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Supplementary material for the pen case 
study 
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Please note: All drawings are approximate for the purpose of 
illustrating the modelling approaches presented in this research 
paper. 
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Supplementary material for the IP camera 
case study 
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Please note: All drawings are approximate for the purpose of 
illustrating the modelling approaches presented in this research 
paper. 
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Df Dsf Dsf Dsf Dsf Dsf Df Df Dsf Dsf Df Dsf Dsf Dsf Df Df Df Dsf Df Dsf Dsf Df Dsf Dsf Df Df Dsf Dsf Df Dsf Dsf Dsf Dsf Df Df Dsf Df Df Dsf Dsf Df Dsf Df Dsf Dsf Df Df Dsf Df Df Dsf Dsf Dsf Dsf Dsf Df Dsf Dsf

1 Base chassis Df C C C C C C P C P

2 Socket Panel Dsf C C C C C

3 LAN Panel Dsf C C C C

4 SD card panel C

5 Motherboard spacer Dsf C C C C

6 Socket holes C C C C C

7 SD card hole Dsf C C C

8 WPS button hole Dsf C C

9 LAN hole C C C

10 Plate Df C C C C P

11 Rim Dsf C C P P

12 Inner plate Dsf C C C C C C C

13 Bearing Holder Dsf C C C

14 Screw hole Df C P

15 Spacer Dsf C C C C

16 Mounting boss Dsf C

17 Holes Dsf C C

18 Sensor stopper Df C C P

19 Platform stopper Df C P

20 Bearing (Pan) Body Df C P C C C

21 Bearing (Tilt - left) Body P C C C

22 Bearing (Tilt - right) Body P C C C C

23 Base plate Dsf C C C C P

24 Gear Df C P P P

25 Screw holes Dsf C C

26 Front cover C C C C C C C P P P P P

27 Lip C C P

28 Lens hole C C

29 Mounting boss C C

30 Camera motherboard Body Dsf C, E, S C C C E S C 10 10

31 Back cover C C C C C C C P P P P P

32 Sensor slot C C

33 Sensor stopper C C

34 Mounting boss C C

35 Camera seal Body C C

36 Body Df C S E E E E C 10 10

37 Screw holes Dsf C C C

38 Heat sink Plate Df C C C

39 LED cover Body C C C

40 Body C C C, E, S E S C 10 10

41 LED E 10

42 Light sensor S 10 10

43 Spacer C C

44 Mounting boss C

45 Base C C, E, S C C

46 Socket C C, E, S C

47 Thread C C

48 Lens C C C E

49 Chip E C E C 10

50 Flap C

51 Lower casing Df P P C C C C C C C C C C C

52 Upper casing C C C C C C C C

53 Casing cut away C C C C

54 Speaker mounting boss C C C

55 Speaker screw hole C C C

56 Body Df C C C C C S S C C C C C C E, S 10 10

57 LAN socket Dsf C C C C 10 10

58 LED holder Dsf C C C C

59 Power socket holder Df C C 10

60 Screw hole Dsf C C C

61 Top LED Dsf C C 10

62 Bottom LED Dsf C C 10

63 Chip Dsf C C 10 10 10

64 Motherboard shield Plate C C

65 Body C C C C C

66 Rear cover C C C C

67 Front cover C C C C C C

68 Clamp spacer C

69 Clamp C C C

70 Mounting boss C C C

71 Screw spacer C C

72 Screw holes C C

73 Outer ring Df P C P

74 Inner ring Df C C P

75 Body Dsf C P C C C C C

76 Terminal box Df E C

77 Shaft Df P C P 13

78 Key Dsf C C C

79 Bracket Dsf C P C C

80 Gear Df P C 13

81 Screw Dsf C

82 Lower casing Df P P C C C C C C C C C C C

83 Upper casing C C C C C

84 Casing cut away C C C

85 Speaker mounting boss C C C C

86 Speaker screw hole C C C C

87 Speaker cover C C

88 Body Dsf C C C C C C C C C C C C C C C

89 Spacer Dsf C C C C C

90 Lip Df P C

91 Grove Df P C C C

92 Motor shaft hole Dsf C C C

93 Bearing shaft Df C P P P P C C

94 Stopper Df P C C

95 Sensor switch hole Dsf C C

96 Sensor mount Dsf C C

97 Motor mount Dsf C C

98 Motor bracket hole Dsf C C C

99 Body Dsf C C C

100 Switch Df P C    10

101 Terminals Dsf E C

102 Body C C C C

103 Switch C P 10

104 Terminals E C

105 Cover C C C C

106 Spacer C C C C C C C

107 Body E, S    C C C C 10

108 Mounting boss C C C C C C C C

109 Body cut away I C C C

110 Body cut away II C C C

111 Body C C C C C P C

112 Terminal box E C C C C C

113 Shaft P C P C 13

114 Key C C

115 Bracket C C C P

116 Position disc P C C 13

117 Body C C C C C C C C C C C C C C C

118 Cut away I C C C C

119 Outer support grove C C C C C C

120 Inner support grove C C C C C

121 Lens casing cut away P P C C C C C C C C C

122 Lens casing cut away II P P C C C

123 Lens casing cut away III P P C C C C C

124 Speaker cut away C C

125 Wire cut away C C C

126 Lens casing cut away IV C C C C

127 Motor slit C

128 Speaker support C

129 Daughter board mounting boss I C C

130 Daughter board mounting boss II C C

131 Body P P C C C C

132 Outer support C C C C

133 Inner support C C C C C

134 Motor shaft socket C C C C

135 Tilt Limiter P C C

136 Body P P C C C C

137 Outer support C C C C

138 Inner support C C C

139 Head C C

140 Thread C C C C P

141 WiFi SMA nut Body C C

142 WiFi SMA trim Body C C C

143 WiFi SMA washer Body C C C

144 Body C C C P

145 Connector C P

146 Rod hole C P

147 Wire chamber C

148 Body P C C P

149 Slot C P

150 Connector P C C C

151 Rod P C

152 Wire spacer C

153 Body P C C C

154 Ridges C

155 Connector base P C C

156 Wire chamber C

157 Slot P C

158 Mechanical 8 8 8 8

159 Electrical 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

160 Sound 10

161 Heat 8

162 Signal Electrical 10 10 10 10 10 10 10 10 10 10

A B C D E F G H I J K L M N O P Q R S T U V W X Y Z AA AB AC AD AE AF AG AH AI AJ AK AL AM AN AO AP AQ AR AS AT AU AV AW AX AY AZ BA BB BC BD BE BF BG BH BI BJ BK BL BM BN BO BP BQ BR BS BT BU BV BW BX BY BZ CA CB CC CD CE CF CG CH CI CJ CK CL CM CN CO CP CQ CR CS CT CU CV CW CX CY CZ DA DB DC DD DE DF DG DH DI DJ DK DL DM DN DO DP DQ DR DS DT DU DV DW DX DY DZ EA EB EC ED EE EF EG EH EI EJ EK EL EM EN EO EP EQ ER ES ET EU EV EW EX EY EZ FA FB FC FD FE FF

Camera tilted up 135 104 116 103 27

Camera tilting downwards 21, 
26, 31

22, 
26, 

31, 27
21, 22 22 21,22

56, 
159, 
162

36,159 159 36 113 36, 
159

111, 115 113 21 22

Camera tilted down 135 104 116 103 27

Camera tilted down 135 104 116 103 27

Camera tilting upwards 21, 
26, 31

22, 
26, 

31, 27
21,22 22 21,22

56, 
159, 
162

36,159 159 36 113 36, 
159

111, 115 113 21 22

Camera tilted up 135 104 116 103 27

Camera rotated to left-most position 100 94 101 19 18 100

Camera panning clockwise 51, 82 90 51, 82 73
22, 
93, 
158

80,91,
93

56, 
159, 
162

1, 11 36, 159 159 159, 
162

14, 93 93 36,159 75,79 24 1, 11 10 24
23, 
24, 

73, 74

77, 80 56,57,
59,63

61,62,
63

36, 
56,57,

63

Camera rotated to right-most position 100 94 101 19 18 100

Camera rotated to right-most position 100 94 101 19 18 100

Camera panning anti-clockwise 51, 82 90 51, 82 73
22, 
93, 
158

80,91,
93

56, 
159, 
162

1, 11 36, 159 159 159, 
162

14, 93 93 36,159 75,79 24 1, 11 10 24
23, 
24, 

73, 74

77, 80 56,57,
59,63

61,62,
63

36, 
56,57,

63

Camera rotated to left-most position 100 94 101 19 18 100

Antenna raised

Antenna straightening 158 150 151 145 146

Antenna straightened 148 144

Antenna stratightened 148 144

Antenna rising 158 150 151 145 146

Antenna raised 

Antenna in fixed position 

Antenna rotating 158 153 157 148 149

Antenna in fixed postion

Energy

Do

Do

WiFi insert 

Wifi insert 

WiFi Connector

WiFi Connector 

WiFi antenna

Wifi arm Wifi antenna

Daughter board

Speaker Tilt motor Tilt base Tilt LHS support

Base

Camera rear shell Lens Tilt RHS supportLHS casing Motor casing Nut Pan motor RHS casing Sensor (Pan) Sensor (Tilt)LED motherboard

To tilt camera downwards

Pan motor

RHS casing

Rotating platform

Speaker

Tilt motor

Tilt base

WiFi arm 

Energy

Tilt RHS support

Sensor (Pan)

Sensor (Tilt)

Tilt LHS support

Motor casing

Nut

Rotating platformMotherboard

Bearing Cover

Base cover

LED motherboard

Camera front shell

Camera rear shell

Lens

LHS casing

Motherboard

Base Base cover Bearing Cover Camera front shell

To straighten antenna

To raise antenna

To rotate antenna

To tilt camera upwards 

To pan camera clockwise

To pan camera anti-clockwise

Additional keys: E - Energy, S - Signal
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Uf Usf Usf Usf Usf Uf Uf Usf Uf Usf Usf Uf Df Df Df Df Dsf Uf Uf Uf Uf Uf Df Usf Df Df Df Dsf Dsf Dsf Dsf Dsf Df Df Dsf Dsf Dsf Dsf Df Dsf Df Df
1 Base chassis Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
2 Socket Panel
3 LAN Panel
4 SD card panel
5 Motherboard spacer Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
6 Socket holes
7 SD card hole 
8 WPS button hole
9 LAN hole
10 Plate Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
11 Rim Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
12 Inner plate Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
13 Bearing Holder Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
14 Screw hole Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
15 Spacer Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
16 Mounting boss Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
17 Holes Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
18 Sensor stopper Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
19 Platform stopper Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
20 Bearing (Pan) Body Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
21 Bearing (Tilt - left) Body
22 Bearing (Tilt - right) Body 
23 Base plate Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
24 Gear Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
25 Screw holes Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
26 Front cover
27 Lip
28 Lens hole
29 Mounting boss
30 Camera motherboard Body Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% +25% +33% 0% 0% +22% +22% 0% +33% +22% +50% +50% +36% 0% +44% +33% +50% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
31 Back cover
32 Sensor slot
33 Sensor stopper
34 Mounting boss
35 Camera seal Body 
35 Body Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% +22% +27% 0% 0% +18% +18% 0% 0% +18% +40% +40% +31% 0% +36% +27% +40% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
36 Screw holes Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
37 Heat sink Plate
38 LED cover Body
39 Body
40 LED
41 Light sensor
42 Base
43 Socket
44 Thread
45 Lens
46 Chip
47 Flap
48 Lower casing Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
49 Upper casing Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
50 Casing cut away Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
51 Speaker mounting boss Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
52 Speaker screw hole Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
53 Body Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% +25% +33% 0% 0% +22% +22% 0% +33% +22% +50% +50% +36% 0% +44% +33% +50% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
54 LAN socket Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% +29% +43% 0% 0% +29% +29% 0% +43% +29% +67% +67% +44% 0% +57% +43% +67% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
55 LED holder Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
56 Power socket holder Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% +20% +43% 0% 0% +17% +17% 0% +43% +17% +33% +33% +22% 0% +29% +33% +33% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
57 Screw hole Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
58 Top LED Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% +13% +14% 0% 0% +60% +60% 0% +14% +60% +29% +29% +22% 0% +29% +29% +29% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
59 Bottom LED Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% +13% +14% 0% 0% +60% +60% 0% +14% +60% +29% +29% +22% 0% +29% +29% +29% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
60 Chip Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% +80% +50% 0% 0% +60% +60% 0% +50% +60% +80% +60% +67% 0% +80% +60% +80% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
61 Motherboard shield Plate  
62 Body
63 Rear cover
64 Front cover
65 Clamp spacer
66 Clamp
67 Mounting boss
68 Screw spacer
69 Screw holes
70 Outer ring Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
71 Inner ring Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
72 Body Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
73 Terminal box Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
74 Shaft Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
75 Key Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
76 Bracket Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
77 Gear Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
78 Screw Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
79 Lower casing Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
80 Upper casing Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
81 Casing cut away Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
82 Speaker mounting boss Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
83 Speaker screw hole Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
84 Speaker cover Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
85 Body Df -33% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
86 Spacer Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
87 Lip Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
88 Grove Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
89 Motor shaft hole Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
90 Bearing shaft Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
91 Stopper Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
92 Sensor switch hole Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
93 Sensor mount Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
94 Motor mount Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
95 Motor bracket hole Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
96 Body Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
97 Switch Df 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
98 Terminals Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
99 Body

100 Switch
101 Terminals
102 Cover
103 Spacer
104 Body
105 Mounting boss
106 Body cut away
107 Body cut away II
108 Body
109 Terminal box
110 Shaft
111 Key
112 Bracket
113 Position disc
114 Body Dsf 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
115 Cut away I
116 Outer support grove
117 Inner support grove
118 Lens casing cut away
119 Lens casing cut away II
120 Lens casing cut away III
121 Speaker cut away
122 Wire cut away
123 Lens casing cut away IV
124 Motor slit
125 Speaker support
126 Daughter board mounting boss I
127 Daughter board mounting boss II
128 Body
129 Outer support
130 Inner support
131 Motor shaft socket
132 Tilt Limiter
133 Body
134 Outer support
135 Inner support
136 Head
137 Thread
138 WiFi SMA nut Body 
139 WiFi SMA trim Body 
140 WiFi SMA washer Body
141 Body
142 Connector
143 Rod hole
144 Wire chamber
145 Body
146 Slot
147 Connector
148 Rod
149 Wire spacer
150 Body
151 Ridges
152 Connector base 
153 Wire chamber 
154 Slot 

WiFi Connector 

WiFi antenna

WiFi arm 

Wifi insert 

Sensor (Tilt)

Speaker

Tilt motor

Tilt base support

Tilt LHS support

Tilt RHS support

Sensor (Pan)

Camera rear shell

Daughter board

LED motherboard

Lens

LHS casing

Motherboard

Motor casing

Nut

Pan motor

RHS casing

Rotating platform

Side cover Tilt arm

Base

Base cover

Bearing Cover

Motherboard Rear cover

Camera front shell

Base Base Cover Front cover LED motherboard

Please note: Electrical components are not 
considered in detail for this analysis



Task 
number 

Redesign task
Feature 

type
Variant 

Type
Variant Name Part Feature Additional notes

1 Remove Uf Base Fixed camera Body
2 Remove Usf Base Fixed camera Inner body
3 Remove Usf Base Fixed camera Spacer
4 Remove Usf Base Fixed camera Plate Support
5 Remove Usf Base Fixed camera Plate Support II
6 Remove Uf Base Fixed camera Slit 
7 Remove Uf Base Fixed camera Rail
8 Remove Usf Base Fixed camera Rubber Ring
9 Remove Uf Base Fixed camera Flap

10 Remove Usf Base Fixed camera Teeth Support
11 Remove Usf Base Fixed camera Teeth Spacer
12 Remove Uf Base Fixed camera Teeth
13 Retain Df Base Fixed camera Body
14 Retain Df Base Fixed camera Knuckle
15 Retain Df Base Fixed camera Knuckle spacer
16 Retain Df Base Fixed camera Screw socket
17 Examine Dsf Base Fixed camera Rubber socket Is this feature needed to support the other desired features of the existing base variant?
18 Remove Uf Base Fixed camera Rear lip
19 Remove Uf Base Fixed camera Right lip
20 Remove Uf Base Fixed camera Left lip
21 Remove Uf Base Fixed camera Flap
22 Remove Uf Base Fixed camera Teeth
23 Retain Df Base Fixed camera Knuckle hole
24 Remove Usf Base Fixed camera Base plate Body Remove base plate 
25 Retain Df Base Fixed camera Bolt I Body
26 Retain Df Base Fixed camera Bolt II Body
27 Retain Base Fixed camera Cap I Body
28 Retain Base Fixed camera Cap II Body
29 Retain Base Fixed camera Body
30 Retain Base Fixed camera Lip
31 Retain Base Fixed camera Holes
32 Examine Base Fixed camera Body Does this feature meet the desired technical functions from the features of the Camera Motherboard, Daughterboard and Motherboard?
33 Examine Base Fixed camera Motion Sensor Does this feature meet the desired technical functions from the features of the Camera Motherboard, Daughterboard and Motherboard?
34 Retain Base Fixed camera LED holder
35 Retain Base Fixed camera Light cover
36 Examine Base Fixed camera LED Does this feature meet the desired technical functions from the features of the Camera Motherboard, Daughterboard and Motherboard?
37 Examine Base Fixed camera LED circular Does this feature meet the desired technical functions from the features of the Camera Motherboard, Daughterboard and Motherboard?
38 Retain Base Fixed camera LED spacer
39 Examine Base Fixed camera Light sensor Does this feature meet the desired technical functions from the features of the Camera Motherboard, Daughterboard and Motherboard?
40 Examine Base Fixed camera Status LED Does this feature meet the desired technical functions from the features of the Camera Motherboard, Daughterboard and Motherboard?
41 Examine Base Fixed camera LAN socket Does this feature meet the desired technical functions from the features of the Camera Motherboard, Daughterboard and Motherboard?
42 Examine Base Fixed camera Pins Does this feature meet the desired technical functions from the features of the Camera Motherboard, Daughterboard and Motherboard?
43 Examine Base Fixed camera Mainboard Does this feature meet the desired technical functions from the features of the Camera Motherboard, Daughterboard and Motherboard?
44 Retain Base Fixed camera Spacer
45 Examine Base Fixed camera Lens base Does this feature meet the desired technical functions from the features of the Camera Motherboard, Daughterboard and Motherboard?
46 Examine Base Fixed camera Lens Does this feature meet the desired technical functions from the features of the Camera Motherboard, Daughterboard and Motherboard?
47 Examine Base Fixed camera Socket Does this feature meet the desired technical functions from the features of the Camera Motherboard, Daughterboard and Motherboard?
48 Retain Df Base Fixed camera Body
49 Examine Dsf Base Fixed camera Lip Is this feature needed to support the other desired features of the existing base variant?
50 Examine Dsf Base Fixed camera SD card plateau Is this feature needed to support the other desired features of the existing base variant?
51 Examine Dsf Base Fixed camera Micro USB plateau Is this feature needed to support the other desired features of the existing base variant?
52 Examine Dsf Base Fixed camera LAN cover socket Is this feature needed to support the other desired features of the existing base variant?
53 Examine Dsf Base Fixed camera LAN slot Is this feature needed to support the other desired features of the existing base variant?
54 Retain Df Base Fixed camera Knuckle
55 Retain Df Base Fixed camera Knuckle spacer
56 Examine Dsf Base Fixed camera SD card slot Is this feature needed to support the other desired features of the existing base variant?
57 Examine Dsf Base Fixed camera Micro USB slot Is this feature needed to support the other desired features of the existing base variant?
58 Examine Dsf Base Fixed camera Push button hole Is this feature needed to support the other desired features of the existing base variant?
59 Examine Dsf Base Fixed camera Mounting boss Is this feature needed to support the other desired features of the existing base variant?
60 Retain Df Base Fixed camera Screw socket
61 Examine Dsf Base Fixed camera Rubber socket Is this feature needed to support the other desired features of the existing base variant?
62 Retain Base Fixed camera Body
63 Retain Base Fixed camera Grove
64 Retain Base Fixed camera Screw spacers
65 Retain Df Base Fixed camera Plate
66 Retain Df Base Fixed camera Knuckles
67 Carry over Df Source PT camera Base chassis
68 Examine Dsf Source PT camera Socket Panel Is this feature needed to support the other desired features of the existing base variant?
69 Examine Dsf Source PT camera LAN Panel Is this feature needed to support the other desired features of the existing base variant?
70 Examine Dsf Source PT camera Motherboard spacer Is this feature needed to support the other desired features of the existing base variant?
71 Examine Dsf Source PT camera SD card hole Is this feature needed to support the other desired features of the existing base variant?
72 Examine Dsf Source PT camera WPS button hole Is this feature needed to support the other desired features of the existing base variant?
73 Carry over Df Source PT camera Plate
74 Examine Dsf Source PT camera Rim Is this feature needed to support the other desired features of the existing base variant?
75 Examine Dsf Source PT camera Inner plate Is this feature needed to support the other desired features of the existing base variant?
76 Examine Dsf Source PT camera Bearing Holder Is this feature needed to support the other desired features of the existing base variant?
77 Carry over Df Source PT camera Screw hole
78 Examine Dsf Source PT camera Spacer Is this feature needed to support the other desired features of the existing base variant?
79 Examine Dsf Source PT camera Mounting boss Is this feature needed to support the other desired features of the existing base variant?
80 Examine Dsf Source PT camera Holes Is this feature needed to support the other desired features of the existing base variant?
81 Carry over Df Source PT camera Sensor stopper
82 Carry over Df Source PT camera Platform stopper
83 Carry over Df Source PT camera Bearing (Pan) Body Carry over Bearing (pan)
84 Examine Dsf Source PT camera Base plate Is this feature needed to support the other desired features of the existing base variant?
85 Carry over Df Source PT camera Gear
86 Examine Dsf Source PT camera Screw holes Is this feature needed to support the other desired features of the existing base variant?
87 Carry over Df Source PT camera Lower casing 
88 Examine Dsf Source PT camera Upper casing Is this feature needed to support the other desired features of the existing base variant?
89 Examine Dsf Source PT camera Casing cut away Is this feature needed to support the other desired features of the existing base variant?
90 Examine Dsf Source PT camera Speaker mounting boss Is this feature needed to support the other desired features of the existing base variant?
91 Examine Dsf Source PT camera Speaker screw hole Is this feature needed to support the other desired features of the existing base variant?
92 Carry over Df Source PT camera Body
93 Examine Dsf Source PT camera Screw holes Is this feature needed to support the other desired features of the existing base variant?
94 Carry over Df Source PT camera Outer ring
95 Carry over Df Source PT camera Inner ring
96 Examine Dsf Source PT camera Body Is this feature needed to support the other desired features of the existing base variant?
97 Carry over Df Source PT camera Terminal box
98 Carry over Df Source PT camera Shaft
99 Carry over Df Source PT camera Key

100 Examine Dsf Source PT camera Bracket Is this feature needed to support the other desired features of the existing base variant?
101 Carry over Df Source PT camera Gear
102 Carry over Df Source PT camera Screw
103 Carry over Df Source PT camera Lower casing 
104 Examine Dsf Source PT camera Upper casing Is this feature needed to support the other desired features of the existing base variant?
105 Examine Dsf Source PT camera Casing cut away Is this feature needed to support the other desired features of the existing base variant?
106 Examine Dsf Source PT camera Speaker mounting boss Is this feature needed to support the other desired features of the existing base variant?
107 Examine Dsf Source PT camera Speaker screw hole Is this feature needed to support the other desired features of the existing base variant?
108 Examine Dsf Source PT camera Speaker cover Is this feature needed to support the other desired features of the existing base variant?
109 Examine Dsf Source PT camera Spacer Is this feature needed to support the other desired features of the existing base variant?
110 Carry over Df Source PT camera Lip 
111 Carry over Df Source PT camera Grove
112 Examine Dsf Source PT camera Motor shaft hole Is this feature needed to support the other desired features of the existing base variant?
113 Carry over Df Source PT camera Bearing shaft
114 Carry over Df Source PT camera Stopper
115 Examine Dsf Source PT camera Sensor switch hole Is this feature needed to support the other desired features of the existing base variant?
116 Examine Dsf Source PT camera Sensor mount Is this feature needed to support the other desired features of the existing base variant?
117 Examine Dsf Source PT camera Motor mount Is this feature needed to support the other desired features of the existing base variant?
118 Examine Dsf Source PT camera Motor bracket hole Is this feature needed to support the other desired features of the existing base variant?
119 Examine Dsf Source PT camera Body
120 Carry over Df Source PT camera Switch Is this feature needed to support the other desired features of the existing base variant?
121 Examine Dsf Source PT camera Terminals

Rotating platform

Sensor (Pan)

Carry over Nut 

Base

Base cover

Bearing Cover

Daughter board

RHS casing 

LHS casing 

Nut

Pan motor

Remove base

Base cover

Side cover

Tilt arm

Base

Front cover

LED motherboard

Motherboard

Rear cover



PARTS LIST

PART NAMEPRODUCT VARIANTQTYITEM

Modfied basePT IP camera11

Base coverPT IP camera12

BearingPT IP camera13

Bearing coverPT IP camera14

NutPT IP camera15

SensorPT IP camera16

MotorPT IP camera17

DaughterboardPT IP camera18

Modified RHS casing
PT IP camera19

Modified LHS casing
PT IP camera110

Modified rear coverFixed camera111

Tilt armFixed IP camera112

Cap IFixed IP camera113

Bolt IFixed IP camera114

Rear coverFixed IP camera115

MotherboardFixed IP camera
117

LED motherboardFixed IP camera118

Side coverFixed IP camera116

Front coverFixed IP camera119

Bolt IIFixed IP camera120

Cap IIFixed IP camera121
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Exploded view of the new IP camera



PARTS LIST

PART NAMEPRODUCT VARIANTQTYITEM

Modified basePT IP camera11

Modified base coverFixed IP camera15

Modified LHS casingPT IP camera110

Modified RHS casingPT IP camera111
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Assembly drawings of new IP

camera variant

5

Modified base cover.Sensor mount

Modified base.Base chassis

Modified base.SD card panel

Modified base.Motherboard spacer

Modified RHS casing.Lower casing 

Modified LHS casing.Lower casing

Modified base cover.Body

Modified base cover.Spacer

Modified base cover.Lip

Modified base cover.Grove

Modified base cover.Motor shaft hole

Modified base cover.Stopper

Modified base cover.Bearing shaft

Modified base cover.Motor mount

Modified base cover.Sensor switch hole

Modified based.Motor bracket hole

10

1

11

Modified base cover.Knuckle

Features of modified parts


