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VERTICAL MEASURING SYSTEM AND METHOD FOR TRACING REFERENCE 

POINT 

 

BACKGROUND OF THE INVENTION 

 

 The present invention relates to a vertical measur ing 

system and a method for tracing a reference point i n order to 

vertically extend a reference point on the ground a nd trace 

the reference point on each floor at a time of buil ding a 

structure such as a building or the like. 

 Conventionally, in a case of tracing a reference p oint 

on a floor surface on a different floor, there are a method 

for suspending a plumb bob and setting the plumb bo b to the 

reference point, a method for emitting a laser poin ter light 

vertically upward, applying the laser pointer light  to a 

plane plate and reading a center position, a method  for 

emitting the laser pointer light vertically downwar d from 

upstairs, applying the laser pointer light to a pla ne plate 

and reading the center position and the like. 

   In the method for irradiating the laser pointer light, 

it is difficult to confirm whether the laser pointe r light is 

irradiated in a vertical direction correctly, and i t take 

time to correctly adjust the laser pointer light in  the 

vertical direction. 

 

SUMMARY OF THE INVENTION 

 

 It is an object of the present invention to provid e a 

vertical measuring method and a method for tracing a 



 

2 
 

reference point which enable to highly accurately p erform a 

vertical tracing of a reference point without obtai ning the 

verticality of a laser beam with high accuracy. 

 To attain the object as described above, a vertica l 

measuring system according to the present invention  comprises 

a measuring instrument which has a leveling module and a 

measuring instrument main body rotatably provided o n the 

leveling module in a horizontal direction and is pr ovided on 

a reference point, a target device installed on a p art to 

which the reference point is transferred and a guid ing 

terminal which has a display module and a first com munication 

module and is used on a side of the target device, wherein 

the target device has a target for emitting a targe t light 

toward the surveying instrument main body, the meas uring 

instrument main body comprises a sighting image 

photodetecting module for sighting a direction of a  rotation 

axis of the surveying instrument main body and acqu iring an 

image of the target, a tilt sensor for detecting a tilt of 

the surveying instrument main body, a second commun ication 

module for transmitting and receiving data to and f rom the 

guiding terminal and an arithmetic control module, wherein 

the arithmetic control module is configured to calc ulate a 

position of the rotation axis based on a locus of t he target 

image obtained by rotating the surveying instrument  main body 

and to transmit a positional information of the tar get image 

and a positional information of the rotation axis t o the 

guiding terminal via the second terminal, and the g uiding 

terminal is configured to display a position of the  target 

and a position of a zenith on the display module ba sed on the 
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positional information of the target image and the positional 

information of the rotation axis received via the f irst 

communication module. 

 Further, in the vertical measuring system accordin g to 

a preferred embodiment, the surveying instrument ma in body 

further comprises the tilt sensor, and the arithmet ic control 

module is configured to correct the position of the  rotation 

axis based on a detection result of the tilt sensor . 

 Further, in the vertical measuring system accordin g to 

a preferred embodiment, the target is a prism, the sighting 

image photodetecting module has a light source unit  for 

emitting the target light onto an optical axis, and  the 

surveying instrument main body is manually rotated.  

 Further, in the vertical measuring system accordin g to 

a preferred embodiment, the arithmetic control modu le 

performs a time division at a predetermined time in terval, 

acquires the target image per the predetermined tim e and 

averages data of the target image acquired within a  

predetermined length of time, and the arithmetic co ntrol 

module is configured to be capable of changing a ti me length 

of the predetermined time. 

 Further, in the vertical measuring system accordin g to 

a preferred embodiment, the target is a prism, the surveying 

instrument main body further comprises a distance m easuring 

module, the distance measuring module emits a dista nce 

measuring light onto an optical axis, the target re tro-

reflects the distance measuring light and projects the 

distance measuring light as a reflected distance me asuring 

light and the target light, the distance measuring module 
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receives the reflected distance measuring light and  measures 

a distance to the target, the surveying instrument main body 

is manually rotated, and the arithmetic control mod ule is 

configured to display an actual deviation amount be tween the 

target and the optical axis as numeral values on th e display 

module based on a deviation between the target imag e and the 

optical axis on an image and a distance measuring r esult. 

 Further, in the vertical measuring system accordin g to 

a preferred embodiment, the target is a light emitt er for 

emitting the target light, and the surveying instru ment main 

body is manually rotated. 

 Further, in the vertical measuring system accordin g to 

a preferred embodiment, the surveying instrument ma in body 

further comprises a distance measuring module, a si ghting 

module, a horizontal angle detector, a vertical ang le 

detector, a horizontal rotary driving module and a vertical 

rotary driving module, and the surveying instrument  is 

configured as a total station. 

 Further, in the vertical measuring system accordin g to 

a preferred embodiment, the arithmetic control modu le 

performs a time division at a predetermined time in terval, 

obtains the target image and a distance measured va lue per 

the predetermined time and averages data of the tar get image 

and data of the distance measured value acquired wi thin a 

predetermined length of time, and the arithmetic co ntrol 

module is configured to be capable of changing a ti me length 

of the predetermined time. 

 Furthermore, a method for tracing a reference poin t 

using the vertical measuring system according to th e present 
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invention comprises a step of forming a through-hol e on an 

upper floor in a structure above a reference point,  a step of 

installing a surveying instrument on the reference point, a 

step of installing a target device in the through-h ole, a 

step of directing a sighting optical axis of the su rveying 

instrument to a vertical direction and rotating the  surveying 

instrument, a step of photodetecting a target image  from the 

target device on a photodetector by the surveying i nstrument, 

a step of calculating a zenith position based on a locus of 

the target image on the photodetector and a detecti on result 

of a tilt sensor of the surveying instrument and ba sed on the 

reference point, a step of displaying the zenith po sition and 

the target image on a display module of a guiding t erminal, a 

step of coinciding the zenith position with the tar get image, 

a step of marking a position of the target device o n the 

upper floor in a state where the zenith position is  coincided 

with the target image and a step of tracing the ref erence 

point on the upper floor based on the marking. 

 According to the present invention, the vertical 

measuring system comprises a measuring instrument w hich has a 

leveling module and a measuring instrument main bod y 

rotatably provided on the leveling module in a hori zontal 

direction and is provided on a reference point, a t arget 

device installed on a part to which the reference p oint is 

transferred and a guiding terminal which has a disp lay module 

and a first communication module and is used on a s ide of the 

target device, wherein the target device has a targ et for 

emitting a target light toward the surveying instru ment main 

body, the measuring instrument main body comprises a sighting 
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image photodetecting module for sighting a directio n of a 

rotation axis of the surveying instrument main body  and 

acquiring an image of the target, a tilt sensor for  detecting 

a tilt of the surveying instrument main body, a sec ond 

communication module for transmitting and receiving  data to 

and from the guiding terminal and an arithmetic con trol 

module, wherein the arithmetic control module is co nfigured 

to calculate a position of the rotation axis based on a locus 

of the target image obtained by rotating the survey ing 

instrument main body and to transmit a positional i nformation 

of the target image and a positional information of  the 

rotation axis to the guiding terminal via the secon d terminal, 

and the guiding terminal is configured to display a  position 

of the target and a position of a zenith on the dis play 

module based on the positional information of the t arget 

image and the positional information of the rotatio n axis 

received via the first communication module.  As a result, 

when the surveying instrument main body is rotated,  a 

rotation center which indicates a position of the r eference 

point, that is, the rotation axis can be obtained, a 

deviation amount and a deviation direction between a position 

of the rotation axis and the reference point can be  easily 

recognized, and further since the measuring instrum ent main 

body is fixed at the time of adjusting a position o f the 

target device, it is possible to perform a stable w ork. 

 Further, according to the present invention, the m ethod 

for tracking a reference point using the above-ment ioned 

vertical measuring system comprises a step of formi ng a 

through-hole on an upper floor in a structure above  a 
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reference point, a step of installing a surveying i nstrument 

on the reference point, a step of installing a targ et device 

in the through-hole, a step of directing a sighting  optical 

axis of the surveying instrument to a vertical dire ction and 

rotating the surveying instrument, a step of photod etecting a 

target image from the target device on a photodetec tor by the 

surveying instrument, a step of calculating a zenit h position 

based on a locus of the target image on the photode tector and 

a detection result of a tilt sensor of the surveyin g 

instrument and based on the reference point, a step  of 

displaying the zenith position and the target image  on a 

display module of a guiding terminal, a step of coi nciding 

the zenith position with the target image, a step o f marking 

a position of the target device on the upper floor in a state 

where the zenith position is coincided with the tar get image 

and a step of tracing the reference point on the up per floor 

based on the marking.  As a result, the target can be 

positioned while recognizing a relationship between  the 

reference point and the target without highly accur ately 

setting the sighting optical axis of the surveying instrument 

to be vertical, and it is possible to improve the w orkability. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

 

 FIG.1 is a perspective view to show an outline of a 

vertical measuring system according to a first embo diment of 

the present invention. 

 FIG.2 is a perspective view of a target device use d in 

the vertical measuring system from a lower side. 
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 FIG.3 is a perspective view of the target device f rom 

an upper side. 

 FIG.4 is a side view of the target device. 

 FIG.5 is an explanatory drawing to show a position al 

adjustment of the target device in the vertical mea suring 

system. 

 FIG.6 is a block diagram to show a schematical 

configuration of a surveying instrument main body i n the 

vertical measuring system. 

 FIG.7 is a block diagram to show a schematical 

configuration of a guiding terminal in the vertical  measuring 

system. 

 FIG.8A and FIG.8B are explanatory drawings to show  a 

transfer process of a reference point. 

 FIG.9A and FIG.9B are explanatory drawings to show  the 

transfer process of the reference point. 

 FIG.10A is a drawing of a display module of the gu iding 

terminal at the transfer process of the reference p oint, and 

FIG.10B is an explanatory drawing to show a final s tep of the 

transferring process of the reference point. 

 FIG.11 is a block diagram to show an outline of a 

vertical measuring system according to a second emb odiment of 

the present invention. 

 FIG.12 is a block diagram to show an outline of a 

vertical measuring system according to a third embo diment of 

the present invention. 

 FIG.13 is a block diagram to show an outline of a 

vertical measuring system according to a fourth emb odiment of 

the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

 

 A description will be given below on embodiments o f the 

present invention by referring to the attached draw ings. 

 FIG.1 shows a vertical measuring system 1 accordin g to 

the present embodiment, and in the drawing, a refer ence 

numeral 2 denotes a surveying instrument, which is installed 

on a reference point P, irradiates a distance measu ring light, 

receives a reflected light and performs a distance 

measurement and an angle measurement, and what is s hown in 

the drawing is a total station which is one of the surveying 

instruments.  Further, a reference numeral 3 denote s a target 

device, and the target device 3 has a target 4 whic h retro-

reflects (that is, emits) an entered distance measu ring light 

as a target light.  A reference numeral 5 denotes a  guiding 

terminal which has a communication function and a d isplay 

module.  As the guiding terminal 5, for instance, a  

smartphone, a tablet or the like, which is portable  or can be 

held in one hand, is used. 

 First, a description will be given on the total st ation 

2 in brief.  It is to be noted that, as the total s tation 2, 

an already-known instrument described in Japanese P atent 

Application Publication No. 2000-275042 or Japanese  Patent 

Publication No. 5196725 can be used. 

 A surveying instrument main body 7 is installed on  a 

tripod 8 via a leveling module 9, and the surveying  

instrument main body 7 is horizontally leveled by t he 

leveling module 9 and rotatable in a horizontal dir ection via 

a horizontal rotation shaft (not shown).  The surve ying 
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instrument main body 7 has a telescope module 11, a nd the 

telescope module 11 is rotatable in a vertical dire ction via 

a vertical rotation shaft (not shown). 

 Further, the surveying instrument main body 7 comp rises 

a horizontal angle detector 28 (to be described lat er) for 

detecting a horizontal rotation angle of the survey ing 

instrument main body 7 and a vertical angle detecto r 29 (to 

be described later) for detecting a vertical angle of the 

telescope module 11.  Further, in the telescope mod ule 11, a 

distance measuring module 22 (to be described later ), which 

emits the distance measuring light, receives a refl ected 

distance measuring light and performs a distance me asurement, 

is accommodated. 

 A through-hole 13 is formed in a part, for instanc e, on 

an upper floor, to which a reference point P is tra nsferred.  

A position at which the through-hole 13 is formed i s obtained 

from a design drawing and is positioned directly ab ove the 

reference point P.  The target device 3 is installe d in the 

through-hole 13 in such a manner that the target 4 is fitted 

in the through-hole 13.  A diameter of the through- hole 13 is 

sufficiently large with respect to a diameter of th e target 4 

while considering a construction error of a buildin g so that 

a position of the target 4 can be adjusted. 

 By referring to FIG.2, FIG.3 and FIG.4, a descript ion 

will be given on the target device 3. 

 The target 4 is provided on a holding plate 14.  T he 

holding plate 14 has a shape and a size which preve nt the 

holding plate 14 from falling from the through-hole  13, and 

in the drawing, the holding plate 14 is formed in a  cross-
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like shape having rectangular plates 15a and 15b ex tending in 

two directions and orthogonal to each other. 

 The target 4 is a prism or a corner cube and is 

provided at a center of the holding plate 14 in suc h a manner 

that a lower side can be seen through from a periph ery of the 

target 4. 

 A lower surface of the holding plate 14 abuts on a  

floor surface of the upper floor, and an optical ce nter 

(floating point) 4a of the target 4 coincides with the lower 

surface of the holding plate 14.  Further, an optic al axis of 

the target 4 is perpendicular to the lower surface of the 

holding plate 14. 

 Upper surfaces of tip portions of the rectangular 

plates 15a and 15b are tapered surfaces, respective ly.  

Visual target lines 16a and 16b are marked in the t apered 

surfaces, and extensions of the visual target lines  16a and 

16b are set in such a manner that the visual target  lines 16a 

and 16b cross each other at the optical center 4a. 

 It is to be noted that notches may be formed at ti ps of 

the rectangular plates 15a and 15b respectively ins tead of 

the visual target lines 16a and 16b.  Further, the holding 

plate 14 may be a rectangular or circular transpare nt plate. 

 FIG.5 shows an outline in a case where the referen ce 

point P is transferred to the upper floor.  It is t o be noted 

that, in FIG.5, a reference numeral 17 denotes the upper 

floor. 

 The telescope module 11 is rotated, and an optical  axis 

10 of the telescope module 11 is set to be approxim ately 

vertical. 
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 A distance measuring light or a sighting light 

(hereinafter referred to as the sighting light 18) is 

projected from the telescope module 11.  An irradia tion point 

of the sighting light 18 is a position to which the  reference 

point P is transferred approximately upward. 

 When the sighting light 18 enters the optical cent er 4a 

of the target 4, a reflected light (target light) f rom the 

target 4 coincides with the optical axis 10. 

 Whether the reflected light (target light) from th e 

target 4 coincides with the optical axis 10 is judg ed by a 

sighting image photodetecting module (to be describ ed later) 

which the telescope module 11 has.  That is, the ju dgment is 

made by whether an image of the reflected light as acquired 

by the sighting image photodetecting module coincid es with 

the optical axis 10. 

 By referring to FIG.6, a description will be furth er 

given on the surveying instrument main body 7. 

 The surveying instrument main body 7 is mainly 

constituted of an arithmetic control module 21, the  distance 

measuring module 22, a sighting module 23, the sigh ting image 

photodetecting module 24, a tilt sensor 25, a stora ge module 

26, a communication module 27, the horizontal angle  detector 

28, the vertical angle detector 29, a horizontal ro tary 

driving module 31, a vertical rotary driving module  32, a 

display module 33, an operation module 34 and the l ike. 

 The distance measuring module 22 has a light emitt er 

for emitting the distance measuring light, for inst ance, a 

laser diode (LD), a distance measuring photodetecto r for 

receiving a reflected distance measuring light from  an object 
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to be measured, for instance, a photodiode (PD) or an 

avalanche photodiode (APD) and a distance measuring  optical 

system for emitting the distance measuring light to ward the 

object to be measured, receiving the reflected dist ance 

measuring light and leading the reflected distance measuring 

light to the distance measuring photodetector, and the 

distance measuring module 22 measures a distance to  the 

object to be measured based on a time difference be tween a 

light emission timing of the distance measuring lig ht and a 

light reception timing of the reflected distance me asuring 

light and on a light velocity.  The distance measur ing module 

22 functions as an electronic distance meter. 

 The sighting module 23 comprises a light emitter f or 

emitting the sighting light, for instance, a laser diode (LD), 

a sighting image photodetector for receiving the re flected 

sighting light from the object to be measured, for instance, 

an image CMOS sensor or a CCD image sensor, the sig hting 

image photodetecting module 24 for emitting the sig hting 

light toward the object to be measured and receivin g the 

reflected sighting light from the object to be meas ured and a 

sighting optical system for leading the reflected s ighting 

light to the sighting image photodetector, and the sighting 

module 23 sights the object to be measured based on  a light 

receiving position of the reflected sighting light on the 

sighting image photodetector.  Here, the distance m easuring 

optical system and the sighting optical system may be a 

common optical system or may be optical systems in which a 

part of the optical systems is common. 

 The sighting image photodetecting module 24 has an  
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image pickup optical axis (not shown), the image pi ckup 

optical axis is parallel to a distance measuring op tical axis 

of the distance measuring module 22 and a tracking optical 

axis of the sighting module 23, and distances betwe en each of 

the optical axes are known.  Alternatively, the ima ge pickup 

optical axis is common to the distance measuring op tical axis 

and the sighting optical axis (the two optical axes  coincide 

with each other).  In the drawing, the distance mea suring 

optical axis and the sighting optical axis are show n as the 

optical axis 10. 

 The sighting image photodetecting module 24 includ es an 

image pickup optical system and an image sensor (no t shown) 

and acquires an image in a predetermined range (at a 

predetermined field angle) with the distance measur ing 

optical axis or the sighting optical axis as the ce nter.  

Further, the image sensor is an aggregate of pixels  such as a 

CCD or a CMOS sensor.  A position of each pixel on the image 

sensor (the image) can be specified.  For instance,  a 

position of each pixel is specified in a coordinate  system 

with the center of the image sensor (the image) as an origin.  

Therefore, a signal output from the pixel includes a 

positional information (coordinate information) on the image 

sensor as well as an image signal. 

 The tilt sensor 25 can highly accurately detect th e 

horizontality.  Further, as one example used as the  tilt 

sensor 25, there is a tilt sensor which allows a de tection 

light to enter a liquid surface, receives a reflect ed light 

reflected on the liquid surface by a photodetector and 

detects a tilt according to a change in a light rec eiving 
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position of the reflected light. 

 As the storage module 26, a storage device such as  an 

HDD, a semiconductor memory or a memory card is use d.  In the 

storage module 26, the various kinds of programs ar e stored.  

These programs include: a sequence program which is  necessary 

for the surveying instrument main body 7 to perform  a 

distance measurement and a sighting, a calculation program 

configured to perform the distance measurement, a c ontrol 

program configured to control the distance measurin g module 

22 and the sighting module 23, an image processing program 

configured to process the images acquired by the di stance 

measuring module 22 and the sighting module 23, for  instance, 

an image processing program configured to obtain a center 

position of an image of the reflected sighting ligh t acquired 

by the sighting module 23, an angle detection progr am 

configured to calculate a horizontal angle and a ve rtical 

angle based on the detection results from the horiz ontal 

angle detector 28 and the vertical angle detector 2 9, a 

communication program configured to transmit and re ceive data 

and image data to and from the guiding terminal 5 a nd other 

programs. 

 Further, in the storage module 26, measurement dat a, 

image data and the like are stored. 

 The communication module 27 includes a 

transmission/reception circuit and is capable of wi relessly 

communicating with the guiding terminal 5 by the 

communication program. 

 The horizontal angle detector 28 detects a horizon tal 

rotation angle of the surveying instrument main bod y 7 with 
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respect to the leveling module 9, and a horizontal angle is 

detected based on the rotation angle.  The detected  

horizontal angle is input to the arithmetic control  module 21.  

As the horizontal angle detector 28, an encoder is used. 

 The vertical angle detector 29 detects a vertical 

rotation angle of the telescope module 11 with resp ect to the 

surveying instrument main body 7 and detects a vert ical angle 

of the optical axis 10 of the telescope module 11.  The 

detected vertical angle is input to the arithmetic control 

module 21.  As the vertical angle detector 29, an e ncoder is 

used. 

 The horizontal rotary driving module 31 has a 

horizontal motor and a motor driver, drives the hor izontal 

motor based on a control signal from the arithmetic  control 

module 21 and rotates the surveying instrument main  body 7 

horizontally. 

 The vertical rotary driving module 32 has a vertic al 

motor and a motor driver, drives the vertical motor  based on 

the control signal from the arithmetic control modu le 21 and 

rotates the telescope module 11 vertically. 

 The operation module 34 inputs conditions required  for 

the measurement, commands for the measurement and t he like.  

Further, the display module 33 displays an input in formation 

of the operation module 34 and also displays a meas urement 

state, a measurement result and the like.  It is to  be noted 

that the operation module 34 may be configured as a  touch 

panel and also to serve as the display module 33. 

 As the arithmetic control module 21, a CPU special ized 

for this instrument or a general-purpose CPU is use d.  The 
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arithmetic control module 21 develops and executes the 

various kinds of programs stored in the storage mod ule 26, 

controls the distance measuring module 22, performs  the 

distance measurement, controls the sighting module 23 and 

sights the object to be measured.  The arithmetic c ontrol 

module 21 controls the horizontal rotary driving mo dule 31 

and the vertical rotary driving module 32 based on the 

detection results from the horizontal angle detecto r 28 and 

the vertical angle detector 29, and rotates and pos itions the 

surveying instrument main body 7 and the telescope module 11 

in a state as required, or measures a sighting dire ction. 

 FIG.7 shows a schematical block diagram of the gui ding 

terminal 5. 

 The guiding terminal 5 has a communication functio n and 

mainly comprises an arithmetic control module 35, a  storage 

module 36, a communication module 37, a display mod ule 38 and 

an operation module 39. 

 As the arithmetic control module 35, a CPU special ized 

for the guiding terminal 5 or a general-purpose CPU  is used. 

 As the storage module 36, a storage device such as  an 

HDD, a semiconductor memory or a memory card is use d.  In the 

storage module 36, are stored programs such as a 

communication program configured to perform a commu nication 

of the data and the image data with the surveying i nstrument 

main body 7, a display program configured to displa y the data 

and the image data on the display module 38 and oth er 

programs. 

 The communication module 37 includes a 

transmission/reception circuit and is capable of wi relessly 
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communicating with the communication module 27 by t he 

communication program. 

 The display module 38 displays an input informatio n 

from the operation module 39 and the measurement da ta and the 

image data transmitted from the communication modul e 27. 

 The operation module 39 inputs a command for remot ely 

operating the surveying instrument main body 7 and inputs a 

command for displaying the information from the com munication 

module 27.  It is to be noted that the display modu le 38 may 

be configured as a touch panel and also to serve as  the 

operation module 39, and the operation module 39 ma y be 

omitted. 

 A description will be given below on an operation of 

the present embodiment by referring to FIG.8, FIG.9  and 

FIG.10. 

 The total station 2 is installed on the reference point 

P, and the surveying instrument main body 7 is leve led to a 

horizontal attitude by the leveling module 9.  The attitude 

(tilt) of the surveying instrument main body 7 is d etected by 

the tilt sensor 25.  The target device 3 is install ed in the 

through-hole 13 on the upper floor (FIG.8A). 

 Next, the worker, who installs the target device 3 , 

remotely operates the telescope module 11 by the gu iding 

terminal 5.  The telescope module 11 is rotated in the 

vertical direction and makes the optical axis 10 (i ncluding 

the distance measuring optical axis, the sighting o ptical 

axis and the image pickup optical axis) of the tele scope 

module 11 vertical upwardly.  Whether the optical a xis 10 is 

vertical is detected by the vertical angle detector  29.  The 
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sighting image photodetecting module 24 sights a ro tation 

axis direction of the surveying instrument main bod y 7 and 

acquires an image of the target device 3. 

 The sighting light is projected vertically upward.   The 

optical axis 10 at this moment coincides with a rot ation 

center of the surveying instrument main body 7.  Th e target 4 

retro-reflects the distance measuring light, and th e retro-

reflected light is projected from the target 4.  Th e retro-

reflected light is received by the distance measuri ng module 

22, and a distance to the target 4 is measured.  Fu rther, the 

reflected distance measuring light enters the sight ing image 

photodetecting module 24 as the target light, and a n image of 

the target 4 is acquired by the sighting image phot odetecting 

module 24 (FIG.8B). 

 In a state where a sighting function is stopped an d a 

state where the distance measuring light is project ed (that 

is, a state where the telescope module 11 is fixed with 

respect to the surveying instrument main body 7), t he 

surveying instrument main body 7 is rotated 360 ° or at least 

90°. 

 In a state where the target 4 coincides with the 

rotation center, a target image 4’ acquired by the sighting 

image photodetecting module 24 coincides with a pos ition of 

the rotation axis (that is, the rotation center of the 

surveying instrument main body 7), and a photodetec ting 

position is not changed by the rotation of the surv eying 

instrument main body 7. 

 However, as shown in FIG.9A, in a case where a pos ition 

of the target 4 (optical center) deviates from a po sition of 
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the rotation axis 12, the target image 4’ rotates a round the 

rotation axis 12.  It is to be noted that, in FIG.9 A, a 

reference numeral 44 denotes an image acquired by t he 

sighting image photodetecting module 24. 

 During the rotation of the surveying instrument ma in 

body 7, the target image 4’ is continuously acquire d by the 

sighting image photodetecting module 24.  It is to be noted 

that continuous images may be acquired, or still im ages may 

be acquired at a predetermined time interval or a 

predetermined angle interval. 

 During the rotation, by continuously acquiring the  

target image 4’, a locus 43 of a circle with the ro tation 

axis 12 as the center is obtained.  When a center 4 2 of the 

circle is calculated based on the locus 43, the pos ition of 

the rotation axis 12 can be obtained.  When the opt ical axis 

10, that is, the rotation axis of the surveying ins trument 

main body 7 is completely vertical, the center 42 o f the 

locus 43 is a zenith position. 

 Since the sighting light is not a complete paralle l 

light and has a spread, the target image 4’ is an i mage with 

an area.  In order to obtain an accurate position, the center 

of the target image 4’ is required, and the center of the 

target image 4’ is obtained by the image processing .  For 

instance, a centroid position of a light amount of the target 

image 4’ is obtained, and this centroid position is  

determined as the center of the target image 4’.  I n the 

present embodiment, since the accurate center posit ion is 

obtained by the image processing, even in a case wh ere a 

distance from the reference point to a traced floor  is long 
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and a light flux diameter of the laser light is lar ge like in 

a case of a work in a high-rise building or the lik e, the 

center of the laser pointer light can be obtained. 

 Further, at the time of installing the total stati on 2 

on the reference point P, the surveying instrument main body 

7 is leveled by the leveling module 9 based on a de tection 

result of the tilt sensor 25, but because of a leve ling 

accuracy or the like of the leveling module 9, an 

incompletely horizontally leveled state occurs. 

 A double circle P’ on the image 44 shows a positio n of 

a vertical line (true zenith position) passing thro ugh the 

reference point P. 

 In a case where the tilt sensor 25 detects a tilt,  the 

arithmetic control module 21 calculates a position 

(coordinates) of the reference point P’ within the image 44 

based on the detection result of the tilt sensor 25 .  That is, 

based on the center position of the locus 43 and th e 

detection result of the tilt sensor 25, the true ze nith 

position is obtained.  Further, the reference point  P’ is 

shown on the image 44 with the true zenith position  as the 

center. 

 Therefore, when the target image 4’ is adjusted to  

coincide with the reference point P’, the target 4 can be 

coincided with the true zenith position (FIG.9B). 

 Further, the arithmetic control module 21 calculat es 

the coordinates of the current target image 4’ base d on a 

photodetecting signal from the sighting image photo detecting 

module 24. 

 The arithmetic control module 21 transmits the 
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coordinates of the reference point P’ and the coord inates of 

the current target image 4’ to the guiding terminal  5 via the 

communication module 27 in real time. 

 On the guiding terminal 5 side, the arithmetic con trol 

module 35 receives the coordinates of the reference  point P’ 

and the coordinates of the current target image 4’ via the 

communication module 37, and the arithmetic control  module 35 

displays the reference point P’ and the target imag e 4’ on 

the display module 38 of the guiding terminal 5 bas ed on the 

coordinates of the reference point P’ and the coord inates of 

the target image 4’. 

 Further, since the surveying instrument main body 7 can 

measure the position of the target device 3 based o n the 

reflected distance measuring light from the target device 3, 

the arithmetic control module 21 may calculate a de viation 

between the positions of the reference point P’ and  the 

target image 4’ and display the reference point P’ and the 

target image 4’ on the display module 38.  It is to  be noted 

that the deviation between the positions of the ref erence 

point P’ and the target image 4’ may be calculated by the 

arithmetic control module 35.  When the deviation b etween the 

positions of the reference point P’ and the target image 4’ 

are displayed on the display module 38, the worker can 

sensorially grasp an adjustment amount of the targe t device 3, 

and hence the workability can be improved. 

 Further, the data transmitted to the guiding termi nal 5 

by the arithmetic control module 21 may be coordina te data of 

the target image 4’ and coordinate data of the true  zenith 

position or may be image data in which the coordina te data of 
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the target image 4’ and the coordinate data of the true 

zenith position are shown. 

 In FIG.10A, the deviation between the positions of  the 

reference point P’ and the target image 4’ are indi cated as 

numeral values X=-54 mm and Y=+35 mm, and the worke r can 

recognize that moving the target device 3 by 54 mm in the 

left direction and moving the target device 3 by 35  mm in the 

upward direction can suffice.  It is to be noted th at, in 

FIG.10A, a reference numeral 49 denotes a display m odule of 

the guiding terminal 5. 

 In a state where the target 4’ coincides with the 

reference point P’, markings are performed at four points by 

using the visual target lines 16a and 16b.  The thr ough-hole 

13 is filled, crossing marking lines from each pair  of points 

facing each other are marked-off, and an intersecti on of the 

marking lines is obtained.  This intersection is a point to 

which the reference point P is transferred. 

 In a case of transferring the reference point P to  a 

plurality of floors, an installation of the target device 3, 

a positioning of the target 4 and the markings are repeated 

per floor, the through-hole 13 on each floor is fil led each 

time or after the markings on all the floors is fin ished, the 

marking lines are marked-off, and the intersection of the 

marking lines, that is, the point to which the refe rence 

point P is transferred is obtained (FIG.10B). 

 Next, a building shakes due to various causes.  In  a 

building which is under construction, a shaking due  to a 

construction work, an oscillation of the building i tself, a 

vibration due to a movement of the worker and the l ike occur.  
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For this reason, a laser beam which is vertically e mitted 

vibrates, a reflected laser beam from the target 4 also 

vibrates, the target image 4’ on an image also vibr ates, and 

there is a case that an accurate positioning become s 

difficult.  Further, a distance measured value and an angle 

measured value also fluctuate. 

 In the present embodiment, a time division is perf ormed 

at the predetermined time interval, data acquired w ithin a 

predetermined length of time is averaged, and an in fluence of 

the vibration is reduced (smoothing).  Further, a d ata 

acquirement time for averaging can be arbitrarily s et so that 

the smoothing according to a work situation can be performed. 

 In the storage module 26 or the storage module 36,  a 

smoothing program is stored.  In the smoothing prog ram, when 

the data acquirement time for averaging (smoothing time) is 

set, the data acquired within a set predetermined t ime is 

averaged (smoothing) and output. 

 For instance, the image data are acquired for five  

seconds at the interval of 0.1 second by the sighti ng image 

photodetecting module 24, and the image data corres ponding to 

five seconds are moving-averaged in next 0.1 second  after 

acquiring the data for five seconds. By moving-aver aging, the 

averaged image data corresponding to five seconds i s output 

at the interval of 0.1 second.  Therefore, the targ et image 

4’ shown on the image 44 is stably displayed withou t 

vibrating, and the worker can assuredly carry out a  

positional adjustment work of the target device 3. 

 In the present embodiment, even in a case where th e 

laser beam to be irradiated upward is not completel y vertical, 
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the reference point can be easily transferred in th e vertical 

direction.  Therefore, a strict leveling is not req uired.  

Further, since the total station 2 is fixed and a w ork is 

carried out after obtaining the locus 43, even in a  case 

where the laser beam is not completely vertical, a stable 

tilt correction can be performed. 

 Further, since the center of the rotation is obtai ned 

from the locus 43, even in a case where the complet e 

verticality cannot be obtained due to an influence of an 

instrument error or a distortion of the optical sys tems, the 

vertical trace of the accurate reference point is l ikewise 

possible. 

 The worker can carry out a smoothing corresponding  to a 

site and assuredly perform a work even in a vibrati ng site, 

and as a result, the work efficiency is improved. 

 Although the reference point is transferred from t he 

lower side toward the upper floor in the above embo diment, it 

is needless to say that the reference point can be likewise 

transferred from the upper side toward a lower floo r. 

 Next, a description will be given on a second 

embodiment by referring to FIG.11. 

 The second embodiment relates to a vertical measur ing 

system specialized for a transfer of a reference po int P. 

 It is to be noted that, in FIG. 11, the equivalent  

components as shown in FIG.1 and FIG.6 are referred  by the 

same symbols, and a description thereof will be omi tted.  

Further, a guiding terminal 5 is equivalent to the guiding 

terminal 5 in the first embodiment, and hence the g uiding 

terminal 5 is omitted in the drawing. 
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 In the second embodiment, a horizontal rotation is  

manually performed, a horizontal angle detector 28,  a 

vertical angle detector 29, a horizontal rotary dri ving 

module 31 and a vertical rotary driving module 32 a re omitted, 

a distance measuring function is specialized only t o a 

vertical direction, and a tracking function is omit ted. 

 A surveying instrument 40 has a surveying instrume nt 

main body 7, a leveling module 9 and a horizontal r otation 

mechanism 41, and the surveying instrument main bod y 7 is 

provided on the leveling module 9 via the horizonta l rotation 

mechanism 41.  The horizontal rotation mechanism 41  supports 

the surveying instrument main body 7 rotatably arou nd a 

vertical axis. 

 The surveying instrument main body 7 is mainly 

constituted of an arithmetic control module 21, a d istance 

measuring module 22, a sighting module 23, a sighti ng image 

photodetecting module 24, a tilt sensor 25, a stora ge module 

26, a communication module 27, a display module 33 an 

operation module 34 and the like.  The sighting ima ge 

photodetecting module 24 has an optical axis 10 ext ending in 

the vertical direction, and the optical axis 10 is concentric 

with a rotation axis 12 of the horizontal rotation mechanism 

41. 

 The surveying instrument 40 is installed on the 

reference point P, and a leveling is performed by t he 

leveling module 9 in such a manner that the optical  axis 10 

becomes approximately vertical.  A target device 3 is 

installed at a transfer position of the reference p oint on an 

upper floor. 
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 A distance measuring light is projected onto the 

optical axis 10 from the distance measuring module 22, the 

surveying instrument main body 7 is manually rotate d, and 

target images 4’ corresponding to one rotation are acquired.  

A center is obtained from a circle locus of the acq uired 

target images 4’ (FIG.9A).  This center becomes a p osition of 

a rotation center of the surveying instrument main body 7.  

When the tilt sensor 25 detects a tilt, the positio n of the 

rotation center is corrected based on this detectio n result, 

and a true zenith position is calculated. 

 Since the calculations of a locus center of a circ le, a 

correction of a tilt and the calculation of a true zenith 

position are equivalent to the calculations in the first 

embodiment, a description thereof will be omitted. 

 FIG.12 shows a third embodiment.  It is to be note d 

that, in FIG.12, the equivalent components as shown  in FIG.11 

are referred by the same symbols.  Further, since a  guiding 

terminal 5 is equivalent to the guiding terminal 5 in the 

first embodiment, the guiding terminal 5 is omitted  in the 

drawing. 

 In the third embodiment, the distance measuring 

function in the second embodiment is further omitte d. 

 In the third embodiment, a distance measuring modu le 22 

is omitted in the configuration of the surveying in strument 

main body 7 in the second embodiment. 

 Further, a sighting image photodetecting module 24  

further has a target light emitter (laser diode (LD )) (not 

shown), and the target light emitter emits a target  light, 

and the target light is projected vertically upward  through 
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an optical system of the sighting image photodetect ing module 

24.  An optical axis 10 of the sighting image photo detecting 

module 24 is concentric with a rotation axis 12 of a 

horizontal rotation mechanism 41. 

 A surveying instrument 40 is installed on a refere nce 

point P, a leveling is performed by a leveling modu le 9 in 

such a manner that the optical axis 10 becomes appr oximately 

vertical, and a target device 3 is installed on a t ransfer 

position of the reference point on an upper floor. 

 The target light is emitted onto the optical axis 10 

from the target light emitter, the surveying instru ment main 

body 7 is manually rotated, and a target image 4’ i s acquired 

by a target light from a target 4 by the sighting i mage 

photodetecting module 24. 

 Since the calculations of a locus center of a circ le, a 

correction of a tilt and the calculations of a true  zenith 

position are equivalent to the calculations in the second 

embodiment, a description thereof will be omitted. 

 In the above description, since a prism is used as  the 

target 4 in the first embodiment, the second embodi ment and 

the third embodiment, the transfer in a long distan ce is 

possible. 

 A description will be given on a fourth embodiment  by 

referring to FIG.13. 

 The fourth embodiment relates to a vertical measur ing 

system further specialized for a transfer of a refe rence 

point P. 

 It is to be noted that, in FIG.13, the equivalent 

components as shown in FIG.1 and FIG.6 are referred  by the 
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same symbols, and a description thereof will be omi tted.  

Further, a guiding terminal 5 is equivalent to the guiding 

terminal 5 in the first embodiment, the guiding ter minal 5 is 

omitted in the drawing. 

 In the fourth embodiment, a distance measuring fun ction 

and a tracking function are omitted, a surveying in strument 

main body 7 is manually rotated, and a target devic e 3 is 

simplified. 

 The surveying instrument main body 7 is provided o n a 

leveling module 9 via a horizontal rotation mechani sm 41.  

The horizontal rotation mechanism 41 supports the s urveying 

instrument main body 7 rotatably around a rotation axis 12. 

 The surveying instrument main body 7 is mainly 

constituted of an arithmetic control module 21, a t ilt sensor 

25, a storage module 26, a communication module 27,  a display 

module 33, an operation module 34, an image pickup module 45 

having a function as a sighting image photodetectin g module 

and the like. 

 The image pickup module 45 has an optical axis 10 which 

is concentric with the rotation axis 12, and the im age pickup 

module 45 has an objective lens 46 and an image sen sor 47.  

It is to be noted that the object lens 46 is shown in such a 

manner that a lens group is simplified. 

 The image sensor 47 is an aggregate of pixels such  as a 

CCD or a CMOS sensor, like the first embodiment, an d a 

position of each pixel on the image sensor 47 (an i mage) can 

be specified. 

 The objective lens 46 focuses a target light proje cted 

from a target device 3 on the image sensor 47. 
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 The target device 3 has a holding plate 14, a ligh t 

emitter 48 provided at a center of a lower surface of the 

holding plate 14, a light emission driving module ( not shown) 

which makes the light emitter 48 emit and a power s upply (not 

shown).  A light emission point of the light emitte r 48 is 

set in such a manner that the light emission point of the 

light emitter 48 is positioned in the lower surface  of the 

holding plate 14. 

 A surveying instrument 40 is installed on a refere nce 

point P, and a leveling is performed by the levelin g module 9 

in such a manner that the optical axis 10 of the im age pickup 

module 45 becomes approximately vertical.  Further,  the 

target device 3 is installed on a transfer position  of the 

reference point on an upper floor. 

 The light emitter 48 is turned on.  The light emit ter 

48 emits a target light and functions as a target.  Further, 

as the light emitter, a light-emitting diode (LED) or a laser 

diode (LD) is used. 

 A target image 48’ of the light emitter 48 is acqu ired 

by the image sensor 47.  In a state where the light  emitter 

48 is emitted, the surveying instrument main body 7  is 

manually rotated, and the target images 48’ corresp onding to 

one rotation are acquired. 

 When the light emitter 48 is positioned on the opt ical 

axis 10 of the image pickup module 45, the target i mage  48’ 

is rotated without changing a position of the targe t image 

48’.  Further, when the light emitter 48 is positio ned at a 

position deviating from the image pickup module 45,  the 

target image 48’ draws a locus of a circle (see FIG .9A).  A 
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position of a center of the locus of this circle (t he 

rotation axis) is obtained from the image by a calc ulation.  

Further, when the tilt sensor 25 detects a tilt, th e position 

of the center of the locus of the circle is correct ed based 

on this detection result, and a true zenith positio n is 

calculated. 

 The true zenith position is transmitted to the gui ding 

terminal 5 via the communication module 27. 

 Since an obtainment of the center position of the 

target image 48’ by an image processing, a position al 

adjustment of the target device 3, a smoothing of i mage data 

and the like are equivalent to the obtainment of th e center 

position of the target image 48’ by the image proce ssing, the 

positional adjustment of the target device 3 and th e 

smoothing of the image data in the first embodiment , a 

description thereof will be omitted. 

 In the present embodiment, by omitting the distanc e 

measuring function and the tracking function, it en ables to 

omit a distance measuring module 22, a sighting mod ule 23, a 

horizontal angle detector 28, a vertical angle dete ctor 29 

and the like, to simplify the instrument and to sig nificantly 

reduce a manufacturing cost.  Further, as a target 48 also, 

an LD or an LED is used instead of a prism, and hen ce a cost 

can be reduced. 
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CLAIMS 

 

1.  A vertical measuring system comprising: 

a measuring instrument which has a leveling module and a 

measuring instrument main body rotatably provided o n said 

leveling module in a horizontal direction and is pr ovided on 

a reference point, 

a target device installed on a part to which said r eference 

point is transferred and  

a guiding terminal which has a display module and a  first 

communication module and is used on a side of said target 

device,  

wherein said target device has a target for emittin g a target 

light toward said surveying instrument main body, 

said measuring instrument main body comprises a sig hting 

image photodetecting module for sighting a directio n of a 

rotation axis of said surveying instrument main bod y and 

acquiring an image of said target, 

a tilt sensor for detecting a tilt of said surveyin g 

instrument main body, 

a second communication module for transmitting and receiving 

data to and from said guiding terminal and 

an arithmetic control module, 

wherein said arithmetic control module is configure d to 

calculate a position of said rotation axis based on  a locus 

of said target image obtained by rotating said surv eying 

instrument main body and to transmit a positional i nformation 

of said target image and a positional information o f said 

rotation axis to said guiding terminal via said sec ond 
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terminal, 

and said guiding terminal is configured to display a position 

of said target and a position of a zenith on said d isplay 

module based on the positional information of said target 

image and the positional information of said rotati on axis 

received via said first communication module. 

 

2.  The vertical measuring system according to clai m 1, 

wherein said surveying instrument main body further  comprises 

said tilt sensor, and said arithmetic control modul e is 

configured to correct the position of said rotation  axis 

based on a detection result of said tilt sensor. 

 

3.  The vertical measuring system according to clai m 1 or 2, 

wherein said target is a prism, said sighting image  

photodetecting module has a light source unit for e mitting 

the target light onto an optical axis, and said sur veying 

instrument main body is manually rotated. 

 

4.  The vertical surveying system according to clai m 1 or 2, 

wherein said arithmetic control module performs a t ime 

division at a predetermined time interval, acquires  said 

target image per said predetermined time and averag es data of 

said target image acquired within a predetermined l ength of 

time, and said arithmetic control module is configu red to be 

capable of changing a time length of the predetermi ned time. 

 

5.  The vertical measuring system according to clai m 1 or 2, 

wherein said target is a prism, said surveying inst rument 
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main body further comprises a distance measuring mo dule, said 

distance measuring module emits a distance measurin g light 

onto an optical axis, said target retro-reflects th e distance 

measuring light and projects the distance measuring  light as 

a reflected distance measuring light and the target  light, 

said distance measuring module receives said reflec ted 

distance measuring light and measures a distance to  said 

target, said surveying instrument main body is manu ally 

rotated, and said arithmetic control module is conf igured to 

display an actual deviation amount between said tar get and 

said optical axis as numeral values on said display  module 

based on a deviation between said target image and said 

optical axis on an image and a distance measuring r esult. 

 

6.  The vertical measuring system according to clai m 1 or 2, 

wherein said target is a light emitter for emitting  the 

target light, and said surveying instrument main bo dy is 

manually rotated. 

 

7.  The vertical measuring system according to clai m 1 or 2, 

wherein said surveying instrument main body further  comprises 

a distance measuring module, a sighting module, a h orizontal 

angle detector, a vertical angle detector, a horizo ntal 

rotary driving module and a vertical rotary driving  module, 

and said surveying instrument is configured as a to tal 

station. 

 

8.  The vertical measuring system according to clai m 5, 

wherein said arithmetic control module performs a t ime 
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division at a predetermined time interval, obtains said 

target image and a distance measured value per said  

predetermined time and averages data of said target  image and 

data of said distance measured value acquired withi n a 

predetermined length of time, and said arithmetic c ontrol 

module is configured to be capable of changing a ti me length 

of the predetermined time. 

 

9.  A method for tracing a reference point using th e vertical 

measuring system according to any one of claims 1 t o 8 

comprising: a step of forming a through-hole on an upper 

floor in a structure above a reference point, a ste p of 

installing a surveying instrument on said reference  point, a 

step of installing a target device in said through- hole, a 

step of directing a sighting optical axis of said s urveying 

instrument to a vertical direction and rotating sai d 

surveying instrument, a step of photodetecting a ta rget image 

from said target device on a photodetector by said surveying 

instrument, a step of calculating a zenith position  based on 

a locus of said target image on said photodetector and a 

detection result of a tilt sensor of said surveying  

instrument and based on said reference point, a ste p of 

displaying said zenith position and said target ima ge on a 

display module of a guiding terminal, a step of coi nciding 

said zenith position with said target image, a step  of 

marking a position of said target device on said up per floor 

in a state where said zenith position is coincided with said 

target image and a step of tracing said reference p oint on 

said upper floor based on said marking. 


