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CLAIMS: 

1. A positioning system  for determination of location data of an object

comprising: 

at least one transmitting unit  configured to transmit a multi-frequency signal 

comprising at least two different signal frequency components; 5 

a receiver system  mounted on the object  and configured to receive the multi-

frequency signals from said at least one transmitting unit, and to determine phases of each 

signal frequency component of the multi-frequency signal; and 

a processing system  being in data communication with the receiver system, and 

configured to receive the phases of each signal frequency component of the multi-10 

frequency signal, and to determine a distance D between said at least one transmitting 

unit  and the object, and the location data of the object;  

wherein the receiver  is configured for: 

receiving the multi-frequency signals provided by said at least one transmitting 

unit; 15 

analyzing the multi-frequency signals, wherein the multi-frequency signal 

includes a sum of a predetermined number L of signal frequency components fi, where i 

is a number index of the signal frequency components, i =1, 2, …, L; wherein the signal 

frequency components fi are mutually prime numbers; and  

determining said number L of the signal frequency components fi of each of said 20 

multi-frequency signals; wherein the distance D between said at least one transmitting 

unit  and the object  is determined by D = ct, where c is the light speed, and t is the 

time of propagation of the multi-frequency signals between said at least one transmitting 

unit  and the object, the time is determined from an equation:  

∆𝑡 ൌ
௜ ൅ 2𝜋𝑁௜ 

2𝜋𝑓௜
25 

where i is the phase of an i-th signal frequency component determined by the receiver, 

Ni is a number of wave cycles of an i-th signal frequency component spanned on the 

distance D, and where a number i of the signal frequency component fi is selected from 

0, 1, 2 and 3.   

2. The positioning system of claim 1, wherein a number of the signal frequency30 
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components fi transmitted by said at least one transmitting unit  is four, f0 , f1 , f2 , and f3, and 

wherein the processing system  is configured for determining a number N0 of cycles of the 

first signal frequency component f0 by using any one of the following equations: 

𝑁଴ ൌ െ
𝑓଴ଵ െ 𝑓ଵ଴ ൅ 2𝜋𝑀଴𝑓଴ 

2𝜋ሺ𝑓଴ െ 𝑓ଵሻ

𝑁଴ ൌ െ
𝑓଴ଶ െ 𝑓ଶ଴ ൅ 2𝜋𝑀ଵ𝑓଴ 

2𝜋ሺ𝑓଴ െ 𝑓ଶሻ
5 

and 

𝑁଴ ൌ െ
𝑓଴ଷ െ 𝑓ଵ଴ ൅ 2𝜋𝑀ଶ𝑓଴ 

2𝜋ሺ𝑓଴ െ 𝑓ଷሻ
 ,

where M0, M1, and M2 are additives to the number of cycles N0 for the signal frequency 

components f1 , f2 , f3, correspondingly. 

3. The positioning system of claim 2, wherein M0 and M1 are determined by using10 

the following algorithm:  

for each M0 selected from 0 to (M0 max-1) and for each M1 selected from 0 to 

(M1 max-1), the processing system calculates integer numbers corresponding to M0 and 

M1 so as to satisfy an equation: 

𝑓଴ଵ െ 𝑓ଵ଴ ൅ 2𝜋𝑀଴𝑓଴ 

𝑓଴ െ 𝑓ଵ
ൌ
𝑓଴ଶ െ 𝑓ଶ଴ ൅ 2𝜋𝑀ଵ𝑓଴ 

𝑓଴ െ 𝑓ଶ
 , 15 

where 𝑀଴ ௠௔௫ ൌ 𝑟𝑜𝑢𝑛𝑑ሾ2𝜋ሺ 𝑓ଵ െ 𝑓଴ሻ𝑇௦ሿ and where 𝑀ଵ ௠௔௫ ൌ ሾ2𝜋ሺ𝑓ଶ െ 𝑓ଵሻ𝑇௦ሿ where Ts 

is the measurement rate. 

4. The positioning system of claim 2, wherein M0 and M1 are determined from an

equation: 

20 

by calculating integer numbers satisfying a condition pmx=0 for each mx selected from 

0 to (M0max∙M1max ) – 1, where 𝑀଴ ௠௔௫ ൌ 𝑟𝑜𝑢𝑛𝑑ሾ2𝜋ሺ 𝑓ଵ െ 𝑓଴ሻ𝑇௦ሿ and where 𝑀ଵ ௠௔௫ ൌ

 𝑟𝑜𝑢𝑛𝑑ሾ2𝜋ሺ𝑓ଶ െ 𝑓ଵሻ𝑇௦ሿ where Ts is the measurement rate, and Ma0 = M0max or M1max.  

5. The positioning system of claim 3, wherein the processing system  is configured

to calculate M2 by solving an equation:  25 

𝑓଴ଵ െ 𝑓ଵ଴ ൅ 2𝜋𝑀଴𝑓଴ 

𝑓଴ െ 𝑓ଵ
ൌ
𝑓଴ଷ െ 𝑓ଷ଴ ൅ 2𝜋𝑀ଶ𝑓଴ 

𝑓଴ െ 𝑓ଷ
 . 

p
mx

floor
f0 1 f1 0 2  mod mx Ma0( ) f0

2 f0 f1( )






floor

f0 2 f2 0 2  floor
mx

Ma0






 f0

2 f0 f2( )













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6. The positioning system of claim 4, wherein the processing system is configured

to calculate M2 by solving an equation:  

𝑓଴ଵ െ 𝑓ଵ଴ ൅ 2𝜋𝑀଴𝑓଴ 

𝑓଴ െ 𝑓ଵ
ൌ
𝑓଴ଷ െ 𝑓ଷ଴ ൅ 2𝜋𝑀ଶ𝑓଴ 

𝑓଴ െ 𝑓ଷ
 . 

7. The positioning system of claim 1, wherein the processing system is further5 

configured to receive the phase data i of each signal frequency component for each of 

the multi-frequency signals from the receiver system, and to determine kinematic data 

based on the phase data i, said kinematic data selected from velocity and acceleration 

of the object. 

8. A positioning for determination of location data of an object comprising:10 

at least one transmitting unit configured to transmit a multi-frequency signal

comprising at least two different signal frequency components;             

a receiver system mounted on the object and configured to receive the multi-

frequency signals from said at least one transmitting unit, and to determine phases of each 

signal frequency component of the multi-frequency signal; and 15 

a processing system being in data communication with the receiver system, and 

configured to receive the phases of each signal frequency component of the multi-frequency 

signal, and to determine a distance D between said at least one transmitting unit and the 

object, and the location data of the object; 

 wherein the receiver system is configured for: 20 

receiving the multi-frequency signals provided by said at least one transmitting unit: 

 analyzing the multi-frequency signals, wherein the multi-frequency signal includes 

a sum of a predetermined number L of signal frequency components fi , where i is a number 

index of the signal frequency components, i =1, 2, …, L; wherein the signal frequency 

components fi are mutually prime numbers; and 25 

determining said number L of the signal frequency components fi of each of said 

multi-frequency signals;  

wherein the positioning system comprises three transmitting units having 

coordinates (xa, ya, za), (xb, yb, zb) and (xc, yc, zc), correspondingly, and the determination of 

the location data includes calculating three location coordinates x(t), y(t) and z(t) of the 30 

object at time t, and  
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wherein the processing system  is configured to determine the three location 

coordinates x(t), y(t) and z(t) of the object (11) by using the following equations:  

𝐷௔ ൌ ඥሺ𝑥ሺ𝑡ሻ െ  𝑥௔ሻଶ ൅ ሺ𝑦ሺ𝑡ሻ െ  𝑦௔ሻଶ ൅ ሺ𝑧ሺ𝑡ሻ െ  𝑧௔ሻଶ 

    𝐷௕ ൌ ඥሺ𝑥ሺ𝑡ሻ െ  𝑥௕ሻଶ ൅ ሺ𝑦ሺ𝑡ሻ െ  𝑦௕ሻଶ ൅ ሺ𝑧ሺ𝑡ሻ െ  𝑧௕ሻଶ 

    𝐷௖ ൌ ඥሺ𝑥ሺ𝑡ሻ െ  𝑥௖ሻଶ ൅ ሺ𝑦ሺ𝑡ሻ െ  𝑦௖ሻଶ ൅ ሺ𝑧ሺ𝑡ሻ െ  𝑧௖ሻଶ, 5 

where Da, Db and Dc are distances from said three transmitting units  to the receiver 

system, correspondingly. 

9. A positioning system for determination of location data of an objection

comprising:  

at least one transmitting unit configured to transmit a multi-frequency signal 10 

comprising at least two different signal frequency components; 

a receiver system mounted on the object and configured to receive the multi-

frequency signals from said at least one transmitting unit, and to determine phases of each 

signal frequency component of the multi-frequency signal, and  

a processing system being in data communication with the receiver system, and 15 

configured to receive the phases of each signal frequency component of the multi-frequency 

signal, and to determine a distance D between said at least one transmitting unit and the 

object, and the location data of the object; 

wherein the receiver system is configured for: 

receiving the multi-frequency signals provided by said at least one transmitting 20 

unit: 

 analyzing the multi-frequency signals, wherein the multi-frequency signal includes 

a sum of a predetermined number L of signal frequency components fi , where i is a number 

index of the signal frequency components, i =1, 2, …, L; wherein the signal frequency 

components fi are mutually prime numbers; and 25 

determining said number L of the signal frequency components fi of each of said 

multi-frequency signals;  

wherein the positioning system  comprises four transmitting units  having 

coordinates (xa, ya, za), (xb, yb, zb), (xc, yc, zc) and (xd, yd, zd), correspondingly, and  

 wherein the processing system  is configured to determine the three location 30 

coordinates x(t), y(t) and z(t) of the object  and system time T by solving the following system 

of equations: 
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𝑐ሺ𝑇 െ  𝑡௔ሻ ൌ ඥሺ𝑥ሺ𝑡ሻ െ  𝑥௔ሻଶ ൅ ሺ𝑦ሺ𝑡ሻ െ  𝑦௔ሻଶ ൅ ሺ𝑧ሺ𝑡ሻ െ  𝑧௔ሻଶ 

    𝑐ሺ𝑇 െ 𝑡௕ሻ ൌ ඥሺ𝑥ሺ𝑡ሻ െ  𝑥௕ሻଶ ൅ ሺ𝑦ሺ𝑡ሻ െ  𝑦௕ሻଶ ൅ ሺ𝑧ሺ𝑡ሻ െ  𝑧௕ሻଶ  

    𝑐ሺ𝑇 െ  𝑡௖ሻ ൌ ඥሺ𝑥ሺ𝑡ሻ െ  𝑥௖ሻଶ ൅ ሺ𝑦ሺ𝑡ሻ െ  𝑦௖ሻଶ ൅ ሺ𝑧ሺ𝑡ሻ െ  𝑧௖ሻଶ  

𝑐ሺ𝑇 െ 𝑡ௗሻ ൌ ඥሺ𝑥ሺ𝑡ሻ െ  𝑥ௗሻଶ ൅ ሺ𝑦ሺ𝑡ሻ െ  𝑦ௗሻଶ ൅ ሺ𝑧ሺ𝑡ሻ െ  𝑧ௗሻଶ , 

where T is a system time which is common to said four transmitting units, and where 5 

𝑐ሺ𝑇 െ 𝑡௔ሻ, 𝑐ሺ𝑇 െ 𝑡௕ሻ, 𝑐ሺ𝑇 െ 𝑡௖ሻ and 𝑐ሺ𝑇 െ 𝑡ௗሻ are the distances between said 

transmitting units  and said receiver system  mounted on the object, correspondingly.  

10. A positioning method for determining location data of an object,

comprising: 

providing the system  of claim 1;  10 

transmitting a multi-frequency signal comprising at least two different 

frequencies;  

measuring the phases of each signal frequency component of the multi-frequency 

signal; and 

determining a distance D between said at least one transmitting unit  and the object, 15 

and the location data of the object;  

wherein the receiver of the positioning system is configured for: 

             receiving the multi-frequency signals provided by said at least one transmitting  

unit; 

 analyzing the multi-frequency signals, wherein the multi-frequency signal includes 20 

a sum of a predetermined number L of signal frequency components fi, where i is a number 

index of the signal frequency components, i =1, 2, …, L; wherein the signal frequency 

components fi are mutually prime numbers; and  

determining said number L of the signal frequency components fi of each of said 

multi-frequency signals;  25 

 wherein the distance D between said at least one transmitting unit  and the object  is 

determined by D = c t, where c is the light speed, and t is the time of propagation of the 

multi-frequency signals between said at least one transmitting unit and the object, the time 

is determined from an equation:  

∆𝑡 ൌ
௜ ൅ 2𝜋𝑁௜ 

2𝜋𝑓௜
30 

MCSLLP



- 21 -

where i is the phase of an i-th signal frequency component determined by the receiver, 

and Ni is a number of wave cycles of an i-th signal frequency component spanned on the 

distance D, and where a number i of the signal frequency component fi is selected from 

0, 1, 2 and 3.   

11. The positioning method of claim 10, wherein a number of the signal5 

frequency components fi transmitted by said at least one transmitting unit is four, f0 , f1 , f2 , 

and f3, and wherein the method includes determining a number N0 of cycles of the first signal 

frequency component f0 by using any one of the equations: 

𝑁଴ ൌ െ
𝑓଴ଵ െ 𝑓ଵ଴ ൅ 2𝜋𝑀଴𝑓଴ 

2𝜋ሺ𝑓଴ െ 𝑓ଵሻ

𝑁଴ ൌ െ
𝑓଴ଶ െ 𝑓ଶ଴ ൅ 2𝜋𝑀ଵ𝑓଴ 

2𝜋ሺ𝑓଴ െ 𝑓ଶሻ
10 

and 

𝑁଴ ൌ െ
𝑓଴ଷ െ 𝑓ଵ଴ ൅ 2𝜋𝑀ଶ𝑓଴ 

2𝜋ሺ𝑓଴ െ 𝑓ଷሻ

where M0, M1, and M2 are additives to the number of cycles N0 for the signal frequency 

components f1, f2, f3, correspondingly. 

12. The positioning method of claim 11, comprising determining M0 and M1 by15 

using the following algorithm:  

for each Mo selected from 0 to (M0 max-1) and for each M1 selected from 0 to (M1

max-1), calculating, by the processing system, integer numbers corresponding to Mo and 

M1, which satisfy an equation: 

𝑓଴ଵ െ 𝑓ଵ଴ ൅ 2𝜋𝑀଴𝑓଴ 

𝑓଴ െ 𝑓ଵ
ൌ
𝑓଴ଶ െ 𝑓ଶ଴ ൅ 2𝜋𝑀ଵ𝑓଴ 

𝑓଴ െ 𝑓ଶ
20 

where 𝑀଴ ௠௔௫ ൌ 𝑟𝑜𝑢𝑛𝑑ሾ2𝜋ሺ 𝑓ଵ െ 𝑓଴ሻ𝑇௦ሿ and where 𝑀ଵ ௠௔௫ ൌ ሾ2𝜋ሺ𝑓ଶ െ 𝑓ଵሻ𝑇௦ሿ where Ts 

is the measurement rate. 

13. The positioning method of claim 11, comprising determining Mo and M1 from

an equation: 

25 

by calculating integer numbers satisfying a condition pmx=0 for each mx selected from 

0 to (M0max∙M1max ) – 1, where 𝑀଴ ௠௔௫ ൌ 𝑟𝑜𝑢𝑛𝑑ሾ2𝜋ሺ 𝑓ଵ െ 𝑓଴ሻ𝑇௦ሿ and where 𝑀ଵ ௠௔௫ ൌ

 𝑟𝑜𝑢𝑛𝑑ሾ2𝜋ሺ𝑓ଶ െ 𝑓ଵሻ𝑇௦ሿ where Ts is the measurement rate, and Ma0 = M0max or M1max. 

p
mx

floor
f0 1 f1 0 2  mod mx Ma0( ) f0

2 f0 f1( )






floor

f0 2 f2 0 2  floor
mx

Ma0






 f0

2 f0 f2( )













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14. The positioning method of claim 12, comprising calculating M2 by solving an

equation:  

𝑓଴ଵ െ 𝑓ଵ଴ ൅ 2𝜋𝑀଴𝑓଴ 

𝑓଴ െ 𝑓ଵ
ൌ
𝑓଴ଷ െ 𝑓ଷ଴ ൅ 2𝜋𝑀ଶ𝑓଴ 

𝑓଴ െ 𝑓ଷ

15. The positioning method of claim 13, comprising calculating M2 by solving an

equation:  5 

𝑓଴ଵ െ 𝑓ଵ଴ ൅ 2𝜋𝑀଴𝑓଴ 

𝑓଴ െ 𝑓ଵ
ൌ
𝑓଴ଷ െ 𝑓ଷ଴ ൅ 2𝜋𝑀ଶ𝑓଴ 

𝑓଴ െ 𝑓ଷ

16. The method of claim 10, wherein determining of kinematic data includes

receiving the phase data i of each signal frequency component for each of the multi-

frequency signals from the receiver system  and to determining the kinematic data based 10 

on the phase data i, said kinematic data selected from velocity and acceleration of the 

object. 

17. A positioning method for determining location date of an object,

comprising:  15 

providing a positioning system for determination of a location data of an object 

comprising:  

at least one transmitting unit configured to transmit a multi-frequency signal 

comprising at least two different signal frequency components;  

  a receiver system mounted on the object and configured to receive the multi-20 

frequency signals from said at least one transmitting unit, and to determine phases of each 

signal frequency component of the multi-frequency signal; and  

 a processing system being in data communication with the receiver system, and 

configured to receive the phases of each signal frequency component of the multi-frequency 

signal, and to determine a distance D between said at least one transmitting unit and the 25 

object, and the location data of the object; 

 wherein the receiver system is configured for:  

receiving the multi-frequency signals provided by said at least one transmitting unit; 

 analyzing the multi-frequency signals, wherein the multi-frequency signal includes 

a sum of a predetermined number L of signal frequency components fi, where i is a number 30 
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index of the signal frequency components, i=1, 2, …, L; wherein the signal frequency 

components fi are mutually prime numbers; and 

determining said number L of the signal frequency components fi of each of said 

multi-frequency signals; 

 transmitting a multi-frequency signal comprising at least two different frequencies; 5 

measuring the phases of each signal frequency component of the multi-frequency 

signal; and 

 determining a distance D between said at least one transmitting unit and the object, 

and the location data of the object;  

 wherein the positioning system comprises three transmitting units having 10 

coordinates (xa, ya, za), (xb, yb, zb) and (xc, yc, zc), correspondingly, the method includes 

determining location data, and includes calculating three location coordinates x(t), y(t) and 

z(t) of the object at time t, correspondingly; and  

wherein the processing system of the positioning system is configured to determine 

the three location coordinates x(t), y(t) and z(t) of the object by using equations:  15 

𝐷௔ ൌ ඥሺ𝑥ሺ𝑡ሻ െ  𝑥௔ሻଶ ൅ ሺ𝑦ሺ𝑡ሻ െ  𝑦௔ሻଶ ൅ ሺ𝑧ሺ𝑡ሻ െ  𝑧௔ሻଶ 

    𝐷௕ ൌ ඥሺ𝑥ሺ𝑡ሻ െ  𝑥௕ሻଶ ൅ ሺ𝑦ሺ𝑡ሻ െ  𝑦௕ሻଶ ൅ ሺ𝑧ሺ𝑡ሻ െ  𝑧௕ሻଶ 

    𝐷௖ ൌ ඥሺ𝑥ሺ𝑡ሻ െ  𝑥௖ሻଶ ൅ ሺ𝑦ሺ𝑡ሻ െ  𝑦௖ሻଶ ൅ ሺ𝑧ሺ𝑡ሻ െ  𝑧௖ሻଶ, 

where Da, Db and Dc are distances from said three transmitting units to the receiver 

system, correspondingly. 20 

18. A positioning method for determining location data of an object,

comprising: 

providing a positioning system for determination of location data of an object 

comprising: 

at least one transmitting unit configured to transmit a multi-frequency 25 

signal comprising at least two different signal frequency components; 

a receiver system mounted on the object and configured to receive the 

multi-frequency signals from said at least one transmitting unit, and to determine 

phases of each signal frequency component of the multi-frequency signal; and 

a processing system being in data communication with the receiver 30 

system, and configured to receive the phases of each signal frequency component 

of the multi-frequency signal, and to determine a distance D between said at least 
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one transmitting unit and the object, and the location data of the object;  

wherein the receiver system is configured for: 

receiving the multi-frequency signals provided by said at least one 

transmitting unit; 

analyzing the multi-frequency signals, wherein the multi-frequency signal 5 

includes a sum of a predetermined number L of signal frequency components fi, 

where i is a number index of the signal frequency components, i =1, 2, …, L; 

wherein the signal frequency components fi are mutually prime numbers; and  

determining said number L of the signal frequency components fi of each 

of said multi-frequency signals;  10 

transmitting a multi-frequency signal comprising at least two different 

frequencies; 

measuring the phases of each signal frequency component of the multi-frequency 

signal; and 

determining a distance D between said at least one transmitting unit and the object, 15 

and the location data of the object; 

wherein the positioning system comprises four transmitting units having coordinates 

(xa, ya, za), (xb, yb ,zb), (xc, yc, zc) and (xd, yd, zd), correspondingly, the method includes 

determining location data and system time T; and  

wherein the processing system of the positioning system is configured to determine 20 

the three location coordinates x(t), y(t) and z(t) of the object and the system time T by solving 

the following system of equations: 

𝑐ሺ𝑇 െ  𝑡௔ሻ ൌ ඥሺ𝑥ሺ𝑡ሻ െ  𝑥௔ሻଶ ൅ ሺ𝑦ሺ𝑡ሻ െ  𝑦௔ሻଶ ൅ ሺ𝑧ሺ𝑡ሻ െ  𝑧௔ሻଶ 

𝑐ሺ𝑇 െ 𝑡௕ሻ ൌ ඥሺ𝑥ሺ𝑡ሻ െ  𝑥௕ሻଶ ൅ ሺ𝑦ሺ𝑡ሻ െ  𝑦௕ሻଶ ൅ ሺ𝑧ሺ𝑡ሻ െ  𝑧௕ሻଶ  

𝑐ሺ𝑇 െ  𝑡௖ሻ ൌ ඥሺ𝑥ሺ𝑡ሻ െ  𝑥௖ሻଶ ൅ ሺ𝑦ሺ𝑡ሻ െ  𝑦௖ሻଶ ൅ ሺ𝑧ሺ𝑡ሻ െ  𝑧௖ሻଶ 25 

  𝑐ሺ𝑇 െ 𝑡ௗሻ ൌ ඥሺ𝑥ሺ𝑡ሻ െ  𝑥ௗሻଶ ൅ ሺ𝑦ሺ𝑡ሻ െ  𝑦ௗሻଶ ൅ ሺ𝑧ሺ𝑡ሻ െ  𝑧ௗሻଶ , 

wherein T is the system time which is common to said four transmitting units, and 

where 𝑐ሺ𝑇 െ 𝑡௔ሻ, 𝑐ሺ𝑇 െ 𝑡௕ሻ, 𝑐ሺ𝑇 െ 𝑡௖ሻ and 𝑐ሺ𝑇 െ 𝑡ௗሻ are the distances between 

said transmitting unit and said receiver system mounted on the object, correspondingly. 
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