Antenna Array Designer Pro v2.0

New Leaf Tools LLC

Parameter Value

Array Geometry

URA (12x12)

Array Elements

144

Grid 12 rows x 12 cols, dx=0.50\ dy=0.50A
Element Spacing 0.50 A
Mainbeam Direction 0°

Null Directions

15.0@45.0, 14.9@-135.0, 30.0@90.1, 30.0@-89.9, 45.0@22.5, 45.0@-157.5, 60.0@0.0,
60.0@180.0

Weight Mode

complex (288 DOF)

SLL Mask Target

-40 dB

Solve ID

NLT-20260427-120844-6ADD70EC

Generated

2026-04-27 12:10:15

What CERTIFIED Means

[J CERTIFIED

CERTIFIED indicates the solution passed all five minimum quality checks listed below. It is a verified quality floor, not merely the
output of an optimizer. Standard tools (MATLAB, Scipy, MVDR) produce a single result with no independent verification and no
feedback on whether it meets operational requirements. Our engine generates multiple candidate solutions, independently
certifies each one against these checks, ranks them, and selects the best. Solutions that fail any check are flagged, not silently

accepted.
Check Requirement Result
Residual <le-8 4.65e-13 PASS
Null Depths <-30dB all nulls PASS (All nulls <= -30 dB)

Mainbeam Pointing

< 1.0 dB gain deficit

PASS (Local peak at (0.00°, 15.00°), error 0.000°. Gain deficit 0.00 dB.)

Visible Region

All nulls |6] < 90°

PASS

Amplitude Bounds

max(|w_k|) < 1.0

INFO (max=1.00 raw, exported normalized to 1.0)
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Executive Results

Status CERTIFIED
SLL -18.0 dB
Directivity 23.2 dBi
Beamwidth 9.4°
Mainbeam Gain 144.000
Pointing Error 0.0000°
Residual 4.65e-13
Health Grade EXCELLENT
Solve Time 68652 ms
Solve Trace

Metric Value

Solutions Found 107
Solutions Certified 107
Null Depth Verification

Direction Depth (dB) Threshold Status
15.0, 45.0 -319.5 -30 dB PASS
14.9, -135.0 -319.4 -30 dB PASS
30.0, 90.1 -332.6 -30 dB PASS
30.0, -89.9 -330.6 -30dB PASS
45.0, 22.5 -303.3 -30dB PASS
45.0, -157.5 -305.7 -30 dB PASS
60.0, 0.0 -296.2 -30 dB PASS
60.0, 180.0 -299.2 -30 dB PASS

Operational Impact

SINR (our weights): 33.7 dB | SINR (uniform): 22.3dB | Improvement: +11.4 dB

Jammer Direction

Suppression (dB)

15.0@45.0 49
14.9@-135.0 48
30.0@90.1 37
30.0@-89.9 37
45.0@22.5 59
45.0@-157.5 60
60.0 a7
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Jammer Direction Suppression (dB)

60.0@180.0 48

SINR proxy uses +1° windowed averaging around each jammer direction (41 samples). Assumes equal-power unit interference per null direction. Actual
SINR depends on interference environment, jammer bandwidth, and receiver NF.
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Array Factor Pattern

Array Factor Pattern — N=144, 8 nulls
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Weight Distribution
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Baseline Comparison — 7-Method Table

Our Engine -296 dB -18.0 dB YES (certified)

DFT raw (3GPP) none -13.3dB NONE

DFT + Chebyshev 50dB none -13.2dB NONE

Scipy TRF raw -296 dB -13.4 dB YES (uncertified)
Scipy TRF + Cheb 50dB -26 dB -14.3 dB DESTROYED by taper
MVDR/Capon -60 dB -13.2dB YES (shallow)

LCMV -60 dB -13.2dB YES (shallow)

Sidelobe Level Comparison (lower is better)

DFT+Cheb -13.2

Scipy TRF

Scipy+Cheb

Our Enginel 8.

1
—-10.0

SLL (dB)

Null Depth Comparison — Worst Null Per Method



Depth: Lower = Deeper Nulls = Better Rejection
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Our actual null depth: -296 dB (clipped to =80 dB on chart for visibility). Scipy TRF achieves -296 dB nulls raw, but Chebyshev
tapering destroys them to -26 dB — a 270 dB degradation.

Our engine outperforms the industry-deployed DFT+Chebyshev codebook by 4.7 dB on SLL while providing -296 dB
certified null control. Chebyshev tapering destroys Scipy TRF null depths from -296 dB to -26 dB — a 270 dB
degradation — and worsens SLL. Our weights are already optimal and require no post-processing. SLL advantage over
Scipy TRF raw: 4.6 dB better sidelobes.



Null Depth Per Angle — All Methods

Null Depth Per Angle — Our Engine vs All Methods

-30 dB req. s MVDR
Our Engine s LCMV

[ [ [ || B === scipy TRF DFT+Cheb
Scipy+Cheb

1 1 1 1 1

1
15,45 15,-135 30,90 30,-90 45,22 45,-158 60,0

Null Depth (dB)




Hardware Robustness

Robust Mode: NOT ENABLED

Metric Value

Phase Noise Survival 0% (0=0°)
Dead Element Survival 0%
Robustness Grade ROBUST

Enable Robust Mode to test against your specific hardware conditions (phase errors, element failures, quantization) before deployment.

Dead Element Impact Analysis

Each row shows null depth degradation if that element fails. Critical elements are flagged — these need redundancy or monitoring in hardware.
Array has 144 elements — showing summary only. O critical element(s) identified out of 144.

No critical elements found — all elements can fail individually without degrading nulls below -20 dB.

Summary: 0O critical / 144 total elements. All elements are resilient to individual failure.

All Solutions Found

The engine found 107 certified solutions and ranked 107 unique solutions. The selected solution () has the best combined performance. Null depths
below —250 dB are at float64 machine precision and physically equivalent — simulation confirms zero difference after real hardware impairments. When all
nulls are equivalent, SLL determines ranking. Standard tools produce a single result with no alternatives.

Rank | Certified | Selected | SLL (dB) ‘(’C\j’g’ft Null b @Bi) |Health | Residual
1 YES u -18.0 -296 232 FXCELLE | 4 p5e-13
2 YES 17.9 -309 23.2 FXCELLE 11 20e13
3 YES -17.9 -300 231 FXCELLE 11 9ge-13
4 YES 17.9 315 231 FXCELLE 11 26013
5 YES 17.8 302 23.1 FXCELLE 1113013
6 YES 17.8 -308 231 FXCELLE 1102013
7 YES 17.8 286 231 FXCELLE 1923013
8 YES 17.7 -306 23.1 EXCELLE 114413
9 YES 176 295 231 FXCELLE 1330013
10 YES 176 -309 232 FXCELLE 11 30013
11 YES 17.6 299 23.1 FXCELLE 14 23013
12 YES 176 -300 231 FXCELLE | 251013
13 YES 176 295 23.0 FXCELLE | 360013
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Worst Null

Rank | Certified Selected | SLL (dB) (dB) Dir. (dBi) Health Residual
14 YES -17.5 -294 231 E)_IECELLE 6.44e-13
15 YES -17.4 -291 231 EF;CELLE 6.41e-13

... and 92 more solutions

Mutual Coupling Matrix

STATUS: DISABLED — No mutual coupling matrix was loaded. All results assume ideal isotropic elements with no inter-element
coupling. For production deployments, upload a measured or simulated NxN coupling matrix (from HFSS, CST, or FEKO) to
account for real element interactions. The pattern and null depths will be recomputed using the actual coupling coefficients.
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Certified Weights

Full float64 precision — copy to hardware.

Elem Amplitude Phase (deg) Re(w) Im(w)

0 38519226007933321€-0 | 1 086654632651 3.8512298634745173e-01 7.3050033590613128¢-03
1 3.4675264905301854¢°0 | 4 211049080533 4.4674961824579490e-01 1.64561025948179556-03
2 71518220747770890€-0 | 5 845726131805 4.1467021875239624¢-01 -2.06124982935876546-02
3 5-3009711414658938¢-0 | 1 044982750415 5.3660785346390005¢-01 -9.7879484133701206e-03
4 51242536049630638¢-0 | ¢ 053200751283 5.1242513885075991e-01 4.7660628290866343¢-04
5 > 9154016623087211e-0 | 0 967504078747 5.9145583193229800e-01 -9.9883504553781276e-03
6 58509590677270285€-0 | ¢ 264583002402 5.8508966834417486e-01 2.7018732529111070e-03
7 1:9034086808457322¢°0 | 1 90408996347 4.9007400101667731e-01 1.61753034419338356-02
8 >:3260085700914954¢-0 | 1 201189132348 5.3274376009769620e-01 -1.11704525196433006-02
9 71111301092417057€°0 1 4 576070566872 4.1109223149201224¢-01 4.1333954631755515¢-03
10 16239330040875232¢°0 | 5 142320790852 4.6207011281604621e-01 1.7285112237559269€-02
11 3:4296728230826095¢-0 | 1 472703043800 3.4285399437344050e-01 8.8144947244482106e-03
12 3.8308558976353363¢-0 | ¢ 744953990030 3.8305321002493348e-01 4.9807001584676021e-03
13 5:0033205740205760€-0 | 5 442784133423 4.9987739665176012e-01 -2.1325008343135110e-02
14 79762107048657495€-0 | 1 988800184801 4.9732131841155891e-01 1.7269512025348484¢-02
15 0.4028542142474776€:0 | 0 712148497047 6.4023596372814440e-01 7.9581177523886694¢-03
16 0.0345726217444451°0 | 1 750067800850 6.0317288004487335¢-01 1.85241477388065766-02
17 70TALIZALTS293T79€:0 | 0 057202082557 7.0741088920324435¢-01 7.0625428040484953¢-04
18 0.9581048530599032¢-0 | 5 537877692797 6.9512801135841973e-01 -3.0810376282130177¢-02
19 0.2200005553974165€-0 | 3 096388023708 6.2214937322709951e-01 -2.2773908391839418¢-02
20 ©.0760260050067478¢-0 | 423699806322 6.0778598162310404e-01 4.4946329234332987¢-03
21 77206406850099599€¢:0 | 0 gaa356061198 4.7201340956024385¢-01 -6.9564676574190038¢-03
22 35932517582902738¢°0 | ¢ 546520478887 4.5930427955376074e-01 4.3813164651431927¢-03
23 3:6775292034044627€-0 | ¢ 893413691446 3.6770821316036839¢-01 5.7341427725270859¢-03
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Elem Amplitude Phase (deg) Re(w) Im(w)

24 34838737051520250°0 | ¢ 270454827287 4.4838238115527729¢-01 2.1165272758904125¢-03

25 5:1859359881222761€-0 | 4 012654003481 5.7850323192891462e-01 -1.0225616572386067¢-02
26 > 7811628305786611e-0 | 1 923048364807 5.7798438159293408e-01 -1.2348739663477310e-02
27 0.8274745933436809€-0 | 0 245705600481 6.8274118143557916e-01 -2.9278660290678695¢-03
28 73LTTISSTI0515318e-0 | 536766888870 7.3173924502748644e-01 -6.8553895674665268¢-03
29 7.8979234821456068¢-0 | 0 746606052447 7.8972520578345607e-01 -1.0291282621857521e-02
30 78013537377756360¢-0 | 0 772239018878 7.8606397019558327¢-01 -1.0595313338765800e-02
31 7:0085644726402563¢-0 | 0163944004501 7.0085357816808314e-01 -2.0054028389345636¢-03
32 0.9562726209054771e-0 | 1 154231352559 6.9568607427261608e-01 1.4016587728190021e-02

33 >/833759736193700-0 | g 387985174810 5.5832479617570452e-01 -3.7808204478115689¢-03
34 5:3845342897909654€-0 | 1 110115801836 5.3835236512186835¢-01 1.04319771394239786-02

35 70008570567264595€:0 | 4 071375233213 3.9907604071129393e-01 2.8405732058455060e-02

36 36300610862069862€-0 | 1 722557209068 4.6339660644790420e-01 1.39358918980176526-02

37 0.0024007451616569€-0 | ¢ 335108575848 6.6623467300298644¢-01 -3.8977296986722801e-03
38 08437416930236761€-0 | 217720879475 6.8436922826673052¢-01 2.6005787635213738e-03

39 8.4092866392058851€-0 | ¢ 452057631986 8.4090248997144823e-01 6.6347692562898301e-03

Elem Amplitude Phase (deg) Re(w) Im(w)

40 8.4338067793896632¢-0 | 0 025435016449 8.4338050483678474e-01 3.7439757158300792¢-04

41 5 0810599642830514¢-0 | 1 185083323343 9.0791145910282078e-01 1.87958287615125176-02

42 8.4980299922886848¢-0 | 0037646833232 8.4980281578640071e-01 5.5837253217829916¢-04
43 8.0082302231356839€-0 | 0 550303877960 8.0078486713400032¢-01 -7.8172652903418897¢-03
44 77816955708033285¢-0 | ¢ 709520881922 7.7810988999725361e-01 9.6363195808018710e-03

45 0.4365717702562808¢:0 | ¢ 401946607119 6.4364133851615390e-01 4.51540582168427466-03

46 0.0139570178164115€-0 | 1 507204422876 6.0126221734630381e-01 -1.2670284655001448¢-02
47 §078ASTT221219797€0 | 1 472499056490 4.5719474487870687e-01 -1.1752472746865736e-02
48 5.1488803008636364e-0 | 4 451619707353 5.1487203520377023e-01 4.0584345927441945¢-03

1
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Elem Amplitude Phase (deg) Re(w) Im(w)

49 0.7166461767037424¢-0 | 1 229724770025 6.7150992283302580e-01 1.4414660444822643-02
50 71831491163064765€¢°0 | 4 950440414595 7.1821420327846330e-01 1.20279042242344656-02
51 8.8256924967641737€-0 | 0078073359911 8.8256843030803100e-01 -1.2026213088981283¢-03
52 5 3230366217988809€-0 | ¢ 674387249414 9.3223908251057752e-01 1.0073219849643214e-02
53 3 9595819806495534€:0 | 1 421576885073 9.9565166009466377e-01 2.4708380026484303¢-02
54 3 7015295474009178e-0 | ¢ 713287814126 9.7007777705469733e-01 -1.2077336442584021e-02
55 8.978966075157121060 | 1 144971217115 8.9771733002862664e-01 -1.7941938426452950e-02
56 8.7919988943690941e°0 | 1 168434126173 8.7901707698274378e-01 1.79283004935403076-02
57 0.9246451898810698¢-0 | 0 374469026402 6.9244972952111916€-01 -4.52572022544298336-03
58 8.7497065776267895€-0 | 1 739334683026 6.7465967050490805e-01 -2.0487016249135140e-02
59 38929573114945935¢°0 | 3 917207042236 4.8815264214357301e-01 -3.3426194658272491e-02
60 54023827388414825¢-0 | 1 412850214002 5.4007403335879944e-01 1.3320325104231109€-02
61 0 9064311713770299¢-0 | 5 244776992902 6.9011312518015577e-01 -2.7051611851450788¢-02
62 7:7254005784057467€-0 | 0 5752170703091 7.7253114542051537e-01 -3.7108386632975724¢-03
63 51207622533295804¢-0 | ¢ 285685071911 9.1286688547295425¢-01 4.5501312024025953¢-03
64 3 217221756264803¢:0 | 4 892046470400 9.5205681739741843e-01 1.4823911267584831e-02
65 3 1820223547295714€-0 | 0 357405330300 9.7823320295576610e-01 -6.1021998280292328¢-03
66 3 9477525180951099€-0 | ¢ 18896344417 9.9476987984545229¢-01 3.2692147283834650e-03
67 4540008877749104€-0 | 0 716500499255 9.4532616594089136e-01 -1.1822345282654129¢-02
68 32303338339927858¢-0 | 0 736334508861 9.2355711075575930e-01 -1.1860713647463521e-02
69 7:3026209811500442¢-0 | ¢ 834870693995 7.3018457445843243e-01 1.0640449534037861e-02
70 0.8076619208350143¢-0 | ¢ 513510455867 6.8673860985690560e-01 -6.1550240192412920e-03
71 5-4721551658907508¢-0 | 4 655630003508 5.4717968978354437e-01 -6.2616838176677743¢-03
72 5:2620922330994569¢-0 | 5 728340215896 5.2561274022130289¢-01 -2.5047835767878904e-02
73 71060613772359616€-0 | 1 095691437941 7.1647510838052553¢-01 1.37031271702500136-02
74 6.9623938259998075€-0 | 4 944674491880 6.9614475063372616e-01 1.14788522209146376-02

1
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Elem Amplitude Phase (deg) Re(w) Im(w)

75 8 9135571025063365€-0 | ¢ 260284466821 8.9134651271358190e-01 4.0492554559827020e-03

76 3/08529088039384310 | 1 145260724933 9.6833560695689957¢-01 1.93583748753482576-02

77 5 9305950742130822¢-0 | 0 78304942342 9.9296676645822612¢-01 -1.35715138925644836-02
78 5 9999999999999978¢-0 | 5 238644385060 9.9999132585749573e-01 -4.1651182177013073¢-03
79 3 16823002083523003¢-0 | 1 510041844978 9.7801187327391914e-01 -2.0657913702352450e-02
Elem Amplitude Phase (deg) RE) Im(w)

80 5.8375483456336038¢-0 | 5 824880011329 8.8268097279541857e-01 4.3554520483320522¢-02

81 7-4105011259891529€-0 | 0 042490175902 7.4104990882464095¢-01 5.4955787351348821e-04
82 0.991576047909705€¢-0 | 1 164052158914 6.9901331693893520e-01 1.4203488271364939€-02

83 >4928758409827421¢-0 | 5 019926599060 5.4894627335867852¢-01 -1.9360776567140640e-02
84 5:32704561059436206-0 | 1 250670207517 5.3257582285741067e-01 1.17107762884629476-02

85 0.5051171639226009¢-0 | 1 731199530316 6.5621205662686688¢-01 1.98335699723930436-02

86 71301927261138542¢-0 | 0 184414633597 7.1301557929601456e-01 -2.2949502038325325¢-03
87 8.4620954024090557€-0 | 1 259100433632 8.4806502218313928e-01 -1.8639742805171979¢-02
88 31009795358825946€-0 | 634631452874 9.1054200497446537e-01 -1.0085948574017302¢-02
89 ;4460883132762250¢0 | 5 561411667524 9.4386486800642944¢-01 -4.2223674613579169e-02
90 3 8250249994461935¢-0 | 0 220013745262 9.8249465154832905¢-01 -3.9270951547039704e-03
01 3 0779857676562259¢°0 | 4 067047301113 9.0764115345985086e-01 1.69053992488026746-02

92 3 1051559301441798¢-0 | 6 920007421526 9.1039821535169618e-01 -1.4619665072902403¢-02
03 7:2099404027498815€-0 | 0 623090586920 7.2505111076852303e-01 -7.8950167035045666e-03
04 0.9364024908130717€-0 | 0001589537335 6.9364024881437536e-01 -1.9243425638947433¢-05
95 51623371892621228¢-0 | ¢ 656467710304 5.1619983504932410e-01 5.9146302875284348¢-03

9% 18082266983596750€-0 | 5 758619202011 4.8625851911727891e-01 -2.3429990441532784¢-02
o7 0.2012187512576578¢-0 | ¢ go6075603762 6.2005742348830373e-01 -8.9404466634593286¢-03
98 0.2980458194921118¢-0 | 3 747808777932 6.2845763218651818e-01 4.1168142910940821e-02

99 7.7298130277264665€-0 | 1 716490960087 7.7263445070471271e-01 -2.31538338148337966-02

1
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Elem Amplitude Phase (deg) Re(w) Im(w)

100 8.0147748950647235€-0 | 0 192306054567 8.0147297086395763¢-01 2.6913119661845443¢-03
101 8.8459035454019741°0 | 1 g16624447629 8.8414576333670736e-01 2.8042191770671979¢-02
102 3 1775540857308180¢:0 | ¢ 945143204585 9.1763054462110782¢-01 1.5138478903558671e-02
103 8.3674519799426694€-0 | 0 403530842652 8.3872439500085016e-01 -5.9073165565801328¢-03
104 8.2000610855610285€-0 | ¢ 075890977338 8.2606538392032625¢-01 1.00416341876891656-03
105 8.5097005962839658¢-0 | 0 226281018810 6.5096498293009719¢-01 -2.5709011490698042¢-03
106 0.4731032986719172¢-0 | 1 879101613800 6.4696223398952912¢-01 -2.1225714217673004e-02
107 7.7980697601291328¢°0 | ¢ 381260208489 4.7979635336818044e-01 -3.1927300625757883¢-03
108 73773585822033760€-0 1 105162023280 4.3773462090356691e-01 8.0342933592671953¢-04
100 5:2601265024919140€-0 | 0 692272477458 5.2857406590351608e-01 -6.3867720876396254¢-03
110 5 1331317323225867€-0 | 1 061625055938 5.1322506082953878e-01 -9.5105599355151827¢-03
111 ©.9012066150574414¢-0 | 1 797250408713 6.8978116810159462e-01 -2.1644111659423790e-02
112 0.9725400125040982€-0 | ¢ 332280669809 6.9724227593073573e-01 4.04362642119086766-03
113 7:9325454364565500€°0 | 5 672084694370 7.9239146279244776e-01 3.6993792832328579¢-02
114 7/7173788835249824¢°0 | 137853485280 7.7173581372432298e-01 -1.7894507621244574e-03
115 7ASTABLASIAISESL0ED | 0 204677281705 7.4374339955988811e-01 -2.6568802474280962¢-03
116 7:3500645158628958¢-0 | ¢ gg6161342793 7.3497853551231551e-01 1.13684028707288106-02
117 57356451024798283¢-0 | 489208205115 5.7354360324229947¢-01 4.8972028596055411e-03
118 5/0703069657997357€-0 | 5 498704168600 5.5650707045897962e-01 2.4285013195256226e-02
119 71429498616010346¢°0 | ¢ 151461138357 4.1429353860002560e-01 1.0951856780636209€-03
Elem Amplitude Phase (deg) RE) Im(w)

120 36360794248465333¢-0 | 1 906201251031 3.6340672971353200e-01 1.2094818594707409¢-02
121 §6123704799291104¢:0 | 5 025288234875 4.6094892535483667¢-01 -1.6300388198939354¢-02
122 35726953108279117€°0 | 4 957877008394 4.5720563026932093¢-01 7.6443251310162556e-03
123 ©1200121039234128¢-0 | 0 100142144586 6.1260027469314793e-01 -1.0707100640206155¢-03
124 5.9754090852754094e-0 | 4 196022034027 5.9754006938819748e-01 -1.0014187271787671e-03

1
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Elem Amplitude Phase (deg) Re(w) Im(w)

125 0.5698451325806162¢-0 | 0 457207123616 6.5696075224518402¢-01 -5.5875460064357049¢-03
126 7ASALTSTIIRAISI0C0 | 572970172795 7.1314897646150521e-01 -1.9574754512127968e-02
127 0.3861821406258934¢-0 | 246809734443 6.3861228904098344¢-01 2.7509304474368137¢-03
128 0.0201734130419526€¢:0 | ¢ 463794200898 6.0199761789365691e-01 4.8731182352356973¢-03
129 3.7392177316629003¢°0 | 0 go5586710828 4.7392177091338039¢-01 -4.6210452496140133¢-05
130 78508098284229777€-0 1 269126213053 4.8567562503560407¢-01 2.2813024647328857¢-03
131 3 9197474425708917€-0 | 0 368830629733 3.9196662277510214e-01 -2.5232450715773069e-03
132 3:4763644242418285¢°0 | 0 234104877822 3.4763353837333599¢-01 -1.4209501667893944¢-03
133 §5992577955655445€-0 | 1 395630158731 4.5920286273719529¢-01 -1.0625564417997339¢-02
134 §:3467867270649080¢°0 1 4 305680421699 4.3467248645901985¢-01 2.3190561463143611e-03
135 5:3793409638285405€¢°0 | 3 643210864917 5.3684697986069740e-01 3.4182045955232186¢-02
136 54849731209035808¢-0 | ¢ 039812820772 5.4849717967293832¢-01 3.8113144822111484e-04
137 > 8070116940419414¢-0 | ¢ 682476073650 5.8065997415198789¢-01 6.9168320213326018¢-03
138 7808638592940356¢°0 | ¢ 100123432111 5.7868550236268090e-01 1.01124442461738176-03
139 54262850827591478¢-0 | 1 139193550841 5.4272121608453816e-01 -1.0792173496329089€-02
140 5/9031704062045395¢-0 | 1 144640267465 5.5620602842333344¢-01 1.11132187165438156-02
141 $0640607803374135¢°0 | 1 112139312216 4.0632952115539034¢-01 -7.8879972362225891e-03
142 74792629824320290¢°0 | 1 464181333016 4.4778004773047669¢-01 1.14454144682836526-02
143 3.6655981719335551e-0 | 1 850397768935 3.6636242495695592¢-01 -1.2028015650349323¢-02

1
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Recommendations

1. Program weights into beamforming hardware: 144 elements, d = 0.50\, mainbeam 0°.
2. For phase-shifter implementation, select appropriate quantization bits and re-solve to see quantization impact.
3. Use the MATLAB verification script to independently confirm all null depths and pattern characteristics before deployment.

4. Solution is ROBUST — suitable for production deployment.

Engineering Notes

SLL vs Null Tradeoff: The SLL mask target (-40 dB) serves as an optimization floor. The achieved SLL (-18.0 dB) reflects the
joint SLL + null optimum for this configuration. Standard methods force a choice: apply Chebyshev tapering for better SLL and
null control collapses, or optimize for nulls and sidelobes blow out. This engine solves for both simultaneously. The selected
solution is the best-ranked candidate from 107 certified solutions, not a single-shot result.

Null Depth and Hardware Headroom: The reported null depths (-296 dB) represent the mathematical solution at float64
precision. In real hardware, quantization (phase shifter bits), mutual coupling, calibration errors, and thermal noise will reduce
effective null depth. This is expected and is precisely why the mathematical solution provides 266 dB of headroom above the -30
dB requirement. Standard methods (MVDR, LCMV) start at —18 to —38 dB with 0-12 dB of headroom — leaving no margin for
hardware degradation. Use Robust Mode (Monte Carlo phase perturbation, dead element analysis, quantization impact) to verify
that headroom survives your specific hardware conditions. The Hardware Robustness section of this report quantifies this.

Verification

All values independently verifiable using the standard AF equation:

AF(6) = 2 wk - exp(j-k-d_normsin(e)), k=0,..., N1
d_norm = 2 d/ A

Conventions:



MATLAB Verification Script

Recommended: Use the standalone .m file download from the Export tab. The .m file is ready to run directly in MATLAB or Octave with no editing required.
The script independently computes SLL, directivity, beamwidth, null depths, and pointing error using only the standard AF equation and exported weights
— nothing is hardcoded. It prints a PASS/FAIL verification table comparing MATLAB-computed values against our claimed values. The script below is
included for reference only — copying from PDF may introduce page headers/footers that must be removed manually.

%
% | NDEPENDENT VERI FI CATI ON SCRI PT

% Antenna Array Designer Pro v2.0 -- New Leaf Tools LLC
%
%
% PURPCSE: | ndependently verify every clainmed netric using only the

% standard array factor equation and the exported weights.

% Not hing is hardcoded -- MATLAB conputes SLL, directivity,

% beamn dt h, null depths, and pointing error from scratch.

%

% EQUATI ON (universal -- works for ULA, URA, UCA, conformal):

% AF(theta, phi) = sumn w.n * exp(j*2*pi*r_n . u(theta, phi))

% where r_n = [x_n, y_n, z_n] in wavel engths

% and u = [sin(theta)*cos(phi), sin(theta)*sin(phi), cos(theta)]

%

% CONVENTI ONS:

% Ti me convention: exp(+w) -- |EEE / physics standard

%theta = 0: Broadside (perpendicular to array axis/plane)

% El ement 0: Phase reference

% Normal i zation: max(|w.k|) = 1.0

% Pattern dB: 10*| oglO(| AF|~2 / | AF_mai n| "2)

%1 f your tool uses exp(-jwt), conjugate the weights.

%

% GEOVETRY: Uni form Rectangul ar Array (12x12)

% El ements: 144

% Mai nbeam theta=0 deg, phi=0 deg

% Null's: theta=[15.0, 14.9, 30.0, 30.0, 45.0, 45.0, 60.0, 60.0] deg, phi=[45.0, -135.0, 90.1, -89.9, 22.5, -157.5, 0.0,
180. 0] deg

%

clear; close all; clc;

% -- CLAI MED VALUES (fromour report -- MATLAB will verify each one) --
clainmed_sll_dB = -18.0;

clainmed_dir_dBi = 23.2;

cl ai med_bw_deg = 9. 4;

clai med_worst_null = -296.2;

cl ai med_poi nting_err = 0.0000;

%-- Array paraneters --
N = 144;

% El ement positions (wavel engths) -- URA
positions = [

0. 0000000000000000e+00, 0.0000000000000000e+00, 0. 0000000000000000e+00;
5. 0000000000000000e- 01, 0.0000000000000000e+00, 0. 0000000000000000e+00;
1. 0000000000000000e+00, 0.0000000000000000e+00, 0.0000000000000000e+00;
1. 5000000000000000e+00, 0.0000000000000000e+00, 0.0000000000000000e+00;
2.0000000000000000e+00, 0.0000000000000000e+00, 0. 0000000000000000e+00;
2.5000000000000000e+00, 0.0000000000000000e+00, 0. 0000000000000000e+00;
3..0000000000000000e+00, 0.0000000000000000e+00, 0. 0000000000000000e+00;
3. 5000000000000000e+00, 0.0000000000000000e+00, 0. 0000000000000000e+00;
4.0000000000000000e+00, 0.0000000000000000e+00, 0. 0000000000000000e+00;
4.5000000000000000e+00, 0.0000000000000000e+00, 0. 0000000000000000e+00;
5.0000000000000000e+00, 0.0000000000000000e+00, 0. 0000000000000000e+00;
5. 5000000000000000e+00, 0.0000000000000000e+00, 0. 0000000000000000e+00;
0. 0000000000000000e+00, 5.0000000000000000e-01, 0.0000000000000000e+00;
5. 0000000000000000e- 01, 5.0000000000000000e-01, 0.0000000000000000e+00;
1. 0000000000000000e+00, 5.0000000000000000e-01, 0.0000000000000000e+00;
1. 5000000000000000e+00, 5.0000000000000000e-01, 0.0000000000000000e+00;
2.0000000000000000e+00, 5.0000000000000000e-01, 0.0000000000000000e+00;
2.5000000000000000e+00, 5.0000000000000000e-01, 0.0000000000000000e+00;
3. 00000000

00000000e+00, 5.0000000000000000e-01, 0. 0000000000000000e+00;

3. 5000000000000000e+00, 5.0000000000000000e-01, 0.0000000000000000e+00;
4..0000000000000000e+00, 5. 0000000000000000e-01, 0. 0000000000000000e+00;
4.5000000000000000e+00, 5.0000000000000000e-01, 0.0000000000000000e+00;
5. 0000000000000000e+00, 5. 0000000000000000e-01, 0. 0000000000000000e+00;
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5. 5000000000000000e+00, 5. 0000000000000000e-01, 0.0000000000000000e+00;
0. 0000000000000000e+00, 1.0000000000000000e+00, 0.0000000000000000e+00;
5. 0000000000000000e- 01, 1.0000000000000000e+00, 0. 0000000000000000e+00;
1. 0000000000000000e+00, 1.0000000000000000e+00, 0.0000000000000000e+00;
1. 5000000000000000e+00, 1.0000000000000000e+00, 0.0000000000000000e+00;
2..0000000000000000e+00, 1.0000000000000000e+00, 0.0000000000000000e+00;
2.5000000000000000e+00, 1.0000000000000000e+00, 0.0000000000000000e+00;
3..0000000000000000e+00, 1.0000000000000000e+00, 0.0000000000000000e+00;
3. 5000000000000000e+00, 1.0000000000000000e+00, 0. 0000000000000000e+00;
4.0000000000000000e+00, 1.0000000000000000e+00, 0.0000000000000000e+00;
4.5000000000000000e+00, 1.0000000000000000e+00, 0. 0000000000000000e+00;
5. 0000000000000000e+00, 1.0000000000000000e+00, 0.0000000000000000e+00;
5. 5000000000000000e+00, 1.0000000000000000e+00, 0. 0000000000000000e+00;
0. 0000000000000000e+00, 1.5000000000000000e+00, 0.0000000000000000e+00;
5. 0000000000000000e- 01, 1.5000000000000000e+00, 0.0000000000000000e+00;
1. 0000000000000000e+00, 1.5000000000000000e+00, 0.0000000000000000e+00;
1. 5000000000000000e+00, 1.5000000000000000e+00, 0.0000000000000000e+00;
2..0000000000000000e+00, 1.5000000000000000e+00, 0.0000000000000000e+00;
2.5000000000000000e+00, 1.5000000000000000e+00, 0.0000000000000000e+00;
3..0000000000000000e+00, 1.5000000000000000e+00, 0.0000000000000000e+00;
3. 5000000000000000e+00, 1.5000000000000000e+00, 0. 0000000000000000e+00;
4.0000000000000000e+00, 1.5000000000000000e+00, 0.0000000000000000e+00;
4.5000000000000000e+00, 1.5000000000000000e+00, 0.0000000000000000e+00;
5. 0000000000000000e+00, 1.5000000000000000e+00, 0.0000000000000000e+00;
5. 5000000000000000e+00, 1.5000000000000000e+00, 0. 0000000000000000e+00;
0. 0000000000000000e+00, 2.0000000000000000e+00, 0.0000000000000000e+00;
5. 0000000000000000e- 01, 2.0000000000000000e+00, 0.0000000000000000e+00;
1. 0000000000000000e+00, 2.0000000000000000e+00, 0.0000000000000000e+00;
1. 5000000000000000e+00, 2.0000000000000000e+00, 0.0000000000000000e+00;
2..0000000000000000e+00, 2.0000000000000000e+00, 0.0000000000000000e+00;
2.5000000000000000e+00, 2.0000000000000000e+00, 0.0000000000000000e+00;
3..0000000000000000e+00, 2.0000000000000000e+00, 0.0000000000000000e+00;
3. 5000000000000000e+00, 2.0000000000000000e+00, 0. 0000000000000000e+00;
4.0000000000000000e+00, 2.0000000000000000e+00, 0.0000000000000000e+00;
4.5000000000000000e+00, 2.0000000000000000e+00, 0.0000000000000000e+00;
5. 0000000000000000e+00, 2. 0000000000000000e+00, O.
0000000000000000e+00;

5. 5000000000000000e+00, 2.0000000000000000e+00, 0. 0000000000000000e+00;
0. 0000000000000000e+00, 2.5000000000000000e+00, 0.0000000000000000e+00;
5. 0000000000000000e- 01, 2.5000000000000000e+00, 0.0000000000000000e+00;
1. 0000000000000000e+00, 2.5000000000000000e+00, 0.0000000000000000e+00;
1. 5000000000000000e+00, 2.5000000000000000e+00, 0.0000000000000000e+00;
2..0000000000000000e+00, 2.5000000000000000e+00, 0.0000000000000000e+00;
2.5000000000000000e+00, 2.5000000000000000e+00, 0.0000000000000000e+00;
3..0000000000000000e+00, 2.5000000000000000e+00, 0.0000000000000000e+00;
3. 5000000000000000e+00, 2.5000000000000000e+00, 0.0000000000000000e+00;
4..0000000000000000e+00, 2.5000000000000000e+00, 0.0000000000000000e+00;
4.5000000000000000e+00, 2.5000000000000000e+00, 0.0000000000000000e+00;
5..0000000000000000e+00, 2.5000000000000000e+00, 0.0000000000000000e+00;
5. 5000000000000000e+00, 2.5000000000000000e+00, 0. 0000000000000000e+00;
0. 0000000000000000e+00, 3.0000000000000000e+00, 0.0000000000000000e+00;
5. 0000000000000000e- 01, 3.0000000000000000e+00, 0.0000000000000000e+00;
1. 0000000000000000e+00, 3.0000000000000000e+00, 0.0000000000000000e+00;
1. 5000000000000000e+00, 3.0000000000000000e+00, 0.0000000000000000e+00;
2..0000000000000000e+00, 3.0000000000000000e+00, 0.0000000000000000e+00;
2.5000000000000000e+00, 3.0000000000000000e+00, 0.0000000000000000e+00;
3..0000000000000000e+00, 3.0000000000000000e+00, 0.0000000000000000e+00;
3. 5000000000000000e+00, 3. 0000000000000000e+00, 0. 0000000000000000e+00;
4..0000000000000000e+00, 3.0000000000000000e+00, 0.0000000000000000e+00;
4.5000000000000000e+00, 3.0000000000000000e+00, 0. 0000000000000000e+00;
5..0000000000000000e+00, 3.0000000000000000e+00, 0.0000000000000000e+00;
5. 5000000000000000e+00, 3.0000000000000000e+00, 0. 0000000000000000e+00;
0. 0000000000000000e+00, 3.5000000000000000e+00, 0.0000000000000000e+00;
5. 0000000000000000e- 01, 3.5000000000000000e+00, 0.0000000000000000e+00;
1. 0000000000000000e+00, 3.5000000000000000e+00, 0.0000000000000000e+00;
1. 5000000000000000e+00, 3.5000000000000000e+00, 0.0000000000000000e+00;
2..0000000000000000e+00, 3.5000000000000000e+00, 0.0000000000000000e+00;
2.5000000000000000e+00, 3.5000000000000000e+00, 0.0000000000000000e+00;
3..0000000000000000e+00, 3.5000000000000000e+00, 0.0000000000000000e+00;
3. 5000000000000000e+00, 3.5000000000000000e+00, 0. 0000000000000000e+00;
4.0000000000000000e+00, 3.5000000000000000e+00, 0.0000000000000000e+00;
4.5000000000000000e+00, 3.5000000000000000e+00, 0.0000000000000000e+00;
5..0000000000000000e+00, 3.5000000000000000e+00, 0.0000000000000000e+00;
5. 5000000000000000e+00, 3.5000000000000000e+00, 0. 0000000000000000e+00;
0. 0000000000000000e+00, 4.0000000000000000e+00, 0.0000000000000000e+00;
5. 0000000000000000e- 01, 4.0000000000000000e+00, 0.0000000000000000e+00;



1. 0000000000000000e+00, 4.0000000000000000e+00, 0.0000000000000000e+00;
1. 50000000000000

00e+00, 4.0000000000000000e+00, 0.0000000000000000e+00;
2..0000000000000000e+00, 4.0000000000000000e+00, 0.0000000000000000e+00;

2.5000000000000000e+00, 4.0000000000000000e+00, 0.0000000000000000e+00
3.0000000000000000e+00, 4.0000000000000000e+00, 0.0000000000000000e+00
3.5000000000000000e+00, 4.0000000000000000e+00, 0.0000000000000000e+00
4.0000000000000000e+00, 4.0000000000000000e+00, 0.0000000000000000e+00
4.5000000000000000e+00, 4.0000000000000000e+00, 0.0000000000000000e+00
5. 0000000000000000e+00, 4.0000000000000000e+00, 0.0000000000000000e+00
5. 5000000000000000e+00, 4.0000000000000000e+00, 0.0000000000000000e+00
0. 0000000000000000e+00, 4.5000000000000000e+00, 0.0000000000000000e+00
5. 0000000000000000e- 01, 4.5000000000000000e+00, 0. 0000000000000000e+00
1. 0000000000000000e+00, 4.5000000000000000e+00, 0.0000000000000000e+00
1. 5000000000000000e+00, 4.5000000000000000e+00, 0.0000000000000000e+00
2.0000000000000000e+00, 4.5000000000000000e+00, 0.0000000000000000e+00
2.5000000000000000e+00, 4.5000000000000000e+00, 0.0000000000000000e+00
3.0000000000000000e+00, 4.5000000000000000e+00, 0.0000000000000000e+00
3.5000000000000000e+00, 4.5000000000000000e+00, 0.0000000000000000e+00
4.0000000000000000e+00, 4.5000000000000000e+00, 0.0000000000000000e+00
4.5000000000000000e+00, 4.5000000000000000e+00, 0.0000000000000000e+00
5. 0000000000000000e+00, 4.5000000000000000e+00, 0.0000000000000000e+00
5. 5000000000000000e+00, 4.5000000000000000e+00, 0.0000000000000000e+00
0. 0000000000000000e+00, 5.0000000000000000e+00, 0. 0000000000000000e+00
5. 0000000000000000e- 01, 5.0000000000000000e+00, 0. 0000000000000000e+00
1. 0000000000000000e+00, 5.0000000000000000e+00, 0.0000000000000000e+00
1. 5000000000000000e+00, 5.0000000000000000e+00, 0.0000000000000000e+00
2.0000000000000000e+00, 5.0000000000000000e+00, 0.0000000000000000e+00
2.5000000000000000e+00, 5.0000000000000000e+00, 0.0000000000000000e+00
3.0000000000000000e+00, 5.0000000000000000e+00, 0.0000000000000000e+00
3.5000000000000000e+00, 5.0000000000000000e+00, 0.0000000000000000e+00
4.0000000000000000e+00, 5.0000000000000000e+00, 0.0000000000000000e+00
4.5000000000000000e+00, 5.0000000000000000e+00, 0.0000000000000000e+00
5.0000000000000000e+00, 5.0000000000000000e+00, 0.0000000000000000e+00
5. 5000000000000000e+00, 5.0000000000000000e+00, 0.0000000000000000e+00
0. 0000000000000000e+00, 5.5000000000000000e+00, 0.0000000000000000e+00
5. 0000000000000000e- 01, 5.5000000000000000e+00, 0. 0000000000000000e+00
1. 0000000000000000e+00, 5.5000000000000000e+00, 0.0000000000000000e+00
1. 5000000000000000e+00, 5.5000000000000000e+00, 0.0000000000000000e+00
2.0000000000000000e+00, 5.5000000000000000e+00, 0.0000000000000000e+00
2.5000000000000000e+00, 5.5000000000000000e+00, 0.0000000000000000e+00
3.0000000000000000e+00, 5.5000000000000000e+00, 0.0000000000000000e+00
3. 5000000000000000e+00, 5.5000000000000000e+00, 0.000000
0000000000e+00

4.0000000000000000e+00, 5.5000000000000000e+00, 0.0000000000000000e+00
4.5000000000000000e+00, 5.5000000000000000e+00, 0.0000000000000000e+00
5. 0000000000000000e+00, 5.5000000000000000e+00, 0.0000000000000000e+00
5. 5000000000000000e+00, 5.5000000000000000e+00, 0.0000000000000000e+00

1

% Optim zed wei ghts (display-nornalized, max|w =1)
w_real = [0.38512298634745173, 0.4467496182457949, 0.41467021875239624, 0.5366078534639, 0.5124251388507599
0.591455831932298, 0.5850896683441749, 0.4900740010166773, 0.5327437600976962, 0.41109223149201224, 0.4620701128160462

. 3428539943734405, 0.3830532100249335, 0.4998773966517601, 0.4973213184115589, 0.6402359637281444, 0.6031728800448733
. 7074108892032444, 0.6951280113584197, 0.6221493732270995, 0.607785981623104, 0.47201340956024385, 0.45930427955376074
.3677082131603684, 0.4483823811552773, 0.5785032319289146, 0.5779843815929341, 0.6827411814355792, 0.7317392450274864,
. 7897252957834561, 0.7860639701955833, 0.7008535781680831, 0.6956860742726161, 0.5583247961757045, 0.5383523651218683

.39907604071129393, 0.4633966064479042, 0.6662346730029864, 0.6843692282667305, 0.8409024899714482, 0.8433805948367847
.9079114591028208, 0.8498028157864007, 0.8007848671340003, 0.7781098899972536, 0.6436413385161539, 0.6012622173463038
. 45719474487870687, 0.5148720352037702, 0.6715099228330258, 0.7182142032784633, 0.882568430308031, 0.9322390825105775
. 9956516600946638, 0.9700777770546973, 0.8977173300286266, 0.8790170769827438, 0.6924497295211192, 0.674659670504908
. 488152642143573, 0.5400740333587994, 0.6901131251801558, 0.7725311454205154, 0.9128668854729542, 0.9520568173974184

. 9782332029557661, 0.9947698798454523, 0.9453261659408914, 0.9235571107557593, 0.7301845744584324, 0.6867386098569056

. 5471796897835444, 0.5256127402213029, 0.7164751083805255, 0.6961447506337262, 0.8913465127135819, 0.9683356069568996

. 9929667664582261, 0.9999913258574957, 0.9780118732739191, 0.8826809727954186, 0.741049908824641, 0.6990133169389352

. 5489462733586785, 0.5325758228574107, 0.6562120566268669, 0.7130155792960146, 0.8480650221831393, 0.9105420949744654,

. 9438648680064294, 0.982494651548329, 0.9076411534598509, 0.9103982153516962, 0.725951110768523, 0.6936402488143754

.5161998350493241, 0.4862585191172789, 0.6200574234883037, 0.6284576321865182, 0.7726344507047127, 0.8014729708639576
0

. 8841457633367074, 0.9176305446211078, 0.8387243950008502, 0.8260653839203262, 0.6509649829300972, 0.6469622339895291
.47979635336818044, 0.4377346209035669, 0.5285740659035161, 0.5132250608295388, 0.6897811681015946, 0.6972422759307357
. 7923914627924478, 0.771735813724323, 0.7437433995598881, 0.7349785355123155, 0.5735436032422995, 0.5565070704589796

. 4142935386000256, 0.363406729713532, 0.46094892535483667, 0.45720563026932093, 0.6126002746931479, 0.5975400693881975
. 656960752245184, 0.7131489764615052, 0.6386122890409834, 0.6019976178936569, 0.4739217709133804, 0.4856756250356041
0. 391966

62277510214, 0.347633538373336, 0.4592028627371953, 0.43467248645901985, 0.5368469798606974, 0.5484971796729383
0.5806599741519879, 0.5786855023626809, 0.5427212160845382, 0.5562060284233334, 0.40632952115539034, 0.4477800477304767

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0



0. 3663624249569559] ;

w_i mag = [0.007305003359061313, 0.0016456102594817955, -0.020612498293587654, -0.00978794841337012, 0.0004766062829086634
-0.009988350455378128, 0.002701873252911107, 0.016175303441933835, -0.0111704525196433, 0.0041333954631755515
0.01728511223755927, 0.00881449472444821, 0.004980700158467602, -0.02132500834313511, 0.017269512025348484,
0.00795811775238867, 0.018524147738806576, 0.0007062542804048495, -0.030810376282130177, -0.022773908391839418

0. 004494632923433299, -0.006956467657419004, 0.004381316465143193, 0.005734142772527086, 0.0021165272758904125
-0.010225616572386067, -0.01234873966347731, -0.0029278660290678695, -0.006855389567466527, -0.010291282621857521
-0.0105953133387658, -0.0020054028389345636, 0.014016587728190021, -0.003780820447811569, 0.010431977139423978

0. 02840573205845506, 0.013935891898017652, -0.00389772969867228, 0.002600578763521374, 0.00663476925628983

0. 0003743975715830079, 0.018795828761512517, -0.0005583725321782992, -0.00781726529034189, 0.009636319580801871
0. 0045154058216842746, -0.012670284655001448, -0.011752472746865736, 0.0040584345927441945, 0.014414660444822643
0.012027904224234465, -0.0012026213088981283, 0.010973219849643214, 0.024708380026484303, -0.01207733644258402
-0.01794193842645295, 0.017928300493540307, -0.004525720225442983, -0.02048701624913514, -0.03342619465827249
0.013320325104231109, -0.027051611851450788, -0.0037108386632975724, 0.004550131202402595, 0.014823911267584831
-0.006102199828029233, 0.003269214728383465, -0.011822345282654129, -0.01186971364746352, 0.01064044953403786
-0.006155024019241292, -0.006261683817667774, -0.025047835767878904, 0.013703127170250013, 0.011478852220914637
0. 004049255455982702, 0.019358374875348257, -0.013571513892564483, -0.004165118217701307, -0.02065791370235245

0. 04355452048332052, -0.0005495578735134882, 0.01420348827136494, -0.01936077656714064, 0.011710776288462947
0.019833569972393043, -0.0022949502038325325, -0.01863974280517198, -0.010085948574017302, -0.04222367461357917
-0.00392709515470397, 0.016905399248802674, -0.014619665072902403, -0.007895016703504567, -1.9243425638947433e-05
0. 005914630287528435, -0.023429990441532784, -0.008940446663459329, 0.04116814291094082, -0.023153833814833796
0.0026913119661845443, 0.02804219177067198, 0.015138478903558671, -0.005907316556580133, 0.0010941634187689165
-0.0025709011490698042, -0.021225714217673004, -0.0031927300625757883, 0.0008034293359267195, -0.006386772087639625
-0.009510559935515183, -0.02164411165942379, 0.004043626421190868, 0.03699379283232858, -0.0017894507621244574,
-0.002656880247428096, 0.01136840287072881, 0.004897202859605541, 0.024285013195256226, 0.001095185678063621
0.012094818594707409, -0.016300388198939354

0.0076443251310162556, -0.0010707100640206155, -0.001001418727178767, -0.005587546006435705, -0.01957475451212797,
0. 0027509304474368137, 0.004873118235235697, -4.621045249614013e-05, 0.0022813024647328857, -0.002523245071577307,
-0.0014209501667893944, -0.010625564417997339, 0.002319056146314361, 0.034182045955232186, 0.00038113144822111484,
0.006916832021332602, 0.0010112444246173817, -0.01079217349632909, 0.011113218716543815, -0.007887997236222589,
0.011445414468283652, -0.012028015650349323];

w = wreal + 1j*w_inag;

% Beam and nul | directions

theta_main = 0; % degrees

phi _main = 0; % degrees

theta_nulls = [15.0, 14.9, 30.0, 30.0, 45.0, 45.0, 60.0, 60.0]; % degrees
phi_nulls = [45.0, -135.0, 90.1, -89.9, 22.5, -157.5, 0.0, 180.0]; % degrees

%
% STEP 1: COWPUTE E- PLANE PATTERN (for plotting and 1D netrics)
%
theta_scan = |inspace(-90, 90, 3601); % 0.05 deg resol ution
phi _scan = phi _main * ones(size(theta_scan));

AF = zeros(size(theta_scan));

for i = 1:length(theta_scan)

th = theta_scan(i) * pi/180;

ph = phi _scan(i) * pi/180;

u_vec = [sin(th)*cos(ph); sin(th)*sin(ph); cos(th)];

sv = exp(lj * 2*pi * positions * u_vec);

AF(i) = w* sv;

end

AF_mag = abs(AF);

AF_peak = nax(AF_nag);

AF_dB = 20*| 0og10( AF_mag / AF_peak);

%
% STEP 2: | NDEPENDENTLY COWPUTE SLL (2D grid search)

% For planar/circul ar arrays, sidelobes can appear at any phi.
% A single E-plane cut would mss them Full 2D search required.
%

th_sll = linspace(-90, 90, 361) * pi/180;
ph_sll = linspace(-180, 180, 361) * pi/180;
P_sll = zeros(length(th_sll), length(ph_sll));
for i = 1:1ength(th_sll)

for j = 1:length(ph_sll)

u_vec = [sin(th_slI(i))*cos(ph_sll(j)); sin(th_slI(i))*sin(ph_sll(j)); cos(th_sll(i))];
sv = exp(lj * 2*pi * positions * u_vec);

P_sll(i,j) = abs(w * sv)"2;

end

end

% Fi nd gl obal peak

[ P_gl obal _max, glob_idx] = max(P_sll(:));

[gi, 9j] = ind2sub(size(P_sll), glob_idx);

AF_peak_gl obal = sqrt(P_gl obal _max); %true gl obal peak for normalization

% Mai nbeam excl usi on: angul ar distance fromrequested direction



% Formul a mat ches engi ne: nmax(5 deg, rad2deg(1l.5/sqrt(N))) * 2
th_main_rad = theta_main * pi/180;

ph_main_rad = phi_main * pi/180;

bw est = max(5, 1.5/sqrt(N) * 180/pi); % matches engine formula (degrees)
P.sl = P_sll;

for i 1:length(th_sll)

for j = 1:1ength(ph_sll)

cos_d = sin(th_sll(i))*sin(th_main_rad)*cos(ph_sll(j)-ph_nain_rad)
+ cos(th_sll(i))*cos(th_main_rad);

ang_di st = acos(m n(max(cos_d,-1),1)) * 180/pi;

if ang_dist < 2*bw_est

P_sl(i,j) = 0; % exclude nai nbeam regi on

end

end

end

[peak_sl, sl_idx] = max(P_sl(:));

mat | ab_sl| = 10*| og1l0( peak_sl / P_gl obal _max);

% STEP 6: VERI FY MAI NBEAM PO NTI NG (1l ocal 2D peak search)

% For planar arrays with isotropic elenents, the global peak may be a
% conj ugat e beam (back-1obe anbi guity). Search locally near the

% commanded direction -- this is what the engineer cares about.

%
search_radius = 15; % degrees

th_local = linspace(nmax(-90, theta_nain - search_radius),
m n(90, theta_nmain + search_radius), 61) * pi/180;
ph_l ocal = linspace(phi_main - search_radius,

phi _main + search_radius, 61) * pi/180;

P_local = zeros(length(th_local), I|ength(ph_local));

for i = 1:1ength(th_local)

for j = 1:1ength(ph_Ilocal)

u_vec = [sin(th_local (i))*cos(ph_local(j)); sin(th_local (i))*sin(ph_local(j)); cos(th_local(i))];
sv = exp(lj * 2*pi * positions * u_vec);

P_local (i,j) = abs(w * sv)"2;

end

end

[~ loc_idx] = max(P_local (:));

[li, 1j] = ind2sub(size(P_local), loc_idx);

% Refine: 51x51 around | ocal peak for sub-degree accuracy
dth_r = (th_local (2)-th_local (1)) * 1.5;
dph_r = (ph_local (2)-ph_local (1)) * 1.5;

th_ref = linspace(max(-pi/2, th_local(li)-dth_r), mn(pi/2, th_local (li)+dth_r), 51);
ph_ref = linspace(ph_local (1j)-dph_r, ph_local (1j)+dph_r, 51);

P_ref = zeros(length(th_ref), length(ph_ref));

for i = 1l:length(th_ref)

for j = 1:1ength(ph_ref)

u_vec = [sin(th_ref(i))*cos(ph_ref(j)); sin(th_ref(i))*sin(ph_ref(j)); cos(th_ref(i))];
sv = exp(lj * 2*pi * positions * u_vec);

P ref(i,j) = abs(w* sv)"2;

end

end

[~ ref_idx] = max(P_ref(:));

[ri, rj] = ind2sub(size(P_ref), ref_idx);

actual _peak_theta = th_ref(ri); %radians -- used by beanwi dth step

actual _peak_phi = ph_ref(rj); %radians -- used by beamm dth step

mat | ab_peak_t heta = actual _peak_theta * 180/ pi;

mat | ab_peak_phi = actual _peak_phi * 180/ pi;

% Angul ar distance in 3D (great circle) fromcommanded to | ocal peak

cos_pt = sin(actual _peak_theta)*sin(th_main_rad)*cos(actual _peak_phi-ph_mai n_r ad)
+ cos(actual _peak_theta)*cos(th_nain_rad);

mat | ab_pointing_err = acos(m n(max(cos_pt,-1),1)) * 180/ pi;

% Updat e AF_peak to gl obal peak for null depth normalization and E-plane plot
AF_peak = AF_peak_gl obal ;
AF_dB = 20*|1 og1l0( AF_nag / AF_peak); %reconpute E-plane dB with true gl obal peak

%
% STEP 3: | NDEPENDENTLY COMPUTE DI RECTI VI TY
%D = 4*pi * |AF(main)|”2 / integral (| AF|"2 sin(theta) dtheta dphi)

% Ful | sphere integration -- the universal definition of directivity.
%

theta_int = linspace(le-4, pi-le-4, 181); % avoid poles

phi _int = linspace(0, 2*pi, 361);

dth = theta_int(2) - theta_int(1);



dph = phi_int(2) - phi_int(1);

total _power = O;

for i = 1:1ength(theta_int)

th = theta_int(i);

for j = 1:1ength(phi_int)

ph = phi_int(j);

u_vec = [sin(th)

*cos(ph); sin(th)*sin(ph); cos(th)];

sv = exp(lj * 2*pi * positions * u_vec);

af _val = abs(w * sv)"2;

total _power = total _power + af_val * sin(th) * dth * dph;
end

end

% Mai nbeam power

th_m = theta_nai n*pi/180; ph_m = phi _nai n*pi/ 180;

u_main = [sin(th_m*cos(ph_m; sin(th_m*sin(ph_m; cos(th_m];
sv_main = exp(lj * 2*pi * positions * u_main);

P_main = abs(w * sv_nain)"2;

mat | ab_dir_dBi = 10*1 0g10(4*pi * P_main / total _power);

%
% STEP 4: | NDEPENDENTLY COVPUTE BEAMW DTH (-3 dB points)
% | EEE Std 145-2013: cut through the ACTUAL peak, not comranded.

% Normal i zed to GLOBAL 2D peak. Uses actual _peak_theta/phi from Step 6.

%
% Theta cut: vary theta at fixed phi = actual peak phi

bw_t heta_scan = |inspace(-90, 90, 7201);
bw_AF = zeros(size(bw_theta_scan));
for i = 1l:length(bw_theta_scan)

th = bw_theta_scan(i) * pi/180;

ph = actual _peak_phi; %cut through actual peak
u_vec = [sin(th)*cos(ph); sin(th)*sin(ph); cos(th)];
sv = exp(lj * 2*pi * positions * u_vec);

bw_AF(i) = abs(w * sv);

end

bw_AF_dB = 20*| og10(bw_AF / AF_peak_gl obal); %nornalize to GLOBAL peak

[~, bw_main_idx] = max(bw_AF);

bw | eft = NaN, bw right = NaN;

for i = bw main_idx:-1:2

if bw AF_dB(i) <= -3

frac = (-3 - bw AF_dB(i)) / (bw_AF_dB(i+1) - bw AF_dB(i));

bw | eft = bw theta_scan(i) + frac*(bw_ theta_scan(i+1) - bw theta_scan(i));

break;

end

end

for i = bw_nmain_idx:|ength(bw AF_dB)-1

if bw AF_dB(i) <= -3

frac = (-3 - bw AF_dB(i)) / (bw AF_dB(i-1) - bw AF_dB(i));

bw right = bw theta_scan(i) + frac*(bw_theta_scan(i-1) - bw theta_scan(i));

br eak;

end

end

mat | ab_bw = abs(bw_ right - bw. left);

%
% STEP 5: VERI FY NULL DEPTHS
%
fprintf('\n");

fprintf(’

\n");

fprintf(' | NDEPENDENT VERI FI CATI ON -- MATLAB R¥%s\n', version('-release'));

fprintf(' URA %d-el enent Array, Minbeam % deg\n', N, theta_nain);

fprintf(’

fprintf('\n--- NULL DEPTH VERI FI CATION ---\n");

nul | _depths_matlab = zeros(1, length(theta_nulls));
nul | _all _pass = true;

for k = 1:length(theta_nulls)

th = theta_nulls(k) * pi/180;

ph = phi _nulls(k) * pi/180;

u_vec = [sin(th)*cos(ph); sin(th)*sin(ph); cos(th)];
sv = exp(lj * 2*pi * positions * u_vec);

af _null = w?* sv;

depth_dB = 20*| ogl0(abs(af _null) / AF_peak);

nul | _dept hs_nat | ab(k) = depth_dB;

pass_fail = 'PASS;

if depth_dB > -30; pass_fail = '"** FAIL **'; null_all_pass = fal se;

end

\n');



fprintf(' Null at (%6.1f, 9%5.1f) deg:
theta_nul I s(k), phi_nulls(k),

end

mat | ab_worst_null = max(nul | _dept hs_nmat|
ab);

8. 1f dB [%s]\n',
depth_dB, pass_fail);

%

% VERI FI CATI ON SUMMARY -- PASS/ FAI L TABLE

% Every val ue bel ow was conputed i ndependently by MATLAB.

% Nothing is taken fromthe report on trust.

%

fprintf('\n");

fprintf(’ \n');
fprintf(' VERI FICATI ON SUMVARY\ n');

fprintf(’ \n');
fprintf(' %22s %0s %0s %Bs\n', 'METRIC, 'CLAIMED , 'MATLAB', 'STATUS );
fprintf(' %22s %40s %0s 9Bs\n', '------ R e e ")
% SLL -- tolerance 0.5 dB (accounts for scan resol ution)

sl _match = abs(matlab_sll - clained_sll_dB) < 0.5;

fprintf(' %22s 9%.1f 9%®.1f 9Bs\n', 'SLL (dB)',

clainmed_sll_dB, matlab_sll, tf_str(sll_match));

%Directivity -- tolerance 0.3 dBi (nunerical integration resolution)
dir_match = abs(matlab_dir_dBi - claimed_dir_dBi) < 0.3;

fprintf(' %22s 99.1f 99.1f 9B8s\n', 'Directivity (dBi)',

claimed_dir_dBi, matlab_dir_dBi, tf_str(dir_match));

% Beamni dth -- tolerance 0.5 deg

bw_match = abs(matl ab_bw - cl ai ned_bw deg) < 0.5;

fprintf(' %22s 99.1f 99.1f 9%8s\n', 'Beamwidth (deg)',

cl ai med_bw_deg, matlab_bw, tf_str(bw match));

% Pointing error -- tolerance 0.1 deg

pt_match = abs(matl ab_pointing_err - clainmed_pointing_err) < 0.1;

fprintf(' %22s 99.3f 99.3f 9B8s\n', 'Pointing Error (deg)',

clai med_pointing_err, matlab_pointing_err, tf_str(pt_match));

% Nul | depths -- both nust be bel ow -30 dB

fprintf(' %22s 99.1f 99.1f 98s\n', 'Wrst Null (dB)',

claimed_worst_null, matlab_worst_null, tf_str(null_all_pass));

fprintf(' %22s %40s %0s 9Bs\n', '------ , e R R ")
all _pass = sl|_match & dir_match && bw nmatch && pt_match && nul |l _al | _pass;

if all_pass

fprintf('\n >>> ALL METRICS VERI FIED -- CLAI M5 CONFI RVED <<<\n');

el se

fprintf('\n >>> VERI FI CATI ON FAI LED -- SEE ABOVE <<<\n');
end

% -- Note on null depth precision --

fprintf('\n--- NOTE ON NULL DEPTH VALUES ---\n');
fprintf(' dained: % 1f dB | MATLAB:

claimed_worst_null, matlab_worst_null,
abs(matl ab_worst_null -

% 1f dB |

claimed_worst_null));

Del

ta: % 1f dB\n',

fprintf(' Both values are far below the -30 dB requirenent.\n");

fprintf(' Differences below -280 dB are expected: at these depths\n');
fprintf(' we are at the float64 machine precision floor (~le-16).\n");
fprintf(' Different evaluation paths (nmatrix nultiply vs |oop) produce\n');
fprintf(' different rounding at the 15th-16th significant digit.\n");
fprintf(' This has zero operational inpact -- real hardware linmits\n');
fprintf(' null depth to approximtely -40 to -60 dB.\n');

fprintf('\n \n');
fprintf(' VER FI CATION COMPLETE\n');

fprintf(’ \n');
% Hel pe

r function

function s = tf_str(v)

if v s ="'PASS; else; s ="'** FAIL **'; end

end

%

% PLOT: E-plane pattern with SLL annotation

%




figure(' Nane', 'E-plane Pattern -- Independent Verification', 'Color', 'w);

pl ot (theta_scan, AF_dB, 'b-', 'LineWdth', 2); hold on;
yline(matlab_sll, 'm-', sprintf('SLL = % 1f dB (MATLAB)', natlab_sll),
'LineWdth', 1.5, 'LabelHorizontal Alignment', 'left');

yline(-3, "k--', '-3 dB (beamwidth)');

yline(-30, 'r:', "-30 dB (null threshold)', 'LineWdth', 1);

for k = 1:1ength(theta_nulls)

xline(theta_nulls(k), 'r--", sprintf('null %-.0f deg', theta_nulls(k)),
'LineWdth', 1.5);

end

xline(theta_main, 'g-.', 'mainbean, 'LineWdth', 1.5);

x| abel ("\theta (degrees)'); ylabel ('Pattern (dB)');

title(sprintf(' URA %l-el ement -- MATLAB Verified: SLL=% 1f dB, Dir=% 1f dBi,

N, matlab_sll, matlab_dir_dBi, matlab_bw));
grid on; ylim[-60 5]);
| egend(' Pattern', 'Location', 'best');

% -- 2D Pattern Heatmap (theta x phi) -- planar array --
theta_2d = linspace(-60, 60, 121);

phi _2d = linspace(-90, 90, 91);

P_2d = zeros(length(theta_2d), |ength(phi_2d));

for i = 1:1ength(theta_2d)

for j = 1:1ength(phi_2d)

th = theta_2d(i)*pi/180; ph = phi_2d(j)*pi/180;

u_vec = [sin(th)*cos(ph); sin(th)*sin(ph); cos(th)];

sv = exp(1lj*2*pi *positions*u_vec);

P_2d(i,j) = abs(w * sv)"2;

end

end

P_2d_dB = 10*1 0g10(P_2d / max(P_2d(:)));

figure(' Nane', '2D Pattern -- Independent Verification', 'Color', 'w);

i mgesc(phi _2d, theta_2d, P_2d_dB); col orbar;

caxis([-40 0]); xlabel (*\phi (deg)'); ylabel (‘\theta (deg)');
title(sprintf('URA 2D Pattern -- Verified (dB)'));

hol d on;

pl ot (phi _main, theta_main, 'g*', 'MrkerSize', 15, 'LineWdth', 2);

for k = 1:1ength(theta_nulls)

pl ot (phi _nulls(k), theta_nulls(k), 'rx', 'MrkerSize', 12, 'LineWdth', 2);
end

BW£% 1f deg',
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