
(—THIS SIDEBAR DOES NOT 

PRINT—) 

DES IG N  G U IDE  
 

This PowerPoint 2007 template 

produces a 36”x56” presentation 

poster. You can use it to create your 

research poster and save valuable 

time placing titles, subtitles, text, 

and graphics.  

 

We provide a series of online tutorials 

that will guide you through the poster 

design process and answer your poster 

production questions. To view our 

template tutorials, go online to 

PosterPresentations.com and click on 

HELP DESK. 

 

When you are ready to print your 

poster, go online to 

PosterPresentations.com 

 

Need assistance? Call us at 

1.510.649.3001 

 
 

QU ICK  START  
 

Zoom in and out 
 As you work on your poster 

zoom in and out to the level 

that is more comfortable to 

you.  

 Go to VIEW > ZOOM. 

 

Title, Authors, and Affiliations 
Start designing your poster by adding the 

title, the names of the authors, and the 

affiliated institutions. You can type or paste 

text into the provided boxes. The template 

will automatically adjust the size of your 

text to fit the title box. You can manually 

override this feature and change the size of 

your text.  

 

TIP: The font size of your title should be 

bigger than your name(s) and institution 

name(s). 

 

 

 

 

Adding Logos / Seals 
Most often, logos are added on each side of 

the title. You can insert a logo by dragging 

and dropping it from your desktop, copy and 

paste or by going to INSERT > PICTURES. 

Logos taken from web sites are likely to be 

low quality when printed. Zoom it at 100% 

to see what the logo will look like on the 

final poster and make any necessary 

adjustments.   

 

TIP:  See if your school’s logo is available on 

our free poster templates page. 

 

Photographs / Graphics 
You can add images by dragging and 

dropping from your desktop, copy and 

paste, or by going to INSERT > PICTURES. 

Resize images proportionally by holding 

down the SHIFT key and dragging one of the 

corner handles. For a professional-looking 

poster, do not distort your images by 

enlarging them disproportionally. 

 

 

 

 

 

 

 

Image Quality Check 
Zoom in and look at your images at 100% 

magnification. If they look good they will 

print well.  

ORIGIN
AL 

DISTO
RTED 

Corne
r 

handl
es 

G
o

o
d

 p
ri

n
ti

n
g 

q
u

al
it

y 

B
ad

 p
ri

n
ti

n
g 

q
u

al
it

y 

QU ICK  START 

( con t . )  
 

How to change the template 

color theme 
You can easily change the color theme of 

your poster by going to the DESIGN menu, 

click on COLORS, and choose the color 

theme of your choice. You can also create 

your own color theme. 

 

 

 

 

 

 

 

You can also manually change the color of 

your background by going to VIEW > SLIDE 

MASTER.  After you finish working on the 

master be sure to go to VIEW > NORMAL to 

continue working on your poster. 

 

How to add Text 
The template comes 

with a number of 

pre-formatted 

placeholders for 

headers and text 

blocks. You can add 

more blocks by 

copying and pasting 

the existing ones or 

by adding a text box 

from the HOME 

menu.  

 

 Text size 
Adjust the size of your text based on how 

much content you have to present. The 

default template text offers a good starting 

point. Follow the conference requirements. 

 

How to add Tables 
To add a table from scratch go 

to the INSERT menu and  

click on TABLE. A drop-down box 

will help you select rows and 

columns.  

You can also copy and a paste a table from 

Word or another PowerPoint document. A 

pasted table may need to be re-formatted 

by RIGHT-CLICK > FORMAT SHAPE, TEXT BOX, 

Margins. 

 

Graphs / Charts 
You can simply copy and paste charts and 

graphs from Excel or Word. Some 

reformatting may be required depending on 

how the original document has been 

created. 

 

How to change the column 

configuration 
RIGHT-CLICK on the poster background and 

select LAYOUT to see the column options 

available for this template. The poster 

columns can also be customized on the 

Master. VIEW > MASTER. 

 

How to remove the info bars 
If you are working in PowerPoint for 

Windows and have finished your poster, save 

as PDF and the bars will not be included. You 

can also delete them by going to VIEW > 

MASTER. On the Mac adjust the Page-Setup 

to match the Page-Setup in PowerPoint 

before you create a PDF. You can also delete 

them from the Slide Master. 

 

Save your work 
Save your template as a PowerPoint 

document. For printing, save as PowerPoint 

or “Print-quality” PDF. 

 

Print your poster 
When you are ready to have your poster 

printed go online to PosterPresentations.com 

and click on the “Order Your Poster” button. 

Choose the poster type the best suits your 

needs and submit your order. If you submit a 

PowerPoint document you will be receiving a 

PDF proof for your approval prior to printing. 

If your order is placed and paid for before 

noon, Pacific, Monday through Friday, your 

order will ship out that same day. Next day, 

Second day, Third day, and Free Ground 

services are offered. Go to 

PosterPresentations.com for more 

information. 

 

Student discounts are available on our 

Facebook page. 

Go to PosterPresentations.com and click 

on the FB icon.  

© 2015 
PosterPresentations.com 
2117 Fourth Street , Unit C 
Berkeley CA 94710 

posterpresenter@gmail.com 
RESEARCH POSTER PRESENTATION 
DESIGN © 2015 

www.PosterPresentati
ons.com 

  Establishment of a highly accurate global vertical 

reference frame is one of the most significant 

problems in geodesy nowadays. Implementation of a 

height reference system using conventional methods 

(combination of gravimetry and high-precision 

geometrical levelling) has the disadvantage of error 

accumulation from initial benchmark to the borders 

of levelling network, which limits accuracy of 

vertical reference system implementation on 

continental or global scale. In future the problem 

can be solved by means of chronometric levelling 

which is a measurement method based on 

gravitational frequency shifts comparison. The 

method is expected to allow determination of 

geopotential number increment and physical height 

difference over large distances with less significant 

loss of accuracy. 

 

Introduction 

  

  An experiment aimed at approbation of a 

chronometric levelling technique was undertaken. It 

also included investigation and development of 

technical solutions which could be used in future for 

high precision applications. 

  Determination of orthometric height difference 

between two points located at different heights by 

frequency comparison between mobile and basic 

frequency standards was performed.  

  The experiment site was located in Altay 

Mountains in Siberia. The first point was located in 

Shebalino, the second on Seminsky Pass. Distance 

between the two points is nearly 35 km, height 

difference 859 м. Base standard was located at 

SSSRIM in Novosibirsk, nearly 550 km away from 

the experiment site. 

  The chronometric levelling principle is based on 

formula: 

 

𝑑𝑊 = 𝑔1ℎ1 − 𝑔2ℎ2 =
𝑓1−𝑓2

𝑓1
𝑐2 ,      (1) 

  

 where  𝑑𝑊– gravity potential difference between 

the two points; 

𝑔𝑖 – mean value of the gravity along plumb line 

between geoid  and point i; 

ℎ𝑖 – orthometric height of point i; 

𝑓𝑖 –  frequency measured at point i; 

c – the speed of light. 

  The following expression was used for height 

difference calculation: 

  

ℎ1 − ℎ2 =
𝑓1−𝑓2

𝑓1

𝑐2

𝑔1
+

𝑔2−𝑔1

𝑔1
ℎ2  .            (2) 

  

  Depending on the gravity acceleration type one can 

calculate orthometric, normal or dynamical height 

difference using formula (2). 

  In the present experiment the instability of 

frequency standard significantly limiting precision 

of the results. Therefore, the second term on the 

right side of the formula (2) was omitted. 

 

 
Aim and plot of the experiment 

 

  Global navigation satellite systems GPS and 

GLONASS were used for positioning and frequency 

transfer. Positions of the mobile frequency standard 

at two benchmarks located at Shebalino at Seminsky 

Pass were determined in ITRF2008. Particularly, 

geodetic height difference between the two 

benchmarks was determined by synchronous GNSS 

observations. Ionosphere-free phase and code 

combinations were used. Zenith tropospheric delay 

was estimated. 

  Frequency transfer between the basic standard 

VET-1-19 located at SSSRIM and the mobile 

standard was implemented also by means of GNSS 

measurements using “Common View” 

synchronization method. Calculation of geocentric 

position vector of satellites was performed using 

precise ephemerides, provided by the International 

GNSS Service. Numerical integration of orbital 

motion equations was applied. Data processing was 

performed using software developed by SSSRIM, 

based on GAMIT-GLOBK. 

  Relative gravity measurements were performed to 

determine gravity difference between Shebalino and 

Seminsky points.  

   

Field measurements and data processing 

Results 

  Control value of orthometric height difference was 

calculated using GNSS-derived geodetic height 

difference and heights of geoid above ellipsoid 

obtained using global geopotential model  

EIGEN-6c4. Calculated geodetic height difference 

was 859.241 ± 0.051 m (confidence probability 

95%), difference of orthonormal heights was 

858.915 ± 0.14 m. 

  At Shebalino deviation of the time scales produced 

by the basic and the mobile frequency standard 

reached 1.75 ns on the interval of 63900 s. That 

corresponds to relative frequency shift of  

2.739×10-14. At Seminsky accumulated timescale 

deviation was 2.55 ns on the time span of 23790 s, 

which corresponds to frequency shift 1.0719×10-13. 

Thus frequency shift associated with its 

transportation from Shebalino to Seminsky Pass, 

measured relative to basic frequency standard 

VET1-19 was 7.980×10-14 ± 7.27×10-15. Height 

difference determined by chronometric levelling 

(measured) was 725 ± 64 m. The deviation from 

control value was 16%. Estimates of current 

moments in the timescale of the mobile clock 

obtained at Shebalino and Seminsky sites are 

provided in Pic. 1 

 Deviation of the measured value of orthometric 

height difference and control value corresponds to 

error level of frequency measurements using  

Ch1-1006 standard. 

Conclusion 

  The present study has been funded by  

the Russian Science Foundation (project number 

14-27-00068). 
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Instability type Time interval Allan deviation σt 

Short-term 

instability 

(random noise of 

frequency) 

1 s 

10 s 

100s 

1000s 

7×10-13 

2×10-13 

7×10-14 

3×10-14 

Long-term 

instability 

(frequency drift) 

1 h 

24 h 

2×10-14 

7×10-15 

  The mobile standard was not temperature-

stabilized. Temperature was observed and logged 

during the experiment. Data acquired during time 

spans with relatively slow changes of temperature 

were chosen for processing. 

 

Acknowledgement 

   As a result orthometric height difference between 

the two points was determined by means of 

chronometric levelling with error of 16%. The 

resulting value was 725 m versus control value 

858.92 ± 0.14 m. Technical aspects of frequency 

standards application for chronometric levelling 

were elaborated. That will help to develop practical 

procedure for chronometric levelling and apply it 

for the accurate height determination when mobile 

frequency standards with relative instability of 10-18 

and better, become available.  

   Two sets of equipment were used. The first one 

(base set) was deployed at SSRIM in Novosibirsk. It 

includes frequency standard VET1-19 connected 

with continuously operating reference station NOVM 

of the International GNSS service (IGS) tracking 

network.  

  Another set (mobile) included a passive mobile 

hydrogen time and frequency standard CH1-1006, 

geodetic-grade GNSS equipment Javad Sigma-Q 

G3T and Leica Viva GS10, high-precision automatic 

gravimeter AUTOGRAV Scintrex CG-5. 

 Accuracy in the experiment was limited by 

instability of the mobile frequency standard. The 

average frequency deviation relative to basic 

frequency standard VET1-19 was 2.453×10-14. 

Maximum two-sample root-mean-square deviation 

(Allan deviation σt) of frequency for the used mobile 

standard is shown in Table 1. 
 

  Table 1. Allan deviation for Ch1-1006 standard in 

case of constant temperature 

 Pic.1 Clock rate observed at Seminsky and 

Shebalino points 

Equipment 
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