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Abstract  

 a system was designed to recognize 
the Human hand manual alphabet of 
the American Sign Language utilizing 
artificial neural network that implement-
ed to convert the (ASL) finger spilling 
alphabet into printed letters and using 
matlab to implement program that con-
verting printed letters into animated 
(ASL) .the hardware system uses flex 
sensors these sensors were positioned 
on gloves to obtained The finger joint 
angle data when represent each letter 
of (ASL) and DAQ NI-6212 which was 
the interface between the sensors and 
the pc.DAQ  produce  1000 readings 
per second  the average of this read-
ings is taken and normalization process 
is performed on the data and then ap-
plied to trained neural network to rec-
ognize which letter was performed by 
the hand and print it on the screen. On 
the other hand a matlab program was 
build using forward and inverse kine-
matics equations of human hand this 
program take normal language letters 
as input and produce an animated 
(ASL) letter as output. The hardware 
system have been trained and tested  

 
for (ASL) manual alphabet words and 
names recognition.  
Keywords: ASL, Artificial neural net-
work, forward kinematics, inverse kin-
ematics, deaf, DOF. 
 

تمييس لغت الاشارة الامريكيت باستخدام القفاز المتحسس 

 والشبكت العصبيت

 الخلاصت

حى حظًٛى َظاو نخًٛٛش الابجذٚت انٛذٔٚت انًظخخذيّ فٙ نغت 

الاشارة الايزٚكٛت باطخخذاو انشبكت انؼظبّٛ الاططُاػٛت 

انخٙ طًًج نخحٕٚم نغت الاشارة الايزٚكٛت انٗ حزٔف 

( نخظًٛى MATLABيطبٕػت .ٔحى اطخخذاو بزَايج )

بزَايج ٚقٕو بخحٕٚم انحزٔف الابجذٚت الاَكهٛشٚت انٗ 

اشكال انحزٔف فٙ نغت الاشارة الايزٚكٛت .فٙ انجشء 

انؼًهٙ ٔانخاص بخحٕٚم نغت الاشارة انٗ حزٔف يطبٕػّ 

حى اطخخذاو يظخشؼزاث انًزَٔت انخٙ ثبخج ػهٗ قفاس ٚخى 

انشخض الاطى ْذِ انًظخشؼزاث حقٕو ارحذائّ يٍ قبم 

بقٛاص يقذار اَحُاء كم جشء فٙ الاطبغ ػُذ حًثٛم كم 

حزف يٍ احزف نغت الاشارة الايزٚكٛت ٔارطال ْذِ 

 (DAQ 6212)انقٛاطاث انٗ انحاطبت ػٍ طزٚق انًؼانج 



قزاءة فٙ انثاَٛت ٚخى اخذ يخٕطط  0111انذ٘ ٚقٕو بخظجٛم 

ظٕٚت ػهٛٓا ٔيٍ ثى ادخانٓا ْذِ انقزائاث ٔاجزاء ػًهٛت انخ

ػهٗ انشبكت انؼظبٛت الاططُاػٛت انًذربت نهخؼزف ػهٗ 

انحزف انذ٘ حى حًثٛهّ بانٛذ انخٙ حزحذ٘ انقفاس ٔحقٕو 

بخحٕٚهّ انٗ حزف اَكهٛش٘ يطبٕع .يٍ َاحٛت اخزٖ حى 

ْذا انبزَايج  (MATLAB)بُاء بزَايج باطخخذاو ال

الاياو ٔانًؼادلاث  ٚظخخذو انًؼادلاث انكًُٛاحٛكٛت باحجاِ 

انكًُٛاحٛكٛت بااحجاِ انًؼاكض انًشخقت يٍ ححهٛم ٚذ الاَظاٌ 

,ْذا انبزَايج ٚقٕو بخحٕٚم احزف انهغت الاَكهٛشٚت  

 انًكخٕبّ انٗ اشكال الاحزف فٙ نغت الاشارة الايزٚكٛت.

انكهًاث انذانت:نغت الاشارة الايزٚكٛت ,انشبكت انؼظبٛت 

أحجاِ الاياو ,انكًُٛاحٛكٛت الاططُاػٛت ,انكًُٛاحٛكٛت ب

 باحجاِ يؼاكض ,الاطى ,درجاث انحزٚت.

1. Introduction  

  Deaf people have the same needs as 
the normal people of communicate with 
other people but they have the problem 
of describing that because they cannot 
speak. There are diverse sign lan-
guages throughout the world, similarly 
as there are diverse talked languages 
American Sign Language and British 
Sign Language are distinctive, com-
monly ambiguous the two languages 
grown autonomously because  the 
American and British Deaf people 
group have no contact between one 
another,. French, Australian, Danish, 
Taiwan, Finnish, Thai, and Brazilian 
Sign Languages, what’s more, numer-
ous others have developed in commu-
nities of Deaf people, as the develop-
ment happened in the groups of hear-
ing people [1]. This languages help 
deaf people to communicate with each 
other and normal people who knew that 
languages. This work will depend on 
American Signe Language and concen-
trate on recognition of one important 
section of the ASL which is: ASL finger-
spelling alphabet as shown in (Figure 

1). In which deaf person made a se-
quence of hand shapes or hand trajec-
tories to spell out a word corresponding 
to single letters. Unfortunately majority 
of normal people do not understand 
that language this causes the isolation 
of deaf people from general community. 
This language is expressed by using 
hand gesture .The human hand is a 
great complex system because its ex-
tensive number of (DOF) inside an es-
sentially small space it’s composed of 
nineteen links corresponding to the 
bones of the human  and twenty-four  
DoF’s [2]. 
  In the last decade numerous re-
searchers have studied communication 
through signing some of them take the 
way of converting normal English lan-
guage into sign language [3, 4, 5], and 
the others take the reverse way by con-
verting sign language into normal lan-
guage, sign language recognition and 
Gesture recognition have been studied 
by large number of researchers, in any 
case, there are significant challenges 
because of intricacy of body and hand 
movement in the expression of sign 
language. Sign language and Gesture 
recognition researches will ordered to 
two portions: (a) based on computer 
vision [6, 7, 8, 9, 10] (b) based on data 
glove and movement sensor [11, 12, 
13, 14]. 
in this paper we will using data glove to 
perform all gestures of (ASL) 28 letters 
both static and dynamic by processing 
the data using artificial neural network 
algorithms to recognize ASL letters, us-
ing new and economy hardware design 
by decreasing the sensors needed, and 
we will build a software program to 
covert normal English language into 
ASL using Matlab programming .so that 
we will gathering the two approaches in 
this paper.   
2. American Sign Language 

  American Sign Language (ASL) de-
veloped by Thomas Hopkins Gallaudet 



who brought the sign language from 
Spain to America [15]. It is a complex 
language that utilizes signs made by 
moving the hand. It’s the essential lan-
guage of Americans who are deaf or 
hard of hearing and is one of several 
communication options used by deaf 
people. in the USA there are around 
two million people suffering from deaf-
en. The most used non-English lan-
guage after Spanish is the American 
Sign Language in the united state 
America .ASL consists of 36 hand 
shapes, 6000 words, and 26 letters 
[16]. These can be performed by using 
hand and body gestures. American 
Sign Language alphabet is shown in 
(figure 1).it used in performing names 
and spelling words. We will depend on 
ASL alphabet as a reference in our pro-
ject.   

 

Figure 1: American Sign Language 

alphabet 

3. Kinematic Modeling of human 

hand  

  The Human hand is one of the most 
complicated systems because of its 
ability to perform multiple tasks and its 
wide range of flexibility so that the hu-
man hand has 24 DOF and 19 links .in 
this project we will simplify this system 

to 20 DOF and 15 link because some 
links and joints does not effect on per-
forming the letters of (ASL), we will de-
rive one model to (thumb, middle, in-
dex, little, and ring) fingers. Where 
thumb has 3 links (metacarpal, proxi-
mal, and distal) links and three joints 
(metacarpophalangeal (MCP), interpha-
langeal (IP) and trapeziometacarpal 
(TMC)).as shown in (figure 2) The MCP 
and IP joints has one DOF for each one 
but TMC joint is universal joint and has 
two DOF one for adduction/abduction 
and one for flexion /extension (figure 3), 
(figure 4) shows the difference between 
flexion/extension and adduc-
tion/abduction. The other fingers (prox-
imal, middle, and distal) also have 3 
links. And three joints (proximal inter-
phalangeal, Distal interphalangeal and 
metacarpophalangeal which have the 
following symbols respectively(PIP, DIP 
,MCP)), The DIP  and PIP joints  has 
one DOF for each one but MCP joint is 
universal joint and has two DOF one for 
adduction /abduction and one for  flex-
ion/extension [2]. 
 
 

 
Figure 2: human hand skeleton [17]. 

 



              

 
 Figure 3: MCP abduction (A) and ad-
duction (B) [18]. 
 

Figure 4: MCP flexion (A), PIP flexion 
(B), DIP    flexion(C), and MCP, PIP, 
and DIP extension (D) [18]. 
 
3.1 forward kinematics  

 The forward kinematic was utilized to 
find the orientation and position of the 
finger tip depending on the finger joint 
angels. The Denavit-Hartenberg (D-H) 
parameters were used to calculate 
Model equations [19]. The rotation and 
translation of joints can be found using 

transformation matrix   
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Where 
C=cosine (  )  
S=sin (  ) 
The D-H parameter for a single finger  
is shown in table(1)  where joints de-
fined  by the variable θ. links are repre-
sent by the parameter a which is bone 
length since links(bones) are aligned d 
parameter is always zero, and the twist 
angel is α . θ1, θ2, θ3, θ4 are the angels 
of rotation for  adduction\abduction of 
TMC joint ,flexion\extension of TMC 
joint ,MCP joint, and IP joint for the 

thumb finger and the angels of rotation 
for adduction \abduction of MCP joint , 
flexion\extension of  MCP joint, The 
DIP, and PIP (for the rest of fin-
gers)respectively. And L1, L2, L3 are the 
length of bones. Frame -1 is the wrist 
frame and represents the base frame 
for all fingers.  
 
 

 
 

Table (1): D-H parameter for a single 
finger 

 

joint θ d a α 

1 θ1 0 0 pi/2 

2 θ2 0 L1 0 

3 θ3 0 L2 0 

4 θ4 0 L3 0 

 
 
 
Equation 1 represents the direct kine-
matics equation for finger  
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The direct kinematics equation can be 
solve by finding Homogeneous matrix-
es for the finger which are  
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To find the thumb position and orienta-
tion or other fingers to the base (wrist) 
frame the transformation identity matrix 
was used  for the rotational part and the 
position of frame zero with respect to 
frame -1 so that the transformation ma-
trix become 
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Figure 5: D-H coordinate assignment for 

one finger of human hand 
 

3.2 Inverse kinematics  
 
 The inverse kinematics solution can be 
derived either geometrically or algebra-
ically. Geometrically like triangles rela-
tion. The positive and the negative 
movements with respect to a reference 
line for some joints can perform by the 
hand [20, 21]. Or algebraically by find-
ing relations between the elements of 
the final transformation matrix that de-
rived in the forward kinematics [19]. In 
the solution of the inverse kinematics 
first we find Xc, Yc, Zc which denoted 



the component of the base frame 
(frame 1) by using transformation ma-
trix (Equ.7).and we can find φ from it. 
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Where  
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By using geometrical method and as 
shown in (figure 6): 
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Figure 6: projection of the finger onto 
x0 –z0 plane.                                                                                                   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: projection of the finger onto 
x0 –y0 Plane.                                                                                                   
 

From basic trigonometry and (figure 7), 
the finger tip position and orientation 
can be written in joint coordinates terms 
as following: 
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       (      )              (    
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Joint coordinates to a given finger tip 
coordinates (     ) can be found by 
solving  the nonlinear equations 

(21,23,24) for            .by Substitut-
ing  equation (21)in equations(23,24) 

    can be eliminated . Then, the above 
two equations became in term 

of          as follow: 
 
        ( )  
              (     )                        
                                                         (25) 
        (  )=              (      )                    

                                                         (26) 
 
The right hand side contains the un-
knowns. While the known are grouped 
in the left hand side. Now, by replacing 
the names of the left hand sides 

by           where            ( ) 
and              ( ), by terms rear-
ranging and adding both sides in each 
equation after squaring them, a single 

nonlinear equation in     will be getting:  
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There are two solutions for   in the 
above equation given by 
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By taking any one of these solutions 
and substituting it gives us: 
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L1 
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Substituting   and    in (21) to find  . 
Thus, for each solution for  , there is 
one solution for   and  . 
 
4.  Simulation of human hand manual 
alphabet (ASL). 
 
 Depending on the derived kinematics 
of human hand simulation of every 
(ASL)letter was build using matlab pro-
gramming where each finger have spe-
cific position and orientation in each let-
ter representation these values were 
used to implement every part of the 
simulated human hand by substitute 
these values in the kinematics equa-
tions for example letter(A).  
     
  Table (2): angels of fingers that per-
form                       letter A    
                                                    

 

 

Figure 8: representation of letter (A) in 

Matlab 

 
 
 

5. Design methodology  
 
 
 The hardware system contains 

- Glove having six sensors:-five 
for every finger and one on the 
wrist. 

- National instrument DAQ NI-
6212.  

- 5 V power supply. 
- Six resistances of 10 kΩ .  
- Six ceramic capacitors.  
- Six electrolytic capacitors. 

 
5.1. Block diagram 
 
 Flex sensors sending data that de-
pending on the bending of human hand 
and fingers to the DAQ for processing 
and then the DAQ sending the data as 
inputs to PC, as shown in (figure 9). 
 
5.2. Measurements normalization 

 The output data of the DAQ was used 

as input to Neural network program but 

this neural network has a specific rang 

of measurements so we use a function 

to normalize the output data of DAQ to 

the neural network rang this function is: 
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)                     
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Where: 

   Sensor output after normalization. 

  = Sensor output before normalization. 

an-

gels 

thumb index mid-

dle 

ring little 

   π*0.0

8 

0 0 0 0 

   π/4.55 π*1.2

5 

π*1.2

5 

π*1.2

5 

π*1.2

5 

   π/4.5 π/2 π/2 π/2 π/2 

   π/4 π/2 π/2 π/2 π/2 



                                                                                                                                                      

Figure 9: block diagram of the system 

6. Artificial neural network  

 The algorithm used to train the ANN 
model was a backpropagation algo-
rithm. we summarized the fundamental 
structure and implementation of this al-
gorithm in this section. Training a neu-
ral network includes calculating weights 
in order to find the result output accord-
ing to a specific input within Limits of 
error. The target vector and input vector 
perform a training pair. The algorithm of 
backpropagation contains this proce-
dure [21]: 
1. Apply the input vector of the 1st train-
ing pair to the neural network. 
2. Compute the corresponding output of 
the neural network. 
3. Make a comparison between the real 
output and desired target then calculate 
the error. 
4. To reduce the error Modify the 

weights. 

This procedure is iterated until the val-

ue of error is reached in our project the 

error chosen to be (e=1e-25). In step 2, 

sets of output are computed for test in-

puts. If the difference between the real 

output and desired target is within the 

given error limits, then the neural net-

work have been learn the case, and the 

weights at that time (when the error is 

within the limits) are saved to be used 

when the using the neural network.ANN 

having multi-layer was used to recog-

nize the manual alphabet of ASL. The 

inputs to the ANN were six elements 

which representing the flex sensors 

output. the designed ANN was a feed-

forward network having multilayer ,this 

network consist of (6 ,50 and 20)  neu-

rons in  input, first hidden, second hid-

den   layers  respectively while the out-

put layer having single layer as shown 

in (figure 10). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: proposed neural network 
design structure 

 

 Where      : Weights between the first 

hidden layer and input layer.      : 

Weights between first and second hid-

den layers and       : Weights between 

the output layer and the second hidden 
layer, while(    ,           ) bias values 

of the first hidden, second hidden, out-
put neurons respectively . 
Equation (31) will calculate the result of 
the input layer 

        
                                                                                                                                                             

                                                                               

(31) 
        [  ]                       

I=input vector values. 
 ynet=output of the neuron .  

S1 

S2 

S3 

S4 

S5 

S6 

Input layer  

Hidden 

layer 1 

m=50  

Hidden 

layer 2 

h=20  

Output layer 

  

T 

b1, 

1 
b1, 

2 
b1, 

3 b1, 

4 

b1, 

m 

b2, 

1 b2, 

2 
B2, 

3 b2, 

4 

b2, 

h 

b3, 

1 



In this proposed design I refer to the 

sensor and   is the sensor number,   
ber,    . 
   . 

Equation (32) will calculate the result of 
the first hidden layer. 

        ∑             
 
   

  

(32) 

      *       +                   

Since the first hidden layer have sig-
moid activation function       

 *       +  
 

   
        

        

        
In this proposed design m =50; number 
of neurons in the first hidden layer. 
 
Equation (33) will calculate the result of 
the second hidden layer. 

        ∑               
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      [       ]                  

Since the second hidden layer have 
sigmoid activation function       

 [       ]  
 

   
        

      

          
In this proposed design r =20; where r= 
neurons in second hidden layer. 
 
Equation (34) will calculate the result of 
the output layer. 

        ∑               
 
   

 

(34) 

         [       ]                           

Since the output layer have linear acti-
vation function                  

 [       ]          

 

In this proposed design t =1; number of 
neurons in the output layer. 
 
6.1 measurements for training 

 For training the neural network five 

reading for every letter in each reading 

there are six values one for each sen-

sor as shown in table [3]. 

Table 3: sensors readings used for 

training neural network  

No

. 

In-

put1 

In-

put1 

In-

put1 

In-

put1 

In-

put1 

In-

put1 

out-

put 

1    
0.8.1

1 

   
0.6.1

1 

   
2.2.1

1 

   
2.221

1 

   
2.201

1 

   
0.401

1 

A 

2    
0...1

1 

   
0...1

1 

   
2.021

1 

   
0.661

1 

   
2.161

1 

   
0...1

1 

A 

3  
0.8.1

1 

   
0.661

1 

   
2.261

1 

   
2.2.1

1 

   
2.201

1 

   
0.4.1

1 

A 

4 0.8.1

1 

   

0.621

1 

   

2.2.1

1 

   

2.211

1 

   

2.2.1

1 

   

0...1

1 

A 

5 0...1

1 

   

0...1
1 

   

2.081
1 

   

2.0.1
1 

   

2..01
1 

   

0...1
1 

A 

6 ..081

1 

   

..021

1 

   

..4.1

1 

   

....1

1 

   

0.841

1 

   

0.241

1 

B 

7  

..081

1 

   

..001

1 

   

..461

1 

   

....1

1 

   

0...1

1 

   

0.241

1 

B 

8 ..061
1 

   
..1.1

1 

   
..441

1 

   
....1

1 

   
0.801

1 

   
0.2.1

1 

B 

9 ..201
1 

   
..161

1 

   
..441

1 

   
...61

1 

   
0.821

1 

   
0..11

1 

B 

10 ..001

1 

   

..111

1 

   

..401

1 

   

....1

1 

   

0.881

1 

   

0..21

1 

B 

11 2.081

1 

   

0..01
1 

   

2...1
1 

   

2..01
1 

   

0..11
1 

   

0.2.1
1 

C 

12 2.2.1

1 

   

0...1
1 

   

2.4.1
1 

   

2.061
1 

   

0..61
1 

   

0.2.1
1 

C 

13 2.061

1 

   

0..41

1 

   

2.4.1

1 

   

2...1

1 

   

2.111

1 

   

0.0.1

1 

C 

14 2..11

1 

   

0..61

1 

   

2.401

1 

   

2...1

1 

   

2.1.1

1 

   

0.081

1 

C 

15 2..01
1 

   
2.141

1 

   
2.4.1

1 

   
2.641

1 

   
2.141

1 

   
0.201

1 

C 

16 2.011
1 

   
0.821

1 

   
2.2.1

1 

   
....1

1 

   
2.241

1 

   
0.041

1 

D 

17 2.101

1 

   

0.8.1
1 

   

2..11
1 

   

...41
1 

   

2.261
1 

   

0.061
1 

D 

18 2.1.1

1 

   

0.801
1 

   

2.261
1 

   

...41
1 

   

2.241
1 

    

0.041 

D 

19 2.1.1

1 

   

0.811
1 

   

2.281
1 

   

....1
1 

   

2...1
1 

    

0.061 

D 

20 2.0.1

1 

   

0.821

1 

   

2.2.1

1 

   

....1

1 

   

2..01

1 

   

0.0.1

1 

D 

21 0..41

1 

   

0..41

1 

   

2.2.1

1 

   

2.241

1 
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7. Results and discussion  

7.1 simulation results  

 The ASL letters were represented suc-

cessfully in the matlab where the equa-

tions of forward kinematics for human 

hand were used to performing shape of 

letter and then we used the program to 

perform complete word and the result 

was successful and the aim was 

achieved from this simulation which 

was converting typed normal language 

into animated sign language, [figure 12] 

shows the results of typing word (AD-

AM) in the program ,and [figure 13] 

shows the trajectories of angels every 

joint in the thumb finger. 

 

 

        A              D       D        

 

     A                            M                    
  Figure 12: simulation of word (ADAM)  

 

 

 

 

Figure 13: The trajectories of thumb 

joints angel. 

7.2 experimental results  

The developed ASL alphabet recogni-
tion ANN model was first trained with 
data as one for every letter. When that 
was not successful, we trained with 
two, three, and ten, finally, five readings 
for each letter which was effective and 
the neural network operate successfully 
and the ASL alphabet letters were rec-
ognized figure [14] shows the recogni-
tion of letters (A,D,A,M) of ASL alpha-
bet.



A 

 D                                                              

A

 M 

Figure 14: ASL alphabet recognition 

Conclusion 

a complete system have been build to 

help deaf people to communicate with 

normal people as well as to help normal 

people to communicate with deaf peo-

ple by building a system using sensory 

gloves, DAQ NI-6212 and ANN to con-

vert ASL finger spelling into written let-

ters and words, and software program 

that convert letters and words into ani-

mated ASL finger spelling. This system 

has been trained to recognize all letters 

of ASL and then tested by representing 

different words the recognition results 

have the accuracy of 96% and the 

software system for converting printed 

English names and words into (ASL) 

have 100% accuracy. And the system 

was able to spell all letters of ASL and 

convert it into normal letters. 
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