of the fingertip. We implement this 
process with the function cvConvexHull2 () in OpenCV.  

 
(3) Detect hollow of contour: 
Fig. 8 shows the hollow in the contour detected by our 

system. Each green dot is the most distant point from the 
straight lines of the convex hull. Some of them are inter-
digital spaces. We implement this process with the 
function cvConvexityDefects() in OpenCV.  

 
(4) Detect the wrist: 
Our system detects the position of the wrist using the 

change in the thickness of the arm. As shown in Fig. 8, the 

Fig. 4. Identification of the PP. 

 

 

Fig. 5. Overview of our pre-system. 
 

 

Fig. 6. Contour of the hand. 
 

 

Fig. 7. Convex hull of the contour. 
 

 

Fig. 8. The hollows of the contour. 
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wrist seems to be detected by using hollows of the contour. 
However, the hollows near the wrist is not detected in 
some postures such as Fig. 9. We implemented a method 
to detect the wrist based on the width of the arm. First, our 
system measures the length of the green line ( iniW ) in Fig. 
10 as the initial width of the arm. It detects two points 
which the contour of the arm is cut off by the border of the 
image, and draws straight lines so as to be perpendicular to 
the contour. The green line is one of the straight lines 
which intersects with the other contour.  

Our system continues to measure the width of the arm 
while moving the measurement point in the direction of the 
wrist. It estimates the center of the green line at the 
measurement point to be a center of the wrist when the 
width of the arm at the measured point ( mW ) satisfies the 
following condition: 

 
 15dotsm iniW W− ≥   
 

Fig. 10 shows a position of the arm which our system 
detected. The shape around a wrist varies among people. 
This method detects the point near the wrist at almost all 
situation with enough precision to use in the next 
processing. 

 
(5) Estimate only the inter-digital space: 
Our system estimates the inter-digital space using the 

distance from the wrist. Our system treats hollow of 
contour which satisfies the following conditions as the 
inter-digital space: 

 

 0.35f

w

D
D

> 95wθ ≥ °   

 
where the variable fD  denotes the distance between the 

green point and the red (blue) one in Fig. 11, and wD  
denotes the distance between the center of the wrist and 
the green point. The variable wθ  denotes the angle 
between the center line of the arm and the line segment 
connecting the center point of the wrist and the red (blue) 
point.  

The upper condition removes the small hollows such as 
one caused by third joint of a bended finger. The lower 
condition removes the hollow which is located around 
wrist-side. As shown in Fig. 11, the green dots are the 
inter-digital space that it detected. 

 
(6) Generate the vector: 
Our system generates the vectors connecting the inter-

digital space and the fingertips. These vectors are the green 
arrows and the blue arrows from each inter-digit space in 
Fig. 12. It generates also the vector connecting the inter-
digit space and the center of the wrist. This vector is 
shown the red arrow in Fig. 12. Our system handles the 
three vectors as one set. 

3.2 Comparing the Vectors 
Our system has to estimate the posture of the hand 

which a human presents to it. The pattern matching 
technique is usually used for two images as a similarity 

 

Fig. 9. The initial width of the arm. 

 

 

Fig. 10. The estimated position of the wrist. 
 

 

Fig. 11. The detected inter-digital spaces. 
 

 

Fig. 12. The calculated vectors. 
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estimation method. We have, however, decided that the 
system compares a PP with each TP by using the vectors 
described in above subsection. Two vectors can be 
compared by the cosine of the angle between those as 
following:  

 

 cos A B

A B
θ ⋅
=   

 
where A  and B  denotes the vectors in the PP and the TP, 
and θ  is the angle between two vectors. The direction of 
vector A is similar to one of vector B when the value of the 
cosine is close to 1.  

Three vectors through one inter-digital space, which 
are shown in Fig. 12 as the red arrow, the blue one and the 
green one, are made one set. Our comparing method 
selects a set of vectors one by one from the PP and each 
TP in order from a little finger. The selected sets are not 
just directly compared because the direction of the arm in 
the PP is different from one in the TP such as Fig. 13. This 
is reason why our method aligns the direction of the red 
vectors in the selected sets as shown in Fig. 13.  

Our system compares the blue (green) vector in the 
selected sets in the PP and the TP after aligning the 
direction of the red vectors. The system calculates the 
values of cosine in the angle between the blue vectors 
(green vectors) respectively. It calculates the similarity 
between the PP and the i-th TP with following: 

 

 ( )
1

1 cos cos
2

N

i Bik Gik
k

S
N

θ θ
=

= +∑   

 
where N denotes the number of sets of vectors in the PP, 
cos Bikθ  ( cos Gikθ ) denote the cosine in the angle between 
the blue (green) vectors of k-th sets in the PP and the i-th 
TP respectively. The system, consequently, extracts the TP 
whose similarity Si is maximum and is higher than a 
predetermined threshold (0.95).  

4. Evaluation of Identification 

We evaluated the posture identification performance. 
We actually distinguished each posture of the hand that 30 
examinees presented. We calculated the accuracy for each 
posture. We evaluated our method with 23 types of 
unconstrained posture. Our system identified a posture of a 
hand of the examinee five times for each posture. We 
requested him or her that his or her hand was presented 
from different direction or was tilted, as shown in Fig. 14.  

We prepared 232 images for TP in total to estimate 23 
types of unconstrained posture. Both images in Fig. 15 
indicate "12." The number of the sets of vectors in the right 
image, however, is different from one in the left image. 
Our system sometimes misestimates the outside hollow of 
the thumb as inter-digital space such as the right image of 
Fig. 15. This is reason why we registered both of the 
images as TP. Table 1 shows the registration of the TP 
database. This database is categorized TP based on the 
number of sets of vectors. The posture of no. 12 is actually 
registered in both category 2 and 3. 

Fig. 13. Compare the vectors. 

 

 

Fig. 14. An example of the different direction and the 
different tilt. 

 

Fig. 15. The example of the TP which indicates "12". 

 
Table 1. The categorization of TP database. 

# of sets Posture # 
1 1, 8, 9, 16, 17 

2 1, 3, 4, 5, 6, 8, 9, 12, 13, 14, 16, 17, 20, 21,  
24, 25 

3 1, 3, 4, 5, 6, 7, 8, 12, 13, 14, 15, 16, 20, 23,  
28, 29, 30 

4 6, 7, 13, 14, 15, 29, 30, 31 
5 15, 31 
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Table 2 shows the accuracy for each posture. The 
posture # means the number indicated by the posture. The 
total average of accuracy is 57.0%. There are some 

postures whose accuracy is relatively high. The posture 
which is recognized most accurately is no.31 posture. This 
posture has four sets of vectors because all fingers stretch. 
Since there are few postures that have four sets of vectors, 
no.31 posture is easy to recognize. There are many 
postures whose accuracy is not so good. No.5 posture and 
no.21 posture are very inaccurate ones. 

Fig. 16 shows the example of the error in our iden-
tifying. The main reason of this error is that the directions 
of both blue vectors and green vectors are similar. Our 
system compares only the direction of each vector. To 
solve this problem, we have considered that our system 
must also compare not only the direction but also 
magnitude of the vector. Fig. 17 shows another example of 
the error. The posture presented by examinee is no.21. The 
TP of no.21 posture is shown the top image in the figure. 
The TP has two sets of vectors but the PP has three sets in 
this case. Accordingly, another TP is most similar to the PP. 

5. System Design 

Fig. 18 shows the diagram of the entire system. Our 
system has been designed with the client-server technique. 
A client system is assigned at each checkpoint. We must 
implement not only basic functions in a normal stamp rally 
system but also some of the new functions. We have 
examined whether those features should be implemented in 
either server-side or client-side. We describe the results of 
the examination in the following. 

 
The function creating the vectors of PP: 
We have decided to implement this function at the 

client-side. If this function is implemented at the server-
side, some problems have been occurred. One of them is 
that the USB camera at the client subsystem can’t be 
handled by the server-side system. Another is that the load 
of the communication and processing of the server 
machine increases. In addition, we have already 
implemented the posture identification program that runs 
on the client PC. 

 
The function comparing the vectors in PP and TP: 
We have also decided to implement this function at the 

client-side. If this function is implemented at the client-
side, the server load decreases. And we have already 
implemented the posture identification program that runs 

Table 2. The accuracy of each posture.

Posture # Accuracy Posture # Accuracy 
1 45.2% 16 64.7% 
3 42.7% 17 57.1% 
4 36.5% 20 54.7% 
5 30.4% 21 31.3% 
6 53.1% 23 50.0% 
7 61.3% 24 66.0% 
8 70.0% 25 49.2% 
9 48.7% 28 76.7% 
12 71.3% 29 58.5% 
13 57.9% 30 61.2% 
14 50.7% 31 89.9% 
15 84.7% Total 57.0% 

 

Fig. 16. The example of the error in our identifying. 

 

Fig. 17. Another example of the error. 

 

 

Fig. 18. Structure of our system. 
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on the client PC. 
 
The function storing the TP: 
We have decided to store the TP data at the client-side. 

The TP data should be stored only on the server machine 
to prevent information leakage. However, the subsystem 
on the client PC have to download the TP data from the 
server whenever to compare the vectors if the TP data is 
stored only on the server machine. The TP data doesn't 
include the picture of the participant's hand. For the above 

reasons, we have considered that the risk of information 
leakage is low. 

 
How to implement processing at the client-side: 
A subsystem at the client-side is able to be implemen-

ted by the original desktop application or the web browser 
application. We investigated whether to implement either. 
The browser is difficult to handle the USB camera on the 
client-side PC. In addition, the pre-system to distinguish 
the posture has already been implemented as a desktop 
application in C++ language. On the other hand, the 
demerit that the desktop application must be installed on 
each client-side PC is not fatal. We, consequently, have 
selected a desktop application in consideration of the 
development efficiency. 

Fig. 19 shows the use case diagram of the system. We 
defined the participant and the administrator as the actor 
(namely the system user). The participant starts "Start the 
rally" use case when starting the hand pose rally, and "Pass 
the CP" use case when passing the checkpoint, respec-
tively. The administrator, furthermore, starts "Check the 
participant status" use case when wanting to check the list 
of checkpoint which has been already passed by each 
participants. Figs. 20 and 21 show the sequence diagram 
showing the processing flow when a participant starts the 

Fig. 19. The use case diagram of our system. 

 

 

 

Fig. 20. Processing flow when the participant starts the stamp rally. 
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stamp rally and the flow of processing when a participant 
passes the checkpoint, respectively. Since the client 
machine creates the vector of PP and compares the vectors 
in PP and TP, the client machine only has to send the 
posture number of the PP to the server machine. Therefore, 
the load of the communication and processing of the server 
machine is low.  

Finally, Fig. 22 is a development and execution 
environment of our system. We assume the server PC and 
client PC to be ordinary ones. They have enough pro-
cessing performance for this system design. The operating 
system and the developing environment are reasonable.  

6. Conclusion 

The purpose of this research is to develop a hand pose 
rally system. We have realized by the image processing to 
distinguish the postures of a hand. We have also designed 
the data communication between the server and each 
checkpoint.  

One of future works is to improve the accuracy of 
posture identification. The evaluation is not so good. The 
major reason is that our similarity between two vectors 
uses only the angle between them. We adopted this 
similarity because the size of the image of a hand varies 
depending on the distance between the hand and a camera. 
We are planning to add the length factor to our similarity. 
Another future work is to implement the processing of the 
entire system. 
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Fig. 21. Processing flow when the participant passes the checkpoint. 

 

 Server OS: Linux CentOS 7 
 Server program: Java Servlet 
 Web application server: Apache Tomcat 8.0 
 Database: MariaDB 5.5(compatible with MySQL)
 Client OS: Windows 7 
 Client program: C# (UI), C++ (image processing) 

Fig. 22. Development environment of our system. 
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