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THE STUDY ON EFFECT OF ARM MOVEMENT DURING
KNITTING PROCESS
ON KNITTING QUALITY
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*Kyoto Institute of Technology* GiFu University*** Osaka sangyo University

1. INTRODUCTION

The knitting is a traditional hand craft work,
which is the process of using two or more
needles to loop vyarn into a series of
interconnected loop in order to create a finished
garment or fabric. However, the knitting
machine was invented in 1589 and subsequently
improved. Nowadays, both of hand and machine
knitting are used. In this research, the machine
knitting was focused and studied especially flat
bed knitting machine. Although this is a machine,
the skill of knitter is required for fabric quality
This machine require the knitter move the
specific needles (handle), based on the chart,
into pattern position. It is interesting that jtis¢
moving of a handle by the knitter is influence on
the fabric quality. Thus, the expert knitter and
non-experts were invited to study their knitting
behaviors. In this part, arm movement of these
knitters was observed and determined its
relationship with knitting fabric quality.

2. Experiment

The 6 non-experts who have not an
experiment of knitting were invited to attend a
knitting class for one time, which was tough by
the expert. After class, the expert and non-
experts were recorded their knitting behavior by
video camera. All of them were attached marker
for 6 positions at shoulder, elbow and arm both
of left and right arms as shown in Fig.1 to
investigate the arm movement during knitting
process. The participants had to knit by move a
handle 50 times by using the same knitting
machine (Silver Reed) and same yarn. The

knitting speed was measured from video. Finally,
the fabric quality of all participants was Fig.1

Hand .

Fig. 1 Marker positions evaluated by the area in
the knitting loop.

3. RESULTSAND DISCUSSION

Arm movement during knitting process

Markers that were attached on
participant’'s arms were measured their positions
when a handle move to the left side end and
right side end. The arm movement pattern of the
expert is shown in Fig 2 (a). It was found that
there is only the moving of her right arm appears.
While her left arm do not show any movement.
The shoulder position of left and right arms do
not move when she moved a handle. Moreover,
her both shoulder still constant at the same level
that mean the expert did not move her body
during process. In other words, she moved only
her elbow and hand. For non- expert 1-4, their
left hand do not move as same as the expert.
However, their right arm’s shoulder moves
following a handle direction as shown in Fig.2
(b)-(e). In addition, their right and left arm show



an overlap position. It means they rotated their
body when they moved a handle from right side
to left side. However, they do not move body
position. In case of non-expert 5 and 6, they held
a hand by both hands. When they moved a
handle, the shoulder totally changed a position
following a handle movement direction and they
moved a body at the same time.
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Fig. 2 Arm moving position of the expert and nompents

These arm movement results reveal a
different action between expert and non-experts.
These behaviors were affected from the handle
holding position that directly affected a
convenience knitting action. Three types of
handle holding position were found from the
videos as shown in Fig.3. Type 1 is the holding
at the rear position of a handle. Type 2 is the
holding at the center of a handle and Type 3 is
the holding at the right and left side of a handle
by both hands. The different holding positions
relate the arm movement as mentioned before. It
was found that the expert who moved only her
right's elbow and hand held a handle Type 1

whereas non-expert 1-4 held a handle as Type 2.

And non-expert 5-6 held a handle as Type 3.
From the results of arm movement and handle
holding position, the holding Type 1 mean that
the expert moved a handle by using force from

arm muscle only and transfer force to push and
pull a handle in horizontal direction. In case of

holding Type 2, they used arm muscle and rotate
their body to support a force to push and pull a
handle. For Type 3, their arm muscle was used
also but they moved their body at the same time.
Thus, a handle might be pushed and pulled by
body movement more than arm movement.

Fig. 3 A handle holding position

Effect of handle holding position on knitting
speed of expert and non-experts

Knitting time of each participant were
measured every knitting round (1 round = 1 way
handle moving). It was found that the knitting
speed of the expert is higher than non-experts
obviously as shown in Fig.4. For knitting, the
speed depends on the force to push and pull a
handle. Thus, the handle holding position as
mentioned before is effect on the moving of a
handle and speed. The expert held a handle type
1 is caused the most force from an arm muscle
can transfer to a handle in horizontal direction
directly and effect on the high knitting speed.
In case of non-expert 1-4, a handle was held on
the top. Therefore, a handle might be pressed
from the vertical force that led to the increasing
of friction when a handle move passes a fabric
and led to the decreasing of knitting speed. That
is same with non-expert 5-6. However, in this



case, a handle was pushed and pulled by body
movement more than arm movement. Thus, the
knitting speed of non-expert 5 and 6 are the
slowest because they did not use force from an
arm muscle.

[ | Typel
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Knitting speed (round/10s)
o .
=

o
o
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(=]

Non-1 Non-2 Non-4 Non-5 Non-6

Non-2

Expert

Fig. 4 Comparison of knitting speed between expert

and non-experts

Effect knitting speed on knitting fabric
quality of expert and non-experts

The quality of knitting fabric was evaluated by
the average area in the knitting loop as show in
Fig.5 (a). If the area in those loops is big, the
knitting yarn is pulled with a higher tension due
to a high knitting speed. It was found that the
area in the knitting loop of the expert is
obviously higher than non-expert 3-6. However,
non-expert 1 and 2 show the bigger area than the
expert even their knitting speed is slowly. Thus,
in their case, we need more analysis to explain.
But in the primary conclusion, the knitting speed
seems like the key of knitting fabric quality.

Knitting loop

Area in the knitting loop

e o
W
15723

bpert  Mon-l o Ner-2  Ror-3 Nor-  Ror-s Noned

(b)

(a)
Fig. 5 Area in the knitting loop (a) schematic oftking
loop position and (b) comparison of area in thetkrg
loop between expert and non-experts

M easurement the knitting unit

Fig. 6 shows a triangle which shows size of
knitting loop unit with lengths L, R and B. Fig. 7
and Fig. 8 shows histograms of the lengths of
Expert and Non-expert 1. Table 1 shows
averages and dispersions of the lengths. Expert
indicated the smallest dispersion of the length.
The results showed that the length of the left and
right are very similar. Therefore suggests that the
shape of the expert rope has balance and feature
of good fabric.

Fig. 6 Length L, R and B indicating knitting
loop unit size.
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Fig. 7 Knitting unit size L,R, and B in the case
of expert.
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Table 1 Average and Dispersion of knitting unit
size

Non-expert

1 2 3 4 5 6

Ave. (mm) | 3.77 | 3.61 3.66 | 3.91 3.63 | 396 | 3.83
| |Disp. (mm* 0.031 | 0.035 | 0.032 | 0.029 | 0.026 | 0.028 | 0.044
Ave.(mm) | 369 | 3.66 | 362 | 357 | 3.67 | 348 | 3.50
Disp. (mm?)] 0.025 | 0.040 | 0.051 | 0.023 | 0.030 | 0.035 | 0.040
Ave. (mm) | 2.79 | 2.87 | 2.81 2.91 279 | 3.06 | 2.95
Disp. (mm?)] 0.015 | 0.018 | 0.022 | 0.015 | 0.018 | 0.020 | 0.021

Expert

[oe]

Conclusion

The comparison of the arm movement
analysis between knitting expert and non-experts
were study. The expert showed the highest
knitting speed by using the arm moving only.
While non-experts used the rotation of body and
some non-expert moved their body together with
a handle moving to support arm movement
because they held a handle incorrectly. That led
to the slower knitting speed when compared the
expert. The higher knitting speed affected the
bigger area under the knitting loop. For the next
experiment, non-experts have to imitate the
knitting behavior from the expert especially the
arm position and the handle holding position.
And compare their fabric quality and knitting
speed.
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Influence of Spray Gun Handling for Auto Repair Painting on Finished Surfaces
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Effect on operability caused by smartphone sizes based on muscular load
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Measuring the attractiveness using the heart rate: Heart rate change to high, middle,

and low attractive sexual and non-sexual pictures
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An analysis of eye movement for braiding of ex@erd non-expert
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1.INTRODUCTION
Braiding technique is the one of many methods to

fabricate a cord that has been called “Kumihimaarf
Japanese history, Samurai use this cord for aifuadt

and decorative way to lace their lamellar armor and

their horse’s armor. Nowadays, this traditionaldpici

has been used as ties on haori jackets and kimono,

which are the Japanese traditiomébthes Kumihimo
cord has created by a form of finger-loop braidinater
tools such as a “marudai” were employed to makeemor
complex braids in shorter time.

The cotton strands and marudai stand were
prepared for braiding experiment. The first bragdin
step start by gathering all eight strands and ked
at one end (Figure 1(a)). And then drop the knotted
end into the center hole on the marudai (Figurg)1(b

Next separate the strands out into four groups with
two strands each and lay them over the marudai
(Figure 1(c)). After that reel strands around the

bobbins tightly as shown in Figure 1(d).

© (d)

Fig. 1 Strand and marudai stand preparatio

The braiding method is shown in Figure 2.
First step, start by moving the strand A acrosanstr

Fig. 2 Braiding method
2. Experiments
Three attendees were conducted one expert

has been the braiding experience more than 30,years
while the remainders were novice. The eyes

B and strand E across strand F. After that move Movement analysis was tested as show in Figure 2
strand C across strand D and strand G across d#tand The braided rope position was studied also to

Next the strands are braided anticlockwise. Start b

investigate their position during the process., the

moving the strand F across strand C and strand B Cross section of braided ropes of the first expenm

across strand G. Finally move strand D acrossdtran Was cut and obsderved at 3 positions as the start
A and strand H across strand E. Continue the Position, middle position and end position to desirt

braiding from first step until finish.

shape.



Fig. 3 Eye’s movement experiment
3.Results and discussion
3-1 Comparison of braided rope

the outside feature of braiding ropes was consiliere

It was found the development of non-experts skill.
For the trial 1, there are some mistake part of
structure and diameter of rope do not constantgalon
the length. shown in Fig.4.

Figure 5shows the distance from the center to the
rope is that the expert has very little to make a
straight line look beautiful when compare with non-
expert

Non-expertl Non-pgrt2
- —

Fig. 4 Final braiding products of the expert
and non-experts

Distance between axial line of braid and braid
pattern positions

0.4
0.35

o
w

0.25

0.15 - mAvE

Distance (mm)
o
N

o
s

W Max
0.05 -

Eexpert Non-expert1 Non-expert2
Experimentee

Fig. 5 Straight rope compare

Cross sections of braiding rope were meaku
and considered their shape as shown in Figure 6. It
was clear that the cross section of braided ropes o
the expert are the quite round shape all of 3 joosit
In the case of non-expert 1 and non-expert 2, their
braided rope shapes show the different shape tth t
expert. Some position show a round shape but some
position show an ellipse shape.

Start position| Middle End position
position

Expert

Non-
expert

Non-
expert

Fig. 6 Cross section of braided rope shape

3-2 Eye’'s movement analysis of the expert and
non-experts

The details of the different braiding skill
between expert and non-expert are evaluated by the
determination of eye's movement during braiding.
The comparison of the movement of eyes between
expert and non-experts are shown in Figures 7. The
origin point of the plot is based on the centethsf
hole of the marudai. The movement of eyes of expert
mainly changes in the horizontal direction. In
addition, during the braiding process an expert
focused on the center position of the marudai date
the eyes movement data clustering in the center. are
In the case of non-expert, both non-expert samples
show the higher scattering data and the vertical
movement of eyes during the first trail of braiding
process.
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Fig. 7 Eye’s movement direction.

3-3 Position

Figure 8 shows the position of the braided rope
during braiding process. The position of the rope i

of braid rope to marudai

directly influenced by the tension of each threHue

braided rope positions of an expert scatter arabad
center of the marudai while the non-experts shav th
unsymmetrical scattering of the rope positions. The

.Y axis

\Y axis

@ Non-expert 1 - trial 1
Non-expert 1 - trial 2
8 91p P
@ Non-expert | - trial 3
® Expert
[ ]
LJ ® Non-expert 2 - trial |
.’ Non-expert 2 - trial 2
& 2 7 O
LS : 3ETE9W oNonexpert2-wial 3
¢
PP ® Expert
\,/V
L
~

Fig. 8 Braided rope position

3-4Angle rope during braiding process

unsymmetrical distribution of the rope position is Figure 9 shows that the angle of rope expert in the

caused by the instability of the tension of thes#it

during braiding process.

range of 170-180. But the non-expert has range from
160-180.As a result, the expert can control the
position of the rope while braiding process.

200

190

180

Angle rope

170

160

150 ~

Trial 1

i ne - u

ol.*'.r_“nf"y».o‘,;sﬁ  Expert
[ ) a B Non-expert1l

|

| Non-expert2
0 10 15 20
Step

Fig. 9 Angle Braiding rope




3-5 Comparison of braiding speed between the
expert and non-experts

The braiding speed of expert and non-expert are
compared as shown in Figure 10. For the first
braiding trial, the braiding speed of the expevgh

significantly higher speed than both non-expert
samples. This is due to the difference of the
experience and skill between expert and non-experts
However after non-expert samples have already

Conclusion

The expert shows the high performance and
constant of braiding skill. Her eye's movement
focused at the center of marudai plate that acdorde
with the braiding rope position. The expert can
balance the rope tension and rope angle during the
braiding process well. Whereas the eye’s movement
of non-experts did not relate with the braidingeop
position. With the focusing of the expert during

understood the braiding process, the braiding speed process, the braided rope shape shown the round

in the second and third trials of non-expert sasple
obviously increase when compared with the firgt tri

3.5

= N on-expertl
N on-expert2

---- Expert

Braided speed (¢cm/min)

Trail 1

Trail 2 Trail 3

Fig. 10 Comparison of braiding speed between
expert and non-experts

shape. But the non-concentration and unbalance of
braided tension of two non-experts led to the non-
uniform of braided shape.
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Relationship between simple indices and allocation of attentional resources
on change of task difficulties and types
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Basic research on assessment of cognitive function
using event-related potentials and reaction time
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Psycho-physiological effects of the multiple objects tracking task
in stereoscopic viewing
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Examination of the Exercise Sitting on the Chair with a Forward-declined Seat
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The evaluation of comfortability in usage of the electronic wheelchair on inclined road
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