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APAS System Overview
The APAS System is a comprehensive tool for motion analysis, consisting of several modules for capturing, trimming, digitizing,
transforming, filtering, and displaying data.

Data Capture

The first step in motion analysis is data capture, which can be done using markers for automatic digitizing or manual digitizing when
markers cannot be placed on the subjects.

Trimming and Synchronization

The captured data often needs to be trimmed and synchronized, especially when multiple views are involved. The APAS system
includes a trimmer tool for this purpose.

Digitizing

Once the data is synchronized, it is digitized. This process involves selecting points on the subject's body and digitizing them frame
by frame.

Transformation

After digitizing, the data is transformed using the Direct Linear Transformation (DLT) method. This process converts the 2D data
into 3D data.

Filtering

The transformed data is then filtered to remove digitizing errors and smooth out the data.

Displaying

Finally, the data is displayed in various formats, including graphs, stick figures, and videos. The APAS system allows for the
simultaneous display of multiple views and types of data, providing a comprehensive overview of the subject's motion.

In addition to these core modules, the APAS system includes other features and tools that will be discussed later.
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Audio transcription

Frame # Time Spoken text
0. 00:00:00 The APAS System consists of number of modules, capturing, trimming, digitizing,

transformation
1. 00:00:14 to create a 3D, filtering to filter digitizing error, displaying and other modules that will
2. 00:00:24 be discussed later.
3. 00:00:29 The first process in motion analysis is to capture data, video data, and the two methods
4. 00:00:40 of doing it using markers for automatic digitizing and using manual digitizing, especially

when

5. 00:00:48 there is no choices to put markers on the outlets.
6. 00:00:52 In my example first, I'll use the manual digitizing with an Olympic athletes, this
7. 00:00:58 destroyer, that we did the project in the USOC in Chula Vista, San Diego.
8. 00:01:08 In this case, we have three views, here is one view, here is the second view, and here
9. 00:01:37 is the third view, as one can see, they are not sequenced correctly, so in this case, we

10. 00:01:51 have to trim the video in order to synchronize it, so all the three views will be sequinized.
11. 00:02:00 To synchronize the three clips, we are using the trimmer, we'll upload the original three
12. 00:02:08 un-synchronized data, and then we'll try to trim it.
13. 00:02:13 So for that we click on the trimming, and we have the screen to upload the three videos.
14. 00:02:26 So here is one video, then the second video, then the third video, and if we go through

15. 00:02:43 the sequence, one can find out that since we couldn't touch the outlets, and we couldn't
16. 00:02:52 put markers on the outlets, and we couldn't have any wiring that's going between the

cameras,
17. 00:02:57 each sequence has its own independent one, and when we will see that the outlets

released the
18. 00:03:07 discus, in this case it released it already, here it didn't release it yet, and here it didn't
19. 00:03:15 release it, so we want to synchronize it, we'll synchronize it on a frame, particular frame,

20. 00:03:22 so I'll go now to the frame where he's released the discus, and we can go frame at the
time here,

21. 00:03:34 we'll decide that in this sequence here is the synchronize, push on the synchronize
signal here,

22. 00:03:41 we continue to go forward, and we find out that he released the discus right here,
23. 00:03:50 we synchronize that, and we'll go to the third sequence, this one. So now we have three

sequences
24. 00:04:05 to synchronize, and instead of having a frame, we'll go to time, so now when we go to

the release

25. 00:04:18 we'll find that the all will be synchronized, and if not we'll make an adjustment, so we'll
go here,

26. 00:04:23 here you see sync, sync, sync, and maybe here we should go another frame,
27. 00:04:29 so I'll go one frame forward, that looks a little bit better, so now the synchronize,
28. 00:04:36 the next thing we want to find out, how much we want really to digitize, we don't want to

digitize
29. 00:04:42 the whole sequence, in fact the first sequence start too early, and if we go forward you

see the
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30. 00:04:50 other sequence appear, so since now there are times synchronized, let's decide that
what frame

31. 00:04:57 we want to start the analysis, and in this case I'll do an arbitrary decision, just when you
take

32. 00:05:05 the arms back before we start turning, I'll decide that from here anything before that will
be cut out,

33. 00:05:14 and now we'll go to the release, so we'll go all the way to the release,
34. 00:05:21 and we'll go a little bit after the release, and we are not interested after here, so we'll cut

35. 00:05:29 everything out there, so now if we go to the beginning, we have three videos, which are
correctly

36. 00:05:41 synchronized, I'll go all the way to the release again just to make sure,
37. 00:05:49 here they are releasing the discus, in this case we synchronize it on event, we can also
38. 00:05:55 synchronize it on time, that initiated by light or sound, anything that or dropping ball

which
39. 00:06:03 hitting the ground, which would be another signal, any signal that you can see in the

tree, the

40. 00:06:10 tree views, so this is the process of trimming, after the trimming is done, then we're
going to

41. 00:06:24 the digitizing modules, we click on the digitizing,
42. 00:06:33 and here we have the digitizing screen, we'll go to a file, and we'll start a new project,
43. 00:06:42 we'll call this project Jan 4,
44. 00:06:53 and we will say okay, now we have to input a few parameters, the title that will be Jan 4,

of course,

45. 00:07:05 or any other name, and what the units in centimeters, or we can have it in meter and
46. 00:07:12 kilometer in inches, when we will stay with centimeters, how many points we'll have

certain
47. 00:07:18 number of points on the body, also control points are for the calibration frame, how

many points
48. 00:07:24 on a calibration frame to get the 3D, the type it's either system or user defined, the

name of the
49. 00:07:32 segments and so on, the height of the person and the weight, now since I don't

remember exactly
50. 00:07:39 what are the parameters for this particular outlet, I'll read it from a previous file
51. 00:07:45 that this project was done, in this case is Jan demo 2, and here we have his name, we

have 19
52. 00:07:54 points, he weighed 285 pounds, the points idea, the point we're going to digitize are the

foot,
53. 00:08:04 the ankle, the knee, the hip, the foot, and so on, including the discus, we can have more

points if
54. 00:08:10 we want, we have a control points, these are the calibration frames on the field, which is

a certain

55. 00:08:17 structure that we have to capture also in order to input it for creating the 3D.
56. 00:08:28 So if we saw okay, it asked me how many cameras I use and I have three cameras,
57. 00:08:34 so I'll select the different view, so the first dream was here, the second dream was the

back
58. 00:08:42 march and the third one, which called the back side march, so here I have the three
59. 00:08:55 files from the three cameras with the proper video, if I say okay, here I see the three

60. 00:09:03 views of the athletes, and we have to digitize the points for every particular one,
61. 00:09:15 I'll go a few frames forward, I will not waste time in digitizing all the frame,

Frame # Time Spoken text
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62. 00:09:20 I just will show how we're doing it on one frame and that's how we're doing it in all the
other

63. 00:09:25 frames, you see how it's moving in sequence, so I'll select particular
64. 00:09:32 viewer, let's take view from the back view, we'll make it a little bit bigger, and it tells me

to

65. 00:09:38 digitize the fixed point, I need some fixed point in the area, I'll select this one,
66. 00:09:43 so everything is relative to the fixed point, then me tell me to the right foot, right foot,
67. 00:09:50 right ankle, right knee, right hip, and then the left foot, left ankle, it's all tell me here,
68. 00:10:02 I'll do it, we'll go to the left knee, you see it's automatically connected because it's the
69. 00:10:08 standard model of the person, tell me to go to the left hand,

70. 00:10:14 left wrist, elbow, shoulder, and then the right hand, right wrist, elbow and shoulder,
71. 00:10:24 again it will connect it, tell me to go to the chin, and the forehead, and the discus,
72. 00:10:34 so this is frame one, it takes a long time to do it because we don't have markers on the

body,
73. 00:10:38 I'll show you later on with markers how fast it's done, but if you put markers on this

outlet,
74. 00:10:43 you will not really discuss the same, so we'll go to the next frame, and you tell me that I

didn't

75. 00:10:48 do the other views and it's true, but I'll go anyway, and now it will assist me, it already
76. 00:10:54 remember the previous point, so it's much faster, left ankle,
77. 00:11:06 and the hand, elbow, shoulder, hand, wrist, elbow, shoulder,
78. 00:11:15 and forehead, and the discus, and you go to the next frame, and so on you have to do

the whole
79. 00:11:22 sequence, so right now I have all these three sequences, but I only did two frames for

this

80. 00:11:30 particular one here, here you see how the digitized look, but if I'll select now the project
that

81. 00:11:40 all this thing was already done, I'll go out of here and go to the digitizing and I'll open
82. 00:11:52 the project that already was done, you'll see all the four cameras that we'll use,
83. 00:12:03 and they already digitized, so here you see every single frame
84. 00:12:12 digitized, so this is the process of digitizing,

85. 00:12:19 after the digitizing is done for all the views, three or four, depends how many cameras
you have,

86. 00:12:28 it's one view per camera, you need minimum two views for 3D, but three cameras views
are better,

87. 00:12:38 then you need to transform the data, transformation, which is the direct linear
transformation,

88. 00:12:45 it's called DLT, is done by the transformation modules, so if I click on the transformation
modules,

89. 00:12:55 I'm getting the transformation screen, here is the transformation screen, and we're going
to load

90. 00:13:05 the file that we just digitized, it tells me that it's already done, but I'll redo it,
91. 00:13:15 and here are the four cameras, but I'll select like three cameras, you can select any

cameras,
92. 00:13:22 you want since we digitized only three in this demonstration, I'll select only the three,
93. 00:13:27 and you just set 3D or go, it tells me here that the rate is 59.9 or 60 frames per second,

Frame # Time Spoken text
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94. 00:13:36 it's okay, and the process start, and the transformation is done,

95. 00:13:48 after the transformation we can check the raw data first,
96. 00:13:54 we go back to the basic module, and since we already did the trimming, the digitizing

transformation,
97. 00:14:03 let's go to display, before we even smoothing the data, before we filtering the data,
98. 00:14:09 let's go to the display first, here is the display screen, and in the display screen,
99. 00:14:19 we are going to load a 3D file,

100. 00:14:24 we'll go to the one that we just did the DLT on it, transformation,
101. 00:14:39 and we select a new 3D, in this case you see the only data we have is raw data, raw

position,
102. 00:14:48 so let's take for example the discus, which is one of the points that we digitized,
103. 00:14:53 and we look on the X, Y, and Z coordinates,
104. 00:14:58 we can graph it, the data, can select the proper parameters here, which are not going to

detail here,

105. 00:15:06 and here is data for the discus, we can select also here the stick figure,
106. 00:15:14 and we use it in a tile mode, so we'll see it both,
107. 00:15:27 and then if we can let it go for every position here, and you see that it's a little jiggling,
108. 00:15:34 and the reason is that it was not smooth, and you see also the data here, there are

some digitizing
109. 00:15:39 arrow, it's not very significant, however we would like to filter the data first

110. 00:15:47 before we looking for the results, we can put also the video here, I'll go back,
111. 00:15:59 and we'll select the video, so one of the twin video, and again we'll go to the tools,
112. 00:16:07 to the tile, so now I have all this data together,
113. 00:16:17 and that's without smoothing, so even though he's smoothing in his motion you'll see

that this one
114. 00:16:23 is not very smooth, we got to filter the data, to filter the data we push against the filter,

115. 00:16:34 and that will open the filter screen, here is the filter screen, we'll open the data that we
116. 00:16:42 transform, and right away you see the x, y, and z of every segment, in this case it's the

foot,
117. 00:16:53 we'll go to the next one, it's the ankle, and you see there are variation between the row

data,
118. 00:17:00 you always see the row data, versus the smooth data, in this case it's over smooth,
119. 00:17:06 so we have all kind of algorithm to take care of that, but here manually I can change it,

120. 00:17:11 I can change it, if we take even this segment, which is very well smooth, but if we'll un-
smooth it,

121. 00:17:19 it looks the same, however if I'm going to the acceleration, look how much noise there,
122. 00:17:24 also you see on a power spectrum here, a lot of high frequency, so we always have to

remove the
123. 00:17:30 high frequency to create the real data, same thing to do it on the y-coordinates and the

z-coordinates,
124. 00:17:37 I will not spend a lot of time here on the filtering, I'll go back to the position,

125. 00:17:42 and automatically we'll filter all of them, we'll have another time
126. 00:17:49 discussion about the filter module by itself, so that's the end of the filtering, and now we

can go back
127. 00:17:58 to display to see how it affects the display, so I will stop it here, go to the display,

Frame # Time Spoken text
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128. 00:18:08 select the data that I just moved, and this time I see a lot of data here, linear segment
angle,

129. 00:18:20 join angle, length, segment linear, in this case I'll take the linear velocity of the discus,

130. 00:18:30 and fill the other parameters, like I select the left foot, left ankle, left knee, and left hip,
131. 00:18:41 and I'll do it in 3D, now we have the 3D because we filtered the data, and if I will
132. 00:18:48 plot it, here it is, it will take the stick figure, here it is, and now put it on the
133. 00:19:04 tile, and we can correspond every position,
134. 00:19:11 and you see it's much, much smoother here, and if I'll stop it just here, you'll see that at

that

135. 00:19:19 point is bringing his front leg, these are the front legs, to abrupt stop, if I go frame by
frame,

136. 00:19:29 so at that point he should come to exactly on the ground, and that would speed up
everything else,

137. 00:19:35 including the discus, unfortunately he's leaving the ground a little bit too early,
138. 00:19:42 but will not analyze the data now, I'll bring some video into all sorts of the play here,
139. 00:19:50 so that will be the trim one, and actually I'll select the pop-up file just by going out,

140. 00:20:00 go to the display again, and select the proper, the proper directory which was the
discus,

141. 00:20:17 I'll go to the 3D, and I'll go again linear velocity of the discus, and I'll take the left foot,
142. 00:20:28 left ankle, left knee, left hip, in 3D, I'll graph it, I'll select the stick figure,
143. 00:20:44 and I'll select some video files that go responding to this particular action,
144. 00:20:51 here is one, I'll select the other video file, another view, two, I'll select the third one,

145. 00:21:04 and even though there are four, I'll just select three, well I'll select four,
146. 00:21:09 here go the fourth one, hope we have enough room on the screen, I'll tile them,
147. 00:21:16 yeah everything's fine, so here I have the data, and the stick figures, and all the view,
148. 00:21:25 now you see the whole motion,
149. 00:21:30 so the coach now can interpret a lot, a lot of data, in this case just velocity of the discus

150. 00:21:36 and the front leg, we can go also here to every point and see the position of the discus
151. 00:21:43 through this bias position, we also can make an numerical analysis by adding a table,
152. 00:21:55 and if we go the whole motion, it'll actually give you in any place, it'll give you also the
153. 00:22:03 numerical data, I can stop it and every point and going to every position, and that

changed the
154. 00:22:10 corresponding stick figure, the graph, and that gave a lot of value to the coach, it wants

to learn

155. 00:22:21 about this movement.
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