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PULSE COMPRESSION using FREQUENCY or PHASE CODING 

Frequency coding:

• Costas

Phase coding:

• Barker

• Frank

• P3 and P4

• P(n,k)

• Generalized Barker

• MPSL
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Costas frequency coding

LFM
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Ridge type of ambiguity function Thumbtack ambiguity function
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COSTAS
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A Costas signal can be described by an 
N xN binary matrix, with a single “1” 

(dot) at each raw and at each column, 
and a distinct vector differences 
between all pairs of dots. (Costas array)
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The single dot at each raw and at 
each column implies a frequency 
hoping signal with:

• Only one carrier used at each time 
slot (bit).

• Each carrier is used only once.

John P. Costas

https://youtu.be/RENk9PK06AQ

“The world’s ugliest music” by Scott Rickards

https://youtu.be/RENk9PK06AQ
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t =1,  n = 0   0 coincidence

t =1,  n = 1   1 coincidence t =2,  n = 2   0 coincidence

t =2,  n = 0   0 coincidence
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At t = 0  and n = 0 shifts, there are N coincidences

At all t = 0  xor n = 0  shifts, there are 0 coincidences

A binary N xN array is “Costas” if the number of coincidences between dots 

in the array and in a shifted copy of it, is never larger than one, for any 
combination of horizontal (delay) and vertical (Doppler) integer shifts. 

This are the reasons for
the thumbtack shape

Costas J., “A study of a class of detection waveforms having nearly ideal range-doppler 
ambiguity properties”, Proc. IEEE, vol. 72, Aug. 1984, pp. 996-1009.

Golomb, S.W. and Taylor, H., “Constructions and properties of Costas arrays”, Proc. IEEE, vol. 
72, Sept. 1984, pp. 1143-1163.

Beard, J. K., Russo, J. C., Erickson, K., Monteleone, M., and Wright, M., “Costas array 
generation and search methodology”, IEEE Transactions on Aerospace and Electronic Systems, 
vol. 43, 2, April 2007, pp. 522-538.
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A sequence is a difference set 
if there are no repeats in any 
row of the difference matrix

The number of “1” in the 
sidelobe matrix = N(N-1).

N = 7   7·6 = 42

The number of “0” in the 
sidelobe matrix = 3N(N-1).

 2121)1(41)1(3)1(  NNNNNNN
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 Orthogonality
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Because of the orthogonality, the ambiguity function at the gird points

must agree with the values {0, 1 or N} of the sidelobe matrix
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Because the signal spends equal time (tb) at each carrier, the frequency 

spectrum of the envelope should be relatively flat over the frequency span:
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FREQUENCY CODED WAVEFORMS 

An 8x8 Costas array

[1 8 3 6 2 7 5 4]

0     1     0     0     0     0     0     0

0     0     0     0     0     1     0     0

0     0     0     1     0     0     0     0

0     0     0     0     0     0     1     0

0     0     0     0     0     0     0     1

0     0     1     0     0     0     0     0

0     0     0     0     1     0     0     0

1     0     0     0     0     0     0     0

0     0     0     0     0     0     0     0     1     0     0     0     0     0     0

0     0     0     0     1     0     0     0     0     0     0     0     1     0     0

0     0     0     0     0     0     1     0     1     0     1     0     0     0     0

0     1     0     0     0     0     1     0     0     0     1     0     0     1     0

0     0     1     0     0     1     0     0     1     1     0     0     0     0     1

0     0     0     1     0     1     1     0     0     1     1     1     0     0     0

0     0     0     1     1     1     1     0     0     1     0     1     1     0     0

0     0     0     0     0     0     0     8 0     0     0     0     0     0     0

0     0     1     1     0     1     0     0     1     1     1     1     0     0     0

0     0     0     1     1     1     0     0     1     1     0     1     0     0     0

1     0     0     0     0     1     1     0     0     1     0     0     1     0     0

0     1     0     0     1     0     0     0     1     0     0     0     0     1     0

0     0     0     0     1     0     1     0     1     0     0     0     0     0     0

0     0     1     0     0     0     0     0     0     0     1     0     0     0     0

0     0     0     0     0     0     1     0     0     0     0     0     0     0     0

2-D autocorrelation of the array
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0     0     0     0     0     0     0     0     1     0     0     0     0     0     0

0     0     0     0     1     0     0     0     0     0     0     0     1     0     0

0     0     0     0     0     0     1     0     1     0     1     0     0     0     0

0     1     0     0     0     0     1     0     0     0     1     0     0     1     0

0     0     1     0     0     1     0     0     1     1     0     0     0     0     1

0     0     0     1     0     1     1     0     0     1     1     1     0     0     0

0     0     0     1     1     1     1     0     0     1     0     1     1     0     0

0     0     0     0     0     0     0     8 0     0     0     0     0     0     0

AF of the 8 element Costas signal 
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Silverman J., et al “On the number of Costas arrays as a function of array size”, 
Proc. IEEE, Vol 76 (7), July 1988, pp. 851-853.

Beard J. K., et. al “Combinatoric collaboration on Costas arrays and radar 
applications”, IEEE 2004 Radar Conf., Philadelphia, pp. 260-265.

Beard J. k., “Generating Costas arrays to order 200”, CISS 2005.

The number of Costas arrays
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N C(N) c(N)

1 1 1

2 2 1

3 4 1

4 12 2

5 40 6

6 116 17

7 200 30

8 444 60

9 760 100

10 2160 277

11 4368 555

12 7852 990

13 12828 1616

14 17252 2168

15 19612 2467

16 21104 2648

17 18276 2294

18 15096 1892

19 10240 1283

20 6464 810

21 3536 446

22 2052 259

23 872 114

24 200 25

25 88 12

26 56 8

27 204 29

28 712 89

29 164 23

Number of Costas arrays 
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Beard J. K., et. al “Combinatoric collaboration on Costas arrays and radar applications”, 

IEEE 2004 Radar Conf., Philadelphia, pp. 260-265.
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Welch 1 construction method for N = (p -1) = 4 , p = prime

p=5

 43210)5( GF 2 and 3 are primitive elements of )5(GF

Using =2 :

5mod382;3

42;2

22;1

12;0

3

2

1

0









ij

ij

ij

ij

 Coding sequence = {1  2  4  3}

5mod2273;3

5mod493;2

33;1

13;0

3

2

1

0









ij

ij

ij

ij

 Coding sequence = {1 3 4 2}

Using =3 :

{ 1  2  4  3 } – 1 = 0  1  3  2 { 1 3 2 }Welch 2
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1000  0001  0010  0010  1000  0001

0010  1000  1000  0100  0001  0100

0001  0010  0100  0001  0100  1000

0100  0100  0001  1000  0010  0010 

0100  0100  1000  0001  0100  0010

0010  0001  0100  0010  1000  0001

1000  0010  0001  1000  0010  0100

0001  1000  0010  0100  0001  1000 

All twelve Costas arrays of size 4            
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Tentative use of modified Costas waveforms in GESTRA radar

Maximum target range = 3000 km

maximum range-rate = 7 km/s

tp = Pulse width = 0.0085 s (8.5 msec)

2 1275kmpct 
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1 33GHz  = 2MHz

8 5msec

130 pulse compression = 16900

Delay resolution = 2 75m

Range-rate resolution = 2 13m/s
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AF of a modified Costas pulse,  M = 100
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PHASE CODING, Code Comparison

• Bi-phase codes (bi-polar, binary)

- easy to implement
- can achieve significant range sidelobe reduction
- thumbtack AF (Doppler intolerant)
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Bi-phase:

• Barker

• MPSL

Poly-phase:

• Frank

• P3 and P4

• P(n,k)

• Poly-phase codes
- typically higher range sidelobes than bi-phase
- ridge-type AF (Doppler tolerant)
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Binary code

The phase of the RF carrier switches between two values 1800 degrees 
apart. Can be describe by a sequence of ±1’s
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From M.A. Richards, Georgia Tech

Barker codes: Magnitude of ACF sidelobes  1/N
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Barker 13
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Ambiguity function of the 13-element Barker code showing some of the area where the range-Doppler sidelobes exceed 1/13
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Barker, 13 elements
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From M.A. Richards, Georgia Tech



Nadav Levanon, Tel-Aviv UniversityRadar Principles - extended

41LECTURE L  SLIDE

1 1 1 1 1 -1 -1 1 1 -1 1 -1 1         1 1 1 1 1 -1 -1 1 1 -1 1 -1 1          -1 -1 -1 -1 -1 1 1 -1 -1 1 -1 1 -1 

t/t
c-26 26-13 13

39

13

3

Autocorrelation function of the nested Barker 13 and Barker 3 code
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Barker 13 nested in Barker 13

1     1     1     1     1    -1    -1     1     1    -1     1    -1     1

1     1     1     1     1    -1    -1     1     1    -1     1    -1     1

1     1     1     1     1    -1    -1     1     1    -1     1    -1     1

1     1     1     1     1    -1    -1     1     1    -1     1    -1     1

1     1     1     1     1    -1    -1     1     1    -1     1    -1     1

-1    -1    -1    -1    -1     1     1    -1    -1     1    -1     1    -1

-1    -1    -1    -1    -1     1     1    -1    -1     1    -1     1    -1

1     1     1     1     1    -1    -1     1     1    -1     1    -1     1

1     1     1     1     1    -1    -1     1     1    -1     1    -1     1

-1    -1    -1    -1    -1     1     1    -1    -1     1    -1     1    -1

1     1     1     1     1    -1    -1     1     1    -1     1    -1     1

-1    -1    -1    -1    -1     1     1    -1    -1     1    -1     1    -1

1     1     1     1     1    -1    -1     1     1    -1     1    -1     1
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Good ISL,  N = 169

-1    -1    -1     1     1     1     1     1    -1    -1    -1     1     1

1    -1    -1    -1    -1    -1     1     1     1    -1    -1     1     1

1    -1     1     1     1    -1    -1    -1     1    -1    -1    -1     1

1     1    -1    -1    -1     1    -1     1    -1    -1     1     1     1

-1    -1    -1    -1    -1    -1    -1     1    -1     1     1     1     1

1    -1     1    -1    -1    -1     1    -1    -1     1    -1     1    -1

-1    -1    -1    -1    -1     1    -1    -1    -1     1    -1     1    -1

1     1     1     1     1    -1    -1    -1     1    -1    -1    -1    -1

1    -1     1    -1    -1    -1    -1     1    -1     1    -1     1    -1

-1     1    -1    -1     1     1     1     1     1    -1     1     1    -1

1     1    -1     1     1     1    -1     1     1    -1     1     1     1

-1     1     1    -1    -1     1    -1    -1     1    -1     1    -1    -1

1    -1    -1     1    -1    -1     1    -1     1    -1    -1     1    -1

Jedwab, Ferguson & Knauer, 

Simon Fraser Univ., 2004
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SKEW-SYMMETRY
Skew symmetric means one of the interleaved halves of a code is symmetric, the other 
anti-symmetric. For example with the 13 bit Barker: 

1111100110101 = 1110111 interleaved with 110100.
One of Golay's papers pointed out how for most lengths, at least up to perhaps length 
70, the maximum merit factor is achieved with skew symmetric sequences.

1 1 1 1 1 0 0 1 1 0 1 0 1

1 1 1 0 1 1 1 1 1 0 1 0 0
1 1 0 0 1 1

symmetric

symmetric
Anti-symmetric
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SKEW-SYMMETRY – another view

1 1 1 1 1 0 0 1 1 0 1 0 1

different

identical
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Frank polyphase code

N = M 2

Constructed from the rows of an MxM array: 

   MqMpqp
M

qp ,...,2,1,,...,2,1,11
2

, 




2
9

2
3

2
3

2

30

320

0

0000











qp,

j  1j1

11   11

j1j   1

1   1   1    1







 qpqp ju ,, exp 

N = 16
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-15 -10 -5 0 5 10 15
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
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The ACF is constructed 
from straight lines 
between ntb and (n+1)tb, on 

the complex plain. The 
magnitude of the ACF can 
have curved lines.
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Frank 16



Nadav Levanon, Tel-Aviv UniversityRadar Principles - extended

51LECTURE L  SLIDE

Frank codes exhibit perfect periodic autocorrelation
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P3 and P4 polyphase coding
P3
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Frank (*), P3 (+) and P4 (o) code
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P4 25 elements
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Px poly-phase  code  of  length  M=16     (See “Radar Signals”,  p. 118)

k = /8*[9 3 13 7 3 1 15 13 13 15 1 3 7 13 3 9 ]
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P(n,k) code
• P4 is a phase-coded signal with discrete phases that are samples from the continuous phase of LFM.

• P(n,k) is a phase-coded signal with discrete phase that are samples from the continuous phase of NLFM.
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)

Felhauer T.:”Design and analysis of new P(n,k) polyphase pulse compression codes”,

IEEE Trans. Aerospace and Electronic Systems, Vol.30 (3), July 1994, pp. 865-874.

    2,cos)1( BfBfkkfW n  

Any frequency-modulated signal can be converted to a phase-coded waveform. 

Use:     u_phase = 2*cumsum(f_basic);
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Allowing any phase values (non-binary) can lead to lower sidelobes. 

However, the outer most sidelobe is always 1 (for any polyphase or binary 

code). 

The Polyphase sequence with minimal peak-to-peak sidelobe ratio 

excluding the outer most sidelobe are called generalized Barker

sequence or Polyphase Barker.

Polyphase Barker codes

Case 1: Phases are restricted to values that are the k’th roots of unity 

(e.g. k=2 gives the original Barker codes or k=6 for sextic Barker codes).

Case 2: No restriction on the values to the k’th roots of unity. 

Examples of such sequences are now known for all M≤36 

Golomb, S. W. and Scholtz, R. A. “Generalized Barker sequences”, IEEE Trans. on Information Theory, IT-11, (4), Apr. 1965, pp. 533-537.

Bomer L. and Antweiler M. “Polyphase Barker sequences”, Electronic Letters, 25, (3), Nov. 1989, pp. 1577-1579.



Nadav Levanon, Tel-Aviv UniversityRadar Principles - extended

61LECTURE L  SLIDE

Normalized form* of known polyphase Barker codes

M

Peak 

sidelobe
Phase values [º]

4 0.5 104 313

5 0.77 73 225.3 90.6

6 1 58.2 175.9 354.1 234.2

7 0.522 106.4 93 316.7 60.5 270.7

8 0.662 72.1 28.6 294.3 151.7 251.2 63.3

9 0.430 38.7 41.5 270.2 215.1 40.5 160.7 334.3[e1]

10 0.832 60.2 132.1 142.8 18.3 10.7 230.8 22.9 242.9

11 0.892 34.1 259  266.5 327.9 158.4 13.7 22.7 221.5 94.5

12 0.908 104.8 163 170.9 344.3 241 185.5 282.2 147.6 209 78.7

13 0.721 115.8 114.8 248.4 213.4 123.1 154.9 140.2 12.7 149.6 303.5 121.6

14 0.968 66.8 133.5 202.2 100.4 37.5 235.8 167.2 86 168.7 33.5 143.1 13.3

15 0.805 17.8 5.5 5.4 142.4 212 298.1 123.9 91.6 1.3 206 314.2 156.5 23.9

16 0.933 26.5 38.5 97.3 49.4 305.8 286.5 197 65.7 241.3 137.5 319.1 47.9 178.5 303

17 0.733 5.3 18.5 278.4 307.6 67.3 149 207.5 70.6 301.2 282.8 137.3 6.5 120.5 327.9 186

18 (?)

19 0.980 53.3 24.7 90 79.2 232.5 8 331.4 99 240 318.4 159.8 307.8 161.3 137.1 31.8 338.2 217

20 0.979 99.1 125.8 233.1 251.4 133.9 144 354.8 304.5 192.1 302.5 219.5 161.7 283.8 145.4

250.2 106.1 228.4 107

* Normalized form = The first two phase elements in each code are 0 and are excluded 
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22 0.995 23.8 53.7 82.1 74.5 349.3 265 314 247.2 147.2 74.6 285.7 160.2 335.4 78.5 317.2 148.4 

248.6 344.3 87.8 208.7

23 0.912 7.4 276 286.4 253.9 256.7 351.7 58.4 60.2 226.3 353.1 100.5 168.6 41 208.5 347.8 

219.2 125.9 349.7 315.3 182.1 56.3

24 0.997 5 316.4 257.1 216.5 202.4 319 311.1 356.9 296.8 111.2 36.1 280.8 136.9 10.1 115.7 

259.2 134.3 268.0 28.0 142.3 208.4 333.8

25 0.936 81.9 65 316.3 273.1 326.3 339.8 62.7 18.8 270.5 198 98.8 126.6 206.5 350.7 105.9 

270.8 295.4 162.3 334.2 155.5 339.8 147.7 4.4

26 0.879 51.3 117.1 138.2 265.4 267 175.4 117.8 260.2 200 136.1 154.2 179 75.8 341 187.4 307

194.4 92.5 190.2 17.2 110 250.3 38.7 199.7

27 0.985 10.6 21.9 28.7 324.7 308.4 280.6 118.4 99.2 112.2 284.5 200.6 313.8 116.3 326.7 184.8 

53.4 8.8 193.9 97.1 240.9 335.3 103 228.6 332 93

28 0.950 46.9 84.3 166.3 145.7 199.8 105.1 116.6 58.7 109.7 325.9 24.3 189.9 21.4 196.2 58.8 

326.5 129.2 259 306.7 123.5 111.2 312.7 298.5 173.8 97.9 327.8

29 0.871 6.9 318.2 239.9 264.7 239.2 160.4 301.5 327.5 18.7 319.7 84.9 108.6 224.1 6.3 31.4 184 

167.8 89.9 325.2 227.5 145.4 329.9 91.6 263.7 94 252.9 59.6

30 0.998 33.1 34.6 33.7 11.9 300.1 281.5 26.5 54.2 155.6 211.9 231.6 134.4 76 317.7 275.8  67.6 

299 184.6 72.6 153.8 6.6 262.6 94.1 242.8 359.1 149.7 306.4 71.5

31 0.935 28.4 117.7 165.1 236.5 308.7 305 236.5 216.4 327.4 279.5 211.3 247.2 192 95.4 17 273 

52.8 331.1 224 303.7 147.2 21.7 245.6 29.3 145.5 297.1 62.4 190.8 7.8

32 0.996 13.5 16.5 90.5 110 95 60.5 333 307 289 281.5 85.5 164 248.5 335 171.5 76 64 221.5

298 110 37 272.5 179.5 19.5 179 288 82.5 292 133 329.5

33 0.990 143 153.5 339 332.5 180.5 133.5 19 108.5 166 216.5 225.5 227.5 318.5 238.5 184.5 226

141.5 113.5 75 36 185.5 327 226.5 108.5 302.5 116.5 273 350 188 356.5 164.5

34 0.997 11 1 307 245 200 184 231 293 300 348 45 227 247 57 335 1 127 249 68 91 315 221 57

116 238 58 287 127 273 127 5 216

35 0.999 93.2 65.4 166.4 132.4 344.1 279.4 337.6 301.3 197.6 56.2 36.8 9.2 325.8 334.3 24.4

157.8 291.1 301.1 148.4 112.9 141.3 296.6 128.7 125.4 341.4 129.9 244.6 73.8 321.5

157.6 300.7 107.5 254.4

36 0.969 82 118 228 228 58 60 154 108 20 234 212 262 236 196 220 116 12 226 178 122 126 76

266 114 256 108 320 100 266 30 124 246 60 186
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t/t
c-15 15

15

1

The autocorrelation function of the 15-element polyphase Barker coded pulse

PSL  1  @

  ctN 1t
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Polyphase Barker codes were found up to length 77 (Carroll J. Nunn and Gregory E. Coxson, private communication, 2008)

Polyphase 

Barker

Binary MPSL

  90.36log20
70
1

10 

  86.24log20
70
4

10 
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Nunn, C. J., and Coxson, G. E. :”Polyphase pulse compression codes with optimal 

peak and integrated sidelobes”. IEEE Trans. on AES. 45, 2, pp. 775-781,  2009.
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Nunn, C. J., and Coxson, G. E. :”Polyphase 

pulse compression codes with optimal peak and 

integrated sidelobes”. IEEE Trans. on AES. 45, 

2, pp. 775-781,  2009.
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Constant multiplication transformation: The crosscorrelation of 

sequences multiplied by a constant is the multiplied crosscorrelation of 

the original sequences

][ˆˆ][ ******

ˆˆ kRvuvuvukR uvvu

m

kmmvu

m

kmvmu

m

kmmvu    

Different phase codes that yield identical a-periodic autocorrelation 

function magnitude are called equivalent. It is easy to see, using 

properties of the crosscorrelation function, that the following 

operations on a phase code um give equivalent phase codes:

-A reversal transformation: ûm=uM-m.

-A conjugate transformation: ûm=u*m.

-A constant multiplication transformation: ûm=ηum where |η|=1.

-A progressive multiplication transformation: ûm=ρ
mum where |ρ|=1.

It is easy to show that every polyphase code is equivalent to one which 

begins {1=0, 2=0, 3 …} where 0≤3≤π. This form of the polyphase 

code is known as the normalized form.
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Coxson G. and Russo J. “Efficient exhaustive search for optimal-peak-sidelobe binary codes”, IEEE 

2004 Radar Conf., Philadelphia, pp. 438-443. Also IEEE Trans. on AES, 41,1, (Jan. 2005), pp. 302-308.

70              4            0110100001001100111011010011100011000010010011111011011101010101111110
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PSL

PSL

82    3CB25D380CE3B7765695F       4     
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PSL = 24:

N = 1112
FFEB761F4F18B489C76E27ACE89E7486183DA96FEFBA4FC9DA8D1A
A1D638386EA2BBAD77515D87071AE1562C56E4FC977DFDA56F061
84B9E45CD791DB8E44B463CBE1BB5FAC020CCB61D151800C4DB69
4428B56599A837F5988BF5265F84AF80BE0D0DCF9CC4958C635246
73E76160FA03EA43F4C95FA2335FD82B334D5A28452DB646003151
70DA660802

EFF5BB0FA78C5A44E3B713D6744F3A430C1ED4B7F7DD27E4ED468
D50EB1C1C37515DD6BBA8AEC3838D70AB162B727E4BBEFED2B783
0C25CF22E6BC8EDC7225A31E5F0DDAFD6010665B0E8A8C00626DB
4A2145AB2CCD41BFACC45FA932FC257C05F0686E7CE624AC631A92
339F3B0B07D01F521FA64AFD119AFEC1599A6AD142296DB230018A
8B86D330401

Ron Ferguson and Peter Borwein

Simon Fraser University, Canada

ronf@irmacs.sfu.ca ,pborwein@cecm.sfu.ca

PSL=5:

N = 106
345D52C1A9412871027F6CE6133
38034442C45CBE68943D2CE6B21
3B9D66D12077DEA98F9E96D08F8

N = 107
7B6A20356519F937CC7A753AC7C
6EAE32EB0537FCBEC4F1D8B12D4
F4947B5A3756777EBB3488E1F70
679C606EDE06A551BD836505049

N = 108
CC267AC7245F5C1E0481592B656
FDBB76F94097C56718CBCD49E8F
F4947B5A3756777EBB3488E1F70

N = 113
1E90FC54B4E259765D3FF7628CDCE
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N = 113,  PSL=5:     1E90FC54B4E259765D3FF7628CDCE

-27dB
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-33.3dB
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State of the art of the search for binary codes with good ACF 

Date:  29 Oct 2008 ,   From: "Ronald Ferguson" <ronf@univlora.edu.al>

For PSL=5, we have examples at lengths 106-109 and at 112, 113.
For PSL=6, we have examples at lengths to 132 and at 134-137, 140.
For PSL=7, we have examples at lengths to 161 and at 163-165, 167.
For PSL=8, we have examples at lengths to 192, and at 194, 196, 198-200, 202.

PSL Length of longest 

known code, Nmax

Nmax/PSL PSL+16

1 13 13

2 28 14

3 51 17 19

4 82 20.5 20

5 113 22.6 21

6 140 23.3 22

7 167 23.9 23

8 202 25.2 24

10 259 25.9 26

24 1112 46.3 40

28 1559 55.7 44
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Code length

PSL

Courtesy of Dr. Ronald Ferguson, University of Vlora, Albania
(Previously with Simon Frazer University, Canada.)

Status of the search for long binary MPSL codes (Oct. 2008)
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0 1
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2016 results by G.E. Coxson

and J. C. Ruso
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IEEE Radar Conf., Oklahoma, 2018
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Improving spectrum efficiency
(Spectrum sidelobe reduction)

Example: Barker 13

Approaches: 

• Derivative phase

• Biphase to qudriphase transformation

• Replacing the rectangular bit with a “Gaussian windowed sinc” bit
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Conventional Barker 13
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Derivative phase

0.5

 0.525.0

5.0

2




bt

b

f

tf
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0.5

 0.5
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Derivative phase – Barker 13
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Biphase to qudriphase transformation

Taylor, J.W., and Blinchikoff, H.J. “Quadriphase code: a radar pulse compression signal with unique characteristics”, 

IEEE Trans. on Aerospace and Electronic Systems, 24, (2), March 1988, pp. 156-170

      tjtatu exp

   


















1,0

,...,1,21

0,0

b

Mk

Mkks

k

kt k

Biphase-to-qudriphase transformation (s=+1) of Barker 13 sequence

k 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

k
0 0 0 0 0   0 0  0  0

k
mod 2

0 0 /2  3/2 2 3/2 2 3/2 2 3/2  /2 0 0

 

 

    
















bbbb

bb

bb

1,42cos

,

0,42sin

tMtMttMttA

MtttA

ttttA
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Qudriphase transformation of Barker 13
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Qudriphase transformation of Barker 13
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Qudriphase transformation of Barker 13

Barker 13



Nadav Levanon, Tel-Aviv UniversityRadar Principles - extended

90LECTURE L  SLIDE

Chen, R., and Cantrell, B., “Highly bandlimited radar signals”,

2002 IEEE Radar Conf., Long Beach CA, April 2002, pp. 220-226. 
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2

sin1 4 4
exp , , 2 , 2 1,..., 2

2 4 1 4 1

m
m m

m

m m
GWS m M M M

M M

 


 

  
             

M is the number of samples per 

code element (bit). 

 is a parameter chosen as 0.7. 

M = 4
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Barker 13 – using Gaussian windowed sinc
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Barker 13 – using Gaussian windowed sinc
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Barker 13 - Derivative phase 

Barker 13 – rectangular bit

Barker 13 - Quadriphase

Barker 13 – Gaussian windowed sinc bit
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 1 0 3 0 1

         

          

         

        

 3 1 1 3 1 1 3 1

a-periodic autocorrelation

periodic autocorrelation

symmetric

periodic
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 3 1 1 3 1 1 3 1

periodic autocorrelation

Ideal correlation

         

0 0 0 0 0 0 0 0 0 0 0

         

        

 2 0 0 2 0 0 2 0

periodic cross-correlation

Perfect correlation

  0   0   0 

   0   0   0 

   0   0   0

   0   0  

 2 0 0 2 0 0 2 0

Perfect correlation

Switching the roles of 

signal and reference


