Get connected and distributed (2008 - 2012)

Electronics Line 308K Internet enabled security system (2003 - 2008)
Introduced: Long term, high load, functional testing methodology
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5kW Wind Generator, test bench and measured data (201.3)

Unified Multicore Low Power loT Platform (2023)
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Irena Mincheva's doctoral dissertation in the field of the
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Weather and green energy production monitoring
web application (2022
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Electronics Line 3000: Internet enabled secursty system (2003 - 2008)
Introduced: Long term, high load, functional testing methodology
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Long Time Extremely High Load Tests of Broadband Firmware CP ver. 0.49 and EC ver. 1.08 (25.06-15.07.2008)

Internet enabled security system (ELAS&SPPX and CP/EC) and long time, extremely high load testing methodology
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ELAS&SPPX, CP/EC and ECMon tool architecture

ECMon monitoring tool in action (snapshot)
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Long Time Extremely High Load Tests of Broadband Firmware CP ver. 0.49 and EC ver. 1.08 (25.06-15.07.2008)

Test conditions (WU requests by testCPProxy): Test conditions (Infrastructure):
¢ All CRECS are requested continuously and alternatively to perform SstCPS1ate = All CPs are installed behind router (DLINK DN-624+ or Edimax )
and GetCPLog with 0.5sec pause between. Periodically (when user access log » All CPs are connected to the router via Ethernet HUB;
reconds exceed G4) CF log is cleared. » One of the interfaces of the monitoring station is connected fo HUE;
Test conditions (RP requests by LogCollector): » Elas is connected to router's WAN via Linux router;
s UploadCPLog: every Smin; « MestMet simulator is installed on the Linux router;
e UploadECLog: every 4min; s L2TP and PPP services are installed on Linu on YViMWare box;
= LploadData: every 3min. « Separate Elas' CPWS is installed for independent control.
Test conditions (Event reporting — all CP=): Test conditions (NistMet simulator when on):

s All CPs are &t with the same parameaters (cloge fo defaults);

» Effects are set to change fraffic between Elas and ViAW are box;
» All CPs are set not lo report via PSTN, no repoer cycles, » Equal effects are set in both directions;
» All CPs have 3 normal PIR sensors, » Packet delay is set to 2ms with 1ms delta and 0 correlation;
= All CPs have 2 sensors generation events every minute, » Packet drop ratio is set to 1% with 0 correlation;
Test cenditions (Elas settings): = Packet duplication ratio is set 1o 1% with O comrelation.
e Elas is sef not lo send events to Elpw/Sims or to user via SMS; Test conditions (Router settings):
« Elas is sef to use indirect CP notification; = WAN is sei to use static IP address;
s Alive cycle s set to 30 sec for both armed and disarmed CP state s WAN i gel to use LPTP on Edimax as alternaive:

Test conditions (general);
¢ All ECs are connected ko ECMon for monitaning;
¢ In some cases CP andlor EC have been restaried depending on test case

LAN is set to have one and the same IP (used as DGW);
DHCP i=g st to use one and the same IF range;
Rouwsers have been exchanged or reset depending on tesf case,

Avail&bﬂity and Reliability Test Results (fable show)
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startdate] [%] | [ I T i I 3 T J | Ih IEF‘T‘!I | fhfm.l' [ms. %] | [sec.]
19-Juk08]  33./%) 0.28% 1.2% 1.4% 0.360] 664%[ 508% 8] 19.0 152] DHCP | ignore 14821 27111] 4511
14-Jul-08]  1.2%| 042%| 13%| 1.8%] 0.088] 103%| 11.6% 2 65.0 130] DHCP | ignore 1492] 2M1,11] 18-54
14-Juk08]  71.2%| 038%| 19%| 21%] 0415] 1024%| 69.5% g 69.0 552] DHCP | ignore 1492 42,21 0.5
11-Ju-08]  633%|  012%] 20%| 20%] 0.342] 103.0%| 61.4% g 22.0 176] DHCP | ignore 1192 21,11 0.5
10-Jul-08]  55.0%) 0.2T%h 1.8% 21% 0.148] 107 3%| 51.3% ) 22.0 176] DHCP | require 1192 off 0.5
B-Jul-08] B1.5%| 0.39% 1.7% 1.8% 0.563] 1008%| 80.8% 8 24.5 196] OHCP | ignore Static] 21,11 0.5
7-Ju08]  86.4%| 038%] 11%] 1.3%] 0270] 104.4%| @2.8% 8 72.0 576] DHCP | require 1492 21,11 0.5
4-Jur08]  718%| 020%] 21%|  21%] o0419] 1023%[ 70.1% g 20.0 160] DHCP | ignore 1492 21,11 0.5
3-Jul-08]  822%] 0.43% 1.8% 1.9% 0.569] 008%| &24% 8 24.0 193' Static ignare Static off 0.5
30-Jun-08| 894.1%) 0.89% 0.4 1.1% 0.331] 1028%| 91.5% 10] 66.0 DHCP | require Static ol 0.5
27-Jun-08] 93.3%| 123%] 07%| 12%] 0326] 1022%] 91.3% 8 18.0 144] DHCP | require Static off 05
26-Jun-D8]  B48%| 011%| 12%] 1.4%] 0265 1040%] 815% 8 17.5 140] DHCP | requira 1392] 21,11 0.5
Min:|  1.22%| 011%| 0.65%| 1.07%| 875%| 10.33%] 11.81% 2 17.5 130
Max:| 94.09% |  1.23%| 2.06%| 2.12%| 56.92%] 107.30%| 91.52% 10 72.0 660
Average: 0.43%  1.46%  1.68% Summary: 92 439 3,254

Std. Dev.: 0.3% 0.5% .45



Long Time Extremely High Load Tests of Broadband Firmware CP ver. 0.49 and EC ver. 1.08 (25.06-15.07.2008)
Availability and Reliability Test Results (graph show)
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Test results and conclusions:
» Web user access ermors are 1.46% = 0.5% and less than 2.06% for all test cases;
» There s no significant influence of CRIEC work conditions on Web user access ermors;
» CP Non Availability as function of CP Work Load Is like y=0.004x+0.0014 (with R*=0.1188);
» The influence of CPEC work conditions on CP Mon Availlability iz small and could be ignored in first approximation;
= [P Mon Availability (in time measure in case of CP event and task concurrency) is 0.43% £ 0.3% in first approximation and less than 1.23% for all test cases;
= [P Mon Availability is mainly influenced by CP/EC deadiocks causing 3 or 5 min unavailability time window for both RF and WL access while CP reporis normally;
» CP/EC deadlock causing 5 min unavailability time window is more rare and could be seen at tests with largest CP Wark Load (more than 808},
« There is no bug (any of the four main issues) manifesiation for all CPs and the time they are under the testing (3,254 CP*hours),



Long Time Extremely High Load Tests of Broadband Firmware CP ver. 0.49 and EC ver. 1.08 (25.06-15.07.2008)

& CPz " 19h {152 cp™h) at: DHCP, w/o IS req. certs, with L2TP (1492b), with NizsiNet (21,1,1), WU load (4.5-115) CFP Even & Task Frequency [Hz]: 0.369
14-15,07. 2008 Task Length [s]: 1.335 0.844 2974 31064
M &M ™ na.F WU Errors 30 — EC Performance Spoctrum DEer Aoports  W0el Tash WU Task  E90° Task
1 0 1 0.31% 1.41% 1.22% — 201 210
1 0 0 0.26% 1.41% 1.22% ~— 202 25 1 ' 205
2 0 0 0.53% 1.72% 1.35% 203 5 oy
0 0 1 0.04% 1.21% 1.21% v 206 —
1 0 2 0.35% 1.18% 1.00% — 200 205
1 0 3 0.39% 1.28% 1.10% — 28 10 204
1 0 1 0.31% 1.33% 1.94% 207 s
0 0 1 0.04% 1.32% 1.32% _ggg ﬂ 201
210 o 20 &0 &l B 100 0% I 4G B B0
na.Faclor: 0.28% 1.36% 1.20% Work Load: 33.6% EC CPU Load: 50.8% CP Even & Task Load: 66.2%
2 CPs " 65h (130 cp™h) at: DHCP, w/o 15 req. certs, with L2TP (14925), with NistNet (27,1,17), WU load [(18-545) CP Even & Task Frequency [Hz]: 0.088
11-14.07.2008 Task Length [s]: 0.865 0.870 3.205 3.640
3" 5" f" ﬂ.ﬂ.F m’Eﬂ"ﬂfﬂ El:ﬁ T _Ecpmmﬂwm Breani Asprin  (BGs Tosk BWU Tmk B Task -
— o w A e ——
203 S50 il ]
204 4 ;‘;;
— 206 204
—ay 203
—208 W - I e
7 0 0 0.54% 1.05% 1.36% i ﬂ[:l 20 -l'ﬂ-_ 5] B 100 0% 2% 4% 6% 8% 10% 12%
4 0 0 0.31% 1.67% 1.33% 20
n.a.Factor: 0.42% 1.81% {1.34% Work Load: 1.7% EC CPU Load: 11.8% CP Even & Task Load: 10.3%
8 CPs * 68h (552 cp*h) at: DHCP, wio IS req. certs, with L2TP (1492b), with NistNet (2/1,1,1) CP Even & Task Frequency [Hz]: 0.415
11-14.07.2008 Task Length [s]: 1.579 0.700 2.891 2.994
amM aM M naF WU Errors &) — B¢ Performance Spectrum @Eweni Rapoen  Gs Tesh DWW Tk DIR9 Taek
5 0 T 0.45% 213% 1.98% — 01 _ 210
5 D 4 0.41% 216% 201% — 202 O 208
4 0 O 0.40% 212% 2.00% e s .
0 0 11 0.13% 1.96% 1.96% e 206
5§ 0 13 0.52% 297% 202% 2% 205
2 0 0 0.25% 1.84% 1.78% -0 204
—_—gn7 W0 i) ™
1 0 12 0.22% 1.77% 1.74% . i =
7 0 13 066% 229% 208% — -0 201 =
210 o 20 &0 &0 B 100 0% W% A%  B0% B 100% 120%

n.a.Factor: 0.38% 2.05% 1.95% Work Load: 7T1.2% EC CPU Load: B§8.5% CP Even & Task Load: 102.3%



Long Time Extremely High Load Tests of Broadband Firmware CP ver. 0.49 and EC ver. 1.08 (25.06-15.07.2008)

& CPz * 22h (176 cp™h) at: DHCP, w/o IS req. certs, with L2TP (1192b), with NisiNet (42 2.1) CFP Even & Task Frequency [Hz]: 0.342
10-11,07. 2008 Task Length [s]: 2,230 0.774 3368 31548
M &M ™ na.F WU Errors 30 — EC Performance Spoctrum DEves Fopots  B0el Tast  DWU Task  D9F Task
1 0 0 0.23% 2.26% 2.15% 291 210
0 0 0 0.00% 2.20% 2.20% ~— <202 25 1 ' 205
0 0 3 0.11% 1.95% 1.95% 203 o5 oy
0 0 3 011% 1.99% 1.99% = 206 — =
0 0 5 0.19% 1.93% 1.93% <00 205
1 0 0 0.23% 2.03% 1.93% — 298 10 204
0 0 0 0.00% 1.94% 1.04% 200 e
0 0 2 0.08% 1.91% 1.91% _333 ﬂ 201
0 v 20 &) Exl Ex] 100 % 1% A0%% B0% B 100% 120%
na.Facfor: 0.12% 2.03% 2.00% Work Load: 63.3% EC CPU Load: 6&1.4% CP Even & Task Load: 103.0%
8 CPs * 225 (1T6 cp*h) at: DHCP, with NS reg. certs, with L2TP (11926, with NistMNat (2/1,1,1) CP Even & Task Frequency [Hz]: 0,146
09-10.07.2008 Task Length [s]: 4.524 2.389 8.075 7.940
M 5M ™ mnalF WU Errors 50 — EC Performance Spectrum BCwsn Fopen  BGei Taxt  (OWU ok D69 Tamkc
1 0 1 0.27% 2.32% 2.04% T2 4 . h
2 0 0 0.45% 2.51% 1.94% ~— 9 &
1 0 0 0.23% 2.14% 1.87% “03 35
1 0 2 0.30% 1.98% 1.70% - =
2 0 0 0.45% 207% 1.52% — 200
0 o 0 0.00% 1.58% 1.59% — 20 g
0 0 0 0.00% 1.63% 163% — 207 1
2 0 0 0.45% 2.33% 1.78% — 208 5
209 L
210 o 20 &0 5] B 100 0% 0% A0 B0% B 10P 120%
n.a.Factor: 0.27% 2.07T% 1{1.76% Work Load: 55.0% EC CPU Load: 51.30% CP Even & Task Load: 107.3%
8 CPs * 24.5h {196 cp*h) at: DHCP, wio IS req. certs, wio L2TP, wio NistNet CP Even & Task Frequency [Hz]: 0.563
07-08.07.2008 Task Length [s]: 0.909 0.579 2300 2.331
amM aM M naF WU Errors 6 — B Performance Spectrum @Eweni Rapoen  Gs Tesh DWW Tk DIRP Taek
1 0 1 0.24% 1.80% 1.73% — U 210
3 0 3 0.71% 2.07% 1.86% ~— 202 X 205
20 1 0.44% 1.88% 1.74% 03 s -
1 0 0 0.20% 1.73% 1.66% e o 206 .
1 0 1 0.24% 1.77% 1.70% 209 205
3 0 1 0.65% 1.74% 1.53% — -0 20 204
1 D 0 0.20% 151% f.44% 0 | - ™
2 0 1 044% 1.99% 186% — 0 | 201 -
210 o 20 &0 &0 B 100 0% W% A%  60% B 100% 120%

n.a.Factor: 0.39% 1.81% 1.60% Work Load: B71.4% EC CPU Load: BOD.8% CP Even & Task Load: 7T00.8%



Long Time Extremely High Load Tests of Broadband Firmware CP ver. 0.49 and EC ver. 1.08 (25.06-15.07.2008)

& CPz * 72h (576 cp™h) at: DHCP, with IS req. certs, with LITP (1492b), with NistNet {2/1,1,1) CFP Even & Task Frequency [Hz]: 0270
04-07.07.2008 Task Length [s]: 2.388 1.150 4.036 4.101
M &M ™ na.F WU Errors &) — EC Performance Spectrum DEves Fopots  B0el Tast  DWU Task  D9F Task
3 0 3 0.24% 1.13% 101% — 201 _ _ _ | 210
1 0 6 O.14% 1.15% 191% — 202 _ _ i
& 0 2 0.44% 1.40% 1.17% ggi & e =
8 1 T O0.75% 1.51% 1.27% a0 | | 206 m— =
B 0 4 0.46% 1.38% 1.95% 20 _ _ 205 =
2 0 2 0.16% 1.22% 1.94% — 20 _ e
5 0 10 0.46% 1.34% 1.94% 207 . . o
5 0 3 038% 142% 1.22% o0 201
0 il 20 &) Eill Bl 1] 0% 1% A% 6% B 10 120%
n.a.Factor: 0.38% 1.32% 1.15%  Work Load: 86.4% EC CPU Load: B2.8% CP Even & Task Load: 104.4%
8 CPs * 20k (160 ¢cp*h) at: DHCP, w'a IS reg. certs, with L2TP (1492k), with NistNet (21,1,1) CP Even & Task Fregquency [Hz]: 0419
03-04.07.2008 Task Length [s]: 1.585 0.679 2.897 2.981
M 5M ™ mnalF WU Errors . &0 EC Performance Spactrum Biverifaporiy  BGe Tk O T RF Tk
1 0 1 0.29% 2.25% 2.15% a5 | 210
0 0 3 0.13% 1.97% t197% — 202 O i 1
1 0 7 0.33% 2.20% 2.10% e = s
1 o 3 0.38% 2.20% 2.10% <04 % 206 -
0 0 2 0.08% 202% 2.02% — 209 o 206 -
1 0 2 0.33% 207% 1.96% — 20 o e
0 0 1 0.04% 1.89% 1.89% — 207 T i ==
0 0 1 0.04% 2.33% 2.33% :ig: . 201
210 0 20 &l &l B} 10X 0% 20 4% BRG BF 100% 1209%
na.Factor: 0.20% 2.12% 206%  WorkLoad: 71.7% EC CPU Load: 70.1% CP Even & Task Load: 102.3%
& CPs * 24h {192 cp*h) at: static IPs, w/o any extra load CP Even & Task Frequency [Hz]: 0.569
02-03.07.2008 Task Length [s]: 0.841 0.565 2.280 2.335
am 5M M naF WU Emors 60 — EC Parformance Spectrum BEssfsports  @GH Tk OW Tt ORF Tk
0 0 2 0.07% 1.75% 1.75% — <01 210
3 0 2 0.69% 2.23% 202% —— 2 X ;ﬁ
1 0 2 0.28% 2.04% 1.96% W i -
1 1 2 0.63% 1.98% 1.91% e B 208 -
2 0 2 0.49% 2.13% 1.99% 205 205 -
1 0 2 0.28% 1.46% 1.39% 205 20 ;E
1 0 7 0.45% 1.50% 1.43% — 207 o -
2 0 5 0.59% 2.04% 1.90% —igg o Lo 201 =
210 o 20 &0 80 B0 100 O%  20% 40N  BD%  AO%W  100%  120%

n.a.Factor: 0.43% 1.89% 1.78% Work Load: B2.2% EC CPU Load: B2.4% CP Even & Task Load: 80.7%



Long Time Extremely High Load Tests of Broadband Firmware CP ver. 0.49 and EC ver. 1.08 (25.06-15.07.2008)

10 CPs * 66h (660 cp*h) at: DHCP, with IS req. certs, wio L2TP and NistNet

27-30,08, 2008
M &M
g
10
2
4
15
11
2
12
14
10

™

oo JRE W, " S A N I
e Ll B N LD 4 N L 0D e

n.a.Fachor:

mafF WU Errors
0.73% 1.00% 0.70%

1115
0.42%
0.49%
1.315%
1.005%
0.74%
1.09%
1285
0.81%
0.89%

1.13%
0.88%
0.78%
1.235%
1.00%
1.00%
1.14%
1.35%%
1.14%
1.07%

0.79%
0.71%
0.64%
0.7 3%
0.70%
0.70%
0.74%
0.88%
0.80%
0.74%

& CPs " 18h (144 cp™h) at: DHCP, with IS reg. certs, wio L2TP and NisiNef

L6-27 .06, 2008
I 5M ™

5 0 0
4 0 0
4 1 L1
2 0 3
0 0 0
G 0 0
3 0 L1
9 0 2

n.a.Faclor:

mnaF WU Ermors

1.39%
1.11%
1.57%
0.69%
0.00%
1.67%
0.83%
2.59%

1.23%

1.24%
1.21%
1.09%
0.87%
0.62%
1.36%
0.97%
1.97%

1.17%

0.64%
0.73%
0.6T%
0.63%
0.53%
0.64%
0.60%
0.83%

0.65%

8 CPs * 17.5h (140 cp*h) at: DHCP, with NS req. certs, with L2TP (1392b), with NistNet {2/1,1,1)

25-26.06.2008
am M ™
0 ] a
3 ] 1
0 0 1
] 0 1
1 1] 2
1 0 2
0 o 1
] 0 1

n.a.Factor:

ma.fF WU Erors

0.00%
0.24%
0.01%
0.01%
0.10%
0. 70%%
0.01%
0.39%

0715

1.17%
1.67%%
1.16%

1.26%
1.39%
14055
1.74%
2.13%

1.4.2%

1.17%
1.17%
1.16%
1.26%
1.23%
1.24%
1.14%
1.32%

1.27%

CFP Even & Task Frequency [Hz]: 0.3317
Task Length [s]: 1.613 1.017 3236 31234
80 — EC Performance Spectrum BEved Qepeits W08 Tek DWW Tess  DFRP Tk
— 2 %0 | | |" 210 == A
— 202 - | 208 =
203 80 | 208 =
204 207 |
50 206 s =
—_205 g 205 = n =
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Long Time Extremely High Load Tests of Broadband Firmware CP ver. 0.49 and EC ver. 1.08 (25.06-15.07.2008)

Main EC issues test made at 26.06.2008 under standard test conditions and the following actions:

Elas’ CHW?S was updaies batween 11:00 and 11:30;

Tash was fimlzhed at 1515,

TJH following standard conditions are used at test:
IS was sat o require client cedificates from ECs;

Elas was sat o usa 30 sac alive timas;

Edimax router was set fo wse L2TF (1392b) WAN sattings;
Edimax’ DHCP sarver was sal to offer 30 min leasa time:
DLink router was sel bo use static WAN sattings;

DLink's DHCP sarver was sei 1o offer 80 min lease tima;
Both routers’ DHCP servers use the same IP range;
MistMel was set al 211,71 conditians,

LogCollactor was sel as usual test case (5,.4.3 minj,

All CPs have 2 sensors generation events every 1 min;
All CPs have 3 more PIR sensors.

EC load parameters are the following (like 25-26.06.2008 test):
« EC CPU performance load — 81,5%;
« CF Event & Task Load — 104.0%;
« CF Work Load — 84.8%.

Notes:
e n.aFactor and WU Errors was nol montiored;
» CP/EC load parameters ware not calculated;
» High resolution history and packed capturing is used as well,

Conclusion:
= All ECs worked as expected without any bugs manifestation;

» EC firmware is quite responsive and adequate at all changes.

WU access simulaior was sei lo reach maximal CP task load:

Test was start before 11:00 afier first night one (25-26.06_2008) withoui restarting of all B CF/EC and using the same iesi conditions;

Al 11:52 and 11:57 Linux server (where L2TF and PPF servers are installed) was rebooted - it takes approximately 2 min to come ready;

Al 12:02 Linux sarver (whare main routing and MNisiNet are installed) was rebooied - it takes approximately 2 min to come ready,

Al 12:05 Edimax router was rebooted — it takes approximalely 2 min to come ready. All CPs gels new IPs betwean 12:2T7 and 1228,

Al 12:30 Edimax router was disconnected — it fakes approximately 45 sec all CPs to show LAN Trouble;

Al 12:30 DLink router was connected — it takes approximately 30 sec all CPs fo continua and 40sec to drop LAMN Trouble. All CPs gat new IPs at 12:42;
DLink's LAM cable was disconnected for time of ¥, % and the time when DHCP lease expired. 4 of the CPs gel IPs at 13:28 while ather 4 — at 13:45;
DLink’s router was changed with Edimax at 12:50 — il takes 2-3 min all CPs 1o confinue normal work;

Edimax’ LAN was disconnaciad for § minules at 13:54 and 14:09 when DHCP lease evanls was axpaciad,

Edimax’ LAM was in connected condition at 1427 and 14:42 = all CPs gets new |Ps as expecied (4 of them at 14:27 and 4 others at 14:42),

Edimax router was changed with DLink's at 14:58 = All 8 CPs gel new IPs at 15:00,

Snapshoot of all ECs CPU load for the test was shown on the picture below
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Long Time Extremely High Load Tests of Broadband Firmware CP ver. 0.49 and EC ver. 1.08 (25.06-15.07.2008)
Snapshots of all EC History records for the whole test on 26.06.2008
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Long Time Extremely High Load Tests of Broadband Firmware CP ver. 0.49 and EC ver. 1.08 (25.06-15.07.2008)
Snapshots of all EC History records for the whole test on 26.06.2008 (continued)
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Final Long Time Extremely High Load Tests of CP/EC firmware release versions CPT00/VEC100 (31.03-03.04.2006)

Test conditions (WU requests by testCPProxy):

« All CP/ECs are requested continuously and alternatively to perform
SetCP3tate and GetCPLog with 0.5sec pause between. Perodically
(when user access log records exceed 64) CP log is cleared.

Test conditions (RP requests by LogCollector):

+ UploadCPLog: 3min;

» UploadECLog: 2min;

+ UploadData: 1min.

Test conditions (general):
¢ Load assessment for 8 CPECs tested for more than 500 CP * hours todal,

¢ Elas is set (for CP 20060201 ... 200680204 only) up to not send events

o Elpxf. . ./Sims;
« All ECs are with Release firmware build based on HyNetOS release
ver, 2.4,
= 20060201, 20060202and 20060206 (old EC hardwara).
Test conditions (EC settings):
» All ECs are connected to ECMon for monitoring;
« All ECs was restarted (because of firmware update) before the test.

Problems under current investigation (summary):
« CP/EC inaccessibility: see table below

CPID EC restarts EC Task Loss | CP Timeouts | fnaccessibility
(takes 2-5min) | (takes T0min) | (takes -3min) Eirmee (~=evin]

20060201 4 14 82
20060202 ] 12 86
20060203 3 5 45
20060204 3 9 57
20060205 3 10 60
20060206 3 14 T2
20060207 3 9 57
20060208 1 1 7 34
20060209 4 12
All CP/EC 1 25 B4 505

Total [%] 0.01% 0.82% 0.83% 1.66%

Note: CP/EC inaccessibility percentage calculation was based on total
observation time 506.6 CP * hours (for all panels under on-line
monitoring ).

Tests details summary:

» Test was started after 21:00 on 31.03.2005;

» Test was ended at ~9:00 on 03.04.2005;

« Mean Elas: CPU load was ~70%, Memory usage raised up to 2.3GB;

» Full test restart (without CP/ECs) was done 27 hours after the start;

» Off-line processing is made to summarize results;

« All values in this document have to ba used only for investigation
purposes and not referred to other (incl. normal work) conditions.

Test conditions (CP settings):

« All CPs are set with the same parameters (based on defaults);

¢ All CPs are set not to report via PSTHN, no report cycles;

= All CPs have 2 detectors generating events automatically every 1min;
» All CPs was restarted (because of firmware update) before the test.

Test conditions (Elas settings):

» Alive cycle: 300sec (armed);

s Alive cycle: 600sec (disarmed);

» Service Providers were disabled for CP 20060201 ... 20060204,
s Service Providers were set for GP 20060205 ... 20060209,

Other problems summary (including once described previously):

« Event Reporting
o Elas say "SPPXNotAvailable™ after 2:20 on 02.04 2006 for CP/EC
20060205 ... 20060208 (Elpx previously available),
o Delays in Event reporting chain (Elas/Elpx/.../Sims) could exceed
30sac forcing EC to timeout HTTP sassion every 30sec.

« Task Performing
o Elas has to send NoTask first after EC startrestart;
o Elas say "ASCPLostConnection” after daylight time change - it
takes up to next CP/EC alive connection (from tests on 27-27.03).

» CP/EC Communication

o Internal CP Serial Bus is bandwidth overloaded and collisions
reached high levels for long time intervals at Get/Upload Log,
Download All parameters and at CP Image transfer to EC (at EC
start-up and CP communication parameters changes);

o Incorrect CP parameters changes (causes CP loss) and EC
performance degradation (causes EC loss) at Download All CP
parameters (from tests on 28.02 and 27-28.03);

o High memory circulation in EC at GetCPLog after its clearing.



Problems solved until now (thanks to EC monitoring technology): Notes:

« CR/EC:

= Currently made and described tests and analyses wara an'y

o Event report and RP/WU task concurrency broaden (up to highest targeted o CP/EC problems investigation/solving, stability/reliability

level possitle in current architecture and implementation);
o Expanding CPYEC reliability and stability making them operational
for long time pericds at maximal possible EventTask intensities;
= Decreasing CP/EC inaccessibility and respective ermors io lowest

possible in curmant system architecture levals,

o Many bugs in CP firrmwane (including once coming from original
Infinite code) caused restarts, memaory faulls, deadlocks etc.;

o Many bugs in EC fimware (including once coming from SNO's
HyNetQS) caused restarts, memory faults, deadlocks etc.;
o CREC inlerconnection issues and inter-device deadlpcks,

« Elas:

o CPWS - locking all event reporting chains;
o CPWS - RPAWLU task gueue blocking;
o RPYWSMWUNS = task response loosing,

o WUWS — parformance issue al CP log processing.

s Elpx:

o Service mafunction at automatic pool mantenance;
o Unavailabillty at resiariing with emptyiiull queus;

Note: Only magor problems are listed above.

EtherCom CPU and Memory Usage Observation

=27 hours after test start

increasing and finalizing CP/EC relaase versions.

» Problems described above could be observed rarely at extremely
high load and whale system monitoring.

» There are number of polential problam sources (like comphate Event
reporting chain incl. PSTH backup) not investigated at all.

# SBome of the problems on system level ware only cbserved but not
investigated desper for finding out their sources and solutions.

Conclusions:

All critical bugs in CF/EC firmware were fixed.

CP/EC is funclion as close to requirements as possible.

GPEG firmvware is proven to work in required environment.
CPEC is proven to work at peak load for long time periods,
CPIEC firmware is ready to be released and usad for production.

As side results many problems an architectural and system level
ware found and some of them salved.

L T T T

=G0 hours after test start (end of the test) Result summarized for whole test

T s ——— ——

= LT

e grr g
3 1 I [

)
TR PR
e =

[

|
|
i iy
B !_ s ™ -

- bR e

I .

HEE

TN

I .__

T

aeE

e
—— - _— o —

e Sy - T il W

[ .

Ly

i



Final Long Time Extramaly High Load Tests of CPVEC firmware releage versions CPT00/ECT00 (31.03-03.04. 2006)

EtherCom On- Line Statistics Results Processing

Task Intensities and Lengths Observation

=2T hours after test start

Resull summarized for whole test

=~E0 hours affer test start (end of the test)

Bin and Mex values in above charls was calculated on standard deviation capiured at on-line monioring.



ong Time Extremely High Load Tests of CP/EC firmware release versions CP100/ECT00 (31.03-03.04. 2006)
EtherCom Off-Line Sm‘isﬂﬁ Rﬁuﬂi Processing

EtherCom Load Assessment Snapshols

~27 hours after test star ~60 hours after test start (end of the test) Result surmmarized for whols test
EC Activity Load EC Activity Load EC Activity [ owd
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Final Statistics Results

Task Errors Summary
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Final Long Time Extremely High Load Tests of CP/EC firmware release versions CP100/EC100 (31.03-03.04.2006)
EtherCom Task and Load History Observation
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Ethercom monitoring tool RCMon (history) Ethercom monitoring tool RCMon (spectrum)
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RISCO: RFID reader for Access Control System (2011 - 2014) Crwps pureitexr: Basy Grousrd Fenetvsezay Wador (WS - 20H&)
Reapplied: Long term, high load, functional testing methodology K
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RISCO AxesPlus Access Control System, EV1 RFID Reader and Test Suit for long term, high load functional testing
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Performance tests om EV1 unified FW ver. 0.13-pre-01 peport (2003-11-26)

Performance iests on EY 1 unified FW ver. (013-pre-0 report (3003-11-1%)
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Application service and Web client interface framework for RC & RR products (preliminary performance assessment on Allwinner 5oC series)
Application Service and Web Interface performance framework (preliminary performance figures)
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Application’s Web Interface and performance measuring staff snapshot
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Applicanon Servace

Application service, Web clients interface and NFC framework (preliminary components overview)
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Eolyc’s Wind Generator

3 phase Axial Flux Ironless Generator
with NdFeB Permanent Magnets
R&D Process and Chronology



Startup with advanced ideas

* Concentrating multiphase transverse flux topology with permanent magnet excitation




Concentrating transverse flux topology

* Simulation results for elementary generator

P3l Axial Fluz Concentrating Drect Drive Wind Generalor Pl Axial Flux Concentrating Direct Dirive Wind Gessrator
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Following traditional ideas

Multiphase Axial Flux Ironless Generator with permanent magnet excitation
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Axial Flux Ironless Generator

3D Simulation results — small cylinder magnets poles

Cat No: 06028, Mat: NFB 38 (NdFed6 in AM13);

PM Size: D30xH15 PM Num: 16 xR115

Botor Dusks Materal” Stesl 1010 Botor Dusks Size” D200xH 15
Balative Geasrator Measursments D350zHS0

Ot - el Deaimalry - Loml C8

Small PM

- W
INEIR
ITEERALLERES il

Standard Analysis of Transient Model at 375 rpm

Fizldl Iemeaery (8 el crss-sscms B, Teels

Indmced Wndmg Valukge, Ve Tume. me @ 1T50pm

g i

I
sl By}

may

Y ey

1 sl Bowh 84l 13 EFT 0

& [ |
i N
Wadiegs Current, A v Tize, = @ Mipa Winkay PFowsr, W ve Tima, ma @ Mipm
T - [e— -
I="REE TR
|
Inpit Torgus, K5 v Time, =i @ ET5rpa Lssini, KW v Tims, il §15apm

- o2 e M
* ——— e ]




Axial Flux Ironless Generator

* 3D Simulation results — medium parallelepiped magnet poles

Blbddle FA Cat Mo 06 045, Mat: NFB 38 (MdFe36 in AM1A) Srandasd of Transient Modal at 376 rpm
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Axial Flux Ironless Generator

3D Simulation results — big parallelepiped magnet poles

Simulation case Model-06/ Project-01-02-12-2q
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Axial Flux Ironless Generator

3D Simulation results — medium wedge magnet poles

Simulation case Model-07 / Project-01-01-12
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Axial Flux Ironless Generator

After simulation design summary — based on medium wedge magnet poles

Axial Flux Ironless (AFIL) Generator parameters and construction
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Generator Construction

* 3D model of wind turbine, generator rotor and stator — first revision




Generator Construction

* 3D model of wind turbine, generator rotor and stator — first revision




Generator Construction

* 3D model of wind turbine, generator rotor and stator — first revision




Generator Construction

NdFeB Permanent Magnets — supplier selection and delivery

Dailymag Magnetic Technology (Ningbo) Limited
is a Chinese leading manufacturer and exporter
of permanent magnets etc.

Wind Generator NdFeB Magnets 22.5 degree
8 inch OD x 4 inch ID x 0.5 inch thick

Wedge Segment Shape, Grade N35~N52
Nickel-Copper-Nickel triple layer coated




Generator Implementation

* The rotor disk




Generator Implementation

* The startup staff




Generator Implementation

* The stator segment




Generator Implementation

* The first assembling together




Generator Implementation

* Generator mounted on the test bed — (both first revision)




Test Bed Implementation

* Test bed — first revision




Generator Testing

Generator mounted on the test bed — energy production
First Light

First Watts
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Generator Improvements

* Wind Generator - first revision with modified stator (molding technology)




Generator and Turbine

* First assembling of the generator and the turbine




Generator and Turbine

* Rotational test of the generator and the turbine




Generator, Turbine and Wings

* The generator, the turbine and the wings




The field test suite (Belmeken)




Test Bed Improvements

L
S

Test bed (redesigned from scratch) — second revision

=g

Stationary || Generator
Main shaft | disk stator
: 1 ' _
Main bearings ||| Bearing hub - /
Belt drive 1|1
\ [ —
Carrier | [T| I \»7
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L\

|_ !

Motor

\Vmﬁp

N
Generator
rotor

\

Auxiliary plates ‘ l 10kW AC motor ‘

2kW DC motor
optional

Hind
legs

Toque sensor
and stator fixer




Mechanical System Improvement

* Test bed — belt drive is using V-Belts pulleys for taper bushes by Bea Ing. S.P.A.
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Electrical System Improvement

Test bed with Kostov’s AC Motor and Curtis’ Controller
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Electrical System Improvement

Test bed with Kostov’s AC Motor and Curtis’ Controller

ON-ROAD AC INDUCTION MOTOR CONTROLLER
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Test Bed Improvements

* Test bed (redesigned from scratch) — second revision




Generator Testing

Generator mounted on the second revision test bed — energy production

Generated P over K]

Generated power vs Rotational speed
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Test Bed Improvements

* Test bed — modified second revision




Test Bed Improvements

* Test bed — modified second revision




Test Bed Improvements
* Test bed = modified secnnq_revisiurf (complete staff)
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Generator Testing

* Generator mounted on the second revision test bed — energy production

Tests after mounting torque and temperature sensors

*  Short time max power measured on 18 March — 5150 W (30.5A x 169V) (@ 798 rpm and 5.5 Ohm load;
Long time max power measured on 17 March — 4860 W (28.5A x 171.1V) (@ 806 rpm and 6.2 Ohm load;
Short time max power measured on 14 March — 4200 W (26.1A x 161.4V) (@ 725 rpm and 6.2 Ohm load;
Long term max power measured on 12 March — 3300 W (21.6A x 152.5V) (@ 650 rpm and 7.1 Ohm load;
More power output at rpm above 800 and load current above 30 A can be reached with better mechanical

h:llum:ing and stator cooling,
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Generator Testing

Generator mounted on the second revision test bed — measured power up to 5 kW
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Generator Testing

* Generator mounted on the second revision test bed (AC/DC Load comparison)
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Generator Testing

Generator mounted on the second revision test bed (long test)
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Test Bed Improvements

* Test bed — modified second revision with torque and temperature sensors




Next Generator Improvements

Current Stator Base — wire size: D1.8 mm, 2.54 mm?; coil: 120 windings
Power vs Voltage @ Different Loads [Om)]

1 5,15 kW (169V/30,5A)
0.0 @ 798 RPM: 5,5 Ohm
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Stator Redesign (Coil)

Next Stator Base — wire size: 1.8 x 3.15 mm, 5.67 mm?; coil: 60 windings

Power vs Voltage @ Different Loads [Om)]
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Stator Redesign (Coil)

*  Production of the new coils




Generator Redesign

* Rotor design with light hub and centered cone bushes and plotted stator
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Generator Redesign

Modified to use centered cone bushes by Bea Ing. 5.P.A. for mounting to the shaft
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Stator Redesign (Segment)

« Stator template for molding technology




Stator Redesign (Segment)

* New stator geometry for plotting technology




Stator Redesign (All segments)

* New stator after plotting and ready for coil mounting




* New stator produced by plotting technology and Cu plate wires

Stator Redesign (Complete staff)




Rotor Redesign (Assembled)

* Assembled rotor with light hub, spacers and centered cone bushes




Rotor Redesign (Painted)

* Assembled and painted rotor, stator carrier disk both mounted on the field




The field test suite




Electrical System Improvement

* Test bed — rev. 3 with PC Station interconnection and Cooler for Curtis’ Controller
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Electrical System Improvement

* Generator 2-nd rev., Test bed 3-rd rev., 3-phase load and data acquisition 1-st rewv.




Electrical System Improvement

* Generator 2-nd rev., Test bed 3-rd rev., 3-phase load and data acquisition 1-st rewv.




Electrical System Improvement

* Generator 2-nd rev., Test bed 3-rd rev., 3-phase load and data acquisition 2-nd rev.
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Electrical System Improvement

* Generator 2-nd rev., Test bed 3-rd rev., 3 -phase load and data acquisition 2-nd rew.




Measurement Results

Generator 2-nd rev., Test bed 3-rd rev., 3-phase load and data acquisition 2-nd rewv.
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Measurement Results

* Generator 2-nd rev., Test bed 3-rd rev., 3-phase load and data acquisition 2-nd rev.

Generator performance characteristics taken from row data
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Measurement Results

Generator 2-nd rev., Test bed 3-rd rev., 3-phase load and data acquisition 2-nd rewv.
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Measurement Results

* Generator 2-nd rev., Test bed 3-rd rev., 3-phase load and data acquisition 2-nd rev.
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faey il Unified Multicore Low Power ToT Platform (2023)
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Maodified multicore application for ESPRE-53-WROOM-1, BEPAM0 & CVW4RN and ESPIZ-WROOM with 32" TFT SP1 240330 n:li;]'llnw = SEUMImary in pictures
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Unified multicore application for ESP3E, RP2040 wicth 3.2 TFT 5PT 240330 display = summary in pictures and projects history
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Benchmark of unified graphic and scroll tests built on Adafruie_TLI9341, TFT_ILI9341 and TFT_e5PI libraries
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