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ABSTRACT: This level control system can effectively be util 
ized in the case where earth moving machines are employed to 
smooth and level various courses of soil, gravel etc. That is, 
the system is so designed as to control automatically the level 
of working tool of earth moving machine and to actuate the 
working tool to correct a deviation between the tool level and 
the desired level. 
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EVELCONTROL systEM FoREARTH 
MoVING MACHINEs. 

ACKGROUND OF THE INVENTION 
This invention relates to a level control system for automati 

cally controlling a bulldozerblade, and more particularly it 
pertains to such apparatus capable of producing desired ex 
cavation loci regardless of the unevenness of the ground sur 
face. In usual bulldozer operation, if earthis moved in such a 

AUTOMATICL 

manner that the groundsurface becomes uneven or convex 
and concave, then the bulldozer carries out the earth moving 
operation while pitching since the tractor of the bulldozer 
rides on a higher portion and falls into a lower portion. Thus, 
the unevenness of the groundsurface becomes more and more 

- remarkable. . . . . . . . . . . . . . . . . . 
In order to flatly excavate such uneven groundsurface, it is 

necessary that the height of the bulldozer blade be always ad 
justed during the movement of the bulldozer. ... ..., 

In the conventional bulldozers, an operator, actuates the 
blade control means manually operated, upon noting a height 
of the blade above the desired level. With such arrangement, if 
the blade is caused to cut downward, the front portion of the 
tractor tends to sink when the tractor moved to the position 
cut downward, and then, with movement of the bulldozer, the 
ievel of the blade becomes lower. Thus, it takes a longtime to 
become skilled in the operation. Furthermore, for high-speed 
bulldozer movement, high skill in the operation is required for 
adjusting the height of the blade, and much difficulty is en 
countered in achieving such adjustment. 

SUMMARY OF THE INVENTION 
.. . . . . ... : : a : " . . . e. ... " It is a primary object of the present invention to provide an 

apparatus for automatically controlling a height of the bull 
dozer blade, which enables the blade to follow a desired ex 
cavation locus irrespective of the pitching motion of the bull 
dozer due to unevenness of the ground surface, wherein the 
spot image of a light source mounted on the blade is remotely 
received and detected to thereby automatically control the 
level of the blade, and an image receiving device automati 
cally follows the movement of the light source regardless the 
direction of the bulldozer movement. . 
Other objects, features and advantages of the present inven 

tion will become apparent from the following description and the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevational side view showing a bulldozer 
equipped with the apparatus according to the present inven 
tion. 
FIG. 2 is a perspective view, partly cutaway, showing an ex 

ample of the image receiving device, incorporated in the 
present apparatus. , . . " 

FIGS.3a and 3b are schematic diagrams showing the blade 
controlling circuit incorporated in the present apparatus. 
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. A hydraulic cylinder 5 for driving the blade 3 upward and 
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tected by a potentiometer 26. 

downward is rotatably supported on the tractor 6 by means of 
fitting 7, and the free end of a piston rod therefor is rotatably 
attached to the framel by means of a pin8. w 
* Referring now to FIG.2, an image receiving device 9 
adapted for receiving the light from the light source 4 on the 
blade includes an image receiving surface 10 for detecting a 
deviation of the blade height from the desired height, an image . 
receiving surface 11 for causing the image receiving device.9 
to follow the movement of the bulldozer, and a half mirror 13 
for focusing the light rays emanating from the light source 4 at . 
the image receiving surfaces 10 and 11 through lenses 12. On 
the image receiving surface 10 are provided laterally extend 

s ing photoelectric converter elements 15 and 16 such as 
photocells with a lateral bandlike space 14 of a suitable width. 
On the image receiving surface. 11 are provided vertically ex 
tending photoelectric converter, elements. 18 and 19 such as 
photocells with a vertical bandlike space 17 of a suitable 

20 width. The image receiving device.9 is mounted on the sup 
port table 20 for elevation or pivotal movement about a shaft 
22 supported by flanges 21 provided on the support table 20 
having gear teeth formed in its outer periphery. The image 
receiving device 9 is turned by means of a servomotor 23 
through a horizontal gear 24 intermeshing with the gear teeth 
formed in the outer periphery of the support table 20. 
... The image receiving device 9 is elevated by means of the 
servomotor 25 fixed to the support table 20, through a gearing 
mechanism, for example, and the extent of elevation is de 

As shown in FIGS. 3a and 3b, a relay 28 is connected with 
the photoelectric converter element 15 provided on the image 
receiving surface 10 of the device 9 through an amplifier 27, 
and a relay 30 is coupled to the photoelectric converter ele 
ment 16 through an amplifier 29. ... . . . . . . . 
*Thus, when the image of the light source 4 is formed at the 

* space 14 between the photoelectric converter elements 15 
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and 16 by means of the lenses 12 through the half mirror 13, 
neither the relay 28 nor 30 is energized. . . . . . . . . 
: An oscillator circuit 31 produces an electric signal having a 
frequency off, when a normally open relay 28 is closed, and 
an oscillator circuit 32 produces an electric signal having a 
frequency off, when a normally open relay 30 is closed. These 
signals are supplied to a synthesizer 33. The electric signal 
having the frequency of forf, supplied to the synthesizer 33 
is sent to a transmitter 35 through a control circuit 34 and 
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FIG. 4 is a block diagram showing the circuit for controlling . 
the rotation of the image receiving device. 
FIG.S is a block diagram showing the elevation controlling 

circuit for the image receiving device. . . ' : . . . ., 
'. FIG. 6 is a perspective view, partly cutaway, showing an ex 
ample of the light source means incorporated in the present 
apparatus. . . . . . . . . . . . . . 
FIG. 7 is a perspective view, partly cutaway, showing 

in the present apparatus. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring to FIG. 1 of the drawings, frame 1 is rotatably at 

tached to the tractor 6 of the bulldozer, and a blade 3 is pro 
vided at the free ends of the frame 1. . 
The reference numeral 4 represents a light source which is 

adapted to produce light rays of suitable, brightness and 
wavelength. . . . 

another example of the image receiving device incorporated 

60 

frequency modulated there so as to be transmitted from a 
transmitter antenna 36. 
An amplifier 37 in FIG. 4 is connected with the photoelec 

tric converter element 18 provided on the image receiving sur 
face 11 of the aforementioned device 9, and an amplifier 38 is 
connected with the photoelectric converter element 19, 
Signals from the amplifiers 37 and 38 are supplied to the ser 
vomotor 23 through a synthesizer circuit 39 and amplifier 40 
to control the rotation of the support table 20. . . . . . 

If the image of the light source 4 is shifted from the space 17 
so as to be formed on the photoelectric converter element 19 
or 18, then the servomotor 23 drives the support table 20 in 
such direction that the shifted image comes to the space 17 
again. Thus, the image receiving device is able to follow the 
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movement of the bulldozer. . . . . . . 

The reference numeral 41 represents a blade operating cir 
cuit mounted on the tractor 6, and 42 a solenoid valve inserted. 
in an operating hydraulic circuit for the cylinder 5. The valve 
42 is so designed that when a coil 42a thereof is energized, it is 
switched to "A" to cause the cylinder 5 to raise the blade 3, 
and that when a coil 42b thereof is energized, it is switched to 
'B' to cause the cylinder 5 to move the blade plate 3 
downward. 
When neither the coil 42a nor 42bis energized, the solenoid 

valve assumes a neutral position Cso that the blade 3 does not 

75 

move. 
The reference numerals 43 and 44 represent a receiving an 

tenna and a receiver for receiving the signal having the 
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frequency for f. transmitted from the transmitting antenna 
36, respectively, and 45 a band-pass filter which is so designed 
as to pass the signal having the frequency off to the circuit of 
an amplifier 46 and coil 42a and the signal having the frequen 
cy off, to the circuit of an amplifier 47 and coil 42b. 

Referring to FIG. 5, the reference numeral 48 denotes a 
commanding device which is adapted to externally command 
the angle of elevation of the image receiving device 9. If there 
exists a difference between a command signal provided by the 
commanding device and a signal from the potentiometer 26 
detecting the extent of elevation of the image receiving 
device, then the difference signal is supplied to the servomotor 
25 through an amplifier 49 to drive the servomotor 25. When 
a desired angle of elevation of the image receiving device is 
reached so that the signal difference becomes zero, the ser 
vomotor 25 is stopped from being driven. 

FIG. 6 shows an example of the light source device wherein 
a rotary mask 53 formed with a plurality of windows 52 of a 
suitable size which are arranged in uniformly spaced relation 
ship with each other is rotatably provided in a transparent 
frame 51 mounted on a mount 50, a lamp 54 is fixedly pro 
vided in the rotary mask 53, and a motor 56 is connected with 
a support shaft for the rotary mask 53 through a coupling 
means 55. The rotary mask 53 is rotated by means of the 
motor 56 to interrupt light rays emanating from the lamp 54 to 
provide a light source of a suitable frequency. In front of the 
lenses 12, there are provided a hood and filter to interrupt the 
sunbeams as much as possible and pass only the light rays 
emanating from the light source 4 to thereby prevent error 
operation due to the sunbeams assurely as possible. 

In order to give a better understanding of the present system 
to control the bulldozer blade automatically, description will 
now be made of the operation of an embodiment of the 
present invention with reference to the drawings. In the ap 
paratus as shown in the drawings, the width of the space 14 
between the upper element 15 and the lower element 16 pro 
vided on the image receiving surface 10 is selected in the 
range of allowable error for an excavating locus of the blade 
edge, and the space is positioned substantially at the center of 
the image receiving surface 10. Further, the size of the space 
17 between the left-hand side element 18 and the right-hand 
side element 19 provided on the image receiving surface 1 1 is 
selected to a suitable value, and the space 17 is positioned sub 
stantially at the center of the image receiving surface 1. 
When the image of the light source 4 is formed at the space 

14 of the image receiving surface 10, no signal is supplied to 
the amplifiers 27 and 29, so that both relays 28 and 30 are 
open. Hence, no signal is transmitted from the transmittingan 
tenna 36, and the solenoid valve 42 assumes the neutral posi 
tion C since the coils 42a and 42b are not energized, so that 
the blade does not move. 
When the image of the light source 4 is formed at the space 

17 of the receiving surface 11, no signal is supplied to the am 
plifiers 37 and 38 so that the servomotor 23 is not driven. 
Thus, the rotary motion of the device 9 does not occur. 
With sinking movement of the bulldozer to cause the blade 

3 to descend below a desired excavating locus, the image of 
the light source 4 is formed at the photoelectric converter ele 
ment 15 above the space 14 on the image receiving surface iO, 
so that the resulting electric signal energizes the relay 28 
through the amplifier 27 to close the relay 28. 
Then, the signal having a frequency off is transmitted from 

the transmitting antenna 36. This signal is supplied to an am 
plifier 46 through a receiving antenna 43, receiver 44 and a 
band-pass filter 45 and then to a circuit related to the coil 42a. 

The coil 42a is thereby energized so that the solenoid valve 
42 is switched to 'A'. Consequently, pressure oil from a pres 
sure oil source (not shown) acts onto a piston rod side 
chamber 5a of the cylinder 5 to raise the blade 3. At this point, 
the light source 4 is also raised together with the blade 3. 
Thus, when the image of the light source 4 shifts back into the 
space 14 on the receiving surface 10, no signals enter the am 
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4. 
plifier 27 or 29, so that no signal is transmitted from the trans 
mitting antenna 36 since the relay 28 or 30 is opened. 
And then the coil 42a or 42b of the solenoid valve 42 is 

deenergized, so that the valve assumes the neutral position C 
and the blade stops at the excavating height. 

In case the blade 3 is raised above a desired excavation 
locus, the image of the light source 4 is formed at the 
photoelectric converter element 16 below the space 14 on the 
image receiving surface 10. Thus the resulting electric signal 
energizes the relay 30 through the amplifier 29 to close the 
relay 30. The signal having a frequency of f, is transmitted 
from the transmitting antenna 36. This signal energizes the 
coil 42b of the solenoid valve 42 through the receiving anten 
na 43, receiver 44 and filter 45 to switch the solenoid valve to 
'B'. In this way, the pressure oil from the pressure oil source 
(not shown) acts onto a chamber 5b of cylinder 5 opposite to 
the piston rod to expand the cylinder, thus pushing down the 
blade. When the image of the light source 4 shifts back into 
the space 14 of the receiving surface 10 as a result of the 
downward movement of the blade 3, no signal enters the am 
plifier 27 nor 29 as in the above case, so that no signal is trans 
mitted from the transmitting antenna since either relay 28 or 
30 is opened. 
Hence, the coil 42a or 42b of the solenoid 42 is deemergized 

so that the solenoid valve assumes the neutral position C and 
the blade stops. 
As mentioned above, the height of the bulldozer blade is 

kept within the allowable deviation from the desired height. 
Similarly, with the forward movement of the bulldozer, the 
image of the light source 4 is shifted from the space 17 of the 
image receiving surface so as to be formed at the right 
hand side photoelectric converter element 19. At this point, 
the servomotor 23 is driven through the amplifier 38, synthes 
izer circuit 39 and amplifier 40, thereby rotating the support 
table 20 in a direction to reduce the deviation of the shifted 
image from the space 17. In case the image of light source 4 is 
formed on the space 17 with the rotation of the image receiv 
ing device 9, the input to the servomotor 23 ceases so that the 
servomotor 23 stops. In this way, the image receiving device 9 
is rotated following the movement of the light source 4. 

FIG. 7 shows another example of the image receiving device 
incorporated in the present apparatus. The device 9 receiving 
the image of the light source 4 includes an image receiving 
surface 10 for detecting changes in the upward or downward 
movement of the blade 3, an image receiving surface 11 for 
enabling the device 9 to follow the movement of the bulldozer, 
and a half mirror 13 for causing the image of the light source 4 
to be formed on the image receiving surfaces 10 and 11 
through lenses. On the image receiving surface 10 are pro 
vided laterally extending photoelectric converter elements 15 
and 6 such as photocell with a lateral bandlike space 14 of a 
suitable width. On the image receiving surfaces 11 are pro 
vided longitudinally extending photoelectric converter ele 
ments with a longitudinal bandlike space 17 of a suitable 
width. 
The image receiving device 9 is mounted on a support 59 

rotatably supported on a fixed base 57 by a shaft 58 for eleva 
tion about a shaft 60. The support 59 is rotated in a horizontal 
plane by means of a servomotor 23 fixed to the fixed base 57 
through a worm gear mechanism 61. Thus, the image receiv 
ing device 9 is elevated by means of the servomotor 25 
through a worm gear 62. 
As described above, in the apparatus according to the 

present invention, the image of the light source mounted on 
the bulldozer blade is formed on the two image receiving sur 
faces of the image receiving device, and the difference 
between the present height of the blade and the height of the 
desired excavation locus is detected on the image receiving 
surfaces having laterally extending photoelectric converter 
elements provided thereon to control the height of the blade. 
Further, the image receiving device is able to follow the move 
ment of the bulldozer by means of the image receiving surface 
having longitudinally extending photoelectric converter ele 
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ments provided. Thus, in accordance with the present inven 
tion, the adjustment of the blade which has heretofore been 
effected by an operator can be automatically carried out with 
high accuracy, and yet high-speed operation can be realized 
with great advantage. m ..' ..- 

claim: 
1. An apparatus in combination with a bulldozer blade for 

the automatic control thereof comprising a horizontally 
rotatable support means, an image receiving device rotatably 
mounted on said support means for varying the angle of eleva 
tion of said image receiving device wherein a light source is 
mounted on said blade and the image of said light source. 
mounted on the blade is formed on an image receiving surface 
of said image receiving device having photoelectric converter 
elements provided thereon within a longitudinal bandlike 
space therebetween and a second image receiving surface is 
provided at said image receiving device having photoelectric 
converter elements provided thereon with a lateral bandlike 
space therebetween, means for detecting deviation of the ac 
tual height of the blade on a moving bulldozer from a desired 
excavation locus, said means further converting the deviation 
into an electric signal in accordance with the relationship 
between the lateral bandlike space of said second image 
receiving surface and the position where the image of said 

6 
light source is formed and transmitting said electric signal, a 
blade operating cylinder being operatively connected with 
said blade, a hydraulig circuit being connected with said blade 
operating cylinder, a solenoid valve being arranged in said 
hydraulic circuit for control of the desired raising and lower 
ing of said blade, means receiving said electric signal to con 
trol said solenoid valve in said hydraulic circuit means for de 
tecting the difference between the actual visual direction of 

O 

15 

the moving bulldozer and the optical axis of the image receiv 
ing device in accordance with the relationship between the 
longitudinal bandlike space of the first image receiving surface 
and the position where the image of said light source on said 
blade is formed and converting it into an electric signal to 
thereby control a servomotor for rotating the support means, a 
potentiometer operatively associated with said image receiv 
ing device for detecting the angle of elevation thereof, an ex 
ternal commanding device operatively associated with said 
image receiving device for externally commanding the angle 
of elevation thereof, and means for changing the angle of 
elevation of said image receiving device in accordance with 
signals from said potentiometer and said external command 
ing device. . 
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