




APPENDIX D: EXPERIMENT 4

 Original 802.15.4 Standard. Three nodes running for 2 hours at the maximum 
transmission power.

Initial Level Final Level Difference Percentage 
Change

Coordinator
Node 2
Node 3

2928 2893 35 1.195
2887 2852 35 1.212
2941 2903 38 1.292

Capture 1 Capture 2 Capture 3 Total
Beacons
Node 2 GTS
Total Packets

3584 2820 771 7175
159 126 35 320
13312 10439 2946 26697

43



APPENDIX E: EXPERIMENT 5


 Original 802.15.4 Standard. Ten nodes running for 4 hours. The diameter of the circle is 
10 cm.

Initial Level Final Level Difference Percentage 
Change

Battery

Coordinator
Node 2
Node 3
Node 4
Node 5
Node 6
Node 7
Node 8
Node 9
Node 10
Total

3205 3050 155 4.836 Rayovac
3150 2987 163 5.175 Rayovac
3236 3068 168 5.192 Rayovac
3191 3023 168 5.265 Rayovac
3240 3070 170 5.247 Rayovac
3221 3054 167 5.185 Rayovac
3226 3060 166 5.146 Rayovac
3226 3045 181 5.611 Rayovac
3218 3050 168 5.221 Rayovac
3226 3055 171 5.301 Rayovac
3214 3046 168 5.227

Capture 1 Capture 2 Capture 3 Capture 4 Capture 5 Total
Beacons
Node 2 GTS
Node 5 GTS
Node 8 GTS
Total Packets

2695 3088 3742 3573 1416 14514
119 136 165 159 64 643
119 137 164 158 63 641
118 72 0 18 63 271

24179 24066 23855 23912 12762 108774

Capture 1 Capture 2 Capture 3 Capture 4 Capture 5 Total
Beacons
Node 2 DTA
Node 5 DTA
Node 8 DTA
Total Packets

0 0 0 0 0 0
3496 3996 4902 4668 1779 18841
3462 4057 4832 4661 1850 18862
3471 2118 0 526 1859 7974

24179 24066 23855 23912 12762 108774

Capture 1 Capture 2 Capture 3 Capture 4 Capture 5 Total
Other Packets
Total Packets

10694 10449 10035 10132 5635 46945
108691
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APPENDIX F: EXPERIMENT 6


 Modified 802.15.4 Standard. Ten nodes running for 4 hours. The diameter of the circle is 
10 cm.

Initial Level Final Level Difference Percentage 
Change

Battery

Coordinator
Node 2
Node 3
Node 4
Node 5
Node 6
Node 7
Node 8
Node 9
Node 10
Total

3231 3050 181 5.602 Rayovac
3176 2993 183 5.762 Rayovac
3234 3049 185 5.720 Rayovac
3187 2998 189 5.930 Rayovac
3240 3054 186 5.741 Rayovac
3220 3034 186 5.776 Rayovac
3226 3037 189 5.859 Rayovac
3200 3000 200 6.250 Energizer
3199 2995 204 6.377 Energizer
3216 3007 209 6.499 Energizer

32129 30217 1912 5.951

Capture 1 Capture 2 Capture 3 Capture 4 Capture 5 Capture 6 Capture 7 Total
Beacons
Node 2 GTS
Node 5 GTS
Node 8 GTS
Total 
Packets

2786 2517 2524 2550 1314 1737 476 13904
159 129 110 113 58 77 22 668
115 111 108 113 63 77 21 608
112 113 110 113 58 77 22 605

23713 23630 23618 23614 12152 16154 4395 127276

Capture 1 Capture 2 Capture 3 Capture 4 Capture 5 Capture 6 Capture 7 Total
Beacons
Node 2 DTA
Node 5 DTA
Node 8 DTA
Total 
Packets

0 0 0 0 0 0 0 0
3477 3303 3179 3336 1731 2290 614 17930
3318 3317 3122 3342 1732 2272 618 17721
2920 3230 3192 3331 1672 2272 614 17231

23713 23630 23618 23614 12152 16154 4395 127276

Capture 1 Capture 2 Capture 3 Capture 4 Capture 5 Capture 6 Capture 7 Total
Other 
Packets
Total 
Packets

10738 10904 11263 10706 5524 7346 2008 58489

127156
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APPENDIX G: EXPERIMENT 7


 Original 802.15.4 Standard. Five nodes running for 1 hour.

Initial Level Final Level Difference Percentage 
Change

Battery

Coordinator
Node 2
Node 3
Node 4
Node 5
Total

3206 3122 84 2.620 Energizer
3157 3070 87 2.756 Energizer
3216 3123 93 2.892 Energizer
3162 3083 79 2.498 Energizer
3190 3118 72 2.257 Energizer

15931 15516 415 2.605
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APPENDIX H: EXPERIMENT 8


 Modified 802.15.4 Standard. Five nodes running for 1 hour.

Initial Level Final Level Difference Percentage 
Change

Battery

Coordinator
Node 2
Node 3
Node 4
Node 5
Total

3200 3118 82 2.563 Energizer
3197 3114 83 2.596 Energizer
3197 3109 88 2.753 Energizer
3195 3112 83 2.598 Energizer
3205 3117 88 2.746 Energizer

15994 15570 424 2.651
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APPENDIX I: EXPERIMENT 9

 Original 802.15.4 Standard. Two nodes holding GTS for 30 superframes.

(A)
Original Initial energy Final Energy %
Coordinator
Node 2
Node 4

3215 3205 10 0.311
3151 3143 8 0.254
3167 3162 5 0.158

(B)
Original Initial energy Final Energy %
Coordinator
Node 2
Node 4

3205 3197 8 0.25
3143 3137 6 0.19
3162 3153 9 0.28

9(A) 9(B) 9(C) 9(D)

Total packets:
beacons=255
gts=20
acks=600
data=585
unknown=0
total=1460

Detail of packets:
beacons=255
gts2=10
gts4=10
data2=294
data4=291

Goodput:
1170 bytes

Total bytes sent:
16959

Total packets:
beacons=256
gts=20
acks=609
data=589
unknown=2
total=1476

Detail of packets:
beacons=256
gts2=10
gts4=10
data2=295
data4=294

Goodput:
1178 bytes

Total bytes sent:
17084

Total packets:
beacons=254
gts=20
acks=599
data=582
unknown=4
total=1459

Detail of packets:
beacons=254
gts2=10
gts4=10
data2=290
data4=292

Goodput:
1164 bytes

Total bytes sent:
16923

Total packets:
beacons=254
gts=20
acks=605
data=588
unknown=0
total=1467

Detail of packets:
beacons=254
gts2=10
gts4=10
data2=294
data4=294

Goodput:
1176 bytes

Total bytes sent:
17018
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APPENDIX J: EXPERIMENT 10


 Modified 802.15.4 Standard. Two nodes holding GTS for 30 superframes.

(A)
Original Initial energy Final Energy %
Coordinator
Node 2
Node 4

3201 3197 4 0.125
3157 3151 6 0.19
3162 3157 5 0.158

10(A) 10(B) 10(C) 10(D)

Total packets:
beacons=258
gts=20
acks=616
data=584
unknown=2
total=1480

Detail of packets:
beacons=258
gts2=10
gts4=10
data2=293
data4=291

Goodput:
1168 bytes

Total bytes sent:
15990

Total packets:
beacons=255
gts=20
acks=610
data=584
unknown=3
total=1472

Detail of packets:
beacons=255
gts2=10
gts4=10
data2=309
data4=275

Goodput:
1168 bytes

Total bytes sent:
15905

Total packets:
beacons=260
gts=20
acks=615
data=586
unknown=0
total=1481

Detail of packets:
beacons=260
gts2=10
gts4=10
data2=293
data4=293

Goodput:
1172 bytes

Total bytes sent:
16045

Total packets:
beacons=264
gts=23
acks=492
data=451
unknown=3
total=1233

Detail of packets:
beacons=264
gts2=10
gts4=13
data2=330
data4=119

Goodput:
898 bytes

Total bytes sent:
13461
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APPENDIX K: EXPERIMENT 11


 Original 802.15.4 Standard. Three nodes holding GTS for 30 superframes.

11(A) 11(B) 11(C) 11(D)

Total packets:
beacons=283
gts=26
acks=1031
data=1001
unknown=3
total=2344

Detail of packets:
beacons=283
gts3=6
gts4=10
gts5=0
gts6=10
data3=411
data4=295
data5=0
data6=295

Goodput:
2002 bytes

Total bytes sent:
26669

Total packets:
beacons=285
gts=30
acks=911
data=884
unknown=0
total=2110

Detail of packets:
beacons=285
gts3=10
gts4=10
gts5=0
gts6=10
data3=294
data4=295
data5=0
data6=295

Goodput:
1768 bytes

Total bytes sent:
24075

Total packets:
beacons=287
gts=24
acks=724
data=700
unknown=1
total=1736

Detail of packets:
beacons=287
gts3=9
gts4=6
gts5=0
gts6=9
data3=322
data4=58
data5=0
data6=320

Goodput:
1400 bytes

Total bytes sent:
20056

Total packets:
beacons=285
gts=28
acks=963
data=941
unknown=1
total=2218

Detail of packets:
beacons=285
gts3=8
gts4=10
gts5=0
gts6=10
data3=354
data4=296
data5=0
data6=291

Goodput:
1882 bytes

Total bytes sent:
25261
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APPENDIX L: EXPERIMENT 12 


 Modified 802.15.4 Standard. Three nodes holding GTS for 30 superframes.

12(A) 12(B) 12(C) 12(D)

Total packets:
beacons=283
gts=26
acks=1059
data=1003
unknown=1
total=2372

Detail of packets:
beacons=283
gts3=6
gts4=10
gts5=0
gts6=10
data3=413
data4=295
data5=0
data6=295

Goodput:
2006 bytes

Total bytes sent:
25166

Total packets:
beacons=283
gts=26
acks=965
data=911
unknown=2
total=2187

Detail of packets:
beacons=283
gts3=7
gts4=9
gts5=0
gts6=10
data3=384
data4=232
data5=0
data6=295

Goodput:
1822 bytes

Total bytes sent:
23146

Total packets:
beacons=285
gts=23
acks=1039
data=1003
unknown=5
total=2355

Detail of packets:
beacons=285
gts3=7
gts4=6
gts5=0
gts6=10
data3=414
data4=295
data5=0
data6=294

Goodput:
2006 bytes

Total bytes sent:
25085

Total packets:
beacons=280
gts=26
acks=1080
data=995
unknown=3
total=2384

Detail of packets:
beacons=280
gts3=10
gts4=6
gts5=0
gts6=10
data3=406
data4=293
data5=0
data6=296

Goodput:
1990 bytes

Total bytes sent:
25124
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APPENDIX M: EXPERIMENT 13


 Modified 802.15.4 Standard. Four nodes holding GTS for 30 superframes.

13(A) 13(B) 13(C) 13(D)

Total packets:
beacons=328
gts=36
acks=953
data=910
unknown=9
total=2236

Detail of packets:
beacons=328
gts3=6
gts4=9
gts5=10
gts6=11
data3=95
data4=276
data5=279
data6=253

Goodput:
1806 bytes

Total bytes sent:
24923

Total packets:
beacons=317
gts=40
acks=1158
data=1096
unknown=12
total=2623

Detail of packets:
beacons=317
gts3=10
gts4=10
gts5=10
gts6=10
data3=230
data4=295
data5=276
data6=291

Goodput:
2184 bytes

Total bytes sent:
27789

Total packets:
beacons=317
gts=38
acks=1049
data=964
unknown=11
total=2379

Detail of packets:
beacons=317
gts3=10
gts4=13
gts5=8
gts6=7
data3=227
data4=230
data5=216
data6=277

Goodput:
1900 bytes

Total bytes sent:
24698

Total packets:
beacons=323
gts=24
acks=1040
data=997
unknown=8
total=2392

Detail of packets:
beacons=323
gts3=5
gts4=8
gts5=10
gts6=1
data3=282
data4=416
data5=288
data6=7

Goodput:
1986 bytes

Total bytes sent:
25924
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APPENDIX N: EXPERIMENT 14


 Original 802.15.4 Standard. Two nodes holding GTS for 30 superframes.

battery 1 
(Volts)

battery 2 
(Volts)

total initial 
(Volts)

battery 1 
(Volts)

battery 2 
(Volts)

total final 
(Volts)

%change

Experiment 14(A)
coordinator
node 3
node 4
node 6
Experiment 14(B)
coordinator
node 3
node 4
node 6

1.635 1.641 3.276 1.63 1.635 3.265 0.335775
1.636 1.638 3.274 1.633 1.631 3.264 0.305437
1.639 1.637 3.276 1.634 1.632 3.266 0.30525
1.639 1.639 3.278 1.634 1.634 3.268 0.305064

1.637 1.637 3.274 1.631 1.631 3.262 0.366524
1.637 1.639 3.276 1.634 1.632 3.266 0.30525
1.642 1.637 3.279 1.632 1.637 3.269 0.304971
1.646 1.646 3.292 1.64 1.64 3.28 0.36452

14(A) 14(B)

Total packets:
beacons=291
gts=22
acks=662
data=641
unknown=3
total=1619

Detail of packets:
beacons=291
gts3=3
gts4=10
gts5=0
gts6=9
data3=293
data4=290
data5=0
data6=58

Goodput:
1282 bytes

Total bytes sent:
18824

Total packets:
beacons=291
gts=21
acks=613
data=592
unknown=5
total=1522

Detail of packets:
beacons=291
gts3=10
gts4=1
gts5=0
gts6=10
data3=294
data4=4
data5=0
data6=294

Goodput:
1184 bytes

Total bytes sent:
18507
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APPENDIX O: EXPERIMENT 15


 Modified 802.15.4 Standard. Two nodes holding GTS for 30 superframes.

Experiment 15(A)
coordinator
node 3
node 4
node 6
Experiment 15(B)
coordinator
node 3
node 4
node 6

battery 1 
(Volts)

battery 2 
(Volts)

total initial 
(Volts)

battery 1 
(Volts)

battery 2 
(Volts)

total final 
(Volts)

%change

1.638 1.635 3.273 1.631 1.632 3.263 0.30553
1.642 1.633 3.275 1.629 1.638 3.267 0.244275
1.635 1.643 3.278 1.639 1.631 3.27 0.244051
1.641 1.638 3.279 1.638 1.635 3.273 0.182983

1.633 1.638 3.271 1.628 1.633 3.261 0.305717
1.635 1.634 3.269 1.631 1.631 3.262 0.214133
1.635 1.637 3.272 1.632 1.633 3.265 0.213936
1.635 1.636 3.271 1.632 1.633 3.265 0.18343

15(A) 15(B)

Total packets:
beacons=292
gts=19
acks=1167
data=1125
unknown=3
total=2606

Detail of packets:
beacons=292
gts3=3
gts4=10
gts5=0
gts6=6
data3=413
data4=296
data5=0
data6=416

Goodput:
2250 bytes

Total bytes sent:
27537

Total packets:
beacons=290
gts=19
acks=664
data=611
unknown=4
total=1588

Detail of packets:
beacons=290
gts3=3
gts4=10
gts5=0
gts6=6
data3=295
data4=58
data5=0
data6=258

Goodput:
1222 bytes

Total bytes sent:
17213
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APPENDIX P: EXPERIMENT 16


 Modified 802.15.4 Standard. Two nodes holding GTS for 12 superframes.

12I - 2 Nodes

coordinator
node 3
node 4

battery 1 
(Volts)

battery 2 
(Volts)

total initial 
(Volts)

battery 1 
(Volts)

battery 2 
(Volts)

total final 
(Volts)

%change

1.613 1.616 3.229 1.613 1.61 3.223 0.185816
1.608 1.61 3.218 1.605 1.608 3.213 0.155376
1.614 1.612 3.226 1.611 1.609 3.22 0.185989

16

Total packets:
beacons=157
gts=21
acks=268
data=232
unknown=6
total=684

Detail of packets:
beacons=157
gts3=10
gts4=11
gts5=0
gts6=0
data3=115
data4=117
data5=0
data6=0

Goodput:
464 bytes

Total beacon bytes:
2422

Total bytes sent:
7473
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APPENDIX Q: EXPERIMENT 17


 Modified 802.15.4 Standard. Two nodes holding GTS for 18 superframes.

18I - 2 Nodes

coordinator
node 3
node 4

battery 1 
(Volts)

battery 2 
(Volts)

total initial 
(Volts)

battery 1 
(Volts)

battery 2 
(Volts)

total final 
(Volts)

%change

1.615 1.617 3.232 1.613 1.612 3.225 0.216584
1.616 1.616 3.232 1.613 1.613 3.226 0.185644
1.611 1.614 3.225 1.608 1.611 3.219 0.186047

17

Total packets:
beacons=171
gts=20
acks=385
data=347
unknown=0
total=923

Detail of packets:
beacons=171
gts3=10
gts4=10
gts5=0
gts6=0
data3=176
data4=171
data5=0
data6=0

Goodput:
694 bytes

Total beacon bytes:
2665

Total bytes sent:
10015
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APPENDIX R: EXPERIMENT 18


 Modified 802.15.4 Standard. Three nodes holding GTS for 32 superframes.

32I - 3 Nodes

coordinator
node 3
node 4
node 5

battery 1 
(Volts)

battery 2 
(Volts)

total initial 
(Volts)

battery 1 
(Volts)

battery 2 
(Volts)

total final 
(Volts)

%change

1.614 1.61 3.224 1.609 1.606 3.215 0.279156
1.614 1.614 3.228 1.609 1.61 3.219 0.27881
1.616 1.614 3.23 1.609 1.612 3.221 0.278638
1.614 1.608 3.222 1.61 1.603 3.213 0.27933

18

Total packets:
beacons=301
gts=30
acks=935
data=946
unknown=4
total=2216

Detail of packets:
beacons=301
gts3=10
gts4=10
gts5=10
data3=317
data4=315
data5=314
data6=0

Goodput:
1892 bytes

Total beacon bytes:
4482
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APPENDIX S: EXPERIMENT 19


 Original 802.15.4 Standard. Two nodes holding GTS for 12 superframes.

12I - 2 Nodes

coordinator
node 3
node 4

battery 1 
(Volts)

battery 2 
(Volts)

total initial 
(Volts)

battery 1 
(Volts)

battery 2 
(Volts)

total final 
(Volts)

%change

1.616 1.609 3.225 1.606 1.611 3.217 0.248062
1.611 1.616 3.227 1.608 1.612 3.22 0.21692
1.614 1.617 3.231 1.611 1.613 3.224 0.216651

19

Total packets:
beacons=124
gts=20
acks=252
data=232
unknown=2
total=630

Detail of packets:
beacons=124
gts3=10
gts4=10
gts5=0
gts6=0
data3=115
data4=117
data5=0
data6=0

Goodput:
464 bytes

Total beacon bytes:
2338

Total bytes sent:
7298
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APPENDIX T: EXPERIMENT 20


 Original 802.15.4 Standard. Two nodes holding GTS for 18 superframes.

18I - 2 Nodes

coordinator
node 3
node 4

battery 1 
(Volts)

battery 2 
(Volts)

total initial 
(Volts)

battery 1 
(Volts)

battery 2 
(Volts)

total final 
(Volts)

%change

1.608 1.61 3.218 1.604 1.605 3.209 0.279677
1.608 1.61 3.218 1.604 1.606 3.21 0.248602
1.607 1.613 3.22 1.608 1.604 3.212 0.248447

20

Total packets:
beacons=171
gts=11
acks=193
data=181
unknown=1
total=557

Detail of packets:
beacons=171
gts3=10
gts4=1
gts5=0
gts6=0
data3=177
data4=4
data5=0
data6=0

Goodput:
362 bytes

Total beacon bytes:
3442

Total bytes sent:
7243
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APPENDIX U: EXPERIMENT 21


 Original 802.15.4 Standard. Three nodes holding GTS for 32 superframes.

32I - 3 Nodes

coordinator
node 3
node 4
node 5

battery 1 
(Volts)

battery 2 
(Volts)

total initial 
(Volts)

battery 1 
(Volts)

battery 2 
(Volts)

total final 
(Volts)

%change

1.608 1.614 3.222 1.601 1.607 3.208 0.434513
1.615 1.615 3.23 1.609 1.608 3.217 0.402477
1.616 1.616 3.232 1.61 1.61 3.22 0.371287
1.614 1.611 3.225 1.608 1.605 3.213 0.372093

21

Total packets:
beacons=300 
gts=30
acks=967
data=946
unknown=3
total=2246

Detail of packets:
beacons=300
gts3=10
gts4=10
gts5=10
data3=316
data4=313
data5=317
data6=0

Goodput:
1892 bytes

Total beacon bytes:
6267
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APPENDIX V: PSD PARSER

#include <iostream>
#include <fstream>
#include <string>
#include <stdio.h>
#include <stdlib.h>
#include <ctype.h>
#define filename "../Experiment 12/with_energy/2.psd"  //file to read
#define sizefileY "./Experiment 12/bytes-e12ya" //files to write
#define sizefileX "./Experiment 12/bytes-e12xa"
#define eventfileY "./Experiment 12/event-e12ya"
#define eventfileX "./Experiment 12/event-e12xa"
#define fileinfo "./Experiment 12/with_energy/experiment12b"

using namespace std; 

struct pc{
int num;
};

struct packet{
int timestamp;
char length[4];
char rawdata[124];
};

char *binary (unsigned int v) {
 static char binstr[9] ;
 int i ;
 binstr[8] = '\0' ;
 for (i=0; i<8; i++) {
  binstr[7-i] = v & 1 ? '1' : '0' ;
  v = v / 2 ;
 }
 return binstr ;
}

void binary_print(int number) {
    int remainder;

    if(number <= 1) {
        cout << number;
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        return;
    }
    remainder = number%2;
    binary(number >> 1);    
    cout << remainder;

}

void showpackets(int number)
{ 
 FILE *f;
 int i,count;
 struct pc packetcount;
 struct packet pk;
 f=fopen(filename,"r");
        fread(&packetcount,sizeof(struct pc),1,f);
 binary(int(pk.length[1]));
 if(number==0)
  count=packetcount.num;
 else
  count=number;
 for(i=0;i<count;i++){
  fread(&pk,sizeof(struct packet),1,f);
printf("%X %X %X %X %X %X %X %X %X %X %X %X %X %X %X %X %X %X %X %X 
%X %X %X %X %X %X %X %X %X %X %X \n", pk.length[0], 
pk.length[1],pk.length[2],pk.length[3],pk.length[4],pk.length[5],pk.length[6],pk.length[7],pk.len
gth[8],pk.length[9],pk.length[10],pk.length[11],pk.length[12],pk.length[13],pk.length[14],pk.len
gth[15],pk.length[16],pk.length[17],pk.length[18],pk.length[19],pk.length[20],pk.length[21],pk.l
ength[22],pk.length[23],pk.length[24],pk.length[25],pk.length[26],pk.length[27],pk.length[28],p
k.length[29],pk.length[30]);
 }
 fclose(f);
}

void totalpackets()
{ 
 FILE *f;
 FILE *filec1;
 int i;
 int ack,gts,beacon,other,data;
 ack=gts=beacon=other=data=0;
 struct pc packetcount;
 struct packet pk;
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 f=fopen(filename,"r");
 filec1 = fopen(fileinfo,"w");
        fread(&packetcount,sizeof(struct pc),1,f);
 binary(int(pk.length[1]));

 for(i=0;i<packetcount.num;i++){
         fread(&pk,sizeof(struct packet),1,f);
  if(pk.length[1]==0x63 && (pk.length[6]==0x03 || pk.length[6]==0x04 || 
pk.length[6]==0x05 || pk.length[6]==0x06)){
   gts++;
  }else{
  if(pk.length[1]==0x40){
   beacon++;
  }else{
  if(pk.length[1]==0x02){
   ack++;
  }else{ 
  if(pk.length[1]==0x21){
   data++;
  }else{ 
   other++;
  }}}}
 }
 printf("\nTotal packets:\nbeacons=%d\ngts=%d\nacks=%d\ndata=%d\nunknown=%d
\ntotal=%d\n", beacon,gts,ack,data,other,packetcount.num);

 fprintf(filec1,"Total packets:\nbeacons=%d\ngts=%d\nacks=%d\ndata=%d\nunknown=
%d\ntotal=%d\n", beacon,gts,ack,data,other,packetcount.num);

 fclose(f);
 fclose(filec1);
}

void detailedpackets()
{ 
 FILE *f;
 FILE *filec1;
 int i;
 int gts3,gts4,gts5,gts6,dta3,dta4,dta5,dta6,beacon;
 gts3=gts4=gts5=gts6=dta3=dta4=dta5=dta6=beacon=0;
 struct pc packetcount;
 struct packet pk;
 f=fopen(filename,"r");
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 filec1 = fopen(fileinfo,"a");
        fread(&packetcount,sizeof(struct pc),1,f);
 binary(int(pk.length[1]));

 for(i=0;i<packetcount.num;i++){
         fread(&pk,sizeof(struct packet),1,f);

  if(pk.length[1]==0x40)
   beacon++;

  if(pk.length[1]==0x63){
   if(pk.length[6]==0x03)
    gts3++;
   if(pk.length[6]==0x04)
    gts4++;
   if(pk.length[6]==0x05)
    gts5++;
   if(pk.length[6]==0x06)
    gts6++;
  }

  if(pk.length[1]==0x21){
   if(pk.length[10]==0x03)
    dta3++;
   if(pk.length[10]==0x04)
    dta4++;
   if(pk.length[10]==0x05)
    dta5++;
   if(pk.length[10]==0x06)
    dta6++;
  }

 }
 printf("\nDetail of packets:\nbeacons=%d\ngts3=%d\ngts4=%d\ngts5=%d\ngts6=%d
\ndata3=%d\ndata4=%d\ndata5=%d\ndata6=%d
\n",beacon,gts3,gts4,gts5,gts6,dta3,dta4,dta5,dta6);
 printf("\nGoodput:\n%d bytes\n",(dta3+dta4+dta5+dta6)*2); 

 fprintf(filec1,"\nDetail of packets:\nbeacons=%d\ngts3=%d\ngts4=%d\ngts5=%d\ngts6=
%d\ndata3=%d\ndata4=%d\ndata5=%d\ndata6=%d
\n",beacon,gts3,gts4,gts5,gts6,dta3,dta4,dta5,dta6);
 fprintf(filec1,"\nGoodput:\n%d bytes\n",(dta3+dta4+dta5+dta6)*2);
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 fclose(filec1);
 fclose(f);
}

void bytestoplot()
{ 
 FILE *f;
 FILE *filec1;
 FILE *filec2;
 FILE *filec3;
 int i,ext,bytes;
 int otherpkt;
 int ack;
 otherpkt=ack=0;
 struct pc packetcount;
 struct packet pk;
 f=fopen(filename,"r");
 filec1 = fopen(sizefileY,"w");
 filec2 = fopen(sizefileX,"w");
 filec3 = fopen(fileinfo,"a");

        fread(&packetcount,sizeof(struct pc),1,f);

 binary(int(pk.length[1]));
 bytes=ext=0;

 for(i=0+ext;i<packetcount.num+ext;i++){
         fread(&pk,sizeof(struct packet),1,f);

  if(pk.length[0]==0xF) {
   fprintf(filec1,"15\n"); bytes=bytes+15;}else{
  if(pk.length[0]==0xB)  {
   fprintf(filec1,"11\n"); bytes=bytes+11;}else{
  if(pk.length[0]==0x13) {
   fprintf(filec1,"19\n"); bytes=bytes+19;}else{
  if(pk.length[0]==0x5) {
   fprintf(filec1,"5\n"); bytes=bytes+5;}else{
  if(pk.length[0]==0x16) {
   fprintf(filec1,"22\n"); bytes=bytes+22;}else{
  if(pk.length[0]==0x19) {
   fprintf(filec1,"25\n"); bytes=bytes+25;}else{
   //printf("-\n"); 
  }}}}}}
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  if(pk.length[0]==0xF) {
   fprintf(filec2,"%d\n",i); }else{
  if(pk.length[0]==0xB)  {
   fprintf(filec2,"%d\n",i); }else{
  if(pk.length[0]==0x13) {
   fprintf(filec2,"%d\n",i); }else{
  if(pk.length[0]==0x5) {
   fprintf(filec2,"%d\n",i); }else{
  if(pk.length[0]==0x16) {
   fprintf(filec2,"%d\n",i); }else{
  if(pk.length[0]==0x19) {
   fprintf(filec2,"%d\n",i); }else{
   //printf("-\n"); 
  }}}}}}
 }
 printf("\nTotal bytes sent: %d\n",bytes); 
 fprintf(filec3,"\nTotal bytes sent:\n%d\n",bytes); 
 fclose(f);
 fclose(filec1);
 fclose(filec2);
 fclose(filec3);
}

void eventstoplot()
{ 
 FILE *f;
 FILE *filec1;
 FILE *filec2;
 int i,ext;
 int otherpkt;
 int ack;
 otherpkt=ack=0;
 struct pc packetcount;
 struct packet pk;

 f=fopen(filename,"r");
 filec1 = fopen(eventfileY,"w");
 filec2 = fopen(eventfileX,"w");

        fread(&packetcount,sizeof(struct pc),1,f);

 binary(int(pk.length[1]));
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 ext=0;
 for(i=0+ext;i<packetcount.num+ext;i++){
         fread(&pk,sizeof(struct packet),1,f);

  if(pk.length[1]==0x40) {
   fprintf(filec1,"1\n"); }else{
  if(pk.length[1]==0x2)  {
   fprintf(filec1,"2\n"); }else{
  if(pk.length[1]==0x63 && pk.length[6]==0x02) {
   fprintf(filec1,"3\n"); }else{
  if(pk.length[1]==0x63 && pk.length[6]==0x04) {
   fprintf(filec1,"4\n"); }else{
  if(pk.length[1]==0x21 && pk.length[10]==0x02) {
   fprintf(filec1,"5\n"); }else{
  if(pk.length[1]==0x21 && pk.length[10]==0x04) {
   fprintf(filec1,"6\n"); }else{
   fprintf(filec1,"7\n"); //unknown
  }}}}}}

  if(pk.length[1]==0x40) {
   fprintf(filec2,"%d\n",i); }else{
  if(pk.length[1]==0x2)  {
   fprintf(filec2,"%d\n",i); }else{
  if(pk.length[1]==0x63 && pk.length[6]==0x02) {
   fprintf(filec2,"%d\n",i); }else{
  if(pk.length[1]==0x63 && pk.length[6]==0x04) {
   fprintf(filec2,"%d\n",i); }else{
  if(pk.length[1]==0x21 && pk.length[10]==0x02) {
   fprintf(filec2,"%d\n",i); }else{
  if(pk.length[1]==0x21 && pk.length[10]==0x04) {
   fprintf(filec2,"%d\n",i); }else{
   fprintf(filec2,"%d\n",i);
  }}}}}}
 }
}
int  main(int argc, int *argv[])
{
 showpackets(20);
 totalpackets();
 detailedpackets();
 bytestoplot();
 eventstoplot();
}
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APPENDIX W: DESCRIPTOR SIMULATOR

 Program to simulate all the possible combinations of descriptors for 2 to 7 GTSs requests 
nodes and calculate the average beacons bytes transmitted when using the original 802.15.4.

#include <iostream>
#include <fstream>
#include <string>
#include <stdio.h>
#include <stdlib.h>
#include <ctype.h>
#define B 32
#define I 5

using namespace std; 

int minimo = 9999999;
int maximo = 0;
int counter = 0;

void add(int *beacon,int m,int nodes)
{ 
 int addbeacon[(B + B/2)*I*2];
 int i,j,k,total; 
 j=m;
 total=0;
 counter++;
 for(k=0; k<(B+B/2)*I*2; k++)
  addbeacon[k]=beacon[k];

 for(i=0;i<I;i++){
  for(k=0; k<(B+B/2); k++){
   if(k < B)
    addbeacon[j]++;
   j++;
  }  
 }

 if(nodes>2){
  for(int l=0;l<B+1;l++){
   add(addbeacon,l,nodes-1);
  }
 }

68



 //PRINT OUT 
 system("clear");
 for(k=0; k<(B+B/2)*I; k++)
  printf(" %d ",addbeacon[k]);
 printf("\n%d nodes\nmin=%d\nmax=%d\ncombinations=%d\n",nodes,minimo,maximo, 
counter);

 if(nodes==2)
 {
  for(k=0; k<(B+B/2)*I; k++){
   if(addbeacon[k]==0)
    total=total+12;
   if(addbeacon[k]==1)
    total=total+16;
   if(addbeacon[k]==2)
    total=total+19;
   if(addbeacon[k]==3)
    total=total+22;
   if(addbeacon[k]==4)
    total=total+25;
   if(addbeacon[k]==5)
    total=total+28;
   if(addbeacon[k]==6)
    total=total+31;
   if(addbeacon[k]==7)
    total=total+34; 
  }
 
  if(total < minimo)
   minimo=total;
  if(total > maximo)
   maximo=total;
 }
}

void move(int *beacon,int m)
{ 
 int i,j,k; 
 j=m;
 for(k=0; k<(B+B/2)*I*2; k++)
  beacon[k]=0;

 for(i=0;i<I;i++){
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  for(k=0; k<(B+B/2); k++){
   if(k < B)
    beacon[j]=1;
   j++;
  }  
 }
 counter++;
}

void ini(int *beacon)
{ 
 for(int k=0; k<(B+B/2)*I*2; k++)
  beacon[k]=0;
}

int  main(int argc, int *argv[])
{
 int beacon[(B + B/2)*I*2],k,nodes;
 nodes=2;
 for(int i=0;i<B+1;i++){
  //system("clear");
  move(beacon,i);
  for(int j=0;j<B+1;j++){
   add(beacon,j,nodes);
  }  
 }

 //printf("%d nodes\nmin=%d\nmax=%d\ncounter=%d\n",nodes,minimo,maximo, 
counter);

}
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