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ABSTRACT 

This report describes a method of interpreting hand gestures. One 
of the applications could be manipulation of graphical objects on a 
computer screen. The devices used to detect hand and fingers position 
are the DataGlove (see ref [l]), and the 3SPACE Isotrak (see ref [2]). 
The basis of this method is neural networks. We are interested only in 
translation, rotation and scaling operations, and we suppose only fingers 
are used to scale objects. Data given by the Tracker (coordinates and 
angles) are computed for translation and rotation. Those provided by the 
Glove are the inputs of the network that calculates a parameter defining 
the scaling operation (enlargement or shrinking). The use of a simple 
neural network turned out to be quite limited to recognize some complex 
gestures, such as continuous growth gesture. We added recurrent 
connections in order to give the network memory and some power of 
prediction. Experimental results show that recurrent networks give the 
best responses. 
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INTRODUCTION 

Human interface research such as recognition and understanding 
of human movements has seen the development of 3 dimensional 
gesture recognition devices such as the Sensor Frame, the Glove, … 

Several experiments were conducted in hand motion interpretation 
(for example ref [3 ]), and one of the conclusions is that people prefer to 
use both speech and gestures to move objects displayed on the screen. 
However, we describe in this report a method where the only 
communication mode is gestures. The basis of this method is neural 
networks. These kind of networks have already been used to detect 
hand shapes (see ref [ 4 ]). Here, hand motion is detected. 

We apply this method to manipulating simple graphical objects (2D 
objects) displayed on a computer screen. 

We limit the operations to three basic ones : translation, rotation 
and scaling, and we suppose that for scaling operations, only fingers are 
used and hand is used for rotation and translation (see figure 1 where 
these elementary operations are shown). 

These limitations are based on the fact that the DataGlove is not 
very sophisticated (see next chapter). 

-----~ : : 
: : ._,,,,. 言．i

 ロ
Translation Rotation 

;;'""'""'"呵

［口I
~'"'''''''' 

口Movable object 

, .... , 
: l 、、~----~ Taroet object こ）

Scaling 

Figure 1 : Elementary operations. 
ば
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II. THE DEVICES 

2.1. DATAGLOVE AND 3SPACE TRACKER 

The VPL Resef¥rch Datf¥GIQve MQ(lel 2 

The VPL Research DataGlove Model 2 allows for the translation 
of hand gestures into virtually any form of control signal. The DataGlove 
measures and calibrates movements in the finger joints while monitoring 
the hand's position and orientation in three-dimensional space. These 
calibrated measurements may be passed on to a host computer for 
conditioning into any required format. 

The human hand itself is a very complex device, and its gestures 
can't be accurately measured by any single sensor technology. Thus, the 
DataGlove Model 2 e~~lo~s two sensors technologies to measure 
gestures皿andabsolute pos1t10nmg of the hand : 

Polhemus Source 

DataGlove Source 
Port 

Sensor 
Port 

DataGlove 
Port 

Serial Port 

User Port 

D 
Host Computer 

Optical Adaptor 

Control Unit 

Figure 2 : Block diagram of the system. 

External Hardware 

Flex Sensors 
Flexing of the joints is measured by optical fibers which, when 

bent, attenuate light passing through them. Ten optical fibers run across 
the DataGlove to the inner and outer joints of the thumbs and fingers, 
and terminate at an optical adaptor containing the light sources for the 
fibers and the phototransistors which convert the attenuated light levels 
into analog voltages. These voltages are fed to the Control Unit via a 25-
pin connector. 

Polhemus Sensor 
The DataGlove's absolute position in space is sensed by a 

Polhemus 3Space Isotrak sensor system. The 3Space system consists of 
two components : 
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-A "source", which emits electromagnetic fields. In the most 
common configuration, the source is mounted in front of the user. 

-A "sensor", which responds to the source's fields according to 
its position relative to the source. The sensor feeds the Control 
Unit with six analogs signals, which describe the sensor's 
coordinates (x, y and z) and orientation・(azimuth (甲）， elevation
(0) and roll (<I>): Euler angles) (see figure 3). The source is often 
the origin of the reference. 

z 

y
 

x
 

x
 

y
 

X, Y, Z : Alignment Reference Frame (reference related to the source). 
x, y, z : Rotated Stylus or Sensor Coordinate Frame 

甲： Azimuth 
〇 :Elevation 
cI> : Roll 

Figure 3 : Euler angles. 

(X, Y, Z) reference can be fixed as we like. However, the orientation of 
(x, y, z) depends on the sensor and is not subject to modification. 

2.2 DATA FORMAT 
¥,I 

The DataGlove, presented above, provides 10 integers related to 
the bending of each finger joints (2 for each finger) : 
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Optical fiber 

f
 

Inner joint 

Figure 4 : Optical fiber along one finger. 

These integers grow when opening the hand, because more light 
is then passing through the fibers. So when a finger is straight, the value 
related to it is maximum. 

At any time, you can get the data from the Glove and from the 
3Space Isotrak, which gives 6 floating point numbers : x, y, z and Euler 
angles. The format is the following : 

trme a1 a2 的 '4 a5 a6 的紐的叩 x.yz 甲〇①

釘， a2: thumb inner and outer joints 
aふ辿： index inner and outer joints 
as, 貼： middle inner and outer joints 
a7, ag : ring inner and outer joints 
a9, a10 : pinky inner and outer joints 

III. T)SING NEURAL NET¥VORKS 

J.l. INTRODUCTION 

The problem is, given the data (provided by the 2 devices), how to 
recognize movements of hand and fingers, and what the parameters to 
move objects on the screen should be. 

As we are interested in motion, it is obviously the evolution of data 
that should be studied, not their absolute values. 
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To move an object, at least 3 parameters are required : translation 
vector, angle of rotation and a scaling factor. 

The first two parameters are easy to compute using the 3Space 
Isotrak: just calculate the difference between two consecutive samples. 

As we supposed that only fingers are used to enlarge or shrink, 
the scaling factor should be computed from the data given by the Glove. 
The problem is that there is no accurate and simple relation between the 
integers and the bending of the fingers. For ambiguous and complex 
finger motions, a simple equation is not sufficient (such an equation 
should at least have 10 variables). That is why we use a neural network, 
and its inputs will be the variation of the 10 integers. Its output will be 
the scaling factor, which is called'growth'. 

3.2_._ A CLASSICAL NEURAL NETWORK 

The first network implemented (in the C programming language) 
is a classical three-layer (perceptron) network with feedforward 
connections. A backpropagation learning method is used to train the 
network. Let's present this algorithm : 

A= (叫 isthe input pattern. 
C = (袖 isthe computed pattern 
T = (t訊 isthe target pattern (desired output) 
W = (Wij加isthe set of connections (or links) between PB and Fe layers. 
V = (Vhi)h,i is the set of connections between FA and和 layers.

Each unit bi of layer FB has a threshold研

Each unit Cj of layer Fe has a threshold凡

PE stands for Processing Element. 

Using notations shown in figure 5, here is the backpropagation 
algorithm, ca且edthe Vanilla bac/....propagation algorithm (see ref [6]): 
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Figure 5 : Topology of elementary backpropagation 
feedforward recall network. 

1. Assign random values in the range [ -1, + 1] to all the FA to FB 

inter-layer connections Vij, to all the FB to Fe inter-layer connections 

Wij, to each FB PE threshold 0i, and to each Fe PE threshold「j_

2. For each pattern pair (A,T), do the following : 

a. Transfer A's value to the FA PEs, filter the FA PE activations 

through V and calculate the new FB PE activations using the 
equation : 

n 

bi= f(I恥 i+ 0i 
転 1

） 
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for all i = l , .. ,p, where bi is the activation value of the ith FB PE, 

and f() is the logistic sigmoid threshold function f(x) = (1 + e-x)—• 

(Sigmoid functions have this form : f(x) = A (1 -e-k双）/(1 + e-k2X)' 
where A, k1 and k2 are three positive constants). 

b. Filter the FB activations through W to Fe using the equation : 
p 

C口(~三+rj) 

for all j = 1, .. ,q, where Cj is the computed output of the jth Fe PE. 

c. Compute the error between the computed and desired output 
using the equation : 

dj = 9(l-9)(tj-Cj) 
for all j = 1, .. ,q. 

d. Calculate the error of each FB PE relative to each出withthe 
equation: 

q 

ei = bi(l-bi) I Wijdj 
j=l 

for all i = 1, .. ,p. 

e. Adjust the F F B to c connect10n wei 0hts ti 

△ Wjj = O:bidj 

for all i = 1, .. ,p and all j = 1, .. ,q. △ Wij is the amount of change 

made to the connection from the ith FB to the jth Fe PE, and o: is 
a positive constant called the learning rate. 

f. Adjust the Fe thresholds 
△ rj = o:dj 

for all j = 1, .. ,q, where△ rj is the amount of change to the jth Fe 
PE's threshold value. 

g. Adjust the FA to FB connections 

△ Yhi =~8.J-i~ 
for all h = 1, .. ,n. ~is like a a positive constant called learning rate. 
(we can take~= a). 

h. Adjust the FB thresholds 

△ 0i=伽
for all i = 1, .. ,n. 



d・ 3. Repeat step (2) until the error correction value J, for each 
j=l, .. ,p , and for each pattern A is either sufficiently low or zero. 

The learning rate and the momentum : 

If we let 

玩=ll2L(tj-9)2 
(eq. 1) 

be the measure of the error on input/output pattern k, then theoretically 
the learning procedure requires that the change in weight be 

proportional to岨 /ow. (see Appendix 1 : the Generalized Delta Rule). 
True gradiant descent requires that infinitesimal steps be taken. The 
constant of proportionality is the learning rate in the procedure. The 
largef this constant, the larger the changes in the weights (see algorithm 
described above). For practical purposes, we choose a learning rate that 
is as large as possible without leading to oscillation. This offers the most 
rapid learning. One way to increase the learning rate without leading to 
oscillation is to modify the rule to include a momentum term. This can be 
accomplished by the following rule : 

△ Wij(n+l) = a釘Oi+ Tl△ Wij(n) 

j th unit 

Oj and Oi are activations or outputs of units 

釘=dj} if it's a hidden unit 
Oi = bi 

o・= e・ 
oi = ai} if it's an input unit 

where the subscript n indexes the presentation number of patterns, a is 
the learning rate and 11 is a constant which determines the effect of past 
weight changes on the current direction of movement in weight space. 
This provides a kind of momentum in weight space. (It's actually what is 
done in our program). 

Different parameters such as the learning rate and the number of 
hidden units, should be calculated to optimize the learning. But there is 
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no theory on how to compute those values. We just know that variation 
of the learning efficiency is as illustrated in the following graphs : 

learning efficiency learning efficiency 

a。 learning rate No 

Only by experiments can <Xo and No be estimated. 

nb of hidden 
units 

From now, all the data concerning the number of hidden units and the 
learning rate is optimal for the learning by the networks. 

The network implemented has 10 input units (variations of the 10 
integers), 5 hidden units and 2 output units. If the gesture is'hand 
opening', then the inputs are positive (because the integers are growing). 

The sicrmoid function used is f(x) = (1 + e-x)ー1
こ9

. It takes values between 0 
and + 1. So there are 2 outputs: gl and g2. gl is related to enlargement 
and g2 to shrinkage. The'growth'mentioned above is then gl -g2. As 
gland g2 are in [0, 1], the growth is in [-1, +l]. If growth> 0, then it's 
an enlargement, otherwise it's a shrinkage. When using other sigmoid 
functions taking values in the range [-1, + 1], the network doesn't 
converge. So we prefered to have two outputs between O and + 1. 

The following figure shows how the data is analysed : 



Graphical Program 

growth= gl -g2 △ X, △ y, △① 

t 
／ 
gl g2 

2 outputs 

5 hiddens 

10 inputs 

Data at time t-1 

copy 

Data at time t 

A
 

Classical 
neural 
network 

A
 

variation of ai 
between time t-1 

and time t 

iA' 

Data from DataGlove 
Data from 3Space 

Isotrak 

at time t 

variation of x, y, z, 

鳩 0,① between 
time t-1 and time t. 

Figure 6 : Method to analyse data. 

Remark I 
Only x, y and <I> are kept because gr~phical images in our 
study are 2 dimensional. The axes are fixed as follows : 
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／ ヽ X y
 • I 

<I> 

IRIS 4D/GT Graphic 
Workstation 

So for rotation, <1> is sufficient. (see fig 3 p. 8: Euler angles). 

Remark 2: 
Let's call g the growth. g is a scaling factor for all lengths. 
For example, at time t, if the side of a square is l(t), and the 
growth is g, then at time t+ 1, the side will be : 

l(t+ 1) = l(t)*(l + g). 

This is the simplest equation. Of course other equatios may 
be used. A general equation can be : 

l(t+ I) = A *l(t)*h(g) (eq. 2) 

where h is a monotonicaly increasing function, 
and A is a scaling factor (positive). 

3.3._ WHAT ARE THE LIMITATIONS OF THIS_METHQD ? 

Using a simple neural network, described above, we are able to 
compute at each time a certain number of parameters to move objects. 
But in this case, every movement of the hand is interpreted without 
discontinuity. Now, we would like to stop and restart the interpretation : 
for instance, if there are several objects and if you are working on an 
object, you'd like to stop and then after choosing another object, restart 
analysing hand motion; another example : to enlarge an object, you open 
your hand. But when it is completely open, you can't enlarge anymore. 
So we should somehow freeze the network, close the hand, and restart 
the operation. 

Another aspect is continuous enlargement (or shrinkage). 
Experiments have shown that to enlarge continuously an image, subjects 
tend to do the following gesture : open the hand slowly, close it quickly 
and repeat this sequence several times. So how to teach the network in 
order to recognize such complex gesture ? How to represent the past 
and how to predict next states of the hand ? 

These are some issues treated in the following sections. 
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3.4. NEUTRAL POSITIONS 

To stop or restart the interpretation of the hand motion, we defmed 
two particular positions : open hand and closed hand (clenched fist). 
These positions are called neutral positions. 

The method is the following : by experiments, data (the 10 
integers) for those two positions can be obtained. Values are maximum 
for open hand, and minimum for closed hand. When getting data from 
the glove and before presenting them to the input units, they are stored 
in a table. After one or two seconds, their average values are calculated. 
If those values are close to maximum or minumum values, then data are 
not interpreted anymore, because a neutral position has actually been 
detected. In fact, it's the outputs of the network that are not interpreted. 
When detecting the next neutral position by the same technique, 
interpretation is taken up again. (For more details, see the programs). 

3,S, WORKING ON OUTPUTS 

We mentioned in 3.3. the continuous enlargement gesture. For this 
gesture, the evolution of g (growth) is like this : 

g 

+ 1i hand opening 

゜
-1 

＼ 
hand closing 
quickly 

time 

Figure 7 : Evolution of g for continuous enlargement gesture. 

Using eq. 2, variation of length (side of a square, or radius of a 
circle, for instance) will have the aspect illustrated in figure 8 : 
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length 

゜ time 

Figure 8 : Evolution of length for continuous enlargement gesture 
using the simple neural network. 

The response, as expected, is not good. One way it to improve is 
to deal with the output g. Indeed, if we consider the integral of g, and 
use an equation like : 

l(t+ 1) = h(l(t), f g) (eq. 3) 

where h is a monotonicaly increasing function according to the second 
variable, better response is obtained, because Jg has this aspect : 

Go 

ー

）

r
 

time 

Figure 9 : Variation of Jg for a continuous enlargement gesture. 
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The function h we used is defined by : 

{ l(t+l) = h(x) = l(O)x(l十炉tanx)

l(t+l) = h(x) = l(O)x~ 
冗

where x = (f g)(t). 

if X < 0 

if X > 0 

h(x) 

゜
x
 

There are other ways to tackle this problem. In fact, the main 
question is how to represent time in neural networks. The next sections 
present two different methods. 

3.6. USING MORE INPUTS 

One way is to represent time explicitly. At time t, values of data at 
time t-1, t-2, …are also presented to the network. The idea is to take 
into account the "past ". 

If many positive inputs are followed by a few negative ones, 
maybe other positive inputs will come after. It's the case for continuous 
enlargement gesture (as described previously). So we somehow want to 
ignore the negative inputs. 

Here are some learning patterns : 

In12uts value at time Desired oumut at time 
t-3 t-2 t-1 t t 

＋ ＋ ＋ ＋ +++ 
＋ ＋ ＋ ＋＋ 

＋ ＋ ＋ ＋ 

＋ ＋ 

゜＋ 
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+ means positive input (hand opening gesture) or output, 
-means negative input (hand closing gesture) or output, 
(the number of signs is to show intensity of the value). 

One problem is that the number of input nodes is significantly 
increased. For example, if we input data at times t-2, t-1 and t, the 
number is 30. So the number of hidden units should be also increased. 
The number of iterations for learning is then higher, and the learning 
takes more time. 

J,7, SIMPLE RECURRENT NETWORK 

The approach described above is to represent time explicitly. 
Instead of treating time as an explicit part of the input, there is another, 
very different possibility : to represent time by the effect it has on 
processing. This means giving the processing system dynamic properties 
that are responsive to temporal sequences. In short, the network is be 
given memory. Jordan (see ref [7]) described a network containing 
recurrent connections that are used to associate a static pattern with a 
serially ordered output (a sequence of "Actions") (see figure 10). 

The recurrent connections allow the network's hidden units to see 
its own previous output, so that the subsequent beheviour can be shaped 
by previous response. These recurrent connections provide the network 
with memory. 
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INPUT STATE 

Figure 10 : Architecture used by Jordan (1986). 
Connections from output to state units are one-for-one, with a 

fixed weight of 1.0. Not all the connections are shown. 

This approach can be modified in the following way (proposed by 
Elman, see ref [81). Suppose a network (shown in figure 11) is 
au0mented at the input level by additional units; these are called Context こ9

Units. 
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Inputs at time t Activities of hidden units 
at time t-1 

Figure 11 : A simple recurrent network. 

These units are also "hidden" in the sense that they interact 
exclusively with other nodes internal to the network and not the outside 
world. Activations are copied from hidden layer to context layer on a 
one-for-one connections, with fixed weight of 1.0. Dotted lines represent 
trainable connections. The network is taught with indepedent input 
patterns, but they constitute a whole sequence : the network learns 
gestures. Here is the method : 

At time t = 0, the input units receive the first input of a sequence. 
The context units are initially set to 0.5 or 0. Both the input units and 
context units activatt. the hidden units; the hidden units then feed back to 
activate the context units (activities of the hidden units are saved in the 
context units). The output is compared to the desired output and 
backpropagation of error is used to adjust connection weights (see 
algorithm in section 3 .2 .). Recurrent connections are fixed at 1.0 and are 
not subject to adjustement. At the next step, time t + 1, the above 
sequence is repeated. This time, the context units contain values which 
are exactly the hidden units values at time t. The context units thus give 
the network memory. 

The network is then able to "predict" evolution of data. For 
example, if the network is taught the following sequence : 
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time to t1 t2 t3 4 ts 16 t7 ts切 t10t11 
input value + + + + --+ + + + -

(this could be a continuous enlargement gesture), then for a gesture with 
data which follows a similar sequence, the network may expect a 

positive input at t12. 
Due to errors, one might expect some time delay in the response. 

But it's negligible compared to the delay there is in the case where we 
increase the number of inputs (see experimental results). 

IV, EXPERIMENTAL RESULTS 

4,1, DATA FILE 

Here is a sample of a data file : 
The format is the f o且owing:

. 
tnne a1 的的辿 as 3.6 a7 邸 a9 釘0 X y Z 甲 0 <D 

a1, a2 : thumb inner and outer joints 
aふ '4: index inner and outer joints 
as, 貼： middle inner and outer joints 
a7, as : ring inner and outer joints 

邸， a10: pinky inner and outer joints 

X, y, Z 

甲 0 ①

: coordinates (in centimeter, usually). 
: Euler angles (azimuth, elevation and roll; in degree usually). 

This data file is for an arbitrary g~sture. We don't fix the frequency 
of getting data. But we impose the penod to be greater than 0.1 second. 
The networks are trained with patterns according to this frequency. This 
parameter can of course be modified, depending on what you intend to 
do. 
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SAMPLE OF A DATA FILE 

Data from 

time DataG'l.ove <10 integers) 30 Tracker ex, y, z and EuLer angLesl 

85405. 177621 88 83 98 62 71 97 159 62 65 152 -10.61 88.29 23. 13 -51. 51 35. 02 91. 33 

85405.387621 82 79 97 54 73 80 161 57 67 132 -18.34 87.95 21. 21 -22.53 39. 13 94.26 

85405.547621 80 76 95 54 72 76 161 54 66 129 -27. 21 86.80 19.62 -2.42 48.65 95. 00 

85405. 707621 79 75 95 54 72 78 162 54 67 131 -32.64 83.39 19.66 2. 61 51. 93 90.33 

85405.858059 83 90 122 65 77 104 177 68 7 8 1 64 -31. 37 79.87 14.87 -14.09 41.01 69. 19 

85406.018059 88 112 150 75 76 124 190 82 84 204 -27.83 76.96 10.83 -19.50 31.33 59. 32 

85406. 168059 108 126 163 80 77 136 195 93 87 223 -23. 53 75. 54 8.38 -20.65 23. 41 55. 95 

85406. 318059 120 132 167 82 79 148 197 96 88 228 -18.61 74.59 6. 74 -22.27 13. 20 52.00 

85406.468059 124 133 168 83 79 152 195 96 88 231 -15.50 74.81 6.24 -20. 78 11. 13 51. 97 

85406. 618059 103 117 155 80 75 141 185 91 83 220 -16.63 77. 49 4. 71 -17. 91 23. 51 57.88 

85406. 768496 81 75 109 46 76 66 171 49 75 114 -26. 34 81. 32 10. 77 20. 76 51. 07 99. 56 

85406.928496 85 88 124 52 79 74 177 53 79 123 -25. 13 79.88 15. 44 2.23 44.93 85,34 

85407.078496 93 114 152 70 79 110 191 73 89 184 -21. 25 78. 15 12. 73 -15.50 31. 35 65. 45 

85407. 228496 110 126 166 77 79 129 194 89 90 212 -18.32 77.36 10.98 -18.26 25. 48 61. 47 

85407. 388496 111 130 168 80 82 142 197 95 91 222 -14. 81 76.59 9. 63 -21. 63 18.56 59. 37 

85407. 548496 118 131 167 81 82 147 195 96 90 223 -13.47 76.63 8. 61 -20.99 15. 14 58.51 

85407.698496 87 94 127 59 76 92 179 65 77 151 -21. 40 80.22 7.44 1. 38 40. 91 77. 97 

85407.828933 82 78 122 47 80 65 177 45 80 105 -26. 11 81. 43 15. 70 16. 81 49. 16 102.36 

85407.978933 92 114 150 68 83 108 194 71 90 185 -21.69 79.99 12. 80 -14.46 36. 15 73.66 

85408. 108933 111 127 162 78 82 131 194 89 91 213 -18. 32 78.37 10. 13 -21. 31 27.08 64. 22 

85408.268933 118 132 167 81 84 145 196 95 92 221 -15. 36 77.45 7. 14 -25. 16 18. 44 58. 78 

85408. 428933 121 132 166 82 85 149 195 96 91 223 -13.83 77.01 4. 78 -24.44 16.35 56. 70 

85408. 578933 112 123 159 80 82 142 187 92 88 218 -17.05 79.37 3.49 -19.80 24.92 59. 34 

85408. 729371 82 75 117 52 80 77 175 55 77 126 -24.93 83. 15 11. 69 13.33 48. 46 95. 46 

85408.879371 87 95 138 58 85 87 187 61 86 149 -23. 74 82.57 14. 77 -11. 03 46. 45 79. 63 

85409. 019371 102 124 161 77 85 126 194 87 90 211 -20. 77 80.54 10. 32 -22.49 37. 10 65. 05 

85409. 159371 113 128 164 79 84 135 194 91 91 216 -17. 87 79.56 7.99 -24.86 32.87 60. 60 

85409. 309371 118 130 167 80 84 141 194 93 91 219 -15. 32 78. 81 5.92 -25. 59 25.90 57. 18 

85409. 479371 121 133 168 81 85 146 194 95 90 222 -13.65 78.62 3.42 -26. 57 21. 81 53.88 

85409.619371 87 89 121 55 82 78 17 4 58 77 135 -20. 95 82. 29 6.85 -1. 43 45. 48 80. 56 

85409. 769808 85 79 132 53 84 80 179 54 82 126 -24.05 83.08 15. 56 -5. 71 46. 61 85.86 

85409.929808 95 118 153 73 85 118 193 80 89 203 -23. 12 81. 82 13.43 -19.68 39. 45 70. 45 

85410.069808 109 127 159 78 85 132 194 90 89 214 -20.63 80.83 10. 57 -23.91 35. 68 65. 14 

85410.219808 121 132 161 80 86 141 193 93 90 219 -18.02 80.04 8.08 -25.91 31. 08 61. 84 

85410. 359808 122 133 165 81 86 147 193 95 90 222 -15.58 79. 26 6. 28 -26.47 25. 56 59. 72 

85410. 519808 123 133 166 82 85 151 193 95 90 223 -13.93 78.55 4.19 -27.03 22. 61 57.37 

85410. 679808 114 126 162 81 84 145 189 93 88 221 -14.95 78.52 2. 36 -24.21 28.07 58.08 

85410.830246 90 97 128 68 83 112 175 72 78 171 -17. 62 79.87 4. 22 -15.09 34. 94 66. 91 

85411. 000246 86 89 114 57 79 82 172 56 76 125 -20.33 80.69 7. 05 -8.48 39. 95 75.36 

85411.160246 84 86 115 52 80 70 172 49 76 111 -22. 13 81. 14 8.46 -7. 32 40. 99 77. 74 
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4.2. PERFORMANCES OF SOME NETWORKS 

Our measure of the error for each learning pattern k is 

恥=1/2~ 臼）2

) (see eq. 1 page 13). 

j= 1, …， number of outputs. 

We decided that the network knows a pattern k if 

Ek:::; 0.003 (ERROR TOLERANCE = 0.003) 

The following table shows some interesting values of some 
parameters for different networks : 

Networkl Network2 Network3 

Leaming patterns 20 25 40 

Number of input units 10 30 10 

Number of hidden units 5 13 7 

Number of output units 2 2 2 

Learning rate 0.27 0.27 0.22 

Number of iterations 4000 4000 6000 

Network 1 : Simple network 

Network2 : Network with inputs at time t-2, t-1 and t. (30 inputs) 

N etwork3 : Recurrent network. 

For different gestures, we studied the evolution of length given by 
those 3 networks. From the outputs gl and g2, we calculate the growth 
g= gl -g2 and then the "length of an object" using : 

l(t + 1) = l(t)五了可万 (see eq. 2 p 16) 
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Remark : if we take l(t + 1) = l(t) (1 + g(t)), length grows too much, so 

we attenuate the growth by using~ 笥.Another way is 
to change the learning by decreasing output patterns value. 

The following figure is for an arbitrary gesture : 

Length 

10 

゜

―Networkl : simple network 

_ Network2 : network with inputs at time 
t-2, t-1, t. 

Network3 : recurrent network 

— Ideal response 

Time 

Figure 12 : Evolution of length for an arbitraty gesture. 

The ideal response is computed according to what the simple 
network has been taught. Because this network computes an output for 
each input, without taking into account previous inputs. 

All the curves have a similar shape, but the response given by 
network 2 is delayed. This is quite logical. This network has been taught 
in such a way (see 3 .6.) that this delay is expected. 

As we already mentioned, one might expect a delay of this kind 
for the recurrent network's response. But it's not really the case. That's 
why we usually say recurrent networks have some power of prediction. 

We did the same for a continuous enlargement gesture : 
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Length 

10 

―Neworkl : simple network 

N畑 ork2: ne図 orkwith inputs at time 
t-2, t-1, t. 

Nework3 : recurrent network 

Ideal response 

゜
Time 

Figure 13 : Evolution of length for continuous 
enlargement gesture. 

The response given by the simple neural network is very bad : 
when closing the hand quickly, the length decreases too much, so the 
following opening hand gesture is not enough to enlarge the object. The 
length drops quickly towards zero. 

Responses of network 2 and 3 are better. However, for network 2, 
oscillations are more stressed than for the recurrent network. 

V. GRAPHICAL APPLICATION 

According to the previous chapter, the best results are・given by 
the recurrent network. We decided then to use and implement this kind 
of network. As shown in figure 6, outputs of the network are sent to a 
simple graphical program. We manipulated a filled square and tested if 
the impression of real-time was satisfactory. The program is run on a 
IRIS 4D/GT Graphic Workstation. 

Obviously, for continuous shrink gestures, responses weren't as 
good as we expected. We improved the network in two different ways : 
either by training the network with many more patterns, or by adding 
another context layer (this network can be called : Second Order 
Recurrent Network; see figure 14). 
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CONTEXT UNITS CONTEXT UNITS 

Inputs at 
time t 

Activities of hidden 
units at time t-1 

Activities of hidden 
units at time t-2 

Figure 14 : Second order recurrent network. 
The mecanism is the same, except that context units 

contain hidden units values at time t-1 and t-2. 

Here are the performances of these two networks trained with the 
same-set of patterns (see Appendix 2) : 

1st Order 
Recurrent Network 

2nd Order 
Recurrent Network 

Leaming patterns 

Number of input units 

Number of hidden units 

Learning rate 

Number of iterations 

Training duration 

70 

10 

30 

0.23 

10000 

60 s 

70 

10 

23 

0.22 

9000 

57 s 

Performances are quite similar. But we think that the second order 
recurrent network has a stronger ability to recognize complex gestures. 
If we train the network with more patterns, this network might have 
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better performance than the first order recurrent network. That's why 
we decided to implement the second order recurrent network. Note that 
it is possible to go further and implement a third order recurrent 
network. 

V, CONCLUSION 

The method described in this report is one way among many to 
interpret hand gestures in real-time. Because of the difficulties of using 
data given by the DataGlove, neural networks are used. Evolution of this 
data is analysed by the network to compute parameters to define the 
hand motion. To recognize some complex gestures, for instance a 
continuous enlargement gesture, time should be introduced in the 
network. It turns out that implicit representation of time in a recurrent 
network is si 0nificantly better than explicit representation. In other 

゜words, time, rnstead of being an explicit part of the inputs, is represented 
by its effect on processing. 

For a complete system, this nonverbal method might be quite 
limited. Additionally, research on the integration of visual and speech 
information should be conducted, so that ambiguous instructions can be 
easily and correctly understood, and the number of operations might be 
increased. 
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APfENDIX 1 

THE GENERALIZED DELTA RULE 

The learning procedure we propose involves the presentation o「aset 
o「pairsof input and output patterns. The system first uses the input 
vector to produce its own outr,ut vecto「andthen compares this with 
the desired owpw, or target vector. If there is no difference, no learning 
takes place. Othe「wisethe weights are changed to reduce the differ-
ence. In this case, with no hidden units, this generates the standard 
delta・rule • The rule for changing 
weights following presentation of inr,ut/ output pair p is given by 

△p的i= 7J (tPJ―Opj) I~;= 7)Dpjip; (1) 

where lpj is the target input for jth component of the output pattern for 
pattern p, oPi is the jth element of the actual output pattern produced 
by the presentation of input pattern p, ip; is the value of the i th ele-
ment of the input pattern, Dpj=tpj-opi• arid Apwij is the change to be 
made to the weight from the ith to the jth unit following presentation 
of pattern p. 

The delta rule and gradient descent. There are many ways of deriv-
ing this rule. For present purposes, it is useful to see that for linear 
units it minimizes the squares of the differences between the actual and 
the desired output values summed over the output units and all pairs of 
input/ output vectors. One way to show this is to show that the deriva-
tive of the error measure with respect to each weight is proportional to 
the weight change dictated by the delta rule, with negative constant of 
proportionality. This corresponds to performing steepest descent on a 
surface in weight space whose height at any point in weight space is 
equal to the error measure. (Note that some of the following sections 
are written in italics. These sections constitute informal derivations of 
the claims made in the surrounding text and can be omitted by the 
reader who finds such derivations tedious.) 

To be more specific, then, let 

EP = 1訊 >j- Opj)2 
(2) 

be our measure of the error on input/ output・pa【lernp and let E = :[EP be our 
01•erall measure of the error. We wish 10 show that the de/la rule implements a gra-
dient descent in E when the units are linear. We will proceed by simply showing 
that 

BE p 
--=o・I・ a Wji PJ pt, 

which is proportional to 6.. P wji as prescribed by the delta nt!e. When there are no 
hidden units ir is srraighび'orwardto compute the relevant derimti況. For this purpose 
) 1-e use the chain rule to write the derivati叱 asthe product of 11叩 parts:the deriva-
tive of the error with respect ro the output of the unit times the derivative of the out-
put with respect to the咋 ight.

aEp aEp aopj (3) 
= . 

如クi. aopj awji 



--1 

The .first part tells how the error changes with the uwput C! 「theJ th unit and the 
Sl'COnd part tells how much changing Hク;changes that owp111. Noll', the Jerivatil-es 
urf'ea~l'IO compute. FJrs/, from Equation 2 

DEr 
ー＝一 (rrJ- o,,1) = -op;・ 
dDrJ 

Nor s11rprisi11g(1•. the co111rib111in11 qf 1111i1 111 to the error is simpti・propnr1ional ro 0 
,¥lureul'ピl・， Si/IC('11でhavelinear units, 

Opj = L ll'jiiμ;, 

from which 11でco11cl11dcthat 

ao pj 
= i. a IIクiμ,・

Thus, substilllting back into Equation 3, ll'C see that 

a£ p 

(4) 

pj・ 

(5) 

-―=  8. 
0 IIクi

I PJ pi (6) 
．．ーー・・ ・・

as desired. Null', combining this with the flbsen•ation that 

a£ . a£ p 

L a l¥'j; p a Wji 

should lead us to condude that rhe net change in 11'.;i afrer one complete cycle of pat-
tern presentations is proporrional to this derivative and hence rhat rhe delra rule 
implements a gradie111 descem in E. In fact, this is srricrly true only if rhe values of 
the weights are not changed during this cycle. By changing the 1ぼightsafrer each 
parrern is presented we depart ro some ex1e111 from a rrue gradient descent in E. 
Ne,・ertheless, prol'ided rhe learning rate (i.e., rhe consrant of proportionalit;~is s1tffi-
cient(v small. this deparrure will be negligible and the delra rule will implement a 1•e,:,v 
close approximation to gradie111 descent in sum-squared error. In particular, wirh 
small enough learning rate, the delra rule ll'ill find a set of weighrs minimi:ing this 
error .fLmaion. 

The delra rule for semilinear acrivation fimctions in feedforward 
networks. We have shown how the standard delta rule essentially 
implements gradient descent in sum-squared error for linear activation 
functions. In this case, without hidden units, the error surface is shaped 
like a bowl with only one minimum, so gradient descent is guaranteed 
to find the best set o「weights.With hidden units, however, it is not so 
obvious how to compute the derivatives, and the error surface is not 
concave upwa「ds,so there is the danger of getting stuck in local 
minima. The main theoretical contribution of this chapter is to show 
that there is an efficient way of computing the derivatives. The main 
empirical contribution is to show that the apparently fatal problem of 
local minima is irrelevant in a wide_ variety of learning tasks. 

At the end of the chapter we show how the generalized delta rule can 
be applied to arbitrary networks, but, to begiry with, we confine our-
selves to layered feedforward networks. In these networks, the input 
units are the bottom layer and the output units are the top layer. There 
can be many layers of hidden units in between, but every unit must 
send its output to higher layers than its own and must receive its input 
f「omlower layers than its own. Given an input vector, the output vec-
tor is computed by a forward pass which computes the activity levels of 
each layer in turn using the already computed activity levels in the ear-
lier layers. 



,,,.,,:GJ. 
Threshold Output 

Func:ion 

口

・IZJ ,.,,, -!. 呵゜1(1)

Sigmoid Activuioa 

Func1ion 

Tne basic components of a parallel distributed processing system. 

Since we are primarily interested in extending this result to the case 
with hidden units and since, hidden 
units with linear activation functions provide no advantage, we begin by 
generalizing our analysis to the set of nonlinear activation functions 
which we call semilinear . A semilinear activation func-
tion is one in which the output of a unit is a nondecreasing and dif-
ferentiable function of the net total output, 

netpj = I, ~'j;Opi, 
i 

(7) 

where D; = i1 [ 
．． 

1 unit , 1s an input unit. Thus、a sem1ltnear act1 vat1on 
function is one in which 

Op)=ヵ(netPJ) (8) 

and f is differentiable and nondecreasing. The generalized delta rule 
works if the network consists of units having semilinear activation func-
tions. Notice that linear threshold units do not satisfy the requirement 
because their derivative is infinite at the threshold and zero elsewhere. 

To get the correct generalization of the delta rule, we must set 

aE 
△p的ia: —p 

aw--JI 

where E is the same sum-squared error junction defined earlier. As in the standard 
delta rule it is again useful to see this derimtil>e as resulting from the product of two 
parts: one part reflecting the cha11ge in error as a function of the change in the net 
input to the unit and one part representing the effect of changing a particular weight 
011 the net input. Thus we can write 

aEp aEP anetpj 
= . 

a ll'ji a netpj a wji 

(9) 



By Equation 7~'I? see that the second.factor is 

ヽ

dnctpj a 

a tt1; a閃i k 
L \~jk 0,,1. ー。pヽ・

(JO) 

Noll'IN us dc:!inc 

8 
a£,, 

・=- . 
Pl O llefpj 

(By comparing this to Equation 4, note that this is consiste111 wi1h the definition qf 
o pj used in the original delta rule for linear units since opj = netpj when unit uj is 
linear.) Equation 9 th11s has the equi1'0lent form 

BE . 
p 

-―=  opjop;-a 11'.;; 

This savs that to impleme111 gradient descent in E 11,e should make our殴 ight
changes according to 

今wji=_ 7JOpjDp;, (11) 

)11st as in the standard delta rule. The trick is to jigure 0111 ll'hai o pj si1011/d be for 
,•ach unit llj in the network. The interesting res11/t, which we now deril'e, is that 
rlu•re is a simple recursfre compwation of these o's which can be implemented by 
propaga1i11g error signals backward through 1he nelll'ork. 

aE p 
To computeOpj = --,  沢 app(vthe chain rule 10 write this partial deri1•a-

anetpj 
til'e as 1he product of two factors, one Jac1or rejlec1ing the change in error as a fi111c-
tion of the output of the unit and one reflecting the change in the ol/lplll as a fi111c-
rion Q「changesin the input. Thus, we hal'e 

0 
aEP aEp aopj 

. =- =-
PJ a netpj a Opj a netpj . 

Let us compwe the second factor. By Equation 8 we see that 

ao P.i 
f J (netpj), 

dnet• PJ 

02) 

which is simply the derfrati1•e of the squashing fi111c1ion Jj for the j th unit, 
e1•a/uared at the net input netpj to that unit. To compute the first factor, 11-e con-
sider 1wo cases. First, assume that unit uj is an outpw unit of the network. In this 
case, it fo/1011-s from 1he definition of Ep that 

aE p 
―=  -(tpj - opj), 
aopj 

which is the sanぼ resultas we obtained wirh the standard delta wle. Substituting 
for the two factors in Equation 11, 沢 get

o Pi = (tPi .:_ Dpj)J 1 (nef Pi) (IJ) 

for any output unit Uj. If Uj is not an output unit we use the chain rule to write 

aEP anelpk aEP a a£ 
こ――—ー=L—--Lwk,-op;=L一J_wkj=-Lopk 叫j·
k a net pk B Opj k a nelpk a Opj ; k a net pk k 

in rhis case, subsriwting for the rwo fa er ors in Equation 12 yields 

％＝乃 (netpj)~8pk wk」 04) 
k 

whene叱ruj is not an output unit. Equarions 13 and 14 give a recursive procedure 
for computing rhe 8's for all units in the net •vork, which are rhen used to compute 
the weight changes in the network according ro Equarion 11. This procedure consri-
rutes the generalized delra rule for a feedforward network of semilinear units. 



These results can be summarized in three equations. First、thegen-
eralized delta rule has exactly the same form as the standard delta rule 
0「Equation1. The weight on each line should be changed by an 
amount proportional to the product of an error signal、o.available to 
the unit receiving input along that line and the outpul o「theunit send-
ing activation along that line. In symbols, 

△,, 11'.,;i =和,;Opi・

The other two equations specify the error signal. Essentially, the deter-
mination of the error signal is a recursive process which starts with the 
output units. If a unit is an output unit, its error signal is very similar 
to the standard delta rule. It is given by 

opj = (tpj―opj)J1 (netpj) 

where / 1 (nelpj) is the derivative of the semilinear activation function 
which maps the total input to the unit to an output value. Finally, the 
error signal for hidden units「orwhich there is no specified target is 
determined re.cursively in terms of the error signals of the units to 
which it directly connects and the weights of those connections. That is, 

％＝乃(nerpj):E鯰 Wkj
k 

whenever the unit is not an output unit. 
The application of the generalized delta rule, thus, involves two 

phases: During the first phase the input is presented and propagated 
forward through the net work to compute the output value opj_ for each 
unit. This output is then compared with the targets, resulting in an 
error signal 8pj for each output unit. The second phase involves a 
backward pass through the network (analogous to the initial forward 
pass) during which the error signal is passed to each unit in the net-
work and the appropriate weight changes are made. This second, back-
ward pass allows the recursive computation of 6 as indicated above. 
The first step is to compute 8 for each of the output units. This is sim-
ply the diff e「encebetween the actual and desired output values times 
the derivative of the squashing function. We can then compute weight 
changes for all connections that feed into the final layer. After this is 
done, then compute o's for all units in the penultimate layer. This 
propagates the errors back one layer, and the same process can be 
repeated for every layer. The backward pass has the same computa-
tional complexity as the forward pass, and so it is not unduly expensive. 
・We have now generated a gradient descent method for finding 
weights in any feedforward network with semilinear units. Before 
reporting our results with these networks, it is useful to note some 
further observations. It is interesting that not all weights need be vari-
able. Any number of weights in the network can be fixed. In this 
cas~,_ error is s_! 祖propagatedas before; the fixed weights are simply not 
modified. It should also be noted that there is no reason why some 
output units might not receive inputs from other output units in earlier 
layers. In this case, those units「eceivetwo different kinds of error: 
that from the direct comparison with the target and that passed through 
the other output units whose activation it affects. In this case, the 
correct procedure is to simply add the weight changes dictated by the 
direct comparison to that propagated back from the other output units. 

., 



APPENDIX 2 

LEARNING PATTERNS FOR THE SECOND 
ORDER RECURRENT NETWORK 

We teach to the network the following sequence of input/output 
patterns : 

SEQUENCE OF INPUT PATTERNS TARGET PATTERNS Comments : 

1 3 1 1 1 1 4 1 2 3 0. 0 A'¥.most motionしess.

゜゜
1 

゜゜゜゜゜゜
1 0. 0 

゜゜゜
1 

゜゜
1 

゜゜゜
0. 0 

゜
6 2 

゜
2 2 4 1 3 4 0. 0 

-1 3 2 1 

゜
2 5 1 2 4 0.05 

-1 6 10 5 3 12 16 6 6 15 0. 1 Opening hand 

゜
8 18 17 8 48 18 13 15 21 0. 6 

゜
， 15 11 2 58 15 15 12 17 0.6 and 

-1 2 2 1 1 4 2 5 2 5 0.05 
-6 -20 -17 -28 -2 -103 -12 -30 -10 -53 0. 0 Ctosing hand quickty 
-4 -14 -24 -7 -11 -19 -25 -11 -13 -18 o. 0 
4 13 18 10 7 23 21 12 ， 29 0.35 This is a conti-
2 ， 11 14 5 51 8 14 7 22 0.28 nuous enしarsement
1 4 6 8 1 34 5 5 4 8 0.6 gesture. 
1 10 10 6 

゜
19 8 12 7 13 0. 4 

-5 -24 -26 -32 -3 -114 -20 -35 -15 -56 0. 0 
-2 -12 -14 -5 -7 -10 -14 -7 -7 -12 a. a 
4 18 19 14 7 36 20 17 ， 38 0.3 
2 7 11 13 5 53 8 14 8 17 0. 3 

゜
， 13 10 

゜
33 ， 15 8 17 0. 75 

3 3 -2 2 1 2 -6 1 -2 3 0. 0 
-9 -31 -38 -39 -11 -126 -24 -47 -21 -75 0. 0 

゜゜゜゜
-1 1 -3 2 

゜
5 a. a 

5 16 20 18 ， 45 18 19 10 38 0.35 
1 6 11 12 2 51 8 10 8 11 〇.2
1 ， 8 6 

゜
21 6 10 5 14 0. 4 End of that gesture. 

2 5 2 1 

゜
4 

゜
5 1 6 0.3 

゜゜
-1 1 

゜゜゜゜゜
1 0. 0 Fixed position. 

゜゜゜゜゜゜゜゜゜゜
0. 0 

゜゜
4 

゜
2 1 ， 1 5 2 0. 0 

6 25 31 ， 10 22 25 18 19 30 〇.3 En1.argement. 
13 6 7 5 4 ， 10 8 -2 5 0. 5 

-16 -22 -6 -4 -3 -9 -6 -3 -6 -24 0. 0 
-4 -8 -27 -9 -8 -21 -12 -17 -14 -24 0. 0 
-5 -5 -10 -23 -3 -52 -3 -27 -5 -45 -0.85 It's effectively 
-1 -1 -5 -3 -2 -6 -5 -3 -1 -6 -0. 7 a shrink. ， 21 19 27 6 59 16 38 14 56 0. 0 
14 17 ， 7 8 23 12 16 8 25 0. 0 It's effectivety 
16 17 ， 7 3 31 10 ， 6 15 0.85 an entargement. 
-2 -5 -2 -1 

゜
-4 

゜
-5 -1 -6 0. 0 

-1 -9 -8 -6 

゜
-18 -6 -10 -5 -14 0. 0 The tot towing 

-1 -6 -11 -12 -2 -54 -8 -10 -8 -11 -0.8 sequence is a 
-5 -16 -20 -18 -9 -45 -18 -19 -10 -38 -0.85 continuous shrin~ 

゜゜゜゜
1 -2 -3 -2 

゜
-5 0. 0 gesture. ， 31 38 39 11 127 24 47 21 75 0. 0 

-3 -3 2 -2 -1 -2 -2 -1 2 -3 -0. 4 

゜
-9 -13 -10 

゜
-33 -9 -15 -8 -17 -0. 4 

-2 -7 -11 -13 -5 -53 -8 -14 -8 -17 -0. 6 
-4 -18 -19 -14 -7 -36 -20 -17 -9 -38 -0.85 
2 12 14 5 7 10 14 7 7 12 0. 0 Opening hand 
5 24 26 32 3 114 20 35 15 56 0. 0 quickly. 

-1 -10 -10 -6 

゜
-19 -8 -12 -7 -13 -0. 5 

-1 -4 -6 -8 -1 -34 -5 -5 -4 -8 -0. 3 
-2 -9 -11 -14 -5 -51 -8 -14 -7 -22 -0. 6 
-4 -13 -18 -10 -7 -23 -21 -12 -9 -29 -0. 75 
4 14 24 7 11 19 25 11 13 18 0. 0 
6 20 17 28 2 103 12 さ0 10 53 0. 0 
1 -2 -2 -1 -1 -4 -2 -5 -2 -5 -0. 3 

゜
-9 -15 -11 -2 -58 -15 -15 -12 -17 -0. 4 

゜
-8 -18 -17 -8 -48 -18 -13 -15 -21 -0. 85 End of that gesture. 

゜゜゜゜゜゜゜゜゜゜
0. 0 

゜゜゜゜゜゜゜゜゜゜
0. 0 Fixed position. 

゜゜゜゜゜゜゜゜゜゜
0. 0 

4 16 18 13 7 34 19 16 ， 35 0. 3 Enlargement. 
13 17 38 39 11 98 25 50 21 70 0. 75 
6 20 17 25 5 70 12 30 15 48 0. 5 

-5 -25 -24 -30 -7 -80 -25 -40 -20 -50 0. 0 
-4 -20 -20 -18 -9 -48 -20 -20 -15 -39 0. 0 
-4 -13 -18 -9 -6 -20 -20 -15 -12 -22 -0. 75 It's effectiveしy
-4 -9 -11 -8 -5 -10 -12 -13 -12 -17 -0. 82 a shrink. 
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COMPUTER PROGRAMS 

SOME DETAILS 

* Programs are run on a IRIS 4D/GT Graphic Workstation 
(MIPS C Compiler). 

* Programs concerning the DataGlove are written for general 
use, so many macros are defined. But we use only FLEX_ON 
mode, and USE_SYSTEM_V (System V compiler). 

* The DataGlove is calibrated using the program dg2_calibrate. 
The calibration is user dependent. This program creates a file 
called BRIGHT_FILE which determines the brightness level in 
the fibers. In that case, the learning has to be user dependent as 
well. To avoid it, we trained the network with the default bright 
level (which is 0). With the latter value, variations of ai are 
sometimes quite high (around土100),then with the sigmoid 

function f(x) =・(1 + e-xyI, activities of hidden and output units are 
close to土1.Leaming is impossible. So we defined a scaling 
factor SCALE = = 0 .1 to reduce the range of variations around 

士10.So the inputs of the network are not exactly (△ ai)i = 1, .. ,10 , 

but with a factor SCALE. If the DataGlove is not calibrated with 

the default value, then SCALE should be changed to have (△ ai) 
around士10.

* In the program network.c, we defined a function called 
save_weights, that saves all the weights and thresholds into a 
file WEIGHTS_FILE. Thus the network doesn't need to be 
trained every time. Weights and thresholds are loaded directly in 
the network from that file. The order in which weights are saved 
is as follows : 

Suppose the network is : 



2 outputs 
Only hidden and output 
units have a threshold. 
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threshold of 56 
weight of (56, 0) 
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． 
weight of (56, 55) 
threshold of 57 
weight of (57, 0) 

． 
weight of (57, 55) 
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． 
threshold of 79 
weight of (79, 56) 

． 
weight of (79, 78) 
threshold of 80 
weight of (80, 56) 

The WEIGHTS_FILE has 1359 
lines = 10*23 + (23*23)*2 + 23*2 + 23 + 2 
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weight of (80, 78) 
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／社社社社t::!lf:f++++社い !!IHIは社社ふ社*MAIN PROGRAM+社社科本社ふよ社社ふ＂＂＂
*******i"i'i"llHふふ********i'lfH:f::f:*tlU!Hli'hand. C +++Hふ.f.ふふ＊＊＊＊＊＊ふふ!Uilf.:f. .+.tUf:.f:f H n・nふ＊＊
***** ***** 
i'i'i'i'i" This is the main program: you can train the network or *キ***
***** 1.oad it with weights and threshol.ds from the fil.e "WEIGHTS_FILE". ***** 
***** Data from DataGl.ove and 3Space lsotrak are sent to the network and i"i"i'i"i" 
＊＊ヤ"ti" the outputs are used to move a square on the screen. ***** 
＊ ＊＊ 廿ふ+.f..f.+
+.f.+++ふ***********+.f..f..f..j.ふふ＋＊ふ****************ふ"'*****ふふふ"'*"'*****ふふふふふ***"'"'*****"'**'は+.f.+;は＋＊＊
******i'i"i'i'i'i'i"i'**i'i'i'i'i"i'+.f..f..f..f.***********************************************l・1・・1・・tは********!

#incl.ude <stdio. h> 
#incl.ude <string. h> 
#incl.ude <sys/ipc.h> 
#incl.ude <sys/shm. h> 
#incl.ude <device. h> 
#incl.ude <gl.. h> 
#incl.ude <math. h> 
#incl.ude "dg2cmd. h" 
#incl.ude "dg2def. h" 
#incl.ude "dg2ext. h" 
#incl.ude "dg2str. h" 
#incl.ude "dg2use. h" 
#incl.ude "tracker. h" 
#incl.ude "get_time. h" 
#incl.ude <sys/types. h> 
#incl.ude <tcntl.. h> 
井incl.ude"network. h" 

#define KEY 1965 

char name [ 401; 
FILE *fp; 
struct unit *pu[TOTALl; 
doubl.e tampon11NUM_CON11. tampon21NUM CON21: 
extern doubl.e input_pat[PATTERNS+1 l [NiJM_INl; 

． 
main<) 
｛ 

char ch: 
extern struct unit *PU I l; 
extern double tamponl[J, tampon2(J; 

print_header(); 

ch= get_command<"¥n¥tDo you want to train a new recurrent network <tl¥n¥tor l.oad weights to the 
network from the fil.e WEIGHTS_FJLE <し）¥n¥n");

if (ch=='t'11 ch=='T'l { 
create_processiりg_units<pu, tampon 1, tampon2l; 
create_in_out_l.inks(pul; 
for <;; l { 

ch= get_command<"¥nEnter Command <Learn<し）, Save Weights<sl, Recognize(r), Quit<qll => "); 
switch <ch) { 
case'l.': 
case'L': 

printf<"¥n¥tLEARN MODE¥n¥n"); 
l.earn<pu, tampon 1, tampon2); 
break: 

case's': 
case・s・: 

printf<"¥n¥tSaving the weights into the fil.e WEIGHTS_FILE¥n¥n"); 
save_weights(pu); 
printf<"OK¥n"); 
break; .. case r: 

case'R 
printf<"¥n¥tRECOGNIZE MODE¥n¥n"); 
rnovement(pu, tamponl, tampon2); 
break: 

case q : 
case'Q': 

exit<ll: 
break; 

default: 
fprintf<stderr, "Invalid Command¥n"); 
break; 

｝｝ 

l eLse if (ch=='l,'11 ch=='L'l { 

ffl,ush(stderrl; 
printf("¥n¥tloading weights to the network from the fil,e WEIGHTS_FILE¥n¥n"J; 
create_l?rocessing_units(pu, tamponl, tampon2l; 
Load_we19hts(pul; 
for (;; l { 

ch= get_command("¥nEnter Command (learn(し）， SaveWeights(sl, Recognize(rl, Quit(qll => "); 
switch (chl { 
case'l,': 
case'L': 

printf<"¥n¥tLEARN MODE¥n¥n"l: 
Learn(pu, tampon 1, tampon2l; 
break: 

case's . 
case'S': 

printf<"¥n¥tSaving the weights into the fil,e WEIGHTS_FILE¥n¥n"l: 
save_weights(pul: 
printf("OK¥n"l: 
break: 



case r 
case'R': 

printf<"¥n¥tRECOGNIZE MODE¥n¥n">: 
movement(pu, tamponl, tampon2>: 
break: 

case '' q : 
case'O.': 

exit(l>: 
break: 

defauしt:

｝｝ 

fprintf(stderr, "lnval.id Command¥n"): 
break: 

} eしse{ 

fpr i ntf < stderr, "I nvaしidCommand¥n"): 
exit(l>: 

movement(pu, tamponl, tampon2) 
struct unit *Pull: 
doubl.e tamponl I l. tampon2 I l; 
｛ 

int i, j, idx, m, n, l.oop, read_l.ensth, sauve -Q; 
fl.oat yO• XMAXSCREEN/4, zO .. YMAXSCREEN/4, s0 = 100. 0, rO ..。.O; 

I* yO and zO : center of the window; sO : side of the square or 
radius of the cercしeand rO : incl.ination of the square *I 

fしoatdy, dz, dr; I* to stock the variation of x, y and ang *I 
doubしex, y, z, a, e, r, t1, t2, period = 0. 1; 
static int index= 0, mode= 1; 

I* mode== 1 => network ON; mode== 0 => network OFF *I 
static int begin = 1; 
static Hal.l. hし；
static Pol.hemus ph; 
static Fl.exlnnerBright fib: 
static Fl.exOuterBright fob; 
static Fl.exlnnerDim fid; 
static Fl.exOuterDim fod; 

doubしeinputl !NUM_IN + 31, input2!NUM_IN + 31. aver _output[NUM_!Nl, tabl.el LENGTH] INUM_INJ; 
char ch, name[40J: 
FILE *fp; 
short val.; 
l.ong dev: 
char *buf, tbuf[10241: 
int pid, shmid: 
char *shmatO, *head, *outdata, *tmpbuf• "EXIT": 

ch= get commandC"¥nDo you want to save the data into a fil.e ?¥n"l: 
if C ch =;;;;'y'I I ch =='Y'l { 

｝ 

printfC"Name of the fiしe :¥n"); 
ffしushCstderr);
getsCnamel; 
fp = fopen(name,"w"); 
sauve = 1; 

しoop= doub l.e_i nit Cl; 

printf("¥nOK ! Press RETURN key to start.¥n"); 
getcharc l; 
ffしushCstderrl:

if CforkCl != O> { 
if CCshmid = shmgetCKEY, 1024, 0666 I IPC_CREAT≫== EOF> { 

perrorC"shmget">; 
exit(); 

if ((head = out data = shmat < shmid, 0, 0)) == EOF) { 
perror("shmat"); 
exit(); 

bzeroCoutdata, 1024>; 
if CshmdtChead> -= EOF> { 

perror("shmdt"); 
exit(); 

whil.eC1l { 

｝ 

lf ((head= outdata = shmatCshmid, 0, 0)) == EOFl { 
perror<"shmat"); 
exit(); 

｝ 
bcopy(outdata, tbuf, 1024); 
if <shmdtCheadl == EOFl { 

perror("shmdt"); 
exitCl: 

if <!strcmp(tbuf, tmpbuf)) 
break; 

return(O); 

4 



｝ 
eしse{ 

init_screen(); 
cpackCOJ; 
cl.ear(l; 

I* see dessin.c *I 

cpackCOxOOffOOJ; 
draw_squareCyO, zO, sO, rOl; 

I* draw_cercしe(yQ, zO, sOl ,*/ 
swapbuffers(l; 

if ((shmi d = shmget <KEY, 
perror("shmget"); 
exit<); 

1024, 0666 I IPC_CREAT>> = EOF> { 

for Ci = Q; i < NUM_IN; i++ 
aver_output[il = 0.0; 

t1 = set_doubl.e_time(); 

for <i = 1; i < 84; i++ 
qdevice(i); 

for (idx = 0; ; idx++) { 

do { 
t2 = set_doubLe_time(); 

} whi Le(t2-t1 <= period); 

if <index== LENGTH> 
index= O; 

I** Data Get from DataGiove2 & 3SpaceTracker **I 
read_tength = Get_OneShotC&ht, &ph, &fib, &fob, &fid, &fodl; 

I* because CONTROL== 1 *I 
trposinC J: 
for Cm = O; m < l,oop; m++J { 

n = trposrotrdC&x, &y, &z, &a, &e, &rl; 
I* 3 coordinates and 3 angl.es (azimuth, 
I* trposrotrd is defined in tracker. c 

｝ 

if C sauve > { 
fprintfCfp, "%f ", get_doubte_timeC > >; 

for C 1 = 0 ; i < F INGER SI ZE ; i ++ > { 
fprintfCfp, "%3d %3d ", 

fib. finger[il. fob. finger[ ill; 
｝ 
fprintf<fp, "%7. 21.f %7. 21.f %7. 21.f %7. 21.f %7. 21.f %7. 21.f¥n", 

x, Y, z, a, e, r): 
ffl.ushCfp); 
｝ 
for Ci = 0, j = 0; i < NUM IN; i = i +2 

input2[il = fib. fingerTjJ; 
input2[i+ll = fob.finger[jJ; 

｝ 
input2[NUM_INJ = y 
input2[NUM_IN + 11 = z 
input2[NUM_IN + 21 = r 

if <begin) { 

｝ 

fa r < i = 0 ; i <~UM_ IN + 3 ; i ++ > 
input1[il = input2[i); 

begin= Q; 

tor Ci = 0; i < NUM_IN; i++) { 
tabte[indexl[il = input2[i]; 

j++) { 

input_pat[PATTERNSl[il =SCALE* Cinput2[il - inputl[il> 
｝ 
dy = input2[NUM_INJ - inputl [NUM_INJ; 
dz= input2[NUM_IN + 1 l - inputl [NUM—.IN+ 1 
dr = input2[NUM_IN + 21 - inputl[NUM_IN + 2 

if <dr >= 300. Ol 

eしevation,

dr = dr -360.0; 
if <dr <= -300. Ol 

I* because e is in [-180. O; 180. 01 *I 

dr = dr + 360.0; 

for <i -Q; i < NUM_IN + 3: i++ 
input 1 [ i l = i nput2 [ i J ; 

if <index>= SAMPLEl { 
for < 1 = 0 ; i < NUM IN ; i ++ l { 

for < j= -SAMPLE; ―j < 0; j++) 
aver_output[il += tabしe[index+ j][il/SAMPLE 

｝ 
if <<freeze(aver_outputll == ll { 

｝ 

index --1; 
lf (mode == 1 l 

mode= 0; 
etse 

mode= 1; 

for C i = 0 ; i < NUM_ IN ; i ++ 
aver_output[il = 0.0; 

｝ 
index++; 

t1 = get_doubl.e_time(); 

roしし） ＊／ 

＊／ 



recogn1ze(pu, tampon1, tampon2, mode, dy, -dz, -dr>: I* due to the orientation of the *I 
I* reference rel.ated to the Tracker *I 

if CqtestO) { 
9ev = qread(&val..): 
1f Cdev > 0 && dev < 85) 

break: 

if C sauve l 
fcしoseCfpl;

if CCshmid = shmsetCKEY, 1024, 0666 I IPC—.GREAT»= EOF> { 
perror("shmset">; 
exit(); 

if < (head = outdata = shmat<shmid, 0, Ol l == EOFl { 
perror("shmat"); 
exit(); 

buf = "EXIT": 
bcopy(buf, outdata, 4): 
if <shmdt<head> == EOF> { 

perror<"shmdt"l: 
exit(): 

｝ 
exit<>: 

recognize(pu, tamponl, tampon2, mode, dy, dz, dang) 
struct unit *PU[ l; 
doubしetamponl I l. tampon2[ l; 
int mode: 
fl.oat dy, dz, dang; 
｛ 

static fl.oat y = XMAXSCREEN/4, z = YMAXSCREEN/4, s = 100.0, ang = 0.0: 
doubte growth: 

init_input_units(pu, PATTERNS, tamponl, tampon2l; 
propagate(pu, tamponl, tampon2l: 

if C mode == 1) { 
growth = pu [OUT_UIDCOl !->output -pu [OUT_U!DC 1 l !->output; 
if (growth< 0.01 && growth> -0.01) 

growth= 0. 0; 
s *= sq rte 1 + growth); 
y += dy*5; 
z += dz*5; 
ang += dang; 
cpackCOJ; 
ciearCl: 
cpackCOxOOffOOl: 

I* draw_cercte(y, z, sl ;*/ 
draw_square(y, z, s, ang); 
swapbuffersC); 



I**********社++社Il"t't't**lH l i i+*.f.t Ht i-t++-1-+++H H I ff t t 
＊＊＊＊＊＊＊＊荘＊＊＊ヤヤ't'ti'*******+tl l I'"'******* network. h i'H II l lt.f.+4'4'4'************-+'i'i'・f::f::f:j u,,+.**** 
***** ***** 
ふふ+++ Network Library Header Fi l.e ***** 
＊＊＊＊＊＊キltt
******"t H t t ******++++ふ++人****"'****+-+-****ふふ+*********ふ＊ふふ+ti'tt++++++ふ荘*****flff Ill******* 
狂 **+t+x+・t-ti'ヤ＊＊＊＊＊＊＊＊ヤヤ＊＊ャャt't'ti'*"ti'i'"t"t"t**"tI t H l"t************十ヤヤヤi'i'i'i'i'i'i'****i'Hl t tふふ＊＊＊＊＊／

512 #define BUFSIZE 

#define NUM IN 
#define NUM二CONJ
#define NUM_CON2 
#define NUM_H!D 
#define NUM_OUT 
#define TOTAL 

10 I* number of input units *I 
23 I* number of context units for time t-1 *I 
23 I* number of context uni ts for time t-2 *I 
23 I* number of hidden units *I 
2 I* number of output units *I 
<NUM_IN + NUM_CONl + NUM_CON2 + NUM_H!D + NUM_OUT> 

I************++ふ+*******ふふふふふふ＊＊＊＊＊＊＊＊＊＊ふ.j;.+-HH**
macros to provide indexes for processing units 

＊＊＊＊＊＊社社＊＊＊ふ社社＊＊＊＊＊＊＊＊＊＊＊＊ふ杜ふ********tttt***I
#define IN UID<X> CX> 
#define CON_U!Dl <X> CNUM_IN + X> 
#define CON_UID2<X> CNUM_IN + NUM CONl + X> 
#define HID_UID<X> <NUM_IN + NUMこCONl+NUM CON2 + X> 
#define OUT UID<X> <NUM_IN + NUM_CONl + NUM_CON2 + NUM_HID + X> 
#define TAR百ET_INDEX<Xl <X -<NUM_IN + NUM_CONl + NUM_CON2 + NUM_HID> l 

#define PATTERNS 70 
#define ERROR_TOLERANCE 0.003 
#define NOTIFY 10 
#define DEFAULT_ITER 8000 
#define SAMPLE 8 
#define LENGTH 1000 
井defineSCALE 0. 1 

struct unit { 
int uid: 
char *tabe t: 
doubte output: 
doubte C*unit_out_fl Cl: 
doubte detta: 
doubte C*unit_detta_flCJ: 
doubte threshol.d: 
st ruct l.i nk *in l, inks: 
struct l.ink *outしinks:

} : 

struct l.ink { 
char *l.abel.: 
doubl.e weight; 
doubl.e data; 
int f rom_tfni t; 
int to unit; ．ーstruct l.ink *next_inl.ink: 
struct l.ink *next_outl.ink; 

} ; 

#define LEARNING_RATE 0.22 
#define MOMENTUM 0.9 

I* number of input patterns *I 

I* iterations per dot notification *I 

I* generaしprocessingunit *I 
I* each unit is identified by an integer *I 

I* activation'I.eveし＊／
I* activation function*/ 
I* deしtafor unit *I 
I* function to cal.cul.ate del.ta *I 
I* threshoしdof the unit *I 
I* for propagation *I 
I* for back propagation *I 

I* Link between two processing units *I 

I* Link weight *I 
I* used to hol.d the change in weights *I 
I* uid of from unit *I 
I* uid of to unit *I 



!***************************************+***ふ-+-*********:tt***************ふふ社ふふふふ*4'*******
*************************************** network. c't:t.tH1'********++4'-t 1:tキ＊＊＊ヤt'Ht:+f'tHH
***** 1--,-111: 
***** Here are defined some functions concerning the Recurrent Network. ***** 
＊＊＊ヤ＊＊ ＊ ＊ ＊ ＊
****:t:t:t::t+*i"!''t+ +·+****ふふふトふ***-♦--f:.t·1··1****++++.+.++++**********************lllf***'tlllt 人キキふふ****
****i''t****+*************'キ手ふふ++l ♦--1-l f'4'++t:f.f.t•l•l 1•-t::ti'****************ふ··•t:1::¼::t·+***"'·f:j:f*****"♦キふ＊＊／

#incl.ude "network. h" 

#incl.ude <math. h> 
#incl.ude <stdio. h> 
#incl.ude <ctype. h> 

I* Input Patterns *I 
doubl.e input_pat[PATTERNS+ll[NUM_!Nl = { 

{0. 1, 0. 3, 0. 1, o. 1, o. 1, 0. 1, o. 4, 0. 1, 0. 2, 0. 3}. 
{O. 0, 0. 0, 0. 1, 0. O, O. 0, 0. O, 0. 0, O. O, 0. 0, 0. 1 }, 
{O. O, 0. 0, 0. 0, 0. 1, 0. O, 0. O, 0. 1, 0. 0, 0. 0, 0. 0}. 
{O. 0, 0. 6, 0. 2, 0. 0, 0. 2, 0. 2, 0. 4, 0. 1, 0. 3, O. 4}. 
{-0. 1. 0. 3, 0. 2, 0. 1, 0. o. 0. 2, 0. 5, 0. ,. 0. 2, 0. 4}, 
{-0. 1. 0. 6, 1. 0, 0. 5, 0. 3, 1. 2, 1. 6, 0. 6, 0. 6, 1. 5}, 
{ o. o. 0. 8, 1. 8, 1. 7, 0. 8, 4. 8, 1. 8, 1. 3, 1. 5, 2. 1}. 
{O. O, 0. 9, 1. 5, 1. 1, 0. 2, 5. 8, 1. 5, 1. 5, 1. 2, 1. 7}, 
{-0. 1. 0. 2, 0. 2, 0. 1. o. ,. o. 4, o. 2, 0. 5, 0. 2, 0. 5}, 
{-0. 6, -2. 0, -1. 7, -2. 8, -0. 2, —·10. 3, -1. 2, -3. 0, -1. 0, -5. 3}. 
{-0. 4, -1. 4, -2. 4, -0. 7, -1. 1, -1. 9, -2. 5, -1. 1, -1. 3, -1. 8}. 
{0. 4, 1. 3, 1. 8, 1. 0, o. 7, 2. 3, 2. 1, 1. 2, 0. 9, 2. 9}, 
{O. 2, 0. 9, 1. 1, 1. 4, 0. 5, 5. 1, 0. 8, 1. 4, 0. 7, 2. 2}. 
{0. 1. 0. 4, 0. 6, o. 8, o. 1, 3. 4, 0. 5, 0. 5, o. 4, 0. 8}, 
{O. 1, 1. 0, 1. 0, 0. 6, 0. 0, 1. 9, 0. 8, 1. 2, 0. 7, 1. 3}. 
{-0. 5, -2. 4, -2. 6, -3. 2, -0. 3, -11. 4, -2. o. -3. 5, -1. 5, -5. 6}. 
{-0. 2, -1. 2, -1. 4, -0. 5, -0. 7, -1. 0, -1. 4, -0. 7, -0. 7, -1. 2}. 
{O. 4, 1. 8, 1. 9, 1. 4, 0. 7, 3. 6, 2. 0, 1. 7, 0. 9, 3. 8}. 
{O. 2, 0. 7, 1. 1, 1. 3, 0. 5, 5. 3, 0. 8, 1. 4, 0. 8, 1. 7}, 
{ o. 0, 0. 9, 1. 3, 1. o, 0. 0, 3. 3, 0. 9, 1. 5, 0. 8, 1. 7}. 
{O. 3, 0. 3, -0. 2, 0. 2, 0. 1, 0. 2, -0. 6, 0. 1, -0. 2, 0. 3}. 
{-0. 9, -3. 1, -3. 8, -3. 9, -1. 1, -12. 6, -2. 4, -4. 7, -2. 1, -7. 5}. 
{O. 0, 0. 0, 0. 0, O. O, -0. 1, 0. 1, -0. 3, 0. 2, O. 0, 0. 5}, 
{0. 5, 1. 6, 2. o. 1. 8, 0. 9, 4. 5, 1. 8, 1. 9, 1. o. 3. 8}, 
{O. 1,0.6, 1.1, 1.2,0.2,5.1,0.8, 1.0,0.8, 1.1}, 
{O. 1, 0. 9, 0. 8, 0. 6, 0. 0, 2. 1, 0. 6, 1. O, 0. 5, 1. 4}. 
{O. 2, 0. 5, 0. 2, 0. 1, 0. 0, 0. 4, 0. 0, 0. 5, 0. 1, 0. 6}, 
{O. 0, 0. 0, -0. 1, 0. 1, 0. O, 0. 0, 0. O, 0. 0, 0. 0, 0. 1 }, 
{O. 0, 0. O, 0. 0, 0. 0, 0. 0, 0. O, 0. 0, 0. 0, 0. 0, 0. O}, 
{O. 0, 0. 0, 0. 4, 0. 0, 0. 2, 0. 1. 0. 9, 0. 1. 0. 5, 0. 2}. 
{O. 6, 2. 5, 3. 1, 0. 9, 1. 0, 2. 2, 2. 5, 1. 8, 1. 9, 3. 0}. 
{ 1. 3, 0. 6, 0. 7, 0. 5, 0. 4, 0. 9, 1. o, o. 8, -0. 2, o. 5}. 
{-1. 6, -2. 2, -0. 6, -0. 4, -0. 3, -0. 9, -0. 6, -0. 3, -0. 6, -2. 4}, 
{-0. 4, -0. 8, -2. 7, -0. 9, -0. 8, -2. 1, -1. 2, -1. 7, -1. 4, -2. 4}. 
{-0. 5, -0. 5, -1. o. -2. 3, -0. 3, -5. 2, -0. 3, -2. 7, -0. 5, -4. 5}. 
{-0. 1. -0. 1, -0. 5, -0. 3, -0. 2, -0. 6, -0. 5, -0. 3, -0. 1, -0. 6 }, 
{O. 9, 2. 1, 1. 9, 2. 7, 0. 6, 5. 9, 1. 6, 3. 8, 1. 4, 5. 6}. 
{ 1. 4, 1. 7, o. 9, 0. 7, 0. 8, 2. 3, 1. 2, 1. 6, 0. 8, 2. 5}. 
{1. 6, 1. 7, 0. 9, 0. 7, 0. 3, 3.1, 1. 0, 0. 9, 0. 6, 1. 5}, 
{-0. 2, -0. 5, -0. 2, -0. 1, 0. 0, -0. 4, 0. 0, -0. 5, -0. 1, -0. 6}. 
{-0. 1, -0. 9, -0. 8, -0. 6, 0. o, -1. 8, -0. 6, -1. 0, -0. 5, -1. 4}. 
{-0. 1, -0. 6, -1. 1, -1. 2, -0. 2, -5. 4, -0. 8, -1. 0, -0. 8, -1. 1 L 
{-0. 5, -1. 6, -2. 0, -1. 8, -0. 9, -4. 5, -1. 8, -1. 9, -1. 0, -3. 8}. 
{O. 0, 0. 0, 0. 0, 0. 0, 0. 1, -0. 2, -0. 3, -0. 2, 0. 0, -0. 5}. 
{O. 9, 3. 1, 3. 8, 3. 9, 1. 1, 12. 7, 2. 4, 4. 7, 2. 1, 7. 5}. 
{-0. 3, -0. 3, 0. 2, -0. 2, -0. 1,-0. 2, -0. 2, -0. 1. 0. 2, -0. 3}. 
{0. o, -0. 9, -1. 3, -1. o, 0. 0, -3. 3, -0. 9, -1. 5, -0. 8, -1. 7 }, 
{-0. 2, -0. 7, -1. 1, -1. 3, -0. 5, -5. 3, -0. 8, -1. 4, -0. 8, -1. 7}. 
{-0. 4, -1. 8, -1. 9, -1. 4, -0. 7, -3. 6, -2. 0, -1. 7, -0. 9, -3. 8}, 
{0. 2, 1. 2, 1. 4, 0. 5, o. 7, 1. 0, 1. 4, 0. 7, 0. 7, 1. 2}, 
{O. 5, 2. 4, 2. 6, 3. 2, 0. 3, 11. 4, 2. 0, 3. 5, 1. 5, 5. 6}, 
{-0. 1, -1. o, -1. 0, -0. 6, 0. o, -1. 9, -0. 8, -1. 2, -0. 7, -1. 3}, 
{-0. 1, -0. 4, -0. 6, -0. 8, -0. 1, -3. 4, -0. 5, -0. 5, -0. 4, -0. 8}. 
{-0. 2, -0. 9, -1. 1. -1. 4, -0. 5, -5. 1. -0. 8, -1. 4, -0. 7, -2. 2}. 
{-0. 4, -1. 3, -1. 8, -1. 0, -0. 7, -2. 3, -2. 1, -1. 2, -0. 9, -2. 9}, 
{O. 4, 1. 4, 2. 4, 0. 7, 1. 1, 1. 9, 2. 5, 1. 1, 1. 3, 1. 8}, 
{O. 6, 2. O, 1. 7, 2. 8, 0. 2, 10. 3, 1. 2, 3. 0, 1. 0, 5. 3}, 
{0. 1, -0. 2, -0. 2, -0. 1. -0. 1, -0. 4, -0. 2, -0. 5, -0. 2, -0. 5}. 
{O. 0, -0. 9, -1. 5, -1. 1, -0. 2, -5. 8, -1. 5, -1. 5, -1. 2, -1. 7}. 
{O. 0, -0. 8, -1. 8, -1. 7, -0. 8, -4. 8, -1. 8, -1. 3, -1. 5, -2. 1}, 
{O. O, 0. 0, 0. 0, 0. 0, 0. 0, 0. 0, 0. 0, 0. 0, 0. 0, 0. 0}, 
{0. 0, 0. 0, 0. 0, 0. 0, 0. o, 0. 0, 0. 0, 0. 0, 0. 0, o. 0}. 
{O. 0, 0. 0, 0. 0, 0. 0, 0. 0, 0. 0, 0. 0, 0. 0, 0. 0, 0. 0}, 
{0. 4, 1. 6, 1. 8, 1. 3, 0. 7, 3. 4, 1. 9, 1. 6, 0. 9, 3. 5}, 
{ 1. 3, 1. 7, 3. 8, 3. 9, 1. 1, 9. 8, 2. 5, 5. 0, 2. 1, 7. 0}, 
{O. 6, 2. 0, 1. 7, 2. 5, 0. 5, 7. 0, 1. 2, 3. 0, 1. 5, 4. 8}. 
{-0.5,-2.5,-2.4,-3.0,-0. 7,-8.0,-2.5,-4.0,-2.0,-5.0}, 
{-0. 4, -2. 0, -2. 0, -1. 8, -0. 9, -4. 8, -2. 0, -2. 0, -1. 5, -3. 9}, 
{-0. 4, -1. 3, -1. 8, -0. 9, -0. 6, -2. o, -2. 0, -1. 5, -1. 2, -2. 2}. 
{-0. 4, -0. 9, -1. 1. -0. 8, -0. 5, -1. 0, -1. 2, -1. 3, -1. 2, -1. 7}. 
{ o. o, 0. 0, 0. 0, 0. 0, 0. 0, 0. o. 0. o, 0. o, 0. 0, 0. 0}. 

I* Target Patterns *I 
doubl,e target—_pat[PATTERNSJ [NUM OUTJ = { 

{O. 0, 0. O}, {0. 0, 0. O}, {0. O, 0. 0了， {O.0, 0. 0}. {O. 05, 0. 0}, {O. 1, 0. O}, 
{0.6,0.0}, {0.6,0.0}, {0.05,0.0}, {0.0,0.0}. {0.0,0.0}, {0.35,0.0}, 
{O. 28, 0. O}, {0. 6, 0. O}, {O. 4, 0. 0}, {O. 0, 0. 0}. {O. 0, 0. O}, 
{0.3,0.0}. {0.75,0.0}, 

{0.3,0.0}, 
{0.0,0.0}. {0.0,0.0}. {0.0,0.0}, {0.35,0.0}, 

{0.2,0.0}, {0.4,0.0}, {0.3,0.0}. {0.0,0.0}. {0.0,0.0}, {0.0,0.0}, 
{0. 3, 0. O}, {0. 5, 0. O}, {0. 0, 0. Ol, {0. 0, O. O}, {O. 0, 0. 85}, 
{0.0,0.0}, 

{O. 0, 0. 7}. 
{0.0,0.0}, {0.85,0.0}. {0.0,0.0}. {0.0,0.0}, {0.0,0.8}, 

{O. 0, 0. 85}. {O, 0, 0. 0}, {O. 0, 0. O}, {O. 0, 0. 4}. {0. 0, 0. 4}, {O. 0, 0. 6}, 



{O. 0, 0. 85}. {0. 0, 0. 0}, {0. 0, 0. O}, {O. 0, 0. 5}. {O. 0, 0. 3}, {O. 0, 0. 6}, 
{0.0,0.75}, {0.0,0.0}, {0.0,0.0}. {0.0,0.3}, {0.0,0.4}, {0.0,0.85}, 
{0.0,0.0}, {0.0,0.0}, {0.0,0.0}, {0.3,0.0}, {0.75,0.0}. {0.5,0.0}, 
{0.0,0.0}, {0.0,0.0}, {0.0,0.75}, {0.0,0.82}. 

} ; 

int iterations = DEFAULT_ITER: 
doubしeout_f(), deしtaf out(), del.ta_f_hidC >, rdm(>, pattern_errorC >: 
doubしepattern_err[PATTERNSJ: 

void 
print_headerC> 
｛ 

pr intf C "%s%s", 
"¥n¥tHand Motion Interpretation Using a¥n", 
"¥t¥tSecond Order Recurrent Network¥n¥n"): 

I**ふ++++lllH****"'**ふ＊＊キふ************
create input, hidden, output units 

**-1-ふふ.f.+ふ*********1'**ヤ****•l•f•l•+********I
create_process1n9_un1ts(pu, tampon!, tampon2> 
struct unit *Pull: 
doubl.e tamponlll, tampon2(J; 
｛ 

int id: 
struct unit *create_unitO; 

I* processing unit index" *I 

for <id = IN_UIDCOl; id < I柏.,..UIDCNUM_INl; id++> 
pulidl =create—unit Cid, input", 0. 0, NULL, 0. 0, NULL, 0. 0 >; 

for <id = CON_UIDl CO); id < CON―.UIDl<NUM CONJ>; id++l 
pu[idl = create_unit<id, "contextl", o:-o, NULL, 0.0, NULL, 0.0); 

for Cid= CON_UID2COJ; id< CON―.U I 02 C NUM_CON2 > ; id++> 
pu[idl = create—.unit<id, "context2", 0.0, NULL, 0.0, NULL, O.OJ; 

for <id = HID_UIDCOl; id < HID_UIDCNUM—.HID>; id++> 
pu[idl =create_unit<id, "hidden", 0.0, out.,..f, 0.0, del.ta_f_hid,rdmO); 

for < id -OUT_UID<O>; id < OUT_UID<NUM_OUTl; 1d++l 
pu[idl = create_unit<id, "output", 0.0, out_f, 0.0, del.ta_f―_out, rdm< > >; 

for <id = O; id < NUM_CONl; id++> { 
tamponl[idl = 0.5; I* initial. val.ues of context units *I 
tampon2[idl = 0.5; 

} } 

I*********************************************** 
create 1. inks -fuししyconnected for each しayer

************************************************I 
create_in.,..out_しinksCpul
struct unit *PU[ 1; 
｛ 

int 1, J, k; I* i == to and j == from unit id's *I 
struct l.ink *create_l.ink(l; 

I* ful.l.y connected units *I 
for < i = HID U!D<Ol; i < HID_UID<NUM_H!Dl; i++l { I*'I.inks to hidden *I 

for <j = IN_U!D<Ol; j < IN_U!D<NUM_!Nl; j++l I* from input units *I 
pu[j J->outl.inks = 

pu[il->inl.inks = create_l.ink<pu[il->inl.inks, i, pu[j]->outl.inks, j, 
<char *>NULL, rdmCl, 0. Ol; 

for <j• CON UID1<0l; j < CON_U!D1<NUM_CON1); j++l I* from context 1 units *I 
pu[jl->outtinks m 

pu[il->inl.inks = create_l.ink(pu[il->inl.inks, i, pu[jl->outl.inks, j, 
<char *>NULL, rdmCl, 0. Ol; 

for <j = CON U!D2(0l; j < CON_UID2<NUM_CON2l; j++l I* from context 2 units *I 
pu[jJ->outtinks = 

pu[il->inl.inks = create_l.ink(pu[il->inl.inks, i, pu[jl->outl.inks, j, 
<char *lNULL, rdm<l, 0.0); 

｝ 
for < i = OUT U!D<Ol; i < OUT U!D<NUM_OUTl; i++l { I* l.inks to output *I 

for <j = HID UID<Ol; j < HTD_UID<NUM_H!DJ; j++l I* from hidden units *I 
pu[j]->outtinks = 

pu [ i 1->inl.inks = create_l.ink(pu[ i J->inl.inks, i, pu [j 1->outl.inks, j, 
<char *>NULL, rdmO, 0.0); 

r̀ 
r̀ 
／＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊ 

return a random number between -1. 0 and 1. O 
**********************************************! 
doubしe
rdm< l 
｛ 

return<<rand<l % 50000 -25000)/ 25000.0l: 
｝ 

struct unit* 
create.,..unit<uid, tabet, output, out_f, delta, detta_f, thdl 
int u1d; 
char *label.; 
doubしe output, de tta, thd; 
doubl.e <*out_fl(), <*detta_f)(); 
｛ 

struct unit *unitptr: 

if <!<unitptr = <struct unit *lmaしtoc(sizeof<structunitllll { 
fprintf<stderr, "create_unit: not enough memory¥n"l; 
exit< 1 l; 

｝ 



I* initiaしizeunit data *I 
unitptr->uid -uid; 
unitptr->l.abel. -しabel.;
unitptr->output -output; 
unitptr->unit_out_f = out_f; 
unitptr->de しta• deしta;
unitptr->unit_deしta_f= deしta_f;
unitptr->threshol.d = thd; 
return Cunitptr>; 

struct'I.ink * 

I* ptr to output function *I 

create_l.ink<start_inl.ist, to_uid, start_outl.ist, from_uid, 1.abeし， wt, data) 
structしink*start_inl.ist, *start_outl.ist; 
int to_u id, from_u id; 
char *しabel.:
doubしe wt, data; 
｛ 

struct 1.ink *しinkptr;

if (l<1.inkptr ーCstruct Link *>maししoc<sizeof<struct1.ink>>J> { 
fprintf<stderr, "create_しink:not enough memory¥n"): 
exit<1J: 

｝ 

I* initiaしize1.ink data *I 
1.inkptr->1.abe1. = 1.abeし；
1.inkptr->from_unit = from_uid; 
しinkptr->to.,..unit= to_uid: 
1.inkptr->we19ht = wt: 
しinkptr->data= data: 
1.inkptr->next_inl.ink = start_in1.ist: 
1.inkptr->next_outl.ink = start_outl.ist: 
return (1. i nkpt r) : 

l*****************************i'i'i''t********* 
returns the first character of a con而and

*******************************************! 
char 
get_command<s> 
char *s; 
｛ 
char command[BUFSIZEl; 

fputs<s, stdoutl; 
fHush<stdinl; fHush<stdoutl; 
fgets<command, BUFSIZE, stdinl; 
return<<command[O])); I* return 1st 1.etter of command *I 

I***************ふ"***
LEARNING ALGORITHM 

*************i'i'i'i'****I 
1.earn(pu, tamponl, tampon2> 
struct unit *PU[ l: 
doub 1.e tampon 1 [ l, tampon2 [ l: 
｛ 

int j, k: 
register i. temp: 
char tempstr[BUFSIZEJ: 
extern int iterations: 
static char prompt[]= "Enter# iterations <defaul.t is 8000) => ": 
static char quotel [ l = "I shouしddo more 1.earning.¥n": 

printf<prompt); 
ffしushCstdinl; ffしush<stdout>;
getsctempstr): 
if (temp= atoi(tempstrl) 

iterations= temp: 

printfC"¥nLearning "): 
for Ci = O: i < iterations: i++) { 

if ((i % NOTIFY> == Ol { 

｝ 

printf ( " " ．）； 
ffしush(stdout);

｝ 
if Ci> iterations -PATTERNS> 
bp_l.earn(pu, tampon 1, tampon2, 1); 

el.se 
bp_l.earn<pu, tampon 1, tampon2, 0); 

printt(" Done¥n¥n"); 
tor Cj = O; j < PATTERNS; j=j+2> 

printtC"Error tor pattern %d =¥t%1.t¥tError tor pattern %d•¥t%1.t¥n", j, pattern_err[j l. j+l, pa 
ttern_err [ j+l l >; 

to~Cj = O; j < PATTERNS; j++) { 
it (pattern err[jl > ERROR_TOLERANCE> { 

printt("¥ 百Idon• t know pattern %d very we l.l.. ¥n%s", j, quote 1) ; 
break; 

} eしseit Cj == PATTERNS -1> { 
printtc"¥nOK. I know an the patterns quite wen, now. ¥n"); 
break; 

／＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊ 
back propagation 1-earning 



*******+++ふふふ******+ + H++***I 
bp_l.earn(pu, tamponl, tampon2, 
struct unit *PU[ l: 
daub l.e tampon 1 [ ] , tampon2 [ l : 
int save error; 
｛ 

inti; 
static int count= O; 
static int pattern= Q; 
extern int iterations; 

save_errorl 

extern doubl.e pattern_err[PATTERNSJ; 

ini t_input_uni tsCpu, pattern, tampon 1, tampon2): I* initial.ize input pattern to 
しearn*I 

｝ 

propagate<pu, tampon 1, tampon2 l; 

it Csave_error) 
pattern_err[patternl = pattern_errorCpattern, 

bp—.adjust_weishtsCpattern, pu); 
it (pattern< PATTERNS -1> 

pattern++; 
eしse

pattern= O; 
count++; 

I* caしcoutputs to check versus 
targets *I 

pul; 

／＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊ふふふふふ人******************HIH*i"i"i"tふふふ＊＊＊＊＊＊＊＊＊＊＊＊
initiaしize the input uni ts with a speci tic input pattern to'I.earn 

*********************************************tt*********************I 
1n1t_input_units(pu, pattern, tampon1, tampon2) 
struct unit *PU[ l; 
int pattern; 
daub 1.e tampon 1 [ l, tampon21 l; 

{ int id: 

for Cid = IN_U!DCO>; id < IN_U!DCNUM_IN>; id++) 
pu[idl->output• inpu~_pat[patternl[idJ; 

for Cid = CON_UID1 CO>; 1d < CON_UID1 CNUM_CON1 >; id++ 
pu[idl->output = tampon11id -CON_UID1CO>J; 

for Cid= CON_UID2CO); id< CON_U!D2CNUM CON2>: id++ 
pu[id]->output = tampon2[id -CON_U!D2て0> l; 

／＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊ 
cal.cuしatethe activation Leve 1. of each unit 

**********************************************! 
propagate(pu, tampon1, tampon2) 
struct unit *PU[ 1; 
doub 1.e tampon 1 [ J, tampon2 [ J ; 

{ int id; 

for < id = H!D_UID<O>; id < Hl~_UID<NU凡HID>; id++l 
<*<Pu! id ]->uni t_out_f)) {pu ! 1d l, pu >; 

for <id= OUT_UID<O>; 1d < OUT_UID<NUM_OUT>; id++> 
<*<Pu! id ]->uni t_out_f > > {pu ! 1d l, pu >; 

for <id = O; id < NUM_CONl; id++> 
tampon2 [ id l = tampon 1 [ id J; 

for < id = HID_UID<O>; id < HID_UID<NUM_HID>; id++> 
tamponl [ id -HIO_UIDCO> l = pu[ idl->output; 

!********************************************************* 
function to ca"Lcu"Late the activation or output of uni ts 

**********************************************************! 
doub"Le 
out_fCpu_ptr, pu) 
struct unit *pu_ptr, *PU[ l; 

doub"Le sum = 0. 0, exp(l; 
struct Link *tmp_ptr; 

tmJ:>_Ptr = pu_ptr->in"Links; 
wh1 Le ctmp_ptrl { 

I* sum up (outputs from in"Links times weights on the in"Linksl *I 
sum+= pu[tmp_ptr->from_りnitl->output* tmp_ptr->weight; 
tmp_ptr = tmp_ptr->next_in"Link; 

sum+= pu_ptr->thresho"Ld; 
pu_ptr->output = 1. 0/C 1. 0 + expC-suml l; 

!***************************************************** 
hait ot the sum ot the squares ot the errors ot the 
output versus target vatues 

******************************************************! 
doubte 
pattern_error(pat_num, pu) 
int pat_num; 
struct unit *PU[ I; 
｛ 

int 
doubte 

i ; 
temp, sum= 0.0; 

I* pattern number *I 

for <i = OUT_UID<Ol: i < OUT_UID<NUM_OUT): i++l { 

｝ 

temp= target_patlpat—.num l [TAR GET—_INDEX<ill -pu[il->output: 
sum+= temp* temp: 



return (sum/2.Q); 

/,tHHヤトはふ+++ふ"'**fHI 
weights adJustments 

******i'i"***-1--1-++***i'i'i'*/ 
bp_adjust_weightsCpat_num, pu> 
int pat_num; I* pattern number *I 
struct unit *PU [ l; 
｛ 

int i; I* process1n9 units id *I 
doubしe temp1, temp2, deita, error_sum; 

*iniink_ptr, *outiink_ptr; st ruct l, ink 

I* caしcdel.tas *I 
for Ci = OUT_UIDCO>: i < OUT_UIDCNUM OUT>; i++l I* for each output unit, *I 

(*(pu[il->unit_del.ta f))(pu, i, pat_num>: I* caしcul.ationof del.ta *I 
for Ci = HID_UID<O>: i―< HID_UIDCNUM_H!D>; i++l I* for each hidden unit, *I 

(*(pu[i]->uni~_deしta_f)) (pu, i): I* cal.cul.at ion of deしta*I 
I* caしcuしatewe1shts and threshol.ds *I 
for Ci= OUT_UIDCOl: i < OUT_UIDCNUM_OUT>; i++l { I* for output units *I 

inしink_J?tr= pu[il->inl.inks: 
whil.e (inl.ink_ptrl { I* for each inしinkto output unit *I 

temp1 = LEARNING_RATE * pu[il->del.ta * 
pu[inl.ink ptr->from unitl->output; -. 

temp2 =MOMENTUM* inl.ink_ptr->data: 
inしink_ptr->data= templ + temp2: I* new del.ta weight *I 
inしink_ptr->weight+= inしink_ptr->data: I* new weight *I 
inl.ink_ptr = inしink_ptr->next_inしink:

｝ 
pu [ i 1->threshoしd+= LEARNING_RATE * pu[il->del.ta: I* new threshol.d *I 

｝ 
for Ci= HID_UIDCO>: i < HID_U!DCNUM_H!D>; i++l { I* for each hidden unit *I 

inl.ink_J?tr = pul i 1->inl.inks: 
whil.e (inl.ink_ptr> { I* for each inl.ink to output unit *I 

｝ 

temp1 = LEARNING_RATE * pu[il->del.ta * 
pu [ inしink_ptr->from_unitl->output;

temp2 =MOMENTUM* inしink_ptr->data;
inしink_ptr->data= templ + temp2: I* new del.ta weight *I 
inl.ink ptr->weight += inしink_ptr->data: I* new weight *I 

inしink_ptr= inしink_ptr->next_inl.ink;

pulil->threshol.d += LEARNING_RATE * pu[il->del.ta: I* new threshol.d *I 

／＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊ 
cal.cul.ate the del.ta tor an output unit 

*****************************************! 
doubl.e 
del.ta_t_outCpu, uid, pat_num) 
struct unit *PU[J; 
int uid, pat_num; 
｛ 
doubl.e temp1, temp2, del.ta: 

I* cal.c del.tas *I 
tempi = Ctarget_pat[pat_numl[TARGET_INDEX<uid>l -pu[uidl->output>; 
temp2• (1.0 -pu[uidl->output>; 
del.ta = templ * pu[uidl->output * temp2; I* cal.c del.ta *I 
pu[uidl->del.ta = del.ta: I* store del.ta to pass on *I 

I*************************************** 
caしcul..atethe deしtafor a hidden unit 

＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊／ 
doubl..e 
deしta_f_hid(pu, uid) 
struct unit *PU[ l; 
int uid: 
｛ 

doubしe temp 1. temp2, del.ta, error _sum; 
structしink *inしink_ptr, *outしink_ptr;

outl.ink_ptr = pu[uidl->outしinks;
error_sum = 0.0: 
whiしe(outl.ink_ptr> { 

｝ 

erro~_sum +a pu[outl.ink_ptr->to_unitl->del.ta * outl.ink_ptr->weight; 
outl. ink_pt r = outl. i nk_pt r->next_outl. ink; 

deしta=puluidl->output * (1.0 -pu[uidl->output> * error_sum; 
pu[uidl->deしta=deしta;

I***************************************************************************** 
save weight of al,l, the connections and threshol,d of hidden and output units 
in a fil.e caHed'WEIGHTS_FILE' 

******************************************************************************I 
save_weightsCpu) 
struct unit *Pu[]; 

int i, j, k = 0, 1. = 0; 
doubしetabしe_we!shtsl(NUM_IN + NUM_CON1 + NUM_CON2l*NUM_HID + NUM_HID*NUM_OUT + NUM_HID + NUM_OUTJ 

I* size= total. number ofしinks+number of threshoしds;onしy*I 
I* hidden and output units have a threshol.d *I 

FILE *fiche; 
static char fil.e_name[ I = "WEIGHTS_FILE"; 
structしink*tmp_ptr; 



for Ci -HID_UIDCO>; i < HID_UID<NUM_HID>: i++> { 
tmp_ptr -pu[il->inl.inks; 
tabl.e_weightslk*<NUM_IN + NUM_CON1 + NUM CON2 + 1>1 = pu[il->threshol.d 
j = Ck + 1 >*<NUM_IN + NUM_CON1 + NUM_CON百+1) - 1 
whil.e (tmp_ptr> { 

tabl.e_weightslj] = tmp_ptr->weight; 
j--; 
tmp_ptr = tmp_ptr->next_inl.ink; 

•9 

＋
 

＋
 

`
r
k
 r̀ 

for Ci = OUT_UID<O>; i < OUT_UIDCNUM_OUT>; i++) { 
tmp_ptr = pu[il->iniinks: 
tabh_weights[k*CNUM IN+ NUM CONl + NUM_CON2 + 1> + t*CNUM_HID + 1>1 = pu[il->threshotd 
j = k*CNUM_IN + NUM_CON1 + NUM_CON2 + 1 > + n + 1 >*CNUM_HID + 1 > -1; 
whi ie Ctmp.,..ptr> { 

tabte_weights[jl = tmp_ptr->weight; 
j--; 
tmp_ptr = tmp_ptr->next_intink: 

•9 

＋
 

＋
 

`
r
•
9
レ

、t

fiche = fopen(fi 1.e name, "w"); 
for <i = 0; iく <NUM_JN+ NUM_CONl + NUM_CON2>*NUM_HID + NUM_HID*NUM_OUT + NUM_HID + NUM_OUT; i++ 

fprintt<tiche, 
tcl.ose<tiche>; 

｝ 

"%1.f¥n", tabしe_weights[i]J;

I***************ふふふ*********************************************************
1.oad the network with weights and threshol.ds from the til.e'WEIGHTS_FILE' 

****************************************************************************! 
しoad_weights(pu)
struct unih pull; 

int i, j ; 
doubl.e x; 
FILE *fp; 
static char name[]• "WEIGHTS_FILE"; 

if ((fp = fopen<name, "r"l) == NULL> { 
fprintf<stderr, "¥nCan't 1.oad the fil.e -[%s1¥n", 
exit<l>: 

name); 

for Ci = HID UID<O l; i < HID_UID<NUM_HID>; i++l { 
fscanf(fp, 巧¾it", &xl; 
pu[il->threshotd = x; 

for Cj = IN UID<O>; j < IN_UID<NUM_IN>; j++l { 
fscanfCfp, —"¾it", &xl ! 
pu[j 1->outiinks = pu [ 11->iniinks = create_Unk(pu [ i 1->iniinks, i, pu[j 1->outiinks, 

(char *lNULL, x, 0.0); 

for Cj = CON U!Dl CO); j < CON_U!Dl CNUM_CONl >; j++> { 
f scant C fp, "%1,f ", &x) ; 
pu[jl->outl.inks~pu[il->inし inks = create_l.inkCpu [ i 1->inl.inks, i. pu [ j 1->outl.inks, 

<char *>NULL, x, 0.0>; 

for Cj = CON UID2C0l; j < CON_UID2CNUM_CON2l; j++) l 
fscanf(fp, 丙％しf", &xl; 
pul j 1->outl.inks = pu[ i 1->inl.inks = create_l.ink<pu [ i 1->inl.inks, i. pu I j ]->outしinks,

(char *lNULL, x, 0. O>; 

r̀ 、≫,．

for < i = OUT UID<O l; i < OUT_U ID<NUM_OUT>; i++l { 
fscanf(fp, 丙％しf", &xl; 
pu[il->threshol.d = x; 

for Cj = HID UID<Ol; j < H!D_UID<NUM_H!Dl; j++l { 
fscanf < fp, 丙％しf", &xl; 
pu[j)->outl.inks = pu[il->inしinks=create_しink(pu[iJ->inしinks, i. pu [ j 1->outl.inks, 

<char *>NULL, x, 0. OJ; 
、r

r̀ 

，
 

.
J
 

，
 

.
J
 

，
 

.
J
 

，
 

.
J
 

fctose(fp); 
｝ 

!************************************************************ 
detection of a neutraしposition: open hand or cしosedhand 

*************************************************************! 
int 
freeze(tabl 
doubしetab[NUM_!Nl: 

static doubl.e max[NUM_!NJ 
static doubしemin[NUM_!NJ 

int i = 0, stop= 1: 

9

9

 

0
0
 

．． 
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0
 

1
0
 

．． 
{
＇
1
 

＿＿＿＿ 

do { 
stop&= Ctab[il >= max[i]); 

1 oo. o. 135. o, 66. o. 78. o. 122. o. 165. o, 80. o. 67. o. 208. o i; 
65. 0, 80. 0, 48. 0, 60. 0, 60. 0, 105. 0, 47. 0, 48. 0, 100. 0}; 

I* to detect open hand position *I 



if (stop-= 0) 
break; 

i++: 
} whil.e Ci< NUM_IN> 

if <stop== 1) return stop 
stop = 1 ; i = a ; 
do { 

stop &ー Ctablil <• minli 
if (stop=-Ol 

break: 
i++: 

} whiしeCi < NUM_!Nl: 

I* to detect cしosedhand position *I 

return stop; 
｝ 

I* if stop= 1 then a neutrai position has been detected *I 



I***ヤt:/::J:H人は社社ふHlHHH;f;+社＊＊＊人は＊＊＊社社ふ狂＊ふは!!Httltti'*****ふふ社＊＊＊＊＊＊＊＊＊＊社社+****
***********************社社***********dg2cmd. h ****+***********'ti'ヤi'f:1:;+;,t,;は*******ふふふは＊＊＊
*++++ **ふふ+
***** Send Command Define **ふ＊＊
***** 1111ふ

**++++********++ふふ++**ttI H I******ふ'*********廿人ふふ"'*************i-*"tt++++人+++***人+.+.+++++ふ＋＊
********1・11 t•*****社***+ふ 11:.1:ttt:t+++社＊＊＊＊＊＊汁**i"**i-i-****************:l:f::t::1·1·tti'i'i'ふキ+++HitふI

#define LeadingByte Ox24 

#define Repeat60 Ox41 
#define Repeat30 Ox42 
#define OneShot Ox43 
#define SystemID Ox44 
#define EmptyBuffer Ox45 
#define UserRead Ox46 
#define UserIRQ Ox47 
#define QueryBright Ox48 
#define Col.dReset Ox49 
#define WarmReset Ox4A 
#define MemAl. しoc Ox4B 
#define DeしtaSend Ox4C 
井defineSetBright Ox4D 
#define SetDim Ox4E 
#define Fil.1.Buffer Ox4F 
井defineLoadTabl.e Ox50 
#define AccessPoしhemus Ox51 
#define Angl.es Ox52 
#define NumSensors Ox53 
#define SetFeedback Ox54 
#define QueryCutoff Ox55 
#define SetCutOff O x56 
#define Fl.exVal.ues Ox57 
#define UserWrite Ox58 
#define JointMap Ox59 



／＊人ふ!!!+lltl・1・1・11.t.. f:tふふ**++ふ,!.+*********人**************ふ＊＊ヤi'i'i'H! ¼+ふ t:.t::t!·t.H 人はふふ*"'**********
********i'i'i'i'ヤ＊＊＊廿＊＊＊＊＊＊＊＊＊廿＊＊ヤヤi't***d 92 def. h ******** I H 11********'は社++・H!t t H+****** 
＊＊＊＊＊ ＊＊＊＊＊ 
***** Constant VaしuesDefine ***** 
***** ***** 
***********-+-+++"t"t****+*ふふ,+.,+.********************キ**********************************"'"'"'*ふ,I.ふ
************i'i'"ti:i:i'"t****************i"i'i"i'i'****************************+++¼.!tll******+ふふ＊＊＊／

#define numCommands 
#define numsensors 

#define hal.1.bit 
#define pol.bit 
#define tl.exbit 
#define tul.1.tl.exbit 

#define RepEnabl.e 
#define Del.taEnabl.e 
#define GetCal.ibTabl.e 
#define GetUserByte 
#define GetFeedBack 
#define GetJointMap 
#define GetTabl.es 

#define pol.unit 
#define pol.angl.e 

8
 

6

0

2

 

2
1
4
2
1
1
 1
2
3
4
5
6
7
 0.001998352 
0. 00699432716 

I** 65 inches divided by 32768 **I 
#define POL UNIT 0. 0050384521 

I** 4 radians (in degree) divided by 32768 
井definePOLANG 0.0069941137 

**I 



／＊＊＊社社社社!.Hll-1ふ lllllttl***++.f.ill I 11:H社社社ふ~lilll:f::l::J:+lllllf: は社社社社+・1.. 1:1 t::Hc.t・****** 
'ti'i'i'i''t******************i'i'i'i'i'i'i'i'i"'ti'tti" ds2ext. h ****ヤ＊＊＊ヤ＂ ＂いより・ふ↓ふふ＊＊＊＊＊＊

***** ***** 
ャすヤ"ti' Extra Use Incl.ude & Define ***** 
***** ***** 
************+.f.+ふふ社+++++ふ人は＊＊ふ++.+.ふよふ+.f.-1-ふ人ふ-1-+**i'tilli l .f.+++++HHl********i'H I I If l******** 
＊＊＊ヤ＊＊ヤヤヤヤi'**ャi'i'i'i'i'i'i'ヤi'****************i'illtふ**れ Il l+*******************i'II I I I I I***ヤヤ＊＊＊／

I** Incl.ude Fil.e **I 
#incl.ude <stdio.h> 
#incl.ude <string. h> 
#incl.ude <fcntl.. h> 
#incl.ude <mal.l.oc.h> 
#incl.ude <math. h> 

I** Define **I 
#ifndef FALSE 
#define FALSE 0 
#endif 
#ifndef TRUE 
#define TRUE 
#endif 



I***++++ t:,I.+++*荘＊人ふふ,!.社ふふ社＊＊社社ふtllli'i'**.f..f.杜iャH'+ ♦♦--HtlH t ttti'rttct:tt H I I I • I I • I I Iふ本キふ人は

♦:l-t-t::♦:·t: ♦--♦-♦-li'i'****************社＊ふ****** dg2str. h tttl • i*i'-Hf-t: • i****•MlcHt •• ttttttH+***** 
＊＊＊＊＊ ＊人ふふ.j.

***** Definition of Data Structures +-+-キ.j..j.

++++* ***** 
********H I HHt H • ふ++tt+·t社 ♦♦ ¼H+ふふふ I I 111-ti'ttt I It l+++*+:t:t+:t++tii H-1:11 Ht i 111 Iふ社＊＊本キふふふ+

**************+lllti'i'i'lllllt:t:tt・t・t・t-ti'i'*****i'i'ヤti'i'****+++ふふ柱＊＊＊＊＊＊＊＊＊＊＊いHlli+++ふ＊＊＋ふふふふ／

I** Finger Size **I 

#define PAR.AM COUNT 3 
#define FINGER_SIZE 5 

I** Haしl.Data **I 
typedef struct { 

int index: 
int middしe:
int ring: 
int pinkie: 

} Haしし；

I** Pol.hemus Data **I 
typedef struct { 

fl.oat x; 
fl.oat y; 
fl.oat z; 
fl.oat yaw: 
fl.oat pitch; 
fl.oat rol.l.; 

} Pol.hemus; 

I** Fl.ex Data <Inner Bright) **I 
typedef struct { 

int finger[FINGER_SIZEJ; 
fl.oat param[PAR.AM_COUNTl [FINGER_SIZEJ; 

} Fl.exlnnerBright; 

I** Fl.ex Data <Outer Bright) **I 
typedef st ruct { 

int finger[FINGER_SIZEJ; 
fl.oat param[PAR.AM_COUNTJ [FINGER_SIZEJ; 

} Fl.exOuterBr ight; 

I** Fl.ex Data CI nner Dim> **I 
typedef struct { 

int finger[FINGER SIZE]; 
fl.oat pa ram [ PAR叫 _COUNT][ FINGER_SIZE I; 

} Fl.exlnnerDim; 

I** Fl.ex Data <Outer Dim) **I 
typedef st ruct { 

int finger[FINGER_SIZEJ; 
fl.oat pa ram [ PAR.AM_COUNT 1 [ F INGER_SI ZE 1; 

} Fl.exOuterDim; 



l+HIHIII社ふ+HtHH ♦ tlllltt社社ふf::t:tttttHHltl.f.HHltt*tllUtlt:ti lllltlll.f.Hlltふふ+!fltャ
********************Httlli'i't't******** ds2use.h ********社社社＊＊＊社社社ぶ＊＊＊＊＊＊社＊＊＊＊＊＊＊＊＊

***** +++++ 
***** User's Val.ues and Fl.ass Definition ***** 
i 'i'tti'*****  
***ふい tI HtふIfI lll.f.ll I llll I llll ♦ t:+:+++lHHtltHltl ふふふい I I Itふt:f:f::t+**ふふふふふふ＊＊＊＊＊＊ふふふふふふふふふ・
ttttt*"ti'i'i'tti'H t t t l*i'tti'Hふふふ社ti'i''t'ti''t'ti''ti'i'***.t.++++****lHllふふふ社ふふ ♦ llH***ふふふふ本社社ふ社＊／

I** Define to Use System V Compil.er **I 
#define USE_SYSTEM_V 

I** Get Data Test Status 
** (define to Data Get from Data Gl.ove 
** undefine to Make Random Dummy Data) **I 

#define GLOVE_DATA_GET 

I** Data GしoveConnect Serial. Port Device **I 
#define DG2_DEV "/dev/ttydl" 

I* 1: ONESHOT, 2: REREAT30, 3: REREAT60 *I 
#define CONTROL 1 

I** Set Val.ue for Data Gl.ove2 **I 
#define DEFAULT_BRIGHT 48 
#define DEFAULT_DIM 60 
#define DEFAULT_CUTOFF 255 

I** Get Data Status **I 
/*#define HALL ON*/ 
/*#define POL_ON*I 
#define FLEX_ON 
!*#define DIM_ON*I 

I** Get Data Length **I 
#define SEND_LENGTH 50 
#define REPLY_LENGTH 500 
#define HALL LENGTH 4 
#define POL LENGTH 6 
#define FLEヌーLENGTH 10 

I** Other Length **I 
#define NUMINP 1 
#define REPLEN 99 
#define RESET_RETURN 5 

I** Error Check Count Define **I 
#define TRYLIMIT 100 
#define ERRLIMIT 256 

I** Data Write<Read) Status **I 
#define HALL STAT 8 
#define POL STAT 4 
#define FLEヌSTAT 2 
井defineDIM亙TAT 1 

I** Counts for SampしeData Get **I 
#define DATA—.GET_CNT 100 
#define SET BRIGHT CNT 128 
#define ANGLE_GETーでNT 10 

#define TEST_START—.BRIGHT 0 
#define TEST_CUT_BRIGHT 1 

I** Constant Variabl.e Size **I 
#define FILENAME SIZE 30 
#define FGETS_SI乞E 500 
#define MAXF I LENUM 100 

I** Use CaしibrateData Fil.e Name **I 
#define STRAIGHT FILE "Straight. dat" 
井defineBEND FILE "Bend.dat" 
#define BRIG甘T_FILE "Bright. dat" 
#define MII¥MAX_FILE "MinMax. dat" 

I* FLEX—.ON mode is set *I 



/+++人*****人は社ふ＊＊＋＊＊＊＊＊＊＊＊＊キふ人は卜は++++*********I•! !•!ff ヤ＊＊＊ふふふふふふふ'***·t•t·-tn n・・n・-t.t;++人はふ＊＊＊
************************************ set time. h *********************tH♦♦ +·n··+·******+社社
***** ＊＊＊＊＊ 
***** Get the System Time *+社ネ
*"t*** . 中Hf-+
i'i'i'i'i'i'************++++***'l'i'i'l•t·t·tt+-ts*****'社ふトは***+++++***************ふふ＋＊＊＊ネふふ.;.**********
i'i'i'i'i'i'i'i'i"i't・1・・1・1・1.+.******************i'"ti'i"i'i'********キt..tt••l•.t.•I•+++ふ;·♦-+·+-·+-*******'ャf'l•H ふふふふネ***・＊＊＊＊＊／

#inctude <stdio. h> 
#inctude <sys/time. h> 

static doubte get_doubte_timeC); 
static Heat get_Hoat_time(); 

static doubte get_doubte_timeC) 

struct timevai Timevai; 
struct timezone Timezone; 

if CsettimeofdayC&Timevai, &Timezone) == -1) { 
fprintfcstderr, "System caH error'gettimeofday'! !¥n"); 
exitc-1>: 

return< (doubl.el < <l.onglTimevaし.tv_sec + 
<l.ong lTimevaし.tv—.usec / CdoubしellOOOOOO.Oll;

static fl.oat get_fl.oat_time(l 
｛ 
doubl.e doubl.e_time; 
1.ong integer _time: 

doubl.e_time = get_doubl.e_timeC l; 
integer_time -doubl.e_time / 10000; 
integer_time *= 10000; 

returnC(fl.oat)Cdoubl.e_time -integer_time)); 



!*********************社社+++++ふ-ic+l!IH t+++++i ttttl I I I l!H:f::!.H! n.;. 社＊社社社社＋＊＊＊＊＊＊＊＊＊＊＊
*************************'t'l''ti''t'l'*#tHHt tracker. h *********;f;+H 
't't'ti"'t ***** 
***** Tracker Library Header Fi l.e ***** 
＊＊＊＊＊ ふふふ.;.ふ
******-ic*********'はf:f'ti'************I l I lll t II I H人よふ人ふ******キ＊＊＊ふ人は****lllf:ll•はふふ＊＊＊＊ふふH't't
*********'ti''t't't*ヤヤttH+*ヤけ＊＊＊＊＊＊ャHflilt t ti H i*****HttH***********ふふt.lllll+++ふ＊＊＊＊＊＊＊＊／

I** Define to Use System V Compil.er **I 
#define USE_SYSTEM_V 

#incしude<stdio. h> 
#incしude<fcnH. h> 
#incl.ude <math. h> 

I** Used Serial. Port Device **I 
#define TR_DEV "/dev/ttyd3" 

I** Al.ignment Defauit FiしeName **I 
#define CALIB_FILE "3space. dat" 



/++ふ*"'*************'社社社社***************社社＊＊＊社*****i'i'i'******ふ'**みょn・:1::11ふ+ふふ***社ふ＊＊＊＊
***社tH +i'*'ti'i'i"i'i"サ i'i'******i'i'i'i'i'i'i"*****tracker. c i'i'i'i"t tltl u1n・tti''ti'i'i'll lln・・ttHI 11 n:1社
***** ***** 
***** Library for 3SPACE lsotrak ***** 
＊＊＊＊＊ ふ++ふふ
****************ヤ****=t=t=+=**************ヤ***lttt+ふ******ネ**ふ+*****************ヤヤIIll+++++** 
*****'t't't汁 ******+H

#incl.ude "tracker. h" 

#ifdef US且SYSTEM.,.V
#incl.ude <sys/termio.h> 
#eしse
#incl.ude <sgtty. h> 
#incl.ude <sys/ttydev. h> 
#incl.ude <sys/ioctl..h> 
#incl.ude <sys/fil.e. h> 
#endif 

#define SCALE 3.0 

static int fdi, fdo; 

!********************** 
Initiaし1zin9routine 

***********************! 
trinitC> 

#ifdef USE_SYSTEM V 
struct termio buf; 

#el.se 
struct sgttyb buf: 

#endif 

fdi = opencTR DEV, 0 RDONLY + O_NDELAY>; 
fdo = open cTRこDEV, 0こWRONLY>;

if Cfdi = -1 II fdo == -1) return -1; 

#ifdef us~_SYSTEM V 
ioctl.Cfdi, TCGET囚， &buf>;

#if DEBUG 
fprintfcstdout, 

#endif 
"%x %x %x %x¥n", buf. c_i Hag, buf. c_otl.ag, buf. c_ctl.ag, buf. c_l.tl.ag): 

buf.c_itl.ag = IGNBRK + IGNPAR; 
buf.c_ofl.ag• 0: 
buf.c_ctl.ag = B19200 + CS8 + CSTOPB + CREAD + CLOCAL: 
buf.c_l.fl.ag = NOFLSH; 
buf.c_cc[Ol = buf.c_cc[1l = buf.c_cc[21 = Q; 
buf.c_cc[31 = buf.c_cc[4l = buf.c_cc[5] = 0: 

ioctl.Cfdo, TCSETA, &buf>: 
ioctl.Cfdi, TCSETA, &buf>: 

#el.se 
ioctl.Cfdi, T!OCGETP, &buf>: 

#if DEBUG 
fprintfCstdout, "%x %x %x¥n", but. sg_ispeed, buf. sg_ospeed, buf. sg_fl.ags); 

#endif 

buf.sg_ispeed = but.sg_ospeed = B19200; 
buf.sg_fl.ags =RAW+ CBREAK; 

ioctl.Cfdo, TIOCSETP, &buf>; 
ioctl.Cfdi, TIOCSETP, &buf>; 

#endif 

writeCfdo, "ul0¥r02, 1¥r", 9): 
writeCfdo, "H2,0,0,-1¥r", 10); 
writeCfdo, "t", 1): 

I* tr set (3); Just for compatibi 1.ity *I 

return O; 

／＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊ 
Enabl.es to get Eul.er angしes

******************************I 
trroton<) 
｛ 

write<tdo, "02,4, 1¥r", 7); 
s1.eep(J); 

I***************************************************** 
Reads caUbration fite CCAL!B_F!LE =='3space.dat'> 

******************************************************! 
trcaiibCs} 

char *s: 

FILE *fd, *fopen< >; 
char buf[256J; 

if C(fd = fopen(s, "r")) == NULL) return -1; 



whil.eCfgets(buf, 255, fd> != NULLJ { 
buf[strl.en(bufl-1 l ='¥r': 
write(fdo, buf, strl.en(buf)): 
sl.eep(1 l: 

｝ 

return 0: 
｝ 

I***++++*+ふふ-!--!-+*********************************
Enabl.es/disabl.es to use magnetic source No. 2 

*****+*+人***************************************I
tr2off () 
｛ 

if Cfdo == 0) return -1: 
writeCfdo, "し2¥r", 3): 

return Q; 
｝ 

I***************ヤヤt:t:t:t::t:********** 
To reset coordinates al.ignment 

＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊人**************I
traresetCsource) 

int source; 
｛ 

char obuf[16J; 

sprintfCobuf, "R¾ld¥r", source); 
write(fdo, obuf, 3); 

｝ 

!**********ふ****************************
To fix the pos 1 tion of the hemisphere 

****************************************! 
trhemis<station, x, Y, z> 

int station; 
Hoat x, y, z; 

｛ 
char obuf[128]; 

#ifdef USE_SYSTEM_V 
sprintf<obuf, "H%1d,%f,%f,%f¥r", station, x, y, z); 

#el.se 
sprintf<obuf, "H%ld, %4. 2f, %4. 2f, %4. 2f¥r", station, x, y, z); 

#endif 
write<fdo, obuf, strl.en<obuf≫; 

｝ 

!**********************"'"'ふ＋＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊
To define which magnetic source and sensors wiしし be used 

*******************************************ふ***************I
trset<stationl 

int station: /*bit patter of station number*/ 
｛ 

unsigned char cbuf[256]; 
unsigned char obufl16]; 
int mask, n; 

write<fdo, "Hr", 2); I* get current status *I 
for<n = O; n < 60000; n++); I* wait return data *I 
for<n = O; n < 13; n++) 

if <read(fdi, cbuf+n, 1) != 1) n--; 
for (n = mask = 1 ; n < 9; n++) { 

if (((station & mask) && (cbuf[n+21 =='0')) 11 
((―station & mask) && <cbuf[n+21 =='1'))) { 

sprintf(obuf, "t%1d¥r", n); 
wri te(fdo, obuf, 3); 

｝ 
mask くく= 1; 

} } 

static unsigned char dbuf[256J; 
static int datacount, count; 

!************************************** 
Sends a command to get position data 

***************************************! 
trposin(l 
｛ 

il:ifdef us~_SYSTEM V 
iocHCfd1, TCFLS甘， 0);

井eise
iocti(fdi, TIOCFLUSH, FREADJ; 

井endif
datacount =count= O; 
write(fdo, "P", 1); 

｝ 

I*****主*******主****************************************************************************
Receives position data from the tracker Cit 1.ess than 1 data record is got, returns O or 
a minus va1.uel : TYPE 1 

*******************************************************************************************I 
trposrdr(x, y, zl 

doub1.e *x, *Y, *z; 
•9 
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if CCn• readCfdi. 
count++: 

dbuf+datacount, 

if <count > 1000> { 

｝ 

n = datacount; 
datacount -count -O; 
return -n; 

return O; 
｝ 
el.se { 

｝｝ 

datacount += n: 
if Cdatacount l= 11> return O; 
n = dbu f [ 1 1 -'0': 
w = dbuf[41*256 + dbuf[3J; 
*x -w * (65.48 * 2.54 / 32767); 
w• dbuf[61*256 + dbuf[5J; 
*Y = w * (65.48 * 2.54 / 32767); 
w = dbuf[81*256 + dbuf[7J; 
*z = w * (65.48 * 2.54 / 32767); 
datacount =count= Q; 
return n: 

11-datacount)) == 0 > { 

l*********************************************************************i"i'i"i't++++************* 
Receives position data from the tracker <ifしessthan 1 data record is got, waits until. a 
compl.ete one is got) : TYPE 2 

********************************************************************************************! 
trposrd<x, Y, z) 

doubl.e *x, *Y, *z; 

{ int 
short 

n = datacount, 
w; 

しoop= count; 

whil.e(n < 11 && 1.oop < 1000) { 
n += read(fdi, dbuf+n, 11-nl; 
toop++; 

｝ 

if .(しcop != 1000) { 
n = dbuf[ll -'O' 

｝ 

w = dbuf[4l*256 + dbuf[3J; 
*x = w * (65.48 * 2.54 / 32767); 
w = dbuf[6l*256 + dbuf[5J; 
*Y = W * (65. 48 * 2. 54 / 32767); 
w = dbuf[8l*256 + dbuf[7J; 
*z• w * (65.48 * 2.54 / 32767); 
datacount =count= O; 
return n; 

el.se { 

｝｝ 

datacount =count= O; 
return -1; I* time out *I 

I****************************************************************** 
't Receives pos1 ion and orientation data from the tracker ; TYPE 1 

*******************************************************************! 
trposrotrdrCx, y, z, ra, re, rrl 

doub1.e *x, *Y, *z; 
doub1.e *ra, *re, *rr; 

{ int 
short 

n; 
w; 

if CCn = read(fdi, 
count++: 

dbu t+datacou nt, 

｝ 

if (count > 1000 l { 

｝ 

n = datacount: 
datacount =count= 0 
return -n; 

return O; 

el.se { 

} } 

datacount += n; 
if (datacount != 17> return 0; 
n = dbut[11 -'0'; 
w = dbufl41*256 + dbut[3J; 
*x = w * (65.48 * 2.54 / 32767>; 
w = dbuf[61*256 + dbut[5J; 
*Y = w * (65.48 * 2.54 / 32767); 
w• dbufl81*256 + dbut!7J; 
*z = w * (65.48 * 2.54 I 32767); 
w = dbut[101*256 + dbut[9J; 
*ra = w * 720 I M_PI / 32767; 
w = dbut[121*256 + dbuf[11J; 
*re= w * 720 I M_PI / 32767; 
w = dbufl141*256 + dbufl13J; 
*rr = w * 720 / M_PI I 32767; 
datacount =count= O; 
return n; 

17-datacountll == Ol { 

!****************************************************************** 
Receives position and orientation data from the tracker ; TYPE 2 



**-t:t::tt:t*****************本＊＊＊＊＊＊＊社ふふふ++++:n・・rt-tヤ*ャi'********'ヤ1け＊＊＊＊＊／
trposrotrd(x, y, z, ra, re, rr) 

doub1.e *x, *Y, *z: 
doub1.e *ra, *re, *rr: 

{ int 
short 

n = datacount, 
w; 

m, l.oop = count: 

whi 1,e(n < 17 &&しoop< 1000) { 
m = readCfdi. dbuf+n, 17-n>; 
if <m >= 0) n += m: 
1,oop++; 

｝ 
if <1.oop != 1000> { 

n = dbuf [ 1 l -'0'; 
w = dbuf[4l*256 + dbuf[3J; 
*x = w * <65.48 * 2.54 / 32767); 
w = dbuf[6l*256 + dbufl5】;

*Y = W * (65.48 * 2.54 / 32767); 
w -dbuf[8l*256 + dbuf[7J; 
*z = w * <65.48 * 2.54 I 32767); 
w = dbuf[10l*256 + dbuf[9J; 
*ra = w * 720 I M_PI I 32767: 
w = dbuf[12l*256 + dbuflll]; 
*re= w * 720 I M_Pl / 32767: 
w = dbuf[14l*256 + dbuf[13J; 
*rr = w * 720 I M_Pl / 32767: 
datacount =count= O; 
return n: 

｝ 
eしse{ 

#if DEBUG 
for noop = 0; しoop< 17; 1,oop++) 

fprintf<stdout, "¾2x ", <int)dbuflしoop
fprintf<stdout, "¥n"); 

#endif 
datacount =count= O; 
return -n; I* time out *I 

} } 

!******************************************************************************************** 
d t Sends the tracker a comman o set con inuous ransm1ss1on mode. Reads continuousl,y n data 

records and stores them in a buffer. 
*********************************************************************************************! 
trcrawd<buf, n> 

char *buf; 
int n; 

｛ 
#ifdef us~_SYSTEM V 

ioctl.Cfdi, TCFLS甘， Cl;
#el.se 

ioctl. C fdi. 
#endif 

write(fdo, 

TIOCFLUSH, 

"C" ， 

FREADl; 

1); 

for<n += 1: n: l { 
if (read(fdi. buf, 
if <*buf++&Ox80l 

｝ 

1> =-O> continue; 
n--; 

write<tdo, .... C• 1); 

#ifdef us~_SYSTEM V 
iocti<fd1, TCFLS甘， a>;

#el,se 
ioctl,(fdi, 

#endif 
｝ 

TIOCFLUSH, FREADl: 

／＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊ 
Converts binary type data into coordinates and Eul.er angl.es 

**************************************************************! 
trdcposrot<buf, n, x, y, z, ra, re, rr) 

char *buf; 
int *n: 
doubl.e *x, *Y, *z; 
doubl.e *ra, *re, *rr: 

t
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r
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h
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1
 dbuf[17J; ．．  

l = 0, J, k = 0, 
w; 

L; 

if (!(buflkl & Ox80ll return -1; 

do { 
for(j = O; j < 7; j++J 

dbuf[i+jJ = buf[k++l 
if (buf[kl & Ox80l { 

k--; 
break; 

｝ 

｝ 
for<し=0: しく j; し＋＋）｛

dbuf[i+1.l =≪buf[kl & <Ox01 <くし）） ? dbuf[i+し

dbuf [ i+しI& Ox7f); 
Ox80 : 

.，
 .

J
 

=-＋ 

}．
l
 



k++; 
} whil.eClCbuf[kJ & OxBO≫: 

*n = dbuf[11 -'O'; 
w = dbuf[41*256 + dbuf[3J; 
*X mW* (65.48 * 2.54 / 32767); 
w = dbufl61*256 + dbuf[5J; 
*Y = w * (65.48 * 2.54 / 32767); 
w = dbuf[81*256 + dbuf[7J; 
*z = w * (65.48 * 2.54 I 32767); 
w = dbuf[10l*256 + dbuf[9J; 
*ra = w * 720 I M_PI I 32767; 
w = dbufl12l*256 + dbuf[11J; 
*re= w * 720 I M_PI I 32767: 
w = dbufl 141*256 + dbuf[ 131; 
*rr = w * 720 I M_PI I 32767; 

return k; 
｝ 
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*******************:t .. t.H 1111 +++ふ******doubl.e_get. C ***'t-+・・u::u・:U****llH I lllH 
***** ***** 
ふキふふふ Here are defined some functions concerning the DataGしove. ***** 
***** ***** 
*****++++ふ***************************ふネ+**************人は人ふふ++*******:till!ふ,j.ふ＊＊＊＊＊＊＊＊＊＊＊＊
**i'i'i'i'i'************** t 11 H******i'i'i'i'H + +*********i'i'i't !+++++ふ.j.ふ*******lHl!ll!t! + !!******/ 

#incl.ude "dg2cmd. h" 
#inc l,ude "dg2def. h" 
#incl,ude "dg2ext. h" 
#incl.ude "dg2str. h" 
#incl,ude "dg2use. h" 
#incしude"tracker. h" 
#incl,ude "get_time. h" 
#incl,ude <sys/types. h> 
#incl.ude <fcntt. h> 

I** onl,y station No. 7 is active **I 
#define ACTIVE—.STATION 64 

FILE *fil,e_name_checkC>; 

I******************************************************** 
initial.ization of the DataGtove and the 3Space Isotrak 

*********************************************************I 
int doubl,e_init<> 

FILE *fp; 
int . set_bright, set_dim; 
int n, m = ACTIVE_STATION, l.oop, mask; 

fprintf<stderr, "DataGtove2 Setup & Reset ... "); 
fttushCstderr); 
if COpenModem() == FALSE> exit(-1); 
whi l,e(!Cotd_Resetc > >; 

I** Data Giove Model, 2: to 1.oad bright l,evel, fil,e **I 
I** BRIGHT FILE=='Bright.datxx'where xx is a two digit number **I 
if ((fp = fil.e_name_check<BRIGHT_FILE≫!= NULL> { 

tscanf(fp, "¾d", &set_bright>; 
set_dim = set_brisht; 
Set_BrishtCset_bright, set_dim); 
tcしose(fp);

etse { 
fpri ntf C stderr, 

"¥n Warning : Can't Load Bright Levet FHe - l¾sl ... ", 
BRIGHT_FILE>; 

tttushCstderr>; 

fprinttcstderr, " Compl,eted¥n¥n"); 
fttush(stderr); 

fprintfcstderr, "3Space Tracker Setup ... ">; 
fttushCstderr); 
fprintf<stderr, "¥n Get Station No. "); 
ffl,ushCstderr); 
tornoop = 0, mask = n = 1; n < 9; mask くく= 1, n++) { 

if (mask & m) { 
fprintf(stderr, "[¾di ", n); 
fttush<stderr); 
しoop++;

fprinttcstderr, " 
fHushCstderr); 

I** 3Space Tracker: to l,oad cal.ibration fite **I 
~** CALI B_F I LE =='3space. da t'**I  
1f <Cfp = fopenCCALIB_FILE, "r"l) I= NULL> { 

fcl,ose(fp); 
fprintt<stderr, "¥n 3Space Tracker Cal.ibration ... "); 
fttushCstderr); 
if Ctrinit() == -1> { 

fprintf(stderr, "Error : Can't Initiaしize3Space Tracker¥n"); 
exitC-1); 

trcal.ibCCALIB_FILE); 
fprinttcstderr, " Compl.eted¥n"); 
fHushCstderr>; 

eしse{ 
fprintf C stderr, 

"¥n Warning : Can't Load Cal.ibration Fiしe-1%s1 ... ", CALIB_FILE>; 
tHush<stderr); 

fprintf(stderr, "¥n 3Space Tracker Station Set ... "); 
it ctrinito == -1> { 

fprinttcstderr, "Error : Can't Initial.ize 3Space Tracker¥n"); 
exit<-1); 

trset(m); 
trroton(); 
sl.eep(1); 
fprintf(stderr, " Compl.eted¥n¥n"); 
tHush(stderr); 



return(しcop);

l***************************************"l'*********"I'************ふ十+++ふ＊＊＊＊＊＊＊＊＊本ネ-i-***
checks if a fil.e has namexx format <where xx is a two digit number) and sel.ects 
the fiしewith the greatest number xx. 

***********************************ヤヤヤ＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊／
FILE *fiしe_name_check<fnamel

char fname [I: 

FILE *fP, *cfp; 
char new_fname[F!LEN叫 E_SIZEI: 
int fnum: 

for<fnum = O; fnum < MAXFILENUM: fnum++l { 
sprintf<new_fname, "%s%02d", fname, fnuml; 
if≪cfp = fopen<new_fname, "r"ll == NULU 

return(<fnum != 0 ? fp : NULLll: 
el.se { 

fcl.ose(cfp); 
fp = fopen(new_fname, "r"l; 



I社社社社＊＊＊＊社社ふ杜＊社人は社＊＊＊＊＊＊＊社社********ff H H は社社社ふ祖ヰふ+f+ll.f.. f:+.f.4'************* 
*********************************** dg2_operate.c ***i''+'打*廿"!'******************************
***** ***** 
***** Here are procedures concerning the DataGl.ove Model. 2 : ***** 
***** Commands to send & receive data ***** 
***** < Sun 3/260 <—> Data GしoveModeし2> using Unix 4. 2 BSD Compil.er ***** 
***** < I ris4D/70GT <-> Data Gl.ove Model. 2) using Unix System V Compi 1.er ***** 
***** ***** 
＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊人＊ふふ*ふ'******************************************************************
***********************i'i'i'i'i'i'i'**********************************************************I 

#indude "dg2cmd. h" 
#incl.ude "dg2def. h" 
#incl.ude "dg2ext. h" 
#incしude"dg2str. h" 
#incl.ude "dg2use. h" 

#ifdef US且SYSTEM.,..V
#incl.ude <sys/term10. h> 
#inctude <fcntl.. h> 
#el.se 
#incl.ude <sgtty. h> 
#inctude <sys/ttydev. h> 
#incl.ude <sys/ioctし.h> 
#endif 

#ifdef GLOVE_DATA_GET 
#inctude "get_time. h" 
#el.se 
#inc tude "random. h" 
#endif 

I** Col.d Reset Use Time Minimum **I 
#define COLD_RESET_TIME 1. 0 

I** Send Command in this String **I 
char sendbytes[SEND.,..LENGTHl: 
int repl.yenabte, cinl.en: 
short cha 1. t, cpoし， cfl.ex, cdim: 

／＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊ 
Get One Shot Data from Data Gl.ove Model. 2 

********************************************I 
Get_OneShot<hl., ph, fib, fob, fid, fod> 

Hatし *hl.;
Pol.hemus *Ph; 
FtexlnnerBright *fib: I* I use fib and fob, ie. the FLEX_ON mode *I 
FtexOuterBrieht *fob: 
Fl.exlnnerDim *fid: 
FtexOuterDim *fod: 

unsigned char repl.y[REPLY_LENGTHJ; 
int newenabl.e = O: 

#ifdef GLOVE_DATA_GET 
int try, eet_start, eet_error, getcount, t rycount; 
int try_timit s TRYLIMIT, err_l.imit -ERRLIMIT: 
char sch: 

#el.se 
int getcount: 

#endif 
short data_hal.1.[HALL LENGTH]; 
fしoatdata_pol.[POL LENGTH]; 
short data_brieht !FLEX_LENGTHl. data_dim!FLEX_LENGTHl; 

#ifdef GLOVE_DATA_GET 
repl.yenabl.e -0: 

I** Device Enabte Set **I 
#ifdef HALL_ON 

newenabte I= hal.1.bi t; 
#endif 
#ifdef POL_ON 

newenabte I= poしbit:
#endif 
#ifdef FLEX_ON 

newenabしe I= fl.exbit: 
#endif 
#ifdef DIM_ON 

newenabte I= ful.1.ftexbit: 
#endif 

repl.yenabte = newenabl.e: 
sendbytes[2l = repl.yenabしe:

Predict<&cinしen, &chal.1., &cpoし， &cfl.ex, &cdim>; 

I** Send Command Set **I 
sendbytes[Ol = LeadingByte: 
sendbytes[l l = OneShot: 

I** Receive Data from Data Gtove Modeし2 **I 
for<try = TRUE, trycount = O: try && trycount < try_l.imit: trycount++> { 
SendString<sendbytes, NUMINP+2>; 
eetcount = get_error = Q; 
ge!_start = FALSE: 
wh1te(getcount < cinしen> { 

if <Getbyte<&gch> > { 
get_start = TRUE; 
repしy[getcount++l= gch; 



e 1.se { 
if < get_sta rt) { 

get_error++; 
I* continue roop by error case *I 

} } } if (get_error > err _1.imi t) break; 

I* cin'¥.en is received data 1.ength FALSE to continue 1.oop *I 
if <setcount = cinしen>try= FALSE; 

｝ 

(** Over Count Try receive (error) 
1 f Ct ry l { 

fprintfCstderr, 
exit(): 

｝ 

**I 
"Error : Try Count Greater than %d times l l¥n", TRYLIM!Tl: 

repl.y[eetcountl ='¥0': 

I** Chanee Received Strine Data to Pol.hemus etc. Data **I 
RepData< repl.y, data_hal.1., data_pol., data_brieht, data_dim, 

chal. l., cpoし， cfl.ex, cdiml: 

#eしse
repl.y[Ol ='¥0': 
for<eetcount = 0: eetcount < FLEX LENGTH: getcount++l { 

if <eetcount < HALL LENGTH> data_hal.1.[getcountl = get_randomC256l: 
if Ceetcount < POL_[ENGTH) data_pol.[getcountl = get_randomC256): 
data_briehtleetcountl = eet_random<256l: 
data_dimleetcountl = eet_random<256): 

｝ 
#endif 

I** Set Data for Struct Area in Cal,l, Functions 
#ifdef HALL_ON 

hl. —>finger[ll = data_hal, し[01; 
hl. —>finger[31 = data_hal. し[21;

#endif 

#ifdef POL ON 
ph->x = data_po'l.[OJ; 
ph->z• data_po'l.[2]; 
ph->pitch = data_poし[41;

#endif 

＊＊／ 

h し—>tinger[21 = data_haしし[1 I: 
hl.->tinger[41 = data_haしl,[31:

ph->y = data_pot[l]; 
ph->yaw -data_po i [ 3 J ; 
ph->roH = data_pot[51; 

#ifdef FLEX_ON 
fib->finger[O] = data_bright[QJ; 
fib->finger[21 = data_brightl4J; 
fib->fingerl41 = data_bright[8]; 

fob->finger[OJ = data_brightl1]; 
fob->finger[21 = data_bright[5]; 
fob->fingerl4l = data_brightl9l; 

fib->finger[ll 
fib->finger(31 

= data_bright[21, 
= data_bright[61; 

fob->finger[ 1 l = data_brisht 13 
fob->finser[3l = data_brishtl7 

:liifdef DIM_ON 
fid->finger!O] = data_dirn!OJ; 
fid->fingerl21 = data_dirnl41; 
fid->finger[41 = data_dirnl8]; 

fod->finger!Ol = data_dirnl 11: 
fod->fingerl21 = data_dirnl51; 
fod->fingerl4J = data_dirnl9]; 

:liendif 
:liendif 

fid->finger[ll = data_dim[2l: 
fid->finger[3l = data_dim[6l; 

fod->finger(11 = data_dim[31; 
fod->finger(31 = data_dim(71; 

#ifdef GLOVE_DATA_GET 
return<strl.en(repl.y)): 

#el.se 
returnC64>: 

#endif 

!******************************************************* 
Set Repeat60 or Repeat30 Data from Data GしoveModel. 2 

********************************************************I Set_Repeat(hel.ts) 
short heしts:

f
 

e
t
 

d
n
 

f
i
 

.
l
 

｛
＃
 

GLOVE—.DATA_GET 
newenabしe= Q; 

rep1.yenabしe= Q; 

I** Device EnabしeSet 
#ifdef HALL_ON 

newenabl,e I= hal, しbit;
#endif 
#ifdef POL_ON 

newenabl.e I= poしbit:
#endif 
#ifdef FLEX_ON 

newenabl,e I= fしexbit:
#endif 
#ifdef DIM_ON 

newenabしe I= fuししHexbit;
#endif 

repl,yenabしe= newenabl,e; 

＊＊／ 



sendbytesl21 = repl.yenabl.e: 

PredictC&cinl.en, &chal. l., &cpol., &cfl.ex, &cdim>: 

I** Send Command Set **I 
sendbytes[Ol = LeadingByte: 
sendbytes[ll = Chel.ts == 30? Repeat30: Repeat60l: 
SendStringCsendbytes, NUMINP+2l: 

#endif 

!************+・ は+**************************+ふふふ人人はふふふふ＊
Get Repeat60 or Repeat30 Data from Data Gl.ove Model. 2 

**********************tttt******************************I 
Get_RepeatChl., ph, fib, fob, fid, fodl 

HaH *hl.: 
Pol.hemus *Ph: 
Fl.exlnnerBright *fib: 
Fl.exOuterBright *fob: 
Fl.exlnnerDim *fid: 
Fl.exOuterDim *fod: 

｛ 
unsigned char repLy[REPLY_LENGTHJ; 

#ifdef GLOVE_DATA_GET 
int try, eet_start, get_error, get count, t rycount; 
int try_Limit = TRYLIMIT, err _Limit = ERRLIMIT; 
char gch; 

#eLse 
int getcount; 

#endif 
short data_haH [HALL LENGTH]; 
Heat data_po L [ POL_LENGTH l ; 
short data_bright[FLEX_LENGTHL data_dim[FLEX_LENGTHJ; 

#ifdef GLOVE_DATA_GET 
I** Receive Data from Data GLove 2 **I 
for<try = TRUE, trycount = O; try && trycount < try_Limit; trycount++J { 

getcount = get error= O; 
get_start = FALSE; 
whiLe(getcount < cinLen) { 

if (Getbyte(&gch>> { 
get_start = TRUE; 
repLy[getcount++l = gch; 

｝ 
el.se { 

if (get_start) { 
get_err?r++: 
I* continue roop by error case *I 
if (get_error > err_l.imitl break; 

} } } 

I* cinl.en is received data 1.ength FALSE to continueしoop*I 
if Cgetcount --cinl.enl try• FALSE: 

｝ 

(** Over Count Try receive <error) **I 
l f (try) { 

fprintf(stderr, "Error : Try Count Greater than¾d times ! !¥n", TRYLIM!Tl; 
exit(); 

｝ 

repl,y[getcountl ='¥0'; 

I** Change Received String Data to Pol,hemus etc. Data **I 
RepData (rep l,y, data_ha H, data..,.po l,, data_br ight, data_dim, 

chat l,, cpol,, cHex, cdiml; 

#eしse
repl,y[QJ ='¥0'; 
for(getcount = 0; getcount < FLEX LENGTH; getcount++) { 

if <getcount < HALL_LENGTHl data_hal,l,[getcountl -get_random(256l; 
if (getcount < POL_LENGTHl data_pol,[getcountl = get_random(256l: 
data_bright[getcountl = get_random<256>: 
data_dim[getcountl = get_random<256l; 

｝ 

#endif 

I** Set Data for Struct Area in Cal,l, Functions **I 
#ifdef HALL_ON 

hl.->finger[ll = data_haH[OJ; hl.->finger[21 = data_haH[ll: 
hl,->finger[31 = data_hal,l,[21; hl.->finger[41 = data_hal,l,[31; 

#endif 

#ifdef POL_ON 
ph->x = data_poL[OJ; 
ph->z = data_po L [ 2 I ; 
ph->pitch = data_poL[4]; 

ph->y = data pol, [ 11: 
ph->yaw = data_pol,[3]; 
ph->rol,l, = data_poし[5]:

#endif 

#ifdef FLEX_ON 
fib->finger[Ol = data_bright[OJ; 
fib->finger[21 = data_bright[41: 
fib->finger[41 = data_bright[81: 

fob->finger[Ol = data_bright[l); 
fob->finger[21 = data_bright[5]; 
fob->finger[41 = data_bright[91; 

tib->finger[ll = data_bright[2]; 
tib->finger[3l = data_bright[6l; 

fob->finger[ 11 = data_bright[31; 
fob->finger[31 = data_bright[7]; 



#ifdef DIM_ON 
fid->finser(Ol -data_dim!OJ; fid->finserl11 .. data_diml2]; 
fid->finser[21 -data_dim[4J; fid->finser[31 -data_dim[6J; 
fid->finser[41 -data_dim[81: 

fod->finger(OJ = data_diml1J: 
fod->finger[2J -data_diml5l: 
fod->finger[4J = data_dim[9]: 

#endif 
#endif 

#ifdef GLOVE_DATA_GET 
return<strl.en<repしy)):

#eしse
return(64l: 

#endif 
｝ 

fod->finser[ 11 = data_dim[3l: 
fod->finser[3l = data_dim[7]; 

l**********************************i'i'i'i'i'*********** 
To Set the Get Data Fl.ag and Get Data Length Set 

***********************i'tti'************************I 
Predict Ci nl.en, haしし， poし， fl.ex, dim) 

int *inl.en; 
short *hal.1., *pol., *fしex, *dim; 

｛ 
*haH = CCrepl.yenabl.e & Ox04l? TRUE : FALSEl 
*Pol.= CCrepl.yenabl.e & Ox02l? TRUE : FALSEl: 
*fしex=CCrepl.yenabl.e & Ox□ll? TRUE : FALSEl 
*dim= ((repしyenabl.e& Ox80l? TRUE: FALSEl: 

*inl.en = 4 + HALL LENGTH*<*haHl + 
2*POL_LENGTH*<*poし） + FLEX_LENGTH*C1+*diml*C*fしexl;

I*********************************************************** 
Change Received String Data to Ha'¥.1. & Pしhemus& F'¥.ex Data 

************************************************************I 
RepDatacrepしy, data_ha'¥.1., data_po'¥., data_bright, data_dim, 

ha'¥.1., po'¥., fしex, dim) 
unsigned char rep'¥.y[ l; 
short data_ha'¥.1. [I; 
Hoat data_poし[l: 
short data_bright[ l, data dim[ l: 
short ha'¥.1., poし， fしex, dim: 

｛ 
int setcnt, idx, start_point, 
short 1.owbyte, hibyte, val.ue; 
doub l.e cons cm, cons rd; 

end_point = 4; 

I** Received Hal.1. Data <One Data is 1 Byte) 
if < haしし） ｛ 

start_point = end_point; 
end_point = start point + 4: 
for<setcnt = 0, idx = start_point: idx < end_point; setcnt++, 

data_haしl.[setcntl= (shortlrepl.y[idx]; 

｝｝ 

**I 

idx++l { 

I** Received PoしhemusData (One Data is 2 Bytes> 
if Cpoし）｛

start_J?oint = end_point: 
end point = start_point + 12; 
I**―・Change Unit Vaしue(length & Angしe)
conscm = POLUNIT: 
consrd = POLANG; 
for(setcnt = 0, idx = start_point: idx < end_point: setcnt++, 

1.owbyte = Cint)repしy[idxl; 
hibyte = Cint)repしy[idx+ll:
hibyte≪= 8: 
vaしue= hibyte I しowbyte:
data_poし[setcntJ= Csetcnt < 3? vaしue* conscm: vaしue* consrd): 

｝｝ 

＊＊／ 

**I 

idx += 2) { 

I** Received Fl.ex Data cone Data is 1 Byte> 
it C fl.ex) { 

start_f_loint = end_point: 
end_point += <dim ? 20 : 10>: 
tor<setcnt = 0, idx = start_point: idx < end_point: setcnt++, 

it Csetcnt < 10> 
data_bright[setcntl = Cshort)repl.y[idxJ: 

el.se 
data_dim[setcnt-101ー<shortlrepl.y[idxl: 

**I 

r̀ 
r̀ 、r

!************************************************************** 
To End Repeat60 or Repeat30 Data Get etc. Use WarmReset Onl.y 

***************************************************************! 
Warm_Reset() 

#itdet 
int 
char 

idx++l { 

GLOVE_DATA_GET 
getcount; 
gch; 

I** Warm Reset **I 
sendbytes[Ol = LeadingByte; 
sendbytes[ll = WarmReset; 



SendStringCsendbytes, 2); 

for<getcount = O; getcount < RESET_RETURN; l { 
if CGetbyteC&gchl l getcount++; 

｝ 
#endif 
｝ 

/-1--1-HH lll! H ! ! Hl 
Cotd Reset Onl,y 

***++:1::H・i'i'i'l I II'**I 
Cotd_Reset<l 
｛ 
#ifdef GLOVE_DATA_GET 

int get count; 
char gch: 
doubl,e st; 

I** Cotd Reset **I 
st= get_doubl,e_time(); 

sendbytes!Ol = Leadin98yte; 
sendbytes[ll = CotdReset; 
SendStringCsendbytes, 2); 

for<getcount -Q; getcount < RESET_RETURN; l { 
if CGetbyteC&gchll getcount++; 

｝ 

returnCCget_doubte_timeCl-st > COLD_RESET_TIME? 1 : Oll: 
#el,se 

return(1 l; 
#endif 
｝ 

l**-+-++Hlltltilllふふtli'i'flllヤ＊＊＊＊＊
Set Brightness & Dimness Level. 

ふ人ふllt111 H tl I ii'i'l Hii'i"i"tふ ♦tllti"*/
Set_Bright(bright_~eve し， dim_しeveし）

short bright_l.eveし, dim_l.evel.; 
｛ 
#itdet GLOVE_DATA_GET 

sendbytes[OJ = LeadingByte: 
sendbytes [ 11 -SetBrisht; 
sendbytes[2J -bright_l.evel.: 
SendStringCsendbytes, 3): 

#ifdef DIM_ON 
sendbytes[ll = SetDim; 
sendbytes[21 = dim_l.evel.; 
SendString(sendbytes, 3>; 

#endif 
#endif 
｝ 

／ふふふキキItI tlHt +**** 
Set Cutoff Val.ue 

*****キ11HttHt"ti'tt/ 
Set_Cutoff (cutoff _va l.ue l 

short cutoff_val.ue: 
｛ 
#ifdef GLOVE_DATA_GET 

sendbytes[Ol -LeadingByte; 
sendbytes[ll• SetCutOff; 
sendbytes[21• cutoff_val.ue; 
SendString(sendbytes, 3>; 

#endif 
｝ 

l*****lilH+.+--+--+-.+-ふ.+-+ふ人ふふ+++************•*******i'i.. ti'i'**** 
Direct Send Command for Magnetic Sensor <Now Unused> 

****ヤヤtHt,は本+.++c*t+i'i'i'*****'·1·1·1·1•+***i'i'ヤi'i'**************I
SendPol.hemus(pol.msg) 

｛ 

｝ 

char *pol.msg; 

int sendten -strien(potmsg), potidx; 

I** Send Command Must be Not Greater than 63 bytes **I 
if (sendten > 63> { 

｝ 

fprintfCstderr, "Send Pothemus Command Length Greater Than 63 bytes ! !¥n"); 
exit(1 >; 

I** Send Command Set **I 
sendbytes[Ol -LeadingByte; 
sendbytes[ll -AccessPol.hemus; 
sendbytes[2J• sendl.en: 

for(pol.idx = 0; pol.msg[pol.idxl !='¥0'; pol.idx++) { 
sendbytes[pol.idx+3J = pol.msg[pol.idxl; 

｝ 

fprintf(stderr, "Send Length = %d¥nSend Message = %s¥n", sendl.en, pol.msg); 

sendbytes[66J ='¥0'; 
SendString(sendbytes, 66); 



/i"ll::H:HH tHt Hふt:HIt t"!'tt I ltll:t・**ふ社社
Open Serial. Port & Configuration Set 

Suport Unix 4.2 BSD & System V 
t H !Hi'+ tl tll++++HtH t tt+l t 111 t Ht It il/ 
static int fdi, fdo; 

OpenModemc l 
｛ 
#ifdef GLOVE_DATA_GET 

#ifdef USE_SYSTEM_V 
struct termio buf; 

#el.se 
struct sgttyb buf; 

#endif 

I** Serial. Port Open **I 
fdi -openCDG2_DEV, O_RDONLY I O_NDELAY>; 
fdo -openCDG2_DEV, O_WRONLY>; 

i f C f di == -1 I I f do = -ll { 
fprintfCstderr, "Error : Can't Open Device'%s'¥n", OG2_0EVJ: 
return FALSE; 

f
 

I** Speed = 19200 ; No Parity Check ; 1 Stop Bits **I 
#ifdef USE_SYSTEM_V 

ioctl.<fdi, TCGETA, &buf); 

buf. c_i Hag = IGNBRK + IGNPAR; 
buf.c_ofしag = Q; 
buf.c_cfl.ag = B19200 + CS8 + CREAD + CSTOPB + CLOCAL; 
buf.c_l.fl.ag = NOFLSH; 
buf.c_cc[Ol = buf.c_cc[11 = buf.c_cc[21 = Q; 
buf.c_cc[31 = buf.c_cc[41 = buf.c_cc[51 = Q; 

ioctl.<fdo, TCSETA, &bufJ; 
ioctl.<fdi, TCSETA, &buf); 

#el.se 
ioctl.<fdi, TIOCGETP, &buf>; 

buf. sg_ispeed = buf. sg_ospeed = B19200: 
buf.sg_fしags =RAW+ CBREAK; 

ioctl.(fdo, TIOCSETP, &bufl: 
ioctl.<fdi, TIOCSETP, &buf>; 

#endif 

#el.se 
set random(); ．ー#end1f 
return TRUE; 

I****++.+-.+-+++'は********ふ+.+-++ふふよはふ・＊ふキ********
Get Byte from Seriaしport(Not Buffuring> 

*"ti'i"i"i"***i'i"i"**i"i'i'i'****i"i"i'i"'ti"ttH t ! I Ht I ti"***I 
Getbyte(ch> 

char *ch: 

int stat: 

whil.e((stat~read(fdi, ch, 1≫l-1> { 
(** Read Error **I 
1f (stat ---1> exit(l>: 

return(l); 

I**++社ふ+++.+-.+-.+-.+-,+.,t..+,************"'****'t'tヤ't't*****
Send String to Serial. port <Not Buffuring) 

**'tヤすt+,UHtt't't'ti'i''t*+lt l t f***++H十ふ+社+++ ♦ Ht/ 
SendStringCoutstring, 1.engthJ 

char *outstnng: 
int しength:

return write<fdo, outstring, <unsigned>しength>:

亀



/HUI人.f.lll!HiiI I llllUt.f.:ltHI社いふHi'tH は社社社ふ+♦ HHHHlll!illは社社+tlH HHIふふ＊＊＊
*H++:i 111 ti i • H II I I lttllll I I lilll dg2_cal.ibrate. c +.f.+¥1 II 11 i Ill I Ii llHふふ+t-Htt-―t・t+Hf:I:ふ＋＊＊
**"'ふふ; Hlll 
n-+n: This program is used to cal.ibrate the DataGl.ove. -n--n1 
***** The cal.ibration is user dependent. It creates the fol.1.owins fi 1.es : +++ふ-1-
***** STRAIGHT_FILE (data for ful.1.y open hand>; BEND_FILE Cfirst for thumb bent ***** 
i"i'i'i'i'and then for the 4 fingers bent>: with these 2 fil.es, BRIGHT_FILE <to set ふ++++
***** the 1.evel. of 1.ight intensity through the optical. fibers) is created. +++ふふ
i"Htふ ***** 
******ttl Ht t It ft I日は-1-人*************ふふふ****+*'はふ人ふふふふふふふふトはIt It I ! I ! H**・n・nt+********** 
********ヤヤ*****i'i"ヤヤヤ******************************社ふふふ**'ャHH Hti'i"i"i'i"i'i'*t:lt H tl Hキ*****I

#incl.ude "dg2cmd.h" 
#incl.ude "dg2def. h" 
#incl.ude "dg2ext. h" 
#incl.ude "ds2str.h" 
#incl.ude "ds2use.h" 

#define INVAL!D_THRESH 10 

static void brisht_l.evel._set(>: 
static FILE *fil.e_name_create<>: 

#ifdef FLEX_ON 
static Fl.exlnnerBrisht straisht_in[SET_BRIGHT_CNTl, bend_in[SET BRIGHT CNTJ: 
static Fl.exOuterBr isht st rai sht_out [ SET _BRIGHT _CNT J, bend_out [ SET _BRIG甘T_CNTJ:
#endif 

FI LE *fopen C > : 

void main(argc, arsv> 

｛ 

int argc: 
char **argv: 

static 
static 
static 
static 
static 
static 
FILE *fp: 

Hal.1. hl.; 
Pol.hemus ph; 
Fl.exlnnerBright fib; 
Fl.exOuterBright fob; 
Fl.exlnnerDim fid; 
Fl.exOuterDim fod; 

int set_cnt, read_tensth: 
register int idx, fin idx: 
int set_brisht, set_dim: 

if COpenModemO == FALSE> exitC-ll: 
whil.eC!Col.d_Reset(J); 

fprintfCstderr, "Now First Cal.ibration ... ¥n"J: 
fprintf<stderr, "Set Al.1. Fingers Straight on the Tab1.e¥n"J; 
fprintf<stderr, "Ready? Press Return-Key : "l: 
getchar(J; 

#if CONTROL= 2 
Se!_Repeat C 30 J: 

#end吋
#if CONTROL= 3 

Set_Repeat(60l: 
#endif 

for(set_bright = 0; set_brisht < SET_BRIGHT_CNT; set_bright++> { 
Warm_Reset(); 
Set_Brightcset_bright, set_brishtJ; 

#if CONTROL= 1 
read_l.ensth = Get_OneShotC&hl., &ph, &fib, &fob, &fid, &fodl; 

#el.se 
read_l.ensth• Get_RepeatC&hl., &ph, &fib, &fob, &fid, &fodl; 

#endif 

#ifdef FLEX..,.ON 
for(fi り—1dx -O; fin..,.idx < FINGER念IZE: fin_idx++J { 

stra1ght_in[set_brightJ. tinger[fl り—idxl• fib. tinger[tin idxl; .-straight_out[set_brightJ. tinger[fln_idxl• fob. tinser[fln_idxl; 
｝ 

#endit 
｝ 
Warm_Reset(); 

fprintt<stderr, "Now Second Cal.ibration ... ¥n"l: 
fprinttcstderr, "Set Thumb Inner -45 deg and Outer -90 deg¥n">; 
fprintf<stderr, "Ready? Press Return-Key : "); 
get char (>; 

#it CONTROL = 2 
Set Repeat<30l: .-

#end1t 
#it CONTROLー3

Se!_RepeatC60); 
#end1t 

for<set_bright = 0: set_brisht < SET_BRIGHT_CNT; set_brisht++> { 
Warm_Reset C >; 
Set_BrightCset_bright, set_bright>; 

#it CONTROL == 1 
read_l.ensth = Get_OneShotC&hl., &ph, &fib, &fob, &fid, &fod>: 

#el.se 
read_l.ensth = Get_RepeatC&hl., &ph, &fib, &fob, &tid, &fad>; 

#endit 



#ifdef FLEX_ON 
bend_in[set_bri9htl. fin9er[Ol -fib. fin9er[OJ: 
bend_out[set_brishtl. fin9er[Ol -fob. fin9er[Ol: 

#endif 
｝ 
Warm_Reset(); 

fprintf(stderr, 
fprintfcstderr, 
fprintf<stderr, 
getchar(); 

"Now Third Caしibration... ¥n"l; 
"Set Fingers except Thumb, Inner -90 deg and Outer -90 deg¥n"l; 
"Ready ? Press Return-Key : "l; 

#if CONTROL== 2 
Set Repeat<30); ．一#end1f 

#if CONTROL== 3 
Set_Repeat<60); 

#endif 

forCset bright = O; set_bright < SET_BRIGHT_CNT: set_bright++) { 
Warm_Reset(); 
Set_Bright(set_bright, set_bright); 

#if CONTROL == 1 
read_l.ength = Get_OneShotC&hし， &ph,

#el.se 
read_l.ength = Get_Repeat<&hl., &ph, 

#endif 

&fib, 

&fib, 

&fob, 

&fob, 

&fid, 

&f id, 

&fodl; 

&fod>; 

#ifdef FLEX ON 
forCfin..,.idx = 1:,fin_idx < FINGER..,.SIZE: fin_idx++l { 

bend_in[set_brightJ. finger[fir:,_idxl = fib. finger[fi り—idxl;
bend_outlset_brightJ. fingerlfln_idx] = fob. finger[fln_idxl; 

｝ 
#endif 

｝ 

fp = fi l.e_name_create<STRAIGHT_FILE>; 
for<set bright a O; set_bright < SET_BRIGHT_CNT; set_bright++> { 

#ifdef FLEX_ON 
fprintf<fp, "%3d ", set bright>; 
for<fin_idx -Q; fin idヌ<FINGER_SIZE: fin_idx++> { 

fprintf(fp, "%3d %まd%c",
strai ght_i n [ set_bright I. finger [ f i i:,_idx J, 
straight_out[set bright I. finger[fin idxJ, 
<fin_idx == FINGER_SIZE-1 ?'¥n': ,..')); 

｝ 
#endit 

｝ 
tcしose(fp);

I** Create Bri sht Leve 1. Data Fi l.e 
brisht_l.evel._set(l; 

**I 

forCfp = fil.e_name_createCBEND FILE>, set_bright = 0; 
set_bright < SET_BRIGHT_CNT: set_bright++l { 

#ifdef FLEX_ON 
fprintf(fp, "%3d ", set_brightl; 
forcf;n_idx = O; fin idx < FINGER_SIZE: fin_idx++l { 

fprintfCfp, "%3d %歪d%c",
bend_in(set_brightl.fingerlfiり_idxl, 
bend_9ut[set_brightl. finger(fln idxl, 
Cfin_1dx =~FINGER_SIZE-1 ?'¥n':''ll; 

｝ 
#endif 

｝ 
fcしose(fpl:

｝ 

static 
｛ 

FILE *fp; 
register int idx, fin_idx; 
int~et_bright, set_dim, sel.ect_bright, sel.ect_dim; 
int inval.id_~ata, sub_tot, sub_tot_save: 
short firstp, inval.idp, data_existp; 

void bright_l.evel,_set() 

for< inval.id_~ata -INVALI肛THRESH, dat~_existp -0: 
!data—_ex1stp && inval.1d_data > 0: inval.id_data--) { 

forCfirstp = 1, set bright -0; 
se!_bright < SET_~RIGHT_CNT: set_bright++> { 

forCinval.idp - fi り—1dx -O; fin_idx < FINGER SIZE: fin_idx++) { 
if CC Cstraight_in[se!_bright]. finger[fin idxl -

bend.,..i n [ set_bri ght l. finger [ f i n_idx了） < inval.id_data> 11 
CCstra19ht_out[set_brightl. finger[fin_idxl -
bend_out[set_br19htl. finger[fin_idxl) < inval.id_data)) { 

inval.idp -1: 
break: 

｝｝ 
if Cinval.idp) continue; 
data_existp = 1: 
forCsub tot = 0, fin_!dx = 1; fin_idx < FINGER_SIZE: fin_idx++> { 

sub_tot +-abscstra19ht_~nlset_brightl. finger[fin idx-11 -
straight_in l set_br i ght l. finger l fin―idxl> + 
absCbend_!n[set_brightl.finger[f恥 idx-11-

bend_in[ set_brightl. finger[fin_,..idxl); 
sub_tot += absCstraight_out[set_brightl. finger[fin_~dx-11 -

straight_out[set_brightl. finger[fin_idxl) + 

“ 
蚤



abs(bend_out[set_brightl. finger[fin_~dx-1 l -
bend_out[set_briehtl. fineer[fin_1dxl): 

｝ 
if Cfirstpl { 

firstp = 0; 
sub_tot_save = sub_tot; 
setect_brisht = set_brisht; 

#ifdef DIM_ON 
setect_dim -set_brisht; 

#endit 
｝ 

eise { 
it Csub_tot_save > sub_tot) { 

sub_tot_save = sub_tot; 
#itdef DIM_ON 

setect_dim = setect_bright; 
#endif 

I I I I sehct_bclsht• s,t_bdshb 

if (!data_existpl { 
fprintf(stderr, "Error : Can't Sel.ect Bright Level.¥n"l: 
exit< l: 

｝ 

fp = f il.e_name―create<BRIGHT_FILEl: 
#ifdef FLEX_ON 

fprintf(fp, "¾d", sel.ect_brightl: 
#ifdef DIM_ON 

fprintf(fp, "幻¥n", sel.ect_diml; 
#el.se 

fprintf(fp, "¥n"l: 
#endif 
#endif 
｝ 

static FILE *fi1.e_name_createcfnamel 
char fname[ 1; 

｛ 
FILE *fp: 
char new_fname[F!LENAME_SIZEl: 
int fnum: 

for< fnum = 0 : fnum < MAXF I LENUM: fnum++ l { 
sprintf<new_fname, "%s¾02d", fname, fnuml: 
if <<fp = fopen<new_fname, "r"l) = NULU { 

if < < fp = fopen < new fname, "w" l l == NULU { 
fprintf<stderr, "Error : Can't Open %s Fiie¥n", new_fname); 
exit(-1); 

｝ 
return(fp): 

｝ 
eise 

tciose(fpl: 

r̀ 
r̀ 
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***** This program al.1.ows to fix the axis of the reference, ***** 
***** reしatedto the source. It creates the fi1.e CALIB—,FILE, which contains ***** 
***** data for axis orientation, position of the hemisphere (space where the ***** 
***** magnetic fiel.d exists),... +tHt 
***** +-I-+++ 
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#inc1.ude "tracker. h" 

FILE *fd, *fopen< l; 

ma1n(ar9c, 
int 
char 

argv) 
argc; 
**argv; 

｛ 
int n, m, しoop,
doubl.e xO, x1, x2, 

#ifdef USE SYSTEM_V 
doubl.e s百rt<doubしe);

#el.se 
doubl.e 

#endif 

station, method; 
yO, yl, y2, zO, zl, z2, wx, WY, wz; 

sqrt<); 

if < <fd -fopen<CALIB弐ILE, "w"> >•= NULL> { 
printf<"Can't open fite %s¥n", CALIB_FILE>: 
exit(-1); 

｝ 

printfC"¥n¥n3 SPACE Atisnment Utiiity"); 

whHe<l > { 

whHe<l > { 
printfC"¥n¥n Enter Source No. for AUsnment or O to end : "); 
scanfC"知", &station>; 
whHe(getchar() !='¥n'); 
if (station< 0 11 station>= 3> { 

printfC"Source No. must be 1 or 2¥n">: 
continue; 

｝ 
etse break; 

｝ 

if (station =-0) { 
fctoseCfd>; 
exitCO); 

｝ 

trinito; 
traresetCstation): 
steepC1>; 

trinitO; 
if (stationー 1) trset(ll; el.se trset(16 
if (station•• 1) 

trhemis(l, 0.0, 0.0, 
el.se 

trhemis(5, 

-1. 0); 

0. 0, 0. 0, -1. 0); 

white<l> { 
printf<"¥n SeしectAしignmentAxes¥n">: 
printf<"¥n 1 --X-Y Axes."): 
printf<"¥n 2 ---X-Z Axes."); 
printf<"¥n Enter your choice : ">; 
scanf< "%d", &met hod l : 
whi te(getchar(l !='¥n'l: 
if (method <= 0 I I method >-3> { 

printf(" Enter 1 or 2 to sel.ect atignment axes.¥n"): 
continue: 

｝ 

etse break: 
｝ 

printf<"¥nStep1 ---Pl.ace Sensor no. 1 to Origin and press <CR>. "J; 
whil.e(getchar() !•'¥n'l; 
trposin< l; 
n = trposrd(&xO, &yO, &zO>; ヘ

printfC"¥nStep2 --Pl.ace Sensor no. 1 to X-axis and press <CR>. "J; 
whi 1.e(getchar< J I='¥n'J; 
trposin< J; 
n -t rposrd <&x1, &yl, 

贔

&zl >; 

｀
 

if (method =-1) 
printfC≫¥nStep3 ---Pl.ace Sensor no. 1 to Y-axis and press <CR>."): 

el.se 
printf("¥nStep3 ---Pl.ace Sensor no. 1 to Z-axis and press <CR>."): 

whil.e(getcharO !='¥n'): 

trposin(J; 
n = trposrdC&x2, &y2, &z2l; 

if <method== 2l { 
wx= -<yl-y0l*Cz2-z0l+(y2-y0l*<zl-z0l; 
wy= -<zl-z0l*<x2-x0l+(z2-z0l*<xl-x0l; 



wz= -c x1-x0 l*C y2-y0 l+< x2-x0 l*< y 1-yO l: 
x2=wx * 50.0 / sqrtcwx*wx + WY*WY + wz中NZl+ xO; 
y2-wy * 50.0 / sqrt(wX*WX + WY*WY + wz*wz) + yO; 
z2•wz * 50.0 / sqrt(WX*WX + WY*WY + wz*wz) + zO; 

printfC"¥nA1.ignmet data is:¥n">: 
pri ntf C "A%1 d, %4. 21. f, %4. 21. f, %4. 21. f, %4. 21. f, %4. 21.f, %4. 21. f, %4. 21. f, %4. 21.f, %4. 21.f¥n", 

station, xO, yO, zO, x1, yl, z1, x2, y2, z2>: 
fprintfCfd, 

”邸1d, %4. 21. f, %4. 21.f, %4. 21. f, %4. 21.f, %4. 21.f, %4. 21. f, %4. 21.f, %4. 21.f, %4. 2しf¥n",
station, xO, yO, zO, x1, y1, z1, x2, y2, z2>: 
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#incしude<stdio. h> 
#inc1.ude <math. h> 
#incしude<gし.h> 

I** To initiaしizethe screen : opens a hal.f-screen window **I 
init_screen() 
｛ 

追

prefposi tion C 0, XMAXSCREEN/2, 0, YMAXSCREEN/2 >; 
winopenC"test"): 
ortho2CO, XMAXSCREEN/2, 0, YMAXSCREEN/2); 
RGBmodeC >; 
doubl.ebuffer(); 
gconfig(); 

I** The fol.Lowing procedures are to draw some figures in the cx,yl pl.an; but in the **I 
I** main program they are cal.Led with y and -z due to the orientation of the refe- **I 
I** rence rel.ated to the 3Space Tracker source **I 

I** Draws a fil.l.ed circl.e; Cx, yl is the center and r is the radius **I 
draw_circl.e(x, Y, rl 
fl.oat x, y, r; 
｛ 

circfCx, y, rl; 

I** Draws a square from the center Cx,yl, the sides and the incしinationang, respect to x axis **I 
draw_square C x, y, s, ang l 
fl.oat x, y, s, ang; 

fl.oat v012l. v1121, v2[2l. v3[21: I* these are the 4 corners that wil.1. be cal.cul.a-
ted from the center *I 

vO[Ol = x -s*sinCM_Pl/4 -M_Pl*ang/180)/sqrtC2>: 
v0[1l = y -s*cos(M_Pl/4 -M_PI*ang/180)/sqrt(2); 
vl[Ol = vO[Ol + s*cos(M Pl*ang/180>; 
vl [ 11 = vO [ 11 + s*sin<MこPl*ang/180);
v2[01 = vO[Ol + s*cosCM_Pl/4 + M Pl*ang/180)*sqrt(2): 
v2[11 = v0[11 + s*sin(M_Pl/4 + MこPI*ang/180>*sqrtc2>:
v3[01 = vO[Ol -s*sinCM_Pl*ang/180); 
v3[1l = v0[11 + s*cos(M_PI*ang/180>: 

bgnpoLygon(l; 
v2fCv0> :v2f(v1 l :v2f<v2> :v2f(v3>: 
endpoLygon(); I* the square is fil.l.ed *I 

≪
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INC --l$<HOME)/incl.ude 
MLIB = -1.m 
GLLIB = -1.gt 
SUNLIB = -l.sun -tbsd 
HEADER1 = dg2cmd.h dg2def.h dg2ext.h dg2str.h ds2use. h get_time.h 
HEADER2 = tracker.h 
HEADER3 = network.h 

defaul.t : dg2_catibrate al.ignment hand 

dg2_cal.ibrate : dg2_operate.o dg2_cal.ibrate.c 
cc -93 dg2_operate. o dg2_catibrate. c $(INC) -o dg2_cal.ibrate $(ML!B) 

al.ignment : tracker.o al.ignment.c 
cc -93 tracker.o al.ignment.c -o al.ignment $CML!B) 

hand: dg2_operate.o doubl.e_get.o tracker.o network.o dessin.o hand.c 
cc -93 dg2_operate.o doubl.e_get.o tracker.o network.o dessin.o hand.c -o hand $<INC) $(ML!B> 

$cGLLIB> $CSUNLIB> 

dg2_operate.o : dg2_operate.c $(HEADER1) 
cc -c -g3 dg2_operate.c $<INC) 

doubl.e_get.o: doubl.e_get.c $<HEADER1l $<HEADER2l 
cc -c -g3 doubしe_get.c $(INC> 

tracker.a: tracker.c $<HEADER2) 
cc -c -g3 tracker.c 

network.a: network.c $<HEADER3) 
cc -c -g3 network. c $<MLIB) 

dessin.o: dessin.c 
cc -c -g3 dessin. c $(ML!B) $<GLL!Bl $<SUNL!B) 

• 
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