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A Study on Visibility Evaluation for Cabin Type Combine
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Abstract

The purpose of this study was to develop a visibility evaluation system for cabin type combine. Human’s field of view
was classified into five levels (perceptive, effective, stable gaze, induced, and auxiliary) depending on rotation of human’s
head and eye. Divider, reaper lever, gearshift, dashboard, and conveying part were considered as major viewpoints of
combine. Visibilities of combine was evaluated quantitatively using the viewpoints and the human’s field of view levels.
The visibility evaluation system for cabin type combine was consisted of a laser pointer, stepping motors to control the
direction of view, gyro sensors to measure horizontal and vertical angle, and I/O interface to acquire the signals.

Tests were conducted with different postures (‘sitting straight’, ‘sitting with 15° tilt’, ‘standing straight’, and ‘standing
with 15° tilt’). The LSD (least significant difference) multiple comparison tests showed that the visibilities of viewpoints
were different significantly as the operator’s postures were changed. The results showed that the posture at standing with
15° tilt provided the best visibility for operators. The divider of the combine was invisible due to blocking with the cabin
frame at many postures. The reaper lever showed good visibilities at the postures of sitting or standing with 15° tilt. The
gearshift, the dashboard, and the conveying part had reasonable visibilities at the posture of sitting with 15° tilt. However,
most viewpoints of the combine were out of the stable gaze field of view level. Modifications of the combine design will
be required to enhance the visibility during harvesting operation for farmers’ safety and convenience.
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Fig. 1 Major viewpoints of cabin type combine.
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Table 1 Range of human’s field of view
(unit : degree)

Field of view Horizontal Angle Vertical Angle
Perceptive 0 0
Effective -15 ~ 15 -12 ~ 8

-30 ~ -45 25 ~ -40

Stable gaze 30 ~ 45 20 ~ -30
-15 ~ -50 -12 ~ =50

Induced 15 ~ -50 S8~ 35
Auxili -50 ~ -100 -50 ~ 275
uxiary -50 ~ -100 35 ~ =50
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Fig. 2 Quantitative visibility evaluation by human’s field of view.
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(b) Actual system

(a) Schematic diagram

Fig. 3 Visibility evaluation system for cabin type combine.

Table 2 Specifications of visibility evaluation system for cabin type

combine

Item Model Specifications

Step NK266-02AT 3.6 input voltage .

Motor * 1.8 degree/step resolution

Gyro ENV-05G = £180 degree meas.urmg range

Sensor * 0.1 degree resolution
Analog * 16/32 analog inputs

Input NI 9205 * 16-bit resolution, 50 kS/s sampling rate
Module * +10 V programmable input ranges
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Table 3 Head lengths and eye positions of farmers

{(unit : cm)
Item No. subject Avg. SD. Min. Max.
Head Length 541 17 225 14 22
. Standing 916 154 545 136 171
Eye Height -
Sitting 916 78 315 67 87

a(a’) : eye height at sitting (with 15° tiit)
b(b") : head length (with 15° tilt)
c{c') : eye height at standing (with 157 tilt)

o b’ 7 i
(37 em)
b
(17 em)™"
a a c ¢
(78 cm) (75 em) (154 cm) (151cm)

Fig. 4 Positions of driver’s eye with different postures.
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Fig. 5 Results of visibility evaluation by human’s field of view at sitting postures.
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Fig. 6 Result of visibility evaluation by human’s field of view at standing postures.
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Table 4 Results of visibility evaluation for viewpoints at operating

postures
. . Sitting Standing
View point Average
Straight 15° tilt Straight 15° tilt

Divider ©0%  ©0% (06Y) 384" 9.6
Reaper lever 405°  529° 383" 557% 4609
Gearshift 0.0° 8.1° 0.0°  43* 31
Dashboard 181°  343%  242°  304° 267
Conveying part 102  168* 124° 142 134

D Means with different superscript (A, B, C, D} in each row are
significantly different at p<0.05 by LSD’s multiple range test.
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