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Abstract—Detailed analysis of the physical motions of real 

agricultural workers is meaningful, especially in terms of

passing on the traditional manual skills of experienced 

workers. By investigating the manual daily tasks of outdoor

workers, we developed wearable sensing systems. Focusing 

on traditional skills, we established a system of providing

vocal instructions to inexperienced workers to improve their

motions and postures. Timeline acceleration and angular 

velocity data were recorded by sensors attached to the arms 

and waist of the users, and the hoe they used. Data were sent 

to original programs installed on a laptop computer carried

in a knapsack. Data were logged and processed using

various methods. Vocal instructions that we recorded 

previously were sent to the inexperienced workers through 

an earphone to improve their agricultural techniques.

Furthermore, we visually observed the workers with a video 

camera and analyzed the images with software using Optical 

Flow. We obtained detailed data related to timeline analysis.

The analyses not only confirm the usefulness of the system

but also reveal subtle changes graphically and numerically.

We thus demonstrated that the system can improve worker

motions by sending vocal instructions.

Index Terms—changes due to vocal instructions, traditional

agricultural skills, acceleration sensor, wearable system

I. INTRODUCTION

Various state-of-the-art agricultural technologies have 

been reported. Among these, technologies that support 

agricultural workers by passing the skills and traditions of 

experienced agricultural workers to inexperienced 

workers are considered promising [1]-[3]. The field of 

agricultural informatics in itself has grown and advanced.

Various touch systems, particularly Wearable Sensing 

systems (WSs) [4]-[6], and non-touch systems have been 

developed for different applications [7], [8].

Previous studies have investigated real user 

instructions that can be followed to better complete

physical tasks, in particular tasks relating to agricultural 

work [2], [3]. Such studies have provided technological 

support to real workers.

                                                          
Manuscript received May 21, 2015; revised October 10, 2015.

The present study analyzed timeline changes in

numerical data, such as short-term ups and downs and 

growth curves, for a physical task performed by 

agricultural workers.

II. METHODOLOGY

A. Targeted Task

We categorized common agricultural tasks from 

various points of view (e.g., their intensities, generalities, 

and average postures) and then selected the action of 

“tilling with a hoe” because the action is popular around

the world, repetitive, and a rather intense full-body 

movement.

Each inexperienced subject participated in six trials. 

Each trial comprised 30 swings and took approximately 1 

minute, and was followed by a 10-second rest. Sets of six 

trials were conducted successively for the different 

subjects, on the same day. There was an interval of a few 

minutes between sets. 

Subjects in Group A participated in three trials with 

Vocal Instructions (VIs) and then three trials without VIs, 

while subjects in Group B participated in three trials 

without VIs and then three trials with VIs.

Before the trials, we interviewed the subjects about 

their daily lives. Including duration, the numbers of tasks, 

and sets thought as appropriate and well balanced.

B. Support System

Past studies have insufficiently addressed subtle 

changes related to the physical motions of agricultural 

workers. From the results obtained by Kawakura [2], we 

designed support systems for agricultural workers, such 

as a Wearable Sensing system (WS) that included three 

TSND121 multi-sensors (see Fig. 1, Fig. 2, Fig. 3, and 

Fig. 4). 

We used this WS to obtain time series of acceleration 

and angular velocity data in outdoor experiments, and

analyzed the data using original programs written in 

Visual Basic 2010. We also obtained visual data for the 

subject in a static position from a distance of 3.5 meters 

using a common (nonspecific) digital video camera 

(CANON 410f ixy, 20 fps) (see Fig. 5).
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Figure 1.  Attaching positions of Original WSs including 
microcomputers and various devices 

 

Figure 2.  Hoe and sensor module on it, which connecting to laptop PC 

 

Figure 3.  Contents in WSs 

 

Figure 4.  Subject equipped with WSs listening to VIs through an 
earpiece 

 

Figure 5.  Situation capturing visual data of subject 

Considering the results of Kawakura [2], we analyzed 

visual data using programs written in Visual C++ to 

calculate and to output matrix CSV-format data, and 

using various general Open CV 2.3 packages (including 

libraries and classes) [7], [8]. 

Furthermore, we employed a method based on the sum 

of squared differences, where the sum of the square of 

differences in pixel values between sequential two frames 

is minimized as expressed in (1).  

  𝑆𝑆𝐷(𝑖, 𝑗) = ∑

𝛼

∑[𝑡(𝛼, 𝛽)  −  𝑓(𝑖 + 𝛼, 𝑗 + 𝛽)]2

𝛽

  (1) 

i and j are the numbers concerning differences of pixcel. 

α and β are the numbers of current calucurating pixcel. 

All numbers are integer. 

The symbols of Optical Flow based analysis are  below 

(see Table I and (2)-(6)). 

𝑎𝑣𝑒 =
1

N
∑ 𝑠(𝑖)

𝑁

𝑖 = 1
                        (2) 

𝑣𝑎𝑟 =
1

N
∑ (𝑠(𝑖) − 𝑎𝑣𝑒)𝑁

𝑖 = 1
2

                (3) 

mean0 =
1

N
∑ ( ) - s i ave

𝑁

𝑖 = 1
               (4) 

mean1 =
1

12
∑ 𝑚 j

12

𝑖 = 1
                      (5) 

i and j are the numbers of current calucurating vector. s(i) 

is the length of vector. m(i) is the mean value. All 

numbers are integer. 

diff =
1

N
∑ s(t,  i) - s(t 1,  i)

𝑁

𝑖 = 1
           (6) 

i and t are the numbers of current calucurating vector. s(i) 

is the length of vector. All numbers are integer. 

TABLE I.  INDEXES OF OPTICAL FLOW ANALYSIS 

Index Code Description 

Average ave OF average absolute length of speed vectors 

Variance var Variance of speed vector length 

Median med Median of absolute value of speed vector length 

Mean value 0 mean0 Average of variance of speed vector length, deleting the bad effects from “pans” of camera work 

Mean value 1 mean1 
Average of variance of each of 12 blocks separated on the screen of speed vector length, deleting the bad 

effects from the movements of users back and forth 

Max value 0 max0 The maximum vector length in the frame 

Max value 1 max1 The top 1.5% percentile value of max0 

Max value 2 max2 The top 10% percentile value of max0 

Second-order 

differential 
diff Difference of  accelerations of speed vectors between two successive frames 
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C. Subjects 

(1) Twelve inexperienced subjects (see Table II), (2) 

one experienced subject who has almost average body 

size for an experienced Japanese farmer, and (3) six other 

experienced subjects participated in the experiment. All 

subjects were male. The experienced subject (2) had five 

years’ agricultural experience, which is recognized as 

generally sufficient by many farmland managers who we 

interviewed.  

We selected subjects such that their ages, stature, and 

weights were as even as possible. The subjects did not 

have remarkable mental or physical characteristics in 

terms of having a serious disease or special athletic 

experience. Additionally, we selected subjects who had 

rather average stature and weight. We thus considered the 

subjects appropriate for this study.  

TABLE II.  BASIC INFORMATION OF SUBJECTS ABOUT CULTIVATING WITH A HOE 

Index 
Immature, inexperienced  

Group A (N = 6) 
Immature,  inexperienced  

Group B (N = 6) 

Mature, experienced  

(N = 1, only for data 

sampling) 

Mature, experienced  
(N = 6) 

Experience 

(year) 
None None 5 

25–60 

(Ave 35, S.D. 12) 

Age (year) 
22–33 

(Ave 25.0,  S.D. 7.87) 

23–29 

(Ave  24.9, S.D. 4.07 ) 
63 

51–74 

(Ave 66, S.D. 8.5) 

Stature 

(cm) 

167–180  

(Ave 173.1, S.D. 5.22) 

170–180   

(Ave 175.2, S.D. 7.12) 
170 

155–173cm  

(Ave 162.5cm, S.D. 5.5) 

Weight 

(kg) 

50–73 

(Ave 62.8, S.D. 13.9) 

55–78  

(Ave 64.6,  S.D. 9.1) 
66 

55–85kg  

(Ave 69.67kg,  S.D. 9.96) 

Dominant 
hand 

Right (all subjects) Right (all subjects) Right Right (N=5),  Left (N=1) 

 

D. VIs 

We presented the subjects with WAV files as VIs. 

Before each experiment, we recorded a natural voice 

using a common microphone and converted the voice 

signal to digital data using the free software Audacity. 

To ensure adequate speed of the WS, the file size and 

resolution rate of the VIs were made as small and low as 

possible. The length of each VI was around 8-9 seconds. 

Table III gives the body parts targeted by the VIs, the 

contents of VIs, the triggers (criteria) of VIs, the span of 

the time window related to analysis, the fitting ratio for 

the experienced subject, and the fitting ratio for the 

inexperienced subject (i.e., the first three trials for Group 

B).  

We stored the VIs on a small laptop computer 

(weighing about 1kg) and played them back via a 

program written in Visual Basic according to numerical 

thresholds of original programs installed on the laptop 

computer. The subjects could thus listen to the files. The 

VIs were considered to reflect ideal, typical motions of 

the experienced worker for each action of the task. 

The criteria given were determined from a preliminary 

comparison of experienced and inexperienced subjects. 

We employed time-window-based analysis of each data 

using a span of 1 or 5 seconds reviewing many raw data. 

E. Indicators 

After basic trials, we defined ordinary indicators 

concerning acceleration data in the vertical direction and 

Optical Flow (OF) analysis data (CSV files): the 

maximum value, the minimum value, the Standard 

Deviation (SD), and the Direct Current (DC) component 

[5].  

Such indicators have been used in other studies. In 

particular, the SD and DC were found to be significant 

indicators. The nine indicators for the OF analysis are 

given in Table I. For the analysis of acceleration and 

angular velocity data, we used the 95th-percentile values 

to eliminate outliers and noise. 

III. RESULTS AND DISCUSSION 

In the experiments, we obtained various data for the 

analysis of the VI systems used by the agricultural 

workers. 

1) Table III reveals that the fitting ratios for 

inexperienced subjects (Group B) were higher than those 

for the experienced subject. Because the numbers were 

determined from raw data qualitatively, they were 

supposed to be reasonable.  

2) After giving VIs to inexperienced subjects (Groups 

A and B), we recorded and recognized various numerical 

changes (see Table IV and Fig. 6 and Fig. 7). We can 

consider the data to be growth curves for skills. 

There were significant sequential changes in the values 

of acceleration and angular velocity for the cultivating 

(digging) movements of the inexperienced workers.  

For instance, in timelines from the first to fourth trials 

for Group A, the average total count of VIs decreases. 

Later (at about the sixth trial), however, there was no 

further decrease in the total count of VIs. Additionally, 

there was a change for Group B from the third to sixth 

trials, indicating an effect of the VIs.  

We believe that the above changes reflect the 

movements of inexperienced subjects approaching the 

ideal, sophisticated movements of the experienced subject. 
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TABLE III.  REAL-TIME VIS AND THEIR TRIGGERS 

Targeted  

body part 
Content Trigger 

Time-

windows’ 
span 

Fitting ratio to 

experienced 
subject 

Fitting ratio to 

inexperienced 
subject (Group B) 

Lower arm (mainly 

dominant arm), and 
left side of a hoe (15 

cm distant  from the 

gripping position of 
the dominant hand) 

“Take your hoe with 

an appropriate angle” 

The average values of hoe acceleration 

is outside the range of 1. 
1. –0.7G < acceleration-Y < 0.7G 

1 second 1.1 % 2.9 % 

“Dash your hoe more 

strongly” 

 The data of hoe acceleration do not be 

over threshold 1. 

1. 3.1G < acceleration-X 

1 second 3.7 % 95.2 % 

“Roll your hoe more 

strongly”  

 The data of hoe acceleration do not 

exceed threshold 1. or 2. 

1. angular velocity-Y < −150deg/s 
2. angular velocity-Z < −150deg/s 

1 second 12.5 % 98.0 % 

“The hoe swing is too 

weak”  

The length of hoe acceleration vector 

((X2+Y2+Z2)1/2) data do not exceed 
threshold. 1. more than three times. 

1. ((X2+Y2+Z2)1/2) > 3G 

5 seconds 6.4 % 76.2 % 

“The hoe swing is too 

intensive”  

The length of hoe acceleration vector 

((X2+Y2+Z2)1/2) data exceed threshold 1. 
more than five times. 

1. ((X2+Y2+Z2)1/2) > 3G 

5 seconds 0.04 % 1.6 % 

Waist “Pick yourself up” The average values are outside the range 
of 1. 

1. −0.4G < acceleration-X < 1.2G 

2 seconds 0.0 % 0.0 % 

“Body is leaning 

forward(backward, to 
the right, left) to 

excess” 

The average values are outside the range 

of 1. 
1. −0.2G < acceleration-Y < 0.5G 

2 seconds 3.3 % 21.7 % 

TABLE IV.  TIMES OF VARIOUS VIS CONCERNING EACH TRIAL 

Subject group Group A Group B 

VIs With VIs None None With VIs 

Trial time 1 3 4 6 1 3 4 6 

Lower arm 
(mainly 

dominant arm), 

and left side of a 
hoe (15 cm 

distant  from the 

gripping 
position of the 

dominant hand) 

“Take your hoe with an 
appropriate angle” 

3.96  2.98  2.14  2.16  7.20  8.90  2.76  1.87  

“Dash your hoe more strongly” 6.06  4.90  3.18  3.68  51.12  56.28  11.70  5.10  

“Roll your hoe more strongly”  6.48  4.60  4.22  5.13  33.60  40.70  7.86  4.60  

“The hoe swing is too weak”  3.95  1.75  2.28  2.85  9.79  10.55  3.00  2.16  

“The hoe swing is too 
intensive”  

0.55  0.60  0.49  1.71  0.58  0.18  1.73  1.52  

About waist 

“Pick yourself up” 0.02  0.04  0.00  0.04  0.00  0.06  0.08  0.04  

“Body is leaning 

forward(backward, to the right, 
left) to excess” 

13.59  4.44  5.60  3.21  15.12  17.16  5.78  2.03  

Total count 34.61  19.31  18.45  20.38  117.41  133.83  32.91  17.32  

  

 

Figure 6.  Changings of total times of VI of “Take your hoe with an 

appropriate angle” 

 

Figure 7.  Changings of total times of a VI of “Body is leaning forward 
to excess” 
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3) We analyzed the intervals of VIs related to 

sequences of VIs, especially regarding the instruction 

“Take your hoe with an appropriate angle”. This 

instruction relates to the average values of hoe 

acceleration (in short, the DC component of the hoe’s 

acceleration).  

In the case of Group A, after VIs were transmitted, the 

intervals became longer, and it seemed the system had the 

expected positive effect. In contrast, there was no change 

for Group B (see Fig. 8 and Fig. 9).  

 

Figure 8.  Changings of interbal times of VIs of “Take your hoe with 
an appropriate angle" of Group A 

 

Figure 9.  Changings of interbal times of VIs of “Take your hoe with 
an appropriate angle" of Group B 

The intervals related to the instruction to “Lean the 

body forward” are shown in Fig. 10 and Fig. 11. This 

instruction concerns the average values of waist 

acceleration (the DC component of waist acceleration). 

In the case of Group A, after receiving VIs, the interval 

times increased, again probably because of the effect of 

the VIs. There was only small changes for Group B. 

 

Figure 10.  Changings of interbal times of VIs of  "Body is leaning 
forward to excess" of Group A 

 

Figure 11.  Changings of interbal times of VIs of  "Body is leaning 
forward to excess" of Group B 

The raw data of the S.D. component and DC 

component were likely to increase slightly for each 

subject. This phenomenon was perhaps due to the 

subjects establishing a rhythm as they warmed up. These 

characteristics were common to both the hoe and waist 

acceleration data. 

We calculated significant differences between Group A 

and the experienced group and between Group B and the 

experienced group (see Table V and Table VI).  

It is difficult to comment on these differences, but 

early differences in the DC component and minimum 

value appear to be important. 

TABLE V.  SIGNIFICANT DIFFERENCES BETWEEN GROUP A AND EXPERIENCED GROUP 

TABLE VI.  SIGNIFICANT DIFFERENCES BETWEEN GROUP B AND EXPERIENCED GROUP 

Index p-value Significance level 

Minimum value of  vertical hoe’s acceleration of 3rd trial 0.000399 

p < 0.001（***） 
S.D. value of  vertical waist acceleration of 3rd trial 0.000813 

DC component of  vertical hoe’s acceleration of 3rd trial 0.000832 

Minimum value of  vertical waist acceleration of 1st trial 0.00462 

Minimum value of  vertical hoe’s acceleration of 3rd trial 0.00561 
p < 0.01 （**） 

DC component of  vertical hoe’s acceleration of 1st trial 0.00607 

 

Index p-value Significance level 

DC component of  vertical hoe’s acceleration of 3rd trial 0.000695 p < 0.0001（****） 

DC component of  vertical hoe’s acceleration of 1st trial 0.000449 p < 0.001（***） 

Minimum value of  vertical hoe’s acceleration of 1st trial 0.00931 p < 0.01（**） 

Minimum value of  vertical hoe’s acceleration of 3rd trial 0.0129 p < 0.05 (*) 
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4) Standard values derived from OF analysis were also 

calculated. These values were the average length of the 

OF vectors. There were also apparent differences in 

values for the different groups.  

We calculated the ratios between two conditions 

with/without VIs for the same subjects, and the difference 

with experienced subjects (without VIs) (see the gray and 

orange rows in Fig. 12).  

 

Figure 12.  Changings of index values of of based analysis 

In terms of changes in data, we observed that the use 

of the system reduces the difference with the data for 

experienced subjects. 

Overall, for Group A, each index was likely to change 

slightly after VIs were given. Furthermore, we suppose 

that the benefit of VIs gained by the users was only of 

short term. 

Group B members were likely to work anemically 

while they had no VIs. This was probably due to fatigue. 

After they received VIs, the subjects recovered their 

momentum. The visual observation suggests this is a 

natural recovery.  

IV. CONCLUSION AND FUTURE WORK 

The present study constructed and demonstrated an 

instructional system for use at outdoor agricultural work 

sites, and presented various types of numerical data 

relating to worker performance in a specific task.  

We obtained meaningful results, especially concerning 

the presentation of successive VIs to inexperienced 

workers. Subsequent positive effects were found 

throughout the study. By focusing on traditional 

agricultural skills and related daily tasks of experienced 

subjects, we verified the usefulness of our system.  

The proposed system has various future prospects in 

that it can be used with the latest informatics, electronics, 

statistics, and human dynamics to contribute to improved 

agricultural practices.  

We wish to further confirm the validity, durability, 

precision, long-term effects, and above all social 

attributes of the system in future work. Additionally, we 

should include a greater variety of statistical data.  

Other methodological settings (e.g., other timelines of 

trials, other tools, other field conditions, and indoor 

spaces) should be investigated in future studies. We have 

many plans to apply our system to other natural outdoor 

sites, other industries, and other situations. Furthermore, 

the launching of practical support projects for workers 

appears promising. 

The aforementioned trials face many challenges at 

least for now, but they will cover worker contributions 

and traditional skills of agricultural industries more 

comprehensively. 
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